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Preface

The physician’s oath begins with a commitment to risk reduction—primum non
nocere. The physician’s responsibility also includes the fundamental duty to relieve
suffering whenever possible. Opioids are a powerful and dangerous tool in the ther-
apeutic armamentarium. Much like the homesteader’s chainsaw or the miner’s
dynamite in the Last Frontier where I reside, opioids can accomplish much in the
short term, although untrained and indiscriminate use invites disaster. As with most
decisions in medicine, opioid therapy involves ongoing risk-benefit ratio analysis.
At the beginning of the twenty-first century, we are in a position to better evaluate
previously underappreciated risks and potentially overstated benefits (of chronic
opioid therapy).

At an individual level, we are seeing prevalent recalcitrant (and likely increased)
chronic pain and depression and dysfunction associated with chronic opioid use. We
are becoming aware of immunosuppressive and endocrinopathic effects of this drug
class that have not yet made it into standard pharmacology textbooks. We are being
told that more people die today in America from opioid overdose than from automo-
bile accidents. And unlike many other intervention decisions the physician must
make, there are societal “ripple effects” of chronic opioid therapy. Opioids prescribed
by even the best-informed and best-intentioned clinicians are diverted into the
wrong hands. No other therapeutic intervention (besides benzodiazepines) even
comes close to sharing the public health liability of opioids.

This book is intended to “bring the practitioner up to speed” on:

* Opioid basic science

e Current areas of drug improvement research and development

e Alternatives to opioid therapy

* Evidence-based indications for opioid therapy

* Evidence-based indications against opioid therapy

* Clinical strategies for preventing and overcoming opioid dependence

Part T of the book provides an overview comparing (and contrasting) classic
infectious disease epidemiology concepts with what has been labeled the opioid
epidemic in America. A paradigm categorizing our current understanding of basic
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science and best clinical practices in terms of agent (opioid), vector (prescriber),
and host (patient) factors is offered. The remainder of the book is organized accord-
ing to these three arenas.

Part II of the book is devoted to understanding the agent and potential means of
attenuating its “virulence.” Chapter 2 surveys the current state of our basic science
knowledge concerning opioids. While attempting to be as comprehensive as possi-
ble in scope (under the constraints of maintaining clinical relevance), no single
work can survey the vast research into opioids that has amassed over the past half
century. Every decade brings more answers into mechanisms of action that beget
more questions. The complexity of opioid receptor activity on an enormous array of
biochemical processes is only beginning to be unraveled. Heteromerization of
receptors with alterations in function and effect and regulatory interactions between
these receptors and other systems are apparently protean. Traditional concepts of
pharmacokinetics and pharmacodynamics are constantly being revised by new
understanding of these interdigitating systems and also by pharmacogenetics which
confer another level of clinical variance altogether.

Chapter 3 examines the adverse effects (or “harms” as they are increasingly
described as in the literature) of various opioids, organized by physiologic systems.
A literature review of opioid adverse effects follows, based upon recent systematic
reviews.

Chapter 4 presents agent-specific pharmacology for the commonly prescribed
opioids in America (arranged in alphabetical order). While the generalist certainly
does not need to be an expert in all of the agents available, the growing scope of the
problem of opioid abuse in this country necessitates some familiarity with all of the
commonly used agents, regardless of specialty. The old injunction to “know a few
agents really well” is certainly reasonable; however, staying abreast of the current
knowledge base is essential when prescribing potentially lethal agents and those
that can otherwise ruin a life.

Chapter 5 looks at historic, current, and potential future means of altering
currently available drugs and adjunctive therapies—attenuating agent virulence—to
reduce the risks of adverse effects, especially as they pertain to psychological and
physical dependence and addiction.

Part III of the book examines the vector, and while the entire book is obviously
intended to educate prescribers about best clinical practices, this section focuses on
presenting guidance to providers for reducing their contribution to the epidemic or
attenuating vector transmission.

Chapter 6 introduces the section with a primer on acute and chronic pain assess-
ment and treatment. It is not intended to serve as a textbook on pain; vast works
(e.g., Bonica’s, Waldman’s, Deer’s) provide excellent resources for pain manage-
ment and other specialists and generalists. This chapter is intended to provide a
scaffold for thinking about pain which (despite aggressive campaigning to label as
a disease in its own right) remains a symptom, and a cardinal one at that, for many
underlying pathologic states—including emotional and cognitive disturbance. It
also offers a brief survey of multimodal approaches to explore with patients or
consult with colleagues in other specialties.
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Chapter 7 discusses why (or why not) and when (or when not) to prescribe
opioids. An initial discussion of acute pain, and the special situation of postopera-
tive pain (which increasingly represents “acute-on-chronic” pain), is followed by an
evaluation of the evidence for or against opioid therapy for chronic pain. Currently
available systematic reviews examining the efficacy of chronic opioid therapy are
organized by categories of both “nociceptive” pain and neuropathic pain. Finally, a
survey of both national and international clinical practice guidelines on opioid
therapy for cancer pain is presented.

Chapter 8 presents how to prescribe opioids, arranged by regulatory and advisory
oversight. Federal and state laws are discussed, followed by a synthesis of recom-
mendations from the major current national clinical practice guidelines on opioid
therapy, arranged loosely to follow the well-established Federation of State Medical
Boards’ Model Policy.

The book’s final section is centered on an attempt to better understand and pre-
vent opioid misuse and dependence in the host population—our patients and their
families and associates.

Chapter 9 begins with a review of addiction theories. Choice and compulsion
models are compared and contrasted in an effort to illuminate these complex
self-destructive human behaviors that science will likely never fully explain nor
address. An introduction to social models of addiction follows. The chapter closes
with a brief acknowledgment that the understanding of motivation lies at the heart
of comprehending addiction.

Chapter 10 examines specific risk factors for opioid use disorder/addiction based
upon current research and also presents guidance on risk assessment when consider-
ing opioid therapy. The more commonly used standardized clinical instruments are
discussed along with a literature review of their validation. This is followed by a
brief overview of compliance/aberrancy monitoring using standardized and validated
questionnaires and urine drug testing.

Chapter 11 concludes this section on addressing host factors—Ilikely the most
important and difficult to effectively intervene upon in this epidemic—arranged by
the common public health schema of primary, secondary, and tertiary prevention.
Primary prevention will most effectively occur if we are able to confer “behavioral
immunity,” i.e., reducing or eliminating the desire to seek and use the drug. Negative
motivation includes education as to the risks and diminishing benefits of opioid use.
Enlightening patients that pain is not in fact their worst enemy, but biologically and
teleologically perhaps the most important protective sense we possess, is vital to
overcoming disproportionate focus on and dread of pain, with potentially escalating
sensitization and/or hyperalgesia (which is often accelerated by opioid use). Positive
motivation includes promotion of healthy lifestyle choices, non-opioid pain man-
agement options, and above all self-efficacy. The environment comprises a crucial
and to this point unaddressed component of the standard “epidemiologic triangle”
and is introduced in this section.

Secondary prevention assumes that the process can be reversed. Education is not
confined to primary prevention. It has been said that there are two things that will
reliably bring people into the physician’s office—bleeding and pain. If we can
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convince the patient that chronic opioid use in most situations is worsening their
pain (via opioid-induced hyperalgesia, depression, and overall health reduction), we
may achieve more risk reduction than attempting to convince them about morbidity
and mortality. As a sidenote, while I still preach cardiovascular, pulmonary, and
oncologic risk reduction as more than adequate reasons for smoking cessation,
increasingly, I appeal to data showing that cigarettes increase pain; patients seem to
care more about that issue oftentimes. Opioid weaning and a brief introduction to
Rollnick and Miller’s motivational interviewing techniques are introduced.

Tertiary prevention is traditionally equated with damage control, but I do not
hold the completely pessimistic viewpoint that “once an addict, always an addict.”
Despite the discouraging statistics on relapse, there are too many success stories
from people who have decided that there is something they want more than volun-
tary slavery to a substance—be that alcohol or oxycodone—and have sought and
found the help they need in achieving recovery and abstinence. An overview of
clinical practice guidelines from the American Society of Addiction Medicine, with
its biopsychosocial-spiritual “multidimensional assessment” focus, is given, along
with a discussion of medication-assisted treatment, organized by the three currently
FDA-approved pharmacotherapeutics (methadone, buprenorphine, and naltrexone).
The chapter concludes with an examination of evidence and recommendations for
overdose education and naloxone distribution.

Each of the chapters in Parts II through IV begins with a case study, some of which
are drawn from the author’s practice and some from the literature or popular news.
Josef Stalin reportedly once said that the death of one man is a tragedy, while the
death of millions is a statistic. While espousing none of his political viewpoints, this
quote serves to remind us that the epidemic we face and the strategies and policies
we implement affect individual human beings as well as our nation.

Eagle River, AK, USA Heath B. McAnally, MD, MSPH
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Part I
Overview of the Epidemic

“...when in all these thousands of years has there been a time when man has acted only
from his own interest? What is to be done with the millions of facts that bear witness that
men, consciously, that is fully understanding their real interests, have left them in the back-
ground and have rushed headlong on another path, to meet peril and danger, compelled to
this course by nobody and by nothing, but, as it were, simply disliking the beaten track, and
have obstinately, willfully, struck out another difficult, absurd way, seeking it almost in the
darkness....

“You see, gentlemen, reason is an excellent thing, there’s no disputing that, but reason
is nothing but reason and satisfies only the rational side of man’s nature, while will is a
manifestation of the whole life, that is, of the whole human life including reason and all the
impulses....”

--Fyodor Dostoevsky, Notes from the Underground



Chapter 1
An Epidemiologic Perspective

Twenty years is a very long time in epidemiologic terms. It’s generally impossible
to pinpoint an exact time and place of origin for most epidemics; sometime between
1996 and1999 is the commonly accepted inception of what the Centers for Disease
Control (CDC) has labeled the opioid epidemic in America [1]. That puts us at
nearly 20 years at the time of this writing.

Most epidemics run their course or are controlled within a handful of years. The
influenza pandemic of the early twentieth century, often described as “the greatest
medical holocaust in history,” lasted less than 2 years. Known at the time as the
“Spanish flu,” this worldwide disaster infected an estimated 500 million people and
killed as much as 5% of the world’s population. Yet it began and ended within a rela-
tively short time period, within the closing years of the First World War (Fig. 1.1).

Cholera ravaged the world for the greater part of the nineteenth and twentieth
centuries, but the majority of the component epidemics lasted 10 years or less
(Fig. 1.2).

An epidemic is classically thought of as a widespread communicable disease
affecting a significant percentage of a population; however in recent years noncom-
municable diseases have been granted epidemic status, such as cardiovascular dis-
ease, chronic pulmonary disease, obesity, and the like.

The United States at the beginning of the twenty-first century is squarely in the
middle of an epidemic of prescription opioid drug abuse. Hardly a community in
America is untouched by this crisis. Very few people in our country do not have
family or friends or close associates who have not fallen prey to the scourge of opi-
oid dependence. The tragedy of an individual life lost or ruined, along with the
devastating ripple effects on loved ones, is certainly the most heartbreaking conse-
quence of opioid abuse. But the magnitude of this problem is perhaps better appreci-
ated by stepping back and taking a “bird’s-eye view” of the issue. The CDC reports
that drug overdose deaths, the vast majority of which involve prescription opioids,
are now the leading cause of injury death in the United States—surpassing motor
vehicle crashes (Fig. 1.3) [2].

© Springer International Publishing AG 2018 3
H.B. McAnally, Opioid Dependence, DOI 10.1007/978-3-319-47497-7_1
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Fig. 1.1 The death count from the 1918/1919 influenza pandemic is not known, but estimates
range from 40 to 100 million people worldwide, with as many as 25 million in the first 6 months
killed from the disease. It remains the most staggering microbial victory over mankind to date

Opioid dependence and abuse are not limited to any one geographic region; they
are truly a nationwide issue, and recent trends indicate that the fastest spread of this
problem is in rural states without a significant history of illicit drug problems [3].
Nor is opioid dependence a problem impacting a limited demographic—every race
and socioeconomic classification is touched (although certain groups are less
affected).

Nearly 2.6 million people in the United States are reported [4] to be dependent
on either prescription opioids or heroin. Over 1000 emergency room visits every
day occur due to complications of opioid use and abuse [5]. More than 165,000
people in this country died between 1999 and 2014 due to prescription opioid over-
dose (not including heroin deaths)—with the rate quadrupling over that 15-year
period (Fig. 1.4) [6].

How Did We Get Here?

The scope of epidemiology encompasses far more than simply generating descrip-
tive statistics. The analysis of associations between various factors and the disease
comprises the main role of the discipline, with the ultimate goal being the under-
standing of causal factors that can be intervened upon.
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Fig. 1.2 Henry S. Tanner’s world map depicts the spread of cholera prior to 1830 (green), in 1830
(vellow), in 1831 (blue), and in 1832 (red). Courtesy of the New York Academy of Medicine

In terms of a simple “point-source” outbreak, where a single agent-vector com-
bination is responsible for causing an epidemic (e.g., hantavirus and deer mice in
the famous 1993 Sin Nombre outbreak in the Four Corners area or Legionella pneu-
mophila and air conditioners in the even more famous 1976 Philadelphia
Legionnaire’s convention outbreak), elucidating the causal factors is a relatively
straightforward task.

In the analysis of multifactorial chronic disease states, with numerous contribu-
tors, determining true “risk factors” (let alone causation) while weeding out “con-
founders” becomes a much more involved process. (These terms are defined in the
next section.)

The opioid epidemic represents a spectrum of behavioral disease that by its very
nature is multifaceted. Beyond easily measured contributors such as pharmaceutical
sales, prescribing trends, geographic analysis, and the like, there are elusive factors
involving motivation, reward, and the complex neuropsychobiology of addiction.

Numerous analyses over the past two decades have identified characteristics
including genetic and psychiatric/psychological (including both Axis I and Axis II
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MNumber and age-adjusted rates of drug overdose deaths by state, US 2015

o
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2.8to 11.0
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HW21.0to41.5

Fig. 1.3 State-by-state mortality figures for opioid overdose deaths, 2015. Source: CDC/NCHS,
National Vital Statistics System, Mortality

conditions from pre-DSM-5 schema) that render individuals more susceptible to
seeking, using, and developing dependence upon opioids. Chapter 10 presents some
of these data in more detail.

The complex interplay between psychological/emotional distress and physical
pain adds to the confusion of defining variables.

Societal “norms” in terms of pain perception, tolerance, and coping influence
behavior. This is certainly not readily quantifiable, but those who have been
practicing medicine long enough can attest to the fact that what is considered
intolerable today (or at least, deserving of opioid therapy) was not 15 or 20 years
ago. Part of this “pendulum swing” phenomenon discussed frequently in the lit-
erature over the past few years was undoubtedly due to aggressive marketing by
pharmaceutical companies and also by well-meaning parascientific organiza-
tions such as the American Pain Society and their famous “5th Vital Sign” cam-
paign in the 1990s.
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Overdose Deaths Involving Opioids, by Type of Opioid,
United States, 2000-2015

Any Opioid

Heroin
Natural & Semi-Synthetic
Opioids
Other Synthetic Opioids

(e.g., fentanyl, tramadol)

Deaths per 100,000 population

=== Methadone

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

www.cdc.gov

SOURCE: CDC/NCHS, Mational Vieal Statistics System, Mortality. CDC WONDER, Atlanta, GA: US Department of Health
and Human Services, COC; 2006, hitps./wonder.cde.gov/.

Fig. 1.4 Opioid overdose death rates, 2000-2015. Source: Centers for Disease Control and
Prevention. https://www.cdc.gov/drugoverdose/images/data/opioid_deaths_multicolor.gif

Some Basic Definitions

Understanding terms is important to any scientific endeavor or clinical application,
and this applies to epidemiology as well as any branch of science.

Epidemiology, the study of epidemics, has been defined as “the study of the
occurrence and distribution of diseases and other health-related conditions in popu-
lations” [7]. An epidemic is defined as “an increase in the number of cases over past
experience for a given population, time and place.” Classically, as mentioned previ-
ously, epidemics have been thought of primarily in terms of spread of an infectious/
communicable agent.

The agent is the entity that interacts with the host population to cause the disease.
While not epidemiologic terms, we should also describe opioids and opiates here,
as they are the agent of interest. An opioid is a chemical compound that acts upon
opioid receptors (defined later) to cause various effects, the most well-known of
which are relief of pain and also sedation. An opiate is a naturally occurring (or
modification of a naturally occurring) compound derived from the opium poppy
(Papaver somniferum). Chapters 2 and 4 are devoted to describing opioids in much
more detail.

A vector is a carrier for the agent, such as mosquitoes that carry malaria, or fleas
in the case of the plague. The vector in this crisis has been for the most part of the
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medical profession. “Trickle-down” vectors exist of course; entrepreneurial (and
criminal) “diverters” of pills who provide an illegal source of opioids to the popula-
tion may be patients themselves, family or associates of the patients, or, increas-
ingly these days, thieves.

The host is the entity infected or affected by the agent. The population of course
is the grouping of hosts.

A few other basic epidemiologic terms such as incidence, prevalence, mortality,
and case-fatality rates should probably also be discussed here. Incidence refers to
the number of new cases over a defined time period, while prevalence refers to the
total number of cases at any given time period. Mortality in epidemiologic terms
describes the frequency of occurrence of death in the population, while the case-
fatality rate is a more specific term that describes the proportion of hosts with the
condition that die specifically from the condition.

Risk factors are anything that increases the likelihood of the disease state. They
are generally variables associated with either the host or the environment that render
the host more susceptible, for example, non-sickle cell trait and malaria in Africa or
cigarette smoking in the case of coronary artery disease.

Confounders appear to be risk factors but are not. They are factors associated
with both the host and the agent that lead to spurious conclusions. A classic example
is the apparent risk of developing scurvy from sea travel. Thanks to the work of Dr.
James Lind in the 1700s (and subsequent investigation into the twentieth century),
we now know that vitamin C deficiency is the cause of scurvy; however, prior to his
demonstration of effective prevention by consumption of citrus fruits in British sea-
men, the real cause lays shrouded beneath an erroneous assumption. Another classic
example of epidemiologic confounding is the apparent risk of birth order with
Down’s syndrome. Until the twentieth century, it was thought that being born later
“in the pecking order” was a risk factor for Down’s. We now understand that
increased chromosomal fragility occurs with advancing maternal age (the true inde-
pendent variable or risk factor) and a higher birth order is associated with both older
mothers and trisomy 21. Common confounders in many epidemiologic studies
include age, gender, ethnicity, socioeconomic status, and the like.

Ingredients for a (Successful) Epidemic

Essentially, epidemics require only two ingredients:

1. A virulent/transmissible agent
2. A vulnerable population

Virulence in epidemiologic terms basically means how successful an agent is in
attacking and spreading. Transmissibility is a slightly different term that measures
how communicable the agent is—how readily it is spread from host to host.
Vulnerability of the population is fairly self-explanatory and has to do with how
susceptible people are to the agent. It can be thought of as loosely synonymous with
lack of immunity.
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Perhaps the most famous of all epidemics was the Great Plague that ravaged
Europe in the fourteenth century. Commonly referred to as “the Black Death,” it
claimed the lives of an estimated 60% of Europe during its course. The agent,
Yersinia pestis, is a highly virulent and transmissible bacterium that infects a num-
ber of rodents; in the case of the Great Plague, rats are thought to have been the
primary host population, and fleas the vectors transmitting the bacteria to suscepti-
ble humans. (Y. pestis can also be transmitted via respiratory droplet from one
human being to another.)

The second requirement of a vulnerable population was met in the fact that most
of Europe lived in a state of overcrowded squalor with poor hygiene. Fleas didn’t
have to exert much effort to find a nearby human, and person-to-person spread by
droplet was also much more likely in close quarters.

Another well-known epidemic is frequently credited with turning the course of
history in the New World. The Spanish invasion of what is now Central and South
America in the sixteenth and seventeenth centuries is thought to have been enabled
by smallpox. While a significant scourge to the Old World, the devastation wreaked
by this virus upon the Aztec and Inca Empires was unparalleled in Europe due to the
complete immunonaivete of these peoples to European diseases. This is perhaps the
most striking demonstration of a highly virulent organism encountering an utterly
vulnerable populace.

In the late twentieth and early twenty-first centuries America, we have apparently
arrived at the right set of societal conditions to create the “perfect storm” of a highly
virulent agent (opioids) with a substantial population at risk, as the grim statistics
bear out.

Striking the Right Balance

In order to be “successful,” the responsible agent has to strike the right balance of
virulence and imminent lethality.

Too “timid” (i.e., low virulence) and the host population avoids infection (gener-
ally by developing immunity or otherwise containing the agent as we have managed
to accomplish with antimicrobial agents and vaccines in the twentieth and twenty-
first centuries).

Too aggressive (killing off the victims too quickly—e.g., Ebola) and the agent
defeats its purpose by eradicating its population—much like a horde of locusts
devouring everything in its path and leaving no substrate for its own perpetuation.

Most epidemics don’t even come close to a 20-year run due to an inability of the
agent to achieve and maintain the optimal intersection (from the standpoint of the
agent) of these two extremes:

1. Immunity (natural or artificial—i.e., vaccination) develops.
2. The vulnerable population dies off (the epidemic “burns out”) (Fig. 1.5).

The rate (and duration) of spread of the opioid epidemic is evidence that the agent
is apparently maintaining highly effective transmission while avoiding excessive
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IMMUNITY
(low) VIRULENCE (high)
Agent not transmitted/ Agent not transmitted/
Epidemic not propagated Epidemic not propagated
due to low spread due to population die-off

Fig. 1.5 Conceptualization of the balance between suboptimal and overly aggressive virulence

destruction of the host population. Dependence and addiction to opioids (the subject
of later chapters) render the development of immunity within vulnerable population
extraordinarily difficult. No statistics describing the rate of recovery from opioid
dependence and addiction exist at any population level. The estimated rate of relapse
to drug abuse in general is between 40 and 60% according to an often quoted study
[8]; however, when separating opioids out from drugs in general, the rate climbs to
nearly 90%.

While certainly lethal, the fact is that most people who abuse prescription opi-
oids don’t die from it—or if they do, it is generally years into their own “infection,”
and there is ample time for the host to interact with other vulnerable hosts. According
to the CDC [9], overdoses involving opioids killed more than 28,000 people in
2014, which is a staggering figure. However, set against a denominator of 2.1 mil-
lion people estimated that same year to be dependent upon prescription opioids
(with almost 500,000 more addicted to heroin) [4], this yields an approximate case
fatality rate of almost 11%, which is substantially lower than rates cited for small-
pox and plague (30-50%).

