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Preface

Non est vivere, sed valere vita est
Mavcus Valerius Martialis
Epigrammaton Liber VI, Carmen 70, 15

In recent decades, notable advances have been carried out in pain medicine due to
enhanced knowledge of the pathophysiology of acute and chronic pain, the newest
pharmacological options, the significant role of nonpharmacological strategies, and
the development of minimally invasive approaches. In particular, individualized,
dynamic, and multicomponent paths (multimodal therapy) represent a real revolu-
tion in this field of medicine.

Nevertheless, to date, pain relief often remains an unmet need. For instance, up
to 80% of postsurgical patients experience pain, which is described as severe in
10-20% of cases. Furthermore, primary and secondary chronic painful condi-
tions are often managed by focusing only on pain intensity instead of considering
the multiple aspects related to disease and disability. This poses a great challenge
because pain as a symptom and pain as a disease are leading causes of suffering
and disability. Furthermore, undertreated pain leads to serious problems such as
increased opioid prescription and use, which can result in opioid addiction.

This book analyzes several important aspects of pain treatment, from acute pain in
surgical settings to chronic pain in cancer and other diseases, from opioids research
to interventional procedures, and from optimization of conventional strategies to
innovative therapeutic approaches. Coverage of these topics augmented with attrac-
tive iconography and up-to-date references. This volume is an important source for
specialized pain therapists, owing to the comprehensive coverage of the topics and
the scientific value of each chapter. Furthermore, for nonspecialized physicians, it
is a very useful guide for managing different types of pain.

I would like to express thanks to all the internationally recognized experts in

the treatment of pain who collaborated in producing this volume. Finally, I am
especially grateful to Mr. Luka Cvjetkovic, author service manager at IntechOpen
publishing. This book offered me the opportunity to collaborate with a qualified
professional and it is my sincere belief that this significant partnership will be
further strengthened in the years to come.

Marco Cascella

Division of Anesthesia and Pain Medicine,

Istituto Nazionale Tumori — IRCCS — Fondazione ‘G. Pascale’,
Naples, Italy
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Chapter1

Introductory Chapter: The
Rationale for a Multimodal
Approach to Pain Treatment

Marco Cascella

1. Common issues in acute and chronic pain management

The symptom pain is a perception affected by complex interconnections of
biological, psychological, and social factors. Analgesic monotherapy can often
provide pain relief in clinical conditions featuring non-severe pain. In other circum-
stances, such as those characterized by intractable cancer pain, or concerning acute/
chronic non-cancer neuropathic pain, the intensity and quality of the pain require
individualized multidrug approaches, with different analgesics and adjuvants used
in combination according to clinical practice guidelines published by international
and regional professional associations [1]. Moreover, because pharmacological
strategies may not be able to successfully treat all patients with acute or chronic
pain, nonpharmacological strategies should be included in the analgesic program,
supporting and strengthening drug therapy [2]. Again, especially, chronic pain
represents a dynamic experience, profoundly changeable in a spatial-temporal man-
ner; thus, standardized and fixed protocols are not universally applicable for pain
therapy. From these premises, the individualized, dynamic, and multicomponent
pathway is summarized by the concept of the multimodal approach to pain manage-
ment and represents a real revolution in this field of medicine. This optimization
strategy can allow managing the pain by treating this symptom in its variegated
clinical expressions through multiple interventions. According to the concept of
multimodal therapy, the objective of pain relief is possible by targeting different
sites of the nociceptive pathway [3] and by managing the galaxy of pain-related
conditions through pharmacologic and nonpharmacologic modalities [4]. However,
several considerations should be addressed in order to better understand its rational
application for both acute (e.g., postoperative) and chronic pain management.

1.1 The unmet need of postoperative pain relief

According to the Lancet’s data, more than 230 million people undergo surgery
each year worldwide and this huge number tends to increase year over year [5].
Postoperative pain is a typical example of acute pain and, probably, it represents
the classic example of unmet need in surgery as up to 80% of postsurgical patients
experience pain which in 10-20% of cases is described as severe [6]. This topic is
of paramount importance, as inadequately controlled pain impairs quality of life
(QoL) and functional recovery, increases the risk of postsurgical complications,
and lengthens the time of hospitalization. Increased morbidity and prolonged opi-
oid use during and after hospitalization are serious problems which call for effective
preventive interventions. Furthermore, treating chronic pain induced by ineffective
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acute pain management increases the cost of care, enormously [7]. From these data,
it is clear that the commonly used strategies to address postoperative pain are very
often inadequate.

1.2 The issue of pain chronitization

Undertreated acute postoperative pain is the main cause determining the
development of postsurgical chronic pain (PSCP), which is difficult to treat and
often invalidating in form. The pain chronitization is the final stage of a complex
pathogenetic cascade. Summarizing, these mechanisms involve the activation of
peripheral and central sensitization pathways. Data from a wide number of pre-
clinical investigations demonstrated that activation and sensitization of peripheral
nociceptors, spinal dorsal horn neurons, and central nervous system (CNS) brain
areas may occur [8]. The role of specific peripheral mechanisms contributing to
pain after surgical incision and manipulation has been investigated as well. The
literature on the topic encompasses an incredible number of studies on nociceptors,
molecular mechanisms, fiber sensitization processes, inflammatory cytokines,
and so on [9-13]. While according to a classical point of view, the CNS involve-
ment is strictly related to the mechanisms of chronic pain; however, it may result
in difficulty to identify the borderline between acute and chronic pain. There are
many good reasons to believe that many gaps such as the role of the environment
(i.e., epigenetic) and genetics are not still well explained. Again, no clear criteria
for diagnosing central sensitization have been recognized. The chronicity of pain
is the effect of changes in pain processing through transcription and transduction
processes. Preclinical studies suggested that alterations in the mRNA expression
occur within the first 42-48 hours after surgery [14]. These sensitization processes
seem to be quite rapid, at least in the experimental field. Thus, postoperative pain
is a convoluted process engaging both the peripheral nervous system (PNS) and the
CNS and, in turn, the exact distinction between acute and chronic postoperative
pain is not always easy to establish.

1.3 Toward an early and combined strategy

Rather than dissecting the precise pathophysiology of acute and chronic pain,
our knowledge on the matter must be translated in the most effective way to limit
acute pain and to prevent mechanisms of sensitization. For these aims, all our
“analgesic arsenal” must be defused as soon as possible, and before that surgery
may trigger the first fuse. For instance, it has been demonstrated that tailored
preoperative educational programs reduced postoperative opioid requirement and
shortened the length of stay [15]. Furthermore, several self-management programs
focused on patient’s education and training may reduce risk factors (e.g., lifestyle-
related), enhance protective factors, and, finally, prevent pain chronitization [16].
As a consequence, individualized programs for perioperative pain management can
be performed by acting simultaneously on different targets or implementing differ-
ent strategies according to the timing.

1.4 The opioid crisis

Ineffective management of perioperative pain and poorly controlled postopera-
tive pain may induce development of PSCP, increased opioid prescription and
use, until opioid addiction. Because the opioids epidemic in the United States and
Canada is a dramatic phenomenon which has been responsible for up to 70,000
drug overdose deaths, in 2017 [17], the time has come to look at more effective
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solutions and less harmful approaches capable of inducing optimal pain relief com-
bined with lessening opioid use, opioid prescriptions, and reduced opioid-related
complications. Controlled investigations and evidence-based analysis demonstrated
that multimodal approaches to postoperative pain improved analgesia and lowered
opioid consumption is several clinical settings such as those underwent orthopedic
[18] or colorectal surgery [19].

1.5 Chronic pain

These problems, linked to a lack of efficacy and to a criticality due to the use
of opioids, do not only concern the postoperative pain chapter but also involve the
management of chronic pain in its two sides of the coin, chronic cancer pain and
chronic non-cancer pain. To understand the numerical terms of the matter, chronic
pain is among the most common reasons for seeking medical care because it is
reported by up 50% of patients seen in primary care [20]. Of note, chronic pain
with neuropathic features, which often represents a hard task for clinicians, seems
to be more common in the general population than earlier reported [21]. Because in
cancer patients, pain has a multifactorial etiology and is quite a dynamic process, its
management should be conducted through a careful combination of pharmacologi-
cal agents with nonpharmacological strategies. This dynamical approach should be
based on pain intensity and the complexity of symptoms, pain pathophysiology,
and presence of comorbidities.

2. Features of the multimodal approaches to pain management

The concept of “multimodal” analgesia was introduced by Kehlet and Dahl, in
1993 [22]. This approach is based on the use of two or more distinct methods or
drugs to treat pain rather than using opioids, or other strategies, alone. The rationale
is that by combining medications and techniques with different mechanisms and
sites of action, better pain relief can be achieved, with reduced side effects [23].
Different combinations of analgesic medications, adjuvants, and procedures can act
on different sites and pathways in an additive or synergistic fashion. Clinicians may
choose among a wide range of options included in several categories: pharmaco-
logic, physical medicine, education and behavioral approaches, interventional, and
surgical modalities. In the surgical setting, anesthesiologists may combine regional
anesthetics, and/or nonopioid analgesics, such as nonsteroidal anti-inflammatory
drugs (NSAIDs), cyclooxygenase-2 (COX2) inhibitors, NMDA-receptor antagonists,
and antiepileptic, and antidepressant medications with or without conventional opi-
oids. On the other hand, chronic cancer and non-cancer pain chronic cancer treat-
ment often requires the involvement of a multidisciplinary team which combines
resources based on the patient’s needs, obtaining an individually tailored program.

2.1 Surgical settings

Multimodal approaches to pain management can be included among more
complex systematic processes adopted for managing the whole perioperative
course. The Enhanced Recovery After Surgery (ERAS) pathway, for instance, is a
multidisciplinary model of care born with the aim of guaranteeing optimal recov-
ery and an early and safe return to daily activities after surgery. The pathway is a
patient-tailored process provided by a team of surgeons, anesthesiologists, nurses,
nutritionists, and physical therapists. In this scenario, the perioperative pain man-
agement is a keystone of the whole pathway [24]. Indeed, reduced need for opioids
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through regional anesthetic block used in addition to general anesthesia during sur-
gery, or other minimally invasive approaches, may be effective for both pain relief
and enhanced recovery target [25]. Apart from the ERAS strategy, another recent
approach to perioperative pain management is the so-called opioid-free anesthesia
(OFA) [26]. This term refers to a fascinating option for anesthesia administration
that maximizes the patient’s comfort (including pain relief) while eliminating the
unwanted side effects of opioids. Through this model, no intraoperative systemic,
neuraxial, or intracavitary opioid is administered during the anesthetic course. The
rationale of the OFA model is the avoidance of the opioid-induced hyperalgesia
phenomenon, a paradoxical effect in which opioid therapy enhances or aggravates
preexisting pain [27], the reduced occurrence of postoperative delirium, and
postoperative cognitive dysfunction in elderly [28, 29] and in high-risk patients
[30]. Furthermore, the OFA technique seems to be appropriate for minimizing
respiratory depression in patients that have impaired respiratory function (e.g., due
to sleep apnea, or obesity), for reducing postoperative nausea and vomiting, and
for treating patients who have chronic pain conditions, or are on chronic opioid
therapy, or opioid addiction [31, 32]. Although the effect of opioids on cancer
recurrence or progression remains an open issue [33], the OFA approach can be
considered as a protective strategy against cancer progression [34]. In the surgical
setting, it is possible to obtain a multimodal strategy without completely avoid-

ing opioids. Low-dose opioids can be combined with one or more additional pain
management methods (e.g., peripheral nerve blocks and neuraxial analgesia) and/
or medications such as acetaminophen, steroids, gabapentin/pregabalin, NSAIDs,
dexmedetomidine, intravenous lidocaine, COX-2 inhibitors, or ketamine. Recently,
Cozowicz et al. [35] demonstrated that this approach was correlated with a reduc-
tion in opioid use, postoperative complications, and less resource utilization. Again,
multimodal analgesia may reduce the occurrence of PSCP, even when expressed as
postsurgery pain syndrome [36], although the link between perioperative analgesic
modes and the postoperative chronitization of pain should be better investigated
[37]. The challenge of the OFA or the opioid-sparing regimens remains the choice
of medication pathway in terms of number, the timing of use, and doses useful

in different patient subgroups. While the use of a single drug (e.g., intravenous
acetaminophen or methylprednisolone) was not associated with decreased opioids
consumption [38], complex regimens featuring numerous medications may only
increase drug-related side effects without improving outcomes.

2.2 Chronic cancer pain: beyond the analgesic ladder

In 1986, the World Health Organization (WHO) developed the classic three-
step ladder model based on the use of analgesics for pain management in accor-
dance with pain intensity in a linear movement directed toward the high or low
steps of the ladder [39]. Subsequently, it was proposed a further step concerning
interventional methods such as neurosurgical procedures (e.g., neuromodula-
tion, nerve blocks, brain stimulators, and nerve lysis) robustly recommended for
managing persistent pain even following the use of strong opioids. This revised
four-step path can be adopted in a bidirectional way on the basis of the type of
pain and its intensity [40]. Other attempts to modify the ladder strategy have also
been proposed. According to the neuromatrix theory, chronic pain represents
a multidimensional experience induced by the activation of a neural network
(“neurosignature patterns”) extensively distributed in the CNS [41]. From these
premises, Leung hypothetically revised the original analgesic WHO ladder into a
new analgesic path illustrated as a platform [42]. In this model, pain management
followed a three-dimensional perspective including different areas of expertise
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that, in a multimodal fashion, can be combined with classical analgesics, on the
basis of the pain condition. Despite its novelty, Leung’s system seems to be lacking
in completeness because it does not consider the dynamic perspective. The Cuomo
et al. [43] “trolley analgesic model” is focused on individualized tailored therapies
with dynamic multimodal approaches which are modulated according to the pain
intensity, the physiopathology of pain, the multiplicity of symptoms, the presence
of comorbidities, and psychological status and the patient’s social context. The
pharmacological agents and the nonpharmacological methods are included in dif-
ferent drawers of the trolley. It is possible to draw on one, or more, drawers of the
trolley, and to choose within the contents of each drawer the most useful therapeu-
tic method. According to the patient’s needs, therapists can close or open different
drawers, in a dynamic fashion.

2.3 Chronic non-cancer pain: toward a winning strategy

Chronic non-cancer pain conditions such as low back pain (LBP), osteoar-
thritis, headache, and neuropathic pain represent a significant problem in terms
of psychosocial and socioeconomic consequences [44]. Due to the complexity
of clinical features and multiple underlying mechanisms, this issue requires a
multimodal approach. Since the 1980s, Kohles et al. [45] proposed a combined
(multimodal) strategy focused on medical, behavioral, physical, and educational
programs. Through this approach, defined as “functional restoration,” the restoring
of physical and psychological performances was obtained by the involvement of a
multidisciplinary team composed of clinicians from a variety of medical disciplines
(e.g., pain therapists, neurologists, orthopedics, rheumatologists), psychologists
and psychiatrists, nurses, physical, and occupational therapists [46]. More recently,
a task force of the German International Association for the Study of Pain (IASP)
chapter has defined the principles of this approach, in terms of resources and oper-
ating methods [47]. Currently, the multimodal path has been widely recognized as
winning strategy for addressing several chronic non-cancer pain conditions such as
LBP, headache, and fibromyalgia although several obstacles still limit its routinely
clinical application [48].

3. Conclusion

Multimodal approaches through the combined use of multiple modalities in
analgesic protocols have the potential to offer a significant improvement in pain
management for different acute, or chronic, clinical settings. Concerning periop-
erative pain management, included or not among ERAS or OFA pathways, mul-
timodal modes can allow reducing opioid use, opioid prescriptions, and common
opioid-related side effects, improving, in turn, outcomes. It seems that multimodal
pain management may be able to prevent the development of chronic postsurgical
pain conditions. Moreover, different attempts to better frame chronic pain in its
many components, and for an effective treatment through a holistic approach, are
being made to address the matter. Thus, the combined use of multiple modalities in
analgesic protocols is worldwide encouraged. However, further research is needed
to evaluate optimal multimodal regimens in terms of medications, doses, and
timing (including the duration) of the administration, as well as to offer data useful
for evidence-based practice. Finally, because lack of training (e.g., for invasive
techniques or new techniques in regional anesthesia) and poor sources are huge
obstacles for a routine application of multimodal approaches, identification of key
barriers for their implementation seems to be a research priority.
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Chapter2

Management of Odontogenic and
Nonodontogenic Oral Pain

Sameer Shaikh

Abstract

Pain in the orofacial region is by far the commonest reason for patients to seek
treatment. Tooth and intraoral structures are often the main sources of orofacial
pain. Odontogenic pain, also commonly known as tooth pain, originates from dental
structures, pulpal or periodontal. Nonodontogenic oral pain can originate from
intraoral structures such as gingiva and buccal mucosa. Arriving at a correct and
definitive diagnosis is of paramount importance to institute an appropriate treat-
ment. Obtaining a detailed history from the patient including the location, duration,
frequency, periodicity, character, and quality of pain assists in differentiating odonto-
genic from nonodontogenic causes. Wide varieties of pharmacological agents, along
with invasive and noninvasive procedures, are available to manage odontogenic and
nonodontogenic pain. While managing orofacial pain, clinical and pharmacological
judgment should encompass a systematic and objective assessment in compliance
with the strongest evidence available. In this chapter, there will be a discussion of vari-
ous choices and options available to manage a few of the orofacial pain complaints.

Keywords: orofacial pain, odontogenic pain, nonodontogenic oral pain,
pain management, pulpitis, periapical periodontitis, traumatic periodontitis,
cracked tooth syndrome, noninfectious and nonmalignant oral ulcers,
burning mouth syndrome, oral mucositis

1. Introduction

Odontogenic pain, a common malady globally and the most prevalent type of oro-
facial pain, originates from dental structures, pulpal or periodontal [1]. Differential
diagnosis for odontogenic pain is outlined in Table 1. Oral pain of nonodontogenic
origin can originate from the intraoral structures, such as buccal mucosa, gingival
tissues, and alveolar bone. Some of the main causes for nonodontogenic pain of
oral origin are shown in Table 2. The complexity of the orofacial region makes the
management of odontogenic and nonodontogenic pain of oral origin a challenging
task for the clinicians. For an effective diagnosis and treatment, the clinician should
have a thorough knowledge of the various pain complaints pertaining to the orofacial
region and the different options available for their optimal management [2, 3].

For managing odontogenic pain, The “3-D’” principle—diagnosis, dental
treatment, and drugs—should be used. The first and foremost step is to determine
the condition causing the pain and then to discover that what caused that condi-
tion. Removal of the cause usually leads to rapid recovery and should be done by an
appropriate dental treatment. Medications should only be used to complement the
dental treatment [4].
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Origin Possible causes
Pulpal pain Dentine hypersensitivity
Reversible pulpitis

Irreversible pulpitis
Cracked tooth syndrome

Periodontal pain Periapical periodontitis
* Periapical abscess
* Periapical granuloma and cyst

Traumatic periodontitis
Periodontal (lateral) abscess
Perio-endo, endo-perio, and combined lesions

Table 1.
Differential diagnosis for odontogenic pain.

* Noninfectious and nonmalignant oral ulcers

* Acute pericoronitis

e Acute alveolar osteitis (dry socket)

* Burning mouth syndrome (BMS)

¢ Oral mucositis (OM)

* Acute necrotizing ulcerative gingivitis (ANUG)

» Desquamative gingivitis (DG)

Table 2.
Causes of nonodontogenic pain of oral origin.

For managing nonodontogenic pain particularly in complex cases, a multi-
disciplinary pain management approach should be adopted encompassing both
nonpharmacological and pharmacological modalities [5].

2. Odontogenic pain
2.1 Pulpal pain
2.1.1 Dentine hypersensitivity

Dissolution of the dental enamel results in development of dental caries. If
caries goes unchecked, it may involve the dentin and the pulp, resulting in pain.
In the initial stages, caries penetrates and exposes the dentin leading to dentine
hypersensitivity. The pain due to dentin exposure is of a sharp and shooting nature
with a shorter duration and is classically stimulated by exposure to heat, cold, sweet
drinks/food, and mechanical trauma such as tooth brushing. Apart from caries,
there exist other predisposing factors for dentine hypersensitivity. These include
anatomical defects, gingival recession, erosion, abrasion, and attrition. The diagno-
sis of dentine hypersensitivity is based upon detection of dentin exposure or tooth
wear. Therapies for managing dentinal hypersensitivity are aimed at: sealing the
exposed dentinal tubules (composite resin application), reducing dentinal neuron
activity (application of desensitizing agents such as potassium nitrate and stron-
tium chloride), and making the enamel and dentin more resistant to demineraliza-
tion (application of fluoride-containing medicaments) [6, 7].
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2.1.2 Reversible and irreversible pulpitis

The extension of caries to pulp leads to pulpal inflammation known as pulpitis.
Other cause of pulpitis can be operative dental procedures. The chemicals, heat,
and friction involved in such procedures may trigger pulpal inflammation. Pulpitis
has two clinical forms: acute (reversible) and chronic (irreversible). Acute pulpitis
represents mild inflammation and is characteristically associated with sharp and
shooting pain of a shorter duration. On the other hand, inflammation in irreversible
pulpitis is severe enough to undermine the pulp. It is characterized by spontane-
ous and dull pain that persists even after the removal of a stimulus such as cold or
heat [6-8].

Diagnosis of pulpitis is based mainly on clinical evaluation and pulp vitality
tests. Radiographs can be helpful in cases where carious lesions are not clinically
visible [8, 9].

The management strategies are determined based on the type of pulpitis and
presence of infection involving the periapical area. In reversible pulpitis, pulp vital-
ity can be maintained if the tooth is treated, usually by removing the caries, and
then restored [10]. In irreversible pulpitis, management options include endodontic
(root canal) therapy or tooth extraction. In root canal treatment, an opening is
made in the tooth and the pulp is extirpated. The root canal system is thoroughly
cleaned, shaped, and then obturated with gutta-percha points. Following root canal
therapy, adequate healing is manifested clinically by resolution of symptoms and
radiographically by bone filling in the radiolucent area at the root apex over a period
of months. If symptoms persist or worsen, root canal therapy is usually repeated in
case a root canal was missed [11, 12].

2.1.3 Cracked tooth or cracked cusp syndrome

Cracked tooth syndrome occurs when a crack has occurred in the enamel or den-
tine and reaches the pulp chamber. The crack is usually not visible to the naked eye.
Application of excessive force on a normal tooth or physiologic forces applied to a
weakened tooth can lead to cracks. The diagnosis of cracked tooth is often tricky.
Radiography is not helpful in detection of fractures, as cracks occur in a mesiodistal
direction, parallel to that of the plane of the film. Simple test is to have patient bite
on a cotton roll that evokes a sharp pain. Pain due to cracked tooth is sharp and
shooting in nature, and is usually associated with biting and chewing. Hot and cold
stimuli also evoke the pain. Restorable teeth should be treated endodontically, fol-
lowed by a full-coverage restoration of tooth. However, tooth with large cracks may
require extraction [7, 13].

2.2 Periodontal pain
2.2.1 Periapical periodontitis (periapical abscess, granuloma, and cyst)

Pulpitis, if untreated, is followed by death of the pulp. The necrotic pulp is
infected and leads to spread of infection through the apical foramina into the periapi-
cal tissues. This in turn causes inflammation and destruction of the periradicular
tissues known as periapical periodontitis. It includes acute/chronic nonsuppurative
inflammation and suppurative inflammation. Periapical granuloma forms due to
chronic inflammation without pus, while periapical abscess is the result of inflamma-
tion involving pus. The other likely cause of periapical periodontitis can be chemical
irritation. This irritation can be due to the escape of antiseptics used for root canal
sterilization through the root apex into the surrounding periapical area [11, 12].
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Acute periapical abscesses characteristically present with severe pain in the area
of the nonvital tooth particularly on percussion, inflammation, or complaint of pus
drainage (with its associated foul taste). Pain also typically interferes with sleep.
Treatment includes drainage through an opening in the tooth itself or through the
soft tissue surrounding the jaw, if cellulitis has developed. If patients with abscess
have systemic signs of infection (e.g., fever), an oral antimicrobial is prescribed
(amoxicillin 500 mg every 8 hours; for patients allergic to penicillin, clindamycin
150 or 300 mg every 6 hours). On resolution of the abscess, the patient should
undergo root canal therapy or extraction [8, 10, 11, 14].

Periapical granulomas or cysts usually follow acute pulpal infection that remains
unresolved due to inadequate drainage. Tooth with periapical granulomas may pres-
ent with a dull pain or may be asymptomatic. Radiographically, abscesses, granulo-
mas, or cysts have the same features and microscopic examination should be done
for distinction. Teeth with periapical granulomas are nonvital and needs root canal
treatment or removal. Root canal treatment done competently leads to healing even
if cystic phase has started. Persistence of periapical radiolucency after 6-12 months
may be due to technical faults associated with root canal treatment. In such a case,
apical curettage with apicoectomy may be indicated [6, 8, 14, 15].

2.2.2 Traumatic periodontitis

Traumatic periodontitis is a painful condition that arises because of injury to the
periodontium. This injury is caused by the trauma from excessive occlusal forces.
The occlusal trauma affecting periodontium can be primary, secondary, or com-
bined. Tooth or teeth with normal periodontal support enduring increased occlusal
loads may undergo primary occlusal trauma. The causes may include bruxism, over-
extended margins of restorations, excessive loading during orthodontic movements,
and recent fitting of a new partial denture. Tooth or teeth with inadequate periodon-
tal support if subjected to normal occlusal forces may undergo secondary occlusal
trauma. Excessive occlusal force on a diseased periodontium may lead to combined
occlusal trauma. The excessive occlusal forces are generally from parafunctional
movements such as bruxism. The clinical features of traumatic periodontitis include
pain on chewing/biting or percussion, progressive tooth mobility, and nonphysi-
ological movement of tooth during function (fremitus). Additionally, there can be
gingival inflammation with pocket formation in combined occlusal trauma.

Radiographic features include evidence of circumferential and furcal bone loss,
in combination with widening of the periodontal ligament space.

The goal of management of traumatic periodontitis is the removal of excessive
occlusal forces and brings the dentition in occlusal harmony. Primary occlusal trauma
can be managed with analysis and correction of occlusion. One or more of the fol-
lowing steps can do occlusal adjustments: tooth movements, tooth removal, dental
restorations, coronoplasty, etc. Progressive tooth mobility due to secondary occlusal
trauma may be reduced by occlusal adjustment. Pain occurring due to hypermobility
can be managed by splinting of teeth. The aim of splinting is to increase the resistance
of dentition to the occlusal forces through stabilization. It involves joining of two or
more teeth [16, 17]. Managing the periodontal inflammation is of primary impor-
tance in cases of combined occlusal trauma. Premature occlusal contacts usually
contribute to the progression of periodontitis. This can be tackled by simple correc-
tion of the occlusion that may eradicate the premature occlusal contacts [16, 17].

2.2.3 Periodontal (lateval) abscess

A periodontal abscess arises because of acute infection of a periodontal pocket.
Unlike a periapical abscess, periodontal abscess is associated with a vital tooth.
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Varieties of reasons are implicated in causation of periodontal abscess. Primarily
incomplete calculus removal can be a causative factor. Occasionally, it may occur
following root planing, as the trauma to pocket lining implants bacteria into the
periodontal tissues. Other contributing factors can be food packing down between
teeth with poor contact points or foreign body (e.g., fish bone) driven through the
floor of a pocket. Poorly controlled diabetes mellitus can also be a predisposing
factor for periodontal abscess formation.

Periodontal abscess has a rapid onset. The gingival swelling and inflamma-
tory edema prevent drainage through the pocket orifice. The initial gingival
tenderness progresses to throbbing pain that is well localized. The affected tooth
is tender to percussion or biting. There is tooth mobility with its elevation in the
socket. Pus exudation may occur from the pocket; however, a deep abscess has a
sinus tract that points on the alveolar mucosa. Fever and regional lymphadenopa-
thy can be occasional clinical features. The vitality of the tooth, deep pocketing,
and less severe tenderness helps to differentiate between a periodontal and
pulpal abscess.

Periodontal abscess should be ideally drained through pocket or occasionally
by an incision through the gingiva. If the abscess is too large and drainage cannot
be done, subgingival scaling and root planing or deferring the surgical access until
the major clinical signs have subsided. Before initiating the treatment of acute
periodontal abscess, the evaluation of patient’s medical history, dental history, and
systemic conditions is crucial to determine the need for antibiotics. The indications
for antimicrobial therapy in patients with acute abscess are fever, lymphadenopa-
thy, evidence of spreading of infection (cellulitis), deep periodontal pocketing, and
immunosuppression. Administration of antibiotics alone without the local drainage
of the abscess is contraindicated. The drainage is mandatory in order to eliminate
the etiologic factors. Extraction of the affected tooth can be considered as a last
resort to treat the periodontal abscess, if there is poor response to therapy, horizon-
tal tooth mobility exceeding 1 mm, pocketing exceeding 8 mm, and more than 40%
alveolar bone resorption [6, 18, 19].

2.2.4 Perio-endo, endo-perio, and combined lesions

In perio-endo lesions, microorganisms from the periodontal pockets can reach the
pulp through accessory canals, thereby leading to pulpal inflammation and necrosis.

In endo-perio lesions, pulpal necrosis leads to involvement and destruction of
the periodontal ligament and adjacent alveolar bone. Clinically endo-perio lesions
present as deep periodontal probing depth extending to the apex of the tooth.

In managing the lesions of pulpal or periodontal origin, making an accurate
diagnosis as to the source of infection is a critical determinant of the treatment
outcome. Sequence of the disease process can be an important factor in determining
the exact nature of lesions: perio-endo and endo-perio lesions. Conventional root
canal therapy (RCT) alone leads to a complete resolution of the periodontal defects
arising from primary pulpal infection. However, pulpal infections resulting from
primary periodontal infections require both endodontic and periodontal treatments
for achieving complete healing [18].

3. Nonodontogenic pain of oral origin

Oral ulcers are a broad entity that encompasses a variety of causes, such as infec-
tions (bacterial, viral, and fungal), neoplasia, immunological disturbances, drug
reactions, etc.
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3.1 Noninfectious and nonmalignant oral ulcers

A detailed clinical history and examination, and laboratory investigations
including biopsy, culture, and immunochemistry tests are essential for ruling
out the neoplastic, infectious, and immunological causes of oral ulcerations. The
causative factors for noninfectious and nonmalignant oral ulcers usually include
mechanical trauma (self-induced trauma such as on chewing and biting, aggressive
tooth brushing, and iatrogenic causes particularly due to dental treatment) and
chemicals (aspirin, acetylsalicylic acid, acid etchants, etc.)

Superficial ulcers usually lead to soreness; severe pain and discomfort are the
features of deep ulcers.

On elimination of cause, acute forms of traumatic- and chemical-induced
ulcers usually heal in 7-10 days. They develop chronicity if subjected to continuous
trauma or irritation. The considerations in management of such type of ulcers are
as follows:

1. Maintenance of oral hygiene. In the presence of an ulcer, tooth brushing particu-
larly near to the ulcerative area can be detrimental. In such as case, an antiseptic
mouthwash (e.g., 0.2% chlorhexidine solution) can be of considerable help.
Chlorhexidine mouth rinse is recommended to be used three times daily after
meals and held in the mouth for at least 1 minute. Oral rinsing with chlorhexidine
has been found to lessen down the discomfort and duration of aphthous stomatitis.

2. Avoidance of irritation or injury to the area of ulceration. Covering agents,
e.g., carboxymethylcellulose paste (Orabase®) and carmellose sodium can be
helpful in safeguarding the ulcers from the effects of friction or injury. When
correctly applied, these covering agents absorb moisture and form an adhesive
gel, which can remain in place for several hours.

3. For management of pain, over-the-counter anesthetic agent (an example is
Orobase® with 20% benzocaine). Topical application of weak potency corticos-
teroids (hydrocortisone hemisuccinate) and medium potency steroids (triamci-
nolone acetonide) also assist in reducing the associated pain and inflammation;
however, they are unlikely to expedite the healing of ulcers. Hydrocortisone
hemisuccinate 2.5 mg pellets allowed to be dissolved in the mouth close to ulcers,
three times a day. Triamcinolone 0.1% in Orabase applied to ulcer three times
daily. However, long-term and/or repeated topical application of such corticos-
teroids has a downside in the form of adrenal suppression. This concern can be
addressed by using the topical corticosteroids at the lowest possible concentration
and frequency. The problem of adrenal suppression is not evidenced with 0.05%
fluocinonide in adhesive paste and betamethasone-17-valerate mouth rinse.

Tetracycline (e.g., doxycycline), or tetracycline plus nicotinamide in rinse
form may provide significant pain relief and reduce ulcer duration, particularly
in aphthous ulcers. However, usage of tetracycline should be avoided in children
below 12 years of age due to the risk of tooth staining. For oral rinsing, a tetracycline
capsule (250 mg) is crushed and stirred in a little water and held in the mouth for
2-3 minutes, three times daily.

Tetracycline mouth rinses can also reduce the frequency of aphthous ulcers on
regular usage for 3 days each week.

Salicylates based on their anti-inflammatory role can be helpful in reducing the
discomfort of oral ulcers. Over the counter, preparation of choline salicylate in gel
form is recommended for application to ulcers, 3-5 times daily [6, 20, 21].
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3.2 Acute pericoronitis

It is the inflammation of the flap of tissues (operculum) around an erupting
tooth, and most commonly associated with impacted mandibular third molars. The
chief complaints in this condition are severe pain that can radiate to surrounding
areas and swelling of the pericoronal tissues. The hyperplastic-inflamed flap of
tissue can become a hotbed for bacteria, as it readily holds food particles and debris.
This scenario leads to bacterial infection with clinical manifestations of discharge
of pus, trismus, fever, regional lymphadenopathy, and in some cases spread of the
infection to adjacent tissue spaces.

If the pain and inflammation are limited to the tooth, local measures, such as
debridement of food debris and plaque, irrigation with normal saline or hydrogen
peroxide, and avoidance of occlusal trauma are recommended.

Antimicrobial therapy is indicated for patients presenting with fever, trismus, and
pus exudation. Metronidazole 400 mg three times a day for 5 days is to be prescribed
in combination with phenoxymethylpenicillin 500 mg four times a day for 5 days.

If it is envisaged that the tooth can be useful for chewing and patient also has
the desire to retain the tooth, hyperplastic pericoronal tissue should be excised out
through a minor oral surgery procedure known as operculectomy. This will allow
better access to properly clean the area and prevent the accumulation of bacteria
and food debris. In some unfortunate instances, the gum tissue may grow back and
create the same problem.

Since impacted teeth frequently are unfavorably aligned and do not erupt com-
pletely, extraction of such tooth is commonly performed. This method eliminates
any chance of recurrence of pericoronitis.

The risks and benefits of removal of impacted molars are mired in controversy,
as extraction can lead to inferior alveolar nerve damage; retention can precipitate
serious, even life-threatening infection [14, 22].

3.3 Acute alveolar osteitis (dry socket)

This painful condition is a complication that may occur following dental extrac-
tion. It presents with a severe throbbing pain caused by bone exposure at the site
of extraction. Following the extraction, a blood clot forms within the extraction
socket to safeguard the bone. If a blood clot forms inadequately in the socket or it
is dislodged, the bone and nerves are exposed, leading to pain. Smoking, excessive
extraction trauma, difficult disimpactions of third molars, vasoconstrictor in local
anesthetic, and oral contraceptives are some of the predisposing factors to alveolar
osteitis. Alveolar osteitis can strike 3-5 days after an extraction and may persist for
a week. The exposed bone is acutely tender to touch; hence, mechanical stimulation
by tongue movement and food particles results in frequent acute pain. On clinical
examination, the socket appears empty with visible bony lamina dura.

Minimization of trauma related to the extraction procedure can be an
important factor in prevention of dry socket. Since removal of the debris from
the socket expedites healing, irrigation with warmed saline or chlorhexidine is
suggestive. Use of intra-alveolar dressing materials such as bismuth iodoform
paraffin paste and lidocaine gel on ribbon gauze can protect the socket from
painful stimuli and collection of food debris. These dressing materials also impart
a soothing sensation of warmth in the painful area. Usually after one or two
dressings, significant pain relief is achieved. It is better to be on the lookout for
signs of infection, such as pus in the socket, localized swelling, and lymphade-
nopathy. Antibiotics should be prescribed if these signs are there. It is crucial that
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the reason for infection is determined such as retained root or bony fragments. A
radiograph can be helpful. Surgical extraction is indicated for removal of root tip
or bone sequestrum [6, 13, 23].

3.4 Burning mouth syndrome (BMS)

Burning mouth syndrome (BMS) is a complex painful disorder that is character-
ized by warm, burning, or tingling sensation in the oral mucosa, tongue, or lips. The
pain may be associated with a feeling of intermittent numbness. Other associated fea-
tures may include metallic taste and dryness in the mouth. Interestingly, a variety of
names has been associated with this condition such as oral dysesthesia, stomatodynia,
glossodynia, stomatopyrosis, glossopyrosis, sore mouth, and sore tongue. BMS is a
reasonably common chronic complaint to affect middle age or elderly patients, espe-
cially females. Diagnosis of BMS is challenging, because usually no clear-cut dental or
medical cause is evident and laboratory findings does not reveal any abnormality.

BMS can be classified into two clinical variants, namely, primary and secondary
BMS. If no underlying medical or dental problem becomes evident on investiga-
tions, the diagnosis is primary or idiopathic BMS. Probably, the damage to the
nerves that control pain and taste leads to primary BMS. Secondary BMS is caused
by local, systemic, or psychological factors. A few common causes of secondary
BMS include, dry mouth, acid reflux, deficiency of iron or vitamin B, hormonal dis-
turbances (such as from thyroid problem or diabetes), etc. Because burning mouth
syndrome can be associated with a wide array of local, systemic, or psychological
conditions, an ambitious diagnostic approach is warranted. This approach should
be based on a detailed history, clinical examination, laboratory tests, and exclusion
of all other possible oral and systemic problems.

If no organic cause can be found and diagnosis suggests psychological factors
such as anxiety, stress, and depression, it is advisable to make the patient aware
by explaining that depression and other emotional disturbances are just as much
illnesses and cause as much suffering as physical diseases. Apart from psychogenic
medications, cognitive behavioral therapy is indicated in BMS.

Depending on the causative factors, medications used for BMS include antidepres-
sants, analgesics, antiepileptic, antifungal, antibacterial, sialagogues, antihistamines,
anxiolytics, antipsychotics, and vitamin, mineral, and hormonal replacements.

The topical application of clonazepam (by sucking a tablet of 1 mg), three times
a day for 14 days can reduce the burning symptoms. Aloe vera gel also helps to
reduce the burning sensation and pain in the sore areas of the tongue. Symptoms of
secondary BMS go away when the underlying medical condition, such as diabetes or
acid reflux, is treated [24, 25].

Overall, successful management of BMS is dependent on a holistic diagnostic
workup and collaborative management involving dental practitioners, psychologist,
and physician.

3.5 Specific anticancer treatment painful oral complications: oral
mucositis (OM)

This grossly painful disorder usually occurs as a complication of chemo- and
radiotherapy. An allergic reaction to certain medications, dental materials, or infec-
tions may also lead to nonspecific mucositis. Oral mucosal injury is the hallmark of
OM that occurs due to the interference of chemotherapy and/or radiation therapy
with normal turnover of oral mucosal cells.

Chemotherapy-induced and/or radiation therapy-induced OM clinically mani-
fests as the painful swelling, atrophy, and ulceration of the oral mucosa. Candida
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and streptococcal infections may also occur due to the disintegration of the oral
mucosa.OM-affecting pharynx and other areas of alimentary canal can lead to
complications, including dysphagia, electrolyte disturbances, systemic infection,
malnutrition, and even death [20, 26].

Oral mucosal injury tends to be acute in cases where chemotherapy is admin-
istered over a short span of time. Chemotherapy-induced mucosal damage usu-
ally develops within a week after the start of therapy and peaks within 2 weeks.
Radiotherapy-induced mucositis has a slower onset since it is most often adminis-
tered in small fractions given over weeks. Radiation-induced mucositis typically
starts in 1-2 weeks of starting the radiotherapy at cumulative doses of about 15 Gy
(gray, a unit of absorbed radiation). At doses greater than 30 Gy, OM attains full
severity and may last for weeks or even months.

Factors related to treatment and patient characteristic can influence the devel-
opment of OM. Treatment factors that influence the severity and presence of
mucositis include the class, dose, and administration frequency of systemic che-
motherapeutic agents, radiation dose and field, and use of adjuvant chemotherapy
and radiation. The majority of patients treated for head and neck cancers or those
receiving high-dose chemotherapy develop severe OM. Usually the healing within
lesions of OM is evidenced within 2-4 weeks after stoppage of either therapy.

So much so, the OM is a painful and agonizing condition that it has a drastic
impact on oral hygiene maintenance, nutritional intake, and quality of life. Current
clinical management of OM is largely supportive and aimed at maintaining oral
hygiene, pain relief, and nutritional support. A majority of patients with mucositis
pain has difficulty in food intake through mouth and a nasogastric tube or gastros-
tomy tube helps to achieve nutrition. Diet modifications in the form of liquid and
soft diet are suggested to facilitate the food intake during the cancer therapy [27].

Maintenance of oral hygiene has an important contribution in the prevention
and management of OM; however, it remains a neglected habit. Moreover, a good
oral care helps to prevent secondary infection and sepsis in the lesions of OM. Oral
hygiene measure such as tooth brushing, flossing, rinsing with sterile water, and
using mouth moisturizers helps control pain and bleeding and prevent infections of
the oral soft tissue. However, at the same time, caution must be exercised that tooth
brushing and flossing do not traumatize the oral mucosa. In case, a patient with OM
is unable to tolerate the use of a tooth brush, oral sponges and foam brushes can be
used instead.

Simple analgesia, e.g., paracetamol (1 g four times a day) in soluble form used
as a mouth rinse will be adequate to control the mild-to-moderate pain of OM. For
controlling severe pain, opioid analgesics (e.g., hydromorphone or morphine) can
be used. Use of opioids is both logical and appropriate to alleviate the intolerable
pain of OM, and strong opioids can be helpful in this direction.