Moths to a Flame

There is a third limiting factor, however, that isn’t generally considered in most
epidemiology courses, perhaps because it is too obvious to us as rational creatures:
the desire of the vulnerable population to avoid the agent.
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Inherent in living creatures is the desire to avoid our own destruction, and as the
highest form of biologic life on the planet, we have always been motivated as a spe-
cies to protect ourselves from our enemies. In the case of addiction, however (which
has historically been defined by psychiatrists as persistent/compulsive behavior
despite adverse consequences), it is clear that rational self-preservation instincts are
surrendered or are conquered by the overwhelming compulsion to seek the sub-
stance regardless of the results.

In all fairness, at an individual level, there are both positive and negative rein-
forcements in this epidemic. Opioids persist in the therapeutic armamentarium for
treating pain for a simple reason: they are effective. (Or at least, they are effective
initially—prior to the onset of tolerance and hyperalgesia, which is covered in detail
in Chap. 3.) And as is the case with most addictive substances, once a person has
become dependent—physically and/or psychologically—absence of the drug poses
a (perceived) threat to the well-being of the host.

At a population/societal level, the issues influencing our deadly affair with opi-
oids are complex and protean, but one of the factors that has been shown repeatedly
in epidemiologic investigations of substance abuse is lack of perceived danger. The
opioid epidemic has finally captivated the attention of our nation at a media and
governmental level, but until recently awareness of the problem has been limited.
Twenty years spans the formative period of a generation, and it remains to be seen
whether the next one looks upon our current predicament as normative or aberrant.

Strategies in the War Against Opioid Abuse

The analogy of infectious disease breaks down, of course, at some point when ana-
lyzing the opioid epidemic and constructing a strategy for victory for our species.
Opioids are not truly “virulent,” as inanimate, non-replicating substances.

However, there is a substantial population at risk, and the framework remains
useful as a starting point for both individual and collective thought regarding how to
address this issue at a population level.

Addressing the Agent

Even in the case of infectious epidemics, eradicating the agent itself is generally
impossible due to the ubiquitous nature of microbes. In the case of opioids, eradica-
tion is similarly impossible and, furthermore, would be irrational (and some say
immoral) as we lack suitable alternatives at present to treat severe pain from cancer
or acute trauma, etc.

Similarly, attenuating (decreasing) the virulence of infectious agents is not gen-
erally feasible outside laboratory conditions; however, in the case of noncommuni-
cable diseases, this approach has been attempted to some degree in the case of the
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obesity epidemic, with public campaigns to reduce the appeal of foods with poor
nutritional to caloric ratio.

Extended release/long-acting (ER/LA) opioids were developed and are often
prescribed not only to provide greater stability of opioid blood levels (“round-the-
clock”) and analgesia or pain relief but also out of the concept that less variability
in those blood levels (with less rapid swings) confers less dramatic surges in striatal
dopamine—the issue currently thought to be at the biologic core of addiction.
Decades of evidence support the evidence that the more rapidly a drug exerts its
effect, the more addictive it is. Many prescribing guidelines over the past two
decades advocated the use of ER/LA opioids in chronic pain conditions under the
paradigm that “chronic pain deserves round-the-clock coverage.” Ironically, how-
ever, OxyContin, which is an extended-release opioid, is credited in large part with
the rapid spread of prescription opioid dependence and addiction in the late 1990s
at the outset of this epidemic. This was likely due in part to the exceedingly addic-
tive nature of the compound itself and also due to the fact that the large amounts of
oxycodone contained within higher-dose OxyContin pills could be rapidly accessed
by various means of defeating the extended-release mechanism (e.g., crushing and
snorting or injecting it).

In response to this, over the past few years, the FDA has issued a directive to
pharmaceutical manufacturers requiring abuse-deterrent (“tamper-proof™) formula-
tions of new opioid products, which should reduce activities such as crushing and
snorting or dissolving and injecting pill contents. This is discussed in much greater
detail in Chap. 5.

While efforts to reduce virulence are laudable, to date—as evidenced by the
statistics—they have not been shown to be effective. Nonetheless, the second sec-
tion of this book is devoted to understanding the agent in hopes that as we better
“know [our] enemy” both vectors and hosts will be better equipped to make rational
decisions about exposure to and control of the agent. Knowledge, after all, is power.

Addressing the Vector

Attenuating transmission has been a disease control measure almost since recorded
history began. Long before the understanding of microbes and the “germ theory,”
lepers and other people infected with various infectious diseases were exiled from
society or quarantined in later centuries within their homes or certain quarters of the
city. Public campaigns to reduce droplet and other means of transmission by improv-
ing personal hygiene and the wearing of masks began in large scale in the early
twentieth century during the influenza pandemic.

Until recently, addressing the “vector” has been the sole focus of controlling
opioid misuse by governmental oversight (ranging from the federal government all
the way down to state medical boards). Efforts to reduce the “transmission” of opi-
oids began to some extent long before this epidemic. Local and state laws control-
ling the distribution and use of opiates have been extant in this country since the
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1800s. Federal laws exerting societal control over the prescription and dispensing of
opioids began in earnest in 1914 with the Harrison Narcotic Act, and multiple sub-
sequent legislative efforts (including the sweeping Controlled Substances Act of
1970) have followed since. Among other things, the Controlled Substances Act
(CSA) established the current system of “scheduling” controlled substances based
on potential for abuse and currently accepted medical use. The drug’s schedule
determines how tightly it is regulated in terms of allowable means and duration of
prescription, refills, and the like.

Establishing rational prescribing guidelines and educating clinicians about
responsible opioid prescribing are essential to turning the tide of this epidemic.
Many such resources exist (and are proliferating) and are covered in more detail in
the third section of this book. The recent CDC guidelines [10] are perhaps the most
well publicized of these as of late and echo sound practice advice from prior docu-
ments such as the Federation of State Medical Boards’ model policy [11] and the
American Society of Interventional Pain Physicians’ guidelines [12].

More aggressive oversight has been instituted in various forms around the nation.
Over the past few years, many states now require physicians to complete annual or
biannual continuing education courses on opioid prescribing. Several states have
recently enacted legislation limiting either quantities, doses, or duration of pre-
scribed opioids, and some require consultation from pain management specialists
depending on dose thresholds, etc. Most states now require that prescribes register
with and utilize their State Prescription Drug Monitoring Program (PDMP) prior to
writing controlled substance prescriptions.

PDMPs have proven to be one of the most recent and useful tools at a prescriber
level in the “war against opioids” so far. These federally and state-funded databases
exist in 49 states at the time of this writing and provide relatively current informa-
tion to prescribers regarding controlled prescriptions filled by patients within that
state. The primary purpose of the PDMP is to reduce the incidence of successful
“doctor shopping”—a drug-seeking strategy whereby individuals travel in quick
succession from prescriber to prescriber obtaining multiple controlled substance
prescriptions by placing information into the hands of the healthcare provider.

Prescribers are of course not the only source of prescription opioids; patients,
family members, and thieves/illicit dealers can all divert the drugs. Federal agencies
such as the Office of National Drug Control Policy (with a mission “to lead the
Nation’s counternarcotics efforts by developing policies and coordinating, promot-
ing, and implementing initiatives to successfully reduce the supply, the use, and the
social acceptance of Drugs in the United States”) and law enforcement agencies
such as the Drug Enforcement Agency and the Federal Bureau of Investigation work
tirelessly to attempt to curb the appeal and availability of illicit opioids regardless of
the source.

Ultimately, from a pragmatic standpoint, economics continues to be the driver of
much of how healthcare is delivered. Unfortunately, those who pay medical bills
(from government to commercial insurance plans) generally do not cover (labor-
intensive) comprehensive interventions for chronic pain and instead reward brief
office visits and hastily written prescriptions. The US Department of Health and
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Table 1.1 Approaches to containing/reducing the opioid epidemic

Addressing the agent Addressing the vector Addressing the host
e (Elimination not e Prescriber education * Prevention of painful
feasible, as regarding dangers of/ conditions
prescription opioids alternatives to opioids * Patient/population education
often currently e Prescriber education on best regarding dangers of/
practically and morally prescribing practices alternatives to opioids
necessary to treat e Tighter regulation of e Education on safe storage
severe pain) prescription by state e Community naloxone
* ER/LA opioids medical boards or » Effective substance
*  Tamper-proof opioids government dependence/abuse
* PDMPs rehabilitation
¢ Reimbursement-driven
changes in treatment models

Human Services’ recently released National Pain Strategy [13] highlights the prac-
tical difficulties our healthcare system currently faces in implementing satisfactory
solutions to addressing an issue as complicated as chronic pain under current reim-
bursement schema. It also advocates for a fundamental shift in how chronic pain is
treated, beginning with provider education regarding current pain, basic science,
and therapeutic options and also a focus upon patient self-efficacy, i.e., equipping
them with knowledge and confidence to manage their symptoms and underlying
pathology on their own (Table 1.1).

Addressing the Host: Creating Immunity

Addressing the vulnerability of the host comprises the last section of this book. As
pointed out earlier, there are significant parallels between opioids and successful
epidemic-generating infectious agents including transmissibility, virulence, and
chronicity/delayed mortality. As was also proposed previously, a significant depar-
ture from historic epidemics, which must inform both clinical and epidemiologic
strategy, is the irrational conscious pursuit of the agent by vulnerable hosts.
Propensity to misuse and abuse a substance requires some positive motivation, and
besides their analgesic qualities (at least in the short term), opioids also confer sub-
stantial euphoria and hedonic reward—again at least in the short term. Dependence
and addiction do not affect every individual exposed to opioids (or other addictive
substances) however, and numerous theories involving varying degrees of chemical
compulsion and conscious or subconscious choice have been championed over the
decades without rendering a clear answer to many of the basic questions surround-
ing addiction, such as who becomes addicted. Nonetheless, an understanding of risk
factors for misuse, dependence, and addiction is essential for both clinician and
epidemiologist, and careful risk assessment by the clinician is one of the most
important tactics in the “war on opioids.” Risk factor reduction is an invaluable
strategy in reducing opioid dependence and aligns significantly with the nebulous
concept of instilling host “immunity.”
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Primary prevention, efforts taken to prevent the problem before it happens,
begins with education. Lack of perceived risk (or the risk-benefit ratio) has been
shown to play an integral role in persistent use of substances. Lack of understanding
alternatives to opioids may be another significant component of host vulnerability.
Adequate education regarding “risks/benefits/alternatives” of any therapy is a time-
honored component of the informed consent to treatment process that has arguably
been lacking in the prescription of opioids over the past two decades.

Education, however, is not enough. Any rational effort at reducing patient procliv-
ity to seeking and using opioids must also include a focus on prevention of the under-
lying condition that initially drives most hosts to the agent—in this case pain. Such
an endeavor requires individual responsibility for health maintenance. Prevention by
definition encompasses active steps taken to minimize the risk of an undesirable
event, and the prevention of chronic pain must include what are often difficult life-
style modifications such as smoking cessation, dietary changes, and exercise.

Perhaps the most difficult issue affecting this dynamic is that the motivator is
often not merely physical pain; emotional pain is a significant (and sometimes
exclusive) contributor to opioid seeking and use. Pain by its very nature is a com-
plex experience involving far more than physical sensation; cognitive and emotional
factors are thought to comprise as much as 70% of overall “pain burden” in the
majority of people who suffer with chronic pain, and the treatment (let alone pre-
vention) of these problems is no small undertaking.

Such improvement of overall health—mental, emotional, physical, and spiri-
tual—is not confined to the arena of primary prevention. This attenuation of under-
lying vulnerability/risk factor modification comprises essential efforts during
secondary and tertiary prevention phases of intervention as well. Secondary
prevention comprises attempts to detect and retard or even reverse nascent pathol-
ogy and is the battleground where most practitioners work on a daily basis. Vigilance
on the part of the practitioner is essential at this stage to identify and confront bud-
ding opioid dependence. Effective secondary prevention (like primary prevention)
must include palatable alternatives for the patient that address their underlying rea-
sons for seeking opioids in the first place.

Tertiary prevention basically comprises damage control. The ultimate harm that
opioids, whether prescription analgesics or illicit agents (e.g., heroin) exert, of
course, is respiratory arrest, and the advancing tide of grim statistics shows no sign
yet of abatement. As such, a recent population-level strategy to reduce the incidence
of fatal opioid overdose has gathered increasing momentum in this country —com-
munity/bystander naloxone (“Narcan”) distribution. Naloxone is a short-acting
antagonist compound that rapidly reverses the effects of opioids by occupying and
“blocking” the cellular receptor (mu-opioid receptor) where the drug exerts its
effects. It is used worldwide by emergency medical services and emergency depart-
ments (and other areas of healthcare) to resuscitate overdose victims. Beginning
sometime around 2010, several local and some state governments began efforts to
make naloxone widely available to the public, and the FDA approved an ‘“auto-
injector” device in 2014, followed quickly by a nasal spray version in 2015. This
approach may have merit in that it has the potential to reduce opioid overdose fatal-
ity; however, opponents argue that an increased sense of security among opioid
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misusers will be fostered, thus potentially even increasing virulence, so to speak.
Nonetheless data support the efficacy of overdose education and naloxone distribu-
tion (OEND) in reducing opioid-related mortality, and the approach is rapidly
becoming “standard of care” with recent inclusion in the CDC (and other) guide-
lines [10, 14, 15].

OEND however does not address the full spectrum of tertiary prevention, how-
ever, nor is established disease irreversible. Effective rehabilitation/recovery is pos-
sible albeit labor-intensive on all parties and not without significant attrition.
“Necessary but not sufficient” skillful multidisciplinary clinical efforts saturated
with patience are required, but the crux of the matter is the fostering and facilitating
of the patient’s desire and commitment to persist in the struggle to refuse what has
become an all-consuming pursuit. Once opioid dependence is solidified, cessation
of use becomes extremely difficult not so much due to reward as to the motivation
to avoid withdrawal symptoms. Complex and overwhelmingly powerful neuro-
chemical alterations take place in the brain, and even more complex and abstruse
mechanisms of habit solidify within the shrouds of the mind. The hallmark of addic-
tion is continued compulsive use despite awareness of danger and negative conse-
quences, and simple education is not enough to reduce the vulnerability of much of
the population at risk. More than warnings are required for the host to be augmented
with effective resources to defend itself.

Medication-assisted treatment (MAT), comprising either agonist (substitution)
therapy with methadone and buprenorphine or antagonist treatment with naltrexone,
is a valuable and validated ally in the fight against opioid dependence-related mor-
bidity and mortality. Statistically significant reduction of illicit use and comorbidities
including HIV transmission and overdose deaths has been documented for decades
with substitution therapy, with most of these data coming from methadone which
has been in use to treat opioid dependence for half a century at this point. Methadone
carries disproportionately high risks owing to unique pharmacologic properties
however as discussed in Chap. 3, and more recently buprenorphine has demon-
strated comparable efficacy with advantages of incomparably greater safety, as well
as much greater accessibility as it can be prescribed outside the confines of federally
approved opioid treatment facilities (“methadone clinics”). An even more appealing
option by many metrics is extended-release naltrexone, available in this country
now as a monthly intramuscular depot injection which improves treatment adher-
ence and retention significantly over oral antagonist therapy.

It must be remembered that these medications comprise the “assistance” compo-
nent of MAT, and effective behavioral treatment with a broad psychosocial-spiritual
focus is required if true recovery/host immunity is to be achieved. While the vulner-
ability of the population may be the most logical arena to try to intervene upon (akin
to vaccination), it remains the most difficult as at every stage the agent provides
significant perceived benefit, whether positive (pain and distress reduction) or nega-
tive (withdrawal distress reduction). The individual struggling against opioid depen-
dence experiences conflicting desires and motivations, and a cornerstone of
behavioral treatment is to assist identification of the underlying factors reinforcing
motivations for abstinence vs. use and strengthening the former while eroding the
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latter. Successful treatment approaches, whether cognitive-behavioral, “third-wave”
(acceptance and commitment, mindfulness) therapies, or motivational enhance-
ment, as well as mutual support groups, must effect recalibration of the user’s desire
for the substance. The experience of countless individuals who have overcome opi-
oid (and other substance dependence) bears witness to the primacy and efficacy of
substitution and cultivation of a greater desire, subjugating the appeal and even
compulsion to seek and “use.” While not appealing nor effective for all individuals,
it is well documented in the medical literature, including the National Institute of
Drug Abuse (NIDA)—funded “Monitoring the Future” study [16] that religious and
spiritual practices are inversely related to alcohol and drug use. Rehabilitation-
focused studies have shown that among people involved in attempts to overcome
substance dependence (whether volitional or court-ordered), those with a greater
spiritual and religious affectation have statistically significantly higher abstinence
rates [17, 18].

Regardless of the route(s) chosen and the changes made, effecting recovery from
opioid dependence is not a “quick fix,” but like all complex chronic conditions
affecting mind and body, one that requires ongoing intensive effort on the part of the
individual as well as their care team. Addicts who successfully remained in recovery
at the 5-year follow-up mark in the Drug Abuse Treatment Outcome Studies
(DATOS) sample [17] demonstrated statistically significantly greater perception of
self-motivation toward that end; this was in fact the most important discriminating
factor in the analysis. Those individuals who maintained sobriety/recovery were
almost four times more likely than those who relapsed to perceive improved overall
personal growth including:

* Ability to handle responsibility

* Ability to recognize and express feelings

* Improved relational and social skills

* Improved self-efficacy perception in health maintenance
» Ability to lead a constructive and contributing life

It is unlikely that physical and psychological stimuli encouraging/tempting
chemical coping via opioids will fully abate, but vulnerability to such maladaptive
behavior can be overcome. In essence this is the ultimate effect of vaccination—not
elimination of the agent or prevention of contact—but rather the equipping of the
host’s immune defenses (antibodies, lymphocytes, and natural killer cells) to resist
and render impotent the would-be invaders. Thus only will propagation of the opi-
oid epidemic cease.

Summary

The physician’s oath begins with a commitment to risk reduction—primum non
nocere. The physician’s responsibility also includes the fundamental duty to relieve
suffering whenever possible. Opioids are a powerful and dangerous tool in the
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therapeutic armamentarium, and like any power tool, untrained and indiscriminate
use invites disaster. America’s 20-year experiment of sowing liberal opioid pre-
scriptions for chronic non-cancer pain is reaping us the whirlwind of the opioid
epidemic, with over 198,000 people dying from prescription opioids between 1999
and 2015. A complex constellation of factors, including increased emphasis on
pharmacotherapeutic intervention for chronic pain as well as psychopathology, in
concert with a significant national decrease in self-efficacy and health mindset (with
concordant increases in fear-avoidance behaviors, disability mindset, etc.), under-
lies this flawed management paradigm. In order to successfully contain and reverse
this epidemic, a radical overhaul of how chronic pain is treated must occur at a
national level.

Toward that end, the classic epidemiologic model involving agent, environment/
vector, and host has been applied to the opioid epidemic in this book, with the drugs
conceptualized as agent, prescribers as vector, and the population as host.

As in most epidemics, attenuating the virulence of the agent (in this case opioids)
is of limited utility and efficacy. Nonetheless, understanding pathogenic mecha-
nisms is essential in any public health endeavor, and understanding the complexity
of opioids in their native/endogenous role (as well as their demonstrated extreme
abuse liability when prescribed indiscriminately) is fundamental to enlightening us
as to means of intervening upon the deadly interaction between host and agent,
facilitated by vectors and other environmental factors. The second section of the
book is devoted toward that end.

Attenuating the vector—addressing the transmission of the agent by prescriber
education—comprises the third section of the book. This material however is not
without relevance to non-prescribers, as vector and host in this epidemic must work
collaboratively. The material presented in this section is in fact essential to equip-
ping patients/hosts with risk factor modification or behavioral defenses against
seeking out the agent (which in this epidemic does not exert the survival goals of an
infectious agent—i.e., it does not seek out the host for its own subsistence and rep-
lication purposes).

The final section of the book focuses on modification of host risk factors and the
cultivation of “behavioral immunity” which we contend is essential to the success
of containment and reversal of the grim and rising toll of opioid morbidity and
mortality.

Alteration of vulnerability and exposure behaviors is a difficult and effort-laden
process but remains achievable and the only viable solution.
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Part I1
Focusing on the Agent

CENMIZ AT, 1 BANFE AN AN, AFER 0507

(If you know the enemy and know yourself, you need not fear the result of a hundred
battles... If you know neither the enemy nor yourself, you will succumb in every battle.)

— Sun Tzu, The Art of War



Chapter 2
Understanding the Agent, Part I: Opioid
Biology and Basic Pharmacology

A Canadian mother was prescribed codeine for post-episiotomy pain in April
2005; the pregnancy and delivery were otherwise uncomplicated, and the
infant was born at 90th percentile for weight. One week later, he developed
lethargy and difficulty breastfeeding, and on day of life 11, he was brought to
a pediatrician for evaluation; he was found to have regained his birthweight
and sent home. On day 13, the infant was found cyanotic, apneic, and pulsel-
ess, and both field and emergency department resuscitations were unsuccess-
ful. Postmortem analysis included extensive evaluation for inborn errors of
metabolism, none of which were found. Toxicologic analysis revealed mor-
phine plasma levels of 70 ng/mL. The mother had been taking acetaminophen
500 mg/codeine 30 mg twice daily, titrating down from the prescribed dose,
due to her own sedation and constipation [1].

Opioids, which have enjoyed centuries of therapeutic use and for the most part
an unchallenged reign in treating severe pain, are conceptualized in this book as the
etiologic agent in what has come to be known as the opioid epidemic in America.

Understanding all that we can about any agent in an epidemic is essential to end-
ing its upper hand in the conflict, and this section of the book seeks to invest the
practitioner with the essentials of the agent.

In order to understand opioids, however, a solid understanding of the host system
that exogenous opioids mimic and affect is fundamental. Knowledge of a bacterium
or virus’ anatomy and physiology is not enough; understanding its biologic/chemi-
cal substrates and tissue “preferences,” virulence mechanisms, and transmission is
critical to designing strategies for host protection. We also live in the era of elucidat-
ing host (and agent) genetic factors that affect pathogenicity, and this may ulti-
mately inform and direct the most rational and effective treatments—and
prophylaxis. While much of these concepts are explored in more detail in subse-
quent sections focusing on vector and host, it is essential to first explore the native
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systems which opioids are designed to both mimic and affect in order to understand
how they exert their influence both therapeutically and pathologically. As such, we
begin our examination of the agent with an examination of ourselves.

Opioid Biology

The opioid system exists throughout the animal kingdom, even within invertebrates
[2]. This complex system is apparently designed not only to provide relief of pain
but is intimately involved with numerous physiologic functions including neuroim-
munoendocrine homeostasis, and in higher organisms both cognitive and emotional
processes.

Endogenous Opioids: The Body’s Natural Analgesics

Opioids by definition are chemical agents that exert their effects via interaction with
opioid receptors located primarily within the central nervous system but to some
extent within the periphery as well. Three opioid receptor classes are currently
described: the mu-opioid receptor (MOR), delta-opioid receptor (DOR), and kappa-
opioid receptor (KOR). The biochemistry and activities of these receptors will be
described in more detail in a subsequent section. Endogenous opioids are polypep-
tides currently classified within four major families: the endorphins, endomorphins,
enkephalins, and dynorphins. These peptides are cleaved from precursor peptides:
pro-opiomelanocortin (POMC), proenkephalin, and prodynorphin, respectively.
(Each of these precursors is in turn derived from a longer sequence indicated by the
prefix “pre-,” e.g., pre-pro-opioimelanocortin [pre-POMC] rendered during the
post-ribosomal translation process).

p-Endorphin is the most well studied of the endogenous opioids. POMC (the
precursor to B-endorphin) is known to be produced primarily within the pituitary,
hypothalamus (arcuate nucleus), and medulla (nucleus tractus solitarius) as well as
extraneural sites such as the pancreas, and melanocytes. This widespread distribu-
tion mirrors the diverse activity of POMC derivatives, with complex roles in energy
homeostasis, stress response, immune function, and also melanocyte stimulation.
As POMC travels through the cell’s endomembrane system, it is cleaved (primarily
within the trans-Golgi network) to various active molecules including f-endorphin,
adrenocorticotropic hormone (ACTH), lipotropins, and melanotropins. Discussion
of these latter hormones is outside the scope of this work, but is referenced here
briefly to bring attention to the fact that the body’s natural pain—modulating sys-
tem—is intricately connected with the neuroimmunoendocrine system as a whole.
As a point of interest, the well-known anecdotal observation that redheaded indi-
viduals apparently have decreased responsiveness to exogenous opioids and seda-
tives and/or decreased tolerance to pain may have some biologic possibility in the
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fact that mutations within the POMC production process are associated with the
redhead phenotype [3]. However, the few studies done in this area are contradictory,
with some studies showing increased and others showing decreased tolerance to
both pain and analgesics/anesthetics [4—6].

B-Endorphins act within both central and peripheral nervous systems to produce
analgesia via multiple modes of action, primarily by interaction with the mu-opioid
receptor (MOR), In the 1970s and 1980s, most research on endorphin and MOR
ligand activity within the brain focused on the periaqueductal gray (PAG) region of
the tegmentum of the midbrain. It was shown that endorphins/MOR ligands block
the release of gamma-aminobutyric acid (GABA) within the PAG which normally
acts tonically via projection fibers to inhibit serotonergic activity in the nucleus
raphe magnus and other areas of the rostroventral medulla (RVM). These medullary
areas provide powerful analgesic activity via “descending modulation” effects upon
the dorsal horn of the spinal cord and also within the trigeminal nucleus caudalis
and are tonically inhibited by PAG GABA activity (Fig. 2.1).

More recent research, beginning with the work of Fields [7, 8] has focused on
direct activity of MOR ligands upon cell populations within the RVM itself, labeled
“ON” and “OFF” cells. “OFF” cells are antinociceptive neurons within the RVM
that are tonically inhibited by GABA, but upon activation by endorphin (or exoge-
nous MOR ligand) activity work at the level of the dorsal horn of the spinal cord via
serotonin to downmodulate ascending pain signals. MOR ligands conversely dem-
onstrate a direct inhibitory effect upon RVM “ON” cells, which tonically act to
facilitate ascending pain signals within the spinothalamic and pathway [9].

Inhibition of substance P activity within the RVM may be another mechanism of
endorphin/MOR ligand-facilitated analgesia.

Of significant historic and clinical interest is the phenomenon of the placebo
effect. First demonstrated (and propounded as an essential control mechanism in
prospective trials) by Dr. H. K. Beecher at the Massachusetts General Hospital, the
placebo effect has subsequently been shown to be a manifestation of endorphin
activity within the PAG (Fig. 2.2) [10-12].

At the level of the spinal cord, endorphins/MOR ligands act in several ways to
attenuate pain transmission. First, within the dorsal horn (and more specifically
Rexed laminae I, II, and V), endorphins/MOR ligands act directly presynaptically
(on the first-order pain afferent traveling from the periphery) to reduce substance P
and other tachykinin release, which serve as the primary pain neurotransmitter at
this level. This inhibition is thought to occur via suppression of N-type voltage-
gated calcium channel activity necessary for the release of substance P [13, 14].
Secondly, endorphins/MOR ligands inhibit the presynaptic release of glutamate,
reducing excitatory neurotransmission [15]. Thirdly, endorphins/MOR ligands may
act to reduce calcitonin gene-related peptide (CGRP) release from primary affer-
ents. Until recently, this activity had been demonstrated in vitro but in vivo studies
consistently refuted the effect [16]; however, newer assaying techniques have shown
that CGRP inhibition does occur in a mouse model [17]. Fourthly, MOR ligands at
supraphysiologic (and supratherapeutic for most agents) have been shown to
directly inhibit voltage-gated sodium channel action potential propagation in a
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Fig. 2.2 Dr. Henry Knowles Beecher, 1904-1976, Professor Emeritus at the Harvard Medical
School, was an anesthesiologist whose observations on psychological effects on pain perception
during his World War II service in North Africa led him ultimately to propose what we now know
as placebo-controlled trials. Other notable achievements include his groundbreaking 1966 article
Ethics and Clinical Research, which led to the concept of informed consent and the academic
Institutional Review Board system; he also trained Danish anesthesiologist Dr. Bjorn Ibsen, who
later pioneered positive-pressure ventilation during a 1952 poliomyelitis outbreak and created the
first intensive care unit

manner analogous to local anesthetic action [18]. Fifthly, at a postsynaptic level,
endorphins/MOR ligands activate potassium channels on the second-order neuron,
leading to hyperpolarization and reduction of transmission [19]. Sixthly, the activity
of endorphins/MOR ligands upon both nicotinic and muscarinic acetylcholine
receptors within the spinal cord have been shown to contribute significantly to anal-
gesic effects of these compounds [20]. Finally, endorphins/MOR ligands act indi-
rectly on the spinal cord via the aforementioned PAG/RVM descending modulation
system.

Opioid receptors exist in the periphery but have not been shown to mediate any
meaningful analgesic effects under normal circumstances. In states of local inflam-
mation, however, administration of various opioid receptor ligands (mu, delta, and
kappa) have all shown efficacy in reducing inflammation and pain when applied
peripherally to hyperalgesic tissue [21]. It is unclear if these data are relevant to
physiologic situations and endogenous opioids.

Endomorphins, first described by Zadina in 1997 [22], are powerful and appar-
ently highly selective MOR ligands whose precursor molecule has yet to be identi-
fied. Their selectivity for the MOR is 4000 times greater than their affinity for the
DOR and 15,000 times greater than their affinity for the KOR [23]. They are
known to be more resistant to enzymatic degradation than the other three classes
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of endogenous opioids and also display vasodilatory activity via activation of
nitric oxide upregulation [24]. Synthetic analogs of endomorphins have shown
potent analgesic effects with significantly reduced psychomotor retardation and
also addictive potential [25, 26] and may evolve as very useful clinical opioids.

First to be identified among the endogenous opioids, but least well studied, are
the enkephalins, found primarily within the CNS (the name indicates the observa-
tion that these substances exist and act primarily within the brain). The proenkepha-
lin molecule is cleaved into two main peptides, met-enkephalin and leu-enkephalin,
both of which are rapidly degraded within the bloodstream and various tissues [27,
28]. The enkephalins are considered to be the primary endogenous ligands of the
delta-opioid receptor (DOR) [29], although they also possess some mu-opioid
receptor activity as well. They are thought to be related to the processing of pain
sensation beginning at the level of the dorsal horn and spinal trigeminal nucleus and
to limbic modulation of these sensations by the amygdala, hippocampus, and frontal
cortex [19]. Due to the relative paucity of our understanding of the DOR system,
and the very short half-life of enkephalins, no lasting efforts to harness this family
for therapeutic use have been undertaken.

Dynorphins are better studied than the enkephalins, but perhaps even less well
understood due to their complex and confusing interactions with various pathways.
These powerful compounds have been shown to be regulated in part by the stress
response with release being modulated by corticotropin-releasing factor [30]. They
are found primarily in the central nervous system (hypothalamus, medulla, pons,
midbrain, and spinal cord) and exert their effects primarily through the kappa-
opioid receptor (KOR). The name (from the Greek root for “power”) indicates the
potency of these endogenous ligands; they have been shown to be six to ten times
more potent as an analgesic than morphine [31, 32]. However, there is evidence
that dynorphins may also be pronociceptive via bradykinin activity stimulation
[33]; dynorphin levels within the spinal cord have also been shown to be elevated
in chronic pain states [34]. Further complicating their biology (and clinical rele-
vance), dynorphins have been shown to be intricately involved in KOR-mediated
dysphoria and the complex neuropsychobiology of addiction [35-37]. The latter
has been the major focal area of research on dynorphins and will likely continue to
be so as the phenomenon of opioid addiction increases in clinical and public health
significance.

Opioid Receptors

Opioid receptors belong to the ubiquitous superfamily of G-protein-coupled recep-
tors (GPCRs), which mediate the known actions of most neurotransmitters and hor-
mones. GPCRs are cell membrane-bound proteins with seven helices arranged
spanning the membrane, with three intracellular and three extracellular loops form-
ing a pocket for their ligand(s) to bind (Fig. 2.3). The GPCR is coupled to a separate
regulatory protein (the G protein) that binds guanosine diphosphate (GDP) in its
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Fig. 2.3 Opioid receptors and their endogenous ligands

resting state. Upon activation by its ligand, the GPCR undergoes a conformational
change that causes the G protein to exchange GDP for GTP and undergo dissocia-
tion of its component subunits which then effect a number of downstream changes.
In the case of opioid receptor activity, some of these effects include inhibition of
adenylyl cyclase (which reduces cyclic AMP levels), activation of potassium chan-
nels, and inhibition of voltage-gated calcium channels; the net effect of these
changes results in hyperpolarization of the cell. In the case of neurons, reduction of
neurotransmitter release as well as action potential propagation may result.

One feature of GPCRs that may confer clinically relevant effects is their ability
to form oligomers or complexes of multiple receptors, whether homogenous (e.g.,
MOR-MOR dimer) or heterogenous (e.g., MOR-DOR dimer). Such multimer for-
mation has been proposed as one possible explanation for a variety of unpredictable
laboratory and clinical effects, including incomplete cross-tolerance to different
therapeutic opioid drugs [38].

The mu-opioid receptor (MOR) is the receptor best-studied and most utilized
therapeutically. All clinically used opioids today are agonists of the MOR (with
varying agonist activities and in some cases antagonist activity at other opioid
receptors). Located extensively throughout the central nervous system and also
within the peripheral nervous system, gut, and various immune system cells, the
MOR is responsible for the majority of therapeutic opioid-related activity (analge-
sia) as well as several of the more serious and acute adverse effects, such as respira-
tory depression and constipation/ileus. Mu-receptor subtypes have been proposed
by various groups, but have not been accepted as definitive due to very incomplete
evidence confounded by multiple alternative explanations (e.g., receptor oligomer-
ization) for the disparity in biologic effects from different ligands [38]. Nonetheless,
the mu-1 receptor subtype is suggested to confer analgesia and physical depen-
dence; the mu-2 receptor, euphoria, respiratory depression, ileus, pruritis, miosis,
and physical dependence; and the mu-3 receptor, vasodilatation.

The delta-opioid receptor (DOR) is currently an area of intense investigation, as
its properties may prove to be uniquely useful in modulation of chronic pain and
addiction. Located primarily within the cortex and basal ganglia in humans [39],
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there is a considerable degree of interspecies heterogeneity in terms of peripheral
distribution; among primates, DOR seems to be primarily located in small- and
medium-sized afferents [40]. As with MOR, subtypes have been proposed, includ-
ing DOR1 and DOR2. Its natural ligands, as discussed above, are thought to be the
enkephalins. Early studies showed somewhat confusing and contradictory effects
on CGRP release [41] and substance P release [42]. More recent evidence suggests
that complicated interactions between the MOR and DOR (as well as other factors
influencing the expression of at least the DOR in various pathologic states) includ-
ing heteromerization are responsible for the difficulties in assigning clearly defined
“effect profiles” for these receptors. Nonetheless, there is some suggestion that
DOR agonism may confer superior neuropathic pain control, reduced respiratory
depression, constipation, and physical dependence, compared to pure MOR ago-
nism [41, 42]. Alternative roles for DOR agonists including antidepressants and
cardiac myocyte ischemic preconditioning agents have also been suggested but
have not yet borne fruit clinically [39, 40, 43].

The kappa-opioid receptor (KOR) is distributed widely throughout the brain
(hypothalamus, periaqueductal gray, and claustrum), substantia gelatinosa, and in
peripheral nerves. It is also represented in significant proportion throughout the
viscera. Putative subtypes for this receptor have also been proposed. As discussed
above, its endogenous ligands include the dynorphins. Other naturally occurring
KOR ligands include menthol and the hallucinogen salvia. A disproportionate
amount of adverse psychiatric effects seems to be mediated by the KOR (dysphoria/
depression, dissociation and hallucinations); however, it has been suggested that
this activity may confer a “natural addiction control mechanism.” Of clinical inter-
est is the observation that buprenorphine, a partial agonist at the MOR and an antag-
onist at the KOR that is used primarily in addiction management, seems to possess
antidepressant qualities unique to the opioid family. Numerous investigations have
demonstrated the superiority of KOR agonists in alleviating pain and discomfort
from visceral sources [44]; however, given the high rate of adverse effects, no clini-
cally useful drug has yet been developed.

The nociceptin/orphanin FQ receptor (NOR) is a recently discovered opioid
receptor “cousin” demonstrating significant interactions with both the classic opioid
systems and also a highly diverse array of other physiologic functions. First isolated
in 1994, the NOR was initially named opioid receptor-like 1 (ORL1) and shares a
little over 50% homology to the “classic” MOR, DOR, and KOR but does not bind
any of the known endogenous opioid ligands (other than dynorphin A). Its natural
ligand has been independently named nociceptin (reflecting its pronociceptive activ-
ities) and orphanin FQ (the most common acronym in the literature, N/OFQ refer-
ences both titles). As with most things opioid-related, it turns out the N/OFQ system
is exceedingly complex, and it is found in tremendous dispersion throughout the
CNS, including the cerebral cortex, thalamus, hypothalamus, hippocampus, haben-
ula, amygdala, locus ceruleus, substantia nigra, periaqueductal gray, ventral teg-
mental area and raphe complex, and both dorsal and ventral horns of the spinal cord;
in addition, the system is found throughout the intestinal and other visceral organs
and also on many leukocytes [45, 46]. Besides facilitating both pronociception and
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antinociception (discussed in greater detail below), the widespread activities of this
system reflect its ubiquitous distribution and include effects on cognitive functions
such as learning and memory; emotional functions related to stress and anxiety;
feeding behaviors; respiratory, cardiovascular, and renal function; and immune
function [45-48].

Finally, at one time, a proposed sigma-opioid receptor was widely accepted
(the author remembers memorizing it and its effects, most of which are adverse, in
second-year medical school pharmacology class) but has since been shown to be
completely structurally unrelated to opioid receptors and is no longer considered to
be one.

Opioid-Modulating Systems

As early as the 1980s, it was becoming apparent that endogenous “anti-opioid”
systems exist within the CNS. A growing body of evidence supports the hypothesis
that the body possesses its own “check and balance” system regulating the pain-
modulating effects of endogenous opioids and possibly protecting us against disad-
vantageous phenomena such as tolerance and dependence.

Adenosine has been studied for decades as an analgesic in its own right and has
been shown to undergo opioid-related release in the spinal cord, and the A3 receptor
subtype is an area currently undergoing active research for possible therapeutics [49].

The cholecystokinin (CCK) system was among the earliest endogenous neuro-
peptide opioid modifier studied and is generally regarded as an opioid-inhibitory
system in addition to its inherent pro-inflammatory action. At the level of both brain
and spinal cord, CCK has been shown to both block opioid activity and enhance
opioid-induced hyperalgesia [29]. CCK however has been shown to exert both sup-
pressive and potentiating effects upon opioid analgesia that has been proposed to be
dependent upon competing actions of subtypes of CCK (CCK-A vs. CCK-B) upon
encephalin effects at the MOR vs. the DOR [29]. Differential and possibly dose-
dependent effects of CCK on RVM “ON” and “OFF” cells have been invoked to
explain differential supraspinal activity [50, 51]. CCK-opioid interactions are
exceedingly complex and display responsiveness to stress and anxiety states as well
as other endocrine perturbation [52-54].

The neuropeptide FF (NPFF) system is another opioid-modulating peptide sys-
tem with effects that include attenuation not only of anti-nociceptive effects of opi-
oids but also psychological reward [54—57]. This system may play an important role
in the iatrogenic phenomenon of opioid-induced hyperalgesia [57].

The neurokinin-1 receptor (NK1R) is the main receptor in the tachykinin recep-
tor family, whose main ligand is the neurotransmitter known as substance P.
While initially thought to be primarily a pain neurotransmitter active primarily
within the dorsal horn, it is expressed widely by multiple cell types including
neurons, glia, endothelia, fibroblasts and other poeitic cells, and leukocytes as a
primary inflammatory mediator and also plays an important role in initiating a
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number of “constructive” processes as well including hematopoiesis, wound heal-
ing, and cell survival [58, 59]. The modulatory effects of NKIR upon opioid
activity are not well characterized, but one study showed that activation of NK1R
co-localized with MOR in striatal cells prevented MOR endocytosis (which find-
ing was in contradiction to previous studies showing an increase in MOR endocy-
tosis/inactivation) [60].

Perhaps the best-studied of the endogenous opioid-modifying systems is the
N-methyl-p-aspartate (NMDA) system. The NDMA receptor (NMDAR) is a gluta-
mate (one of the major excitatory neurotransmitters) receptor widely distributed
throughout the CNS that is tonically inactivated by the presence of a magnesium ion
within its channel. When bound by glutamate (and a co-ligand such as serine or gly-
cine) and when the neuron undergoes depolarization, magnesium then dissociates
from the channel, and various cation traffic (primarily calcium influx) results in
downstream effects via calcium-sensing proteins and other mediators including
G-protein complexes that result in long-term potentiation and other synaptic plastic-
ity events [61, 62]. NMDA activity is increasingly shown to play a role in a number
of physiologic events (e.g., learning) and pathophysiologic states (e.g., depression,
schizophrenia, autism spectrum disorders, chronic pain states). Of relevance to opi-
oid pharmacology is the fact that since the early 1990s, we have known that NDMA
activity results in rapid development of tolerance to opioids and conversely NMDA
antagonism prevents or reduces such development of tolerance. One mechanism for
NMDA -opioid interactions at least at the level of the periaqueductal gray has recently
been shown to be disruption of normal MOR-NMDAR coupling by binding of
ligands to either receptor, which activates protein kinase C (PKC) or protein kinase
A (PKA) both of which effect tolerance perhaps by internalization of the MOR [63].

The recently discovered nociceptin/orphanin FQ (N/OFQ) system demonstrates
significant bidirectional modulatory relationships with the classic opioid receptors;
depending on species and specific stimulation patterns, ligand dosing, location and
chronicity, and a host of other variables, N/OFQ may exert pronociceptive or antino-
ciceptive effects [45—47, 64]. It appears that supraspinal actions may be more com-
plex in terms of pain responses, whereas spinal actions more consistently demonstrate
analgesic tendency [46, 47]. Multiple studies have shown heterodimerization of
NOR with the classic receptors, adding to the complexity of interactions between
these cousins [46]. Furthermore, the pro-inflammatory effects of the NOR system
effected by its neuroimmune activities and the stress/anxiety-mediated effects of the
NOR system effected by limbic and hypothalamic-pituitary-adrenal axis activities
confer additional layers of real-life complexity surrounding NOR modulation.

Activation of the platelet-derived growth factor receptor type-beta (PDGFR-f)
has been shown in animal models to be activated among other things by MOR activ-
ity, and PDGFR-f activity in turn results in opioid tolerance [65]. The mechanism
of action is not clear and is furthermore confounded by the fact that PDGFR-p activ-
ity inhibits NMDAR [66] which should according to our understanding of that
receptor’s activity decrease opioid tolerance.

Synergistic effects of a,-adrenoreceptor (a,-AR) activity with that of opioids
have been known for decades and intrathecal administration of clonidine has
been commonplace by anesthesiologists for many years. Both a,-AR and opioid
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receptors A118G variant (DOR in particular) have been shown to co-localize at
the terminus of the primary afferent, and a,-AR are also abundant on interneu-
rons in the substantia gelatinosa; however, the exact mechanism of this coopera-
tive activity remains unknown. The formation of opioid-adrenoreceptor
heteromers has been suggested as one potential explanation [67].

Finally, a fascinating area of research involves the bidirectional relationship of
opioids and neuronal support cells (astrocytes, microglia). Long thought to be fairly
devoid of any activity other than supporting neurons, our understanding of this
dynamic cell population has grown exponentially over the past decade, and we now
know that glia are actively involved in neurotransmission, regulating neuronal activ-
ity, remodeling synapses, and many other functions. Glia are also very active in
modulating the pain response and can function to amplify and perpetuate neuronal
signaling by pro-inflammatory means (including cytokines, chemokines, prosta-
glandins, and other mediators), alter neurotransmitter release and receptor expres-
sion, and even actively participate in signaling [68, 69]. Opioid receptors have been
demonstrated on glia [49, 69], and activation of these receptors results in inflamma-
tory mediator released/increased pain sensitivity and also opioid tolerance. A dis-
tinct innate immune receptor on glia named the 7oll-like receptor 4 (TLR4) is
activated by both stress/inflammatory signals and also by opioids and has been
shown to be intricately involved with the development of opioid tolerance, depen-
dence, psychological reward, and also opioid-induced hyperalgesia [68—70].

Overview of Non-analgesic Opioid Effects and Interactions

No twenty-first-century discussion of opioid pharmacology is complete without at
least salutatory reference to the vast body of research indicating what appears to be
“the most extensive and diverse peptidergic transmission system... widely involved
in various pleiotropic functions” [43]. Multiple physiologic processes from the cel-
lular to the organ level are influenced by the opioid system, and while a rigorous
discussion of such interactions is well beyond the scope of this book, it bears men-
tion that both endogenous and therapeutic applications of opioids have widespread
effects upon the organism as a whole that are just now beginning to be elucidated
[43, 69]. Adverse effects of opioids are discussed in a later section.

Opioid Pharmacology

Opioid Pharmacodynamics and Pharmacokinetics

Pharmacodynamics is sometimes defined as “what the drug does to the body” and
is concerned with mechanisms of action of drugs and effects produced. Conversely,
pharmacokinetics is described as “what the body does to the drug” and is concerned
with the processes of absorption, distribution, metabolism, and excretion of drugs.
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Simple dose-response curves describing the effects of a drug as invariably cor-
related with the amount administered or the concentration of the drug are a gross
oversimplification increasingly complicated by our expanding understanding of
the effects of genetic differences, drug-drug interactions, and dynamic factors
such as mutable expression or function of transporters, receptors, and post-recep-
tor mechanisms (e.g., second-messenger systems). Tolerance, for example, dis-
cussed in its own subsection below alters pharmacodynamics with almost
individual-level variance and is a phenomenon with tremendous clinical impact
on opioid therapy.