When swallowing pills can be problematic in patients with severe OM, the use of
parenteral administration of opioid analgesics is required. For seeking short-term
relief in pain of OM, oral rinsing with 2% viscous lidocaine (topical anesthetic)
in combination with diphenhydramine and magnesium aluminum hydroxide may
allow the patient to eat and maintain oral hygiene. Mucosal-coating agents such as
sucralfate, Gelclair®, and Caphosol® by adhering to oral mucosa form a protective
coating. This coating aids in patient comfort by shielding the exposed and over-
stimulated nerve endings [20].

Prevention of OM is also an important aspect to be considered and has involved
multiple medications. The updated clinical practice guidelines for the preven-
tion and treatment of mucositis have suggested the use of chemo-preventative
agents to prevent and/or reduce severity of OM. The most commonly prescribed
preventative agents for OM are ice chips (given 30 minutes prior to chemotherapy)

21



From Conventional to Innovative Approaches for Pain Treatment

or amifostine (a thiol drug) and keratinocyte growth factor-1 (palifermin).
Moreover, the Multinational Association of Supportive Care in Cancer (MASCC)
and the International Society for Oral Oncology (ISOO) guidelines for treatment
of oral recommends the use of benzydamine for prevention of radiation-induced
OM. Benzydamine hydrochloride (HCI) is a cytoprotectant with analgesic, anti-
inflammatory, and antimicrobial activity. On being used as an oral rinse, it signifi-
cantly reduced OM-related erythema and ulceration [20].

3.6 Acute necrotizing ulcerative gingivitis (ANUG)

Acute necrotizing ulcerative gingivitis (ANUG) is an acute infection of the gingiva
and is characterized by pain, bleeding, fetid breath, and gingival necrosis. Fever, mal-
aise, and regional lymphadenopathy may be accompanying features. Oral functions
including speaking and swallowing become difficult due to intense gingival pain.

Destructive pattern in the form of gingival ulcerations, necrosis, and ‘punched-
out’ ulcerated papillae makes ANUG unique when compared with other periodontal
diseases. Initially cratered ulcers affect the tips of interdental papilla, later on
spreading along gingival margins. ANUG most commonly affects smokers and
stressful immunocompromised individuals. Other risk factors are neglected oral
hygiene, sleep deprivation, and malnutrition. ANUG is an opportunistic bacterial
infection that is caused by a complex of fusiforms and spirochaetes.

Maintenance of oral hygiene through self-care and gentle debridement by the
dentist is the stepping stone to the successful management of ANUG. Patients
may be advised to use mouth rinses, such as warm normal saline or 1.5% hydrogen
peroxide or 0.12% chlorhexidine at hourly intervals for the first few days. Analgesics
may help to ward off the intense pain associated with ANUG. In order to prevent
recurrence of ANUG, the patient must be educated to maintain high personal oral
hygiene, to have adequate nutrition, and to get sufficient rest. Antibiotics are indi-
cated in case of systemic involvement. The recommended antibiotics are amoxicillin
500 mg, three times daily for 10 days plus metronidazole 250 mg, three times daily
for 10 days. The healed gingival craters can act as stagnation areas where plaque can
accumulate and ANUG may reoccur. For correction of superficial craters, gingivec-
tomy and/or gingivoplasty procedures may be helpful. For rehabilitation of deep
craters, periodontal flap surgery or regenerative surgery may be considered [28-30].

3.7 Desquamative gingivitis (DG)

Desquamative gingivitis (DG) is a specific clinical presentation of unknown
etiology in which the attached gingiva appears fiery red, glazed, and friable.
Desquamative gingivitis may be a clinical manifestation of various mucocutaneous
disorders—erythema multiforme, erosive lichen planus, pemphigus, pemphigoid,
and psoriasis. DG is characterized by gingival soreness and burning sensation,
which worsens on eating spicy and acidic food. The typical clinical feature in severe
cases is of desquamation of gingival epithelium. The treatment of DG is aimed
at minimizing the gingival injury and irritation. Therefore, the patient should
avoid spicy or acidic foods. Oral hygiene maintenance can be helpful in removal of
exacerbating factors, particularly dental plaque. However, in order to avoid injury
to the friable gingiva, tooth brushing should be done gently with a soft tooth brush
or toothette. Use of an anesthetic mouthwash, e.g., benzydamine hydrochloride
can be helpful in tackling the pain. Topical therapies are the mainstay of treatment
for DG. High potency corticosteroid gels are commonly used as first-line topical
therapy. Clobetasole-17-propionate or fluocinonide 0.05% in gel form can be pre-
scribed. Ease of gel application can be facilitated via the use of custom fabricated
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trays. Furthermore, 0.1% triamcinolone orabase can also be used. For complete
resolution of DG, it is important that the underlying disease leading to DG is
diagnosed and treated appropriately by specific therapies [31, 32].

4, Conclusion

Odontogenic and nonodontogenic pain may occur due to a variety of factors and
causes. A differential diagnosis of orofacial pain, distinguishing between odon-
togenic pathologies and nonodontogenic painful etiologies, is a requisite before
taking any clinical or pharmacological decision for pain management. Exactness
of differential diagnosis is dependent on a thorough medical and dental history,
comprehensive clinical examination, and appropriate investigations. Any deci-
sion on pain management should encompass a treatment regimen (e.g. palliative,
dental, pharmacological, and psychological) that can adequately address the clinical
problem of pain. For the successful accomplishment of a durable pain manage-
ment, the treatment decisions should be based upon the best-available evidence,
consideration of cost-effectiveness, and patient’s expectation. Specialist referral is
warranted, if the conventional clinical and pharmacological measures fail to control
the odontogenic or non-odontogenic oral pain [1].
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Chapter 3

From the Origins of the Opioid
Use (and Misuse) to the Challenge
of Opioid-Free Pain Management
in Surgery

Nicholas Yim and Fereydoun Don Parsa

Abstract

Pain is a physiologic mechanism of the human body. Early cultures believed pain
to have demonic and spiritual origins. In the early nineteenth century, morphine
was first isolated by the German pharmacist Friedrich Wilhelm Adam Ferdinand
Serturner. Since then, synthetic opioids and other derivatives of morphine have
been developed for a wide variety of purposes, including pain relief during surgery.
Opioids mainly act through the stimulation of p-receptors, which has inhibitory
effects on the propagation of pain signals to the brain. However, opioids also have
unwanted side effects like nausea, vomiting, constipation, postoperative sedation,
dizziness, and addiction, and are associated with significant morbidity, prolong
hospital stays, increase use of medications needed to reverse side effects, and
decrease patient satisfaction. Furthermore, use and abuse of opioids have contributed
to an opioid epidemic, especially in the United States since the beginning of the
twenty-first century. Opioid-free anesthesia is an alternative aimed at providing pain
relief without the opioid-related adverse effects and to enhance recovery. Non-opioid
alternatives and preoperative patient education strategies have been shown to be
superior in the management of postoperative pain and opioid requirements. Clinicals
have embraced these concepts enthusiastically and have begun to incorporate an
opioid-free pain management approach in surgery.

Keywords: opioids, opioid-free anesthesia, opioid-free pain management, surgery

1. Introduction

The perception of pain is an integral part of human existence. Although uncomfort-
able to the individual, the perception of pain is necessary to protect the body from harm.
A painful sensation causes man to seek an explanation for the reason of this discomfort.
A brief history of the origins of pain and the development of pain medications is
presented, followed by the current understanding of the physiology of pain and modern
concern about opioid use. In the second half of the twentieth century, synthetic opioids
were introduced to achieve hemodynamic stability during anesthesia. Furthermore,
combined with hypnotics and muscle relaxants, the opioids administration is consid-
ered a keystone of anesthesia. For instance, a prevalence of 30% of unwanted effects of
opioids such as nausea, vomiting, dizziness and constipation has been reported [1].
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An increased occurrence of confusion and postoperative delirium [2], respiratory
depression, increased postoperative pain and opioids consumption with abuse, immu-
nodepression, hyperalgesia and chronic postoperative pain have also been described. Of
note, opioid tolerance to analgesia can occur after a single dose. Thus, the management
of pain in surgery is currently moving in the direction of the reduction of opioid use
preoperatively, perioperatively, and postoperatively. The modern multimodal anesthesia
and analgesia with intraoperative hemodynamic stability, immobility and anticipation
of postoperative analgesia can be achieved without opioids. The concept of opioid-free
anesthesia (OFA) is based on the idea that hemodynamic stability can be obtained with-
out opioids during anesthesia. In particular, OFA is a fascinating multimodal approach
to anesthesia which provides the combination of hypnotics, N-methyl-D-aspartate
(NMDA) antagonists, local anesthetics, anti-inflammatory drugs and alpha-2 agonists
such as dexmedetomidine, and no intra-operative systemic, neuraxial, or intracavitary
opioid is administered during anesthesia and the perioperative course. This strategy is
aimed to prevent postoperative opioid-related adverse effects and to enhance recovery
after surgery.

2. Pain and pain management from ancient cultures to the nineteenth
century

Early theories of the origin of pain, especially from internal diseases, revolved
around demonic and religious beliefs. Shamans and sorcerers treated patients with
the use of amulets, magic sculptures, talismans, magic ceremonies and rituals to
ward off demons and evil spirits. It was believed that spirits and demons should
leave the body from the same way it entered, resulting in cultural scarifications to
allow bad fluids, spirits and demons to escape. In Egypt, religious ceremonies and
prayers were believed to help relieve pain. Incantations to God Horus and other
deities were thought to relieve unilateral headaches [3].

Ancient cultures have used leaves of cocoa plant and opium for religious and
medical purposes. The earliest anthropological evidence of the use of cocoa leaves
was from the pre-Inca culture in Peru, dated to 1300 B.C. The Peruvians used cocoa
leaves as a local anesthetic in trepanation operations. Opium was introduced to
Egypt around 1500-1300 B.C., and was used as a cream for external application and
for the fumigation of toothaches. In India and China, opium was used for the treat-
ment of toothache and joint pain. In these cultures, opium could not be separated
from its “recreational” use [3].

In the seventeenth century, physicians began to consider the human body as
a machine with different parts in constant motion. The French philosopher Rene
Descartes proposed one of the earliest concepts of modern physiology: a movement or
touch initiated at the peripheral nerve endings propagated to the brain. This concept,
which formed the basis of nineteenth century pain theories, is illustrated by Descartes
famous figure [3] of a boy, whose foot is being stimulated by heat from a fire. Several
scientific discoveries followed Descartes physiologic concept of pain, including that
of Sir Humphrey Davy’s reports of pain relief from inhalation of nitrous oxide in 1800
and James Moore’s report of opium use for postoperative analgesia in 1784 [3].

3. The era of opioid analgesics and the discovery of anesthesia
With a better understanding of the physiology and pathways of pain, pharma-

cologic discoveries, particularly of morphine, were made in the beginning of the
nineteenth century. The German pharmacist Friedrich Wilhelm Adam Ferdinand

28



From the Origins of the Opioid Use (and Misuse) to the Challenge of Opioid-Free Pain...
DOI: http://dx.doi.org/10.5772/intechopen.82675

Serturner was the first to isolate morphine from poppy in 1805. He named the
substance after Morpheus, the Greek god of sleep. The invention of the hypodermic
hollow needles and syringes by Charles Gabriel Pravaz and Alexander Wood in the
1850s allowed the ease of subcutaneous application. While this helped the wide-
spread use of morphine, it also paved way for the use and abuse of morphine that
spread rapidly during the American Civil War (1861-1865) and the French-German
War (1870-1871). Opioid addiction became known as the “soldier’s disease” and
spurred research efforts to find substances with a lower risk of abuse [3].

Stemming from the discovery of morphine, scientists began to experiment and
develop different forms of morphine. In 1874 Charles Adler Wright synthesized
diacetyl-morphine, which in 1898 was registered under the name of heroin. This
drug showed stronger cough suppression but lower analgesic effects when compared
to morphine in animal models. Toward the beginning of the twentieth century,
addiction to heroin became a growing problem in the USA, and in 1914, the govern-
ment began implementing stricter regulations, limiting the maximum amount of
heroin in preparations. These regulations also prohibited opium, morphine, cocaine,
and several other substances from non-prescription preparations [3].

The development of new opioid analgesics continued. Derivatives of morphine
and codeine such as hydromorphone, dihydrocodeine, hydrocodone, oxymorphone,
meperidine, and oxycodone emerged at the beginning of the twentieth century.
Methadone was developed during World War II in Germany and was used primar-
ily as a substitution therapy in drug addicts. Methadone is a p-receptor agonist
and a noncompetitive NMDA antagonist. The NMDA receptor is involved in the
pathophysiology of neuropathic pain. Fentanyl was developed by Paul A J. Janssen
in 1953 and was proved to be approximately 40 times more active than morphine.
Subsequently, similar compounds with stronger potency developed, including
carfentanil, sufentanil, and alfentanil [3].

The techniques for pain relief, such as spinal cord analgesia, knee surgeries, and
different routes of administration for medications, began to develop after further
research suggested opioid receptors in the human brain and the demonstration
of endogenous opioids, the endorphins and enkephalins, constituting an internal
system of pain modulation. Opioid receptors were found in high density in the sub-
stantia gelatinosa of the spinal cord, as well as the limbic system and periaqueductal
gray area of the brainstem. This led to the reintroduction of spinal opioid applica-
tion in clinical medicine. Peripheral opioid receptors were demonstrated in the late
1980s, and Stein and colleagues showed reduced operative pain following arthros-
copy of the knee joint following intraarticular injection of morphine. Sustained
release formula and transdermal route of administration provided a profound
impact on the management of chronic pain. It made pain management much more
comfortable for the patients, resulting in an improved quality of life. Morphine was
available in the sustained release formula in 1983, while fentanyl was available in the
transdermal system. Various opioids in sustained release formula and transdermal
systems followed [3].

Surgical anesthesia experimentations in the nineteenth century allowed for
major development in pain-free surgeries. One of particular note was the Dr.
William Morton’s experimentation with ether as a local anesthetic for a surgical
neck operation. The dentist Horace Wells previously used gas during teeth extrac-
tion procedures. The first surgical ether anesthetized procedure was by the dentist
William Thomas Green Morton at Massachusetts General Hospital, Boston, in 1846.
Dr. John C. Warren was the senior surgeon operating on a congenital vascular tumor
on the neck of a young man, Gilbert Abbott. To the audience’s amazement, Abbott
did not cry out in pain during the procedure, and this ushered in the era of pain-
free surgery [3]. Painters Warren and Lucia Prosperi were commissioned in 2000
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to immortalize this milestone in anesthetic surgery with a painting that became
known as the Ether Dome painting.

Further significant steps in anesthesia in surgical environments continued. The
use of chloroform in the management of childbirth was introduced into the medical
world by Sir James Young Simpson in 1847, the same year physiologist Marie Jean
Pierre Flourens had discovered the anesthetic properties of chloroform in animals.
Chloroform remained the preferred anesthetic until the end of the nineteenth
century even though the use of chloroform resulted in significantly more deaths
than with ether [3].

Cocaine in local anesthesia marked another milestone in the advancement of
pain management in surgery. During the nineteenth century, Albert Niemann, a
scientist from Gottingen, isolated cocaine out of the mixture of alkaloids of the
cocoa plant. The extracts became popular for conditions such as toothaches, diges-
tive disorders, hysteria, and melancholia, as well as for being an aphrodisiac. Carl
Koller experimented with cocaine as a local anesthetic on frog eyes, other animals,
his assistants, and even himself. His paper, which demonstrated cocaine’s efficacy,
was presented at the Heidelberg Ophthalmological Society in 1884 by his colleague
Josef Brettauer. The presentation was widely received and others began experiment-
ing with cocaine’s surgical applications [3].

After the Heidelberg presentation, scientists began experimenting with cocaine
as a nerve block, in advanced cancer patients, and in spinal cord operations.
American surgeon William Steward Halsted [4] began experimenting with cocaine
as a nerve block, which opened up new possibilities in surgery anesthetics. Halsted
and several of his colleagues eventually became addicted to cocaine during their
experimentations with the drug. James Leonard Corning used cocaine as a spinal
anesthetic in 1885. Dr. Herbert Snow was the first physician to incorporate cocaine
into cancer pain treatment. In 1896, he administered cocaine with opium for
pain relief to patients with advanced diseases. He later developed the “Brompton
Cocktail,” a mixture containing morphine, cocaine, and alcohol. German surgeon
August Bier and his colleagues published their clinical results of spinal anesthesia,
including intrathecal injections on each other. He introduced intravenous regional
anesthesia in 1908. Rudolph Matas administered the first morphine anesthetic to
the spinal cord in 1909. Most of the nerve blocking techniques during this time
period were developed for surgical anesthesia [3].

Further experimentation with cocaine as an analgesic continued during the
nineteenth century, resulting in the development of new local anesthetics including
synthetic substitutes. Alfred Einhorn synthesized procaine in 1905. Lofgren and
Lundqvist synthesized Lignocaine in 1943. Other local anesthetics followed includ-
ing cinchocaine and amethocaine in the 1920s, mepivacaine, prilocaine, and bupiva-
caine in the late 1950s, etidocaine in the 1970s, and ropivacaine in the 1980s [3].

The current understanding of the physiology of pain involves the activation of
the nervous system. Noxious stimuli, including intense thermal, mechanical, or
chemical stimuli, are recognized by nociceptors in the peripheral nervous system.
The threshold for pain activation is relatively high, requiring a large stimulus
for signal propagation. The signals either travel through A§-fibers, Ap-fibers, or
C-fibers. While the Ad-fibers and Ap-fibers are myelinated and transmit “acute,
well-localized, fast pain,” the C-fibers are unmyelinated and transmit “slow”
pain, often described as an ache. The signals travel to the dorsal root ganglion, are
transmitted through the spinal cord and synapse on the somatosensory cortex and
limbic system. The modification of this pathway by medications aims to reduce or
eliminate pain [5].
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4. The public health issue of prescription opioid abuse

Although opioids have historically been significant medications in the manage-
ment of pain, opioids have also been the source of significant public health concern
because of the addictive and destructive adverse effects of the medication. During
the twentieth century, there were positive attitudes for the use of opioids, as a letter
written to the New England Journal of Medicine underscored the safety and low
addictive potential of opioid use in chronic pain patients, with subsequent letters
and reviews supporting this perspective. With the impression that there was very
little risk, particularly of addictive potential, in prescribing opioids for chronic pain,
the demand for opioid use increased in clinical settings. However, by 2000, attitudes
are beginning to shift and a reduction of opioid use is becoming the trend [5].

The detrimental overuse, abuse and addiction of opioids can precipitate from
prolonged treatment of opioids. Opioid tolerance occurs when there is a reduction
in the analgesic and sedative effects of these medications. Tolerance to the euphoric
effects also develop, further increasing the risk of addiction. Opioid dependence
results from the overactivation of the somatomotor cortex and autonomic nervous
system due to the increased signaling of the cells while on the inhibitory medica-
tions. Cessation of opioid use or the administration of opioid receptor antagonists
such as naloxone or naltrexone cause the withdrawal symptoms, including diarrhea,
vomiting, agitation, hyperalgesia, hyperthermia, and hypertension [5].

In the United States, the opioid abuse has reached epidemic proportions and
have become a public health issue. The treatment of opioid dependence is unclear,
but there have been significant public health prevention efforts to combat the trends
of increased abuse and overdose deaths [5]. On the topic of opioid epidemic, the
United States Surgeon General Dr. Jerome Adams supports overdose education and
awareness, and suggests co-prescribing naloxone to patients on high morphine
milligram equivalent who are at risk [6]. Nearly all the U.S. states have laws support-
ing naloxone provision to lay persons. Further, the U.S. Department of Health and
Human Services highlighted naloxone rescue kit access and emergency overdose as
a priority to address the opioid crisis. The benefits of naloxone programming have
been demonstrated in San Francisco, as well as in North Carolina, where a 70%
decline in prescription opioid-related overdose death rates was observed from 2009
to 2010 [7].

5. Special issues on perioperative opioids administration

The current trend in surgery is in the direction away from general anesthesia
that traditionally requires opioids preoperatively, intraoperatively, and postop-
eratively, and toward a more multi-modal regimen approach with preoperatively
patient education, specifically highlighting the interplay between opioids and the
human body’s natural pain management system.

Currently, many surgical operations have been traditionally performed under
general anesthesia with adjunct opioid use. The main mechanism of action of opioids
is the stimulation of p receptors, which has inhibitory effects on the propagation of
pain signals to the brain [8]. However, there are a wide variety of associated adverse
effects of opioids including nausea, vomiting, constipation, postoperative sedation,
dizziness, and addiction [9]. Opioid use also carries significant morbidity, prolong
hospital stays, increase use of medications needed to reverse side effects, and decrease
patient satisfaction [10, 11]. Further, opioids may also cause paradoxical hyperalgesia
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due to opioid-induced neural plasticity. This appears to affect both the central and
peripheral nervous systems, and may lead to sensitization of the pain pathways [12].

In addition to the wide variety of adverse effects, opioids use may also hamper
the effects of the human body’s own natural pain killers, endorphins. Opioid
administration reduces the production of beta-endorphins and impairs the func-
tion of mu-opioid receptors [13]. Beta-endorphins have significant natural analge-
sic effects and have been proposed to yield 18-33 times greater analgesic potency
than morphine. Endorphin release is believed to enhance in response to a stressor,
such as sharp pain, and can be quickly utilized to control the pain. The stressor
causes the hypothalamus to release corticotrophin-releasing hormone (CRH), a
peptide hormone and neurotransmitter, from the periventricular nucleus. CRH
stimulates the cleavage of protein proopiomelanocortin (POMC) from basophilic
cells, resulting in smaller proteins, one of them being beta-endorphin. In the
peripheral nervous system, beta-endorphins bind to the p receptors on both
pre-synaptic and post-synaptic nerve terminals. The binding leads to the release
of gamma-aminobutyric acid (GABA), which inhibits the release of substance P, a
tachykinin protein involved in the transmission of pain. Endorphins not only have
greater analgesic potency than morphine, but also enhances individuals’ mood
and well-being, due to indirect elevation of dopamine [13]. In the central nervous
system, beta-endorphins bind the p receptors on the pre-synaptic nerve terminals
and inhibit release of GABA, which normally inhibits the release of dopamine. The
overall effect of beta-endorphins, which is decreased in opioid use, is a decrease in
pain and an elevation in wellbeing.

6. The concept of opioid-free anesthesia

Opioid-free anesthesia is an anesthetic technique without intraoperative sys-
temic, neuraxial or intracavitary opioids, and that avoids perioperative opioids.
There are a number of therapeutic uses and indications for opioid-free anesthesia
including narcotic history (acute and chronic opioid addiction), opioid intolerance,
morbidly obese patients with obstructive sleep apnea, hyperalgesia, history of
chronic pain, immune deficiency, oncologic surgery, inflammatory disease, chronic
obstructive pulmonary disease, and asthma [14].

Postoperative complications, such as respiratory depression, central muscle
rigidity, pharyngeal muscle weakness, obstructed breathing, negative inotropism,
nausea, vomiting, ileus and constipation, urinary retention, tolerance and addic-
tion, dizziness, and excessive somnolence, can be reduced or prevented. Decrease
histamine release (allergy/anaphylaxis), increase patient satisfaction, and enhanced
recovery after surgery and anesthesia (ERAS) are other beneficial effects of opioid-
free anesthesia [14-16].

Opioid-free anesthesia should be avoided in patients with allergy to any adju-
vant drugs, and should be used cautiously in patients with disorders of autonomic
failure, cerebrovascular disease, critical coronary stenosis, acute coronary ischemia,
heart block, extreme bradycardia, non-stabilized hypovolemic shock or polytrauma
patients, controlled hypotension for minimal blood loss, and elderly patients on
beta-blockers.

Interest and use of adjuvant modalities, including ketamine, gabapentinoids,
intravenous lidocaine, magnesium sulfate, alpha-2 adrenoreceptor agonists, and
beta-blockers, is increasing because of enhanced recovery, particularly in specific
patient populations like chronic pain and opioid dependent patients [15].
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7. Opioid alternatives for postoperative pain control

In light of the serious adverse effects associated with opioids, many clini-
cians are forgoing prescribing opioids excessively and using opioid alternatives
for postoperative pain control. These non-opioid alternatives, including acet-
aminophen, nonsteroidal anti-inflammatory drugs (NSAIDS)/cyclooxygenase-2
(COX-2) inhibitors, gabapentin, local anesthetic infusion pumps, paravertebral
or transverse abdominis plane nerve blocks, long-acting local anesthetics, and
botulinum toxins, have been shown to produce analgesic effects and decrease
opioid use postoperatively. Combinations of non-opioid alternatives have been
shown to be superior in the management of postoperative pain and opioid
requirements. In 2008, Parsa demonstrated that gabapentin and celecoxib in
combination preoperatively for subpectoral breast augmentation was signifi-
cantly superior than celecoxib alone in reducing postoperative pain and opioid
use [17]. Stephan and Parsa have extensive experience using non-opioid modali-
ties of postoperative pain control, which has resulted in significant reduction in
opioid administration postoperatively for patients undergoing various plastic
surgery procedures [13].

Several other opioid reduction strategies in a surgical setting have been
tested and shown to be effective in managing pain and decreasing opioid use.
Preoperative patient education has shown to be effective in reducing the opioid
requirement postoperatively. Sugai et al. demonstrated that preoperative oral
and written education concerning the body’s response to pain reduced preop-
erative and postoperative opioid prescriptions [18]. When comparing patients
that had opioid-free procedures to the patients receiving adjunct opioids, Parsa
et al. found statistically significant reduction in time from end of operation to
discharge, unplanned postoperative hospital admissions, and opioid use in the
post-anesthesia care unit [19].

8. Conclusions

Pain treatment and management has come a long way since ancient cultures.
Several innovations during the nineteenth century made significant headway in
opioid analgesics, and by the end of the twentieth century, hemodynamic stability
during anesthesia was achievable through the application of opioids. However, in
an era with significant opioid abuse, limiting opioid requirements in postopera-
tive pain management is of greater importance. Opioids are associated with
unwanted side effects, including nausea, vomiting, dizziness, constipation, and
hyperalgesia. Not only are there several adverse effects with opioid use, including
a high addictive potential, opioids also interfere with beta-endorphins, the human
body’s potent natural analgesic. Opioid-free anesthesia provides a technique that
can achieve intraoperative hemodynamic stability, immobility, and postoperative
analgesia without opioids, and therefore, in the absence of the significant associ-
ated side effects. Judicious utilization of adjuvants like ketamine, gabapentinoids,
intravenous lidocaine, magnesium sulfate, alpha-2 adrenoreceptor agonists, and
beta-blockers contribute to enhanced recovery in specific patients with chronic pain
and opioid dependence. Opioid-free anesthesia and other opioid-free pain relief
strategies are essential in the control of the opioid crisis, are key in effective analge-
sia without unwanted opioid-related side effects, and are needed for postoperative
recovery.
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Chapter 4

The Utility of Patient-Controlled
Analgesia for Managing Acute Pain
in the Emergency Department

Mark Bender and Linda Papa

Abstract

There is a growing expectation of physicians to treat acute pain more aggres-
sively in the emergency department (ED). This has contributed to an increase in
opiate prescribing practices that has resulted in a crisis of medication abuse and
misuse. The resultant backlash against physicians has created a void within the
realm of acute pain management, as physicians search for a means to treat their
patients in a way that is both empathetic and responsible. In an effort to combat this
growing epidemic, alternative means of pain control are being explored. Patient-
controlled analgesia devices (PCADs) have been used extensively in multiple fields
of medicine and have demonstrated significant clinical utility for treating pain
postoperatively; however there is a dearth of evidence to support their use within
the acute care setting. Due to this lack of evidence, PCADs have not been widely
implemented in the ED. Recent studies have shown that the use of PCADs may
improve objective pain scores and increase both patient and nurse satisfaction while
reducing the likelihood of developing chronic pain. The economic feasibility of
this undertaking remains unclear; however there is strong evidence for the clinical
utility of this modality to treat acute pain in this population.

Keywords: pain, emergency department, treatment, patient-controlled analgesia,
patients-controlled analgesia devices, oligoanalgesia, patient satisfaction,
patient autonomy

1. Introduction

Although there are discrepancies in prevalence among different emergency
departments (ED), pain is the primary presenting complaint in 45-75% of all ED
visits [1]. To put this in perspective, it is important to note just how significantly
the landscape of the ED has changed over the last 20 years. Between 1996 and 2015
there was a 46% increase in the utilization of emergency services in the United
States with 136 million people seeking emergency care in 2015. This equates to over
100 million patients presenting to the ED in acute pain [2]. As emergency room
visits continue to grow every year, so does the need to find effective treatments for
patients experiencing such episodes. Currently, the standard of care in most EDs
includes the use of intravenous (IV) opiates which are titrated subjectively accord-
ing to patient complaints; however this is often significantly impacted by outside
forces including nursing availability and patient census. Unfortunately, in many
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cases a baseline pain score is not adequately established which leads to substantial
variations in treatment, with the end result being that patients experience increased
pain and less satisfaction with their care. Inadequate pain relief, otherwise known as
oligoanalgesia, can lead to a myriad of psychological and physiologic consequences
which can extend far beyond the initial injury. Thus, early intervention to treat
acute pain is integral to effective patient care.

Current guidelines established by the American Academy of Emergency
Medicine Physicians suggest that “parenteral opioids should be titrated regardless
of the initial dosing regimen (i.e., weight-based, fixed, or nurse-initiated) at 20-30
minutes intervals until pain is relieved to acceptable levels with frequent re-
assessment and evaluation for development of opioid-related adverse effects.” [3]
Although this schedule may appear ideal, re-dosing of medication at this frequency
requires significant time from nursing staff and physicians and may prove difficult
given the demanding pace characteristic of most emergency departments. This
is problematic from both a practice and administrative standpoint, as increasing
patient volumes are taxing our already overburdened EDs. From a clinical perspec-
tive this translates into substantial delays in achieving adequate analgesia and pro-
longed wait times between doses for patients in acute pain. In light of these issues, it
is clear that physicians and ED staff must reconsider their current approach to pain
management and explore novel methods to improve treatment efficiency without
sacrificing quality.

Within the last 20 years, there have been increasing demands placed on ED
physicians and staff to aggressively treat acute pain in an effort to improve patient
satisfaction, improve outcomes and meet core measures. Consequently, the
“Emergency Department Measure Set” was developed by the Centers for Medicare
and Medicaid Services (CMS) and has been adopted by The Joint Commission’s
ORYX program in order to maintain alignment with CMS reporting requirements
[4]. These, and many additional factors, have contributed to an increase in opiate
prescriptions which has resulted in a crisis of medication abuse and misuse which
continues to plague EDs all over the country. The resultant backlash against both
physicians and pharmaceutical companies has created a void within the realm of
acute pain management, as physicians search for a means to treat their patients in
a way that is both empathetic and responsible. Patient-controlled analgesia, which
has long been accepted as an appropriate form of pain management in post-surgical
care, has shown promising results in its application in the acute care setting and
may prove to be an invaluable tool which may be used for effective multimodal pain
control.

Patient-controlled analgesia offers multiple benefits to patients in acute pain.
The devices themselves are relatively easy to set up, they reduce delays and treat-
ment variability, and provide patients with increased control of their analgesic
needs. Delivery of medication via this method also avoids the peaks and troughs
in blood levels associated with irregular bolus dosing and allows for a steady-state
concentration within the plasma [5]. By controlling both the frequency and quan-
tity of medication being delivered, patients are able to achieve improved levels of
analgesia while minimizing the risk of adverse events. Dynamic systems such as this
allow for increased patient autonomy and improved personalization of care without
the requirement of additional supervision by staff.

2. The risks of undertreating pain

Although many patients achieve full resolution of pain after an acute episode,
it has been demonstrated that pain may persist in up to 21% of patients being
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discharged from the ED [6, 7]. The precise mechanism for the transition from acute
to chronic pain is poorly understood, however, the practical implications of this
issue are becoming increasingly apparent as the number of patients experiencing
chronic pain has reached epic proportions. Patients experiencing traumatic pain
and acute abdominal pain are especially at risk for developing chronic pain and
these populations make up a significant amount of ED admissions. In addition to
the mechanism of injury there is also a myriad of different symptoms which can
predispose individuals to developing persistent pain including age, gender, genetics,
pain trajectory and pre-existing anxiety/depression [7]. Although many of these
cannot be adequately controlled for in an acute setting, pain trajectory is one of the
main factors that can be actively affected by emergency physicians and PCADs have
shown increasing effectiveness in this regard. A recent study conducted by Rockett
et al., demonstrated that utilization of PCADs in the emergency room significantly
decreased the number of patients experiencing persistent pain from non-traumatic
abdominal injuries, 6 months post-injury. “The study findings suggest that it may
be possible to reduce persistent pain (at least in patients with abdominal pain)

by delivering better acute pain management” [7]. Consequently, it appears that
increased utilization of patient-controlled analgesia may be a viable alternative to
our current practice model which can provide increased comfort to both provider
and patient while diminishing the number of patients developing persistent pain.

3. Background on patient-controlled analgesia devices

Patient-controlled analgesia devices were first developed in the 1960s in an
effort to allow patients to control their pain without the requirement of frequent
nursing intervention [8]. The device itself has gone through significant changes
with regards to technology, however its basic purpose remains the same. PCADs
generally consist of a volumetric pump which contains opiate medications that may
be delivered intravenously once a patient presses the button controlling outflow.
The device often contains additional control measures including anti-siphon
and anti-reflux valves which allow for precision in the quantity of dosing while
minimizing the risk of inadvertent medication administration [9]. Physicians may
control several variables including the loading dose, demand/bolus dose, lock-out
interval and quantity required for continuous infusions [5]. In the initial stage of
treatment a bolus or loading dose is commonly administered to establish a baseline
degree of analgesia. Afterwards there is a lock-out period during which the pump
does not release any additional medication. Patients may continue to press the
release trigger during this period of time but no additional doses are released. A
number of demand requests are logged by the device and can help guide physi-
cians when attempting to determine an optimal dosing strategy for each individual
patient.

Dosing parameters are generally set by the physician and should reflect the level
of pain being experienced by the patient as well as the patient’s expected length
of stay in the ED, body habitus, and previous use and tolerance to analgesics. An
optimal dosing strategy is one that would allow for maximum analgesia while
minimizing potential side effects. With traditional dosing methods this is difficult
to achieve. To remedy this, several protocols have been developed for use in patient-
controlled analgesia which have been demonstrated to be effective in most patients.
For instance, a common protocol used in both the US and UK includes a loading
dose of 1 mg of morphine followed by a 5 minutes lockout period and subsequent
bolus dosing of 1 mg [10]. Lock-out times are an important safety concern among
physicians for obvious reasons, however studies show that increments between 5
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and 10 minutes are generally considered safe regardless of the type of medication
being used [5]. These parameters can be altered in real time in response to patient
feedback. This allows for more dynamic analgesic control which has clear benefits
for patients presenting to the ED with acute pain.

It is important to note that there are distinct differences between machine
programming parameters for postoperative patients versus those in an emergency
setting. A prime example of this is the use of background/continuous infusions.
Utilization of this setting allows for increased baseline plasma levels of medication
and may improve pain control in certain populations [5]. Although the literature
supports this type of treatment in post-operative patients, it may not be ideal for
the ED as it requires close maintenance by nursing staff. Additionally, research
shows that it does not improve pain control significantly in this patient population
and may actually lead to increased incidence of adverse events including respira-
tory depression and sedation [5]. In another study which specifically examined the
use of background infusions in the ED it was also found that manipulation of this
setting led to an increased rate of pump programming errors. Although the patients
involved in this study did not sustain any long-term side effects, there was an
increase in the rate of sedation which further supports that this setting is of limited
use in the ED [11].

4. General principles in acute pain management

The use of opiate medication in acute pain management has been a staple in
most busy emergency departments. They work via blockade of p-opioid receptor-
channels which inhibit the transmission of pain in the central nervous system. In
general, pure p agonists have a high degree of variation in terms of dose-response
relationships among individuals and require close monitoring by medical staff [1].
Side effects of medications which target p-opioid receptors include respiratory
depression, sedation, nausea, vomiting and pruritus. The frequency of adverse
events associated with opiate administration in an acute care setting is difficult
to predict and often, a trial of medication is necessary before sensitivities can be
established. The disparities among these patients in regard to appropriate analgesic
control is multifactorial and includes differences in opiate tolerance, pain sever-
ity, previous opiate use, body habitus, height and weight, dosing quantity and
the frequency of administration. Many of these factors are difficult to control in
a fast-paced environment such as the emergency room. However, utilization of
patient-controlled analgesia may help offset these issues by allowing patients to take
a more active role in the management of their pain.

Common opiates used in this setting include morphine, hydromorphone, and
fentanyl. They are widely available and physicians are familiar with their general
dose-response relationships and safety profiles. Although studies have shown that
usage of specific opiates does not necessarily correlate with significant differences
in pain scores among patients using PCADs, this does not obfuscate the need for
appropriate medication selection [5]. Thus, it is important to take an individualized
approach when selecting which medication a patient will receive.

4.1 Opiate selection
4.1.1 Morphine

Morphine is the most commonly used opiate in EDs which is likely due to its
intermediate half-life, moderate strength and familiarity among hospital staff.
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The average half-life of morphine is 1.5-2 hours with peak intensity usually being
established in approximately 90 minutes [12, 13]. This makes it an effective medi-
cation for pain control as its effects wear off in a reasonable amount of time and

it is generally well tolerated. Analgesic dosing is usually 0.5-3 mg per bolus, with

a lockout period of 5-20 minutes [5]. Due to morphine’s longer onset of action it
could accumulate in the plasma and could result in analgesic stacking if the lock-
out times are not calibrated appropriately. Although this could theoretically lead
to a significant increase in adverse events; it is very rarely seen clinically when
administering conventional PCAD level dosages [5]. Additionally, it is important to
recall that morphine has a higher degree of histamine release than other opiates in
its class. This may preclude it from use in patients that have a history or pruritus or
flushing after morphine use. This is, however, only a relative contraindication and
may not manifest as readily due to the decreased quantity of medication adminis-
tered in each dose.

4.1.2 Hydromorphone (Dilaudid)

Hydromorphone is a medication that is both incredibly effective but also
increasingly maligned by emergency physicians. It has gained notoriety due to its
strength and efficacy in acute pain management and it is widely available in most
EDs. Unfortunately, these attributes have also made it a popular drug of abuse
among pain seekers and physicians remain wary of regular use. It is seven times
more potent than morphine and is broken down into a biologically inactive metabo-
lite which makes it an excellent candidate for patients requiring repeat dosing of
opioid medications. It also has an improved side effect profile, including diminished
histamine release, which results in less pruritus. The time to peak analgesic effect
for hydromorphone is approximately 20 minutes and its dose equivalent when
compared to morphine ranges from 4-8 to 1 which can make precise conversions
difficult [13]. Although hydromorphone is considerably more potent than mor-
phine studies have demonstrated that PCADs utilizing hydromorphone are equally
effective in comparison to morphine PCADs when dosing toward equianalgesia
[13]. Typical dosing for hydromorphone is 0.1-0.5 mg followed by a 5-15 minutes
lockout interval [5]. A recent study comparing the efficacy of morphine and
hydromorphone concluded that the side effect profile is similar between morphine
and hydromorphone in terms of opiate-related side effects [13]. Additionally, pain
control and patient satisfaction were also equivalent. Thus it appears that priori-
tization of one medication over another should likely be guided by patient history
as each drug has a unique side effect profile which may preclude it from usage in
certain groups. Unfortunately, due to the past history of hydromorphone misuse in
the ED it will likely remain as a secondary agent.

4.1.3 Fentanyl

Fentanyl has long been a preferred drug in ED for patients in severe acute pain as
it reaches peak concentrations quickly within 1-2 minutes and has a short half-life
(6 minutes) [14]. This makes it an excellent candidate for patients that require
timely analgesia without a lengthy period of sedation. Fentanyl is well suited for
use with PCADs as repetitive dosing at appropriate lockout intervals has not been
shown to lead to excessive accumulation in the plasma and thus, does not result in
analgesic stacking [15]. Intravenous dosing of Fentanyl usually consists of 15-50 pg
followed by a 3-10 minutes lockout period. Although intravenous administra-
tion of this medication remains popular, novel delivery methods have recently
been explored which show promising results. Transdermal Fentanyl is becoming
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increasingly popular in the realm of patient-controlled analgesia, as it has been
demonstrated to have increased ease of use (i.e. improved confidence/comfort with
the device, dosing, and knowledge/understanding) and less technical issues associ-
ated with autonomous administration. Although the transdermal route of delivery
has been notorious for inconsistencies in medication delivery/absorption it appears
as though transdermal Fentanyl produces results in terms of pain control and
patient satisfaction which are on par with morphine [16]. Additionally, studies have
also demonstrated that it has an improved side effect profile and has less frequent
adverse events associated with its use, including hypotension, hypoventilation, nau-
sea, vomiting, pruritus and tachycardia [17]. As such, it may be a viable alternative
for patients who have sensitivities to more traditional medications like morphine.

4.1.4 Meperidine (Demerol)

Meperidine is another common opiate that has been studied as an alternative
to morphine for use in patient-controlled analgesia, however it has limited utility
in the ED. Meperidine has numerous disadvantages, including a short duration of
action, a very poor analgesic effect at common doses (25-50 mg), abuse potential,
and concerning drug interactions. Meperidine has serotonergic and noradrenergic
properties and has the potential to induce serotonin syndrome in patients taking
selective serotonin reuptake inhibitors and monoamine oxidase inhibitors [18].

A head-to-head comparison was recently done which evaluated meperidine
versus morphine use in patients utilizing patient-controlled analgesia who were
chronic opiate users presenting to the emergency room in acute pain. Levels of
analgesia among the two groups were similar; however, patients using meperidine
had a greater likelihood of experiencing withdrawal symptoms afterwards which
was reflected in increased COWS scores [19]. Additionally, meperidine has aless
favorable side effect profile when compared to morphine as it is broken down into
the biologically active metabolite, normeperidine, which is a neurotoxin that can
accumulate in the plasma and increases the risk of seizures, delirium, tremors,
myoclonus and restlessness [5, 20]. It is important that patients be closely moni-
tored when receiving this medication. Increased need for staff supervision would
likely negate many of the benefits which PCADs provide in an acute care setting.
For these reasons, meperidine is a poor choice for acute pain and should be used
with caution in the ED [5, 21].