Beyond the complex issues inherent within the opioid “system” proper, an ever-
increasing body of evidence bears witness to the possibly unparalleled diversity of
interaction between endogenous or exogenous opioids and their receptors and mul-
tiple other physiologic processes from ionic homeostasis, hypoxic/ischemic protec-
tion, and cell proliferation at the microscopic level to organ-level alteration of
cerebral, respiratory, cardiac, immune, endocrine, and gastroenterologic systems
[43, 71]. These interactions are frequently “two-way streets,” with complex signal-
ing and reciprocal feedback/control mechanisms that are not fully understood but
likely have their basis in dynamic receptor alterations including oligomerization,
uncoupling, and endocytosis.

Similarly, the simplicity of basic pharmacokinetic concepts taught for decades
(such as zero vs. first-order kinetics, single or two-compartment models) is increas-
ingly challenged by our expanding understanding of phenomena such as pharmaco-
genetics, epigenetics, drug-drug interactions, induction and inhibition, and other
such pharmacodynamic factors that influence metabolism. Disease states also have
profound effects on pharmacokinetics (and pharmacodynamics).

It should also be noted that pharmacodynamic and pharmacokinetic principles/
processes are occurring simultaneously within the body, and though they are phe-
nomena without innate intelligence, they can be conceptualized as being at odds
with each other. The drug “desires” to exert an effect on the body (pharmacodynam-
ics), while the body “desires” to be rid of the drug (pharmacokinetic). For continuity
of understanding the biological and biochemical processes involving these mole-
cules from administration to elimination, this discussion will of necessity progress
to some extent back and forth from topics within the categories of pharmacodynam-
ics and pharmacokinetics. We will begin our examination of opioid pharmacology
with processes that fall under the rubric of pharmacokinetics, such as absorption
and distribution. We will then proceed to examination of endogenous opioid ligands
and opioid receptors and their pharmacodynamics. Natural opioid-modifying
systems will be reviewed next, followed by a brief survey of non-analgesic activities
resulting from opioid receptor activation. The pharmacokinetic function of metabo-
lism, and a brief survey of pharmacogenetic factors affecting both opioid pharma-
cology, and finally a review of the important phenomenon of opioid tolerance will
follow before progressing to discussion of individual therapeutic agents. Therapeutic
and adverse effects of opioids, evidence-based guidance for use, and alternatives
will be discussed in Sect 3.
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Absorption and Transport

The vast majority of clinical opioid use is oral, and after ingestion/digestion, the
drugs first enter the portal circulation from the intestines via both simple diffusion
and also by active transport mechanisms such as the solute carrier (SLC) superfam-
ily of influx transporters, which in conjunction with the ATP-binding cassette (ABC)
superfamily of efflux transporters regulates in part net uptake of molecules through
the mucosa into the bloodstream [72, 73]. Hepatic uptake is also governed in large
part by these transporters. The relatively recent development of controlled-/
extended-release technology, which retards the rate of dissolution within the ali-
mentary canal, does not alter any of these fundamental biologic mechanisms.

The drug then undergoes immediate (“first-pass’”) metabolism as described in
more detail below in the pharmacokinetics section—the body is already trying to
degrade and eliminate the drug. Parenterally administered drugs of course are not
subject to first-pass metabolism but still experience hepatic metabolism every time
they circulate through the organ.

In some cases, the drug taken is a relatively ineffective precursor agent that the
liver “unwittingly” alters into an active or more potent state. In either case, after
running the gauntlet of the liver, the agent (or altered agent) exits the portal circula-
tion and enters the systemic venous circulation for left-heart distribution to the rest
of the body.

Distribution is a pharmacokinetic concept that will be explored in slightly more
detail below; “macrodistribution” by the cardiovascular system and subsequent
“microdistribution” by diffusion and active transport mechanisms into tissues and
organs are both encompassed in this phase. Within the latter category, an intermedi-
ary system of opioid transporters (the SLC and ABC superfamilies) again exerts
either facilitatory or inhibitory effects respectively upon the agent to ferry it across
to or restrict its access to the CNS wherein lies the main arena of opioid effects.
Continuous active efflux of drugs by ABC superfamily transporters within the vas-
cular luminal endothelium may comprise the major hurdle within the blood-brain
barrier for opioids and other psychoactive drugs [74, 75].

Distribution and Metabolism

Distribution of a drug to target organs and receptors, as well as inert tissues such as
the muscle, bone, and fat, occurs immediately following entry of the agent to the
systemic circulation. Several factors influence the transport and transfer of these
molecules, including protein binding and lipophilicity.

Plasma proteins such as albumin and alpha-1 acid glycoprotein (AAG) may bind
a drug and prolong its circulation within the bloodstream/retard its uptake by tissues
and also retard hepatorenal elimination. The proportion of protein-bound drug varies
widely among opioids, from roughly 30% for morphine to 90% for alfentanil
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(an intravenous opioid). This percentage may be dynamic, however, as competition
for plasma protein binding sites, and various metabolic conditions (e.g., hypoalbu-
minemia or acid-base disturbances) may influence binding. Furthermore, AAG is an
acute phase reactant with significantly increased plasma presence during inflamma-
tion, which may alter opioid pharmacokinetics.

Lipophilicity is another variable with significant pharmacokinetic effect. As a
general rule, the more lipophilic a substance, the more readily it is able to diffuse
through cell membranes, which of course are composed of a lipid bilayer. This is
particularly important in the context of the blood-brain barrier, where the agent
must pass through the endothelial membrane, both apical and basal (all the while
undergoing efflux transport back out of the cell into the bloodstream) on its journey
to the CNS. There is significant variation in lipophilicity among the opioids, ranging
from fairly hydrophilic molecules such as morphine to highly lipophilic molecules
such as fentanyl and sufentanil (an intravenous opioid with ten times the potency of
fentanyl). Discussions of these characteristics have generally been relegated to the
realm of parenteral opioids, as lipophilic distribution considerations significantly
impact spinal and epidural administration. However, these issues are not without
relevance to the outpatient world as well, as agents with a high degree of lipophilic-
ity (generally presented in pharmacologic textbooks as the octanol: buffer partition
coefficient) also store up in adipose tissues, and in obese individuals, this can yield
a volume of distribution significantly larger than anticipated. In the case of fentanyl,
for example, a significant reservoir of drug can accumulate in the obese individual
and wind up contributing to far greater plasma levels than would be expected from
a given transdermal dose.

Infrequently discussed in the opioid literature, but commonly taught in pharma-
cology classes and anesthesiology residency programs is the concept of vessel-rich
and vessel-poor compartments, and these theoretical compartments complicate the
simple pharmacokinetic concept of half-life [76]. The so-called vessel-rich com-
partment is comprised of organs and tissues that are highly perfused, such as the
brain, heart, lung, liver, and kidney. An intermediately, perfused group is often
taught as well, comprising primarily the muscle. Finally, the vessel-poor group con-
sists of the adipose and bone. The apparent reality of this multicompartmental
model significantly complicates the simplistic concept of half-life (t,), which
describes the amount of time required for plasma levels of an agent to fall by 50%,
and has been described for first-order kinetics as a constant (with a linear downslope
of the logarithm of concentration) for virtually all medications and toxins in classic
pharmacology textbooks. In a multicompartmental model, there are multiple half-
lives reflecting not only elimination kinetics, but distribution kinetics as well. In the
simplest form, t,o refers to distribution half-life and has in general a steeper
downslope, at least for agents that readily leave the bloodstream, i.e., are not highly
protein-bound nor markedly hydrophilic. In this model, t,, refers to elimination
half-life and assumes equilibrium between plasma and the compartments.

As a side note, this multicompartmental model has clinical significance also in
terms of unanticipated reservoirs. As mentioned previously, fentanyl, due to its very
high lipophilicity, will store preferentially in adipose. Adipose is also very poorly
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perfused, and while it takes a long time for stores to build up in this tissue, the con-
verse is also true; due to very limited blood flow, the rate of egress back into the
circulation and out the hepatorenal system is very slow. This phenomenon is per-
haps even more well recognized clinically with methadone, which has a lipophilic-
ity roughly an order of magnitude less than fentanyl, but two orders of magnitude
greater than morphine.

Again, it should be kept in mind that all of these processes described are not
occurring sequentially, but rather simultaneously. Elimination begins with first-pass
exposure to the liver for orally administered agents, even before distribution.

In basic terms, the vast majority of pharmacologic compounds (including natu-
rally occurring substances such as opium) despite therapeutic benefit are “consid-
ered toxins” by the organism and undergo alteration, degradation, and elimination
(as opposed to nutrients and vitamins, etc. which are incorporated into cells and
tissues for sustaining and improvement of the organism). After initial alteration by
gastric acid and upper gastrointestinal enzymes (in the case of enteral administra-
tion), metabolism classically is described as beginning in the liver, where the drug
undergoes transformation to render it capable of excretion by the kidneys. Opioids,
like many drugs, are for the most part rather hydrophobic, which facilitates their
passage into the CNS. Hepatic processes therefore alter the structure of the drug to
a more hydrophilic state such that glomerular filtration and excretion can occur. As
described above, oral medications undergo immediate hepatic “first-pass metabo-
lism” upon absorption from the intestines; for parenterally administered medica-
tions (e.g., sublingual, transdermal, intravenous) “first-pass metabolism” does not
apply; nonetheless, the circulating drug burden must still eventually and repetitively
pass through the liver and will eventually undergo transformation by these same
processes.

These hepatic processes are classified into so-called Phase 1 and Phase 2 metab-
olism. Both are catalyzed by enzymes, and Phase 1 is generally facilitated by the
cytochrome P450 family which will be discussed in greater detail below. In this
phase, one of these “CYP” enzymes acts to modify the structure of the drug by a
variety of means, such as oxidation (the most common reaction) but also by reduc-
tion, hydrolysis, and cyclization/decyclization reactions. Phase 2 is facilitated by
enzymes such as uridine diphosphate glucuronosyltransferase (UGT) and consists
of the addition of another hydrophilic moiety such as glucuronate (or sulfate,
glutathione, glycine, or sulfate). The addition of these large anionic groups renders
the molecule more polar as well as larger, with resultant reduction in both diffusion
and active transport across cell membranes. The conjugated molecule is also much
more readily excreted as discussed above.

Phase 1 metabolism, especially that performed by CYP3A4, has been shown to be
highly subject to both induction (increased activity of the enzyme resulting from
exposure to certain substrates) and inhibition (decreased enzymatic activity from
other substrates). The CYP3A4 enzyme is thought to have at least 40 alleles and is
responsible for over 50% of all drug metabolisms. CYP3A4 is responsible for the
primary metabolism of fentanyl and oxycodone and is also involved in the metabolism
of tramadol and methadone [77]. Many drugs or other chemicals (e.g., bergamottin in
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grapefruit juice) can induce or inhibit CYP3A4 activity, yielding significant unpre-
dictability in metabolism. Tables showing known inducers and inhibitors of CYP3A4
are ubiquitous and as such are not reproduced here; commonly used inducers include
many statins, anticonvulsants, and antiretroviral agents. Commonly used inhibitors
include estrogens, cimetidine, amiodarone and quinidine, many calcium channel
blockers, many antibiotics, many of the antidepressants, and most of the antiretrovi-
rals. In addition, as so many drugs are metabolized by this pathway, it is conceivable
that polypharmacy may effect competition for this enzyme.

Exceptions to this basic pattern exist; for example, remifentanil, an intravenous
opioid commonly used in operative anesthesia, is degraded by enzymes within the
bloodstream itself (RBC esterase) and as such has an extremely short half-life.
Intravenous, subarachnoid and epidural, and peripheral parenteral administration of
opioids is not discussed within this volume.

Pharmacogenetics

While technically falling under host factors and therefore more applicable to the last
section of this book, the effect of pharmacogenetic variance on opioid therapy will
be covered in this basic science section for continuity of understanding the drugs.
Pharmacogenetic factors are likely one of the major factors conferring much of the
interpersonal variability seen with both therapeutic effects and misuse/abuse of opi-
oids and can affect both pharmacodynamics and pharmacokinetics (Table 2.1).

Table 2.1 Pharmacodynamic and pharmacokinetic polymorphisms affecting opioid therapy

Enzyme/receptor Variants Effects
COMT Vall58Met variant | Decreased catecholamine metabolism
(catechol-O- — Increased pain perception
methyltransferase) — Reduced opioid effectiveness

— Multiple other psychiatric disorders
ORMI1 (mu-opioid receptor) | A118G variant — Increased pain perception

— Reduced opioid effectiveness
CYP2B6 Reduced activity | Reduced S-methadone metabolism with

increased risk of torsades de pointe
CYP2D6 “Poor Decreased plasma levels/efficacy of

metabolizer” prodrugs (e.g., codeine, hydrocodone)

Reduced metabolism of tramadol,
oxycodone, methadone

“Ultrarapid Increased plasma levels/efficacy of
metabolizer” prodrugs (e.g., codeine, hydrocodone)
Increased metabolism of tramadol,
oxycodone, methadone

UGT2B7 Reduced activity | Reduced metabolism/increased plasma
levels of morphine (hydromorphone?
oxymorphone?)
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Among pharmacodynamic polymorphisms, only two major genes have been
studied extensively for their contribution to differences in pain perception/experi-
ence and opioid response: the catechol-O-methyltransferase (COMT) gene and the
mu-opioid receptor (OPRM]1) gene.

COMT is an enzyme that metabolizes catecholamines (dopamine, norepineph-
rine, epinephrine) and thus reduces sympathetic activity. Several studies have shown
that alterations of this enzyme (the most well studied of which is the Vall58Met
allelic variant which involves substitution of methionine for valine at position 158
of the enzyme, resulting in reduced catabolism) are associated with significant
increases in pain perception and reductions in opioid responsiveness [78, 79].
Recent analyses have suggested that the Vall58Met variant of COMT may only
confer clinically significant alterations in chronic pain related to musculoskeletal
complaints and specifically fibromyalgia and other chronic widespread pain condi-
tions [80, 81]. However, it must be kept in mind that COMT activity is exceedingly
broad, with complex effects on cognition and executive function, emotional pro-
cessing, and sense of well-being, and has been implicated in the pathophysiology of
depression, bipolar mood disorder, anxiety, posttraumatic stress disorder, schizo-
phrenia, and various substance use disorders and addiction.

The OPRM1 gene manifests over 3000 known polymorphisms, and the most
well studied is the A118G variant which involves a substitution of guanine for
adenosine in the coding region on chromosome 6. This mutation has been shown to
result in highly variable mu-receptor biochemistry among various ligands and
across species with no consistent pattern yet identified [82, 83]. Clinical observa-
tions have been similarly confusing with several studies and meta-analyses sug-
gesting that the A118G variant is associated with increased pain perception/
reported pain scores and increased opioid requirements [83, 84], while others show
no significant association [79, 85, 86]. Of note, the meta-analyses favoring a clini-
cal effect focus on the postoperative period [83, 84].

Pharmacogenetics affecting pharmacokinetics shows more consistency in effects
and have been well characterized especially in regard to the CYP450 system. As
mentioned previously, the majority of drugs including opioids undergo Phase 1
metabolism by this hepatic family, and alterations herein result in significant effects
upon activation of prodrugs and inactivation of drugs. Commercially available
assays for several enzymes within this family (especially CYP2D6, CYP2C19, and
CYP2B6) are beginning to show some utility in guiding pharmacotherapeutic
choices for a number of psychoactive drugs including opioids, benzodiazepines,
and antidepressants, and the narrow therapeutic window of many of these sub-
stances coupled with increased access to the assays may eventually render pharma-
cogenetic testing standard of care.

The CYP3A4 enzyme is thought to have at least 40 allelic variants and is respon-
sible for over 50% of all drug metabolisms. CYP3A4 is responsible for the primary
metabolism of fentanyl and oxycodone and is also involved in the metabolism of
tramadol and methadone [77]. The effects of polymorphisms at this locus have not
been well characterized; alterations (e.g., CYP3A4*1G, a common variant in
Asians) have been reported but have not shown any consistency in clinical effect
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[84]. Of much more significance are the effects of drug-drug interactions involving
induction or inhibition of this enzyme as discussed above in the section on
pharmacokinetics.

The CYP2D6 enzyme is primarily responsible for the metabolism of codeine and
hydrocodone and partially responsible for the metabolism of tramadol, oxycodone,
and methadone. CYP2DG6 is responsible for the metabolism of far fewer drugs over-
all and thus is less subject to induction and inhibition by other substances. CYP2D6
however has over 100 known allelic variants [84], and this heterogeneity has shown
much more significant clinical effects than has CYP3A4s. Four phenotypic catego-
ries resulting from these variances have been proposed: poor metabolizers (the
result of homozygous nonfunctional alleles), intermediate metabolizers, extensive
metabolizers, and ultrarapid metabolizers (the result of multiple functional allelic
copies or promoter mutations) [78]. Intermediate and extensive metabolizers have
not been shown to exhibit significant variability in clinical effect and may be con-
sidered baseline or normal subjects. Poor CYP2D6 metabolizers will show increased
plasma levels and prolonged effects (both of which may confer toxicity) of drugs
that rely primarily on this pathway for degradation; conversely, they will show
decreased plasma levels and effects of prodrugs such as codeine and hydrocodone
that rely on transformation by the cytochrome enzyme to a more active and potent
form (e.g., codeine to morphine, hydrocodone to hydromorphone). Conversely,
ultrarapid CYP2D6 metabolizers will show reduced plasma levels and shorter dura-
tion of action of active drugs and greatly increased plasma levels of active metabo-
lites of prodrugs that may confer significant toxicity. A tragic and well-reported
incident involving the death of a neonate due to maternal ultrarapid CYP2D6 activ-
ity occurred in April 2005; postmortem analysis revealed that the infant’s plasma
morphine levels were sevenfold higher than morphine levels in infants prescribed
morphine, due to maternal breast milk morphine levels that were one to two orders
of magnitude higher than that normally seen [1]. The US Food and Drug
Administration subsequently issued a warning highlighting the dangers of postpar-
tum codeine prescriptions in 2007; the same caution must of course apply to any
opioid or toxic substances metabolized through the CYP2D6 pathway. CYP2D6
polymorphisms have not shown consistent clinical effects with regard to tramadol
nor oxycodone [84]; however, it should be noted that this enzyme converts oxyco-
done to oxymorphone.

The CYP2B6 enzyme is one of many that metabolize methadone; however, it is
the main enzyme that degrades the S-enantiomer of methadone [87], which is the
isomer conferring that agent’s N-methyl D-aspartate (NMDA) blockade and also the
isomer associated with QT interval prolongation [88]. Individuals deficient in
CYP2B6 activity are thus at higher risk for torsades de pointe and may warrant
more frequent/intensive ECG monitoring and lower doses.

The UGT2B7 enzyme is the predominant mediator of Phase 2 metabolism of
morphine, which does not undergo substantial Phase 1 metabolism. It also conju-
gates glucuronide to hydromorphone and oxymorphone. Allelic variants of this
enzyme have been demonstrated among various populations [78, 79] and decreased
activity results in increased plasma levels of morphine, as would be expected.
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Tolerance

Many drugs used clinically demonstrate a phenomenon of inducing tolerance with
repeated use; while our understanding of underlying mechanisms is far from com-
plete, drug tolerance is conceptualized as occurring largely due either to increased
metabolism and elimination of the drug (so-called pharmacokinetic tolerance) or
due to a decreased response to the drug at its site of action (so-called pharmacody-
namic tolerance).

Pharmacokinetic tolerance is thought to occur primarily due to upregulation of
degradative function in the liver, with “induction” (increased activity) of cyto-
chrome P450 enzymes. Many drugs induce their own metabolism, and the more of
a substance the organism is exposed to, the more actively it works to eliminate the
substance.

The mechanisms underlying pharmacodynamic tolerance are more complex and
are not fully understood and involve a number of alterations at the level of the recep-
tor, its downstream effects, and also other modulatory systems. Early observations
of alterations in both second messenger function (such as hyperactivity of the ade-
nylyl cyclase system) and in transmembrane ion flux and polarization were fol-
lowed by discoveries that other pathways (most notably the NMDA system) are
very involved in the development or prevention of opioid tolerance [89]. More
recent advances in the understanding of G-protein-coupled receptor signal attenua-
tion across the family indicate that the initial step in the development of desensitiza-
tion involves phosphorylation of the receptor (by G-protein receptor kinases) that
serves to prepare the activated receptor for binding by proteins called arrestins
which then initiate the process of receptor endocytosis. The endocytosed receptors
are held within the cell until a recycling process of cell membrane reinsertion occurs
[90]. Receptor oligomerization is currently being invoked to explain a number of
phenomena involving the complex and still mysterious details underlying the opioid
system, and some investigators have proposed that MOR-DOR heteromerization in
particular may occur in the context of chronic ligand exposure with resultant func-
tional alteration [91].

A mechanistically different process contributing to the “diminishing returns”
with chronic opioid use is an actual upregulation in pain sensitivity known as
opioid-induced hyperalgesia (OIH) which is discussed in more detail in Chap. 3. As
alluded to briefly in the endogenous opioid-modulation section above, native pro-
cesses involved in the “check and balance” system related to opioid analgesia are
likely involved in OIH. In addition, however, compensatory upregulation of non-
opioid-influenced nociceptive pathways in the CNS could be responsible (in part)
for both OIH and tolerance [92]. Teleologically, both phenomena perhaps represent
a common means for preserving the ability of the organism to detect threats (by
means of nociception).

Finally, it should be mentioned that although the situation is almost certainly the
exception rather than the rule, a decrease in therapeutic efficacy of long-term opioid
use may be the result of progressive “organic” pathology. Cancer grows and spreads,
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and autoimmune inflammatory conditions progressively destroy more tissue.
However, our understanding of the interactions between nociception and endoge-
nous modulation of pain is expanding as discussed above in limited detail, and there
is growing evidence that in the absence of modifying factors such as concurrent
neuropsychological pathology (including but not limited to maladaptive neural
plasticity) or OIH, even in states of aggressive tissue pathology the body (and mind)
may well be capable of significantly more innate pain management than we gener-
ally give it credit for. Nonetheless, it is incumbent upon the physician to remain ever
vigilant for the spread of disease within the patient, whether from the condition
being treated (e.g., metastasis) or the treatment itself—such as occult bowel pathol-
ogy from opioid-induced ileus/obstruction, pathologic fracture owing to opioid-
induced endocrinopathy, or OIH.

Summary

The physician’s safe, ethical, and effective prescription of opioids (conceptual-
ized as the agent in classic epidemiologic paradigm) is predicated upon a thor-
ough understanding not only of the drug class itself, which is explored in greater
detail in the next chapter, but also of the biologic systems wherein/upon which
they act.

Opioids are produced by the body and act as part of a comprehensive homeo-
static self-preservation effort geared toward the well-being of the organism. The
most salient aspect of this system is acute pain relief, but within seconds modulating
and counter-regulatory effects are initiated to balance pain relief with perception of
danger thus facilitating help. Different endogenous opioids exist, with primary
affinity for different opioid receptors, which exert different effects toward this over-
all goal.

Therapeutic (exogenous) opioids exist within nature as well (e.g., opiates) and
have been modified and copied pharmaceutically to harness the potent analgesic
qualities of this system. Unlike the endogenous system, however, the only limitation
upon exogenous opioid exposure is volitional (or imposed) discretion on the part of
the consumer, and in a situation of excess exposure—whether by quantity or chro-
nicity—both tolerance and adverse effects reduce analgesic efficacy and tip the bal-
ance of risk:benefit away from the positive. The body is prepared to some extent to
reduce these potential threats by eliminating the agent metabolically. Genetic fac-
tors play an increasingly appreciated role in varying efficiency of this process from
individual to individual.

Again, to date no therapeutic opioid compound (nor any known analgesic) is
without limiting adverse effects which are discussed in greater detail in Chap. 3.
Reducing the “virulence” of these agents must involve some degree of attenuation
of not only morbid or lethal complications but also euphoria-inducing and addictive
qualities, and these efforts will be reviewed in Chap. 4.
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Chapter 3
Understanding the Agent, Part II: Adverse
Effects

A 40-year-old female traveling to her methadone clinic developed nausea,
vomiting, and tremulousness and presented to the ED where she was noted
initially to be in ventricular bigeminy. Past medical history was positive for
hypertension, for which she took 100 mg of metoprolol daily. She had no his-
tory of other cardiovascular diseases. The only other reported medication was
135 mg of methadone administered daily at a local methadone clinic for the
management of an addiction to heroin. On physical examination, the patient
was a well-developed and well-nourished woman who was initially alert and
lucid, with hyperdynamic vital signs. She exhibited multiple runs of polymor-
phic ventricular tachycardia consistent with torsades de pointes. Shortly after
arrival she had a prolonged episode associated with a loss of consciousness.
There was no palpable pulse. The patient was defibrillated at 120 J (biphasic)
and converted to sinus thythm. She was treated with 2 g intravenous magne-
sium sulfate infused over 10 min. The rhythm initially stabilized; however,
2 min later a second prolonged run of torsades commenced. A loading dose of
lidocaine was given, accompanied by a 2 mg/min infusion. Ten mEq of potas-
sium chloride were infused over 1 h. After the lidocaine drip was initiated, the
patient experienced no further dysrhythmias. A post-conversion ECG was
remarkable for a QTc interval of 577 ms.

The patient was admitted to the intensive care unit. The dosage of methadone
was reduced to 60 mg per day, and metoprolol was discontinued. A repeat
ECG the following day showed reduction of the QTc interval to 485 ms. The
patient had an internal cardioverter-defibrillator implanted 3 days after initial
presentation and was discharged in stable condition [1].

© Springer International Publishing AG 2018
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As Dr. Scott Fishman points out in his excellent handbook Responsible Opioid
Prescribing [2], “Opioids are neither inherently ‘good’ nor inherently ‘bad.”” As
with virtually any tool in the therapeutic armamentarium, they have beneficial and
harmful effects. And as with any decision in clinical medicine, their use—whether
short term or long term—must be grounded in a full understanding of the drug class
and the current evidence for both benefit (examined in detail in Chap. 7) and risk.

The previous chapter initiated our examination of opioids with a presentation of
the organism’s endogenous opioid system including ligands, receptors, and
opioid-modulating systems as fundamental to understanding opioids in general.
Basic pharmacologic principles including the relatively new field of pharmacoge-
netics completed this introduction to the agent. We now move on to examine the
virulence of the agent, so to speak. Adverse effects (AEs) and tolerance to opioids’
analgesic effects (which often tip the risk-benefit ratio in favor of the former by
encouraging increasing use) are almost universal with use of the class. AE ranges
from annoying (pruritis, nausea) to life-threatening (addiction, respiratory depres-
sion, cardiac dysrhythmias), and these more significant outcomes of course (when
reported) comprise the descriptive statistics that underlie the epidemic. Adverse
effects are discussed by physiologic system.

Opioid Adverse Effects
Psychiatric

The distinction between psychiatric and neurologic (or endocrine) may be in many
cases artificial; in this section we are focusing on effects that are historically consid-
ered to have some significant “nonorganic” component, e.g., mood.

While relatively rare, delusional phenomena and hallucinations with opioid use
have been reported for centuries. Case reports and anecdotal experience are ubiqui-
tous for these complications, but no good-quality research at either basic-science
level (likely impossible due to in vitro or species limitations in assessing outcomes)
or the clinical level exists. Historically morphine has been associated with a higher
rate of delusional phenomena than other opioids, but this may mirror its greater
relative use in the past, prior to the development of newer agents. There is some
speculation that its metabolites morphine-6-glucuronide and, more so, morphine-
3-glucuronide are responsible for the bulk of these symptoms [3]. Delusions and
psychotic reactions are more frequently reported in the palliative care population,
many of whom have metabolism limiting end-stage organ disease, which lends
some additional plausibility to this hypothesis. It also emphasizes the point however
that a number of potential physiologic alterations irrespective of opioid use per se
may be responsible for these symptoms in this population. Meperidine and metha-
done have also seen a disproportionate case reporting of hallucinatory/delusional
phenomena. Mechanistically it appears that kappa-receptor (KOR) agonism is
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responsible for the majority of opioid-induced delusions and psychosis [4, 5].
Alternative support for this hypothesis was shown in a case series of schizophrenics
whose psychosis was successfully treated with buprenorphine, which is a KOR
antagonist [6].

The incidence and prevalence of depressive disorders in general are difficult to
estimate, as they rely on self-report for the most part and lack easily measured and
objective variables. Nonetheless, it is well-accepted that an increased frequency of
depressive disorders is common with opioid use and also with chronic pain; attempts
to tease out the independent contributions of both conditions to depression have
been challenging to say the least. Disproportionately high rates of baseline depres-
sion have been reported among patients suffering with chronic pain, and underlying
mood disorders including depression frequently drive patients to seek opioid and
other CNS-depressant pharmacotherapy. A high-powered study however recently
examined the question of correlation between chronic opioid use and new onset
depression, i.e., not present at the outset of treatment [7]. This very large retrospec-
tive analysis included over 100,000 patients in three separate environments (the
Veterans’ Administration, an academic medical center, and a managed care system),
and the data were stratified by treatment duration (<30 days, 31-90 days, and
>90 days) and daily dose (<50 morphine equivalent dose or “MED,” 51-100 MED,
and >100 MED.) All three groups showed duration-dependent incidence of new
onset depression ranging from 8.4—11.6% in the <30 days group and 14.4—19.3% in
the >90 days group. In the VA sample, the MED was strongly correlated with
increased incidence of depression as well, ranging from 11.9% in the <50 MED
group to 20.1% in the >100 MED group. The authors reported similar findings of
dose-dependent increasing depression risk in a previous study [8].

Opioid-induced depression has also been mechanistically attributed largely to
kappa-opioid receptor (KOR) agonism [9]. Again, interestingly buprenorphine (a
KOR antagonist) has been shown to confer significant antidepressant activity [10,
11], and delta-opioid receptor (DOR) agonism is also associated with clinically
measurable antidepressant effect [9, 12]. It should be noted again that in vitro and
species limitations render bench research into opioid effects on depression difficult
to interpret at best, and as such our understanding of the effects of opioids on mood
are limited to observational clinical studies which are fraught with confounding by
both pre-existing/comorbid psychiatric disorders and also pain.

While infrequently considered an adverse effect, euphoria is very common with
opioid use, and we consider it an AE in theory and practice, as it is clearly associ-
ated with the development of both psychological dependence and addiction. These
conditions are lately conceptualized as belonging to a continuum of opioid use dis-
order (OUD) and comprise psychopathology in their own right. OUD is surveyed
briefly below, while its complex (and only partially understood) biology and phar-
macology will be discussed in greater detail in Sect. 4 of this book. Briefly, how-
ever, euphoria from opioids is thought to be mediated via the mu-opioid receptor
(MOR) and current understanding of addiction biology links psychological depen-
dence upon all addictive substances to dopaminergic activity within the limbic
structures including the ventral tegmental area, medial forebrain bundle, and nucleus
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accumbens [13]. However, it is also known that most drugs of abuse (including
alcohol) release not only dopamine but also opioid peptides into the ventral striatum
[14, 15], and dopaminergic activity may not be essential for opioid addiction as
dopamine receptor blockade does not prevent heroin self-administration in animal
models [14].

Descriptive statistics for opioid abuse and dependence rely on self-report, which
likely underestimates the true frequency of the condition. Definitions furthermore
are murky, with terms such as “misuse,” “abuse,” “dependence,” and “addiction”
used loosely throughout the literature without consensus. Misuse is an action with
somewhat imprecise definition in the literature; the National Institute on Drug
Abuse (NIDA) defines misuse as “taking a medication in a manner or dose other
than prescribed [17].” Misuse may represent a single event or repetitive episodes of
prescription noncompliance or illicit drug use; it may be accidental or very self-
limited. NIDA historically differentiated abuse from misuse by an intentional com-
ponent underlying abuse. More recently, their definition has consolidated both terms
together under the rubric of abuse with the definition being “the use of a medication
without a prescription, in a way other than as prescribed, or for the experience or
feelings elicited [18].” The fourth edition of the Diagnostic and Statistical Manual
of Mental Disorders (DSM-4) conceptualized “abuse as a mild or early phase and
dependence as the more severe manifestation [16].” The two categories were based
upon the number of criteria met over a 12-month period, with some differences in
the criteria: abuse criteria all included recurrent use as the main indicator, whereas
dependence criteria included a broader array of both physiologic variables (toler-
ance and withdrawal) and behavioral variables (desire/unsuccessful attempts to
quit, effort expended in pursuit, etc.) Addiction is a term deliberately avoided by the
American Psychiatric Association (and the World Health Organization) yet com-
monly used in the scientific community (e.g., NIDA) to describe “compulsive drug
seeking despite negative consequences.”

The trend is currently toward abandoning the specificity of categorical variables
for the sensitivity of a continuum, and the DSM-5 has recently described a spectrum
of opioid use disorder (OUD) that “includes signs and symptoms that reflect com-
pulsive, prolonged self-administration of opioid substances that are used for no
legitimate medical purpose or, if another medical condition is present that requires
opioid treatment, that are used in doses greatly in excess of the amount needed for
that medical condition [16].” Diagnostic criteria are listed in Table 3.1. There are
four main “symptom clusters” within the current substance use disorder framework
including:

* Impairment of control
e Social problems
e Risky use
* Physical effects (tolerance, withdrawal)
In practice (as well as in evaluating the literature), it may be useful to remember

that in common parlance misuse and abuse describe actions, whereas dependence
and addiction represent conditions or states.
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Table 3.1 Opioid use disorder criteria: Diagnostic and statistical manual of mental disorders, fifth
edition [16]

A problematic pattern of opioid use leading to clinically significant impairment or distress, as
manifested by at least two of the following, occurring within a 12-month period:

1. Opioids are often taken in larger amounts or over a longer period than was intended
2. There is a persistent desire or unsuccessful efforts to cut down or control opioid use
3. A great deal of time is spent in activities necessary to obtain the opioid, use the opioid, or
recover from its effects
4. Craving or a strong desire or urge to use opioids
5. Recurrent opioid use resulting in a failure to fulfill major role obligations at work, school,
or home
6. Continued opioid use despite having persistent or recurrent social or interpersonal
problems caused or exacerbated by the effects of opioids
7. Important social, occupational, or recreational activities are given up or reduced because
of opioid use
8. Recurrent opioid use in situations in which it is physically hazardous
9. Continued opioid use despite knowledge of having a persistent or recurrent physical or
psychological problem that is likely to have been caused or exacerbated by the substance
10. Tolerance, as defined by either of the following:
(a) A need for markedly increased amounts of opioids to achieve intoxication or
desired effect
(b) A markedly diminished effect with continued use of the same amount of an
opioidNote: This criterion is not considered to be met for those taking opioids
solely under appropriate medical supervision
11.  Withdrawal, as manifested by either of the following:
(a) The characteristic opioid withdrawal syndrome (refer to criteria A and B of the
criteria set for opioid withdrawal)
(b) Opioids (or a closely related substance) are taken to relieve or avoid withdrawal
symptomsNote: This criterion is not considered to be met for those individuals
taking opioids solely under appropriate medical supervision

The United Nations Office on Drugs and Crime estimated that in 2012 between
26 and 36 million people globally abuse opioids [19]. The Substance Abuse and
Mental Health Services Administration reports that in 2014 nearly 2 million people
in the United States met criteria for prescription OUD, with another 0.6 million
addicted to heroin; this translates roughly into a prevalence of 0.8% [20]. The
TROUP study examined diagnoses for 45,000 patients from a Medicaid population
and a research database comprising patients from five commercial plans from 2000
to 2005; the investigators reported a prevalence of diagnosed opioid abuse
dependence of approximately 3% in each population [21], not markedly dissimilar
to the federally reported statistics. A recent controversial review by Vowles et al.
[22] however reported a prevalence of opioid “misuse” (using prescription opioids
in a manner other than prescribed) ranging between 21 and 29% and a prevalence of
addition ranging between 8 and 12%. Other data from the chronic pain population
support a prevalence of abuse/dependence on the same order of magnitude, ranging
from 3 to 26% [21, 23, 24].

As far as incidence, a large review of 67 studies performed by Fishbain et al. in
2008 concluded that only 3.27% (with a range from 0 to 45%) of patients became
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addicted to opioids over a variable time period of exposure, and again the authors
admit that the definition/diagnostic criteria in the literature reviewed were hope-
lessly vague [25]. They also reported an 11.5% (range from O to 44.6%) incidence
of aberrant drug-related behavior (ADRB) from the data, which outcome consisted
of qualitative variables such as aggressively demanding more opioids, unsanctioned
dose escalation, etc. They posit that the true incidence of OUD with exposure to
chronic opioids lies somewhere between these two numbers.

Besides contributing to lost quality of life and productivity, OUD also amplifies
the risks of other “organic” morbidity and mortality from opioids and their use. The
compulsion to procure and use opioids despite significant risks to the individual’s
well-being increases exposure to/incidence of direct risks such as respiratory
depression and bowel obstruction and also to indirect risks such as contracting
infectious diseases from injection or sexual transmission and injury or death from
violence or mishap.

Neurologic

Sedation is extremely common with opioid use and ranges from mild drowsiness
to outright obtundation/coma. Estimating incidence and prevalence is virtually
impossible due to the lack of standardized outcome definition, variable patient
awareness/report, frequent co-administration of sedatives in patients using opioids,
and also rather rapid adaptation to this AE in the majority of individuals.
Electroencephalography has shown that the administration of increasing doses of
opioids can render depression of consciousness to the point of delta wave predomi-
nant sleep/anesthesia without achieving full-blown burst suppression as seen with
the sedative hypnotics or general anesthetics [26]. Mu-opioid receptor (MOR) ago-
nism is thought to underlie the depressant effects of opioids upon consciousness
[27] and probably occurs through a number of mechanisms including suppression
of hypocretin/orexin release from the hypothalamus [28], direct reduction of fore-
brain acetylcholine [29], and alteration of norepinephrine activity at the locus coe-
ruleus [30, 31].

The effects of opioids upon sleep are difficult to assess and confounded by under-
lying pain in many cases and also by the common co-administration of other CNS
depressants in the relevant patient population. Most clinical sleep studies are also
performed outside the patient’s normal environment which introduces other poten-
tially interfering variables. However, some research indicates that opioid use inhib-
its both rapid eye movement and non-rapid eye movement sleep patterns [32].
Obstructive sleep apnea is discussed below but bears mention here as another con-
tributor to sleep disturbance. Regardless of the underlying etiology, sleep depriva-
tion may also contribute to apparent sedation.

Delirium may result from the effects of opioids or active metabolites upon the
consciousness [33, 34]; in clinical situations this is very difficult to tease out from
potential co-administration of other CNS depressants, and underlying neurocognitive
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disorders. A broad differential diagnosis for delirium should always be considered
under any circumstance as metabolic, infectious, endocrine and other system pathol-
ogy are ubiquitous and may be easily overlooked.

Neuroexcitation leading to myoclonus and seizures has been reported, most noto-
riously with meperidine (pethidine) in the context of renal insufficiency but also
with virtually all of the commonly used agents [34]. In vitro work suggests that
these actions are MOR and KOR related without any contribution from the DOR
[26]. Mechanisms are likely multifactorial but may involve excitation of hippocam-
pal pyramidal neurons by GABA inhibition [35].

Opioid-induced hyperalgesia (OIH) has been observed for nearly 150 years [36]
and has been somewhat contentious, as it appears for all intents and purposes to
manifest symptoms congruent with both tolerance (analgesic inefficacy of current
dosing) and also withdrawal (generalized misery.) A key difference observed fre-
quently in clinical practice however is a generalized increase in disproportionate
pain (hyperalgesia) or pain experienced from normally non-painful stimuli (allo-
dynia) with OIH; tolerance does not in itself confer increased pain nor a greater
distribution thereof. An example from my practice is presented at the beginning of
Chap. 10 as a case study. Virtually all opioids have been implicated in the develop-
ment of OIH; however, certain drugs seem anecdotally to confer a greater incidence
of the condition. Postanesthetic care unit and intensive care unit nurses frequently
complain of inability to adequately control pain in patients whose anesthetics
included the ultra-short-acting intravenous opioid remifentanil. Interventional pain
physicians who perform a significant amount of minor mechanical insults to patients
on chronic opioid therapy frequently note a disproportionate association with oxy-
codone use and exaggerated pain perception/behaviors in response to blood pres-
sure cuff inflation or local anesthetic skin wheal placement with a fine needle.

Extended duration of opioid exposure does not seem to be requisite for the devel-
opment of OIH. Angst and Clark’s systematic review of the phenomenon [37]
examined nine human case reports/series and 75 rodent studies and noted that OIH
responses persisted up to 10 days following a single exposure. They also reference
a particularly enlightening study by Celerier [38] that demonstrated that after appar-
ent resolution of OIH, animals challenged with a single dose of either opioid agonist
or antagonist demonstrated immediate and increased OIH symptomatology, sug-
gesting not only prolonged sensitization to OIH but also conceptually the develop-
ment of a new allostatic pain threshold with both pronociceptive and antinociceptive
activities in a tenuous and heightened balance.

Mechanistically, OIH appears to be a complex process involving activities of the
NMDA, Neurokinin-1, Neuropeptide FF, serotonin, spinal dynorphin, and possibly
TRPV1 systems [36, 39]. Alterations of opioid receptor structure and function seem
intuitively (and experimentally) to be essential for development and propagation of
the condition; in addition, alteration of rostral ventral medullary neuron “ON” and
OFF” cell balance (see Chap. 2) likely plays a role [36].

Treatment approaches to OIH include rotation of agent (discussed briefly in
Chap. 8) and more rationally in the author’s mind, cessation of opioid therapy.
Many examples of chronic pain abatement with opioid cessation support this
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approach. It is no small task to convince patients to desist from seeking more of the
agent they believe to be alleviating their suffering, but in clear-cut cases of OIH, we
see nearly universal improvement in symptoms for those who endure the detoxifica-
tion process. Low-dose naltrexone therapy, increasingly used in the treatment of
some central sensitization disorders such as fibromyalgia may provide an answer to
OIH as well; theoretically the homeostatic recruitment of increased endogenous
opioid release by very low intermittent exposure to an antagonist underlies this
practice. NMDA antagonists may also provide some therapeutic benefit.

Inhibition of adaptive neural plasticity may be one of the most insidious effects
of chronic opioid therapy and from both an individual and public health perspective
may be one of the more devastating legacies of our recent 20-year national experi-
ment in attempting to treat chronic pain with chronic opioids. A tremendous accu-
mulation of evidence suggests that many chronic pain states, especially neuropathic
pain or those involving central sensitization (but extending even to chronic low back
pain [40—42], now a ubiquitous complaint in this nation), may be the result of mal-
adaptive changes in cortical and limbic system synaptic patterns and even neuronal
viability. Proposed mechanisms for this pathologic/maladaptive “re-wiring” of pain
pathways include multifactorial long-term potentiation in both the dorsal horn and
also higher central structures including the thalamus, limbic structures, and cortex
[43—45]. Beyond supportive basic and clinical research, the teleologic argument that
short-term pain is essential for survival and danger avoidance but long-term pain is
pathologic and without any advantage to the organism is a sound one.

Under normal circumstances brain-derived neurotropic factor (BDNF) and other
mediators act throughout the brain to facilitate learning and adaptive neuroplasti-
city. Chronic pain itself can inhibit these changes as does depression, but (exoge-
nous) opioids have also been shown to play a role in inhibiting BDNF activity and
other mechanisms of adaptive plasticity at the level of both the brain and spinal cord
[46—49]. It is entirely conceivable that the chronic pain epidemic is the scion of the
opioid epidemic.

Respiratory

Respiratory depression is the best-appreciated and most-feared complication of opi-
oid use and statistically the AE responsible for the lion’s share of opioid-related
mortality. Incidence/prevalence data on respiratory depression in the outpatient set-
ting is of course impossible to collect, and only extreme events are captured via vital
statistics. The inpatient arena however has provided some insight into occurrence of
opioid-related respiratory depression in hospitalized patients. A recent review
reported an overall incidence of significant respiratory depression among patients
treated with opioids at slightly less than 0.5%; outcome definitions among the stud-
ies reviewed however were highly variable and included different cutoff values for
bradypnea or otherwise comprised vague terminology such as “respiratory depres-
sion” or “ventilatory depression.” [50]. A slightly older review of nearly 20,000
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inpatients pooled from 165 studies provided summed respiratory depression inci-
dence data stratified by the following outcome variables: 0.3% required naloxone
resuscitation, 1.1% exhibited “hypoventilation,” 3.3% exhibited “hypercarbia,” and
17% exhibited “oxygen desaturation” [51].

Increases in arterial pCO, (resulting from either increased production of CO, or
decreased ventilation) cause corresponding decreases in pH. Under normal
circumstances, central chemoreceptors located primarily in the brainstem but also
the medulla, and to a far lesser degree, peripheral chemoreceptors located primarily
in the carotid and aortic bodies sense acidosis and respond by increasing both dia-
phragmatic and accessory muscle activity [52]. Similarly, carotid body chemore-
ceptors normally respond to hypoxemia with consequential ventilatory increases as
well. Opioids acting primarily on the mu-opioid receptor (MOR) [53] cause dose-
dependent suppression of the ventilatory responses to both hypercapnia and hypox-
emia [54], with decreases in both respiratory rate and to a much lesser degree tidal
volume. (In fact it is very common to see compensatory increases in tidal volume
with heavily narcotized but spontaneously breathing patients in the operating room
or postanesthesia care unit.)