4.2 Additional modes of administration

There are numerous alternative modes of medication administration in
patient-controlled analgesia including oral/sublingual, transdermal, intranasal,
inhalational, and epidural preparations [22]. Intravenous delivery has remained
the most popular route of administration, however, studies have shown promising
results for several of these alternatives. Oral/sublingual medication, in particular,
may have increased utility in the ED as it has the added benefit of being less invasive
than standard IV therapy and may be preferable for some patients who are not
candidates for inpatient admission. A meta-analysis of 13 studies demonstrated
that sublingual medication administration had less side effects and a statistically
significant improvement in global assessment scores (defined as “good” or “excel-
lent”) as well as trends which indicated improvements in VAS when compared to
both morphine and transdermal Fentanyl [23].

In light of this information, a novel, non-invasive delivery system has
recently been developed for the newly FDA approved medication, sufentanil.
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This sublingual delivery device has been specifically designed for use in patient-
controlled analgesia and has demonstrated excellent titratability and a rapid
onset of action which makes it attractive for use in the ED [24]. Phase 3 trials have
demonstrated that sublingual Sufentanil has greater efficacy for the treatment

of pain than IV medications and has less incidence of oxygen desaturation in the
populations being studied [24]. Additionally, a recently conducted prospective,
randomized double-blind study has shown that patients receiving sublingual
Sufentanil have a higher summed pain intensity difference and improved global
assessment scores in comparison to placebo [25]. Although this initial data appears
promising, further studies must be done in an acute care setting before this device
can be recommended specifically for use in the emergency department.

In additional to oral preparations there may be increased utility for medication
delivery via the intranasal or inhalation route as these may also decrease the need
for IV insertion and reduce overall cost. Unfortunately there are still significant
barriers which must be overcome before these devices become commonplace.
Inhalational medication, in particular, offers clear benefits as it is non-invasive,
has a rapid onset of action and improved bioavailability [8, 26]. It has not been
embraced in its current form; however, due to technical issues with regard to medi-
cation delivery, and improper patient compliance. Intranasal administration has
been plagued by similar issues; however this may change in the future as technology
improves and devices are able to deliver medication more effectively.

For the sake of completeness, epidural preparations should be briefly discussed
as they are widely utilized in the perioperative and postoperative setting and have
been shown to be more effective at controlling pain than intravenous administration
[8, 27]. Epidural delivery of medication allows for targeted placement of opiates
adjacent to the spinal afferent pain receptors which may diminish the systemic
effects seen with oral and intravenous administration. This would initially appear
promising for ED physicians as they are continually searching for ways to reduce the
quantities of opiates being prescribed to their patients. Unfortunately this requires
placement of an epidural catheter by a trained physician (often an anesthesiologist)
which would not be feasible within the scope of the emergency department. Thus,
the feasibility of its implementation in this setting is limited.

5. Special populations
5.1 Children

PCAD usage is considered safe for autonomous use in children over 6 who are
experiencing acute pain [5]. Studies have demonstrated that PCAD use in this
population results in decreased total opiate use, improved analgesia and decreased
adverse effects, making it an ideal alternative to standard therapy [28]. One of the
main determinants which govern its effective use in this population is the ability
of the child to understand how and why the device is being used. The child must
be able to understand basic principles regarding their pain as they will be required
to follow instructions on how to self-administer medication. Studies have demon-
strated that PCAD use in children under 4 is ineffective due to the aforementioned
issues; however, children between 4 and 6 may use the device with the caveat
that they maintain close nursing oversight. The need for additional monitoring
is important for patient safety but this may not be feasible in a busy ED. Parental
controlled patient analgesia has been offered as an alternative to this but in order to
be effective it requires one-on-one education from nursing staff which also takes
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time and cooperation from a third party which may be cumbersome to facilitate.
Parental controlled analgesia also has the added detractor that it removes the
inherent benefits of patient autonomy which PCADs provide. Thus, it is unlikely to
demonstrate a significant benefit over IV morphine for the purposes of acute pain
management.

Morphine remains the most commonly used medication for patient-controlled
analgesia in the pediatric population [28]. Typical dosing consists of a bolus of
10-20 pg/kg and a lockout period of 7-15 minutes [5]. As with all pain medications
there are issues that may arise with prolonged administration of Morphine, which
is especially concerning in the pediatric population. Cycling narcotics, especially
in children who will be admitted, can help combat some of the sensitivities that
are seen in relation to morphine utilization. Switching to medications such as
hydromorphone can help decrease side effects like pruritus which may be both
uncomfortable and alarming to many children. Hydromorphone, morphine and
fentanyl are all considered safe for use in the pediatric population and they may be
used interchangeably depending on response to treatment. A recent study found
that hydromorphone to morphine switches for patient using PCADS was far more
common (88.5% versus 11.5%) than vice versa. The most common reason for
switching morphine to hydromorphone in this cohort was due to pruritus and inad-
equate pain control. Hydromorphone to morphine switches were more commonly
due to nausea. Thus, physicians should monitor this population closely and change
medications as necessary should any adverse events arise.

5.2 Geriatrics

Acute pain relief in the elderly can be challenging. Elderly patients presenting
to the ED frequently have multiple comorbidities and physiologic issues which
can affect the way in which analgesics are metabolized. Acute pain control in the
geriatric population is an important topic to address because it is integral to their
recovery. Studies have shown that unrelieved episodes of acute pain can result in
decreased pulmonary function, sympathetic hyperactivity (including tachycardia
and hypertension) and central neural sensitization which can lead to the develop-
ment of chronic pain [29]. PCAD use is well suited for this population as it allows
for individualized dosing, decreased fluctuations in opiate plasma concentra-
tion and improved pain control [30]. A recent study by Egbert which included
83 high-risk elderly men, demonstrated that PCAD use had improved analgesia
without a concomitant increase in adverse events such as sedation. Additionally, the
patient-controlled analgesia group reported that the PCAD was easier to use than
traditional therapy [30].

Drug choice is important in the elderly as the pharmacokinetics and pharma-
codynamic profile of opiate medications changes throughout the aging process. As
we age there is an increase in body fat and decrease in total body water which alters
drug metabolism. Therefore, fat soluble drugs such as fentanyl and meperidine
have a higher volume of distribution and a longer duration of action which make
them less attractive for use in this population [29]. Morphine is the most widely
used medication for PCADs in the elderly and studies have demonstrated that the
optimal loading dose is 1.0-1.5 mg/dose which should be followed by similar bolus
dosing after a 5-7 minutes lockout period. It is important to note that water soluble
drugs such as morphine have a higher plasma concentration in elderly patients due
to their redsuced volume of distribution as well as increased levels of free active
drug due to reduced albumin synthesis. As such, continuous infusions are contra-
indicated in this population as there is an increased frequency of adverse events,
namely respiratory depression and hypotension [29].
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5.3 Chronic opiate users

Pain control is notoriously difficult in patients who chronically use opiates
and they often remain undertreated [31]. Although PCAD use in this population
remains controversial, it may prove effective when used selectively [32]. Unlike
patients who are opiate naive, bolus dosing in chronic opioid users may necessitate
periodic re-adjustments, as larger doses are usually required with shorter lockout
periods [31]. By providing these patients with a more uniform dose of medication
ED physicians can avoid sedation while also decreasing the propensity for anxiety
and cravings that occur frequently with IV therapy. Some physicians may also
be worried about the potential for increased medication administration, should
patients attempt to tamper with the device. This is usually not possible with stan-
dard pumps though, as they contain safety precautions and redundancies within
the structure of the device which limit the potential for abuse. It should be noted
however, that the “wrist-watch” type of PCAD contains a reservoir which is less
secure than standard devices and it has a fixed lockout schedule which makes it less
attractive for use in this population [31].

In regards to medication selection, morphine is a commonly used medication
which remains effective, albeit at higher concentrations, even in patients that
have developed a tolerance. Studies which directly evaluated morphine use in ED
patients receiving patient-controlled analgesia are limited but, as noted previously,
there is a clear benefit to using morphine over other alternatives for numerous rea-
sons [19]. Hydromorphone is another alternative that might initially seem appeal-
ing, however there is a push to limit its use in the ED, especially for chronic opioid
users, so it is unlikely that it would gain widespread acceptance. Alternatively, one
medication which has shown good efficacy for the treatment of acute pain is oral
transmucosal fentanyl. Studies show that this medication is effective in chronic
opioid users with breakthrough pain and may be a viable alternative for patients
where morphine is initially ineffective or patient sensitivities preclude its use [10].

6. Benefits of patient-controlled analgesia use in the ED
6.1 Opiate utilization

One of the more divisive topics relating to PCAD implementation in the emer-
gency room relates to risk of abuse and reliance on opiates by patients provided with
opiate analgesia. Initial systematic reviews regarding this subject demonstrated
that patients using PCADs in the postoperative setting required less opiates than
those undergoing standard therapy [8]. Unfortunately this does not appear to be the
case for patients presenting to the ED. Evaluation of the most current randomized
controlled trials for PCAD use in this population have demonstrated that patients
receiving this therapy utilize a greater quantity of opiates than those receiving
intravenous morphine [11, 33]. A recent study done by Bijur which included 636
patients presenting to the ED in acute pain, demonstrated that patients utilizing
a PCAD required significantly more morphine (12.0 mg + 4.3 versus 6.1 mg + 2.9;
95% CI: 5.9 [5.2-6.4]) than those in the standard therapy group [11]. This data may
seem worrisome at first but, as previously discussed, patients presenting to the ED
with acute pain are notoriously undertreated. As such, the increased utilization of
opiates in this population may reflect that patients need higher levels of analgesia
than provided by standard measures of nurse administered analgesia.

In an effort to mollify this effect, recent studies have evaluated the efficacy
of adding non-opiate medications to traditional PCAD formulations, with the

45



From Conventional to Innovative Approaches for Pain Treatment

expectation there would be a level of opiate sparing and analgesic synergy. One of
the most commonly studied of these additives is the NMDA inhibitor, Ketamine.
This medication is of particular interest to emergency physicians as it is widely
available and used frequently in both the pediatric and adult populations in pro-
cedures such as rapid-sequence intubation and procedural sedation. It has a favor-
able pharmacokinetic profile in terms of pain management as it has both intrinsic
analgesic properties and opiate sparing effects via antagonism of NMDA receptors
[5, 34]. Unfortunately, research on this subject has been mixed as some studies
have shown that it may not provide a significant reduction in pain scores and has an
increased incidence of deleterious side effects [5, 35, 36]. Clonidine has also been
used as an additive in PCADs and initially showed some benefits in regard to nausea
reduction in certain post-operative patients but this has not been reliably repro-
duced in subsequent studies [5, 34, 37].

One medication which has shown promise for use with PCADs is dexmedeto-
midine. This medication is a “highly selective a2-adrenoreceptor agonist, with
analgesic, anxiolytic, and sedative properties, but without effects on respiratory
function.” [5, 38] In a recent study it was shown that adding dexmedetomidine to
PCADs with morphine resulted in improved analgesia, decreased nausea and sig-
nificant morphine sparing, without significantly impacting patients hemodynamic
status [5, 39]. Thus, it would appear that this medication would be particularly well-
suited for use in the ED. Optimal dosing of this medication has not been definitively
established, however the concentration used in this study consisted of 5 pg/mL
with the PCAD being programmed to deliver 1 mL per demand bolus followed
by a 5-minute lockout period. Formulations such as this are determined by the
pharmacokinetic properties of the medication being studied and mixtures of these
medications generally require additional assistance by pharmacy staff. This would
likely add additional hard costs with regard to medication preparation but this may
be a viable option for patients with a labile hemodynamic status (such as the elderly,
septic or traumatically injured) where the analgesic benefits of increased dosing
may be tempered by the fear of respiratory depression or hypotension. Additionally,
these additives would offer a clear benefit for chronic opiate users where opiate
sparing may be of increased importance.

6.2 Pain reduction

The perception of pain is highly subjective and varies greatly among individuals
and makes it difficult to measure in precise terms. That being said, multiple formal
measures have been created to objectively measure reductions in pain, namely the
Visual Analogue Scale score (VAS score) and Numeric Rating Scales (NRS). These
tools are of primary importance to both patients and physicians in objectifying
levels of pain. Studies show that improvement in pain scores are directly correlated
with patient satisfaction which can significantly influence the clinical course of
patients experiencing an episode of acute pain [40]. Although it is well established
that PCADs reduce pain scores in the post-operative setting there has been some
controversy as to whether this would hold true for ED patients, as they often do not
have as much time to convalesce from injuries. In reviewing the literature it appears
that eight randomized controlled trials have been done which specifically examined
the effect that patient-controlled analgesia had on pain scores in patients present-
ing to the ED. Five out of the eight studies in question have shown statistically
significant results which favor PCAD use over conventional intravenous therapy.
Two of the remaining studies demonstrated a downward trend which favored
PCADs (although this did not reach the threshold for statistical significance) and
only one study showed no difference [9, 11, 33, 41-46]. Unfortunately there is
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significant heterogeneity among these studies and due to the wide range of present-
ing complaints there are many confounding factors which must be accounted for.
That being said, the initial data appears to support the use of PCADs over standard
therapy for patients presenting to the ED with acute pain.

6.3 Patient autonomy and patient satisfaction

Patient satisfaction is becoming ever more important in clinical medicine. It
is imperative that physicians maximize their ability to take care of patients in an
empathetic manner which utilizes principles of patient autonomy and shared deci-
sion making. Studies have demonstrated that PCADs are preferred by many patients
in comparison with both IV and IM preparations and patient satisfaction with
this type of treatment is generally high [5, 9, 11, 33, 41-46]. In a recent systematic
review of 21 trials which included 1260 postoperative patients, it was shown that
patients had increased satisfaction with PCAD use in all of the studies that were
included in the cohort [8]. Additionally, a meta-analysis done on the same group
showed that patients preferred PCADs significantly more than standard therapy
[8]. Studies which have been conducted that have evaluated patient satisfaction for
patients presenting to the emergency room have also shown similar results, with
the overwhelming majority of studies showing a clear preference for PCADs [9, 11,
33, 41-46]. This is likely due to several factors including faster time to analgesia,
decreased need of nursing assistance and an increased sense of autonomy and
control over one’s pain [44].

In addition to patient satisfaction it is important to remember that proper
implementation of this technology requires cooperation across multiple disciplines.
As such, the support of physician extenders, nurses, and hospital pharmacists is
integral to patient care and should not be overlooked. Relatively few studies have
addressed this issue directly but current evidence shows that PCADs are generally
well received by nursing staff. One study in particular demonstrated that patient-
controlled analgesia regiments were rated as “good to excellent” more frequently
than those utilizing traditional intravenous therapy (69% versus 54%) and the
majority of nursing staff would use them again in the future (77%) [41].

7. Drawbacks of patient-controlled analgesia use

The majority of studies which have examined PCAD use in the emergency set-
ting have found that there were similar rates of side effects such as nausea, vomit-
ing, pruritus and drowsiness when compared to those receiving standard therapy
[9, 11, 33, 41-46]. However, two studies showed PCADs to have a slightly increased
risk of adverse events, including hypotension and hypoventilation, although
neither group experienced any long-term sequelae in connection with these events.
Additionally, these effects were transient and did not require the use of reversal
with naloxone [9, 11]. When evaluating the literature it appears that the preponder-
ance of adverse events associated with PCAD use have been due to factors which are
inherent to all sustained opioid use and would likely be minimized with appropri-
ate monitoring by staff. It is important to note that certain subgroups of patients
may be prone to respiratory depression with patient-controlled analgesia. Studies
have shown that elderly patients, patients with obstructive sleep apnea, and those
using concurrent analgesics are at particular risk, and are vulnerable to the sedative
effects which occur with repeated dosing [22].

Although it appears that PCADs are safe in this patient population, there are
unique characteristics associated with this technology which require special attention
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and education for both patients and staff. Programming errors can occur, especially
when staff are unfamiliar with the equipment which can lead to over-sedation and
respiratory depression. In a large randomized study conducted in the ED by Bijur

et al. there were a similar number of adverse events among patients assigned to the
PCAD group versus those receiving standard IV therapy. However, the PCAD group
had 11 pump programming errors, 10 of which were due to nursing staff uninten-
tionally giving patients background infusions. None of the patients in question were
subject to any long-term side effects. Additionally, following staff remediation and
education, no additional errors were seen [11]. One way to address this in the ED
would be to have special teams which are trained specifically in PCAD usage and
implementation. Studies which have examined the effect of using specially trained
support staff have demonstrated that there are less adverse events and a greater likeli-
hood of being able to transition to oral opiates (rather than IM) when staff are trained
appropriately [5, 47]. Thus, it appears that many of these events may be mitigated by
improving education and regular training among providers and support staff.

There are some additional factors relating to patient perceptions which are
unique to this modality and may influence its effectiveness in regard to pain control.
Chumbley and colleagues found that many patients had reservations about using
PCADs with 22% of patients fearing addiction and 30% fearing overdose [44, 48].
The study goes on to explain that lack of education likely played a large role in this
and a patient’s psychological background and coping abilities were also involved
in influencing their response to treatment [44]. Intrinsic issues such as these are
more difficult to control for in an acute setting and are largely related to precon-
ceived notions that patients have prior to presenting to the ED. It is likely that these
variables could be minimized if providers were to make an effort to first educate
the patients regarding PCAD use and set reasonable expectations regarding pain
control prior to the initiation of care.

8. Economics

Although patient safety maintains primacy in the hierarchy of prioritization
with regard to the implementation of new technology, economic considerations play
an important role when determining the feasibility of its widespread clinical utility.
With regard to PCADs there are both hard costs, in terms of the device itself, length
of stay and medication, as well as soft costs, such as time saved by staff and patient
satisfaction, which must be considered when analyzing the cost-effectiveness of this
modality. Although current research clearly demonstrates that there are improve-
ments in patient satisfaction and an objective reduction in pain scores in patients
receiving patient-controlled analgesia, it is difficult to quantify how these benefits
translate in terms of savings. As such, clear cost-benefit ratios remain difficult
to establish. Due to this complexity, a multivariate approach must be used when
evaluating the benefits that PCADs offer in an acute care setting.

Although device costs vary among distributors it is safe to assume that the cost
of obtaining the device and subsequent maintenance would be greater than that
of traditional therapy. A study by Pritchard et al., which evaluated specific costs
associated with the device including depreciation, electrical testing, calibration/
rebuild costs, and servicing demonstrated that the annual costs of a PCAD was
approximately $1573 which equates to $4.34 per day [49]. In addition to these initial
capital expenditures relating to acquiring the device, there is mounting evidence
that patients receiving patient-controlled analgesia in the ED also require a greater
quantity of opiates than those receiving IV therapy [9, 33, 42, 44, 46]. These
increased costs are also compounded by additional administrative challenges which
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require nursing staff, physicians and pharmacy to coordinate care in a novel manner
which may be difficult to implement in many EDs.

One factor which clearly favors the use of PCADs in patients experiencing acute
pain is the ability of this modality to save valuable staff time. This translates to
increased productivity for both nursing staff and physicians which has the propen-
sity to further increase RVUs and improve overall savings. For example, a recent
study by Chan et al., demonstrated that PCAD utilization could save an average
of 10-13 minutes of treatment time within specific post-operative groups [50].
Literature on costs related to length of stay, on the other hand, appears equivocal. A
review of the literature shows that four randomized controlled trials have been done
which specifically evaluated length of stay in the ED relative to PCAD use. Two
studies reported an increase in length of stay and two reported a reduction [9, 33,
41, 43]. None of the studies reached statistical significance, therefore the question
of whether patient-controlled analgesia reduces length of stay remains unanswered.

The PASTIES study was a large scale randomized trial which evaluated the effec-
tiveness of patient-controlled analgesia in the ED for patients suffering from traumatic
injuries and non-traumatic abdominal pain [9, 33]. This study evaluated patients
presenting to the ED who were subsequently admitted to the hospital, thus, provid-
ing important follow-up information on patient outcomes after their initial ED care.
Subsequent PASTIES studies have since been published which have evaluated the costs
associated with PCAD use in this cohort. These studies are important to this discussion
as they are the only studies to date which have specifically evaluated the economic
feasibility of patient-controlled analgesia in the ED. According to the study there were
significant reductions in pain, particularly in patients with acute abdominal pain, how-
ever, this came at increased cost. Patients with traumatic injuries incurred an additional
$21.79-$23.10 per 12 hours; and non-traumatic abdominal pain incurred an additional
$23.67-$25.09 per 12 hours [49]. Although these costs were significant within the scope
of this study, they may be negligible as improvements in patient satisfaction may even-
tually translate into improved reimbursement. As such, further studies must be done in
the future to determine the true financial feasibility of PCAs in this type of setting.

9. Conclusion

Use of patient-controlled analgesia has been demonstrated to be both safe and
effective for acute pain management in the ED. It offers a means of pain control
which is more patient-centered and allows for a greater degree of shared decision
making while simultaneously improving baseline analgesia. Recently, a few small
scale studies have shown that the use of patient-controlled analgesia in the acute
care setting may improve objective pain scores and increase both patient and nurse
satisfaction. However, the economic feasibility for utilization of this modality
within the scope of the emergency room remains unclear. As always, medica-
tion selection should be guided by clinical presentation and patient response. In
conclusion, this technology appears to provide a promising alternative to standard
therapy, however, additional studies must be done before more broad recommenda-
tions can be made regarding widespread implementation.
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Chapter 5

The Use of Neurotoxins for
Palliative Treatment of Chronic
Joint Pain

Hollis Krug

Abstract

Osteoarthritis is a significant public health problem and is rapidly increasing in
prevalence with the aging population. Pain is the most disabling consequence of
osteoarthritis. Treatment for pain is inadequate and needs to be addressed with new
therapeutic modalities. Chronic pain is often the result of peripheral and central
pain sensitization which reduces the pain threshold and increases the perceived
pain response to noxious and even non-noxious stimuli. Neurotoxins can reduce
this sensitization by various mechanisms and are a fertile area of research for the
treatment of chronic pain. Botulinum toxins, vanilloids, and conotoxin have all
been studied for the treatment of chronic pain. Botulinum toxins and vanilloids
have the greatest potential as analgesics for chronic joint pain thus far. Monoclonal
antibodies directed against nerve growth factor have also been developed for the
treatment of chronic joint pain due to osteoarthritis. These antibodies are not
technically neurotoxins but have significant analgesic potential. However, they may
have undesirable side effects and are still being evaluated as possible therapies for
chronic osteoarthritis pain.

Keywords: osteoarthritis, chronic pain, arthritis, neurotoxins, anti-nerve
growth factor

1. Introduction

Chronic joint pain is a world-wide problem. Osteoarthritis (OA) is the most
common cause of chronic joint pain and is increasing in prevalence. In the United
States alone, osteoarthritis affects approximately 27 million adults and is expected
to exceed 67 million by the year 2030 [1, 2]. Although disability due to osteoarthritis
varies, pain is the most disabling symptom affecting OA patients [3, 4]. To date, there
are no disease modifying treatments for osteoarthritis. Treatment goals are focused
on relief of symptoms and minimizing disability. The direct costs of treatment of
OA combined with the indirect costs due to lost wages are substantial. According to
one estimate, this cost accounts for 2% of the annual gross domestic product [5, 6].
Management of chronic pain from OA is challenging. Non-pharmacologic options
include education, exercise, weight reduction, acupuncture, and joint protection, but
these practices are generally insufficient to provide joint pain relief. Pharmacologic
options include systemic and intraarticular therapies [7]. Insufficient pain relief,
intolerable drug side effects and drug interactions increase the risk-benefit ratio for
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available pharmaceutical therapies [8]. Even surgical therapies for degenerative joint
disease may not be effective. Knee joint lavage has been shown to be no more effec-
tive for alleviation of pain than placebo [9, 10].

In particular, end stage disease provides challenges for effective therapy.
Opioids can sometimes be effective when other therapies have lost efficacy, but the
use of narcotics for chronic pain is undesirable due to eventual dependence and loss
of efficacy, the need for dose escalation to maintain effectiveness, and the rising
problem of opioid abuse and overdose that has occurred since the use of long-
acting narcotics have been available [11]. In addition, unacceptable side effects,
particularly in the elderly who are more likely to have end stage osteoarthritis
pain, makes the use of opioids a poor choice [12]. Finally, opioids may not have
any increased efficacy for chronic OA pain compared with non-narcotic therapies
[13]. The efficacy of intra-articular treatments such as corticosteroids and hyal-
uronic acid preparations have not been clearly demonstrated. For this reason the
American Academy of Orthopedic Surgeons recommends against viscosupplemen-
tation and felt the evidence to be inclusive regarding corticosteroid injections for
osteoarthritis [14].

Surgical treatment for end stage osteoarthritis is limited. Total joint replacement
is generally considered to be effective for short and long-term pain relief and usu-
ally achieves positive clinical and functional outcomes [15, 16]. However, surgical
treatments are not without risk of complications. These include systemic complica-
tions such as pulmonary embolism, but also local complications such as dislocation
of hips, wound and joint infection, periprosthetic fracture, aseptic loosening, patel-
lar maltracking, rupture of the extensor mechanism, stiffness with reduced range
of motion, heterotopic ossification, metal hypersensitivity, vascular injury or bleed-
ing, or nerve palsy. Success rates vary but as many as 1 in 5 patients undergoing total
knee arthroplasty (TKA) are not satisfied with the outcome [16]. Obese patients
are at increased risk for complications following TKA. Pre-operative management
including weight loss, optimization of diabetes treatment, venous thromboembo-
lism prevention, and physical therapy can help to minimize these complications
[17]. Even so, some individuals will not be surgical candidates. Clearly other options
are needed for effective pain relief to minimize disability and optimize function in
patients who are not candidates for surgery and for whom standard analgesics have
not been helpful.

Palliative therapy is specialized medical care focused on providing relief from
the symptoms and stress of a serious illness. The goal is to improve quality of life and
enhance physical function, but without treating or attempting to cure the underly-
ing disease. Palliative therapy for end stage osteoarthritis is a concept that has been
explored but due to a lack of effective therapies has not been very successful [18].

2. Neurobiology of chronic pain

Pain is the result of nerves transmitting a noxious signal, usually the result of
some sort of injury, to the brain where it is perceived as pain. This is an important
signal for the organism experiencing the injury to withdraw or avoid the stimulus
that is producing the pain. Chronic pain results when nociceptive systems are
altered so that there is no longer a direct relationship between a noxious stimulus
and pain perception. These alterations are due to plasticity of the nervous system
whereby peripheral nerves become sensitized, or spinal cord neurons become
increasingly excitable. Projections from the spinal cord to higher centers can result
in changes to descending inhibitory controls that are initiated in the midbrain and
brainstem. All these changes together tend to alter the perceived response to any
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stimulus and thus lead to persistent pain states. This plasticity appears to be revers-
ible and thus amenable to pharmacologic therapies [19].

Peripheral sensitization is thought to be the result of inflammation or nerve
injury which alters nociceptive receptors causing increased intracellular calcium
and activated intracellular protein kinase C and tyrosine kinases. These mediators
phosphorylate sensory neuron-specific sodium channels and Transient Receptor
Potential Vanilloid 1 (TRPV1) receptors causing a reduction in the depolarization
threshold and reduced pain threshold. Nociceptive neurons themselves release
chemical stimulants such as substance P (SP) and calcitonin gene-related peptide
(CGRP) which amplify the local inflammatory response by interacting with local
inflammatory cells and nearby blood vessels. This “neurogenic inflammation”
causes vasodilation and edema, and increases local inflammation adding to periph-
eral sensitization [20]. Pharmacologic inhibition of this sensitization process is an
attractive target for analgesia, as reducing sensitization would be expected to reduce
the pain perception without eliminating the important pain defense mechanisms.
Given the critical involvement of neuropeptides in the development of sensitiza-
tion, the efficacy of neurotoxins was hypothesized for treatment of chronic pain.

3. Botulinum toxins as analgesics
3.1 Botulinum toxin background and human studies

There are eight serotypes of botulinum toxin. All are products of the bacterial
genus Clostridium. Types A-G have been fully characterized and have varying dura-
tions of action, and enzymatic targets. They all cleave components of the soluble
N-ethylmaleimide-sensitive fusion protein (NSF) attachment protein receptor
(SNARE) proteins. The inability of the disrupted SNARE proteins to bring the syn-
aptic vesicle membrane and the terminal plasma membrane of the peripheral nerve
in close proximity results in an inability of the two membranes to fuse and failure
of the nerve to release neurotransmitter such as acetylcholine (ACh). This produces
the dramatic paralytic activity of botulinum toxin [21]. The eighth serotype, H,
has been recently described, but its gene sequence has been withheld due to public
safety concerns since it is considered the deadliest substance in the world [22].

Botulinum toxins A and B have been used for some time to treat painful muscle
dystonias such as torticollis. It was thought that the paralytic effect of the toxin on
motor units in the dystonic muscle was responsible for the pain relief that accompa-
nied this treatment. But it was observed that pain relief preceded the muscle weak-
ness that was expected with these treatments. This observation led to early studies
of the use of intra-articular onabotulinum toxin (Type A) for end stage osteoarthri-
tis [23]. Subsequent similar studies have been done and summarized in meta-anal-
yses and systematic reviews. Their findings suggest that even for end stage arthritis
pain, intra-articular botulinum toxin has modest beneficial effects in patients with
refractory joint pain [24-27]. Studies of shoulders and knees predominated but one
study treated refractory ankle osteoarthritis pain and one treated refractory pain
after total knee arthroplasty. Doses used were between 100 and 200 IU onabotuli-
num toxin A (BOTOX), 200-500 IU abobotulinum toxin A (Dysport) and 2500 IU
rimabotulinum toxin B (Myobloc). Controls in these studies were variable ranging
from triamcinolone to saline to unspecified placebo. Some studies used botulinum
toxin diluted with lidocaine and compared to saline with lidocaine. One small study
of 75 patients compared intra-articular (IA) botulinum toxin A to injection with
2 ml sodium hyaluronate in patients with symptomatic ankle OA and found no
difference in effectiveness between the two interventions [28]. Since the American
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Academy of Orthopedic Surgeons has stated in their evidence based guidelines
for the treatment of OA of the knee that viscosupplementation cannot be recom-
mended, this comparison may be less than appropriate [29].

Studies of IA botulinum toxin use in humans have not reported significant safety
issues. Although weakness was initially a concern, it was not found in extensive
safety evaluations [23, 26]. Since a single injection provides pain relief for up to
6 months, fewer injections may be required as compared to corticosteroid or visco-
supplementation injections and therefore, the risk of infection is minimized.

3.2 Botulinum toxin studies in preclinical models of joint pain

In an effort to better understand the mechanism of action of pain relief seen
with botulinum toxin and to precisely define functional outcomes, a variety
of animal studies have been done (Table 1). Botulinum toxins have been given
intraarticularly for joint pain in mice, rats and dogs. IA botulinum toxin appears
to be effective for chronic arthritis pain but not acute joint pain in mice, support-
ing the idea that botulinum toxin reduces peripheral sensitization by inhibiting
neuropeptide release in the periphery [30, 31]. Only one study evaluated efficacy of
rimabotulinum toxin for osteoarthritis pain in mice and found that it reduced both
spontaneous and evoked pain behaviors [32]. In dogs with chronic lameness due to
stifle, hip or elbow osteoarthritis IA onabotulinum toxin produced improvement in
several force platform variables including vertical impulse, peak vertical force and
in the Helsinki chronic pain index compared to the placebo group after 12 weeks.
The secondary outcomes of subjective pain score and the need for rescue analgesics
were not significantly improved in the botulinum toxin treated group compared
to placebo. No major adverse events were detected [33]. A second study in dogs
designed to detect adverse effects of IA botulinum toxin compared toxin injection
to placebo in healthy beagle dogs. This study evaluated dynamic and static weight
bearing, range of motion, joint tenderness, synovial fluid, neurologic function and
electrophysiologic recordings, and histopathology of joint structures and adjacent
muscles and nerves. Intra-articular botulinum toxin A did not produce significant
clinical, cytological, or histopathological adverse effects in healthy dogs, but based
on the electrophysiological recordings that found low compound muscle action
potentials in 2 dogs in the botulinum toxin injected limb, the authors concluded
that toxin may spread from the joint, but that its clinical impact is probably low
[34]. In rats with inflammatory arthritis of the temporal mandibular joint (TMJ)
produced by immunization with bovine serum albumin (BSA) and subsequent
intra-articular challenge with BSA, injecting the joint with botulinum toxin A sig-
nificantly reduced nociceptive behaviors that resulted from IA injection of low dose
formalin into these inflamed joints. These authors demonstrated that the trigeminal
ganglion of botulinum A treated arthritic animals released less substance P (SP)
and calcitonin gene related peptide (CGRP) than saline treated arthritic animals
but glutamate release was not affected. Glutamate receptors AMPA and NMDA
were also unchanged in botulinum treated ganglia compared to saline treated
controls. Periarticular tissues from the arthritic TMJs released increased amounts
of interleukin 1-p (IL-1B) and tumor necrosis factor « (TNFa). Treatment with
botulinum toxin reduced IL-1p release but had no effect on TNF« [35]. In another
study of rats with adjuvant-induced arthritis induced in the tibial-tarsal joint,
mechanical and thermal hyperalgesia and TRPV1 expression in the L4-5 dorsal root
ganglia (DRG) were measured. DRGs were also stained for the presence of cleaved
synaptosomal-associated protein of 25 kDa (SNAP-25)—the cleavage product of
botulinum toxin A—and for transient receptor potential vanilloid 1 and put TRPV1
in parentheses TRPV1 and CGRP. TRPV1 expression increased significantly in
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Arthritis model Experiment Results Reference
Murine CFA, COL IA BoNT/A vs. sham Reduced spontaneous and evoked pain [30, 31]
behaviors in CFA arthritis, reduced
spontaneous pain behavior in COL
arthritis
Murine COL IA BoNT/B vs. saline Improved visual gait analysis, improved [32]
or sham injection joint tenderness
Dog, OA, multiple IA BoNT/A vs. Improved peak vertical force, improved [33]
joints placebo Helsinki chronic pain index
Outcome measured
after 12 weeks
Healthy beagles IA BoNT vs. placebo No adverse clinical, cytological, or [34]
(safety study) histopathological effects. Some EMG
evidence for spread outside the joints
to muscle
Rat BSA TMJ IA BoNT/A followed Significantly reduced pain behaviors, [35]
inflammatory by pain induction reduced SP and CGRP release, no
arthritis with formalin change in glutamate release, reduced
injection release of IL-1f but not TNFa
Rat CFA tibiotarsal IA BoNT/A (dose All pain outcomes improved in a dose [36]
joint ranging) compared dependent fashion. (Mechanical
to CFA alone and and thermal hyperalgesia) TRPV1
saline control expression reduced but not
transcription, thought due to the
observed reduced movement of TRPV1
to the cell membrane
Rat CFA ankle BiTox—unique CFA induced swelling reduced, [37]
arthritis nonparalyzing mechanical hyperalgesia but not
Plantar injection botulinum toxin thermal hyperalgesia reduced. No
of capsaicinand molecule effect on acute pain from capsaicin
formalin and or formalin but reduced secondary
plantar incision mechanical hyperalgesia after plantar
as standardized capsaicin injection. Plantar incision pain
pain models. Also response reduced after day 2. Reduced
included SNI model neuropathic pain in the SNI model
ACIA model in mice Genetic modification Pain was suppressed but joint [55]

of mice to express
the conotoxin
®-conopeptide
MVIIA vs. wild type

inflammation was increased and more
destructive in genetically modified mice

CFA—complete freund’s adjuvant induced arthritis, COL—collagenase-induced osteoarthritis, BONT/A—
onabotulinum toxin type A, BONT/B—rimabotulinum toxin type B, BSA—bovine serum albumin, TMJ—temporal
mandibular joint, SNI—spared nerve injury, ACIA—antigen and collagen-induced arthritis.

Table 1.
Preclinical studies of botulinum and other toxins as analgesics for arthritis pain.

the arthritic animals’ DRGs and arthritic animals demonstrated mechanical and
thermal hyperalgesia. Botulinum toxin A increased the paw withdrawal threshold
and latency to both mechanical and thermal stimuli and reduced TRPV1 expression
in a dose-dependent manner. TRPV1 transcription was likewise increased with
Complete Freund’s Adjuvant (CFA) induced arthritis but botulinum toxin A did not
alter this increased transcription. Using immunofluorescent staining, these authors
found that the increase in TRPV1 and CGRP co-expressing neurons which was the
result of CFA arthritis was reduced by botulinum toxin in a dose dependent manner.
Since botulinum toxin exerts its effects by cleaving SNAP-25 and thus preventing
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release of neuropeptide by preventing fusion of vesicles with the terminal mem-
brane, the presence of cleaved SNAP 25 localized with TRPV1 in the DRG was
analyzed. Co-localization of cleaved SNAP-25 with TRPV1 in the botulinum toxin A
group was clearly seen 5 days after botulinum toxin injection. This was not seen in
the sham and CFA saline control groups. These authors speculated that botulinum
toxin A may prevent TRPV1 expression on DRG neurons by inhibition of TRPV1
trafficking to the cell membrane after retrograde transport of botulinum toxin
from the periphery to the DRG since the expression of the TRPV1 receptor has been
shown to be dependent on exocytosis that requires interactions with proteins of the
soluble N-ethylmaleimide-sensitive factor attachment protein receptor (SNARE)
complex consisting of SNAP-25 [36]. The presence of botulinum toxin in the DRG
would prevent the SNARE complex from functioning normally to move TRPV1 to
the cell membrane. A botulinum toxin A based molecule—BiTox—has been synthe-
sized that is reported to retain neuronal silencing capacity without causing paraly-
sis. This molecule reduces plasma extravasation and inflammatory edema but is not
transported to the DRG ganglia or dorsal horn and does not inhibit pain behaviors
in response to formalin or capsaicin and does not inhibit formalin-induced c-Fos
expression in the dorsal horn. It was found to strongly reduce A-nociceptor medi-
ated secondary mechanical hyperalgesia due to CFA joint inflammation or capsaicin
injection and decreased hypersensitivity from nerve injury. The authors concluded
that this botulinum toxin based molecule could reduce local release of neuromodu-
lators from C fibers without impairing C nociceptive signaling function [37].

4. Vanilloids as analgesics
4.1 Vanilloids and their receptors background

Vanilloids such as capsaicin (the active ingredient in hot chili peppers) and
resiniferatoxin (a product of the plant Euphorbia resinifera) were first notable for
their ability to produce burning pain when administered topically. Later, both
molecules were found to have analgesic potential and subsequent work identified
the non-selective cation channel to which these compounds bind. This receptor was
found to be located on the dorsal root and trigeminal ganglia of various species.
Subsequent work identified the channel, allowed cloning and cDNA characteriza-
tion, and revealed that the channel could be activated not only by vanilloids but also
by heat suggesting a role in thermosensation. The receptor was named transient
receptor potential vanilloid 1 (TRPV1) and other ligands were identified making it a
transducer of many types of noxious stimuli [38].

Because of the variety of ligands, TRPV1 was considered a likely target for
analgesia. Agonists such as vanilloids were noted to cause desensitization of these
channels and in rodents as well as humans, pain behaviors could be alleviated
with vanilloid treatment. TRPV1 knockout mice demonstrated reduced thermal
hypersensitivity with inflammation. TRPV1 antagonists were shown to reverse
pain behavior in rodents with a wide variety of painful conditions including
inflammation, osteoarthritis and cancer. Both agonists and antagonists have been
considered as analgesic therapies. Although systemic administration of vanil-
loids demonstrated analgesic efficacy in preclinical pain models, because of the
undesirable systemic side effects of these compounds, most therapeutic trials have
focused on local or topical administration of these compounds. Undesirable effects
include hypotension, respiratory compromise and other negative effects on reflex
pathways. Less pungent analogs were found to be less efficacious with respect to
analgesia [38].
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4.2 Vanilloids as analgesics—Human and pre-clinical studies

In humans, current treatment of joint pain with vanilloids is limited to topical
therapies. Pain relieving creams such as Zostrix® and patches such as Salonpas Hot
Capsicum Patch® are available over the counter and contain capsaicin as the active
ingredient. Multiple clinical trials have found modest benefit for osteoarthritis from
low dose topical capsaicin [39-41]. More recently, a high dose 8% capsaicin patch
has been approved for the treatment of post-herpetic neuralgia. According to the
package insert, application of the patch requires careful adherence to application
instructions by the health care professional and local anesthesia for the patient prior
to application and systemic analgesics as needed in the post-application period.
Interestingly, results from clinical trials of this drug for treatment of painful HIV
neuropathy did not show clinical benefit [42, 43].

Resiniferatoxin (RTX) is an ultra-potent capsaicin (CAP) analogue [44], that is
several thousand-fold more potent than CAP [45]. RTX in low concentrations pro-
duces a slow and sustained depolarization of membrane potential, preventing the
generation of action potentials but causing less toxicity. A single IA injection in rats
has been found to reduce hyperalgesia due to carrageenan induced joint pain [46].

RTX has been studied in clinical trials for other painful conditions. When
given intravesicularly for interstitial cystitis and painful bladder syndrome,
it did not improved overall symptoms of pain, urgency, frequency or noc-
turia [47, 48]. Adlea™ (4975) is another CAP analogue under development
for the treatment of post-operative musculoskeletal pain, osteoarthritis and
tendinopathy. Phase II trials of intra-articular injection of this compound
were encouraging but no further clinical trials appear to have been performed
[38]. Zucapsaicin (Civamide) is the cis-isomer of capsaicin, and functions as
a TRPV1 blocker. Phase III trials have been done with topical civamide for OA
knee pain [49]. This topical therapy is not absorbed systemically, is well toler-
ated, and produced significant improvement in Western Ontario and McMaster
Universities Arthritis Index (WOMAC) physical function score, pain score and
subject global evaluation. Improvement was maintained for a year. This drug
has not yet been approved by the US FDA.

4.3 TRPV1 antagonists as analgesics
Several TRPV1 antagonists have also been identified that act as analgesics [50].

Some are more selective than others, complete nonselectivity producing inhibition
of all modes of TRPV1 activation (protons, heat and capsaicin). More selectivity

Arthritis model Experiment Results Reference
Rat carrageenan- IA RTX vs. vehicle given Significant reduction in [46]
induced acute joint 24 hours after arthritis induction pain behavior with RTX
pain in a dose ranging study treatment
Rat MIA model— A-425619 givenIPina 47% reduction in [50, 51]
early phase dose range during acute weightbearing asymmetry.

inflammatory phase Prolonged benefit
Rat MIA model—late A-889425 and A-995662 given Reduced loss of grip [50, 52, 53]
phase orally force within 1 hour and

maintained up to 8 hours

IA—intra-articular, RTX—vesiniferatoxin, MIA—monosodium iodoacetate.