Fortunately, adaptation to opioid-induced respiratory depression is relatively
efficient, with the majority of patients on short- or long-term opioid therapy escap-
ing an opioid-induced apneic death by rapid development of tolerance to the mecha-
nisms discussed above [27]. Conversely, it is not uncommon to see rapid
“sensitization” to the respiratory depressant effects of opioids in the acute care set-
ting at least, when sudden and effective analgesia removes the competing nocicep-
tive stimulus to breathe. The parturient who has been “loaded up” with systemic
opioids prior to initiation of labor epidural analgesia or the postoperative patient
with substantial residual plasma opioid levels from the operating room who then
receives a supplemental regional anesthetic in the recovery room for intractable pain
is frequently seen to become acutely hypopneic or even apneic and desaturate.

In any circumstance, respiratory depression and in severe cases apnea remain a
significant threat in any situation involving opioid use, and this issue comprises the
central and paramount risk assumed by the patient and practitioner with every pre-
scription and use of the drug. Underlying respiratory pathology from airway obstruc-
tion to pulmonary disease (e.g., COPD or interstitial lung disease) heightens these
risks, as does concomitant CNS depressant use; a large percentage of opioid overdose
death victims are positive for benzodiazepine, alcohol, and other sedatives [55, 56].

Regardless of the validity of observations and clinical lore indicating that sub-
stantial tolerance develops to the overall respiratory depressant effects of opioids, a
high prevalence of sleep-disordered breathing (SDB) is associated with opioid use
and may reflect sleeping decrement in hypoxic (rather than hypercarbic) ventilatory
response [57]. Central apnea (CSA) occurs via mechanisms described above, with
decreased ventilatory response to both hypercarbia and hypoxemia. Obstructive
apnea (OSA) occurs when the upper airway is occluded, primarily due to the tongue
collapsing against the posterior pharynx, and it is well established that opioids
depress genioglossal tone. More recently it has been shown that opioids also
decrease laryngeal aperture [58]. The rates of severe SDB (with an apnea-hypopnea
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index >15) in the general US populace are likely underestimated but have been
reported on the order of 10%; the figure increases to 26% with relaxation of the
criteria to include AHI > 5 [59]. By comparison, Webster et al. showed a SDB (AHI
prevalence >5) of 75% in a cohort of 140 patients on chronic opioid therapy [60];
the authors reported a similar figure (85%) in another study published the following
year [61]. Walker et al. compared opioid users vs. nonusers and found no significant
difference in the rate of OSA but a sixfold higher incidence of CSA in the former
group [57], with dose-dependent increases in AHI. Coupled with the alarming
increases in both obesity and sedative prescriptions in this country, opioid-associated
SDB demands a dramatic rethinking of recent opioid prescribing practices as well
as heightened vigilance in screening for OSA.

Other than histamine-induced bronchospasm (reportedly occurring primarily if
not exclusively in individuals with some underlying degree of reactive airways),
direct pulmonary pathology such as obstructive bronchial/bronchiolar disease has
not been reported. Infrequently these days restrictive pathology is observed in the
operative arena primarily from high-dose fentanyl use causing rigid chest syndrome.
This phenomenon may be prevalent and unappreciated in the illicit drug community,
with similarly high plasma levels of opioids occurring via intravenous injection.

Cardiovascular

Opioids in general are thought to be fairly benign from a cardiovascular system
standpoint and have long enjoyed therapeutic use in treating ischemic cardiac dis-
ease and the symptoms of congestive heart failure. The author remembers as a stu-
dent learning the mnemonic “MONA [morphine/oxygen/nitroglycerin/aspirin]
greets all patients at the door” as a time-honored empiric treatment protocol for
suspected coronary syndrome. Sympatholysis and reduction of pulmonary venous
pressures from opioid agonism have been known and utilized for decades to treat
both symptoms and underlying pathology of both CAD and CHF. More recently,
evidence linking delta-opioid receptor (DOR) agonism with cardiac myocyte isch-
emic preconditioning is growing [62, 63] and may lead to novel cardioprotective
strategies.

However, there are also well-known AEs of opioids upon the cardiovascular sys-
tem. Bradycardia is commonly seen due to both direct sympatholytic and also pro-
vagal effects. While frequently utilized clinically for cardioprotection, sympatholysis
and/or vagal stimulation from opioids may also result in catastrophic circulatory
failure in patients who are severely hypovolemic or suffering from significant left
ventricular dysfunction that are “living on sympathetic drive.” Any anesthesiologist
(even in training) has seen profound hemodynamic collapse in trauma or cardiac
patients with even the “gentlest cardiac induction” which traditionally consists
largely if not even exclusively of intravenous opioid administration. Much less fre-
quently sympathomimetic or anticholinergic effects may result from opioid use, and
meperidine (pethidine) has long been known to confer atropine-like hemodynamic
changes including fachycardia. Several agents (most notably levorphanol, tramadol,
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and tapentadol) also possess intrinsic norepinephrine reuptake inhibitory properties
that increase sympathetic tone.

While opioids are generally thought to be either rhythm-neutral or antiarrhyth-
mic [26], dangerous electrophysiologic alterations are receiving increasing atten-
tion with opioid use, most notably QT interval prolongation with methadone and
possibly buprenorphine [64] (although most studies refute these findings) and oxy-
codone [65]. Fatal cardiac rhythm disturbances such as torsades de pointes are now
well-recognized risks of therapy with methadone.

Preload and afterload can be affected in a number of ways by opioids including
volume alteration from renal and neuroendocrine (hypothalamic-pituitary-adrenal)
effects and also via indirect vascular pathology from histamine release, leading in
extreme cases to significant hypotension and distributive shock.

Decreased cardiac output from sympatholytic effects upon rate and afterload is
well known; however, another mechanism may include direct cardiac myocyte
depression [26, 66, 67], resulting from perturbation of sodium and calcium flux in
both in vitro and in vivo models. However, there is also evidence of direct inotropic
effects of opioids in other experimental settings [26]; these contradictory findings as
well as the complex interactions of opioids with the autonomic system and neuro-
endocrine system (e.g., cytokine profile alterations) render the net effect of opioids
on cardiac contractility still mysterious.

Endocrine

Evidence is accumulating that opioid use profoundly alters normal endocrine bal-
ance, with effects on many hormonal systems. The most well recognized and per-
haps clinically relevant is opioid-induced hypogonadism. Opioids inhibit
gonadotropin-releasing hormone (GnRH) secretion from the hypothalamus [68, 69]
which results in reduction of anterior pituitary secretion of luteinizing hormone
(LH) and to a much lesser degree follicle-stimulating hormone (FSH) which in turn
reduce gonadal production of sex hormones (testosterone and estradiol) and also
gamete production. In men, besides sexual effects, increased adiposity, decreased
muscle mass and maintenance/repair, reduced energy and exercise tolerance, and
decreased bone mineral density to the point of osteoporosis may occur [70].
Increased inflammation and reductions in pain tolerance due to hypogonadism have
been reported as well. Opioid-related bone mineral density loss has not been as well
characterized in women; however, infertility, amenorrhea, night sweats and hot
flashes, fatigue, poor exercise tolerance, and decreased healing have all been dem-
onstrated in women undergoing chronic opioid therapy [69—71]. The prevalence of
hypogonadism in the opioid-using population has been reported consistently at
around 90% [68, 69] versus a population baseline of 40% or less. These effects may
begin within hours to days of opioid administration and do not require long-term
exposure [69]. Screening for hypogonadism and testosterone supplementation in
hypogonadal male patients on chronic opioid therapy has been recommended but is
not currently widespread.
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The effects of opioid use on the hypothalamic-pituitary-adrenal (HPA) axis are
only partially understood; the interactions between native opioid ligand-receptor
systems and the HPA and indeed the entire homeostatic neuroimmunoendocrine
milieu are tremendously complex and affected by a host of both physical and psy-
chological events, not least of which are the confounding effects of pain, stress, and
anxiety. Several case reports and series document at least relative adrenal insuffi-
ciency in patients exposed to chronic opioids; the incidence is estimated at up to
10% [68]. Decreased glucocorticoid release from the adrenals may be due to direct
primary action upon the zona fasciculata but is thought to be mainly due to a sec-
ondary effect upon pituitary release of ACTH, possibly via decreased sensitivity to
hypothalamic CRH. Measurements of CRH, ACTH, and cortisol however are sub-
ject to tremendous variability under normal circumstances due to diurnal variation
and other factors, and the presence of pain and stress may complicate serologic
measurements to the point of unreliability. Recently dehydroepiandrosterone sulfate
(DHEAS) levels have been demonstrated to be a more sensitive and perhaps more
robust marker for adrenal insufficiency and seem to be reduced in patients on opioid
therapy, particularly females [69, 72].

Prolactin levels are increased in human males receiving chronic opioid therapy;
this is thought to occur via opioid-induced release of tonic dopaminergic inhibition
from the arcuate nucleus acting upon the pituitary [35]. Such effects have not been
conclusively seen in premenopausal women and may reflect a “buffering” effect of
estrogen [68].

Growth hormone (GH) levels are usually increased by acute opioid use; however,
chronic effects are poorly characterized. It has been theorized that the acute effects
are due to release of previously synthesized and stored GH and that chronic expo-
sure may result in deficiency of synthesis [68].

Conflicting evidence exists in the literature regarding the effects of opioid use
upon thyroid function [68, 73], and as of yet no reliable conclusions can be drawn.

Neurohypophysial (posterior pituitary) hormones are also affected by opioid use.
Antidiuretic hormone (ADH)/vasopressin secretion appears to be decreased by opi-
oid use [68]; however, some studies indicate opioid-induced increases in ADH. It
must be kept in mind that ADH release is a highly dynamic phenomenon influenced
by volume and osmolar status and direct renal (angiotensin) and intestinal (chole-
cystokinin) regulation; ADH also exhibits complex bidirectional interactions with
other endocrine systems such as the HPA axis. Oxyrocin levels appear to be decreased
by opioid use during both labor and the postpartum period but not prior [68].

Immunologic

Immunosuppressive effects of opioids have been recognized for over 500 years
[74]; recent advances in our understanding of the role of the endogenous opioid
system as part of the neuroimmunoendocrine system as a whole reveal a highly
complex interaction between native opioid peptides and the immune system
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[75-77]. A review of the current state of our understanding of opioid immunomodu-
lation (OIM) is beyond the scope of this work, and the reader is encouraged to
investigate the literature; however, the following observations bear mentioning here:

* The MOR appears to be the most important mediator as MOR-knockout mice
models display no OIM [74].

* The nociceptin/orphanin-FQ (N/OFQ) system has been shown to have pro-
inflammatory effects and may exert suppression of cytokine and chemokine
activity [74, 78]. The clinical relevance of this has been shown in ICU popula-
tions, especially those suffering from sepsis; whether exogenous opioid use
effects OIM through some alteration of this pathway remains to be seen.

e Central effects may comprise the majority of clinically relevant opioid immuno-
modulation as opioids that do not cross the blood-brain barrier seem to exert less
pronounced effects [74].

* The HPA system’s activity is known to be affected by opioids in a complex man-
ner (see above); it exerts profound enhancing or suppressive effects upon immune
system function subject to many other variables.

e Altered sympathetic nervous system (SNS) outflow may negatively affect natural
killer cell activity and lymphocyte proliferation [76, 79]. It must be remembered
that SN'S and HPA activity are closely intertwined.

* Opioids may exert peripheral effects upon immunocytes via the Toll-like recep-
tor 4 (TLR4) [74, 76]. The presence of classic opioid receptors (MOR in particu-
lar) on immunocytes has been recently challenged by intensive mRNA assaying;
NOR mRNA however was detected [74].

* The role of astrocytes and microglia in central immunomodulation is an area of
intensive research currently, and the effects of opioids upon these cells have
recently been thoroughly reviewed [77].

The most relevant clinical arena in which to consider the immunomodulatory
effects of opioids is undoubtedly oncology, where severe pain is common and
known to suppress immune function and accelerate tumor growth and metastasis in
animal models. Al-Hashimi et al. [74] recently performed a systematic literature
review of the effect of exogenous opioids on immune function in the cancer popula-
tion and found highly variable data on leukocyte counts, cytokine activity, killer cell
activity, etc. They caution against drawing any conclusions in the absence of any
demonstrated effects on clinical outcomes. The immunosuppressed population in
pain may well experience increased immunocompetence from good analgesia; opi-
oids are likely not the optimal vehicle but are often the only option in most situa-
tions worldwide and in this country.

Gastroenterologic

Nausea and vomiting are highly prevalent AE of opioids and have been reported
with every agent used therapeutically (or illicitly.) Nausea occurs in roughly one
third of patients treated with opioids and is thought to result from a combination of
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effects at the medullary chemoreceptor trigger zone, inhibition of gut motility, and
also vestibular stimulation [80]. All three opioid receptor types are involved and
their contributions vary by site and other factors not well elucidated. With continued
use, most patients report a decrease in or resolution of nausea and vomiting, but in
some cases, it is persistent.

Opioid-induced bowel dysfunction (OIBD) ranges from mild constipation to
life-threatening paralytic ileus. Relaxation of fundal musculature combined with
contraction of antral and duodenal muscle delays gastric emptying. Ileus results
from intestinal MOR-mediated alteration/inhibition of normal contractile patterns
[81] and in mild form contributes to constipation. It may be so severe, however
(more likely in conjunction with postoperative ileus), that potentially fatal compli-
cations, e.g., abdominal compartment syndrome, may occur [82]. Opioid-induced
constipation (OIC) occurs in between 15 and >50% of patients on chronic opioid
therapy [27] and, unlike most adverse (and therapeutic) effects, does not seem to
diminish over time. In addition to the ileus described above, mechanisms include
MOR-mediated increased fluid absorption and decreased enterocyte secretion and
increased sphincter tone. OIC like any constipation can predispose to nausea and
vomiting, hemorrhoids, prolapse and in severe cases bowel obstruction and perfo-
ration. Prophylaxis with stool softeners such as docusate has long been standard
operating procedure and should be included with any opioid prescription along
with instructions for plentiful hydration. Osmotic agents such as polyethylene gly-
col are another reasonable routine recommendation; we frequently recommend
magnesium in doses of 500—750 mg/day and titrating upward to effect, as this agent
is also an adjunctive analgesic (NMDA blocker) and membrane stabilizer confer-
ring some benefit in neuropathic pain. More aggressive treatment with stimulant
laxatives or enemas may be obviated in the future with the advent of newer phar-
macologic agents such as peripherally acting MOR antagonists whose activity is
essentially confined to gastrointestinal MOR (e.g., methylnaltrexone, naloxegol,
alvimopan). Lubiprostone (which exerts its effect by activating chloride channels,
achieving a net effect similar to the action of cholera toxin) has recently been mar-
keted for the treatment of OIC; methadone however seems to inhibit its effect [83].
Unlike most of the adverse effects of the drug class, tolerance to OIBD does not
seem to develop.

Cholangiographic and manometric studies have confirmed sphincter of Oddi
spasm with opioid use; this complication has particular relevance for the treatment
of pain from biliary colic and pancreatitis. Anecdotal evidence in the 1980s and
1990s favored meperidine (pethidine) compared to morphine (which seems to con-
fer the greatest degree of spasm), but a review of the literature concluded that there
is no clinical superiority with any particular opioid agent and the risks of meperi-
dine outweigh the benefits [84].
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Urologic

Urinary retention occurs not infrequently in patients on opioid therapy; the rate has
been estimated at around 10% [85] but has been reported as high as 18.1% in post-
operative patients [86] where surveillance and monitoring (i.e., Foley urometrics)
are prevalent. The pathophysiology is thought to be due to a MOR and possibly
DOR-mediated combination of inhibition of the spinobulbospinal voiding reflex,
decreased detrusor activity, and increased sphincter tone. As with OIBD, peripheral
MOR antagonists appear to ameliorate these symptoms.

Dermatologic

Pruritis is a common adverse effect of opioid therapy, with an incidence estimated
between 2 and 10% [87]. Neuraxial (epidural or intrathecal) administration seems
to be associated with a higher incidence (up to 80% [88]) and may suggest a primar-
ily central mechanism as opposed to a peripheral histaminergic response. The inef-
ficacy of antihistamine therapy on this condition and reasonable success with
low-dose antagonist therapy (naloxone or naltrexone) support a specific opioid
receptor-mediated pathway.

Literature Review of Adverse Effects

The findings of several recent systematic reviews examining the incidence of vari-
ous adverse effects from opioids are summarized below and in Table 3.2.

Kalso et al. (2004) reviewed 15 randomized controlled trials (RCTs) comparing
opioid therapy for chronic non-cancer pain to placebo [90]. Data from 1445 patients
were analyzed showing an 80% rate of report of at least one adverse effect in the
opioid group vs. 56% in the placebo group. Rates for specific AEs were reported by
treatment group and are presented in the table.

Furlan et al. (2006) performed a meta-analysis of 41 RCTs of opioid use in
chronic non-cancer pain; 30 of these were placebo-controlled [91]. Altogether data
from 6019 patients were analyzed, and data on adverse effects were presented in
terms of risk differences, without raw numbers/rates presented. Risk differences for
specific AEs that showed statistically significant differences between treatment
groups are presented in the table.

Trescot et al. (2008) reviewed a number of studies examining opioid effective-
ness and AE and render a unique presentation of AE stratified by specific drug [92].
These data are presented in the table.

Papaleontiou et al. (2010) performed a systematic review and meta-analysis of
31 RCTs and 12 observational studies comparing opioids to placebo or non-opioid
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Table 3.2 Systematic reviews of adverse effects of opioids vs. placebo

Rate in | Rate in
Study Adverse effect cases controls Other analyses
Kalso et al. [89] | Constipation 41% 11%
Nausea 32% 12%
Somnolence 29% 10%
Dizziness 20% 7%
Vomiting 15% 3%
Pruritis 15% 7%
Furlan et al. [90] Risk difference in opioid vs.
placebo (95%CI)
Constipation 16% (10-22%)
Nausea 15% (11-19%)
Somnolence 9% (5-13%)
Dizziness 8% (5-12%)
Vomiting 5% (2—7%)
Dermatologic sxs 4% (1-6%)
Trescot et al. Drug AE prevalence
[91] Morphine nausea 37%
Fentanyl nausea 31%
Constipation 4.6-23.1%
Somnolence 18%
Methadone nausea/vomiting
23.6%
Sedation 18.5%
Pruritis/rash 13%
Constipation 11.7%
Oxycodone constipation 15%
Nausea 12%
Somnolence 8%
Vomiting 7%
Depression 2%
Papaleontiou Constipation 30%
etal. [92] Nausea 28%
Dizziness 22%
Somnolence 21%
Furlan et al. [93] | Nausea 28% 9% EERW opioid vs. placebo
data®
Constipation 26% 7% Nausea 16% 8%
Constipation 15% 3%
Somnolence 10% 5%
Somnolence 24% 7% Dizziness 10% 5%
Dizziness 18% 5% Dermatologic sxs 5% 2%
Dermatologic sxs | 15% 2%
Vomiting 15% 3%
Dry mouth 12% 6%

(continued)
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Table 3.2 (continued)

Rate in | Rate in

Study Adverse effect cases controls Other analyses
McNicol et al. Constipation 34% 9%
[94] Somnolence 29% 14%
Nausea 27% 9%
Dizziness 22% 8%
Vomiting 12% 4%
Chou et al. [96] Odds ratios for opioid vs. none
groups

“Serious” overdose 8.4

“Any” overdose 5.2

Myocardial infarction 2.66
Fracture 1.27

AEERW enriched enrollment randomized withdrawal trials

analgesics in chronic non-cancer pain, with 10,545 patients total [93]. Inclusion
criteria included an age equal to or greater than 60 years old (mean age 64.) Rates
for specific AEs were reported for the opioid group and are presented in the table.

Furlan et al. in 2011 updated their earlier analysis with 21 additional studies for
a total of 62 RCTs comparing opioids vs. placebo or other drug for chronic non-
cancer pain in 11,927 patients [94]. The purpose of this subsequent investigation
was to evaluate whether enriched enrollment randomized withdrawal trials (EERW,
a type of RCT in which potential participants receive the study drug on a trial basis
prior to randomization into the actual study) provided improved data quality by
augmenting the pool with participants with improved tolerance. An a priori assump-
tion of this design is that AE will be underrepresented, as potential participants who
cannot tolerate the drug will not enroll. In this analysis, the rate of AE was substan-
tially higher in traditional RCTs than in the EERW trials, and the data are presented
in the table.

McNicol et al. (2013) reviewed 31 RCTs (n = 1237 patients) comparing opioids
vs. placebo specifically for neuropathic pain [95]; rates for specific AEs were
reported for the opioid vs. placebo groups and are presented in the table.

Reinecke et al. (2015) performed a meta-analysis of 46 RCTs (n = 10,742
patients) evaluating treatment methodologies in chronic non-cancer pain [96]; 24 of
these RCTs evaluated pharmacologic interventions involving both opioid and non-
opioid drugs compared to placebo (the remainder evaluated physical and psycho-
logical therapy modalities.) Data on AE, which included in descending order of
frequency nausea, constipation, somnolence, dizziness, and vomiting, were reported
only in the aggregate, and the authors state that the incidence was “10-20% higher
in opioid than placebo groups.”

Chou et al. (2015) in a study funded by the Agency for Healthcare Research and
Quality reviewed 39 studies including RCTs and observational studies that com-
pared opioid therapy for at least 3 months vs. other modalities including placebo
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[97]. No studies reported on long-term (greater than 12 months) efficacy in terms of
pain relief, functional improvement, etc.; however AE was evaluated for greater
than 12 months in 19 studies, and these data are presented in a non-pooled manner;
those which are amenable to tabular representation are shown below (see Table 3.2).
Finally, an unprecedented prospective study involving the entire state of North
Carolina in 2010 was carried out using prescription drug monitoring program data
[98]. Subjects receiving an opioid prescription in 2010 (n = 2,182,374 patients) as
well as the remainder of the state’s population (totaling almost 9.5 million individu-
als) were followed forward for 1 year, and mortality data related to opioid use was
examined. There were 629 total prescription opioid-related deaths (478 of which
had a valid prescription and 151 apparently were using prescription opioids illicitly,
i.e., via diversion.) There was a strong correlation between dose and mortality with-
out any specific “inflection point” noted. Concurrent alcohol use was identified in
only 12% of opioid deaths; however, benzodiazepine use was identified in over 60%
of opioid decedents. (The authors draw attention to the fact that the overall general
prescription rate for benzodiazepines is on the order of 5% nationwide.) The mortal-
ity rate was tenfold higher in patients receiving prescriptions for both opioids and
benzodiazepines compared to those receiving prescriptions for opioids alone.

Summary

Opioids are powerful and yet seemingly capricious agents with a historically unpar-
alleled ability to efficiently relieve pain coupled with a myriad of adverse effects
ranging from trivial to life-threatening. They also display near-universal but rela-
tively unpredictable loss of efficacy in the context of chronic use. Such tolerance is
a major factor in amplifying the incidence and severity of adverse effects as patients
often consume (sanctioned or unsanctioned) increasing quantities of opioids in an
attempt to either relieve pain or withdrawal symptoms or simply for recreational
purposes.
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Chapter 4
Understanding the Agent, Part III:
Specific Drugs

A 24-year-old right hand-dominant male presents to your practice with a
complaint of right upper extremity pain that he describes as “burning, throb-
bing, and electric-like.” The pain began 2 years ago immediately following a
work-related injury where his arm was caught in a cable and hyperextended.
He underwent a rotator cuff repair shortly after the incident, without any
improvement in his symptoms nor function, and states that ever since, he has
had worsening of both pain and function. He reports that light touch, water, or
even wind is exquisitely painful to the limb, and he describes intermittent
color changes and swelling from the elbow and distal to that. The limb con-
stantly feels cold to him. He requests “Percocet” which he has been prescribed
ever since his operation. He states that 2 months after the operation his ortho-
pedic surgeon prescribed him tramadol, but he sustained a generalized tonic-
clonic seizure and fractured three ribs as a result of the seizure. He did some
Internet research and learned that there is an interaction between tramadol and
bupropion, which he has been using for the past 4 years. After bringing this to
the attention of his surgeon, he was referred to a pain management clinic
where he has been treated by a series of stellate ganglion blocks and oxyco-
done combination products. He is a smoker but denies alcohol consumption.
He is disabled and not working presently. Family history is noncontributory.
Review of systems is positive for insomnia, anxiety, and depression.

On exam he is well-developed, well-nourished, alert, and oriented x4. VS: T97.3,
HR 88, BP 142/95, RR 18. Pupils are 3 mm. The RUE shows a livedo reticularis
erythematous pattern and is mildly edematous with a shiny and waxy appearance,
and the hand has some flexion contractures of all digits. There is obvious atrophy
of the limb compared to the LUE. He guards the limb, and there is hyperalgesia
to palpation and passive ROM. It feels cold to the touch compared to the LUE.

© Springer International Publishing AG 2018
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Currently Available (Outpatient) Prescription Opioids

Opioids are generally classified either according to chemical structure or by phar-
macokinetic properties, i.e., duration of action. Currently available outpatient pre-
scription opioids in the United States are arranged in this chapter alphabetically for
ease of reference. Excluded from this list are:

e Agents that are no longer available, such as propoxyphene

e Mixed agonist/antagonists, such as butorphanol, nalbuphine, and pentazocine
e Strictly intravenous agents, such as alfentanil and remifentanil

e Illicit agents, such as heroin and kratom

Before proceeding to individual agents, however, some basic definitions should
be clarified. Opioids are molecules that act upon opioid receptors as described
above and may include natural substances such as opiates, semisynthetic deriva-
tives, or fully synthetic compounds. Opiates are plant alkaloids found in the opium
poppy (Papaver somniferum). Partial agonists are substances that exert submaxi-
mal effect at a receptor compared to one that exerts full effect. Mixed
agonistlantagonists exert agonist effects at some receptors and antagonist effects at
others; this is generally due to differing activity at receptor subtypes.

Buprenorphine

Buprenorphine is a synthetic thebaine derivative, developed in 1969, with introduc-
tion into clinical practice in the 1970s in injectable form and in the 1980s in a sub-
lingual formulation. Bioavailability is very poor orally due to high hepatic first-pass
metabolism. Due to high lipophilicity, however, it is suitable for sublingual admin-
istration, and this has become the preferred route of administration clinically.
Sublingual bioavailability is on the range of 50% [1]. Time to onset of effect is on
the order of 10 min. It is highly (96%) protein bound.

Buprenorphine is a partial agonist at the MOR and an antagonist at both the KOR
and DOR. It displays unique tenacity for the MOR, with a dissociation constant
many orders of magnitude higher than most other opioids [1, 2], which confers both
an extended duration of action and also the unique ability to “block” other opioid
agonists from occupying the MOR, an attractive feature in terms of addictionology
but one with problematic features in the acute care arena; both of these issues are
discussed later. The potency of buprenorphine is rather contested in the literature;
conservative estimates place it at 15-20 times the potency of morphine, whereas in
some studies, it appears to be closer to 70 times more potent than morphine.

Buprenorphine undergoes both hepatic Phase I metabolism by CYP3A4 to nor-
buprenorphine and also direct Phase II glucuronidation. Norbuprenorphine is an
active metabolite with roughly 20% efficacy of buprenorphine and also undergoes
glucuronidation. The elimination of buprenorphine is primarily fecal, with 10-30%
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of the dose excreted renally (as conjugated compounds.) Renal dosing does not
appear to be necessary [3]. The half-life of buprenorphine is very long, with esti-
mates as high as 37 h [2]. This is in part due to its long MOR association but also a
very long proposed biophase equilibration time [4], which is a theoretical/modeled
parameter explaining differences in concentration and effect between plasma and
site of effect (in this case the central nervous system.)

Buprenorphine is formulated for both transdermal and sublingual administration,
as noted above, and is supplied currently as a monoproduct transdermal system, as
a monoproduct tablet, and as a combination (with naloxone) tablet and also film.
The transdermal system is FDA approved for the treatment of chronic pain, whereas
the sublingual formulations, while increasingly used off-label for chronic pain treat-
ment, are FDA approved for the treatment of opioid dependence. The complex
issues surrounding this indication are discussed at greater length in subsequent
chapters.

If chronic opioid therapy is being considered, many features of buprenorphine
render it an attractive choice. It displays ceiling effects of both therapeutic and also
adverse effects (especially respiratory depression), little or no need for renal dosing,
and overall a very good safety profile. Buprenorphine does not affect respiratory
rate; there is some evidence in animal models suggesting reduction in tidal volume
attributable to the glucuronidated metabolite [5], but from a respiratory depression
standpoint, it remains the safest of all opioids currently available. Early reports sug-
gested a possible association between buprenorphine use and QT interval prolonga-
tion, but several recent investigations seem to have laid these concerns to rest, and
at present, routine ECG monitoring is not recommended for buprenorphine therapy
as it is for methadone [5-7]. Despite widespread and increasing prevalence of use
(and abuse) discussed in greater detail below, mortality associated with the drug is
extremely low; a postmortem analysis of drug overdose-related deaths in New York
City during a 5-month period in 2013 showed buprenorphine metabolites in only
2% of decedents, and all overdose victims had multiple CNS depressants present in
serum [8]. Only three deaths attributable to buprenorphine were reported by the
American Association of Poison Control Centers in 2011 (http://www.deadiversion.
usdoj.gov/drug_chem_info/buprenorphine.pdf). Concurrent benzodiazepine use is
thought to be responsible for most fatalities where buprenorphine is involved.

From a psychiatric standpoint, opioid use is associated with a high risk of depres-
sion and possibly suicidality; buprenorphine is uniquely antidepressant, likely
owing to its KOR antagonism, and in fact many psychiatrists have called for
expanded FDA treatment indications to include refractory depression. In addition,
given the high prevalence of comorbid opioid use disorder among chronic pain
patients, buprenorphine’s unique ability to render other opioids basically ineffective
is an attractive feature deserving of consideration.

Buprenorphine may not confer typical chronic opioid-induced hyperalgesia
states; experimental data in both animals and humans indicate significant antihyper-
algesic effects [5, 9]; these may however be dose-dependent and of clinical rele-
vance only at high doses [10]. Antagonism at KOR, DOR, and N/OFQR has all been
invoked as potential mechanisms underlying this phenomenon. Buprenorphine
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displays the most potent sodium channel blockade of any opioid agonist and in fact
is classified as a strong local anesthetic [11]; this mechanism may partially explain
the apparent antihyperalgesia conferred by this agent.

There is currently an unfortunate paucity of high-quality evidence in the litera-
ture for the use of buprenorphine for treating chronic pain; the vast majority of
investigations pertain to its efficacy in treating opioid dependence. One recent sys-
tematic review of buprenorphine for chronic pain examined 12 studies and reported
that all studies reported that sublingual buprenorphine demonstrated some effective-
ness for analgesia in chronic pain patients; however, the evidence was deemed low
quality and insufficient to draw any conclusions from [12]. A Cochrane review of
buprenorphine for use in treating neuropathic pain found no studies of sufficient
quality to analyze. A recent Cochrane review of buprenorphine in cancer pain exam-
ined 19 studies (n = 1421 patients) and found that of 11 studies comparing buprenor-
phine to an alternate (non-placebo) therapeutic regimen, five studies showed
superiority, three showed no difference, and three showed inferiority [13]. Further
high-quality investigation is warranted into the question of efficacy of buprenor-
phine treatment in chronic pain, especially neuropathic pain, as the only current
FDA-approved vehicle is the transdermal system which is very expensive and not
covered by many payers; accumulation of evidence demonstrating superior risk-
benefit ratio of buprenorphine compared to other options may convince more payers
to include sublingual vehicles to their formulary for treating refractory chronic pain.

One potentially problematic issue with buprenorphine use has to do with its
MOR tenacity/virtual blockade of other opioids in the context of acute care. In situ-
ations of trauma or other emergent operations, a patient on buprenorphine may not
experience analgesia from other opioids administered. This issue may be circum-
vented in many cases by regional anesthesia (e.g., spinal/epidural blockade or
peripheral nerve blockade.) In the case of elective surgery, it is wise to wean off of
buprenorphine ahead of time to allow for unhindered access to the MOR.

By far the majority of buprenorphine use in this country and worldwide is for the
maintenance and treatment of opioid dependence. The US federal law (discussed in
greater detail in Chap. 8) allows for any physician with a DATA 2000 waiver
(“X-number”) addendum to their DEA registration to prescribe buprenorphine for
this purpose. Office-based opioid treatment (OBOT) is a term that has become syn-
onymous with buprenorphine, as no other opioid agonist is allowed to be used solely
for the treatment of opioid use disorder outside of federally sanctioned opioid treat-
ment programs (OTPs) which rely primarily on methadone. Combination
buprenorphine-naloxone products are preferred for OBOT as they have been shown
repeatedly to suffer less abuse than the buprenorphine monoproduct. The use of the
monoproduct is actively discouraged by current guidelines/standard of care (e.g.,
the Substance Abuse Mental Health Services Administration Consensus Panel on
Buprenorphine) [14] as well as the Drug Enforcement Agency, except in the case of
pregnancy. Methadone has historically been used for the treatment of opioid use
disorder in pregnancy; however, a recent prospective, double-blinded randomized
trial (the “MIOTHER” study—Maternal Opioid Treatment: Human Experimental
Research) showed that infants born to mothers maintained on buprenorphine
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required significantly less morphine (by an order of magnitude), had a significantly
shorter hospital stay (by a week), and had a significantly shorter duration of treat-
ment for neonatal abstinence syndrome (4.1 days vs. 9.9 days) compared to infants
whose mothers were maintained on methadone [15].

Buprenorphine therapy has been shown to be highly effective in meeting its goals
of reducing illicit opioid abuse and improving retention in substance abuse treat-
ment. OBOT has also been shown to decrease high-risk sexual behaviors and to
reduce emergency department utilization and overall opioid-related mortality
[16-21].

Although far less prone to abuse than other opioids, buprenorphine is subject to
abuse. In some countries (e.g., Malaysia, Finland), high rates of abuse have been
seen, arguably related to the lack of other widely available opioid options. In the
United States, buprenorphine products generally rank as the least abused or misused
opioid among those studied [22]; nonetheless, the products may be tampered with
and injected, insufflated, etc. The formulation of the combination naloxone prod-
ucts came about in order to discourage such abuse, as the bioavailability of nalox-
one is relatively low when the product is used appropriately (sublingually) but much
higher with intravenous use, and studies bear out that abusers prefer the monoprod-
uct over the combination buprenorphine-naloxone formulations [23, 24].

Diversion of buprenorphine is a more significant issue; from 2002 to 2008, the
retail distribution of buprenorphine increased more than 7000-fold from 107 grams
to 800,317 grams. Between 2009 and 2014 the 26 Health’s National Prescription
Audit Plus Retail database showed a 144% increase in the number of buprenorphine
prescriptions filled [25]. This tremendous increase in availability certainly facilitates
greater distribution, and during this period buprenorphine items reported to the
National Forensic Laboratory Information System (NFLIS) also increased more than
250-fold from 13 items to 5627 items [26]. As with abuse, diversion favors the mono-
product; data from several programs show a diversion rate for monoproduct tablets
averaging 6.4 times the rate of that of the combination film [24]. Furthermore, each
individually packaged combination film product in the United States contains a
unique ten-digit ID number and QR code that can be scanned at any point in the chain
of medication distribution which may be used to help in diversion investigation.

Many addictionologists and other interested parties however maintain that from
a public health standpoint, buprenorphine diversion may represent a boon in dis-
guise, as it may be expanding (unsupervised) treatment with an agent that has been
shown to be highly effective and extraordinarily low risk, and thus providing net
benefit in terms of reducing opioid misuse morbidity and mortality (Table 4.1).

Codeine

Codeine is one of the three main phenanthrene alkaloids contained in opium (mor-
phine and thebaine being the other two). Structurally, codeine is a morphine mole-
cule with an extra methyl group attached and in itself possesses relatively weak
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efficacy in terms of opioid agonism unless demethylated by the CYP2D6 system
into morphine. Codeine itself and its primary metabolite codeine-6-glucuronide
(C6G) have only a fraction of the potency of morphine but given their quantitative
preponderance may confer (especially C6G) the majority of the drug’s analgesia
[27, 28]. Codeine has a fairly high oral bioavailability with around 90% absorption.
It is relatively unbound by plasma proteins (7-25% binding) with an average vol-
ume of distribution between 3 and 6 L/kg (http://www.drugbank.ca/drugs/
DBO00318). Codeine binds to and exerts its known effects via the MOR and is not
reported to interact significantly with either the DOR or KOR. Its potency is gener-
ally thought to be between 10 and 15% that of morphine.

O-methylation to morphine via CYP2D6 comprises a relatively small fraction of
its disposition; its primary metabolism is (Phase II) glucuronidation to codeine-6-
glucuronide. Its half-life is generally reported to be 2-3 h. Hepatic impairment has
not been reported to be a significant issue in terms of dose adjustment, but it should
be kept in mind that due to its prodrug nature, therapeutic efficacy will be markedly
reduced. Codeine is 90% renally excreted, and as such, dosing adjustment should be
made in cases of renal impairment [29, 30], especially considering that morphine is
its most potent metabolite.

Codeine (as well as other opioids, most notably hydrocodone) has been used for
decades as an antitussive; several different pathways affected by various triggers
including mechanical and chemical (e.g., bradykinin) stimuli are involved, and
some of these have been shown to be very responsive to opioids, while others have
not [30].

Codeine is reported to be the most commonly used opioid therapeutically
throughout the world; in the United States it ranks #4. It is available primarily as a
combination analgesic with acetaminophen in this country in three different
strengths (15 mg, 30 mg, and 60 mg codeine with acetaminophen 300 mg) and also
exists in pure form as an antitussive syrup. Other more obscure forms exist but are
rarely used and not generally available. Between 2009 and 2014 the 26 Health’s
National Prescription Audit Plus Retail database showed a 9% decrease in the num-
ber of codeine prescriptions filled [25]; with the reclassification of hydrocodone to
a Schedule IT drug however, it is expected that codeine products will enjoy a renais-
sance of prescription as the drug remains Schedule III presently, meaning that pre-
scriptions for codeine may be telephoned or FAXed in rather than requiring a hard
copy prescription.

Fentanyl

Fentanyl is a synthetic phenylpiperidine derivative and the only one of its class
(including alfentanil, remifentanil, and sufentanil) to have any use in the outpatient
arena. All are highly potent opioids that exist primarily as intravenous preparations;
however, fentanyl is available and used primarily as a transdermal preparation and
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to a lesser extent as a transmucosal (buccal or nasal) preparation. Fentanyl is highly
protein bound (80-85%) with a volume of distribution between 3 and 8 L/kg (http://
www.drugbank.ca/drugs/DB00813). Due to its significant lipophilicity and potency,
it is suitable for transdermal delivery, and it diffuses readily into the epidermis
where it forms a depot for slower release into the dermis and circulation. Despite
individual variability owing to skin thickness and keratinization, absorption is fairly
predictable with the drug achieving therapeutic levels generally within 12—16 h of
application [31]. Bioavailability of the transdermal system is reported as 92%
(http://www.drugbank.ca/drugs/DB00813). Fentanyl “patches” are designed for
72 h use and are most commonly prescribed as such. Individual and environmental
factors (e.g., increased ambient or skin temperatures) may result in altered absorp-
tion kinetics.

Transmucosal forms are prescribed almost exclusively for “breakthrough pain”
in terminal cancer situations and comprise the most rapid parenteral delivery option
at present. Roughly one-fourth of a transmucosal dose enters the circulation almost
immediately due to sublingual absorption with the remaining three-fourths swal-
lowed and subjected to hepatic first-pass metabolism, with roughly 25% of the
enteral portion escaping to enter the circulation [32]. Onset of analgesia is generally
within 15 min and lasts roughly an hour.

Fentanyl is an extremely potent (estimated at 80 times the potency of morphine)
agonist at the MOR. Effects at the DOR and KOR have not been well characterized.
It is metabolized almost exclusively through the CYP3A4 pathway and undergoes
dealkylation to norfentanyl, which is held to be an inactive molecule. Hepatic
impairment and probably more importantly CYP3A4 inhibition (which is very com-
mon given the vast amount of drugs that are metabolized via this enzyme) certainly
warrant caution; due to its potency and almost exclusively renal elimination, dose
adjustment is recommended once the GFR drops below 50 mL/min [30]. While
more of an issue with intravenous infusions, the lipophilicity of the drug alters nor-
mal kinetics substantially and may result in significantly underestimated depot res-
ervoirs in the obese.

Two transdermal forms currently exist; the original delivery system contains an
actual liquid reservoir contained within the backing and adhesive layer, while the
newer “matrix” formulation contains the drug within the adhesive layer. Both for-
mulations are subject to abuse; the reservoir may be accessed for noncontrolled
applications, and the matrix formulation may be cut and applied transmucosally.
Recent “lacing” of heroin with fentanyl has resulted in an increased number of
deaths from heroin use and has gained considerable media coverage over the past
couple years. Between 2009 and 2014 the 26 Health’s National Prescription Audit
Plus Retail database showed only a 5% increase in the number of fentanyl prescrip-
tions filled [25]; however, there was a two- to tenfold increase (varying by geo-
graphic region of the country) in fentanyl items submitted to forensic laboratories
during this time period.
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Hydrocodone

Hydrocodone is a semisynthetic phenanthrene opioid derived from codeine. It is
well absorbed from the gastrointestinal tract, with greater than 50% bioavailability.
In blood, 20-50% of hydrocodone is bound to protein; the volume of distribution is
not known (http://www.drugbank.ca/drugs/DB00956). Time to onset of analgesia is
generally reported as being within half an hour. It acts primarily on the MOR, with
some affinity for the DOR. Potency data for hydrocodone are conflicting and con-
fusing; this may be in part to the extensive metabolism and numerous active metab-
olites, with pharmacogenetic variance conferring marked individual variability in
effect. Most textbooks and equianalgesic conversion tables report the potency of
hydrocodone to be between 0.6 and 1.0 times that of morphine.

Hydrocodone undergoes metabolism by CYP2D6 to hydromorphone, a much
more potent opioid. CYP3A4 metabolism renders norhydrocodone, a molecule gen-
erally held to be inactive but may have some analgesic effects [33]; other metabo-
lites include dihydrocodeine, which is an active molecule and available by
prescription, and nordihydrocodeine, the CYP3A4 metabolite of dihydrocodeine.
Forty percent of hydrocodone metabolism is reported to occur independently of the
cytochrome P450 pathway [34]. While strong recommendations regarding hepatic
and renal dosing of hydrocodone are not generally touted, given hydromorphone’s
potency (and significant hepatic metabolism) dose adjustment should be considered
in terms of metabolic organ dysfunction.

Hydrocodone has been available in the United States almost exclusively as a
combination product with acetaminophen (or ibuprofen); more recently pure mono-
product hydrocodone formulated as an extended-release/long-acting drug has been
made available. Hydrocodone was reclassified from a Schedule III to a Schedule 1T
drug in October 2014, making it slightly more onerous for prescribers. Despite a
downturn in prescription in 2014 (—1% between 2009 and 2014) [25], hydrocodone
products are the most prescribed opioid in the United States, with more than 125
million prescriptions written that year; to put it in global perspective, this country is
responsible for approximately 99% of the world’s hydrocodone consumption (http://
www.deadiversion.usdoj.gov/drug_chem_info/hydrocodone.
pdf#search=hydrocodone). Not surprisingly, hydrocodone products are the most
commonly diverted opioid in this nation [35].

Hydromorphone

Hydromorphone is a potent semisynthetic hydrogenated ketone derivative of mor-
phine. Its absorption and bioavailability (13-50%) [36] are relatively low; it also has
relatively low protein binding (20%) (http://www.drugbank.ca/drugs/DB00327). It
is slightly more lipophilic than morphine and together with low protein binding has
a slightly greater volume of distribution at 4.1 L/kg [37]. Time to onset of analgesia
following an oral dose is reported to be roughly 30 minutes. It is a strong MOR
agonist, generally held to be five times more potent than morphine.
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Hydromorphone is metabolized almost exclusively by Phase II glucuronidation
to hydromorphone-3-glucuronide which is held to be inactive from an analgesic
standpoint but may accumulate in renal impairment and cause neuroexcitatory tox-
icity (similar to the well-known effects of normeperidine in renal failure). For this
reason, hepatic dosing seems prudent and renal dosing is recommended [30].

Hydromorphone is available on an outpatient basis in various immediate-release
strengths, and an extended-release once-a-day formulation has been available now
for over a decade. Between 2009 and 2014 the 26 Health’s National Prescription
Audit Plus Retail database showed a 45% increase in the number of hydromorphone
prescriptions filled [25]; NFLIS data showed a significant (twofold) increase in
hydromorphone products submitted to forensic laboratories from 2011 to 2013 in
the South.