Table 2.
Preclinical studies of vanilloid agonists and antagonists as analgesics for arthritis pain.
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appears to improve the side effect profile. Centrally active TRPV1 antagonists
appear to provide greater analgesia when given systemically or intrathecally in
preclinical models of OA pain. Most preclinical studies of OA have been done in the
monosodium iodoacetate (MIA) model in the rat (Table 2). Rats with MIA-induced
arthritis pain demonstrate reduced weightbearing of the affected limb, pain with
movement of the joint and hypersensitivity of uninjured tissues (secondary allo-
dynia of the hind paw). These pain behaviors are thought to be due to both central
and peripheral sensitization. TRPV1 antagonists appeared to be analgesic during
both the acute inflammatory phase of MIA pain and later during the chronic phase
[50-53]. Analgesia appears to improve with repeated dosing and side effects such
as hyperthermia abate with some of the investigational TRPV1 antagonists. The
potency of hyperthermia induction seems to relate most closely to the blockade of
proton-induced TRPV1 activation [50].

Only a few TRPV1 antagonists have been used in clinical trials. ADZ1386 given
orally in two different doses did not reduce OA pain more than placebo. A study in
dogs with hip OA using oral ABT116 did not improve the total pain score, pain sever-
ity or pain interference score, but did reduce rescue medication use, increased night
time activity levels and briefly produced an acute hyperthermic effect. NEO 6860,
which is specific for blocking capsaicin activation of the target, with little or no effect
against pH or heat activation, underwent a first-in-human phase I trial of the safety
and efficacy of the drug in healthy human subjects [54]. The dose ranging study
included 64 subjects and measured pharmacodynamics with a intradermal capsaicin
test as well as pharmacokinetics. The drug was rapidly absorbed with a half-life of
between 4 and 8 hours. Side effects included headache, paresthesia, nausea, and
dizziness. Study participants were monitored specifically for increase in temperature
and heat pain threshold/tolerance, but these were not noted. At all doses, most
subjects reported a rapid onset, transient sensation of “feeling hot”. The authors con-
cluded that this compound had potential for development for treating OA-associated
pain and future clinical studies were planned but have not yet been initiated.

5. Other potentially analgesic neurotoxins
5.1 Conotoxin

Ziconotide (w-conopeptide MVIIA) is a synthetic compound of the neurotoxin
o-conopeptide derived from the Conus Magus fish hunting marine snail found in
the Pacific Ocean. It selectively binds to the N-type voltage-gated calcium channels
found in the laminae of the spinal cord’s dorsal horn and blocks these channels. This
blockade prevents calcium influx and halts neurotransmission thereby preventing
nociceptive signaling. Pain transmission messages are prevented from arriving at
the brain. It is FDA approved for intrathecal use for severe chronic pain in individu-
als who are intolerant of or refractory to other treatments including intrathecal (IT)
morphine, but has demonstrated some serious side effects such as suicidal ideation
and psychosis [55].

In a study of transgenic mice bred to express a membrane-tethered form of the
conotoxin ®-conopeptide MVIIA under control of a nociceptor-specific gene, who
were subjected to unilateral induction of joint inflammation with the antigen- and
collagen- induced arthritis (ACIA) model, pain was effectively suppressed, but joint
inflammation became persistent and more destructive. The authors concluded that
blockade of Cay2.2-mediated calcium influx and nociceptive signaling by this toxin
impaired recovery from induced inflammatory arthritis. They concluded that this
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blockade could lead to potentially deleterious and devastating effects if used during
inflammation [55].

5.2 Tetrodotoxin

Another neurotoxin studied as a potential analgesic is tetrodotoxin (TTX).
Voltage-gated sodium channels (VGSCs) are critical for neuronal function and dys-
functional VGSCs have been implicated in several pain states. There are nine isoforms
of the sodium channel alpha-subunit (Nav1.1-1.9 in mammals). Only Nav1.1-1.4 and
Nav1.6-1.7 subtypes (TTX-sensitive channels) can be blocked by nanomolar con-
centrations of tetrodotoxin. Micromolar concentrations are required to block Nav1.5
and Nav1.8-1.9 subtypes (TTX-resistant channels) [56]. Although it appears to have
little effect on acute pain further studies are needed. Analgesic efficacy in preclinical
inflammatory pain models demonstrated promising effects of systemic administra-
tion for mechanical hyperalgesia and the neurogenic inflammatory response to injury.
There are contradictory results for TTX efficacy for neuropathic pain. Effectiveness
in preclinical models of neuropathic pain varied depending on dose, route of applica-
tion, and appeared more effective in acute neural injury than in chronic neuropathic
pain. In one clinical trial of tetrodotoxin for chemotherapy-induced neuropathic
pain, injected TTX did not have a significant effect on pain [57]. There have been no
specific studies evaluating tetrodotoxin for the treatment of chronic joint pain.

6. Anti-nerve growth factor

Thought not technically neurotoxins, several monoclonal antibodies have been
developed against nerve growth factor (NGF) specifically for the treatment of
chronic pain, and specifically for pain from OA. Tanezumab was the first of these
to be developed. Three other companies have now created similar antibodies.
Tanezumab was in phase III studies when the US FDA placed a hold on further
clinical trials after an increase in joint destruction was observed in patients who
had been given this drug. After that, preclinical studies suggested that this class
of drugs could damage the autonomic nervous system, which delayed further
research [58]. Since the hold was released in 2015, phase III clinical trials are being
repeated. Results from those that have been published show that these biologic
therapies appear to be effective with acceptable side effect profiles [59-61]. These
therapies are administered parenterally, and therefore are systemically active. These
antibodies have significant potential to improve analgesia for chronic arthritis pain.
Alternative routes of administration such as IA will be of interest.

7. Conclusions

Chronic joint pain is a significant public health problem that will only increase
along with the aging population. In the absence of disease modifying treatments
for OA, the need for better pain therapies will continue to increase. Neurotoxins
can be helpful as adjunct treatments for pain, particularly in cases where peripheral
sensitization has lowered pain thresholds and increased pain perception. Advances
in understanding of the pathophysiologic mechanisms of nociception and sensitiza-
tion and elucidation of the specific functions of the various neurotoxins will allow
more advanced development of toxins that may avoid potential side effects and
more specifically reduce pain perception.
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Chapter 6

Features and Clinical Effectiveness
of the Regenerative Injection
Treatments: Prolotherapy

and Platelet-Rich Plasma for
Musculoskeletal Pain Management

Ilker Solmaz and Aydan Orscelik

Abstract

Pain is a symptom caused by a disease process and/or tissue injury. With the
prolongation of life expectancy in humans, the incidence of degenerative joint
diseases and as a result pain has increased. Unfortunately, a method of treatment
that stops or reverses progression by affecting the pathogenesis in these diseases
has not been developed. Physical therapeutics such as medicine and physical
rehabilitation often are prescribed for patients suffering with pain. Recently, in
addition to these routine therapies used in pain treatment, many regenerative
injection-based therapies, including prolotherapy (PrT) or platelet-rich plasma
(PRP) have been widely used. PrT is using for damaged or degenerated connec-
tive tissue healing, such as ligaments, tendons, and cartilage. The combination of
local inflammatory effect, stimulation of local growth factor release, and down
regulation of neuropathic inflammation can be defined as the mechanism. As
aresult of these, joint instability and ligament laxity reduce and pain decrease.
PRP is the cellular component of the plasma. Although PRP is used for the same
reasons as PrT, it can be used in acute cases unlike PrT. This chapter is intended
to understand the use of regenerative injection therapies (PrT and PRP) better in
the treatment of pain.

Keywords: regenerative injection treatments, prolotherapy, platelet-rich plasma,
musculoskeletal pain

1. Introduction

New developments are taking place every day in every field of medicine. Disease
prevention, early diagnosis, and the definite treatment method call has become
the target of scientists. With the prolongation of life expectancy in humans,
the incidence of degenerative joint diseases and as a result pain has increased.
Unfortunately, a method of treatment that stops or reverses progression by affect-
ing the pathogenesis in these diseases has not been developed.

Pain is a symptom caused by a disease process and/or tissue injury. Physical
therapeutics, such as medicine and physical rehabilitation, often are prescribed for

73 IntechOpen



From Conventional to Innovative Approaches for Pain Treatment

patients suffering with pain [1]. Recently, in addition to these routine therapies used
in pain treatment, many regenerative injection based-therapies, including prolo-
therapy (PrT) or platelet-rich plasma (PRP) have been widely used. The evidence
for these treatments has arisen from the basic sciences and has been transformed
into clinical research through controlled researches [2].

2. Regenerative injection treatments
2.1 Prolotherapy

PrT is derived from the words “proliferation” and “therapy” in Latin [3]. In the
1930s, it was introduced in the USA first, but the word “Prolotherapy” was first
used by George Hackett in 1950. Dr. Hemwall’s studies reported that 82% of the
patients provided pain remission [4]. George Hackett formed the injection protocols
for PrT in the 1950s depending on his clinical experience [4, 5]. Death of a case has
been reported due to an allergic reaction due to phenol injection during PrT in 1959.
After this negativity, this method has been removed to history [6].

PrT is an increasingly popular regenerative injection-based therapy and using
for damaged or degenerated connective tissue healing, such as ligaments, tendons,
and cartilage [7-10]. Following injury, chronic musculoskeletal pain develops if
connective tissue repair is insufficient [4, 5]. Chronic musculoskeletal pain and
disability often result from degeneration associated with these structures. PrT
treatment can help us to correct this degeneration at the tissue level [4, 9]. We can
correct this degeneration at the tissue level with the help of PrT. Pain reduction and
regeneration mechanism are not clearly understood yet [7, 8]. However, the combi-
nation of local inflammatory effect, stimulation of local growth factor release, and
down regulation of neuropathic inflammation can be defined as the mechanism
[8, 11]. As a result of these, both joint instabilities with ligament laxity may reduce
and also pain may reduce [12].

The proliferant solutions are used for injection into tender ligamentous and
tendinous attachments and adjacent joint spaces. Irritants, osmotics, and che-
motactics are proliferants commonly used in PrT. Irritants are phenol, guaiacol,
and tannic acid. These damage cells. Particulates, that is, pumice flour, are also
irritants but make cellular trauma and attract macrophages directly. Sodium
morrhuate is a chemotactic and attract inflammatory cells. Glucose, glycerin, and
zinc sulphate are the osmotic proliferants and cause osmotic shock to cells [12].
The most common injectant used in the randomized controlled trials (RCTs) is
hypertonic dextrose [7, 11, 13]. Proliferant solutions may cause osmotic rupture of
cells in the area in which they are applied and may direct to growth factor increase
in various cells of human. Also, a hypertonic environment may lead to the release
of DNA-encoding growth factors [11, 14]. Furthermore, various proliferant
solutions cause fibroblast stimulation. Growth factors activate and also release
the fibroblasts. The active fibroblasts secrete new collagen fibrils. Collagen fibrils
are essential for the repair of damaged ligament and tendons and support healing
[4,10]. PrT tighten and strengthen the ligaments, tendons, and joint stabilizing
structures. So, PrT could improve the stability of the joints [4, 10, 12, 15].
Increased joint stabilization could be associated with tissue healing process by
increasing local blood flow and the excitability of mechanoreceptors and also by
decreasing the excitability of pain receptors [4].

Instead of phenol, hypertonic dextrose solution can be done safely for PrT
nowadays. The risk of side effects and complications is very low. As a result of this,
hypertonic dextrose solutions with different concentrations (10-30%) have been
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commonly used in studies and books to date for PrT treatments. In these studies,
greater than 10% of dextrose solutions proposed to use inflammatory response and
proliferation. An animal study is designed for determining the optimal concentra-
tions of dextrose solutions. This claimed that under the concentration of 10%

only induce cell proliferation; however, do not have any effectivity on inflamma-
tion histology [16]. However, 5% dextrose solution increased gene expression in
angiogenetic factors (platelet-derived growth factor (PDGF)-A and B, insulin-like
growth factor-I, and vascular endothelial growth factor-A) and in apoptotic factors
(caspase-3 and -8) in adult fibroblast culture [17]. High concentrations of glucose
stimulate the PDGF activation. PDGF has two effects; first, it induces TGF-beta
gene expression in mesangial cells, and second, it stimulates DNA synthesis [18].
Above the glucose concentrations of 10% make stimulus for the connective tissue
growth factor and other genes expression in mesangial cells [19]. Cartilage volume
stability improved by PrT injections, and this can be evaluated by magnetic reso-
nance imaging [16].

Excessive pain and fatigue due to inflammatory reaction can occur after the PrT
injections. According to this rarely, treatment can be abandoned. To reduce the
pain, hypertonic dextrose commonly combined with lidocaine, sensorcaine, and
xylocaine as local anesthetics [20]. The local anesthetics delay and disrupt wound
healing by inhibiting collagen synthesis in fibroblast tissue [21]. However, this
condition disrupts the outcome of the treatment.

2.1.1 Classification

PrT can be classified as enthesofascial, myofascial, and neurofascial according to
injection location.

2.1.1.1 Enthesofascial /intra-articular PrT

Enthesofascial/intra-articular PrT is the classic and traditional method of
PrT. The injection location is on to the bony cortex/enthesis where the ligaments
attach to or into joints.

2.1.1.2 Myofascial PrT

Myofascial PrT is the other type of PrT. In this type, injection location is soft
tissue of the bony cortex and below the subcutaneous fascia. This is used for degen-
eration of muscle and tendon, tears of muscle, defects of fascia. It prevents function
of muscle, or fascia surrounded by neovessels or neonerves.

2.1.1.3 The neurofascial PrT

The neurofascial PrT is another type for PrT. Injection location is near to the
peripheral sensory nerves and particularly their fascial penetrations. So this is
performed to subcutaneous tissue. The goal of PrT is repairment or functional
restoration of soft tissue, and neurofascial PrT produces the restoration of full
function in small nerves. The reparative proteins and their correlation with nerve
repairment are less well known. Nerves and ligament and tendon are covering with
mainly collagen-based structure (i.e., perineurium). Nerves must take place in
repair of soft tissue faults and that rather probably are planned to behave a similar
order of growth factors. According to these reasons, dextrose is potentially thera-
peutic to small nerves [3]. However, this classification of neurofacial PrT is not
widely accepted.
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2.1.2 Indications and contraindications of PrT

Indications of PrT are chronic musculoskeletal disorders such as chronic low
back pain, osteoarthritis, epicondylitis, and rotator cuff lesions.

Contraindications of PrT are hereditary or acquired bleeding tendency, osteo-
myelitis, systemic infection, chronic infection history or active infection in the
treatment region, rheumatic or other systemic inflammatory disease, oncological
diseases, having been injected local corticosteroid within 12 weeks and allergy to
the solution that is using for PrT.

2.1.3 Disorders for PrT
2.1.3.1 Chronic low back pain

Chronic low back pain is a common disease in the population. It causes
temporary or permanent disability [12]. The results of the studies on this subject
contain contradictions. Intra-articular PrT injection is significantly superior to
corticosteroid injection in sacroiliac joint pain [22]. A RCT of sclerosing injec-
tions reported that PrT has similar result as saline plus lignocaine in chronic low
back pain [23]. Injections performed once a week for 3 weeks unlike to normal
use. Another RCT for nonspecific chronic low back pain compared PrT injec-
tions, saline injections, and exercises. All ligament injections caused meaningful
decreases in pain and disability along the follow-up. Results are similar for PrT
and saline or for exercises and daily life [24]. When integrated to spinal manipu-
lation, exercise, and other interventions, PrT may have better impact on chronic
low back pain and disability [12]. Also vitamin B12 usage increases the effective-
ness of the treatment [25].

2.1.3.2 Osteoarthritis

Knee osteoarthritis is an important disease with increasing rate of pain, func-
tional disability, and stiffness. A systematic review and meta-analysis compare
the effect of dextrose PrT against control injections and exercise in the treatment
of osteoarthritis. Dextrose PrT is superior to exercise, local anesthetics, and
corticosteroids in 6 month follow-up [26]. Similar to this, a 3-arm, blinded, RCT
compared dextrose PrT, saline, and at-home exercise, and PrT is better clini-
cal enhance of pain, function, and stiffness than saline injections and at-home
exercises [27]. There are more studies showing the success of PrT in knee osteoar-
thritis. Injection locations are different according to researchers; a combination of
extra and intra-articular injection [28, 29], and only intra-articular [30, 31].
Combination of injections is thought to be an important treatment in young
people with connective tissue disorders and also in elderly patients with severe
knee osteoarthritis alternative to knee prosthesis. In these studies, it is reported
that it not only reduced the pain but also corrected knee mechanical instability
and cartilage damage.

Corticosteroid injections are an important treatment modality in symptomatic
hand osteoarthritis [32]. The short-term effectiveness is well but the long-term
effect is temporary. In carpometacarpal joint osteoarthritis, corticosteroid injection
is superior to PrT at 1 month follow-up. Symptoms repeated with corticosteroid
injection at the end of the sixth month, but improvement continued with PrT in the
long-term and recurrence was less. PrT had better results in long term than cortico-
steroid injections [33].
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2.1.3.3 Epicondylitis

Although PrT is a promising method for the treatment of epicondylitis, there
are contradictions in a limited number of studies. In a randomized double-blind
study PrT and placebo injections in patients with lateral epicondylitis compared
PrT and placebo injections in patients with lateral epicondylitis. PrT was found to
be significantly successful in pain and function [13]. A three-arm RCT reported PrT
with dextrose and PrT with dextrose and sodium morrhuate were similar successful
results for pain and function than wait and see group [7]. Subsequently, a double
blinded RCT compared PrT and the corticosteroid injections, and no difference was
found between groups in the same indication.

2.1.3.4 Rotator cuff injuries

PrT injection to the shoulder region was first reported by Lee et al., and suc-
cessful results have shown in patients with resistant to conservative treatment [34].
Similar results were obtained in RCT'’s [14, 35].

2.1.4 Adverse events

Adverse events change according to the localization of injections. Pain and
stiffness may increase temporary, and these are the most common events. Also
post-injection headache, postmenopausal spotting, pain with neurological features,
nausea, and diarrhea may occur, but transiently [12].

2.2 Platelet-rich plasma

PRP is the cellular component of the plasma. It has a higher platelet concentration
than whole blood [36]. Platelets are obtained by fragmentation of precursor megakary-
ocytes [37]. Activated platelets release clotting and growth factors in the a-granules.
The main growth factors secreted by a-granules of platelets and effective in wound
healing are known as PDGF, IGF-1, VEGF, TGF-f, and b-FGF [38]. Other factors such
as serotonin, adenosine, dopamine, calcium, histamine, ADP, ATP, and catecholamine
in the dens granules of platelets also play a role in tissue regeneration [39].

Growth factors assure the release of other growth factors, enhancing healing
process in chronic injuries and quickening repair in acute lesions [38-40]. It was
first used to accelerate the wound healing of cutaneous ulcers in the 1980s [41]. The
potential of regeneration and curative effect of PRP in oral implantology has been
demonstrated [42]. The usage of PRP has spread to other clinics [43].

Cellular components of plasma consist of 93% erythrocytes, 6% platelet, and 1%
leukocytes. PRP contains platelets 3-5 times higher than whole blood. Depending
on this, it contains growth factors in hyperphysiological rate [36].

There is no accepted clear platelet concentration value for PRP. However, there
are studies that report the healing effect when the number of platelets up to 150,000/
pl, and 350,000/pl in whole blood is above 1,000,000/pl in 5 ml plasma [42].

PRP is provided by centrifugation of autologous anticoagulant whole blood. Prior
to centrifugation, citrate is added to whole blood for bounding ionized calcium and
coagulation is prevented. After centrifugation, whole blood is divided into three layers
according to gravity. The top layer consists of plasma, the middle layer called as “buffy
coat” consists of platelets and leukocytes, and the lowest layer consists of erythrocytes
[43]. A second centrifuge is applied to the buffy coat and plasma section, indicating
that PRP and platelet poor plasma may lead to further separation [44, 45].
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According to preparation technique and the resulting product ingredients, PRP
is classified as: pure-PRP (P-PRP), leukocyte and leucocyte and PRP (L-PRP),
and pure platelet-rich fibrin (P-PRF), leucocyte and platelet-rich fibrin (L-PRF).
Nowadays, leukocytes can increase local inflammation, and leucocyte-poor content
is shown to be superior to rich content. Centrifugation and activation methods are
two important determinants of PRP quality and growth factor release. To date,
there is no worldwide accepted PRP preparation protocol [45].

2.2.1 Indications and contraindications of PRP

Indications of PRP can be summarized as the acute/chronic musculoskeletal,
cartilage and bone diseases such as chronic tendinopathies and enthesitis, acute/
chronic ligament injuries, acute/chronic muscle tears and strains, osteoarthritis,
osteochondritis dissecans, arthroplasty operations, meniscus injuries, delayed
fracture healing, nonunions, intervertebral disc injuries.

PRP’s being an autologous graft minimizes the risk of allergic reaction and infec-
tious disease. The side effects are pain formation due to local inflammatory response at
the injection site, scar formation, and calcifications as infection and further possibili-
ties at the rate of risk at all injections. Patient selection should be performed carefully
as there is a risk of serious allergic reaction to bowel thrombin. The contraindications
of PRP are the presence of tumors and metastatic disease, active infection, thrombo-
cytopenia, anemia, pregnancy and lactation, and bowel thrombin allergy [46].

Acetaminophen and narcotic analgesics can be administered against pain, while
nonsteroidal anti-inflammatory drugs are often banned for 2-4 weeks. It is thought
that nonsteroidal anti-inflammatory drugs can inhibit the prostaglandin pathway
and the beneficial effects of growth factors. Furthermore, in patients who received
systemic steroids or immunosuppressive drugs, steroid injections were used instead
of lesions in the last 6 weeks, and PRP injections were not preferred for NSAIDs in
the last 7-10 days [36].

2.2.2 Disorders for PRP
2.2.2.1 Rotator cuff injuries

The recovery process in massive chronic rotator cuff tears often results with
failure. PRP injection is not more effective than saline [47]. During the arthroscopic
repair of full-thickness rotator cuff tears, PRP induces reduction in the pain level at
the early postoperative period, a significant increase in shoulder function tests, and
shoulder external rotation muscle strength in the short term; but there is no sig-
nificant difference in pain, function, and MRI results in the long-term [48]. While
PRP usage did not create a difference in arthroscopic repair of full-thickness rotator
cuff tears, PRP was better for improvement in the arthroscopic repair of small and
medium rotator cuff tears [49].

2.2.2.2 Lateral epicondylitis

The common feature of the lateral epicondylitis studies is the standardization of
patient selection. PRP treatment is performed by the patients with chronic lateral
epicondylitis who did not benefit from conservative treatment. Therefore, unlike to
other disorders, standardization of the patient selection seems to be provided in the
lateral epicondylitis.

PRP is superior to steroid injections for reducing pain and improving function
[50-52]. Steroid injections have better results in the first weeks, deterioration occurs
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especially after 26 weeks [50], and at the end of the second year, patients return to
the baseline level [51]. PRP has a progressive improvement effect [50, 51], and this
effect continues in the long term [51].

In two studies conducted by the same author applying the same diagnosis and
treatment, the total number of patients can be considered as 350. PRP by using the
peppering technique is applied to extensor carpi radialis brevis tendon and vicinity.
Success of PRP was found more than 80% after 6 months of treatment [53].

Repeated injections are not superior to single dose administration in the treat-
ment of chronic lateral epicondylitis [54].

2.2.2.3 Patellar and Achilles tendinopathy

PRP provides healing in pain and function even in patients with resistant patellar
tendinopathy. Unlike the other injuries, 5 ml of PRP is injected into the tendon three
times with an interval of 15 days [55, 56]. Even, ultrasound-guided PRP (by using
peppering technique and ~2 ml/2 times/2 weeks intervals) was found to be superior
from ESWT in the treatment of patellar tendinopathy [57].

While PRP treatment was shown to be significant in patellar and Achilles
tendinopathy case series, it was similar as saline injection in RCTs. However, it
is indicated that saline injection cannot be considered as placebo because of the
mechanical effect caused by the needle and bleeding [58].

PRP injections were considered successful in the treatment of chronic refractory
Achilles tendinitis [59-61].

2.2.2.4 Osteoarthritis

Intra-articular PRP and hyaluronic acid provide similar clinical improvement.
The success rate was higher in the joints with low degeneration at 6 and 12 month

Figure 1.
Intra-articular PRP applications to the knee joint.

79



From Conventional to Innovative Approaches for Pain Treatment

Application Indications Contraindications
PrT Chronic musculoskeletal Hereditary or acquired bleeding tendency,
disorders; Osteomyelitis,
Chronic low back pain, Systemic infection,
Osteoarthritis, Chronic infection history or active infection in the
Epicondylitis, treatment region, Rheumatic or other systemic
Rotator cuff lesions. inflammatory disease,
Oncological diseases,
Having been injected local corticosteroid within
12 weeks, Allergy to the solution that is using for PrT.
PRP Acute/chronic musculoskeletal, Presence of tumors and metastatic disease,
cartilage and bone diseases; Active infection, Thrombocytopenia,
Chronic tendinopathies and Anemia,
enthesitis, Pregnancy and lactation,
Acute/chronic ligament injuries, Bowel thrombin allergy (if it is used as an activator)
Acute/chronic muscle tears and
strains,
Osteoarthritis, Osteochondritis
dissecans, Arthroplasty
operations, Meniscus injuries,
Delayed fracture healing,
Nonunions,
Intervertebral disc injuries
Table 1.

Indications and contraindications of PrT and PRP applications.

follow-up of PRP [62]. PRP is superior to placebo in the treatment of early stage

knee osteoarthritis. Interestingly, a similar improvement is observed between single
and two doses of PRP [63] (Figure1).
Indications and contraindications of PrT and PRP applications are shown in Table 1.

3. Conclusion

It is obvious that increasing of the regenerative injection treatment types will
continue progressively in the future. At the present time, PrT can be used as a
simple, reliable, fast-acting treatment method in patients resistant to conservative
treatment. Although PRP is used for the same diseases as PrT, it can also be used in
acute cases unlike PrT. Both methods can be used with confidence in pain manage-
ment. Proper patient selection is the most important issue to obtain effective results
from methods.
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Abstract

In 1986, the World Health Organization (WHO) has published a document enti-
tled “A Declaration of the Rights of Patients with Chronic Cancer,” which says that
according to the WHO, three-step analgesic ladder pain relief should be adequate
for 70-90% of patients. However, despite increased attention on assessment and
management, pain continues to be a prevalent symptom for patients with cancer.
That is why refreshment of knowledge in cancer pain is necessary for every active
practitioner. Broad overview of current understanding in cancer pain is presented
in the chapter. Cancer pain syndromes are analyzed in between acute or chronic,
and in among various causes occurred. Cancer pain assessment was presented with
challenges meeting clinical practitioners. For cancer pain treatment, principles of
multimodal approach are used. The pharmaceutical treatment presented in detail
included rational use of opioids. Big attention is paid on palliative care of cancer
pain patients and hospice-based palliative care model is presented too. New tech-
nologies of breakthrough cancer pain management are disclosed in detail including
special questionnaire for patients. Cancer survivors’ pain treatment and general
practitioner’s role among cancer pain problems are new topics presented in the
chapter.

Keywords: cancer pain syndromes, assessment and treatment principles, multimodal
approach, basic and breakthrough cancer pains, palliative care

1. Introduction

Cancer is diagnosed for more than 10 million people worldwide each year, and the
illness of a malignant tumor is often associated with pain. The consequences of unre-
lieved cancer pain are devastating [1]. During the established diagnosis of cancer, the
pain is present for 40% of tumor patients. The number increases up to 75-80% with
the disease spread. About 4 million people in the world each day suffer from pain that
comes due to oncological diseases, meaning that almost half of them do not receive
proper treatment, and one-third live in severe or unbearable pain [2].

Despite increased attention on assessment and management, pain continues to
be a prevalent symptom in patients with cancer. With reference to types of cancer,
lower pain prevalence rates were demonstrated in prostate cancer compared to head
and neck, lung, and breast cancer. Higher prevalence rates were seen in studies
from Asia compared to Europe, in studies that used point or week prevalence rates
compared to recall periods of a month or year [3].

Over the past few decades, we succeeded a better understanding of mecha-
nisms underlying cancer pain, new developments achieved in pharmacologic
cancer pain management, and increase in global opioid consumption becoming
evident. Nevertheless, one-third of the patients worldwide still did not receive pain

89 IntechOpen



From Conventional to Innovative Approaches for Pain Treatment

medication proportional to their pain intensity levels [4]. Data from Asia and North
America revealed comparable prevalence rates, which imply that opioid availability
alone is not an explanation for the high prevalence rates [3]. Even after implementa-
tion into clinical practice of rapid release opioids (ROOs), which provide faster
relief than immediate-release preparations of other opioids, the prevalence of
breakthrough pain is still 59% [5]. All these mean the importance of skilled use

of opioid analgesics in the relief of cancer pain but also acknowledge the lack of
evidence to support clinical practice and guidelines, which in turn causes recom-
mendations in practice guidelines to be based on expert consensus.

In 1986, the World Health Organization (WHO) has published a document
entitled “A Declaration of the Rights of Patients with Chronic Cancer.” According
to the WHO three-step analgesic ladder, in combination with appropriate dosage
guidelines, pain relief should be adequate for 70-90% of patients. A systematic
review on pain relief based on the WHO ladder, 20 years after its introduction,
demonstrated adequate pain relief in 45-100% of patients [6, 7]. Among subjects
of debates to improve the analgesic ladder the benefit of paracetamol (acetamino-
phen) with Step III opioids for which the evidence is “weak if any,” as well as
the use of adjuvant analgesics for which outcomes are generally modest [8]. On
the other hand, not only drugs are a guarantee of success in the cancer pain. It
is widely accepted that a biopsychosocial approach in assessment and manage-
ment is needed for treatment of pain in patients with cancer. Cicely Saunders
elaborated on the concept of “total pain,” stating that pain is not purely a physical
experience but involves various other components of human functioning includ-
ing personality, mood, behavior, and social relations. A systematic review has
identified an association between psychological distress, lack of social support,
and cancer pain [9].

Different barriers have been acknowledged in relation to adequate pain
management in patients with cancer. One of the most important reasons is lack
of knowledge regarding the assessment and management of cancer pain. Health
professionals are cautious when prescribing opioids because of fear of adverse
effects, tolerance, and addiction. Otherwise, patients struggle with misconcep-
tions about analgesic use, concerns about pain communication, and a belief that
pain is inevitable and uncontrollable [10]. All reasons for the lack of adequate
pain control are varied: (a) personal—fear of drug addiction, (b) legal issues
by issuing a higher dose of these medicines, (c) material—with regard to the
price and quantity of medicinal products, (d) organizational—regular supply
and storage of medicines, (e) psychological—the conviction of the patient or
his family members that narcotic analgesics can be used only in the last stages
of the illness, (f) causes of medical staff in the absence of sufficient knowledge
of analgesia and the principles for its administration, and (g) poor adherence to
pain medication and poor pain relief, which appear to be more country-specific
problems [11].

2. Cancer pain syndromes

Pain is an unpleasant sensory and emotional experience associated with actual
or potential tissue damage, or described in terms of such damage. Pain is always
subjective [the International Association for the Study of Pain (IASP)]. Cancer-
induced pain may be acute or chronic. Cancer-induced pain may be nociceptive or
neuropathic or psychogenic, but often it is mixed because there are several causes
causing it to occur. The main (basic) is constant pain of controlled intensity. A
breakthrough pain occurs when a basic pain is controlled. Breakthrough pain is a
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temporary exacerbation with high intensity pain, which is felt in patients whose
basic pain was adequately treated with opioids [12].

Cancer pain is not a single entity. It incorporates a range of etiological, patho-
physiological, and anatomical subtypes, all requiring unique descriptive terminol-
ogy, assessment techniques, and treatment modalities [13]. Among patients with
cancer, there is substantial heterogeneity in how pain is experienced and in how
it appears. In many cases, the constellation of symptoms and signs can suggest a
specific cancer pain syndrome [14]. The identification of such a syndrome may help
to elucidate the etiology of the pain, direct the diagnostic evaluation, clarify the
prognosis for the pain or the disease itself, and guide therapeutic intervention.

2.1 Acute pain syndromes

Most acute cancer pain syndromes are primary as related to a diagnostic test or
treatment. However, some are secondary as they are disease related, such as pain due
to acute hemorrhage into a tumor, bone pain from a pathologic fracture, etc. Although
some tumor-related pains have an acute onset (as after pathological fracture), most
of these will persist unless effective treatment for the underlying lesion is provided.
Generally, acute cancer pain syndromes are divided: (1) directly related to cancer, (2)
cancer diagnostics related, and (3) associated with antineoplastic treatments.

A clinical picture of directly related to various cancer syndromes depends on
cancer’s etiology, location, surrounding tissues involved, growing speed, and other
factors. Cancer-diagnostic-related syndromes also have miscellaneous presentation
and can be presented as: (a) headache after lumbar puncture, (b) prostate pain
after biopsy, (c) breast pain after mammography; (d) pain after any other interven-
tion, and some others. Acute pain associated with antineoplastic treatments can be
presented as: (a) pain related to chemotherapy and (b) pain after radiotherapy [15].

Related to chemotherapy pain has various causes depending on an agent used, a
method of inclusion into organism, etc. Most typical are intravenous infusion pain
(due to venous spasm, chemical phlebitis, vesicant extravasation, and anthracycline-
associated flare), intraperitoneal chemotherapy pain (chemical serositis or infec-
tion), mucositis (due to cytotoxicity of cytarabine, doxorubicin, methotrexate, and
others), painful peripheral neuropathy (toxicity associated with vinca alkaloids, cis-
platinum, oxaliplatin, and paclitaxel), headache (after intrathecal methotrexate),
myalgias/arthralgias interferon induced, and others. Pain after radiotherapy can be
incident pain precipitated by transport and positioning of the patient for radiother-
apy, or it can be caused by acute radiation toxicity. Most typical are: oropharyngeal
mucositis, early-onset brachial plexopathy, subacute radiation myelopathy, radiation
enteritis and proctitis, and others. Some more acute cancer pain syndromes can be
related to infection (herpes zoster) or venous thrombotic events.

2.2 Chronic pain syndromes

Chronic cancer pain syndromes usually are directly related to the neoplasm itself
or to an antineoplastic therapy. The classification is presented in Table 1 [16].

Bone metastases are the most common cause of chronic pain in cancer
patients. Bone pain should be differentiated from non-neoplastic causes includ-
ing osteoporotic fractures (such as associated with multiple myeloma), focal
osteonecrosis (due to chemotherapy or corticosteroids, or radiotherapy), and
osteomalacia. Vertebrae are the most common sites of bony metastases pain.
Typical locations are atlantoaxial destruction and odontoid fracture, C7-T1
syndrome, and T12-L1 (thoracolumbar junction) syndrome. Epidural compres-
sion of the spinal cord or cauda equina is a common neurologic complication
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Chronic cancer pain syndromes Clinical presentation
Tumor-related somatic pain syndromes Multifocal bone pain
Soft tissue pain

Tumor-related visceral pain syndromes

Tumor-related neuropathic pain Leptomeningeal metastases

Cranial neuralgias

Radiculopathies

Plexopathies

Peripheral mononeuropathies

Paraneoplastic syndromes

Headache
Pain related to antineoplastic treatments Chemotherapy-related neuropathy
Bone complications and glucocorticoids
Antiandrogens and gynecomastia
Postsurgical pain syndromes Pain and phantom sensation after amputation
Postradiation pain syndromes Plexopathies
Myelopathy
GI tract disorders
Lymphedema
Osteonecrosis
Table 1.

The classification of cancer chronic pain syndromes.

of cancer. Breast, lung, and prostate cancers each account for 20-25% of events
[17]. And back pain is the initial symptom in almost all patients with epidural
compression. The pelvis and hip are also common sites of metastatic involve-
ment. Lesions may involve any of the three anatomic regions of the pelvis
(ischiopubic, iliosacral, or periacetabular), the hip joint itself, or the proximal
femur [18]. Leptomeningeal metastases, which are characterized by diffuse or
multifocal involvement of the subarachnoid space by metastatic tumor, occur
in 1-8% in patients with systemic cancer [19]. The most common presenting
symptoms are headache, cranial nerve palsies, and radicular pain in the low
back and buttocks. Gadolinium-enhanced MRI imaging of the neuroaxis is the
investigation of choice when leptomeningeal metastases are suspected. Base of
skull metastases can be presented with various syndromes: orbital syndrome,
parasellar syndrome, middle cranial fossa syndrome, jugular foramen syn-
drome, trigeminal neuralgia, and others. Neuropathic pains can be presented
as painful radiculopathy, postherpetic neuralgia, malignant brachial plexopa-
thy (lymphoma, beast, lung cancers). Brachial plexopathy also is typical for
radiation-induced syndromes. Radiation changes in the skin and lymphoedema
are commonly associated. Malignant lumbosacral plexopathy is most frequently
associated with colorectal, cervical, breast cancers, sarcoma, and lymphoma
[20]. Paraneoplastic painful peripheral neuropathy can be related to injury to the
dorsal root ganglion (also known as subacute sensory neuronopathy or gangli-
onopathy) or injury to peripheral nerves [21]. Subacute sensory neuronopathy
is usually associated with small cell carcinoma of the lung. Even in the absence
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of involvement of the chest wall or parietal pleura, lung tumors can produce a
visceral pain syndrome, being unilateral or bilateral (less common).

Most treatment-related pains are caused by tissue-damaging procedures.
Chronic-treatment-related pain syndromes are associated with either a persistent
nociceptive complication of an invasive treatment (such as a postsurgical abscess),
or more commonly, neural injury. Toxic peripheral neuropathy, avascular (aseptic)
necrosis of femoral, or humeral head are among most common treatment-related
chronic cancer pain syndromes. Breast surgery pain syndromes are very prevalent,
too. Chronic neuropathic pain of variable severity is common for those patients, and
severity of pain is correlated positively with the number of lymph nodes removed
[22] both with tumor location (upper outer quadrant of the breast).

3. Cancer pain assessment

Despite significant medical, pharmacological, and technological advances in
the area of cancer pain assessment and management, up to 90% of patients with
advanced cancer experience pain [23], which means careful pain assessment is
essential for successful pain management. Cancer pain assessment is a complex
undertaking. The evaluation begins with a thorough history of both the pain and
the underlying malignancy as well as its treatment. A localization and intensity
of pain have to be analyzed in detail, constantly indicating it in the diary. After
initial treatment, the effect of treatment pain intensity is to be re-evaluated.
Because of the potential impact of pain on quality of life, it is also essential to
determine the adverse effects of pain on physical and psychosocial well-being,
as well as the spiritual impact of the pain. Also, it is important to remember
that cancer pain may linger after the cancer is removed (as examples, postmas-
tectomy, postamputation, or postthoracotomy syndrome), and this may have
important psychological and spiritual impact. Other factors that may influence
the pain experience should be overestimated and discussed with the patient and
his family.

Current recommendations advise that pain severity should be assessed on an
11-point numerical rating scale (NRS) (0-10), with more comprehensive tools
including the Brief Pain Inventory (BPI) and McGill Short Form Questionnaire
reserved for occasions when more detailed assessment is required [24, 25]. Newer
tools including the Alberta Breakthrough Pain Assessment Tool, specifically
designed for breakthrough pain, also could be used in the clinical trial setting [26].

3.1 Pain measurement scales

Numerical rating scale (NRS)—the intensity of pain is measured by asking the
patient to select a number from 0 to 10 that describes the intensity of his pain: “0”
means “no pain” and “10” means “unbearable pain.” The numbers are arranged in
one line. This method is easily understood by many patients, eliminates linguistic
and cultural barriers between the investigator and patient, and is most often recom-
mended for pain assessment. The lingual version of NRS can be easily adapted to
ill patients who cannot write. In Verbal Rating Scale (VRS), patients are asked to
choose the word best suited to describe their pain: no pain, mild pain, moderate
pain, severe pain, and unbearable pain.

In Faces pain scale (FPS), five smileys are given, starting from a smiley face to
the left (no pain) to a sad, and crying right (“unbearable pain”) (Figure1). The
patient points out the smile that most reflects the pain. The researcher compares the
chosen smile with the expression of the patient’s face.
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scale

1" face 2™ face 3™ face 4™ face 5™ face
| KRN CNE Y ET)
Verbal NO MILD MODERATE STRONG UNBEARABLE
scale PAIN PAIN PAIN PAIN PAIN

Figure 1.
Lithuanian pain scales (Decree of the Lithuanian MOH V-608, 26-08-2004 [27], English version).

These three pain scales (NRS, VRS, and FPS) are useful clinical tools to assess
pain intensity if they are integrated in Table 1, which allows a comparative assess-
ment of the patient’s pain intensity [27].

In Visual analogue scale (VAS), patients are asked to pinpoint their pain in the
10 cm section (in the straight line) as accurately as possible. The end of the left line
indicates “no pain” and the right is “unbearable pain.” The method is widely used in
scientific research, but not all patient groups are easy to understand.

Inferred pathophysiology or types of cancer pain (nociceptive/neuropathic) are
also core in diagnostics, that is why neurological somatosensory examination using
specific sensory stimuli tools (von Frey filament, brush, pin prick, hot/cold water
tubes, tuning fork) is essential.

In diagnosing a breakthrough in cancer pain, first is necessary to ask the
patient to describe his/her baseline pain over 24 hours, including description of
location, intensity, quality, and other features. If continuous pain has fluctua-
tions and breakthrough pain suspected, it is necessary to ask the patient how
many different types of breakthrough pains the patient experiences in a 24 hour
period following pain variables: location, provocation, quality, etiology, etc.
Finally, asking the patient about three most bothersome breakthrough pains
allows us to determine what is a breakthrough pain really wearying the patient.
Breakthrough pain intensity should be rated by NPS and filled in the pain
diary. It also have to be investigated in detail including such characteristics as
localization, number of episodes, possible irritant, beginning of pain outbreak,
strength, quality, distribution, effectiveness of the medication used. It is also
important to evaluate other symptoms of the patient’s pain breakthrough:
psychological stress, spiritual suffering, craving for chemicals and medications,
and cognitive function.

To conclude the evaluation of cancer pain, it is necessary to agree with the
patient what the aim of the intended treatment is, what is the analgesia (score
from...to), and what pain intensity is tolerated.

3.2 Challenges in cancer pain assessment

There are a number of significant challenges associated with the precise assess-
ment of a cancer patients’ pain [28]. They include: (1) multiple cancer pain mecha-
nisms, patients often have multiple coexiting pain disorders even in the one cancer
as the example of breast cancer, pain can be caused by surgical outcome, tumor
spread, chemotherapy and bony metastases to the spine, (2) lack of a universal
cancer pain classification system, (3) lack of objective testing modalities, (4) time
constraints of staff that failing in continuous reassessment of pain as this is a vital
sign to be fully controlled, and (5) individual differences in cancer pain sensitivity.
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The National Cancer Institute (NIH, USA) has funded a Patient Reported
Outcome Measurement System (PROMIS). This aims to develop a widely avail-
able set of standardized instruments to measure subjective outcomes in illnesses,
including cancer [29].

4. Cancer pain treatment principles

Adequate pain relief can be achieved in 70-90% of patients when well-accepted
treatment guidelines for cancer pain are followed (World Health Organization
[30]). Therefore, pain management techniques should be implemented as early as
possible to prevent the development of persistent pain, which can lead to a signifi-
cant reduction in quality of life. Unfortunately, the availability of effective therapy
and updated guidelines from reliable leading societies has not eliminated the
problem of undertreatment of cancer pain [3]. The causes of undertreatment are
multifactorial and reflect the combined effects of clinician-, patient-, and system-
related barriers as been provided in this chapter previously (p.2, Introduction).

Methods of pain control in cancer pain can be divided into: (a) pharmacological,
(b) oncological, (c) surgical, (d) interventional, (e) psychological, (f) physio-
therapy, and (g) complementary.

Medications are mainstream in the treatment of cancer pain and taken on a
regular basis to provide pain relief. They are mostly given by oral administration
as this increases ease of use and is usually the most cost-effective solution. Other
forms of pain relief medication may be required in some cases, including rectal
suppositories, transdermal patches, or injections.

The WHO analgesic ladder provides a structured starting point for the
pharmacological treatment of the patient with cancer pain. It is not without
controversy, however, some authors questioning the need to start all patients with
severe pain on the bottom rung (i.e., managing with paracetamol alone rather
than proceeding directly to stronger drugs). Some also have suggested that the
second step (weak opioids) should be omitted in favor of low-dose strong opioids
for the sake of both clinical effectiveness and simplicity [31]. For mild to moder-
ate cancer pain, simple analgesic medications such as paracetamol or nonsteroidal
anti-inflammatory medications (e.g., ibuprofen or aspirin) can usually provide
effective pain relief. Nevertheless, opioid analgesics are mainstream in treating
the cancer pain as in most cases it is severe or even unbearable [32]. Some impor-
tant rules must be followed before starting with the prescription with opioids.
Careful assessment of the pain and its effect on function, and of the possible risks
associated with use of an opioid, are the first step. When opioids are considered,
providers should assess every patient for risk factors for addiction. Providers
should also employ strategies to reduce the risk of misuse for all patients who
are taking opioids. These strategies may include urine testing, checking state
prescription drug monitoring programs to evaluate a person’s history of filling
prescriptions for controlled substances, doing pill counts, and using patient-
provider agreements or contracts.

Long-acting opioids may be administered orally or can be given in the form
of a transdermal patch. Long-acting opioids are usually started at an initial low
dose and titrated upward every 2-3 days for oral formulations and 5-6 days for
patches. Short-acting opioid preparations may be used to treat breakthrough pain.
One-sixth of the daily opioid requirement is commonly prescribed, and is often
a useful starting point. Well-documented side-effects of opioid therapy include
sedation, constipation, confusion, nausea and vomiting, pruritus, urinary reten-
tion, and occasionally, respiratory depression is necessary. Chronic administration
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may lead to problems such as tolerance, physical dependence, and addiction. It
must be noticed that by case, opioids may worsen pain—a phenomenon known as
opioid-induced hyperalgesia. Management principles of side effects include: (a)
opioid reduction or cessation, (b) opioid rotation, where one therapeutic opioid is
substituted for an equivalent dose of another, (c) symptomatic treatment, and (d)
administration of a specific antagonist.

Another group of pharmaceuticals used for the treatment of cancer pain is adju-
vants (Table 1). Common adjuvants are antidepressants, anticonvulsant, biphospho-
nates, and others [33]. An adjustment of adjuvants to the treatment plan of cancer pain
is typical if the pain has a neuropathic element or is wholly neuropathic. In such cases,
antidepressants and anticonvulsants may be more effective in providing balanced
analgesia and better tolerance than the high doses of opioids. Bisphosphonates are
helpful in reducing the severity of bone pain secondary to both osteoporotic vertebral
collapse and metastatic deposit. They are incorporated into the structure of mineral-
ized bone as pyrophosphate analogues, to be then taken up by active osteoclasts, which
are then inhibited. High-dose steroids can be given to reduce inflammation and edema
associated with tumor growth, and to partially mitigate local mass effect. Capsular
distension of intra-abdominal visceral can be very painful, and steroids may be help-
ful in this situation. They are also used for the immediate management of metastatic
spinal cord compression and in the palliation of intracerebral lesions.

Chemotherapy, radiotherapy, endocrinotherapy, and immunotherapy are
oncological methods used for cancer pain relief. Chemosensitive tumors include
small-cell lung carcinoma, myeloma, colorectal, and breast cancers. These drugs are
designed to target rapidly dividing cells, but can lead to the well-known side-effects
of hair loss, mucositis, and diarrhea. Also, many chemotherapeutic agents are
neurotoxic and cause varying degrees of temporary and permanent nerve damage,
resulting in peripheral neuropathy.

Radiotherapy is particularly useful in the treatment of bony metastases and
nonoperable pathological fractures, but may be used in various other contexts
where the tumor type is known to be radiosensitive. Several types of radiotherapy
exist: (a) localized external beam radiotherapy, (b) wide-field external beam
radiotherapy, (c) brachytherapy, and (d) radioisotope treatment. Certain types of
tumor may be dependent on circulating hormones to affect growth, and therefore
susceptible to manipulation of the endocrine system, for example, prostate cancer.
The use of immunotherapy in cancer treatment has shown to improve survival even
in some advanced cancers, such as breast tumor.

Surgery can be undertaken with curative or palliative intent. If a cancerous
tumor is responsible for causing the pain, techniques to reduce the size or obstruc-
tion of the tumor offer the greatest benefit. This may involve surgical removal of
the tumor or shrinking of the tumor with radiation therapy. Neurosurgery to cut
or block the nerves involved in the pain pathways can also help to reduce severe
neuropathic pain. Bone fixation may be necessary to palliate a pathological fracture
or decompress the spinal cord.

The aim of interventional cancer pain management is to interrupt nocicep-
tive transmission at one or more points between periphery and cortex to achieve
adequate analgesia. This can be achieved via reversible, nondestructive techniques
for diagnostic purposes and short-term analgesia, or offer a longer-lasting solution
via the physical or chemical destruction of the nervous tissue.

The diagnosis of a life-threatening illness has a huge psychological impact on
patients and their families. Grief reactions, anxiety, and depression are particularly
problematic at nodal points in the cancer pathway: at diagnosis, starting treat-
ment, recurrence, failure of treatment, and facing the prospect of dying. Such
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psychological states exacerbate, and also are exacerbated by, uncontrolled pain, and
addressing them is often of paramount importance in beginning to manage pain
and improve the quality of life. Multidisciplinary input, with the use of evidence-
based interventions such as cognitive behavioral therapy, distraction and relaxation
techniques, graded exercise, and goal setting can be delivered with the involvement
of psychologists, physiotherapists, and occupational therapists.

There are some complimentary medicinal techniques that can be used as addi-
tional complex in the treatment of cancer pain. These include: (a) acupuncture,
which can help to relieve pain through the manipulation of pressure points in the
body, (b) biofeedback is a technique that promotes awareness of bodily processes
such as heart rate and blood pressure to influence the severity of the pain, (c)
distraction techniques such as music therapy can be useful to shift attention away
from the pain to a more pleasant stimulus, (d) hot or cold packs can be helpful
to regulate pain and provide relief, (e) hypnosis can be used to manage pain by
focusing the patient’s consciousness to process pain information more effectively,
and (f) relaxation exercises can be used to refocus the attention of the patient on a
specific task, such as breathing, to lessen the pain.

In general, an effective strategy for cancer pain management is predicated on
several broad principles [34]:

* A detailed assessment of the pain should be performed initially; careful
reassessment is indicated whenever a change occurs. The initial assessment
of the patient with cancer pain always includes a history and examination,
and often requires imaging or laboratory tests. The approach may be concep-
tualized as collecting data are sufficient to characterize key elements of the
pain (a specific pain syndrome, the inferred pathophysiology, the etiology of
pain, etc.).

* The second principle recognizes that pain may be addressed by disease-
modifying antineoplastic therapy and other interventions directed against
the etiology of the pain. Treatments that address the underlying etiology of
pain, such as radiation therapy, surgery, or in some cases, chemotherapy can
be integrated into a broader plan of care for symptom control. Treatment
of cancer-related pain usually requires close consultation with an oncology
specialist, who can provide the necessary information about the availability
of antineoplastic therapy.

* Whether or not primary disease-modifying therapy is possible, a large propor-
tion of patients with pain due to active cancer require symptomatic treatment.
Beginning in the early 1980s, a worldwide consensus has evolved that consid-
ers opioid-based pharmacotherapy as the mainstay approach for the symptom-
atic treatment of cancer patients with active disease and pain that is moderate
to severe. This conclusion was originally codified in the World Health
Organization’s (WHO) “analgesic ladder” approach, which was originally
published in the mid-1980s and has had a global influence on clinical practice
and policies pertaining to medication availability.

5. WHO analgesic ladder in twenty-first century

In 1986, the World Health Organization (WHO) declared cancer pain manage-
ment algorithm, so called three-step analgesic ladder (Figure 2) [35].
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Cancer Pain Management- 3step WHO analgesic “ladder” (WHO)

3 Step
Strong opioids
* non-opicids
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doses of strong opioids
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Figure 2.
Cancer pain management—three step WHO analgesic “ladder” [35].
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Figure 3.
Modified WHO ladder approach for cancer pain (Fine P G, 2005).

I step: main medication—aspirin, acetaminophen, and nonsteroidal anti-
inflammatory drugs (NSAIDs) are used for the treatment of mild pain (score 1-3 in
NAS). Nonopioids can be used as adjuvants in II and III steps analgesia.

IT step: medication—weak opioids: codeine, dihydrocodeine, and tramadol are
used for moderate intensity pain relief (4-6 by NAS). The upper tramadol daily
(ceiling) dose is 400 mg. If oral or parental route of administration is not pos-
sible, for moderate pain treatment, one can use strong opioids in low doses, e.g.,
transdermal fentanyl patches.

III step: medication—strong opioids: morphine, fentanyl, methadone, and oth-
ers are used for severe and intolerable cancer pain (NAS-7-10) relief [36].

Adjuvants may be administered in all steps together with main analgesics. They
enhance pain relief and decrease or prevent opioids side effects. In 2000, algorithm
was revised in decreasing limitations of opioid use, enabling to start treatment with
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strong opioids if patient is suffering from severe cancer pain. Other modifications
of WHO three-step analgesic ladder were later applied (2005), introducing spinal
opioids for refractory pain (see Figure 3).

6. Pharmaceuticals

There are two groups of medication for cancer pain management: (1) analgesics:
opioids and nonopioids and (2) adjuvants.

6.1 Analgesics

Opioid analgesics are: (a) weak: tramadol, codeine (and dihydrocodeine) and
(b) strong: morphine, fentanyl, methadone, buprenorphine, pethidine [37]. The
route of administration are as follows: (a) noninvasive (oral, rectal, transdermal,
nasal, sublingual), (b) invasive-parenteral (intramuscular, intravenous, subcutane-
ous, etc.), including long acting devices such as “morphine pumps “with subcutane-
ous or epidural catheters and PCA-patient-controlled analgesia option, allowing
patient to determine and regulate the needed day and night doses of opioids. The
day dose is determined by giving short-acting (immediate release) opioids, such as
morphine hydrochloride 1% or morphine sulfate, 1-2% solution injections or tablets
(e.g., 10 mg every 4 hours), day dose correction is made after 24-48 hours. After
the needed day dosage is achieved (after 3-4 days), we switch to long-acting (slow
release) (12-24 hours) morphine medication—tablets, suspension, suppositories,
or fentanyl patches (72 hours) [38]. If morphine was administered parenterally, the
needed daily oral or rectal dose of morphine should be three times bigger than the
injected one earlier. Short-acting (immediate release) opioids should be used for
breakthrough pain relief.

The use of opioid analgesics may induce [39]:

(a) tolerance—a state of adaptation in which exposure to a drug induces changes
that result in diminution of one or more of the drugs’ effects over time, which
is while using opioid, one has to increase its dose after some time due to the
decrease in analgesic effect;

(b) physiologic dependence—a state of adaptation that is manifested by a drug-
class-specific withdrawal syndrome that can be produced by abrupt cessation,
rapid dose reduction, decreasing blood level of the drug, and/or administration
of an antagonist. It can be avoided by gradual opioid dose reduction;

(c) psychologic dependence (addiction)—a primary chronic, neurobiologic
disease with genetic, psychosocial, and environmental factors influencing its
development and manifestations. It is characterized by behavior that includes
one or more of the following: impaired control over drug use, compulsive use,
and continued use despite harm and craving (AAPM, APS, ASAM, 2001).

Adverse effects of opioids: constipation, nausea/vomiting, respiratory depres-
sion, urinary retention, pruritus, sedation, and more rarely, neurotoxic disorders-
hallucinations, seizures, delirium, hyperalgesia. To evade or decrease these effects,
one uses adjuvants (laxatives, antiemetics) or opioid rotation (changing one strong
opioid to another and adapting the dosage).
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Medication Route of administration Equivalent of 10 mg morphine dose
Codeine Oral 100 mg

Tramadol Oral/parenteral 50-100 mg/25-50 mg
Oxycodone Oral/parenteral 5-75mg/3.33-5mg
Pethidine Parenteral 25mg

Methadone Oral 5mg*

Fentanyl Patch 0.067 mg**

Morphine Parenteral 3.33-5mg

*Methadone/morphine, if morphine day dose: (a) >30 mg 1:4, (b) >100 mg 1.8, and (c) >300 mg 12:1.
**Fentanyl/morphine, if morphine day dose: (a) 30 mg—12 mcg/hours, (b) 60 mg—25 mcg/hours, (c) 90 mg—37
meg/hours, (d) 120 mg—50 mcg/hours, etc.

Table 2.
Opioid equianalgesic day doses.

6.2 Opioid rotation

Opioid rotation is a change of one opioid drug to another due to acquired toler-
ance or unmanageable side effects. These are the rules of opioid rotation:

* additional clinical assessment of pain and its diagnostics;
* adaptation of the day dosage for the newly prescribed opioid (in24 hours period);
* determine the equianalgesic dose of the new opioid (Table 2);

* decrease the determined dose of newly applied opioid by 25-50% to avoid cross-
tolerance of both drugs and possible inadequacy of the dosage;

« if afterapplying new opioid, the painrelief is not enough and its dose is increased
by 100-125%;

* titrate new drugs’ dose for 24 hours until good pain control is achieved;

* evaluate side effects and drugs’ effectivity; and

* pain re-assessment for every 2-3 days.

Opioid rotation is applied according to opioids equianalgesic doses table, thus
changing the daily dose of the new drug [40].

In the event of opioid overdose antagonist, naloxone is applied.

The adequate pain control is achieved gradually, by dose titration and adminis-
tration of various treatment options. Preliminary period of time to achieve:

* no awakening at night due to pain—2-3 days;

* no pain while not in movement (seated or lying in bed)—3-5 days;

* no pain while moving—3-7 days (not for patients with multiple vertebral and
pelvic bone metastases—for them total pain control may not be achieved); and

* for patients experiencing anxiety and depression—3-4 weeks.
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Nonopioids: aspirin, paracetamol, and nonsteroidal anti-inflammatory drugs
(NSAIDs). They are effective in treating mild pain (score 1-3 by number analogue
pain intensity scale (NAS)), due to bone metastases, soft tissue or muscular irrita-
tion, and damage. They are treating inflammation and decreasing fever and pain.
NSAIDs are COX-1 and COX-2 also COX-3 inhibitors. They can be quite toxic to
the GI tract (dyspepsia, erosions, ulcers, bleeding, constipation), slowing throm-
bocytes aggregation, impairing renal and liver function, enhancing hypervolemia,
provoking rashes, headaches, dizziness, and allergic reactions. These drugs have
their upper dose limit so-called “ceiling effect” when the analgesic effect cannot be
increased but the adverse effects are progressing.

6.3 Adjuvant drugs

Glucocorticoids ( dexamethasone, prednisolone, hydrocortisone)—indica-
tions: increased intracranial pressure, spinal cord compression, nerve compres-
sion or infiltration, bone metastases, extended liver capsule, soft tissue cancer
infiltration (head and neck, abdominal, and pelvic tumors). Contraindications:
no absolute contraindications, dose is limited by adverse effects, and being
cautious with peptic ulcers, diabetes, cardiovascular dysfunction, and endemic
situations. Adverse effects: Cushing syndrome, gastric ulcers, erosions, bleed-
ing, increased appetite, weight, hyperglycemia, diabetes complications, muscle
wasting, euphoria, dysphoria, emotional lability, depression, steroidal psychosis,
edemas, hypertension, thrombosis, myopathies, decreased immunity to infec-
tions, potassium blood levels, liquid detention in the body, insomnia, skin
purpura, etc.

Drugs for neuropathic pain: antidepressants, anticonvulsants, local anesthetics,
and myorelaxants (baclofen).

Antidepressants—not always effective for neuropathic pain treatment and is
better to prescribe tricyclic antidepressants (TCAs). Start with amitriptyline —
10-25 mg dose in the evening and then increase to 50-100 mg/day. If no effec-
tive pain relief is achieved, it is discontinued after 1 week of use. Adverse effects:
somnolence and hypotension.

Anticonvulsants—for neuropathic pain—gabapentin, carbamazepine, and
clonazepam. The starting dose is the same as treating epilepsy. Increase until pain
relief is achieved, or unmanageable adverse effects (nausea, vomiting, somnolence,
ataxia, dizziness, disorientation) occur.

Local anesthetics (lidocaine, mexiletine)—for neuropathic pain systemic treat-
ment when other options are not working. Adverse effects: somnolence, nausea,
tremor, dyspepsia (better use while eating).

NMDA receptors antagonists (ketamine)—for persistent neuropathic pain and
other chronic pain when opioids are not tolerated. Routes of administration of
ketamine: oral, intravenous, starting with 100 mg/day, and titration till 500 mg/
day. Adverse effects: psychomimetic can be reversed by benzodiazepines and
haloperidol.

According to medical literature, about 20% of women have neuropathic pain
after mastectomy and about 1/3 of cancer patients suffer from neuropathic pain (or
both—nociceptive and neuropathic—together).

Bisphosphonates (pamidronate, zoledronic acid)—decrease bone resorption,
effective in treating cancer hypercalcemia, decrease bone pain and occurrence of
pathologic bone fractures for the patients with bone metastases, inhibit activity of
osteoclasts, and are useful with ineffective radiotherapy and analgesics.

Radionuclides—Stroncium 89 systemic administration effectively relieves pain
due to bone metastases, better works for osteoblastic metastases, and helps about
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80% of patients. The response lasts from 3 to 6 months and is evident already after
2-3 weeks. Adverse effects: myelosuppression, monitored by blood tests. Trials with
radioisotopes of samarium and rhenium were also performed.

Psychotropic drugs—neuroleptics. Common neuroleptics (e.g., haloperidol)
have no analgesic effect but decrease anxiety, insomnia, treat nausea, and delirium.
Levopromazine has analgesic effect: 20 mg dose is equivalent to 10 mg of mor-
phine. Adverse effects: somnolence and hypotension. Benzodiazepines (diazepam,
lorazepam, oxazepam) are useful for muscle spasms or acute bone-muscular
pain. Adverse effects: hypotension, somnolence, and fatigue. Psychostimulants:
metilphenidate has no analgesic effect and may be used to decrease severe opioid-
induced somnolence. Adverse effects: dysphoria, tolerance, and dependence.

Myorelaxants—baklofen (act on spinal cord level, start with 5 mg/day dose, and
increase till 100 mg/day, for severe hiccup (hiccough)). Adverse effects: fatigue
and somnolence. It should be discontinued slowly due to possible withdrawal syn-
drome and convulsions. Dantrolene—primary effect on muscles. Start with 25 mg/
day, and continue with maximal titration till 400 mg/day. Adverse effects: fatigue,
somnolence, and hepatotoxicity.

7. Invasive cancer pain management

In most patients, cancer pain can be adequately controlled with pain medica-
tion; however, in 5-14% of oncological patients) invasive pain management is
needed [41]. Invasive procedures are the part of the option available for cancer
pain management. Anesthetic, neurosurgical, or other invasive procedures can be
given. Interventional pain management can improve pain control and reduce the
amount of systemically administered drugs and their side effects. Also, invasive
procedures can be an option when it is not possible to administer oral or parenteral
medications. Final decision maker is a physician (anesthetist, pain specialist, and
neurosurgeon) who will perform the procedure. He is main person that will decide
about indications and contraindications for intervention treatment and will explain
and talk with the patient or his relatives about the possibility of intervention and of
course risk factors and possible complications. Invasive cancer pain procedures can
be divided in to nondestructive and destructive.

Nondestructive procedures are such that the pain signal is modulated or inter-
rupted (blocked) by the administration of a pharmacological agent to a source of
pain. The pharmacological preparation may be administered by a single shot dose or
via a catheter for long-term administration of the medication. Usually, the catheter
is placed neuroaxially (into the spinal canal) or near the peripheral nerves or plex-
uses. Peripheral nerve blocks/injections can be used, but they are effective for short
term and are usually performed in patients with limited survival when the pain
source is one or more nerves or when the pain is caused by pathological fractures or
vascular occlusion. As a first-line treatment, these blockades are rarely used and, if
applicable, it is necessary to combine with systemic analgesics.

Neuraxial invasive procedures can be: intrathecal or epidural. For example, an
epidural medication injection (transforaminal or translaminar) or catheter/devise
placement is applied in most of the cases when the nerve structures are involved in
pain cause.

In case of complicated cases and intolerable pain, opioid analgesics can also be
delivered through neuraxial delivery systems. The use of neuraxial system for long
term can range from simple percutaneous (tunneled) patient controlled to implant-
able complex programmable medication delivery systems. Implantable systems are
expensive, but safe and their application is always justified, if patient need pain
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control longer than 3 months and other medical treatments are not effective [42,
43]. These techniques may be on an oncological pain management plan, but they do
not generally apply to everyday cases.

Destructive procedures can be applied in cases where pharmacological prepara-
tions cannot modulate the pain signal. For example, in case of small cell lung cancer
and mesothelioma, chest pain is poorly localized, severe, and intolerable. This is
because intercostal nerves and their branches can be infiltrated in cancer cells, dur-
ing metastatic spread and making it difficult to manage the source of pain. Then,
the cordotomy can be applied—a neurosurgical procedure in which the spinal cord-
spinothalamic tract ablation is performed in the area opposite to the pain. After the
ablation pain disappears, but along with the disappearing of pain on the part of the
body below, the ablation area develops temperature and paresthesia [44]. Another
destructive procedure is rhizotomy, segmental or multisegmental destruction of
spinal cord nerve roots. It can be done in several ways: (a) surgically, (b) chemical
neurolysis (phenol), and (c) radio-frequency ablation [45, 46].

Chemical neurolysis is widely used in the treatment of intractable cancer-related
pain, especially in abdominal and pelvic cancer-related pain. These procedures can
provide prolonged pain relief (3-6 month) and decrease the need of opioids.

High evidence is for coeliac plexus neurolysis in pancreatic cancer-related
pain [47].

Neurolytic agents that often used for chemical neurolysis are alcohol, phenol,
and glycerol.

All procedures can be done under ultrasound, X-ray, or CT scan. After the
procedure, patient may experience significant pain relief and opioid withdrawal
symptoms [48].

8. Nonpharmacological cancer pain treatment

Palliative radiotherapy is effective for the treatment of cancer pain caused by
bone and brain metastases, metastatic skin ulcerations, and infiltrative growth
of tumor in soft tissues. The summary dose of palliative radiotherapy is smaller
than the dose for radical radiotherapy; maximal effect is achieved giving minimal
number of radiation fractions (1-5) [49].

Transcutaneous electroneurostimulation (TENS)-nerve stimulation via elec-
trodes put on skin, thus, inhibits pain signal in spinal cord. Optimal dose varies for
different patients. TENS is used for the treatment of mild and moderate cancer pain
but is not effective for visceral pain. TENS is contraindicated for the patients with
pacemaker (ECS). Pain relief effect is quick but usually not long-lasting (only for
15-20% of patients).

Psychotherapy-introducing patients psychological support groups, delivering
enough information; relaxation therapies, meditation; cognitive therapy, auto-
training, hypnosis, short psychotherapy seances with psychotherapist. Drug is
administered if there is a need to correct renal, liver failure, and antidepressants
for depression [50].

Acupuncture, physical therapy, mild massage can also be applied.

9. Cancer pain and palliative care

Palliative care includes palliative cancer treatment options, such as palliative
radio therapy, palliative surgery, palliative chemotherapy, also pain relief and
control of other symptoms caused by advanced cancer [51].
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Palliative surgical procedures—palliative operations such as tumor mass reduc-
tion, stomas: colostomy, tracheostomy, gastrostomy, nephrostomy, etc., and drain-
age of pleural effusion and ascites.

Palliative chemotherapy is effective while treating pain, caused by chemotherapy-
susceptible tumor and metastases. The main goal is to minimize its side-effects.
Monotherapy of drug combination in reduced doses can be applied [52].

Most common symptoms control [53].

Anorexia is a loss of appetite, usually with decreased food intake. Cachexia-lack
of nutrition and wasting. Causes maybe disease-related (bowel obstruction, etc.),
psychological or treatment-related (intoxication due to chemotherapy, radiation
esophagitis, etc.). Treatment-dietary consultation, parental/enteral nutrition,
medications (e.g., megestrol acetate suspension), odor control, and counseling.

Constipation isa common symptom in palliative care. The key should be prevention.
Causes can be diseases related to GI obstruction, neurologic (spinal cord compression),
hypercalcemia, inactivity; or treatment related-opioids, other medication. Treatment-
laxatives, other medication, increasing fluid intake, and dietary consultation.

Nausea and vomiting—common in advanced disease. Assessment of etiology is
important, maybe acute, anticipatory (e.g. before chemotherapy) and delayed. Causes
can be physiological (GI pathology, metabolic dysfunction, brain metastases, also-
treatment related (opioids), psychological. Treatment—both pharmacological (anti-
cholinergics, antihistamines, steroids, prokinetic agents, etc.) and non-drug treatment
(small/slow feeding, dietary consultation, relaxation/distraction techniques).

Lymphedema—chronic, progressive swelling due to failure of lymph drainage.
Patients limbs and whole body can be affected. Treatment—skin care, compression,
limb elevation, education, etc. For those patients trophic ulcers and bedsores occur
more often.

Current Practice of Hospice and
Palliative Care

Palliative care

Figure 4.
Palliative care models (WHO directives, 2002) (adapted by Skorupskiene (2018) ).
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Advanced cancer patients at the end of life also often exhibit delirium (acute
change in cognition/awareness) with agitation and confusion (disorientation, inap-
propriate behavior, hallucinations). The causes vary, most common-medications,
infection, bladder distention, hypoxemia. As treatment option medication re-
evaluation, hydration, oxygen therapy, reorientation, psychotropic drugs should
be considered.

Aging population and increasing number of long time cancer survivors, some of
them finally ending as advanced cancer patients, now especially increase the need
of hospice and palliative care [54]. It should be patient-oriented, and not related
to artificial prolongation of life and failure to acknowledge the limits of medicine
with inappropriate use of aggressive curative treatment. Palliative care should
help with all patients’ problems (physical, psychological, social, spiritual), include
interdisciplinary team approach (doctors, nurses, social workers, psychologists,
other specialists and volunteers) and is oriented to achieve better quality of life for
the patient and his/her family members. Palliative care should start for the cancer
patients still receiving specific anti-cancer therapies, not waiting until all treatment
options are exhausted (Figure 4).

General principles of palliative care:

1. patient and family as unit of care;

2.attention to physical, psychological, social, and spiritual needs;
3.interdisciplinary team approach;

4.education and support of patient and family;

5.extends across illnesses and settings; and

6.bereavement support [55].

The main idea of palliative care-no matter how much the disease is advanced,

and what complex treatment has been applied, one always can do something more
to improve the quality of life, still left for the patient.

10. Cancer basic pain relief

Planning pain relief for cancer pain patients one should take into the consider-
ation possible mechanisms and types of pain (nociceptive, neuropathic, mixed),
patients’ wishes, former treatment. If psychological distress is present, talking
about pain assessment is needed, if there is suffering, help from the clergymen
may be useful. If the signs of drug addiction appear, drug release should be more
controlled, physical aspects of pain relief introduced. With cognitive disorders
depression and anxiety should be treated, also opioid rotation should be available.

Basic pain Breakthrough pain

Start—slow, gradual increase in intensity Start—acute, not predictable

Duration—no less 12 hours/day Duration—from several seconds to 30 minutes
Type—dull, pressing, gnawing... Type—acute, shooting, irradiating

Treatment—Ilong acting, slow release opioids, Treatment—short acting, immediate release opioids, on
fixed scheme demand basis
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Cancer pain treatment algorithm [2]:

1.assessment of pain reason, type, and intensity;

2. pharmacological pain treatment: basic pain relief, breakthrough pain relief,
and adjuvants;

3.nonpharmacological treatment of pain;
4. evaluation of results and correction of treatment plan; and

5.providing constant pain relief and palliative care.

10.1 Basic cancer pain drug treatment principles

After the cause and type of cancer pain is determined, the constant analgesia
is started by the easiest route, the patient-oral or transdermal, individualizing the
dose, and also providing drugs for relief from other symptoms. The drug is selected
taking into consideration the type and intensity of pain, WHO “analgesic ladder,’,
also drug combinations, but combined medications should not be used and no
placebo drugs as well [56].

To prevent pain becoming chronic, cancer pain relief should be started as
soon as pain appears, as it helps to reduce drugs doses, adverse effects, and
achieve better drug tolerance. It also reduces the cost of pain treatment, enhances
the trust between patient and doctor, and patient is socially active for a lon-
ger time. The pain relief effect should be quick, so we can start with stronger
medications and later pass on the weaker ones. Different medication is used for
different types of pain: (a) nociceptive pain, due to soft tissue, bone damage,
and visceral pain are treated by combinations of nonopioids and opioids and (b)
neuropathic pain, due to nerve compression—by opioids, glucocorticoids, when
nerve is damaged—by antidepressants, anticonvulsants, and NMDA receptor
antagonists [57].

11. Cancer breakthrough pain management

Breakthrough cancer pain (BTCP) is a transient exacerbation of pain that occurs
either spontaneously or in relation to a specific predictable or unpredictable trigger,
despite relatively stable and adequately controlled background pain [58]. The
frequency is less than four times/day, if it takes more than four times/day, we need
to think about lack in background cancer pain control.

Leading doctor in BTCP management should preform regular assessments and
repeatedly investigate pain management after 1-4 weeks dependably on patient’s
complexity.

It is important to understand that the BTCP management is different compared
with background cancer pain, which is managed according to the ladder and “by
the clock,” while for BTCP, “rescue medication” should be given as needed. Main
feature is that the breakthrough cancer pain should be started when background
cancer pain is well controlled (Figure 5) [59]. This type of pain can take about from
30 minutes but not more than 60 minutes. The highest intensity of the pain can be
reached at tenth minute, and it can take 1-4 episodes/day [60]. For that reason, for
BTCP should be given very strong, short-acting opioids.
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Does the patient have background pain?
Pain present for =12 hours/'day during previous week (or would be present if not
taking pain reliel medications)

YES NO

Is the background pain sdequately controlled?
Aderpuae by coniraled < pan ieted s Bobe” of “mik’ ol pot
ey or "Eevete R <02 B day Bt pees boans week

YES
NO Patient does not have breakthrough
pain, but does have uncontrolled

background pain

Does the patient have transient
exacerbation of pain?

YES NO

Patient has breakthrough pain Patient does not have
breakthrough pain

Figures.
Association of Palliative Medicine of Great Britain and Ireland (APM) algorithm for assessing breakthrough
cancer pain.

It is better to use the same chemical opioid structure, which is chosen to manage
background cancer pain.

When fentanyl plasters/patches is used, the short-acting medication (buccal or
sublingual tablet) for BTCP control can be prescribed. The dose should be titrated
up to effective one, because of the lipophilic structure and the absorption, which
is through the mucous of the mouth and gastrointestinal tract. There is a variety
of short-acting fentanyl forms (Table 3). For example, BTCP management can be
started with 200 pg of oral transmucosal fentanyl citrate tablet or 100 pg buccal-
soluble film [61].

If for BTP management, immediate-release morphine is chosen, usually one BTP
episode is needed, part of 1/6 injecting medication of all morphine day dose. Their
pharmacokinetic characteristics have limitations, with a relatively slow onset of
action (30-45 minutes) and duration of action of up to 4-6 hours [62].

BTCP management consists of other approaches as setting of pain management
goals, education of the patient, and depending on the cause of breakthrough pain,
occupational therapist, physiotherapist can be involved. Other acute causes as

Formulation Description

Nasal spray Phosphate-buffered solution
Fentanyl pectin intranasal spray

Sublingual Sublingual fentanyl orally disintegrating tablet
Sublingual fentanyl tablet

Oromucosal Oral transmucosal fentanyl citrate

Buccal tablet Effervescent formulation

Buccal soluble film Fentanyl buccal soluble film
Table 3.

Fentanyl short acting formulations.

107



From Conventional to Innovative Approaches for Pain Treatment

bone fractures, bowel perforation, etc. should be excluded, and if the BTCP can be
predicted, pain medication should be given before the coming pain event.

The evaluation of the effectiveness of the pharmacological treatment of BTCP
has a four-factor rule [63]:

1. pain relief;

2.day activity;

3.adverse effect of medications; and

4. possible inappropriate use of opioids.

Possible inappropriate use of opioids is very important factor in pain manage-
ment, and it should be carefully investigated. It manifests as addiction or pseudoad-
diction for strong opioids and can be associated with mental disease. Clinically, it
can be seen as seeking for opioids and/or problematic opioid use. In order to correct
the possible misconduct in the use of opioids, it is important that these require-
ments are met before they are given:

1. to distinguish between people with risk factors (drug users, alcohol dependent,
gambling, having mental problems); and

2. modifying the use of drugs for the prevention of BTCP (by giving a slightly
higher dose of slow-release opioid to relieve background pain, try to use nonopi-
oids for BTCP reduction, and family support-controlled home care, etc.) [64].

12. Cancer pain treatment for children and elderly patients

While treating cancer pain in children and elder patients, one should take into
consideration the differences in metabolism, concurrent diseases. Children receive
different adapted opioid doses, and opioid rotation is also different (e.g., better pain
relief with methadone and not morphine).

Elderly patients more easily overdose opioids; one cannot double their opioid
dose quickly for them. Also, one should be aware of elder persons’ liver and renal
function; if there is some failure, the correction is essential before prescribing opioid
medication. There are usually a lot of tablets and other oral drugs prescribed for
the concurrent diseases, so there is necessary to determine daily opioid dosage very
carefully.

13. Cancer survivors pain treatment

Chronic pain can be a serious, negative consequence of surviving cancer. Asa
result of remarkable advances in cancer diagnosis and therapy, today there are a
record 14 million cancer survivors in the United States. However, an estimated 40%
of survivors continue to experience persistent pain as a result of treatment, which
can be detrimental to their quality of life [3]. Two-thirds of these individuals are
surviving more than 5 years after diagnosis, supporting the need to study pain in this
growing population [65]. National Cancer Institute’s Office of Cancer Survivorship
characterizes the survivor as a person with a history of cancer who is beyond the acute
diagnosis and treatment phase. Risk factors for chronic pain in survivors include the
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type and invasiveness of the tumor, the treatment regimen used, the time since the
cancer treatment has started, and the efficacy of initial pain therapy. Continuous pain
is associated with impaired quality of life in this population [66]. As the population
of cancer survivors expands, all clinicians, including oncologists, advanced practice
providers, and primary care physicians who interact with these individuals, will
require the knowledge and skills to implement best practices in the management of
chronic pain. When analgesic drugs are used, the imperative to prescribe safely must
expand beyond immediate adverse effects, such as the resulting respiratory depres-
sion or constipation associated with opioids, to incorporate awareness and mitigation
of the long-term consequences of these and other analgesic agents.

Clinical practice guidelines are issued recently, and they deal comprehensively
with the pain people experience after cancer treatment, and are unique in its focus
on chronic pain among cancer survivors. Key guideline recommendations include:
(1) clinicians should screen for pain at each encounter with a patient. Recurrent
disease, second malignancy, or late onset treatment effects should be evaluated,
treated, and monitored; (2) clinicians may prescribe nonpharmacologic interven-
tions such as physical medicine and rehabilitation, integrative therapies
(e.g., acupuncture and massage), interventional therapies, and psychological
approaches (e.g., guided imagery, hypnosis, and meditation); (3) systemic nono-
pioid analgesics (NSAIDS, acetaminophen) and adjuvant analgesics (selected
antidepressants and anticonvulsants), may be prescribed to relieve chronic pain
and/or improve physical function; (4) clinicians may prescribe a trial of opioids in
carefully selected cancer patients who do not respond to more conservative pain
management and who continue to experience pain-related distress or impairment
of physical function [67]. The management of cancer survivors suffering chronic
pain requires greater consideration of a multimodality plan of care that balances
pharmacologic and nonpharmacologic techniques and may necessitate the involve-
ment of an interdisciplinary team; the goals of treatment in these populations may
focus on improving function and limiting the long-term adverse effects of pain and
of its treatment, as much or more as they do on improving comfort [68].

As therapeutic treatment options and outcomes improve, patients with cancer
are living longer. Chronic pain can develop from a variety of sources: peripheral
neuropathy, muscle or bone pain, surgery, radiation, and other conditions.
Comorbidity with other conditions or syndromes can make assessing chronic pain
more difficult. Different chronic pain syndromes may be present for cancer survi-
vors. Chronic inflammatory polyneuropathy is one of many well-recognized pain
disorders, together with other treatment-related pain syndromes, such as postsur-
gical and postradiation pain. Hormonal therapies, such as aromatase inhibitors,
can produce arthralgias. As the use of hematopoietic stem-cell transplantation
expands, graft-versus-host disease (GVHD) is seen with greater frequency,
leading to pain syndromes that can affect almost any organ system. In addition,
immunosuppressive agents used to treat GVHD can lead to painful complications
(e.g., corticosteroids and avascular necrosis). The recent validation of a tool spe-
cific to musculoskeletal symptoms in hematopoietic stem cell transplantation will
allow better characterization of this painful phenomenon [69-71]. The important
consideration when designing an usage of analgesics is the potential for harm,
and drug-drug interactions with cancer therapies, or other treatments should
be considered. Cytochrome P450 CYP 3A and CYP2D6 inhibitors can increase
concentrations of opioids, such as codeine, oxycodone, hydrocodone, fentanyl,
tramadol, and methadone, metabolized by this system [72, 73]. Methadone and
buprenorphine can prolong the QT interval, an effect that can be potentiated by
many chemotherapeutic agents, notably doxorubicin [74]. If pain is severe and
disabling, and long-term opioid therapy is being considered, the potential for
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opioid-related harm over time must also be evaluated. Persistent adverse effects
such as constipation are well recognized, and risk of sleep-disordered breathing
suggests that these conditions must be considered when opioid therapy is initi-
ated and later during the course of treatment. The potential for neurotoxicities,
such as persistent mental clouding, increased risk of falls in the elderly, and other
phenomena may occur. Opioid-induced hyperalgesia is well described in preclini-
cal models but has uncertain clinical importance; the potential is considered
when a patient reports escalating pain in tandem with opioid dose escalation in
the absence of identifiable worsening of a pain cause. Opioid-related harm may
also result from misuse or abuse, the development of opioid addiction, or the
occurrence of drug diversion within the community. The problem of prescription
drug abuse is serious, leading to an increase in opioid-related deaths [75]. The
treatment of patients with additional chronic conditions, a situation in which the
patient may have two or more such conditions, referred to as multiple chronic
conditions, is challenging. Insomnia and psychological distress are common
conditions in patients with chronic pain, present in 17-90% of adult sufferers,
respectively. The most common psychiatric disorders comorbid with chronic pain
include depression, anxiety, personality disorders, and PTSD [76]. Evidence also
suggests that patients with comorbid conditions are less likely to improve with
standard chronic pain treatment [77].

Because cancer posttreatment pain is so complicated; good communication
between patients and their medical providers is essential. Cancer survivors may have
varying capacities to deal with a great source of information that can sometimes be
overwhelming. Some patients may even be reluctant to discuss their pain, seeing it
as a sign of weakness or fearing a recurrence; some may see it as an expected and
untreatable complication of their cancer treatment. That is why a pain assessment
is recommended at every visit. In teasing out how they are coping, clinicians need
to ask patients how chronic pain is affecting them and suggest how they can work
together to better manage their symptoms and improve their quality of life. The
question arises regarding who should provide pain management for the cancer
survivor: the oncologist and his or her team, the patient’s primary care provider, a
multidisciplinary pain service, or any other professional? Oncology teams provid-
ing ongoing care for cancer survivors may be the optimal group to address pain,
because they routinely manage a complex regimen of cancer therapies and related
symptoms.

Comprehensive assessment, including the impact of pain on function and quality
of life, is warranted for all survivors. Long-term assessment is also needed after
clinical trials to better recognize novel or previously unrecognized painful conse-
quences of treatment, including those syndromes that may occur after treatment is
completed. Carefully designed, extended studies of pharmacologic and nonphar-
macologic interventions to relieve pain and improve function are indicated in this
population. An especially relevant and urgent need is research identifying those
cancer survivors who respond optimally to opioid therapy and those at greatest risk
of adverse effects.

14. General practitioner’s role

Cancer care generally requires the technical knowledge and skills of specialty
physicians such as medical oncologists, surgeons, and radiation oncologists.
General practitioners (GP) may play an essential role because they are often the
initial point of contact for patients in obtaining screening or evaluating symptoms,
and they may make referrals, coordinate care, and manage symptoms or comorbid
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conditions. One of the main role for GP also is counseling cancer patients about
treatment options and monitoring treatment progress and side effects [78].

The roles of GP’s for patients with cancer such as managing comorbid condi-
tions, chronic pain, or depression, and referring patients to hospice were tested
in the study and showed that 22% of GPs reported no direct involvement in
cancer care roles, while 19% reported heavy involvement, and rural practice
location was not associated with greater GP involvement in cancer care [79].
There is a gradual move toward shared care models with GPs playing a central
role alongside other healthcare providers. In this context, it will be important to
understand the factors influencing the involvement of GPs in cancer care and
how to maximize their involvement throughout the spectrum of cancer care
[80]. The studies also confirm that the great majority of GPs are familiar with the
modern management of pain control problems commonly encountered in prac-
tice, but are less aware of the drug options available for less common situations,
particularly the use of syringe drivers [81]. Fortunately, there is no evidence of a
reluctance to start strong opioids for severe pain, as identified in previous works
[82]. However, it is of concern that only minority of GPs still are suggesting
immediate-release opioids for breakthrough pain, and laxatives or antiemetics
when starting strong opioids, which is a recommended practice in community
palliative care [83].

Most common mistakes in the treatment of cancer pain are as following:

* monotherapy (NSAIDs or opioid analgesics only);
* aprescription of slow release (SR)-form opioids for intake regime “as needed”;
* improper treatment of side effects caused by medicines;

* medicine for breakthrough pain is added in the situation where basic pain is not
controlled sufficiently;

* pain breakthrough is not treated at all;

* adjuvants (antidepressants, anticonvulsants) and related medicine are not used;
and

* with the prescription of opioids, behavioral aspects of patientsare not evaluated.

A general practitioner, who has diagnosed pain in a cancer patient, starts
treatment with analgesics. A ladder analgesia scheme is used. Opioids may even be
prescribed for moderate pain, and if the pain is severe and unbearable, the opioid
analgesic is the main remedy for pain relief. A sufficient daily dose for baseline
(basic) analgesia should be achieved by increasing the dose (titration) of the
product [84]. When titrating the product, the following rules should be used: (a)
pain is controlled and there are no side effects—treatment to continue the cur-
rent dose, (b) pain is controlled, but there are side effects—reduce the dose of the
product, (c) pain is uncontrolled and there are no side effects—increase the dose
of the preparation, and (d) pain is uncontrolled, in case of side effects, change the
medicine [85].

It goes without saying that controlling such a complex syndrome as cancer pain
can lead to other problems that require the help and advice of the pain physician.
Therefore, GP should refer the cancer patient to a pain clinic for a clear indication of
the following cases (indications):
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* when initiating opioid analgesics, basic pain control is not achieved and there
is an unadjusted side effect of the drug;

* failure to achieve control over cancer breakthrough pain in cases where basic
pain is well controlled;

* the control of basic pain by an opioid analgesic becomes ineffective, a tolerance
to the preparation is suspected, and it needs to be changed to another opioid
analgesic (opioid rotation);

* pain must be controlled by combining the pharmaceutical treatment and
invasive procedures (patient controlled analgesia, pain relief block);

* inappropriate behavior with opioid analgesics is identified or developing of
psychological dependence on them is suspected;

* repeated multidisciplinary pain assessment and specialized control (special-
ists’ meeting) is necessary; and

* if a cancer patient is given a palliative care nursing home or nursing home and
cannot physically access the pain clinic, according to the above indications, the
pain clinic staff can consult on arrival at the place of destination.

15. Conclusion

Following the International Association for the Study of Pain cancer pain is
“unpleasant sensory and emotional experience associate with actual or potential
tissue damage resulting either from the treatment of cancer or the cancer itself”
Due to the complexity of symptoms and multimodality of treatments, cancer pain
is built in the most sophisticated field of medicine, where each patient’s stage of
disease and diagnosis will require an individualized pain treatment plan to opti-
mize the quality of life. Such tasks can only be carried out using multidisciplinary
approach. That is why basic knowledge about cancer pain is essential for every
healthcare professional. We believe that the text you have just read will help you to
be an active practitioner giving the patients the cancer pain relief.
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Chapter 8

Breakthrough Cancer Pain

Xue-Bin Yan

Abstract

Breakthrough cancer pain has attracted more and more attentions recently
because it has become the biggest obstacle to control cancer pain. Pain can occur at
any stage of cancer. Despite the aggressive treatment, some patients still experience
high-intensity pain in the short term, which is commonly referred to as break-
through pain. Typical breakthrough pain has clinical features such as rapid onset
and short duration, and it has uncontrollable and unpredictable characteristics,
which impact the overall life quality of patients and the therapeutic effect of cancer
pain. It has always been a puzzle and difficult in clinical treatment of breakthrough
cancer pain. This paper aims to provide a more detailed review of the definition,
assessment tools, classification and characteristics, epidemiology, and mechanism
and treatment of breakthrough cancer pain, in order to facilitate the future devel-
opment of this work in clinical treatment.

Keywords: breakthrough cancer pain, characteristics, mechanisms, therapy

1. Introduction

Pain is one of the most common clinical symptoms associated with malignant
tumors. Thirty to forty percent of patients suffer from pain at the beginning of
diagnosis [1]. In actively treated patients, this proportion is higher, accounting
for 50%, and in advanced cancer, even up to 90% [2]. Although it can effectively
control the background pain of most cancer patients according to the WHO three-
step analgesic principle, it still suffers from cancer pain. Cancer patients, indeed,
may suffer from intense pain spikes that break through the control of chronic pain.
Uncontrollable and unpredictable characteristics of a complex manifestation of
cancer pain, termed as breakthrough cancer pain (BTP), have always baffled the
treatment and the adverse effects including diet, sleep, daily activities, relationships
with others, aggravating depression and anxiety and will impact patients’ quality
of life. Therefore, the control of breakthrough cancer pain is still a very difficult
problem for clinicians. In view of the current lack of research data on outbreak pain
in China, this paper aims to provide a more detailed review of the breakthrough
cancer pain, in order to facilitate the future development of this work in clinical
treatment.

2. The definition of breakthrough cancer pain
Background pain in cancer patients manifests as a persistent state of pain (most

commonly 12 hours or longer), usually controlled by long-term administration.
According to the WHO three-step analgesia program, general background cancer
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pain can be adequately controlled in 70-90% of patients [3]. Despite good control
of baseline pain, some patients have short-term, short-lived, intense pain episodes.
This is called breakthrough cancer pain (BTP) [4].

The first definition of cancer pain is proposed by Portenoy and Hagen in 1989 as
the following: BTP is a transient increase in pain, greater than moderate intensity,
occurring on moderate- or lower-intensity baseline pain [5]. In the third edition of
Oxford palliative medicine textbook, BTP is defined as a transient deterioration of
pain experienced by patients with relatively stable and well-controlled baseline pain
[6]. In 2009, the UK and Ireland Conservative Treatment Collaborative Committee
(APM) put forward the following views on outbreak pain and concluded that as
long as the following three conditions are met at the same time, it can be diagnosed
as an BTP: (1) having background cancer pain, (2) the background cancer pain
adequately controlled in the last week (NRS score < 3 points), and (3) the pain
temporarily acutely aggravated [7].

3. Evaluation tools for breakthrough cancer pain

For cancer patients, the intensity of pain should be assessed at each visit. The
most common is the numerical score (NRS). The pain intensity level from 0 to 10 is
evaluated as 0 indicating lack of pain (no pain) and 10 indicating the most extreme
pain (the most imaginable pain). Visual analog scale (VAS) is also frequently used;
patients use a 100 mm length digital scale to describe pain intensity (0, no pain;
100, the most powerful pain imaginable). The descriptive Likert scale (painless,
mild pain, moderate pain, strong pain, severe pain) is the least accurate but is usu-
ally the most understandable for the patient.

But general tools may not be sufficient to adequately cover the complexity of
BTP. Several specific features of BTP are reflected in background pain, treatment-
related factors (including trigger events and predictability), and time factors. Key
factors include relationship to background pain, time to last BTP, frequency, peak
pain intensity, position, time from onset to maximum intensity, duration, cause,
predictability, general remission, BTP relief, pain satisfaction with relief, the onset
of pain relief, and satisfaction with the onset of pain relief. Other items completed
by professionals include the etiology of BTP and the pathophysiology of BTP
[8]. Understanding these factors is critical to being able to construct an effective
analgesic strategy, which is the primary purpose of any pain assessment. The lack of
BTP assessment tools may be related to the fact that some authors advocate the use
of general pain tools without the need for a separate BTP assessment tool [9, 10].
Recently, a new evaluation tool was developed and validated for BTP (Webber’s BAT
tool). The assessment tool provides information about BTP and how the efficacy
and toxicity of BTP drugs interfere with everyday life, and the reliability and
effectiveness of testing in a group of patients is quite good [11].

Portenoy et al. used the Beck Depression Scale (BDI) questionnaire, the beck
anxiety scale (BAI) questionnaire, and the baseline pain intensity measurement
based on the VAS scale to assess the impact of BTP on quality of life. In 178 patients
with well-controlled baseline pain, both groups were extracted and evaluated based
on whether they had BTP. In 65% of patients, BTP is caused by cancer, and in other
cases it is related to the treatment used. Baseline pain is more severe in patients with
BTP. In addition, how pain affects mood, work, sleep, mobility, social relationships,
and life satisfaction is also assessed. Each aspect is evaluated over a range of values
from 0 to 10 (0, no effect; 10, overall impact). In the case of the BDI and BAI scales,
the patient responded to 21 questions, ranging from 0 to 3 (0 for asymptomatic and
3 for highest symptom intensity) [12].
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It is worth noting that BTP may have a negative impact on prognosis [13] and
may also have an adverse effect on the duration of cancer treatment [14]. Accurate
diagnosis of pain types and early introduction of appropriate treatments should
be sought. Moreover, in the lack of exhaustive tools, successful BTP diagnosis (and
management) is the result of the combination of adequate assessment, appropriate
(tailored) treatment, and adequate reassessment.

4. Classification and characteristics of breakthrough cancer pain

Breakthrough cancer pain can be divided into sporadic pain (incidental pain),
spontaneous or idiopathic pain, and discontinuation of drug withdrawal (end of
dose). Mixing BTP can also be included as the fourth subtype [15]. Sporadic pain is
a common type of BTP, with a shorter peak intensity and a shorter duration, more
predictable, often caused directly after muscle or bone activity, such as getting up,
turning over, going to toilets, coughs, etc. It can also be associated with contraction
or spasm of visceral smooth muscle, such as bowel or bladder spasm, so patients are
more willing to limit their activity to avoid triggering BTP, although the duration of
pain is unpredictable even after cessation of activity. There is no obvious cause of self-
explosive pain, and the duration of pain is more than 30 minutes. It is generally not
directly related to regular analgesic treatment and has no significant correlation with
physical activity [16]. In general, when there is sufficient analgesia for most of the day,
three to four episodes per day are considered acceptable [17]. Insufficient analgesic
drugs are relatively rare. It often occurs at the next point in the continuous analgesic
treatment phase for 1-2 hours, and acute pain occurs on the basis of continuous pain
treatment. APM believes that the analgesic drug dose-deficient outbreak is caused by
insufficient control of the underlying cancer pain and that it is not a BTP [7].

BTP is characterized by a rapid onset, usually occurring in a matter of minutes
or even seconds (average about 3 minutes), stronger than baseline pain, up to 7
points (NRS score), and very short duration (average 30 minutes) [1]. In a large
study of 1412 patients, 80.6% of patients reported a significant negative impact of
BTP on daily life. The average number of episodes was 2.4 per day with an average
intensity of 74/10. In patients reporting a rapid onset of BTP, this is predictable in
approximately half of the cases, while BTP with a gradual onset (>10 minutes) is
less predictable. The average duration of an untreated episode of BTP was approxi-
mately 30 minutes [10]. These characteristics may change during the course of the
disease. For example, patients who are receiving palliative care are older, have lower
levels of Karnofsky, have fewer BTP episodes per day, and have slower BTP episodes
than those assessed in the pain clinic or oncology ward. BTP is less predictable [18].

Davies et al. published the results of a multicenter clinical trial involving 1000
patients treated in 28 professional palliative care units in 13 European countries
from 2008 to 2011. Patients were classified as eligible for trial according to a ques-
tionnaire on five questions. Forty-four percent of patients were induced by specific
factors, 41.5% were idiopathic, and 14.5% were mixed. The results showed that
specific factors caused by BTP patients’ activity problems and basic daily activities
were more frequent, while those with idiopathic pain were more common with
changes in mood and sleep problems [18].

5. Epidemiology of breakthrough cancer pain

There are wide variations in the estimates of incidence reported in the litera-
ture, possibly due to the different backgrounds and implications of the definition
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of BTP. A multicenter study in the four Nordic countries in 201,135 surveyed the
incidence of BTP in 320 patients with cancer pain by issuing questionnaires, all
from palliative care centers or pain treatment centers. Of these, 83% had break-
through cancer pain, in which 44% had sporadic outbreaks, 39% had spontaneous
outbreaks, and 17% had both types of pain. On average, there were three outbreaks
of pain every 24 hours. The longest interval was 2 times/week, and the shortest
interval was 24 times a day. According to the degree of pain, 3% of patients were
mild, 37% were moderate, and 60% were severe [8].

In some epidemiological studies, although not verified, the patient’s background
pain may be uncontrolled or not receiving opioids. For example, in more than half of
patients with severe background pain, a different phenomenon than other patients
was observed, and patients without BTP had higher background pain intensity. In
other studies, most patients had uncontrolled background pain, who received non-
opioid analgesics or weak opioids or were dissatisfied with pain management.

6. Mechanisms of breakthrough cancer pain

The pathogenesis of cancer pain is very complicated. The most common causes
are malignant tumor compression and infiltration of pain-sensitive organ structures
such as bones, muscle soft tissue, peripheral nerves, internal organs, and the others.
There is also atrophy and cancer cachexia, or it may be the result of aggressive
anticancer treatment, but the real cause in some patients is unclear [19].

The most common nociceptors associated with cancer pain are afferent nerves,
which can transmit various noxious stimuli to the central nervous system through
the periphery. Nociceptors mainly have two major functions: transduction of
pain signals and transmission of pain signals. Various noxious stimuli can directly
activate the nociceptors, transmitting the electrochemical nerve impulse signals
generated by the afferent nerves to the central nervous system of the patient, and
the patient has a feeling of pain. Cancer and immune cells in the tumor mass region
release several neuroimmune mediators that interact with multiple receptors on
peripheral nociceptive nerve terminals to promote abnormal discharge and hyper-
excitability. In addition, tumors that grow near the peripheral nerve can impair the
integrity of the nerve and induce neurological conditions associated with persistent
pain, hyperalgesia, or allodynia. Both of these effects of the tumor on the peripheral
nerves can lead to central sensitization, which further enhances the efficacy of noci-
ceptive transmission through the spinal dorsal horn and the perception of BTP [20].

During the operation, tissue damage associated with damage to the surrounding
small nerves can be caused. After tissue damage, inflammatory mediators and other
substances (e.g., histamine, serotonin, nerve growth factor, bradykinin, leukotri-
enes, prostaglandins, norepinephrine, cytokines, etc.) are damaged at the wound
site tissue and inflammatory cells, and sympathetic nerve endings are released. The
released material can alter the excitability of nociceptors by phosphorylating and
upregulating the cell membrane or upregulating ion channels in the nerve. This
peripheral sensitization can explain the increased sensitivity of early postopera-
tive clinical manifestations to mechanical stimulation of the wound site. However,
postoperative pain cannot be explained only by peripheral mechanisms. Repetitive,
detrimental input from sensitized C fibers causes activation of the signal cascade
within the dorsal horn cells, thereby facilitating the response. Central sensitization
may explain the increased sensitivity of noninvasive tissue around the wound to
mechanical stimulation. Under these conditions, mechanical stimulation caused by
exercise and cough may cause BTP [21].
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Recent studies have found that specific nuclei located in the posterior thalamus
are associated with pain-related networks. Related studies have found that the
most effective inhibitors of noxious stimuli are B-endorphin, enkephalin, and
dynorphin. The most common precursor of f-endorphin is proopiomelanocortin;
the precursor of enkephalin and leucine enkephalin is mainly proenkephalin-A
(pro-ENK); the precursor of dynorphin is enkephalin original B. B-Endorphin
mainly binds to opioid receptors, and enkephalin mainly binds to opioid receptors,
and dynorphin mainly binds to opioid k receptors. The commonly used opioids,
oxycodone and morphine sustained-release tablets, are combined with receptors
and/or K receptors to mimic the action of endogenous opioid peptides to achieve
analgesic treatment [22].

Visceral pain may be located in the visceral or distant body parts. Two types of
nociceptors dominate the internal organs: high threshold receptors and intensity-
encoded mechanoreceptors. In addition, the presence of “silent” nociceptors has
been found. “Silent” nociceptors are activated in the event of tissue damage or
inflammation and may contribute to the signaling of chronic visceral pain. High
threshold nociceptors may be activated in acute pain states. For example, prolonged
stimulation of the internal organs, such as inflammation, may sensitize high
threshold nociceptors and activate “silent” nociceptors. Sensitized nociceptors may
now also respond to harmless stimuli. Increased peripheral neuronal activity results
in increased excitability in the visceral-somatic neurons in the spinal cord (central
sensitization). For example, BTP caused by food intake can be explained by sensiti-
zation of visceral mechanoreceptors, and the increase in pain area is due to central
sensitization [23].

Our team found that the activation of astrocytes in the dorsal horn of spinal
cord and connexin 43 (Cx43) protein is involved in the process of bone pain in bone
metastases in mice. The total amount of Cx43 protein and phosphorylation may
be important factors affecting cancer outbreak pain factor. Gap 26 blocks the gap
junction channel of the spinal dorsal horn, which can improve the pain behavior
index of mice with cancerous outbreak pain and downregulate the expression of
Cx43 protein, which can regulate the pain of cancerous outbreak. The spinal dorsal
horn EAAT1 protein is involved in the pathogenesis of mouse basic cancer pain, and
EAAT? protein has an effect on the occurrence and maintenance of bone metasta-
ses. Activation of EAAT?2 by Cef improves its pain behavioral metrics and regulates
burst pain. Cx43 can affect the protein expression of EAATs but EAAT?2 does not
affect the expression of Cx43 protein. Spinal dorsal horn Cx43-EAATSs may play a
role in cancerous outbreaks [24].

7. Treatment of breakthrough cancer pain

Treatment with BTP includes medication, nerve block, nerve damage, TNES,
palliative exposure to bone lesions, the use of bisphosphonates, and identification
and prevention of factors that induce BTP (e.g., excessive physical labor, persistent
cough, constipation). The NCCN guidelines for adult cancer pain [25] recom-
mends the use of 10-15% of immediate-release opioids in total daily analgesics to
treat BTP. If the number of outbreaks of pain per day exceeds 4 times, the amount
of the basic analgesic drug is raised. Opioid analgesics have no ceiling effect. For
severe refractory pain, high-dose opioid controlled-release preparations are often
needed for analgesic treatment. Large doses are defined as daily doses of oxycodone
sustained-release tablets (or equivalent doses of other opioid analgesics such as
fentanyl transdermal patches or MS contin) up to 150 mg/d.
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71Drugs

Opioids are still the most important and effective drugs for the treatment of
breakthrough cancer pain [26]. The main opioids currently used to treat BTP
are morphine immediate-release tablets, oxycodone sustained-release tablets,
fentanyl sublingual tablets (SLF), morphine sustained-release tablets and
controlled-release tablets, fentanyl nasal spray (INFS), fentanyl transmucosal
citrate (OTFC), morphine sulfate (injection), sufentanil injection (injection),
and so on. The above various types of morphine agonists work in combination
with secretory opioid receptors, which produce analgesic effects after agonizing
the receptor.

Oral administration is the most common route of administration for cancerous
outbreaks and is the recommended route of administration by the WHO. The NICE
guidelines recommend immediate-release of morphine for BTP first-line first-aid
drugs and do not provide fentanyl as a first-line rescue drug but morphine. The
onset and duration of immediate-release tablets may not be suitable for the treat-
ment of many BTP events [27]. Oxycodone sustained-release tablets can be used
as a two-step drug or as a three-step analgesic drug, which can simultaneously
agonize both receptors and K receptor opioid receptors, with high bioavailability
and clinical good analgesic effect and less drug-related adverse reactions [22]; the
analgesic intensity is about twice that of morphine immediate-release tablets. After
oral administration, there will be two release phases, which provide early onset of
rapid analgesia. The fast release phase and the subsequent sustained-release phase,
through the rapid release phase to achieve the purpose of treating burst pain, do not
require conversion of the dosage form; clinical application of oxycodone controlled-
release tablets is more and more extensive.

In order to evaluate the efficacy of oral morphine and oral transmucosal fentanyl
preparations to provide further insight into their relative merits as treatments for
BTP, we conducted an analysis to compare the effects of fentanyl, morphine, and
placebo on BTP indirectly (Table 1, Figures 1-6). The therapeutic effect was evalu-
ated by the difference in pain intensity difference (PID) score. We found that all
opioids provided better analgesic effects during the first hour after dosing, whereas
fentanyl may provide a higher level of pain relief than oral morphine. Participants
administered a transmucosal fentanyl showed lower pain intensity and higher pain
relief at all time points than placebo or oral morphine, and the fentanyl achieved
significant pain relief faster. But there is no significant difference between the vari-
ous transmucosal fentanyl preparations. From the PID score, the analgesic effect
of fentanyl is stronger than oral morphine. And improvements in pain relief were
apparent within 30 minutes of treatment, with the PID being larger for the fentanyl
preparations than for MSIR during this period. This is of potential importance
because most BTP episodes occur within 30 minutes. However, there are few exist-
ing studies, especially regarding the comparison of fentanyl with oral morphine,
which is a limitation of this mixed treatment. Moreover, the possibility of system-
atic differences between undetected data sources for heterogeneity analysis cannot
be ruled out. In conclusion, although oral morphine is still an appropriate treatment
option for BTP, oral transmucosal fentanyl may be more clinically advantageous in
some patients.

The recently published guidelines support this approach and recommend the
use of fast- or short-acting opioids to treat BTP, whose pharmacodynamics reflect
the rapid onset and short duration of pain [28]. The Cochrane review reported the
utility of seven different transmucosal fentanyl compared to oral opioids. Oral and
nasal transmucosal fentanyls are an effective treatment for BTP [29]. The drugs
such as fentanyl oral effervescent tablets and fentanyl sublingual tablets have also
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Figure 1.
Fentanyl versus placebo/morphine PID 5 minutes.
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Figure 2.
Fentanyl versus placebo/morphine PID 10 minutes.
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Figure 3.
Fentanyl versus placebo/morphine PID 15 minutes.
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Fentanyl versus placebo/morphine PID 30 minutes.
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Figure 5.
Fentanyl versus placebo/morphine PID 45 minutes.

128



Breakthrough Cancer Pain
DOI: http://dx.doi.org/10.5772/intechopen.84581

[ ] placebo monphine Sid. Maan Diffesence Sl Maan Diffesemce
Sludy of Sul-mowe  Mean S0 Told e 0 Total Vel Rapedoen, 95% Cl I, Fagrboqn, 9%
FRLLON011 88 0 T2 & oM HA 144% B8 [208, X 48] r
Hums 2008 457 0aF 1m 146 013 1"y 139% 10.40[9.39,11.47] -
HADHITOZ014 %58 LM I O am 1TE O Q41 005, 0.eE 1
HOVOTHAZONE 8001 4W 27 17 HE 14w 026 [7. 78, 8.74] *
RANCH D00 346 023 33 261 032 18R 14dw 51 [3.23, 3ag]
RAUCKTIN0 33 0403 34 14 @18 187 144% GOS[SET, 6.44]
RUSSELL IO 35T 034 48 IH o T 14.4% SEE[S,801]
Tokal [95% ) Falird 1298 100.0% 52233, 7.0 L]

00 <50 0 50 100
Faeours feparimental] Faeours fconbol]

Hetgropenety. Tau"= 538, Chif= 117295, dl= G{PF « 000001} F= 99%
Tt for owerall affect 7= 543 (7 = 000001

Figure 6.
Fentanyl versus placebo/morphine PID 60 minutes.

been approved for use in European and American countries. However, the state of
oral mucosa, drug distribution, and oral infections will affect the absorption of
drugs, thus affecting the analgesic effect of drugs. Fentanyl nasal spray (INFS) has
been approved by the European Commission in 2009 and has been officially used
in the clinic. It has been marketed globally and is mainly used for outbreak pain in
cancer patients who maintain analgesic treatment with drugs such as oral opioids.
Treatment: nasal mucosal sprays are suitable for those with oral mucosal damage or
saliva dysfunction, but those with nasal mucosal bleeding or ulcers need to switch
to other treatments [30].

Both morphine sulfate injection and sufentanil citrate injection can be adminis-
tered intravenously. Intravenous use of opioids has a fast onset and a positive effect
[31, 32]. However, it is necessary to evaluate the pain every 15 minutes, and should
be alert to the acute side effects of drugs such as respiratory depression [32], vomit-
ing, dizziness, acute urinary retention, etc., especially acute respiratory depression,
severe cases can be directly life-threatening, so opioid veins The application should
be performed in a ward with emergency conditions or in an emergency ward, and
an opiate rescuer naloxone is prepared at the bedside.

Individualized doses and modes of administration can also be tailored to the
condition, and stable morphine is delivered to the human body via intravenous
(PCIA), epidural (PCEA), and subcutaneous (PCPA).

7.2 Cell therapy

Cell treatment is to return autologous cells cultured in vitro to patients. Through
these cells with biological micro-pump function, they can continue to secrete
analgesic substances to relieve pain or improve pain thresholds, such as serotonin,
norepinephrine, dynorphin, enkephalin, neurotrophic factor, etc., to achieve the
purpose of relieving cancer pain or improving the pain threshold of patients. The
most extensive and intensive research is the analgesic effect of adrenal chromaffin
cells, sympathetic ganglion cells, and some neurotumor cells.

7.3 Gene therapy

Gene therapy refers to a method of achieving analgesic effects by altering gene
expression in a patient. It can be divided into in vivo pathways and in vitro path-
ways. In vitro route refers to the removal of target cells from the body or the adop-
tion of cell lines and the in vitro introduction of therapeutic genes into the body for
therapeutic purposes. In vivo route refers to the direct introduction of therapeutic
genes into the body. In pain research, there are two main aspects of gene therapy,
namely, by upregulating anti-pain gene expression and downregulating pain gene
expression, specifically interfering with the biological behavior of pain for thera-
peutic purposes.
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7.4 Interventional neuroradiologic therapy

Nerve block and nerve damage are one of the main treatments for cancer pain
by blocking the pain transmission pathway. The current clinical damage treatment
is damage to peripheral nerves, nerve roots, celiac plexus, subarachnoid space, and
pituitary gland. Before the operation, physical examination and imaging methods
were used to fully determine the pain range of the patient, and the nerves to be con-
trolled were determined. Under the guidance of CT, the target nerve was destroyed
by means of anhydrous alcohol, chemotherapy drugs such as doxorubicin, or
physical ablation. Analgesic effect, with positive effect, fast onset, and little effect
on other organ functions, has unique advantages for outbreak pain and intractable
cancer pain that are ineffective for medical treatment. Currently, nerve blockers
or lesions often have anesthesiologists, or the implementation of pain specialists
in specialist hospitals has extremely high requirements for the operation of doc-
tors in the positioning of nerves and imaging; otherwise it is likely to cause serious
consequences.

8. Summary

Breakthrough cancer pain is a type of problem that clinicians urgently need
to solve. There is currently no recognized definition and classification system for
cancer BTP, and there are no well-proven BTP assessment tools that pose significant
challenges to clinical management. Although breakthrough cancer pain has com-
mon clinical features, there are significant differences between individuals, which
require clinicians to emphasize the importance of individualized, multidisciplinary
analgesic programs on the basis of comprehensive treatment. In short, the current
overall treatment effect of breakthrough cancer pain is not good; it is worthy of our
attention.
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Chapter 9

Wireless Neuromodulation: From
Bench to Bedside

Lauva Tyler Perryman

Abstract

Spinal cord stimulation (SCS), as a neuromodulation therapy, has rapidly
evolved over the past few decades to become the treatment of choice for many
chronic pain syndromes. However, many equipment-related limitations such as the
bulk of the equipment, an implantable pulse generator (IPG), the limited therapeu-
tic stimulation frequency utilized, and the potential adverse events have restricted
SCS applications. Recently, advanced nanotechnology and minimally invasive
surgical techniques have shown promising options to expand the indications due to
reduced surgical trauma/hospital time/costs. We describe the basis for nanotech-
nology neuromodulation and the preliminary experience with wireless SCS in the
treatment of chronic pain conditions. The equipment utilizes a miniature stimulator
with microelectronics, percutaneously placed at the appropriate stimulation target,
with wireless control to provide the desired stimulation, and then moderated by the
clinician and the patient. The wireless device reduces the bulk of the SCS equipment
to a single electrode (with embedded sensors), using the new improved neural-
electric interface. This wireless neuromodulation (WNM) has been clinically used
in several chronic pain conditions, including failed back surgery syndrome, facial
pain, chronic regional pain syndrome, and postherpetic neuralgia, with encourag-
ing outcome, without the complications of a traditional SCS resulting from the IPG
or its accessories.

Keywords: neuromodulation, wireless, nanotechnology, chronic pain,
spinal cord stimulation

1. Introduction

Therapeutic modulation of excitable neural tissues in the body by electrical
stimulation has become an important intervention to manage chronic disabling
conditions like pain, involuntary movements, extrapyramidal syndromes, chronic
peripheral vascular disease, and cardiac arrhythmias [1-9]. Devices are being
implanted to deliver stimulatory signals to the target tissue, record vital signs or
action potentials, perform electric cardiac pacing, and control drug release, as well
as interface with auditory systems for assisted hearing or even image formation
for visual prosthesis. All these systems utilize a subcutaneous battery-operated
implanted pulse generator (IPG) to provide power.

Spinal cord stimulation (SCS) has been utilized for over five decades to provide
therapeutically effective pain relief from chronic conditions like failed back surgery
syndrome (FBSS), regional pain syndromes, and neuralgias, reducing the need for
opioids. Several measurable outcomes like pain scores, disability scores, and quality
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of life scales have shown consistent improvement with SCS in patients with back
pain and leg pain [1-3].

Outcomes following SCS therapy have demonstrated superior results compared
to conservative medical treatment for patients with FBSS in several studies [2, 4],
and SCS was also shown to be more cost-effective over the long term due to a
decrease in follow-up visits, diagnostic tests, and overall consumption of healthcare
facilities [4, 5]. Historically, on the other hand, SCS has not been devoid of compli-
cations and limitations in its conventional form utilizing an IPG, since the device
options have had a long history of severe adverse events primarily related to the
IPG [6, 7]. A large percentage of patients, reportedly as high as 50%, have failed the
trial period utilizing conventional SCS devices [6-8], while additional failures came
from equipment complications caused by the migration/fracture of the electrodes as
well as IPG failures and complications in recharging or reimplantation. Postsurgical
complications like infection, hemorrhage, and painful operative wounds were
frequently seen associated with IPG and its extension wires. Additionally, SCS in
its conventional form is incapable of reaching some anatomical locations to provide
targeted therapeutic localized pain relief [6, 8-12].

Several modifications have been introduced to the SCS equipment over the past
few years, which have reduced adverse events while promoting the efficacy of the
modality, thereby increasing the number of clinical indications [13]. Percutaneous
techniques, smaller compact batteries, rechargeable batteries, increased life of the
IPG, and improved anchoring methods are some of these modifications currently in
use. Part of the refinement also comes from the advancements in the technology of
nanomaterials and wireless power transfer techniques.

2. Nanoelectrodes and wireless technology for neuromodulation

An advancement in this field is the new miniature pulse generator (mini PG)
with wireless access (WPG) utilizing a dipole antenna for electric field coupling.
This is accomplished with “microwaves”, which are very short wavelength pulsed
electromagnetic waves at gigahertz (GHz) frequencies. This device (Stimwave
Technologies, Florida, USA), instead of using lower frequencies of 100 — 500 kHz
of the inductive range operational in most of the present-day implanted medical
devices, is powered by a radiative electric field coupling through tissues at micro-
wave frequencies that enable smaller-sized implants to be placed at a significant
tissue depth through a percutaneous technique. It also affords minimal power loss,
since the higher frequency allows a much better energy transfer to a smaller implant
[14]. The principle behind the frequency changes in relation to the wavelength
was elaborated earlier by Feynman: “If you build a corresponding circuit on a
small scale, its natural frequency goes up, since the wave length goes down as the
scale; but the skin depth only decreases with the square root of the scale ratio, and
so resistive problems are of increasing difficulty. Possibly we can beat resistance
through the use of superconductivity if the frequency is not too high, or by other
tricks [15]”

Antenna Micra Circulit

t t t t t

Electrodes Fiducial Marker
Figure 1.

MRI compatible electrode with nanostimulator and microcivcuit to contact wireless pulse generator. This is the
only implantable component required for WSCS.
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The micro-implant WPG is capable of delivering clinically appropriate stimula-
tion with dimensions of 800-1350 pm diameter, a significantly miniature size
compared to the conventional SCS-IPG. This is equal to the size of a standard lead
body that also incorporates the nanoelectronics within the device itself. It also can
be integrated with a variety of lead types carrying four or eight contacts, either in
a percutaneous or a paddle-type electrode, and the receiver wire has circuits in the
stimulator device internally with wireless access (Figure 1).

3. The implantable wireless lead or the implantable neural
stimulator (INS)

The INS has an enclosure housing the stimulating electrode array, designed to
apply electrical pulses to the target tissue and antenna-1 and configured to receive
electric energy input from an external antenna-2 through electrical radiative
coupling. The antenna-2, physically separated from the INS lead, is connected to the
antenna-1 by electric circuits configured to generate electrical pulses for stimulat-
ing the neural tissue (Figure1).

4, The nanoelectronic substrate of the miniature wireless
pulse generator

The INS is without any power source and stays in contact with the excitable neu-
ral tissue with passive components capable of receiving an external input signal at a
frequency between 300 MHz and 8 GHz. A controller module, positioned in prox-
imity to the patient body, to generate the input signals, sends them to the antenna-2;
the latter transmits the input signal to the first dipole antenna placed within the INS
through electrical radiative coupling, and antenna-1 extracts the stimulus feedback
signal from signals received by the antenna-2 to adjust the parameters of the input
signals based on the stimulus feedback.

The electrical pulses from the activated stimulating electrode, however, result in
zero net charge within the patient’s body. The electrodes can be selectively marked
as a stimulating return electrode or an inactive one. It can have one capacitor in
series with one or more electrodes.

At present, several therapeutic intra-body electrical stimulation techniques
are available to manage neuropathic pain. However, they utilize a bulky, heavy,
subcutaneous IPG connected to the implantable wired leads and have many failures
or adverse events like mechanical dislodgement, impingement of the lead extension
cables, and infection, along with IPG-related discomfort, pain, and irritation. The
lead configuration includes cylindrical percutaneous or paddle leads. Cylinders are
usually 1.3 mm in diameter and contain several circular electrodes, which are used
for trial testing, later followed by permanent placement by minimally invasive,
percutaneous approach. Paddles contain electrodes with a wider surface area direc-
tionally targeted for control over neural excitation and require invasive surgical
procedures like laminectomy or laminotomy.

INS is designed to be placed in the patient through an introducer or a needle with
electrodes (Figure 2) that include a semicylindrical array of electrodes/contacts
made up of platinum, or platinum-iridium, or gallium-nitride, or titanium-nitride,
or iridium-oxide or similar combinations. The contacts can be 2-16 in number
having a length of 1 to 6 mm and 0.4 to 3 mm in width. They are spaced 1 to
6 mm apart with a combined surface area of 0.8 to 60 mm®. The lead can also be a
paddle type, deliverable through a 14-gauge needle. The enclosure has an external
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Figure 2.
Minimally invasive approach to place the wireless implantable neural stimulator in the spinal epidural space.

biocompatible coating of polymethyl methacrylate (PMMA), polydimethylsiloxane
(PDMS), perylene, polyurethane, polytetrafluoroethylene (PTFE), polycarbonate,
or a silicone elastomer.

The antenna-1 within the INS enclosure has 2 to 8 contacts, configured to couple
with each other as well as the circuit, and these contacts are located proximally
relative to the electrode inside the enclosure. These contacts are 1 to 6 mm in length,
1to 2.5 mm in width, and spaced 30 to 80 mm apart. One antenna is constructed as
a conductive trace contained on the circuits and can be fabricated as a conductive
wire connected to the circuits, which are flexible with a bend radius of 0.5 mm and
located proximal in the enclosure with a waveform conditioning circuit.

5. Remote control of power or polarity selection for a neural stimulator

The dipole antenna receives input signals containing polarity assignment
information and electrical energy, the former designating the polarities for the
electrode contacts. The circuits are configured to control an electrode interface
so that these electrode contacts have polarities designed by the polarity assign-
ment information to create electrical pulses from the electrical energy contained
in the input signal. These electrical pulses reach the contacts according to the
polarities assigned.

6. The remote radiofrequency power system with a low-profile
transmitting antenna

The antenna for this wireless system includes a metal signal layer with radiating
surface, a feed port, a wave guide surrounding the antenna, and a configuration
to guide electromagnetic (EM) energy transmitted from the radiating surface ina
direction away from the antenna. It also has a controller module connected to the
feed port to drive the antenna to transmit EM energy from the radiating surface,
while the antenna, wave guide, and controller module are configured to match a
reception characteristic of an implantable device, so that the latter can produce
electrical pulses of sufficient amplitude to stimulate the target neural tissue utiliz-
ing the EM energy received from the antenna-2, located up to 10 cm away.

Adverse events related to the IPG, due to excessive absorption of EM energy,
include burning of tissue, creation of undesirable blood clots, and skin irritation
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Figure 3.
Remote access by wireless antenna (experimental setting).

R

Figure 4.
Neurostimulator receiver. The contacts on the electrodes are managed by independently integrated, circuits that
are application specific. The civcuitry system within the device produces charge-balanced waveforms.

because of adhesions between the implant and tissues. A wireless device, on the
other hand, has the antenna located outside the body with a controller module con-
necting the implantable device with the antenna (Figures 3 and 4).

The antenna has a dielectric lens filling the wave guide, protruding outward
from an opening of the wave guide to narrow the transmitted EM energy and
direct it away from the transmitting surface. It also has a return loss cutoff fre-
quency associated with the wave guide; the dielectric lens lowers the return loss
of cutoff frequency. The antenna operates within 500 MHz to 4 GHz frequency
band.

7. Wireless energy supply

The INS receives energy by a wireless method, which includes radiating
EM energy from the surface on an antenna located up to 10 cm away, inside
the patient, so that the implanted device creates appropriate electrical pulses
to stimulate the target neural tissue, using the received EM energy, even during
sleep. The radiating surface of the antenna can be placed 1 to 6 feet away from
the INS and can be adjusted to increase the EM energy provided to the latter
(Figure 3). The interface is facilitated by a link between the programmable
module and the controller module so that the stimulation pulses created at
the implantable device are transmitted as data-encoded parameters from the
programming module to the controller module, thus effectively stimulating the
neural tissue.

A dipole antenna receiver intercepts the high-frequency microwave EM energy
coming from outside the body to produce an oscillating electric field. Frequencies in
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the range of GHz were found to be more energy efficient [16]. Typically, the antenna
within the device lumen can be anywhere from 2 to 8cm long and can be modified
depending upon the indications and the depth at which the device is implanted, since
the EM field energy is dissipated across the tissue layers of the skin, fat, muscle, blood
vessels, and bone. The deeper the placement, the longer the antenna should be to
receive adequate power. Each contact on the electrodes is provided with independent
power, a part of an “application-specific” integrated circuit; the embedded circuitry
within the device enables production of charge-balanced waveforms. This is managed
by internalized addressing systems within the device (Figure 4). It is important to note
that microwave fields are safe, since these high frequencies fail to activate cell mem-
branes and thus nervous tissue damage is unlikely.

8. Wireless pulse generator (WPG)

The WPG employs standard cellular phone technology, with an average pulse
output power of up to 1 W, depending upon the stimulation parameters and accord-
ing to the requirements of the target tissue. A radiofrequency (RF) transmitter
placed inside the WPG encodes stimulus waveforms into the signal according to
the program settings. A microprocessor inside this transmitter controls the data
communications and settings (Figures 3 and 4). Clinicians as well as patients com-
municate with the WPG via a controller that uses Bluetooth technology (Figure 5)
and also can be accessed by a software application (app) on a mobile phone [14].

Antenna Cable

Antenna MFS

Figures.
External wireless pulse genevator.

9. Discussion

The traditional SCS (TSCS) system has electrodes in a catheter enclosure
attached to a long extension cable(s) that connects the electrodes to an IPG that
is placed inside the patient’s body, inheriting the complications due to failure or
malfunction of any of these components. Efforts have been ongoing to reduce
the bulk of the implanted material and yet improve the efficiency of the system.
Reduction in size has a challenge from the battery life expectancy with the conven-
tional energy settings. Thus, TSCS equipment requires implantation of electrodes,
extension cables, and the battery inside the body, requiring multiple incisions along
with long segment tunnels under the skin, producing considerable tissue trauma
with pain and hemorrhage.
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The wireless SCS system with nanotechnology has been clinically used for SCS,
dorsal root ganglia (DRG) stimulation, and peripheral nerve stimulation (PNS)
throughout Europe and the USA for several years, and multiple trials have shown
encouraging results. The capabilities of this system enabled its utility to be tested ina
variety of chronic pain syndromes. Poon et al. [16, 17] demonstrated that in a biologi-
cal media, the operating frequency for wireless-powered devices was in GHz range
as opposed to the MHz, which could have potential advantages. At this frequency
range, the size reduction of the receiver has been demonstrated in the subsequent
studies by Tyler Perryman et al., while the tissue depth relationship to the energy
transmission were further elaborated [17, 18]. Tyler Perryman et al. conducted stud-
ies in animals and verified the tissue depths at which the wireless stimulation could
achieve effective current density [18]. The dipole antenna of the wireless system
(at 915 MHz) could energize the stimulators implanted at a depth of 12 cm in porcine
models, especially efficient with a 4.3 cm antenna. Successful stimulation has been
observed to provide significant pain relief in patients with back and leg pain with
FBSS [19, 20], post herpetic neuralgia [21], refractory craniofacial pain [22], occipi-
tal neuralgia [23], and CRPS [24]. Patients undergo implantation of the INS with
integrated microcircuits enabling coupling with a pulse generator, while the wireless
pulse generator circuit excludes surgical implantation of the IPG, thus eliminating
complications related to multiple surgical incisions and interventions for failed IPG
or its extension cables. Consequently, there is reduced operating time, minimal con-
sumables, and increased comfort to the patient. In the long run, this should decrease
the costs of SCS and reduce overall healthcare budget in neuromodulation.

10. Financial implications and economic benefits with the wireless
neuromodulation technology

Every innovation carries financial burden, and there are economic repercussions
as the inventions arrive into the clinical practice. For easy understanding, tradi-
tional SCS has a structure as follows:

1. Electrodes + connection cables + implantable pulse generator inside the patient
body

2.External controller (for the patient as well as the clinician)

Conversely, wireless neuromodulation with nanotechnology utilizes only
implantable stimulating electrodes and an implantable receiver placed in a micro-
incision pocket. Because of the reduced bulk of the implants, wireless technology
has much more to offer other than the costs alone. It reduces surgical trauma,
operating time, con-sumables, anesthesia, complications secondary to multiple
incisions/tissue trauma, and hospital visits.

11. Costs involved with nanotechnology wireless SCS

The initial implantation of the wireless stimulator 18,000 Euros
IPG costs: Zero (0)
Annual maintenance of the neuromodulation cost 1500 Euros/3

Compared to the wireless neuromodulation, TSCS was reported to be more expen-
sive (Table 1). There have been limited reports on the costs and long-term maintenance
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Author Journal Year No. of Cost
patients
1. Manca et al. [25] European J Pain 2008 52 CAD 19,486, Euro 12,653
2. Kumaretal. [10] ] Neurosurg Spine 2006 160 CAD 23,205
3. Kumar and Bishop [26] J Neurosurg Spine 2009 197 CAD 21,595, USD 32,882
4, Hornberger et al. [27] Clin ] Pain 2008 NA USD 26,005 (nonrechargeable)
USD 35,109 (rechargeable)
5. Babu et al. [28] Neuromodulation 2013 4536 USD 30,200 (percutaneous)
4536 USD 29,963 (paddle electrodes)
6.  Annemanset al. [29] JLTE Med Implants 2014 Model UK£ 15,056 (HF SCS)
Table 1.

Literature on TSCS cost.

Procedure TSCS USD* TSCS CAD* TSCS Stimwave WSCS
UKS*

Implantation 32,882 21,595 15,081 €18,000

Complication cost 9649 5191 576 NA

Revision cost 5450 5339 (lead) €2500

IPG cost 13,150 10,591 7243 0

Maintenance 5071 (4 years) 3539 (4 years) NA 1500 (3 years)

HF SCS therapy was similar to TSCS in its costs and complications. USD*, US dollar; CAD", Canadian dollar;
UKS*, United Kingdom Sterling Pound.

Table 2.
Reported costs of traditional SCS (TSCS) and the wireless SCS (WSCS).

European experience American experience [31]
[30]
1 Repositioning of electrode €360 $2700
2. Replacement €1530 $5450
3. Reimplantation following infection €6192 $19,600

Table 3.
Costs for lead revision/repositioning in TSCS.

of TSCS in the literature. Detailed report on follow-up costs, complications, and
replacement charges for reimplantation has not been forthcoming. However, the natural
course of TSCS with its multiple implant components leading to their inherent com-
plications could be expected as reported in a few of the studies (Tables 1-3). Wireless
neuromodulation is evolving, and only limited experience has been reported so far.
However, large-scale multicenter studies have been initiated to improve our understand-
ing about the efficacy and acceptable long-term results in the form of improved quality
of life, reduced complications, reduction in healthcare costs, and better cosmetic results.

12. Conclusions

Nanoelectronics have contributed to the development of miniature implants for
therapeutic purposes, and wireless technology coupled with mini WPG appears
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to enhance the quality of neuromodulation in the field of functional neurosurgery
and pain management therapies. Wireless neuromodulation, so far applied as SCS,
DRG, and PNS, has provided efficient pain relief in cases of FBSS, neuralgic pain,
CRPS, and facial pain syndromes. The results observed in small case series or case
illustrations are comparable to traditional SCS methods and devoid of many of
the complications of TSCS, primarily related to IPG/battery accessories. Further
wireless neuromodulation experience may demonstrate improved quality of life
associated with significant reduction in cost as well as reduction in complications,
with improved cosmetic and functional results.
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Chapter 10

myoActivation: A
Structured Process for
Chronic Pain Resolution

Gillian Lauder, Nicholas West and Greg Siven

“The good physician treats the disease; the great physician treats the patient who
has the disease”.
Sir William Osler, 1849-1919

Abstract

Chronic pain is a significant burden in all societies. The myofascial origins of
chronic pain are often unrecognized but play a major role in chronic pain genera-
tion. Myofascial release has been shown to be effective and can augment the limited
number of therapeutic tools available to manage chronic pain. However, there is
no standardized approach that allows for comparative analysis of this technique.
myoActivation® is a unique therapeutic system, which targets active myofascial
trigger points, fascia in tension, and scars in patients with chronic pain. Targets
for intervention are determined through obtaining a history of lifetime trauma
and a structured, reproducible posture, and movement assessment. Catenated
cycles of movement tests, palpation, and needling are used to achieve the goal of
pain resolution through restoration of soft tissue integrity. This chapter describes
the distinctive features of myoActivation from the important key elements of the
patient’s clinical history, through to the aftercare instructions. Relevant evidence
for each component will be presented. Case studies will be used to illustrate some
important concepts and the effectiveness of myoActivation. This chapter is relevant
to all clinicians that manage people living with chronic pain.

Keywords: pain, chronic pain, paediatric pain, mobility dysfunction, fascia,
myofascial trigger points, timeline of lifetime trauma, physical trauma, scars,
palpation, catenated cycles, structured assessment, non-pharmaceutical,
pain management

1. Introduction

Pain is defined by the International Association for the Study of Pain (IASP)
as “an unpleasant sensory and emotional experience associated with actual or
potential tissue damage or described in terms of such damage” [1]. Pain is a highly
subjective sensation influenced by: degree of tissue damage, response to medica-
tions, diet, age, sex, genetics, cultural background, and psychosocial factors
including attention, emotion, cognition, beliefs, expectations, and socioeconomic
status (Figure1).
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Figure 1.
The biopsychosocial contributors to chronic pain.

Pain is a sensory output from the brain when the brain is on alert. In acute pain,
this sensory output is important to protect the organism from further harm during
the healing phase, and, is usually associated with a nociceptive stimulus.

Chronic pain is quite different; although it is typically considered to refer to pain
lasting longer than 3 months, such a time limit seems to be reductive, and it more
properly refers to “pain that extends beyond the expected period of healing” [2].
The overall prevalence of chronic pain conditions is estimated to be in the order of
35-51% of the adult population [3] and the incidence of widespread chronic pain
estimated to be 10-15% [4]. Chronic pain occurs across the lifespan, including
children [5] and the elderly [6]. The frequency of visits to physicians, emergency
departments, and other healthcare providers is significantly increased in the pres-
ence of chronic pain [7]. Currently, the burden of chronic pain has a huge impact on
quality of life in the lives of people with chronic pain [8, 9]. The economic burden
of chronic pain in terms of healthcare costs is substantial, but pales in significance
compared to the costs of lost productivity due to job redundancy and sick days [9].

1.1 Background

Chronic pain is a complex biopsychosocial phenomenon that requires a multidis-
ciplinary approach to management. This usually includes return to physical function
[10], graded return to work/school, medications to help with pain, mood and sleep,
as well as non-pharmacological techniques to address the psychosocial components
of pain [9, 11, 12]. The weakest link in this therapeutic process is the pharmacological
approach, especially the overreliance on the use of opioid medications. The prescrip-
tion of opioids for chronic non-cancer pain increased fourfold in USA from the early
1990s up to 2011 [13, 14]. Opioids contribute only modest relief of chronic pain.
They have limited effects on improvement in function but cause significant opioid
side effects [15]. Opioid substance abuse and opioid-related death are major issues
associated with prescription of opioids for chronic pain. Review of opioid-related
deaths demonstrates that the majority had a diagnosis of chronic pain in their last
year of life [16]. Prescription of opioid medications has gradually decreased since
2011, but the opioid-related overdose death rate continues to rise exponentially [17].
This current opioid crisis constitutes a critical public health issue in USA and Canada
[13]. Even though the prescription of opioid drugs does not appear to be causally
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related to overdose deaths, it is clear that their prescription is one pathway to long-
term use: 5.3% of opioid naive adults prescribed opioids will still be on opioids 1 year
later [18]. Increased numbers of opioids prescribed on the first prescription predicts
a lower likelihood of opioid discontinuation [18]. It is notable that 20% of children
with chronic musculoskeletal pain are prescribed opioids [19].

Up to 22.5% of chronic pain patients develop their chronic pain condition after
surgery [20]. Persistent postsurgical pain (PPSP) represents a significant clinical
problem, occurring after 10-50% of surgeries and resulting in severe chronic pain in
2-10% of these patients [21]. PPSP is considered to be primarily neuropathic (nerve
damage during surgery) where the incidence depends on various perioperative
factors, including genetic predisposition, preoperative anxiety, depression, preop-
erative pain, the extent of the surgical insult, surgical technique, length of surgery,
and the quality of acute postoperative pain management [21, 22]. In 27% of patients
receiving chronic opioid therapy, treatment for pain after surgery was the reason for
opioid initiation [23]. There is 5.9-6.5% incidence of new persistent opioid use after
surgery, not only after major surgery but also after minor surgical procedures [24].

Multiple traumas have a cumulative effect on chronic pain [25], independent of
post-traumatic distress disorder symptoms [26]. Increased risk of physical ill-health
is associated with exposure to a single traumatic event but accrues as more events
are experienced [27]. It is not clear what characteristics of past traumatic experi-
ences (type, duration, severity, earlier onset) influence the strength of the relation-
ship between accumulative traumatic events and subsequent medical conditions
[28]. Contemporary clinical history taking often neglects distant trauma as signifi-
cant contributor to a chronic pain issue presenting many years later.

Chronic pain occurs from various combined sources, including nociceptive,
inflammatory, neuropathic, myofascial, as well as peripheral and central sensitisation.
Musculoskeletal (MSK) conditions are a predominant source of chronic pain worldwide
[29]. The clinical and etiological characteristics of myofascial pain have been poorly
investigated. The subsequent lack of evidence hasled to undertraining of health care pro-
fessionals, and poor recognition of the clinical importance of myofascial pain syndromes
(a group of painful conditions that affect muscles and connective tissues) [30, 31].

Myofascial pain syndromes are characterized by pain, myofascial trigger points
(MTPs) (palpable nodules in taut bands of muscle fibres), referred pain, coupled pain,
and autonomic changes. Chemical changes within the muscle may also lead to periph-
eral sensitization. MTPs can generate continual nociceptive traffic to induce central
sensitization, cortical re-organization, and alterations in descending inhibitory pain
pathways [32-36]. MTPs are associated with muscles in sustained contraction caus-
ing limited movement across joints [37]. The MSK system is symmetrical; a muscle in
sustained contraction on one side will cause compensatory MSK issues to occur on the
other. Therefore, a patient with MSK imbalance may proceed to have many different
myofascial areas affected from one previous injury or insult. It is important to note that
palpable pain points (PPPs) exist, not only in skeletal muscle, but also in fascia and scars.

One of the components of MSK pain is coupled pain, which is distinct from
referred pain. Referred pain is pain perceived at a location other than the site of the
painful stimulus or origin of pain. Referred pain results from neuronal stimula-
tion within a dermatome (a localized area of skin that has its sensation via a single
nerve, from a single nerve root of the spinal cord). In coupled pain, the source of
pain is distant, not dermatomal, from the localized area of pain. Examples include
shoulder pain or knee pain originating from strained ipsilateral external oblique
muscle, or lower quadrant abdominal pain originating from an ipsilateral quadratus
lumborum muscle in sustained contraction [38—40]. This distant site has no direct
muscular or neurological connection, yet the coupled pain is resolved by restoration
of the originating tissue to a normal anatomical state [41].
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Myofascial release can be effective but lacks a standardized approach and
therefore prevents good quality comparative analysis.

Given the societal burden of pain and overuse of opioid medications, it is clear
that clinicians require a different and more effective model of assessment and treat-
ment that minimizes opioid prescriptions and realizes myofascial components of
pain [19, 42]. This chapter will outline the importance of surgical scars and myo-
fascial dysfunction as other important determinants of a chronic pain presentation.
myoActivation is one component of the multimodal approach to patient care that
helps to accurately determine and treat the myofascial components of chronic pain
without the need for prescription medications.

1.2 Aim

The aim of this chapter is to describe a system of standardized assessment
and treatment for chronic pain called myoActivation®. We will comprehensively
describe the distinctive features of this system, from the patient’s clinical history
to after-care management. We will present evidence for the scientific background
and individual component techniques of myoActivation, where it exists, and outline
future approaches for gathering evidence of the effectiveness and efficiency of the
myoActivation treatment programme as a whole.

This chapter is practically orientated to enable clinicians to understand what
myoActivation means. Three case studies will illustrate the effectiveness of myoAc-
tivation. Then, the next steps in the development and evaluation of myoActivation
will be discussed. Barriers to integrative care (including alternative therapies) are
awareness, availability, accessibility, and affordability [43]; these will be discussed
in relation to myoActivation as well as the need to establish a firm basis of clinical
evidence for this treatment system.

Finally, we must emphasize that myoActivation should be seen as one component
of multidisciplinary care, i.e., part of a multimodal approach to care, which includes
focus on eventual return to physical function and work/school, improving recov-
ery from opioid dependency, weaning prescription drug use as well treating the
psychosocial components of pain.

1.3 myoActivation overview

myoActivation is a unique structured system of assessment and treatment
designed to reduce myofascial components of chronic pain. A key principle of
myoActivation is to understand that the site of pain is often not the source of pain
[38-41, 44]. For example, spasm of the quadratus lumborum muscle mimics
appendicitis and low back pain may originate from the abdominal wall musculature
[38, 39, 45]. Myofascial pain is characterised by the presence of myofascial trigger
points. Myofascial trigger points develop in response to many different insults such
as trauma, injury, surgery, repetitive microtrauma, poor posture, muscle overuse,
or overload [46, 47]. Myofascial trigger points that cause pain can originate in scars,
skeletal muscle, and/or fascia.

The myoActivation assessment is distinguished by recognition of the importance
of lifetime trauma and the mechanisms of any injuries identified. Postural observa-
tions during systematized, ordered, movement tests identify the true origin of pain
in soft tissues. The most painful or restricted movement on core tests distinguishes
the most important tissues to treat first. Careful inspection and palpation of these
tissues identifies the myofascial source of pain. Treatment entails refined trigger point
injections, using micro-aliquots of physiological saline, to restore anatomic integrity
to injured tissues. Fine gauge hypodermic needles are inserted into trigger points
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that compromise function of muscle, ligament, tendon, subcutaneous fascia, scar
tissue, and the peripheral nerves of the skin. After each individual myofascial area is
treated, movement tests are repeated to demonstrate immediate change and direct
the clinician to the next most important target area. Several cycles occur during each
myoActivation session. The purpose of these catenated cycles (see Figure 6) is to help
unravel multiple sources that contribute to the full myofascial pain presentation.

Immediate treatment responses occur, which include reduction in pain, increased
flexibility, and improved fluidity of movement. After-care instructions require the
patient to change posture frequently but to refrain from exertional activity for 5 days
following every myoActivation session. To understand how this technique might be
useful in everyday care of patients with chronic pain, it is important to understand
the essential components of myofascial pain (skeletal muscle in sustained contrac-
tion, scars, fascial lines of tension, and the interstitial space).

2. Scientific background
2.1 Skeletal muscle in sustained contraction

Myofascial pain syndrome is characterized by multisite pain, referred pain,
coupled pain, and peripheral and central sensitisations. A component of myofas-
cial pain is due to MTPs associated with muscles in sustained contraction causing
limitation of movement across joints [37]. The mechanisms of myofascial pain have
been reviewed by Jafri [31] and Shah et al. [48].

A 2007 review identified 19 different descriptions of diagnostic criteria for myo-
fascial trigger points and associated pain but found lack of consensus or standard
definition [49].

A trigger point is a hyperirritable spot in fascia or surrounding skeletal muscle.
Muscular trigger points are associated with palpable nodules in taut bands of
muscle fibres. Compression of a trigger point may elicit local tenderness, referred
pain, coupled pain, autonomic symptoms, or a local twitch response. The local
twitch response (LTR) is recognized as a spinal reflex [50]. An LTR when the MTP is
needled or activated is considered a positive response to intervention [51].

Microdialysis techniques demonstrate unique biochemical changes in the region
of trigger points, which include low pH, increased concentrations of bradykinin,
calcitonin gene-related peptide, substance P, tumour necrosis factor (TNF), inter-
leukins, serotonin, and norepinephrine. These are also associated with decreased
local blood flow, reduced oxygen content, and increased reactive oxygen species.
These nociceptive neuropeptides and inflammatory markers may be the source of
peripheral nociception potentially initiating and maintaining central sensitization
in myofascial pain syndrome [48, 52, 53].

The veracity of myofascial trigger points representing true pathologic entities
have been questioned and debated [54]. However, leading experts in myofascial
techniques consider this to be a biased view [55].

A systematic MSK exam can distinguish patients with MTPs and chronic pain
from subjects with no pain [56]. One of the main problems with medical com-
munity acceptance of MTPs has been the lack of objective imaging techniques to
corroborate examination findings and to assess treatment outcomes [57]. Imaging
techniques that have been reported to establish the presence of muscle MTPs
include: magnetic resonance elastography (MRE) [58], and sonoelastography (SEG)
(Figure 2) [59]. MRE couples MRI with cyclic shear waves to assess tissue stiff-
ness in myofascial taut bands. Stiffness in taut bands was found to be 50% greater
than adjacent normal muscle tissue. SEG is a non-invasive method that combines
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Figure 2.
Sonography of muscle trigger points (reproduced from Sikdar et al. [59], with permission from Elsevier).

ultrasound with simultaneously applied external vibration to distinguish ultra-
sound colour variance with tissue stiffness. Muscle trigger points identified as
palpable painful nodules in muscle appear as focal, elliptical shaped, hypoechogenic
areas. Localized regions of low entropy in symptomatic muscle make the tissue
macroscopically more heterogeneous than a normal muscle that has relatively uni-
form echotexture. Texture analysis of SEG images can distinguish between painful
muscle trigger points compared to normal muscle [60, 61].

2.1.1 Muscle activation

Muscle activation is the term used to describe when a muscle in sustained
contraction is restored to a normal relaxed state, through manipulative therapies or
needling techniques [62]. When a needling technique is used, there is no difference
in outcomes between dry needling compared to a liquid injectate (such as lidocaine)
[63-65]. Muscle activation is associated with reduction in pain, and improved
flexibility, fluidity and range of movement. There is no consensus on the most
effective needling techniques for different pain presentations [66]. Elicitation of an
LTR has classically been required for effective muscle activation [51]. Recent work
disputes that an LTR is necessary, but acknowledges more research is required [67].
Decreased spontaneous electrical activity and acetylcholine levels are seen at active
myofascial trigger points after dry needling in rats [68].

Vascular, chemical, endocrine, neural, and central changes have been dem-
onstrated following needling techniques [68-86]. Interestingly, dry needling also
appears to be associated with activation of diffuse noxious inhibitory control reduc-
ing pain sensitivity in remote areas to the site of needling. This may be mediated
through endogenous opioid mechanisms [69, 79-84].
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There are a number of papers in support of the treatment effects, beyond the
placebo effect, of myofascial release [51, 62, 66, 87-99]. Recent reviews have con-
cluded that better quality studies with standardized interventions and outcomes are
required to show that myofascial release is an effective intervention in the different
types of myofascial pain syndromes [100-102]. Despite this, it is clear that myofas-
cial trigger points in skin, fascia, and muscles play an important role in myofascial
chronic pain presentations.

MTPs and their referral patterns have been eloquently outlined in two volumes
by Travell and Simons, the first volume for the upper body and the second for the
lower half of the body [46, 47]. Unfortunately, the publication of these volumes
did not translate into everyday use in common clinical practice due to a number
of factors: lack of basic scientific evidence around the aetiology of MTPs, no gold
standard to identify clinical MTPs, failure to include reproducible assessment and
examination of MTPs in medical curricula, complexity and diagnostic uncertainty
from the interaction of more than one MTP on perceived pain, co-occurrence of
myofascial pain with other disorders such as arthritis, and under-recognition of
myofascial components in chronic pain [30].

2.2 Skin and the impact of scars

The skin is one of the largest organs in the body and is naturally exposed to
external stimuli. The skin provides a crucial interface between the body and its
environment. Skin has different functions and connections, which include connec-
tions to the nervous system through the autonomic nervous system and the locomo-
tor apparatus [103]. The autonomic nervous system constitutes the most important
connection between the skin, the fascia, and the body [39]. There is continual
nervous activity, in afferent and efferent mode, between the skin and central
nervous system to maintain normal homeostasis [39, 104].

There is an independent central emotional connection principally between the
anterior cingulate cortex and the skin whereby a sympathetic electrical signal can be
detected in the skin in response to viewing emotionally charged images [105]. The
skin is also a primary site of small fibre nociceptive endings [106]. It is not difficult
to speculate that any restriction or impact on the skin, like a scar, will have an impact
on normal homeostasis and function and hold emotional memory [107, 108].

2.2.1 Scars

When the skin is breached by surgery or injury, a healing process occurs. There
are four stages to healing: haemostasis, inflammation, proliferation, and remodel-
ling [109]. The remodelling process can take many years and depends on the size
and nature of the initial wound. During remodelling, type 3 collagen is replaced
by a stronger type 1 collagen, but not in an ordered manner. Scar tissue is therefore
strong but not as elastic or flexible as normal tissue [109]. There is an increase in
nerves and neuropeptides in scar tissue especially hypertrophic scars [110]. In
patients asked to move actively, electrical activity from a scarred area is higher than
that from normal tissue in the same patient doing the same movement [111].

Mechanoreceptors and mechanosensitive nociceptors in scarred areas sense
an alteration from normal and send non-physiological signals creating a patho-
logical reflex arc [39]. Scars can limit normal movement and flexibility of skin,
and underlying fascia and muscles. For example, an ankle scar will alter the gait
dynamics through maldistribution of myofascial loads [39]. Patients with scars
in the abdominal region often have low back pain related to impaired mobility of
the soft tissues [111, 112]. Scars also have an impact on the distribution of forces
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that pass through the body following motor vehicle accident (MVA) or injury [39].
It has also been suggested that the skin can keep a memory of trauma [107, 108].

It is clinically important to consider this when releasing scars associated with a
particular emotional traumatic event. More research is required to ascertain the
characteristics of scars that make a significant contribution to a chronic pain
presentation.

2.2.2 Scar release

Scar release can be achieved with soft tissue mobilization techniques or subci-
sion [107, 111, 113]. Subcision, or microneedling, also known as percutaneous
collagen induction therapy, is a minimally invasive minor surgical procedure used
for treating depressed cutaneous scars and wrinkles. Subcision is performed using a
hypodermic needle inserted through a puncture in the skin surface [114] or derma-
roller. First described in 1995 [115], subcision is a safe, and effective microneedling
technique used as an aesthetic treatment for several different dermatological
conditions including scars, rhytids, and striae [114, 116, 117]. Microneedling has
been shown to induce new collagen formation via platelet and neutrophil release of
growth factors (TGF, platelet derived growth factor, connective tissue growth fac-
tor, connective tissue activating protein), resulting in increased production of col-
lagen, elastin, and glycosaminoglycans [118]. The penetration of a needle through
skin has been shown to produce other physiological effects such as activation of
the diffuse noxious inhibitory control systems [119], as well as oxytocin mediated
peripheral stimulation that inhibits c-fibre discharge to suppress experimental
behavioural nociception in rats [120].

Currently, the immediate relief of chronic pain following needling of surgical
scars is limited to case reports [110], and to date, there is insufficient evidence
to advise on the right time to treat scars after surgery [121]. It will be seen later
that scar identification and release is an integral part of myoActivation therapy for
chronic pain.

2.3 Fascial lines of tension

Fascia is described as “dense irregular connective tissue, this tissue surrounds
and connects every muscle, even the tiniest myofibril, and every single organ of the
body. It forms a true continuity throughout our whole body” [122, 123]. Fascia has
traditionally been named according to the region in which it invests, for example,
thoracolumbar fascia or the iliotibial band. This regional focus is considered to be
a barrier to the understanding the whole-body interconnectivity of fascia [124].
Fascia has both loose and hard fibrous connective tissue components. Loose fascia
functions to help slide and glide between structures and dense fascia exerts a tensile
strength in tissues like tendons. Fascia is a complex structure. It contains cells
(fibroblasts, fasciocytes, myofibroblasts, and telocytes), an extracellular matrix
(fibres, hyaluronan, and water), nerve elements (proprioceptors, interoceptors,
and nociceptors), and a system of microchannels (the primovascular system)

[125]. The contractile elements may contribute to spasms, dysfunction, and pain
[39]. The fasciocytes produce hyaluronan in response to shear stresses [125]. The
fascial fibroblasts produce collagen in response to load and stretching. Telocytes
are probably important in regeneration [126]. Fascia is rich in proprioceptors and
is an essential integrative component in the locomotor apparatus in assessment and
control of human posture and movement organization [70]. Fascia has been nick-
named our organ of form [39, 127, 128]. Techniques are currently being developed
to improve imaging of fascia [129].
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Figure 3.
Proposed myofascial chains (reproduced from Wilke et al. [136], with permission from Elsevier).

Fascia flexibility is reduced following injury and subsequent immobility;
this worsens with time and persists even with restoration of movement [130].
Stretching, however, reduces thickness of inflammatory lesions, reduces migration
of neutrophils, and increases concentration of pro-resolving mediators (resolvins)
[130-134]. It is becoming increasingly clear that fascia has an extremely important
role to play in molecular biology, functional anatomy, exercise, sport science, repair
mechanisms, as well as therapeutic modalities [135]. As myoActivation is associated
with improvements in flexibility and posture, it may well be that one of its effects is
mediated through fascial mechanisms that enable movement and stretch in a more
normal anatomical manner.

Biotensegrity is a structural design concept that defines the relationship between
parts of an organism and the mechanical system that integrates them into a functional
unit. Humans are described as tension-dependent organisms with myofascial chains
(Figure 3) [136]. These myofascial chains enable three-dimensional movement while
continually providing information on balance, stability, and mobility. These chains
often have an opposing chain to help achieve this balance within the MSK system; for
example, a posterior myofascial chain pairs with an anterior myofascial chain.

These chains may well help to explain how some pain presentations at distant
sites, and how myofascial release at distant sites (or opposite sides of the body)
resolve coupled pain presentations. For example, release of the external oblique
muscle in sustained contraction will help shoulder pain, release of tension around
the coccyx will help with neck pain, and/or release of the gastrocnemius/soleus
muscles in sustained contraction relieves occipital headaches.

2.4 The interstitial space

The interstitial space is a major fluid compartment present in many parts of the
body. It contains dynamically compressible and distensible sinuses through which
interstitial fluid flows around the body. It is distinct from, but drains into, the
lymphatic system. In the average human, up to 15 L of extracellular fluid are nor-
mally housed in the extracellular interstitial space. Interstitial fluid (ISF) and flow
is an important element of normal tissue function; it bathes and surrounds cells,
delivers nutrients, and removes metabolic waste [137]. ISF also affects cell signal-
ling, differentiation, remodelling, and migration (giving directional cues to cells)
[138]. The ISF only flows under conditions of low hydraulic resistance. Blockage of
these channels in pigs induces hyperalgesia [139]. Release of tight tissues, following
myoActivation, may help to restore interstitial fluid flow and promote the delivery of
nutrients and removal of metabolic waste of surrounding tissues.
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More research is required to determine exactly which component (muscle,
biomechanics, the interstitium, fascia, skin, scars or a combination of these) is
the major contributor to a chronic pain presentation. The rest of this chapter will
outline the specific details of the basics of myoActivation, which provides the much-
needed standardized process to correctly identify and treat MTPs in priority order,
to reduce chronic pain.

3. myoActivation: detailed methods
3.1 Clinical history

As with all chronic pain presentations, it is important to define the clinical prob-
lem, the main site of perceived pain, with its transition over time, as well as the goals
of treatment for the patient. The focus of a myoActivation history frames the clinical
problem as the Timeline of Lifetime Trauma (TiLT) and the mechanisms of any
injuries reported. TiLT requires careful questioning to determine if there have been
any motor vehicle accidents, fractures, sprains, falls, tailbone injury, major surgery,
minor surgery, burns, bites, or other scars (e.g., chicken pox or acne). The associated
healing process of any scar is essential to determine their significance in the pain
presentation. Infection during a healing process or injuries and scars sustained at a
young age appear to have significant impact. Recreational and occupational activi-
ties with any associated injuries are important components that need to be asked.

An important enquiry in the myoActivation history is to ask the patient what they
consider to be their greatest physical trauma. All these details will be synthesized
with the subsequent examination findings to help determine the true source of pain.

3.1.1 Investigations

Routine imaging investigations are typically not useful to guide myoActivation
treatment. However, reports on imaging studies that are provided with a refer-
ral or by the patient should be reviewed and acknowledged in the encounter
documentation.

3.1.2 Examination

Optimally, the patient has as much skin exposed as possible to allow easier
evaluation of postural asymmetries, fascial lines of tension, skin creases, and for-
gotten scars. Initially, the patient is asked to identify the location of their perceived
pain; this point helps direct the examination and is used as an index for subsequent
treatment effect. Where the patient identifies the perceived origin of pain is rarely
the tissue that is responsible for the true origin of pain. Then, core Biomechanical
Assessment and Symmetry Evaluation (BASE) tests are administered (Figure 4). In
execution of all tests, the clinician is always looking for postural asymmetries.

3.1.3 Balance

The first BASE test is balance. The talus has no muscular attachments and func-
tions as a ball and socket joint around which the skeleton sways depending on the
distribution of myofascial forces (Figure 5). The centre of the body mass is nor-
mally located anterior to the S2 vertebrae in humans. In an erect stance where there
is no significant anatomical postural distortion, the centre of mass or gravity will be
evenly distributed between the feet and over each plantar surface. Therefore, if one
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Core BASE Test Summary
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Figure 4.
The core biomechanical assessment and symmetry evaluation (BASE) tests.

Figures.
Muscle groups that play a part in balancing the upright skeleton.

foot feels heavier than the other, then there is a shift of the centre of mass or gravity
towards that side of the body. For example, if weight is perceived to be more on

the right foot, then there is likely contracted musculature in the right leg “pulling”
the pelvis to the right and shifting the centre of mass to the right. At this time, the
patient is asked to report about the distribution of weight on their feet (i.e., right or
left predominance, towards heels or balls, outside of feet or inside).

At the time of the balance test, the clinician observes postural and position
between the right and left sides reviewing; feet (e.g., pronated, elevated little toe,
clawed toes), knees (e.g., hyperextended or hyperflexed), level of the hips, shoulder
height, any pelvic rotation or tilt, as well as any tilt of the torso or the head. No
abnormality detected (NAD) should also be documented.

This will be the first time the clinician touches the patient and a verbal consent
prior to examination of any asymmetries is pertinent.
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Then, the remaining five core BASE movement tests are performed. These
tests are used to screen a patient’s body for the true origin of pain. BASE tests
compartmentalize the true origin of pain to a defined anatomical region. The
objective in having the patient perform these BASE tests is to identify the most
painful or restrictive BASE test. The most painful or restrictive BASE test identi-
fies the tissues that are the most significant current contributor to perceived
pain. There is a simple elegance to this construct in that each test defines a
specific muscle group or body area. The most painful or restrictive test generally
provides a clear indication of a starting point for treatment when a patient has
multiple sites of pain or widespread pain. Even though the individual BASE tests
are common human movements, the coordinated use of these movement tests to
define anatomical areas that are the true origin of pain is unique. Administering
these core BASE tests is quick, reproducible, and consistent. This is the distinc-
tive feature of myoActivation, which will enable future reliable comparative
research.

* Extension arms raised (EAR): the patient is instructed to bend backwards
from the hips with his/her arms overhead. Wherever pain is perceived by the
patient in this posture, the true source of pain originates in the paraspinal
muscles.

* Extension arms down (EAD): the patient is instructed to arch backwards from
the hips with his/her arms down. Wherever pain is perceived by the patient in
this posture, the true source of pain originates in the abdominal muscles.

* Flexion arms down (FAD): the patient is instructed to flex forward with straight
knees and bend forward to wherever he/she can reach comfortably. The patient
is questioned in regards specifically to pain in the low back. If pain is perceived
in the low back in this posture, the true origin of pain is in the medial gluteus
medius and/or gluteus maximus muscles.

* Squat arms down (SAD): the patient is instructed to squat with their arms
by their side to where he/she can crouch comfortably. If a patient has a very
restricted squat, their technique in performing the squat can be improved by
instructing them to drive their buttocks backwards. A deeper squat will invari-
ably result due to increased pelvic rotation from this manoeuver. Wherever
pain is perceived by the patient in this posture, the true origin of pain is in the
quadriceps or calf muscles. If the pain is perceived to be in the upper leg, then
the quadriceps will be the pain source. If in the lower leg, then the gastrocne-
mius and/or soleus will be the source.

* Squat arms raised (SAR): the patient is instructed to squat with his/her arms
overhead to where he/she can crouch comfortably. Wherever pain is perceived
by the patient in this posture, the true origin of pain is in the hamstrings or
tissues overlying the shin. If the pain is perceived to be in the upper leg, then
the hamstrings will be the pain source. If the pain report is the lower leg, then
the medial tibial fascia or soft tissues will be the source.

In performing these core BASE tests, the patient will subconsciously accomplish
the required movements through accommodation of his/her previous injuries and
joint restrictions. Deviations from normal symmetry often indicate tissue abnor-
malities. Common postural deviations seen in the performance of core BASE tests
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include: shifting of the pelvis, lifting of heels or toes, medial deviation of knees,
shoulder girdle rotation, or asymmetry.

The most restricted or painful of the five movement core BASE tests is the guide
to a starting point for treatment.

If EAR and EAD or SAD and SAR seem to be equivalent/comparable in causing
pain or restriction, then the clinician needs to review lateral muscles and tissues.
For example, comparable EAR and EAD requires testing of the quadratus lumbo-
rum muscles or the three lateral abdominal wall muscles (external oblique, internal
oblique, and transversus abdominis = triceps abdominis). Comparable SAD and
SAR requires testing of the tensor fascia lata, vastus lateralis, and the adductor
muscles (see Table 1 for specific muscles).

Once core BASE tests are complete, there are 55 regional BASE tests used in
myoActivation to assess pain in the head, face, neck, shoulders, and limbs/extremi-
ties. It is beyond the scope of this chapter to outline all these regional tests.

3.1.4 Palpation

The technique of palpation develops with experience, but is not difficult
to learn. A rolling motion is used, applied using both thumbs or index finger-
tips simultaneously, on symmetrical tissues to compare right and left sides.
Differences between right and left may be apparent by the patient’s physical
reaction, patient’s verbal report, and/or by sensory feedback to the examiner from
digital pressure.

The goal in palpation of soft tissues is to identify increased density, which is
painful to the patient and feels different to the clinician when comparing the same
tissue on the other side. In most instances, when increased density of a soft tissue is
identified, the patient will express or react to the noticeable increase in discomfort
or pain associated with palpation of the abnormal tissue. When there are conflicting
results between the results of BASE tests and findings from palpation, the palpation
findings are more important as the indicator of the true source of pain. Where a
patient has a high pain threshold, they may not feel discomfort with palpation. The
clinician may need to rely on clinical experience to identify the palpable sensation
of normal tissue density to identify points in the soft tissues that are outside of the
normal range for distortion with fingertip pressure.

Code BASE test Tissues commonly responsible
BAL Balance
EAR Extension arms raised paraspinal muscles
EAD Extension arms down triceps abdominis/rectus abdominis
FAD Flexion arms down gluteus maximus/gluteus medius
SAD Squat arms down—upper leg pain quadriceps
Squat arms down—Ilower leg pain gastrocnemius/soleus
SAR Squat arms raised—upper leg pain hamstrings
Squat arms raised—lower leg pain medial tibial fascia
Squat arms raised—back pain quadratus femoris
Comparable EAD/EAR triceps abdominis/quadratus lumborum
Comparable SAD/SAR vastus lateralis/tensor fascia lata
adductor magnus/adductor longus
Table 1.

Specific muscles associated with BASE tests.
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3.1.5 Synthesis

At this time, it is helpful to stop and consider the: history of the presenting
complaint, TiLT, most painful or restrictive BASE tests, identified postural anoma-
lies, and notable findings on palpation. This deliberation serves to connect all these
factors to discern the relevant myofascial components of the pain presentation.
Reviewing the cascade of chronological events that have altered the normal ana-
tomical form will help to untangle the multiple sources associated with the present-
ing chronic pain complaint. With experience, pattern recognition will be part of this
process for common conditions like low back pain.

3.1.6 Consent
Written consent should be obtained after informing the patient of associated risks.
3.1.7 Contraindications to needling treatment

Contraindications to a needling-based treatment include current anticoagulant
use, immunocompromised state, needle aversion (trypanophobia), or presyncope.

3.1.8 Treatment anticipation

Patients may be anxious due to needle aversion and anticipation of pain from an
unfamiliar procedure. Offering to provide a trial of a single needle insertion usually
allows the patient to realize that the actual discomfort is less than the anticipated
pain of the needling technique. Use of non-pharmacological and pharmacological
techniques to minimise pain of injection and anxiety are essential [140-143].

3.1.9 Choosing a starting point

Once patients are comfortable with the process, start in the area directed by the
most painful or restricted core BASE test. In anxious patients, consider an easily
tolerated point first. This may be a treatment area that they cannot visualize or a
less sensitive body area such as the gluteus medius. In patients who seem skeptical
or uncertain, begin treatment closer to their perceived source of pain. Alternatively,
start at a site that is guaranteed to make a significant difference in pain and/or
flexibility, such as releasing any scar that is in a tissue area directed by the most
restrictive or painful core BASE test, i.e., considered to have some association with
the presenting problem.

3.1.10 Scars

Scars have significant biomechanical consequences in movement and in the
transmission of forces following a subsequent injury. Abdominal incisions are
major contributors to pain, pain at distant site, and disturbances in function of
internal organs [144, 145]. Inspection of scars for guttering or tethering with
movements helps to determine their significance. Scars with a very high potential
of significance are associated with Caesarean-section procedures, surgical drains,
bone grafts, burns, fasciotomies, chicken pox, and penetrating wounds. Scars with
moderate potential of significance include any incisional or excisional surgical scar,
especially in the feet. Other important scars include immunization scars, or scars
from glass cuts, animal bites, and cystic acne.

Scars can be released by a series of needle insertions through scar tissue.

Release of normal skin adjacent to the scar and palpably dense myofascial tissues
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surrounding the scar will also contribute to reduction of scar-related tension. Wide
scars can be released in a zigzag pattern of needle insertions through the scar tissue.
Release of myofascial tension following scar release is proportional to the degree

of the “biting” sensation felt while undermining the scar. With experience, it will
become apparent that some scars hold emotions related to the traumatic event when
the scar occurred [108]. Release of traumatic scars can induce some remarkable,
involuntary patient emotional responses. Patients need to be pre-warned about

this possible experience. The patient may maintain composure during the clinical
encounter, but subsequently report that the emotional release occurred minutes or
hours after the treatment.

3.1.11 Needling MTPs technique

Palpation of the targeted tissue, based on the core BASE tests, will provide the clinician
with the relevant tissue to release. It is important to release this tissue at the most painful
palpable pain point. Skin antisepsis prior to needling will be dictated by the clinician’s
institutional policy. Needle selection depends on the site to be treated but usually requires
a 30-gauge 25 mm or a 25-gauge 50 mm hollow-bore needle connected to a syringe of
0.9% normal saline.

Common responses to trigger point activation (release) reported by patients
include pain reduction, pain resolution, movement of the pain from the original
site, pain with needle insertion, “biting” (especially with significant scars), burning
(presumed blood flow into a released muscle), muscle twitch, muscle relaxation,
release of tension, or shooting pain down a limb (not related to needling of an
adjacent nerve). All these sensations are positive therapeutic symptoms and merit
acknowledgement. In the uncommon instance where needling results in a muscle
spasm, additional needle insertions are indicated to activate more trigger points.

3.1.12 Tips and tricks to help with tolerating needling techniques

Breathing techniques and other appropriate non-pharmacological techniques should
also be utilized to distract from the needling process [140-142]. At all times, the clini-
cian must observe the patient for any signs of potential light-headedness/presyncope.

3.1.13 Catenated cycles

Catenated cycles (Figure 6) are repeated sequences of BASE testing, palpation,
and needling in each session to unravel the multiple sites of anatomical distortion
contributing to chronic pain. This is an important process as chronic pain, particu-
larly when it has been persistent for years or decades, results from multiple sites or
contributors to the pain pattern. Catenated cycles assist in identifying the various
contributing tissues to the larger pain pattern. Each cycle usually identifies the next
new and different most painful or restrictive BASE test resulting in a new area of
treatment. Poor results from myoActivation will result from only performing an
initial series of BASE tests to find a starting point for treatment and then needling
many tissues without undertaking the catenated cycles.

Catenated cycles demonstrate to the clinician some or all of the following visible
changes in patient movement: increase in joint range, greater range of motion,
increase in speed of movement, increase in ease, smoothness, or fluidity of move-
ment. This provides immediate feedback on treatment.

For the patient, catenated cycles will demonstrate some or all of the following
subjective changes in post-treatment movement: reduction in overall perceived pain
at rest and/or in movement, reduction or a diffusion in the area of pain, shift in pain
location, perception of pain only at end range rather than throughout the range, or a
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Catenated Cycles
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Figure 6.
Catenated cycles, unvavelling pain.

different pain focus altogether at a different location that only becomes perceptible
when the initial painful site has been treated. Another advantage of the catenated
cycles is that the patient has to get up and move after each treatment, which dis-
tracts from any pain resulting from the treatment process.

3.1.14 When to stop

It is optimal to end sessions at a successful end-point. These might include reso-
lution of pain, reduction in pain, improved flexibility, increased fluidity of move-
ment, positive postural changes, or change in the weight distribution of the feet to
being more grounded (even plantar weight distribution). Otherwise, the decision
during treatment to stop further needle insertions is a clinical judgement that is
dictated primarily by the patient’ ability to tolerate the procedure. Fatigue and feel-
ing overwhelmed are not uncommon responses especially during the first treatment
session. Despite receiving written consent, it is always advisable to request ongoing
verbal consent at the appropriate times to ensure the patient is agreeable with ongo-
ing care. An important principle is not to do too much at each session.

3.1.15 Risks

In general, there are very few significant risks associated with myoActivation.
Most common are bruising and short-term muscle pain. The most significant, but
extremely rare complication is potential for a pneumothorax. All clinicians needling
in the neck and thoracic region must be aware of the preventative strategies, and the
symptoms and signs of pneumothorax. Written information should be supplied to
patients detailing: what symptoms to notice, and the contact numbers for help and
an algorithm of appropriate actions if these symptoms occur once the patient has
left a clinical area.

Potential side effects of myoActivation include: sweating, light-headedness/
presyncope, pain from needle insertion, hematoma, muscle spasm, nausea, vomit-
ing, syncope, post-treatment muscle pain [146], pneumothorax, infection, and
failure to respond.
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3.1.16 myoActivation after-care

Instructions following treatment are directed to promote recovery of treated
tissues and prevent symptom regression. Patients are advised to move regularly,
with frequent changes in posture (every 10-15 minutes) while awake in the first
24-48 hours after each treatment. They are also advised to avoid myofascial load-
ing, repetitive exertion, and prolonged postures for 5 days. After this time, they
can start graduated activity. The post-treatment response will be an individualized
experience for each patient. Multiple factors will govern the outcome resulting from
treatment including: degree of sedentary activity in daily life, physical demands in
the workplace, patient age, genetically determined responsiveness of soft tissues,
and the psychosocial factors related to chronic pain.

3.1.17 Number of sessions

It is optimal to schedule 2-3 sessions, 1 or 2 weeks apart, to minimize the need to
do too much at each session, minimize pain following therapy and to help determine
responsiveness. After three sessions, the clinician can determine if there is suf-
ficient positive response to continue. There is a wide range in numbers of sessions
required in positive responders.

3.1.18 Concurrent therapy

Chronic pain is a complex biopsychosocial problem. myoActivation is just one
component of a multidisciplinary care. Most patients benefit from concurrent treat-
ment in collaboration with other health professionals knowledgeable in treatment
of patients living with chronic pain.

4, Case studies

Three cases are presented. Patients 1 and 2 were seen by a family physician with
a focused practice in chronic pain exclusively employing myoActivation. Patient 3
received care from a paediatric pain physician. Assessment and treatment for all
cases primarily involved application of the myoActivation methodology.

4.1 A 31-year-old male with right sciatic and low back pain

A 31-year-old labourer was referred by his family physician for management of
back and right lower extremity pain. He was not using regular prescription analge-
sia medications, but used occasional ibuprofen and marijuana. He had been dealing
with intermittent lower back pain since he was 15.

Eight months prior to this assessment, he “pinched a nerve on the left side
of this body” while lifting a granite countertop. He was off work for 1 month,
participated in a return to work program, and was judged fit for work. He did
not feel ready to return to physical labour and took 3 months off. At the end of
this period (2 months before this visit), he experienced a pinching sensation
in the right buttock while sitting. The symptoms progressed to “sciatic pain” in
his upper back radiating to the right knee. These symptoms dissipated but he
presented with episodic excruciating pain in the right upper buttock radiating
down the right leg. The pain was precipitated by standing, going up stairs, or
starting to walk. He had no symptoms of motor weakness, saddle numbness or
urinary dysfunction.
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TiLT revealed a laceration to the right upper lip from a shovel at age 6 requiring
stitches, multiple sutured lacerations on hands from work as a chef and a chicken
pox scar on right upper lip. He sustained a right ankle injury from a snowboarding
injury aged 15. He had snowboarded for 21 years prior to his work-related back
injury but felt that he would never be able to snowboard again.

Past medical history included a 12-year history of depression with frequent
suicidal ideation. Current antidepressant medications include bupropion and
escitalopram.

Standing posture findings

Pain focus No pain at rest while standing

Postural assessment Feet, no abnormality detected (NAD)

Knees level, hips level

No pelvic rotation or tilt, no torso shift

Left shoulder elevated

Head NAD
Plantar weight distribution Equal weight on feet, lateral edges, central
BASE testing
Extension arms raised Normal range of motion (ROM), pain low back
Extension arms down Normal ROM with no pain
Flexion arms down Limited ROM, pain low back, right more than left
Squat arms down Normal ROM with no pain
Squat arms raised Normal ROM with no pain

Worst BASE test in terms of limited ROM and pain was flexion arms down.

Treatment

Trigger point injections Right gluteus maximus at origin
Post-treatment assessment Normal ROM in flexion arms down
Patient quotes “I am not feeling any pain. It feels nice.”

On the principle of not doing too much especially on the first visit, it was deemed
appropriate to stop at this time. Over the course of the next 28 days, the patient was
seen three times to manage ever diminishing right-sided back and leg pains. Right-
sided jaw and neck pains became more prominent in the patient’s symptomatology
with resolution of his back pain. myoActivation principles and process were followed
using core and regional BASE tests to resolve these issues as well.

On visit 5, 51 days after initial assessment, the patient stated he was doing really
well. Nothing was really troubling him although he was a bit stiff after snowboard-
ing 2 days previously. He remarked his hamstrings were tight, but he was working
on stretching them every day and doing some yoga. He did, however, snowboard
for a half-day and then a full day. He told himself he would go easy, but was able to
snowboard without limitation. He reported that to have the confidence in his body
and be able to snowboard was important for him as it was very meditative and his
escape. His also reported that his mood had significantly improved. No treatment
was necessary on this visit and the patient was discharged.
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4.2 A 42-year-old female with fibromyalgia and chronic fatigue syndrome
4.2.1 Visit 1

A 42-year-old hospital kitchen worker was referred by her family physician for
fibromyalgia and chronic fatigue syndrome. She had been receiving out-patient
care (assessment, investigations (MRIs, X-rays, bone scan) and therapy) through a
hospital-based complex chronic diseases programme. She had completed an online
programme for pain self-management strategies at a local university, which she
found tremendously helpful.

The patient described the onset of pain symptoms 15 years previously
following a tooth extraction with subsequent infection. She had a pain and
fatigue crisis 3 years previously from which she was unable to get out of bed for
4 months. She reported that currently she has had widespread symptoms includ-
ing; gastrointestinal upset, brain fog, left temporomandibular joint dysfunction,
nerve issues, right-sided migraines, central posterior neck pain, and bilateral
scapular pain, left greater than right. A diagnosis of fibromyalgia and chronic
fatigue syndrome was made 2 months prior to this visit. She is on long-term
disability.

TiLT revealed that at age 10, she had been launched over the handle bars of her
bicycle breaking an upper front tooth. Again, at age 10, she fell onto her tailbone
requiring her to sit on a donut for a prolonged time after injury. At age 11, she
rode a bike that was too big for her and injured her right knee from repetitive
movement. She had bilateral knee scars from childhood injuries, right forearm
burns from cooking, and a scar from a cut in the mid back from an exploding
soda bottle, aged 12.

Past medical history revealed that she had had previous surgeries including
dental and a lower segment C-section (LSCS). The patient reported post traumatic
stress disorder related to severe pain during her LSCS due to inadequate analgesia
from her epidural. Other relevant past medical issues included Hashimoto’s thy-
roiditis, postural orthostatic tachycardia syndrome, irritable bowel syndrome, and
fibromyalgia.

Current medications Synthroid, naltrexone, acetaminophen with codeine

Standing posture findings

Pain focus Left scapula

Postural assessment Feet NAD

Knees level, hips level

No pelvic rotation or tilt, no torso shift

Right shoulder elevated
Head NAD

Plantar weight distribution More weight on left foot, medial sides, heels

4.2.1.1 Catenated cycle 1

The TiLT identified a significant tailbone injury in childhood. Clinical
experience has demonstrated that tethering of soft tissues overlying the
coccyx results in a significant biomechanical distortion. Therefore, in this case
the first test indicated is sacrococcygeal palpation.
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BASE testing
Palpation findings Exquisitely tender in midline over coccyx
Treatment Fascia over coccyx

4.2.1.2 Catenated cycle 2

BASE testing

Extension arms raised

Severe ROM limitation with left shoulder pain

Extension arms down

Moderate ROM limitation, left shoulder pain

Flexion arms down

Moderate ROM limitation with pain lower back

Squat arms down

Moderate ROM limitation with pain calves

Squat arms raised

Severe ROM limitation with pain thighs

Palpation findings

Palpable pain points C5-T11, left more than right

Treatment

Bilateral paraspinals from C6 to T12

4.2.1.3 Catenated Cycle 3 and Cycle 4

BASE testing

Extension arms raised

Severe ROM limitation with left shoulder pain

Extension arms down

Moderate ROM limitation, left shoulder pain

Flexion arms down

Moderate ROM limitation with pain lower back

Squat arms down

Moderate ROM limitation with pain calves

Squat arms raised

Severe ROM limitation with pain thighs

Palpation findings

Palpable pain points C5-T11, left more than right

Treatment

Bilateral paraspinals from C6 to T12

Extension arms raised

Mild ROM limitation with left shoulder pain

Extension arms down

Moderate ROM limitation with left shoulder pain

Flexion arms down

Moderate ROM limitation with pain lower back

Squat arms down

Moderate ROM limitation with pain calves

Squat arms raised

Moderate ROM limitation with pain thighs

Straight arm pinch

Limited range in left shoulder

The straight-arm pinch BASE test specifically assesses restriction in scapular

mobility from sustained contraction of the ipsilateral serratus anterior muscle.

Palpation findings Palpable densities overlying left ribs 4-6 between anterior and
posterior axillary lines
Treatment Left serratus anterior

4.2.1.4 Post-treatment assessment
Decreased lower back pain and left posterior shoulder pain. Increased ease

and range in flexion arms down, extension arm raised, extension arms down, and
straight-arm pinch.
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4.2.1.5 Patient quotes

“That’s crazy!” “I feel so light!”
4.2.2 Visit 2 (7 days after visit 1)

The patient reported she had had a rough week, with soreness and pain for about
5 days, especially from the injection over the coccyx. She felt her pain pattern was

different. She felt lighter but was still feeling brain fog. The left shoulder blade felt
stiff but not painful.

Standing posture findings

Pain focus Head pressure

Postural assessment Feet NAD

Knees’ level, hips’ level

No pelvic rotation or tilt, no torso shift

Shoulders’ level

Head NAD

Plantar weight distribution Equal weight on feet, medial sides, heels

4.2.2.1 Catenated cycle 1
BASE testing
Extension arms raised Mild ROM limitation with pain lower back
Extension arms down Moderate ROM limitation with pain lower back
Flexion arms down Normal ROM with no pain
Squat arms down Normal ROM with no pain
Squat arms raised Normal ROM with no pain
Treatment C-section scar

4.2.2.2 Post-treatment assessment
Decreased brain fog. Increased ease in ambulation.
4.2.3 Visit 3 (14 days after visit 1)

She has not had any pain in her neck or shoulder. Right knee was biggest
problem.

Standing posture findings

Pain focus standing No pain at rest while standing

Postural assessment Feet NAD

Knees’ level, hips’ level

No pelvic rotation or tilt, no torso shift

Shoulders’ level

Head NAD

Plantar weight distribution Equal weight on feet, central, balls of feet

169



From Conventional to Innovative Approaches for Pain Treatment

4.2.3.1 Catenated cycle 1

BASE testing

Extension arms raised

Moderate ROM limitation with fatigue in right lower back

Extension arms down

Severe ROM limitation with fatigue in right lower back and neck

Flexion arms down

Limited ROM with pain in low back

Squat arms down Normal ROM with no pain

Squat arms raised Normal ROM with no pain

Palpation findings Palpable tender density in right external oblique muscle
medial to anterior superior iliac spine (ASIS)

Treatment Right external oblique

4.2.3.2 Catenated cycle 2

BASE testing

Right lateral arch Mild ROM limitation with right low back pain

Left lateral arch Mild ROM limitation with hip tension

[The lateral arch BASE test specifically assesses vestriction in pelvic mobility from
sustained contraction of the ipsilateral iliopsoas muscle].

Palpation findings Exquisite tenderness to light palpation of the right iliopsoas
tendon in the femoral triangle
Treatment Right iliopsoas

4.2.3.3 Post-treatment assessment

Decreased lower back and flank pain. Increased ease in ambulation, extension
arms raised, extension arms down, and lateral arches.

4.2.4 Visit 4 (50 days after visit 1)

She had a lot more mobility since the last visit with no significant pain other than
the right knee. She had not had a migraine in several weeks.

Standing posture findings

Pain focus standing Right knee

Plantar weight distribution Equal weight on feet, medial sides, heels

4.2.4.1 Catenated cycle 1

BASE testing

Extension arms raised

Moderate ROM limitation, pain in quadriceps

Extension arms down

Moderate ROM limitation, pain in right knee

Flexion arms down Normal ROM with no pain
Squat arms down Normal ROM with no pain
Squat arms raised Normal ROM with no pain

Palpation findings Palpable tenderness and density in right external oblique
inferomedial to ASIS
Treatment Right external oblique
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4.2.4.2 Post-treatment assessment

Decreased right knee pain. Increased range in extension arms raised, extension
arms down, and lateral arch BASE tests as well as ease in ambulation.

4.2.5 Follow-up (294 days after visit 1)

The patient reported significant improvement in all her symptoms. Previous
blinding aura migraines occurring 2-3/week were now reduced to mild aura
migraines 1-2/month. She had full resolution of her neck pain at the base of her
skull (pain previously scored at 7-10/10), her coccygeal pain (previously 2-4/10),
and hip pain (previously 6-8/10). She reported significant reductions in her left
scapular pain (previously 6-8/10, now 2-6/10) and right knee pain (previously
4-7/10, now 2-4/10). She was also experiencing improved cognitive function,
improved focus and reduced sensitivity to light and sound.

4.3 Paediatric case study: low back pain

A 4-year-old girl was referred to a paediatric complex pain clinic by her neu-
rosurgeon with a 2-year history of low back pain. Her mother reported that her
daughter’s pain started approximately 1 month following lumbosacral dermal
sinus tract surgery. There had been no obvious pain prior to surgery. Her pain was
focused in the midline from level of T12 to sacrum. The pain was variable but worse
towards end of day, early evening, and night-time. The pain was associated with
her being “cranky and irritable”. Relief was gained with heat, necessitating many
hours per day in a warm bath. The pain was aggravated by swimming, sitting and
cold weather, but there were no issues with walking. The pain was not relieved by
acetaminophen or ibuprofen. There were no scoliosis, no motor deficits, and no
urinary or bladder issues.

In the past medical history, there had been no motor vehicle accidents, no
fractures or other trauma, no falls on the coccyx/tailbone, and no other surger-
ies. The only scar was that related to her dermal sinus surgery. In response to
the question “What has been her greatest physical trauma?” the answer was her
dermal sinus surgery with a minor delayed healing of a part of the wound. The
child was born at term by normal spontaneous vaginal delivery following a nor-
mal pregnancy. There were no other health issues, no allergies, and no current
medications.

The lumbosacral dermal sinus tract excision surgery was uncomplicated,
followed by an uneventful recovery and discharge from hospital 3 days postopera-
tively. Recent investigations included blood work, X-rays, and an MRI of the spine:
all reported to be normal. Neurological, neurosurgical, and orthopaedic consulta-
tions revealed no abnormality to explain her ongoing pain.

The child was 22 kg and very active and clingy to her mother. She was
reluctant to be examined, but interestingly was keen to participate in the core
BASE tests as long as she was copying her mum. Pain site was as reported in the
history.

Standing posture findings

Pain focus Low back
Postural assessment Hips level, shoulders level
Plantar weight distribution Patient unable to differentiate
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BASE testing

Extension arms raised Mildly ROM with pain low back

Extension arms down Normal ROM with no pain

Flexion arms down Limited ROM with pain low back, right greater than left
Squat arms down Normal ROM with no pain

Squat arms raised Normal ROM with no pain

The worst BASE test in terms of limited ROM and pain was EAR and FAD.

It was not possible to determine the weight distribution on the feet. The core
BASE tests that appeared to be most restricted were EAR and FAD; the most painful
of these was EAR. The child was able to perform the other core BASE tests with no
apparent difficulty. The surgical scar over her sacral area was well healed, but the
mid portion of it had a 2-cm wider part that had presumably been the site of the
reported delayed healing. There was no tenderness over the coccyx.

The examination revealed no obvious abnormality other than the scar in the
midline and a right paraspinal muscle in sustained contraction.

The child was started on magnesium bisglycinate, vitamin K2, and vitamin D3.
Three weeks later, scar release and right paraspinal release were performed under
general anaesthesia. At follow-up, 4 months after initial assessment, the child was
pain free and active in dance.

5. Discussion
5.1 How does myoActivation work?

myoActivation is a process that enables the clinician to connect or link the
patient’s TiLT with the myofascial findings on examination. The targeted myofascial
activations appear to restore the biomechanical, neuroendocrine, and autonomic
balance to reduce chronic pain. Research is required to determine which compo-
nents of the myofascial system are really important in making the observed changes
seen following myoActivation.

5.2 What makes myoActivation different?

A distinctive and foundational principle of myoActivation is that the perceived
site of pain is often not the source of pain. myoActivation constitutes a paradigm shift
in how to take a pain history and examine a patient with chronic pain.

The history focuses on a TiLT, including surgery, motor vehicle accidents,
fractures, scars, and injuries. It highlights the importance of scars as contributors
to chronic pain, especially scars inflicted at a young age or associated with poor
healing. It relies on excellent clinical acumen to observe postural abnormalities and
skeletal asymmetries, and to locate palpable painful points that help guide therapy
as illustrated in the cases presented.

Standard structured BASE tests are used to distinguish significant fascial or
muscle trigger point contributors to chronic pain. This structured assessment
and treatment is reproducible and therefore a unique framework to perform
comparative research. A synthesis of pertinent findings connects the dots that link
the patient’s TiLT with the myofascial findings, looking at the patient as a whole
biomechanical structure and not as segmented symptomatic parts.

Needling is performed with hollow bore needles, with a cutting tip, which is utilized
to target and release scars, fascia in tension and PPPs in muscles; therefore, it is not the
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same as classical intramuscular stimulation (IMS), traditional Chinese acupuncture,
western medicine acupuncture, prolotherapy, or dry needling targeted at the site of pain.
Immediate changes occur such as decreased pain, improved flexibility and improved
fluidity of movement, which are easily demonstrated with the repetition of BASE tests.

Even if a needling technique is not used, for example in children or in individu-
als with needle aversion, the myoActivation TiLT, assessment, and examination can
be used to determine if there is a myofascial component to chronic pain and direct
patients to non-needling therapies such as physiotherapy and massage.

myoActivation uses catenated cycles of intervention and reassessment of baseline
tests to unravel the important muscle groups and fascial tensions contributing to
the particular pain problem, then repeats baseline tests to highlight the next bio-
mechanically significant tissue in tension. It typically requires 2-5 myoActivation
sessions to get to the treatment goal of improved flexibility and reduced pain or
resolution of pain.

myoActivation can be used to reduce pain in different pain populations for a vari-
ety of different pain conditions. It can cause an emotional release, fatigue, sense of
lightness, or well-being at the time of myoActivation. It restores hope to patients as it
provides an answer to the cause of years of pain. It provides a tool in the toolbox for
clinicians, which is low cost, effective, and does not require specialized equipment
or imaging. It can be easily incorporated into primary care practice and, therefore,
not subject to tertiary care waitlists. However, to be effective, it does need to be
applied by an appropriately trained clinician.

myoActivation as an effective tool means the clinician does not have to rely on
pharmaceutical analgesic agents for myofascial pain. Pain resolution and its effects
on improved function, and ultimately mood, enables weaning of established
analgesia medications, including opioid medications.

5.3 What is the future of myoActivation?

With its low cost and no requirement for resource-intensive clinical investiga-
tions, myoActivation has the potential to support the movement for “winding back
the harms of too much medicine” [147]. However, for that to happen, we need to
develop programmes of research and training and to address the barriers of awareness,
availability, and accessibility [43].

Demonstrating a firm evidence base for the perceived benefits of myoActiva-
tion will ultimately require prospective research studies, including multi-centre
clinical trials [148]. Many questions remain about mechanism of action, spe-
cific approaches in different populations, benefits of integration with other
therapeutic techniques, timing of myoActivation, and integration with other
management techniques. In the meantime, we must rely on patient voices, case
studies, audit through patient registries (where myoActivation has been delivered
by accredited personnel), population-based, case-controlled studies [149] and
N-of-1 studies, especially considering the diversity of chronic pain presentations
in the population [150].

Clinicians will need to be trained in the art of determining palpable pain points
and to learn myoActivation before they can fully incorporate this process into their
everyday practice. A core group of myoActivation faculty, led by Dr. Siren, is devel-
oping a programme for training and dissemination of myoActivation. Assessment
and treatment strategies often begin as local initiatives and are developed into widely
accepted standards for care; for example, Managing Emergencies in Paediatric
Anaesthesia started in one centre in the UK [151], but is now an internationally rec-
ognized course teaching a standard approach worldwide [152, 153]. Other examples
include Advanced Cardiac Life Support and Advanced Paediatric Life Support [154].
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6. Conclusion

In the face of the burden of chronic pain, including its economic impact, it is
imperative to establish new and effective tools to minimize the impacts of this con-
dition. Early intervention is key to success in managing chronic pain. This requires
that a tool be available, accessible, and affordable to community clinicians. The
current opioid crisis and limited therapeutic effectiveness of many pharmaceutical
agents in chronic pain necessitate a different approach.

This chapter has described the core assessment and therapeutic process of a
novel technique to manage myofascial components of chronic pain. myoActivation
is structured and reproducible, with a high benefit to risk ratio. It can be applied to
many different chronic pain presentations and different age groups.

Clinicians will need to be trained to successfully incorporate core and regional
components of myoActivation into their practice. We hope that this chapter will be
an incentive for clinicians to learn more about this system of care. It is clear from
experience that this is an effective approach and brings a much-needed tool into
the toolbox for chronic pain, which, so far, has evaded an efficacious therapeutic
modality.

“In departing from any settled opinion or belief, the variation, the change, the
break with custom may come gradually; and the way is usually prepared; but the
final break is made, as a rule, by some one individual, [...] who sees with his own
eyes, and with an instinct or genius for truth, escapes from the routine in which his

fellows live”
Sir William Osler, 1849-1919.
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Food-Derived Opioids: Production
and the Effects of Opioids on
Human Health
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Abstract

Traditional opioids have been used for the people who suffer from cancer, burns,
surgery, HIV/AIDS, and other serious illness pains for years. However, numerous
side effects like dizziness, apnea, physical dependence, tolerance, addiction, nau-
sea, and vomiting push the researchers to look forward to the new opioid options.
The opioid peptides which derived from foods provide significant advantages as the
safe and natural alternative. The researchers reported that it is also promising a new
functional food and nutraceutical. In this chapter, the type of food-derived opioids,
their origins, possible receptors, their amino acid sequences, opioid effects, produc-
tion techniques, and health benefits are reviewed.

Keywords: food opioids, exogenous opioid peptides, bioactive peptides

1. Introduction

Opioids have been acting on endogenous and exogenous opioidergic systems
of the human. Endogenous opioids are generated in the human body. The system
consists of mu (), delta (8), kappa («), and nociception receptors (Figure 1) and
their ligands (B-endorphins, enkephalins, dynorphins, and nociceptin/orphanin
FQ) [1, 2]. The amino acid sequence of these opioids is almost the same as YGGF,
except nociception/orphanin FQ [3].

Exogenous opioid peptides can bind act like endogenous. The most popular
sample of exogenous opioids is morphine. It is a strong opioid isolated from plants
and produced synthetically [3]. The chemical structure of morphine consists of a
benzylisoquinoline alkaloid with two additional ring closures (Figure 1). Morphine,
in both injectable and oral fast-acting formulations, can be used for acute and
chronic pain and acts directly on the central nervous system (CNS). The most com-
mon application area is pain due to cancer, burns, surgery, HIV/AIDS, and other
serious illnesses [4].

During the past two decades, morphine consumption reached almost record
level 523 tons in 2013 followed by codeine and thebaine as 361 tons and 246 tons,
respectively. The United States was the leader with 57.3% of global morphine
consumption and followed by European countries (22.5%) and Canada (7.7%) [5].

Increasing of morphine and/or other opioid consumption has parallel
increases in opioid overdoses. Because of the adverse effects of the exogenous
opioids on human health such as dizziness, apnea, physical dependence, toler-
ance, nausea, vomiting, and addiction, interest in morphine-like food-derived
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Opioid
)
Blood
Brain o receptor p-receptor -receptor
(a) (b)
Figure 1.
(a) Chemical structure of morphine, (b) The opioid receptors in human body.
Opioid peptide Source Amino acid Opioid  Opioid effect Reference
sequence receptor
f-casomorphine-4  p-Casein/milk YPFP i Opioid agonist [6,7]
fB-casomorphine-5  p-Casein/milk YPFPG i Opioid agonist [6,7]
B-casomorphine-6  p-Casein/milk YPFPGP i Opioid agonist [6,7]
fB-casomorphine-7  p-Casein/milk YPFPGPI i Opioid agonist [6,7]
Lactoferroxin A Lactoferrin/milk YLGSGY 1 Opioid antagonist [8, 9-11]
Lactoferroxin B Lactoferrin/milk RYYGY K Opioid antagonist [8,9-11]
Lactoferroxin C Lactoferrin/milk KYLGPGY K Opioid antagonist [8,9-11]
a-Lactorphin a-Lactalbumin/milk ~ YGLF p Opioid agonist [12,13]
p-Lactorphin p-Lactoglobulin/milk ~ YLLF 1 Opioid agonist [12,13]
Casoxin A k-Casein/milk YPSYGLN i Opioid antagonist [6, 14, 15]
Casoxin B k-Casein/milk YPYY 1 Opioid antagonist [6, 14, 15]
Casoxin C k-Casein/milk YIPIQYVLSR i Opioid antagonist [6, 14, 15]
Casoxin D a-Casein/milk YVPFPPF 1 Opioid antagonist [6,14, 15]
Serorphin Bovine serum protein  YGFQNA 5 Opioid agonist [16,17]
Hermorphin Hemoglobin YPWT 1 Opioid agonist [16,17]
Gluteomorphine Wheat protein GYYP 5 Opioid agonist [6,18]
A4
Gluteomorphine Wheat protein GYYPT 5 Opioid agonist [6,18]
A5
Gluteomorphine Wheat protein YGGW ) Opioid agonist [6,18]
B4
Gluteomorphine Wheat protein YGGWL ) Opioid agonist [6,18]
B5
Gluteomorphine Wheat protein YPISL ) Opioid agonist [6,18]
5
Gluteomorphine7 ~ Wheat protein YPQPQPF 8 Opioid agonist [6, 18]
Soymorphine-5 Soy protein YPFVV u Opioid agonist [19-21]
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Opioid peptide Source Amino acid Opioid  Opioid effect Reference
sequence receptor
Soymorphine-6 Soy protein YPFVVN n Opioid agonist [19-21]
Soymorphine-7 Soy protein YPFVVNA i Opioid agonist [19-21]
Rubiscolin-5 Spinach protein YPLDL ) Opioid agonist [22-24]
Rubiscolin-6 Spinach protein YPLDLF 8 — [22-24]
Oryzatensin Rice protein GYPMYPLPR Opioid antagonist [8, 25, 26]
Ovalulin Ovalbumin/egg YPLDLF S — [8,9-11]
Table 1.

Food-derived opioid peptides, amino acid sequences, opioid receptors, opioid effects, and production method.

opioid peptides, exorphins, has been increased by researchers. Exorphins are
generated from exogenous proteins, such as milk, meat, cereal, plant, or egg by
enzymatic digestion [3, 8]. They across the blood-brain barrier, interact with opi-
oid receptors, and stimulate analgesic activity and sedative effect on the nervous
system. Most of the food-derived exorphins were tested for the opioid activity,
and amino acid sequences were identified. The results showed that the exorphins
generally have a tyrosine (Tyr; Y) residue at the amino terminal end (except
a-casein opioids) (Table1).

On the other hand, due to the lack of digestive enzymes in some people and
their sensitivities on opioids, food-derived opioid peptide consumption might be
involved in some important diseases. For example, the increase in p-casomorphin
formation from p-caseins of either human or cow milk has a correlation with
the sudden infant death (SID) syndrome [27, 28]. After the penetration of
p-casomorphins into the infants’ immature central nervous system, the respira-
tory center in the brain stem may be inhibited, resulting in breathing abnormality,
hypercapnia, apnea, and mortality [29]. Moreover, in atopic eczema (a relapsing
skin disease prevalent on infants’ face, knees, and elbows), induced immune cells
form B-casomorphin from breast milk f-caseins, resulting in histamine secre-
tion that causes allergic skin reactions. The reason for this is the lack of DPPIV
enzyme which is negatively correlated with the amount of $-casomorphin [30].
The DPPIV enzyme is also effective on autistic children on the treatment of some
symptoms (e.g., insensitivity to pain, digestion problems, attention problems)
which are caused by the effects of f-casomorphins and gluteomorphins [31].
p-casomorphins may also cause depression which is a significant risk factor for
cardiac patient men [32].

2. Bioactive peptides and generation of the opioid peptides

Food proteins provide numerous important biologically active peptides. These
peptides can be released by gastrointestinal digestive enzymes during digestion,
ripening processes or fermentation with proteolytic starter culture and hydrolyz-
ing with commercial protease derived from microorganisms or plants [6, 33].
Many recent articles have been focused on the effect of bioactive peptides on
human health. Generally, these peptides are known as specific peptide fragments
that have a positive effect on human body systems, functions, and conditions
depending on their amino acid composition and sequence [7, 34]. Oral adminis-
tration of the bioactive peptides may affect the nervous, cardiovascular, immune,
and digestive system. Opioid peptides are one of the most studied bioactive
peptides (Figure 2).
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Generation of bioactive peptides from foods and opioids.

3. Opioid peptides derived from animal protein

Because of the protein structures, milk proteins (80% casein; aS1-casein,
aS2-casein, B-casein, and k-casein and 20% whey protein; a-lactalbumin,
B-lactoglobulin, serum albumin, immunoglobulins, and lactoferrins) have a
great potential to occurrence of opioid peptides by fermentation, heat treat-
ment, or enzymatic hydrolysis [35, 36]. Hydrolysis of these milk proteins lead
to generate peptides that may have opioid activity. The milk-derived opioids
have been named as p-casomorphins (f-casein), lactoferroxins (lactoferrin),
casoxin (k-casein, a -casein), a-lactorphin (a-lactalbumin), and p-lactophin
(B-lactoglobulin) [9, 37]. p-casomorphins, the milk origin opioid peptides, were
firstly detected in the infant’s gastrointestinal system and blood plasma [10].
Then, the same structure was found in raw, processed sheep, buffalo, and human
milk and fermented dairy products. The f-casomorphin group derived from
B-casein consists of short-chain peptides such as f-casomorphin-4,-5,-6, and-7,
and they act as opioid agonists on p-type opioid receptors [9-11]. Researchers
indicated that f-casomorphin is responsible for the calming effect of milk and
stimulation of insulin and somatostatin release [12].

Lactoferrin is an iron-binding glycoprotein and known as a whey protein. It
can be found not only in milk but also in secretion fluids such as tears, saliva, and
synovial fluids. Lactoferrin is involved in many biological activities in human-like
antimicrobial and anti-inflammatory effects and stimulating iron absorption [13].
After digestion, lactoferroxin A, B, and D forms are produced (Table1). While
lactoferroxins B and C act as an opioid antagonist to the k-type receptor, lactofer-
roxin A acts opioid antagonists on p-type opioid receptors. All lactoferroxin forms
have weak opioid activities [8, 14-16].

a-lactorphin and B-lactorphin are derived from a-lactalbumin (bovine and
human) and B-lactoglobulin (bovine), respectively. These two lactorphins are
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opioid agonist to the p-type receptor; they inhibit the angiotensin-converting
enzyme activity (ACE) and have been shown to have a smooth muscle contracting
effect [17, 38].

All x-casein fragments are known as casoxins that are produced by digestion of
bovine casein with pepsin and trypsin. Casoxins A, B, and C were obtained from
K- casein by the enzymatic digestion, and casoxin D was produced from a-casein in
bovine milk. Casoxins are the opioid antagonist to p-type receptor-like lactoferrins,
and casoxin C have the highest biological potency, and researchers reported that it
can inhibit the ACE activity [9, 39, 40].

Other opioid peptides from animal sources are serorphin, historphin, valentor-
phin, kapporphin, hemorphin, and ovalulin. Serorphin has a §-type opioid receptor
ligand with agonist activity and generated from bovine serum proteins by digestion
with pepsin. Historphin (YGFGG) and valentorphin (YGFIL) are structurally
similar to the serorphin which are derived from histone H4 and carboxypeptidases
A and B, respectively. An effective opioid on peristaltic movement, bladder spasm,
and pain management, hemorphin is derived from digested hemoglobin, passes
the blood-brain barrier, and acts as an opioid agonist to p-type receptors [41, 42].
Researchers have reported that there is very limited knowledge about the last two
opioid peptides: ovalulin and kapporphin. The origin of ovalulin is ovalbumin that
is an egg protein and synthesized as a homolog of rubiscolin (spinach opioid) [43].
Kapporphin (YSFGG) is derived from immunoglobulin k-chain [18].

4. Opioid peptides derived from plant/cereal protein

Among the possible opioids in plants, the major opioids are gluten exorphins
(gluteomorphins, gliadorphins) that consist of a combination of gliadin and glutenin
proteins and are found in some grains such as wheat, rye, barley, and oats. Studies
have shown that gluteomorphins act as opioid agonists on 8-type opioid receptors and
consist of gluteomorphin A4, A5, B4, B5, C, and 7. These are resistant to the intestinal
and enterobacterial proteinases, cross the human intestinal epithelium, enter the
bloodstream, and interfere with the central nervous system [9, 43-47]. Gluteomorphin
A5 has been associated with antinociceptive effect and modulation of memory
process and affects peripheral nervous system and central nervous system. Takahashi
etal. [19] and Fanciulli et al. [44] revealed that gluteomorphin B5 induced prolactin
secretion after peripheral injection in rats. Gluteomorphin C reduced anxiety and
developed learning ability after consumption [9]. Casomorphins and gluteomorphins
are associated with autism spectrum disorder because these opioid peptides found in
the urine samples of autistic patients and removing casein and gluten proteins from
autistic children’s diet may improve learning abilities, concentration, attention and
language problems, eye contact, and digestion problems [21, 31].

Soy protein is one of the widely used cereals in foods for gelation, emulsifica-
tion, and viscosity [3]. Soymorphins are derived from the soybean p-conglycinin
p-subunit by digestion with pancreatic elastase and leucine aminopeptidase and act
as opioid agonists’ anxiolytic-like activity on p-type opioid receptors. The opioid
activity of the soymorphin is twice than p-casomorphin. Soymorphin fractions
consist of soymorphin-5, soymorphin-6, and soymorphin-7 had anxiolytic effects
with oral administration at doses of 10-30 mg/kg in mice [23]. Oral administration
of soymorphin suppresses food intake, especially soymorphin-7 which is more
effective in suppressing food intake than soymorphin-5 and soymorphin-6 [24].
Soymorphins inhibit anxiety and overeating and are also effective on glucose and
lipid metabolism. Soymorphin-5 associated with decreasing triglycerides both the
plasma and liver in diabetic mice [25].
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Rubiscolins are derived from spinach protein by digestion with pepsin.
Rubiscolin-5 and rubiscolin-6 are opioid agonist to 8-type receptor. Oral adminis-
tration at different doses of rubiscolin-6 may have an analgesic effect and anxiolytic
effect and stimulate food intake and memory consolidation in mice [26, 48, 49].

Oryzatensin is derived from digestion of rice albumin with trypsin and acts as
opioid antagonists on p-type opioid receptors, and also oryzatensin has an affinity
to C3a receptors and immunomodulating activities [8, 50, 51].

5. Production of food-derived exogenous opioid peptides

Although food sources do not exhibit opioid activity in their own right, the
peptide products of the proteins of these foods can exhibit opioid activity. For the
efficient production of opioids by using food proteins as substrate, three different
production methods were mentioned: chemical digestion, enzymatic gastrointesti-
nal or commercial hydrolysis, and microbial production.

5.1 Chemical digestion

On the purpose of improving protein digestion and peptide formation, acid
hydrolysis is applied to food protein-rich substrate. For cheeses (e.g., Mozzarella),
the profile of produced bioactive peptide might be affected from the type of acid
used for hydrolysis [52]. Conventional conditions for acid hydrolysis (6 M HCI
treatment at 110° C for more than 24 h) can cause the destruction of amino acids
(e.g., tryptophan) [53]. On the other hand, in the food industry, alkali treatment is
quite rarely applied for protein hydrolysis because of the loss of protein digestibility
[52] and it can reduce arginine, cystine, serine, threonine, lysine, and/or isoleucine
content and form unexpected amino acid residual forms such as lanthionine or
lysinoalanine. Because of the difficulty of controlling chemical processes and yield-
ing products with modified amino acids, the other treatment methods (enzymatic,
fermentation) are preferred in bioactive peptide productions [53].

5.2 Enzymatic hydrolysis

A common way to produce opioid bioactive peptides is enzymatic hydrolysis,
and the production of opioid peptides via enzymatic hydrolysis is mostly carried
out by using microbial enzymes (e.g., thermolysin, alcalase) and gastrointestinal
enzymes (e.g., trypsin, chymotrypsin, pepsin, and pancreatin) [54-56]. In some
studies, an increase in opioid activity was reported by using a combination of
gastrointestinal enzymes and microbial enzymes [54, 55]. Moreover, the compo-
nents of these combinations are also significant in opioid types and concentrations.
For example, food proteins are hydrolyzed by pepsin to produce opioids. Besides,
pepsin-thermolysin combination produces gluten exorphins A5, B5, A4, and B4,
while trypsin-chymotrypsin-pepsin hydrolysate forms gluten exorphin C [54, 55].
The pepsin-elastase hydrolysate, with its 250 pg/g concentration, has almost 5 times
higher gluten exorphin A5 concentration than pepsin-thermolysin hydrolysate
(40 pg/g) [57]. Soymorphin-4 and soymorphin-5 are released from soy protein
by the activity of elastase and leucine aminopeptidase; however, soymorphin-6 is
released by pepsin and pancreatic elastase activity [43]. Enzymatic hydrolysis is
carried out by the following method regardless of the food protein used (Figure 3):
preparation of raw material for enzymatic hydrolysis (size reduction, etc.), homog-
enization in buffer, temperature, and pH adjustment to the optimum values of the
enzyme, and hydrolysis of food product by enzyme (ultrasonic-assisted hydrolysis
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Flow diagram to produce bioactive opioids.

for low molecular weight peptide production) [58, 59]. After inactivating or sepa-
rating enzymes from hydrolysate, bioactive peptides are separated from the non-
product residuals (e.g., lipids and precipitate) by centrifugation and decantation,
subsequently fractionated (e.g., ultrafiltration, nanofiltration, electrodialysis), and
then stabilized (e.g., spray drying) [60-62].

For producing desired peptides, using a proper enzyme and optimizing reaction
conditions (e.g., time, pH, amount of the enzyme, temperature) are highly important
[62]. For example, thermolysin enzyme obtained from Bacillus thermoproteolyticus
has an optimum activation temperature range between 65 and 85°C and optimum pH
between 5 and 8.5, while Bacillus licheniformis alcalase is active around 50°C and pH 8.

5.3 Microbial production

The use of protease-secreting microbial strains is an alternative method for
chemical proteolysis and enzymatic hydrolysis for hydrolysis of food protein-rich
substrates [63]. Enzymes secreted from microorganisms depending on the type of
microbial production provide the secretion of opioids by hydrolyzing a protein-rich
substrate [9]. The peptides produced during fermentation exhibit a high bioactivity
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and better opioid functions. For the fermentation of protein-rich sources to pro-
duce bioactive peptides, Lactobacillus is one of the most widely employed genera
[9-26, 38-63]. Due to the use of lactic acid bacteria, protein-rich substrates become
acidified because of lactic acid production. Lactic acid existence in the production
media provides a microbiologically safe environment for production and extent
shelf life of the opioid product because of the organic acid feature of lactic acid [63].
Lactobacillus helveticus L89 X-prolyl dipeptidyl aminopeptidase (Pep X)-deficient
mutant strain was used for milk fermentation to produce p-casomorphin-4 [64].

Enzymatic proteolysis of Lactobacillus GG-fermented ultra-high temperature
milk substrate by pepsin and trypsin resulted in the release of some opioid sequences
(RYLGYLE, YPFP, YPFPGPIPNSL, YGLF) [65]. L. delbrueckii ssp. bulgaricus and
S. salivarius ssp. thermophilus produce p-casomorphin precursors from fermented
yogurt. But they cannot produce f-casomorphin because of an inability of these
bacteria to hydrolyze p-casein to p-casomorphin. Bacillus cereus and Pseudomonas
aeruginosa are also able to produce B-casomorphin from the fermentation of milk.
Kluyveromyces marxianus var. marxianus can produce p-lactorphin from whey [9].

In addition, it is possible to produce opioid peptides from fungi fermentation. In
Brie, Gouda, Gorgonzola, Cheddar, and Fontina cheeses, f-casomorphin was also
detected in different concentrations.

To sum up, opioid peptides are promising new exogenous opioids because
they are free from adverse effects on human health. Due to this feature, thereisa
growing interest to elucidate the function of food-derived opioid peptides in the
human body. The production techniques of food-derived opioid peptides are mostly
based on hydrolysis of food proteins by using commercial or/and gastrointestinal
enzymes. Also, some of the researchers conclude that food-derived opioid peptides
may be carefully considered as new nutraceutical candidates.
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