Levorphanol

Rarely used, levorphanol (the levo-enantiomer to dextromethorphan) is a long-
acting synthetic phenanthrene with very diverse activity. Its bioavailability is roughly
70%, and it is approximately 40% protein bound with a volume of distribution
between 10 and 13 L/kg (http://www.drugbank.ca/drugs/DB00854). Time to peak
effect is roughly 1 h. While a potent agonist at the MOR, levorphanol also avidly
binds the DOR and KOR (which is responsible for much of its limiting psychomi-
metic effects, although it also has anticholinergic properties) [38] and is also an
NMDA antagonist and furthermore a serotonin/norepinephrine reuptake inhibitor.
This complement of activities renders it a theoretically attractive alternative agent in
the treatment of refractory chronic pain states, especially neuropathic pain [39]. It is
reportedly four to eight times more potent as agonist than morphine at the MOR.

It is metabolized via hepatic glucuronidation to levorphanol-3-glucuronide, an
active metabolite that is excreted by the kidney and as such should be renally dosed.
Its half-life is reported to be between 11 and 30 h [37, 40].

Levorphanol possesses many of the qualities of methadone (long half-life,
NMDA blockade), but unlike the latter it is not known to prolong the QTc interval.
Nonetheless, its widespread use and acceptance have been limited by relative lack
of availability and high cost and significant constellation of neuropsychiatric adverse
effects (thought to be due primarily to anticholinergic effects).

Meperidine

Meperidine (pethidine in the U.K. and elsewhere) is a synthetic phenylpiperidine
and the first fully synthetic opioid. It has largely fallen out of favor in the United
States but remains one of the more commonly used opioids elsewhere. It has oral
bioavailability similar to that of morphine (50-60%) and is relatively protein bound
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(60-80%) (http://www.drugbank.ca/drugs/DB00454). Its volume of distribution is
reported to be 2.6 L/kg, almost equal to morphine’s. Peak plasma concentrations are
reported to occur within 1-2 h of oral administration.

Meperidine is a relatively weak MOR agonist with roughly one-tenth the potency
of morphine. It is a relatively strong KOR agonist, and this may account for some of
its well-known dysphoric and even hallucinogenic effects in certain individuals.
Meperidine is hydrolyzed by hepatic carboxylesterase to an inactive metabolite
known as meperidinic acid (pethidinic acid) and also undergoes Phase I demethyl-
ation to normeperidine (norpethidine) via the CYP3A4 and CYP2B6 pathways.
Both of these metabolites are further glucuronidated for renal excretion. Due to the
significant neuroexcitatory toxicity of normeperidine, meperidine is contraindicated
in renal impairment due to buildup. Avoiding it in hepatic impairment is prudent as
well, and many have called for a moratorium on its use in chronic pain altogether
[41, 42].

Meperidine also has serotonin reuptake inhibition properties. A well-known
interaction between meperidine and monoamine oxidase inhibitors (MAOI) has
been described for decades; concurrent use may result in an agitated neurotoxic
state that may be fatal. More recently we have learned that this likely represents a
serotonin syndrome with liability well beyond meperidine and the MAOI class;
phenylpiperidines in general are serotonin reuptake inhibitors, and most antidepres-
sants are as well, and the combination of these two classes is contraindicated.

Meperidine possesses anticholinergic activity and confers tachycardia and
mydriasis unique among opioids. Anecdotally (and possibly owing to its anticholin-
ergic activity), meperidine reportedly confers reduced visceral tone and intralumi-
nal pressures; there is conflicting evidence however in vivo for this activity. It has
also been the best studied of the opioids historically in terms of sodium channel
blockade and has found utility for this local anesthetic-like activity in regional anes-
thesia; it is unlikely that there is much clinical significance for this phenomenon
with oral dosing.

Meperidine is falling out of favor in this country as indicated above; between
2009 and 2014 the 26 Health’s National Prescription Audit Plus Retail database
showed a 49% decrease in the number of meperidine prescriptions filled [25].

Methadone

Methadone is a structurally unique synthetic opioid of the diphenylheptane class,
unique in many ways. The least expensive of the opioids and the one with the widest
range of therapeutic uses historically, it is also the most lethal; a 2012 CDC report
of opioid fatality surveillance in 13 states showed that while comprising less than
2% of all opioid prescriptions in 2009, methadone had by far the highest mortality,
responsible for nearly 40% of the single-drug deaths in this sample [43].
Methadone has a highly variable oral bioavailability ranging from 36 to 100%
(http://www.drugbank.ca/drugs/DB00333). It is highly protein bound (primarily to
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alpha-1 acid glycoprotein) but is relatively lipophilic with a volume of distribution
reported between 1 and 8 L/kg. Time to onset of analgesia ranges between 30 and
90 minutes. Like most organic chemicals, methadone exhibits chirality, and its
enantiomers have been well-studied. R-methadone (the levo-isomer) is a full MOR
agonist with relatively weak DOR and KOR affinity, whereas S-methadone (the
dextro-isomer) is an NMDA antagonist and also possesses some serotonin/norepi-
nephrine reuptake inhibitory activity [44]. The reported potency of methadone var-
ies widely from roughly equipotent to morphine to upward of ten times that; many
sources make vague statements about dynamically increasing potency correlating
with accumulation; given what we know of overall receptor sensitization, the likeli-
hood of actual MOR agonism increase over time is unlikely. Methadone’s joint
NMDA antagonism is thought to confer some reduction in the development of opi-
oid tolerance. One thing is clear: methadone is unpredictable. It also appears that the
pharmacokinetic parameters of methadone do not parallel its analgesic duration
which is reported to be between 4 and 8 h [44, 45].

Metabolism of methadone is primarily via Phase I reactions catalyzed by multi-
ple cytochrome P450 enzymes, with CYP3A4 providing the majority of its conver-
sion to the inactive metabolite 2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine
(EDDP). The different enantiomers undergo other enzyme-specific metabolisms as
well; CYP2C19 preferentially metabolizes R-methadone, while CYP2B6 preferen-
tially metabolizes S-methadone [46]. The half-life of methadone is generally
reported in the range of 15-55 h [45] but may be as high as 150 hours; such vari-
ability is perhaps due to multicompartmental model kinetics as the drug undergoes
extensive tissue sequestration as evidenced by animal and human forensic studies.
Elimination is largely biliary/fecal [44] which reduces the need for dose adjustment
in renal impairment.

Methadone has been associated with prolongation of the QT interval, and ven-
tricular dysrhythmias (e.g., torsade de pointes) may be responsible for a number of
deaths from its use. The S-enantiomer has been shown to block the human ether-a-
go-go (hERG) voltage-gated calcium channel in cardiac myocytes which is involved
in repolarization [47]. Methadone also seems to confer what may be a dispropor-
tionate degree of central apnea [48].

The efficacy of methadone in treating chronic non-cancer pain was recently
investigated in a Cochrane review; only two randomized controlled trials and one
non-randomized study, with 181 total subjects, were included in the analysis. The
authors state that no conclusions can be made on the basis of the limited data avail-
able [49]. Similar uncertainty has been reported by previous reviewers on the basis
of lack of data.

Far more literature exists related to the use of methadone in the treatment of
opioid dependence; numerous studies support the efficacy of “methadone mainte-
nance therapy (MMT)” in reducing illicit opioid use, improving substance abuse
treatment retention, reducing high-risk behaviors such as intravenous drug use and
reducing conversion to HIV seropositivity, and reducing criminal activity and incar-
ceration [49-53]. Decreased illicit drug use and improved treatment retention
appear to be dose-dependent when comparing daily doses less than 60 mg to doses
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between 60 and 100 mg [54—56]. Duration of MMT however is the strongest predic-
tor of reduction in heroin use as evidenced by the Drug Abuse Reporting Program
(DARP) in the 1980s and the Treatment Outcome Perspective Study (TOPS) in the
1990s. Both demonstrated about a 40% reduction in illicit opioid use at the end of
1 year after methadone maintenance treatment [57, 58].

From a prescription opioid mortality standpoint, however, methadone represents
the most dangerous opioid in terms of case fatality, and its use (and associated mor-
tality) increased significantly over the past two decades (peaking in the late 2000s),
associated with increased use for pain management rather than MMT. Prescriptions
for methadone increased nearly sevenfold from 1998 to 2006, with mortality very
nearly paralleling that, with a 5.5-fold increase from 1999 to 2009 [43]. Between
2009 and 2014 the 26 Health’s National Prescription Audit Plus Retail database
showed a 7% decrease in the number of methadone prescriptions filled [25]. The
case fatality rate involving methadone seems to have stabilized and even decreased
slightly since 2007; nonetheless, in 2010, methadone accounted for 31.4% of all
opioid-related deaths (and 39.8% of all single-opioid-related deaths) in 13 states
submitting medical examiner data to the Drug Abuse Warning Network (DAWN.)
Methadone represented only 4.5% and 18.5% of the opioids distributed by state.

Morphine

Morphine is the prototypical therapeutic opioid, well represented in classical litera-
ture and popular media as a wartime boon, and remains the standard by which all
others are judged; this is reflected by equianalgesic tables comparing all opioid to a
“standard” 30 mg oral dose of morphine, and more recently the concept of mor-
phine equivalent daily dose (MEDD) which is discussed later in the book. It is also
the starting point for synthesis of most of the commercially available semisynthetic
opioids, and approximately 70% or so is used in the creation of hydrocodone,
hydromorphone, oxycodone, oxymorphone, and others [59]. It is a phenanthrene
opiate, one of the three main alkaloids of P. somniferum, and the most potent of the
three. The oral absorption of morphine is relatively poor, with a bioavailability of
approximately 30%. It is between 30 and 40% protein bound, is relatively hydro-
philic (among opioids) with an octanol-water coefficient of one, and has a volume
of distribution between 1 and 6 L/kg (http://www.drugbank.ca/drugs/DB00295).
Time to peak analgesia following an oral dose is reported to be roughly 1 h.
Morphine is an effective MOR agonist and also displays lesser affinity for the DOR
and KOR.

The metabolism of morphine is held to be primarily via Phase II glucuronida-
tion. The principal metabolite, morphine-6-glucuronide (M6G), is active and is in
fact a more potent agonist than the parent compound. Other metabolites including
morphine-3-glucuronide are largely devoid of analgesic activity but may confer
adverse effects. It is thought that in chronic use, buildup of M6G confers most of
the analgesia from morphine [41]. Elimination is largely renal, with less than 10%
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biliary/fecal excretion. As such, renal impairment can lead to toxic buildup of M6G,
and dose adjustment (or avoidance of the agent altogether) is necessary.

Morphine is available for outpatient use as both immediate-release preparations
and various extended-release formulations as well. A novel combination of
extended-release morphine with embedded naltrexone was introduced last decade
in hopes of reducing abuse but was withdrawn from the market in 2011 due to safety
concerns raised by the FDA; it was reintroduced in a newer formulation in 2015 and
is discussed in greater detail in Chap. 5.

Morphine is well tolerated overall as evidenced by its long-standing reign as the
primary parenteral analgesic in the inpatient arena. Like all opioids it has an adverse
effect profile (which comprises the subject matter of Chap. 3), but it may confer a
higher incidence of nausea/vomiting and pruritis than some of the newer semisyn-
thetic and synthetic opioids. The latter is likely due to disproportionate histamine
release from this agent, and in the anesthesia community, it has been common prac-
tice to avoid the use of morphine in severe asthmatics for the past half century, for
fear of precipitating severe bronchoconstriction. Newer data question this practice
[60]. Another long-standing acute care practice, namely, the administration of mor-
phine for the treatment of acute pulmonary edema, has been called into question
recently as well [61, 62]. For decades, morphine-related reduction in pulmonary
venous pressures has been noted experimentally and clinically in the setting of pul-
monary edema, and as noted in the previous chapter, the use of morphine for sus-
pected acute coronary pain or congestive heart failure in the emergency setting has
been the standard practice. The availability of newer and more selective vasodilators
without the adverse effects of opioids may replace the routine use of morphine in
these situations.

Between 2009 and 2014 the 26 Health’s National Prescription Audit Plus Retail
database showed a 33% increase in the number of morphine prescriptions filled [25].

Oxycodone

Oxycodone is a semisynthetic derivative of thebaine, one of P. somniferum’s three
opiate alkaloids. It is relatively well absorbed with oral bioavailability of 60—-87%
(http://www.drugbank.ca/drugs/DB00497). It is roughly 50% protein bound, with a
volume of distribution of 2.6 L/kg. Time to onset of analgesia following an oral dose
is reported to be roughly 30 minutes. It is a strong MOR agonist, generally held to
be roughly twice as potent as morphine; this fact is underappreciated by most
patients and clinicians, and the latter may be due in part to the historic classification
of oxycodone as a “weak opioid” in many algorithmic treatment guidelines, e.g., the
WHO analgesic ladder. It also binds the KOR with greater affinity than most thera-
peutic opioids [63], and the relative contributions of KOR to MOR agonism to oxy-
codone’s therapeutic and adverse effects have been debated in the literature for over
a decade. Regardless of the degree of relative receptor specificity, KOR agonism
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confers both potential benefit and an increased constellation of adverse effects, dis-
cussed in greater detail below.

Oxycodone undergoes extensive hepatic P450 metabolism, yielding numerous
metabolites all of which confer some MOR and KOR agonism also. CYP3A4
demethylates oxycodone to noroxycodone, a weak MOR agonist, which represents
roughly 80% of the circulating oxycodone metabolites following an oral dose.
CYP2D6 demethylates oxycodone to oxymorphone, which comprises roughly 10%
of oxycodone metabolites [64]. It also catalyzes the demethylation of noroxycodone
to noroxymorphone. Given the potency of oxymorphone, CYP2D6 polymorphisms
would be expected to confer significant variability of both therapeutic and adverse
effects, and a recent investigation showed significantly increased incidence of both
of these effects in individuals with ultrarapid metabolizer status for this enzyme
[64]. Its primary excretion is via the kidney (greater than 80%), and as such the dos-
age should be adjusted in situations of renal insufficiency. Oxycodone is available
in a variety of oral formulations. It exists as a single immediate-release product, a
combination product with acetaminophen or salicylate, and various extended-
release formulations. The history of ER/LA oxycodone is troubled and in the opin-
ion of many authorities not only parallels but may have been responsible in large
part for the early years of the current opioid epidemic. This viewpoint along with
data supporting it is discussed in greater detail in subsequent chapters, especially
the next one.

Oxycodone has been reported in several studies to confer superior analgesia for
visceral pain compared to other opioids, and this is thought to be due to peripheral
activity at the KOR [65] . Large recent reviews have shown no superiority for oxy-
codone compared to other opioids in terms of analgesic efficacy in cancer pain as a
whole [66, 67]; nonetheless, this author tends to be more receptive to oxycodone
use in palliative situations, especially those involving visceral malignancy due to
the possibility of improved KOR-mediated peripheral analgesia and anecdotally
reported superiority in terms of reduced fatigue/improved energy. A recent system-
atic review and meta-analysis suggest that oxycodone may confer less drowsiness
than other opioids [68]. Oxycodone has been shown in one small study (n = 24
subjects) to confer superior suppression of allodynia [69]. These results however
must be interpreted in light of the very small number of participants and the hitherto
substantial evidence of no increased benefit from oxycodone compared to other
agents in treating neuropathic pain [70]. Furthermore, anecdotal report and experi-
ence shared among many interventional pain physicians favor a disproportionate
degree of hyperalgesia associated with oxycodone use.

Oxycodone has enjoyed tremendous popularity in the United States in particu-
lar; in 2007 this nation consumed 51.6 tons of oxycodone, representing 82% of
global consumption that year [71]. Dispensation of this drug has increased signifi-
cantly over the past two decades, with milligrams of oxycodone representing both
the greatest volume (by mg) of opioids purchased by US pharmacies and the opioid
with the largest increase (287%) in purchasing from 2000 to 2010 [72]. Between
2009 and 2014 the 26 Health’s National Prescription Audit Plus Retail database
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showed a 21% increase in the number of oxycodone prescriptions filled [25], with
nearly 60 million prescriptions dispensed. Concurrently with the increased avail-
ability to the public, it has become one of the most widely recreationally used
drugs in America. The National Survey on Drug Use and Health (NSDUH) indi-
cated that 16.0 million people, aged 12 and older in the United States, reported
using oxycodone products nonmedically in their lifetime in 2012 [73]. While no
methodology currently exists to accurately measure the euphoria-producing and
addictive nature of a substance and interpersonal variability for psychological
effects and vulnerability (“drug of choice”) is a universally observed phenomenon,
many patients and prescribers report that oxycodone confers a markedly higher
degree of psychological dependence compared to other opioids. Several studies
comparing “likability” of various opioids have been performed over the past
decade, and oxycodone appears to be the most desired/craved drug in the class [74,
75] owing to a greater degree of positive psychoactive reward and a lower adverse
effect profile. Oxycodone is reported as being the drug of choice for almost 80% of
nonmedical prescription opioid abusers based on a wide sample [76]. There are
also ample data showing that oxycodone products are overall the most abused pre-
scription opioids in the United States [77] although other data [78] rank it second
to hydrocodone products (which are more widely prescribed in this country).
Canada has experienced significant problems with the drug as well, and in February
2012 Ontario became the first province to remove ER/LA oxycodone from its pub-
lic benefit program after intense public scrutiny into the problem of oxycodone
dependence; the First Nations communities of Ontario reported OxyContin abuse
rates as high as 80% [79]. According to the US Drug Enforcement Agency, oxyco-
done has been the most frequently encountered pharmaceutical drug by law
enforcement officers since 2009 (http://www.deadiversion.usdoj.gov/drug_chem_
info/oxycodone/oxycodone.pdfffsearch=oxycodone). Not surprisingly, diversion
rates of oxycodone are second only to hydrocodone products [35], again, probably
relegated to this place due to the greater number of hydrocodone prescriptions
written in this country.

Finally, the prescriber should be aware that ER/LA oxycodone has been impli-
cated as the prescription drug most likely to confer risk of transition to intravenous
opioid abuse [80-83]. From the onset of the OxyContin abuse trend in Appalachia
in the late 1990s, as opioid-abusing individuals have sought means to increase their
psychoactive reward in the face of increasing tolerance, they have discovered and
utilized a variety of means to circumvent extended-release and even abuse-deterrent
properties to deliver a potent oxycodone dose immediately by insufflation, smok-
ing, or injection.

Given the higher incidence in our experience for adverse effects including
opioid-induced hyperalgesia, as well as the extraordinary potential for abuse, addic-
tion, and diversion as well as transition to intravenous use, it is our practice to avoid
oxycodone for chronic non-cancer pain scenarios. A recent emergency department
initiative in the Seattle area has implemented a similar practice pattern [84].
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Oxymorphone

Oxymorphone is a potent semisynthetic thebaine derivative like oxycodone and is
one of oxycodone’s natural metabolites (via the CYP2D6 pathway.) Although well
absorbed from the gut, it undergoes extensive first-pass metabolism, and thus its
oral bioavailability is on the order of 10% [85]. The volume of distribution of oxy-
morphone is 3 L/kg (similar to morphine) with protein binding of about 10%. It is
poorly protein bound (10%) and has a volume of distribution of oxymorphone.
Time to onset of analgesia following an oral dose is reported to be roughly 30 min-
utes. It is a strong MOR agonist, generally held to be three to five times more potent
than morphine [86].

Oxymorphone primarily undergoes Phase II glucuronidation and only 2% is
excreted unchanged by the kidney. Its main metabolite is oxymorphone-3-
glucuronide; the analgesic efficacy/opioid receptor affinity of this molecule is
unknown currently. Oxymorphone is currently available as a monoproduct in both
immediate- and extended-release formulations. Between 2009 and 2014 the 26
Health’s National Prescription Audit Plus Retail database showed a 69% increase in
the number of oxymorphone prescriptions filled [25].

In our practice we have found utility for oxymorphone primarily in transitioning
people away from oxycodone, which we have particular aversion to. As oxymor-
phone is a metabolite of oxycodone, it is rather doubtful that any adverse reactions
or “allergies” could occur.

Tapentadol

Tapentadol is a new synthetic opioid of the phenylpropylamine class, sharing struc-
tural and mechanistic qualities with tramadol (discussed below) which is more
familiar to most clinicians. It has oral bioavailability of roughly 30%, similar to that
of morphine (http://www.drugbank.ca/drugs/DB06204). It is approximately 20%
protein bound. Onset of analgesia is roughly 30 min after consumption. Tapentadol
is a weak MOR agonist, with 18-fold less affinity for the receptor than morphine. Its
potency relative to morphine however is commonly reported to be on the order of
1:3-1:7, which reflects significant analgesic benefit conferred by its norepinephrine
reuptake inhibition (NRI) properties. Tapentadol undergoes minor hepatic Phase I
metabolism (via CYP2C19 and CYP2D6) but possesses no active metabolites
(http://www.drugbank.ca/drugs/DB06204) [87], and the majority of its metabolism
is via Phase II glucuronidation, with roughly 97% of the oral dose excreted renally
as the glucuronidated form. Its half-life is reported to be between 4 and 24 h (http://
www.drugbank.ca/drugs/DB06204) [88].

Tapentadol has been available in this country since 2009 as an immediate-release
preparation, and in 2011 an extended-release form was made available; the latter
shortly thereafter gained FDA approval for the treatment of refractory diabetic neu-
ropathic pain.
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Tapentadol’s efficacy in treating neuropathic pain in particular has been exam-
ined, and it appears to be a uniquely effective agent within the class for treating
neuropathic pain [88, 89] in particular, owing to its NRI activity. It has been reported
to confer significantly fewer adverse effects than most opioids [88, 90]. In addition,
its abuse potential has been reported to be significantly lower than that of most other
opioids in clinical use as assessed by various surveillance methods including sub-
stance abuse treatment center data, emergency department and toxicology data, law
enforcement data, and surveillance of Internet discussions [91-93]. Whether this
represents unfamiliarity with and lesser availability of a new drug remains to be
seen.

Tramadol

Tramadol is a synthetic piperidine analog of codeine. It has high oral bioavailability
approaching 95% [94]. It is approximately 20% protein bound. The onset of analge-
sia is roughly 60 min after consumption. Tramadol is a very weak MOR agonist,
with affinity reported at 6000 times less than that of morphine [87]. Its potency rela-
tive to morphine however is commonly reported to be on the order of 1:10, which
reflects significant analgesic benefit conferred by its serotonin and norepinephrine
reuptake inhibition (SNRI) properties. Tramadol exists as a racemic mixture, with
the R or (+) isomer inhibiting serotonin reuptake and the S or (—) isomer inhibiting
norepinephrine reuptake [94]. Limited evidence suggests that there may be a weak
component of NMDA blockade inherent to tramadol [95], but these results have not
been widely replicated in either in vitro or in vivo models.

Tramadol undergoes extensive (greater than 60%) hepatic Phase I metabolism
with CYP2D6 responsible for the generation of an active metabolite
(O-desmethyltramadol, denoted M1) which has 200-fold greater affinity for the
MOR than the parent compound and six times the reported potency. Polymorphisms
of this enzyme have been shown to confer clinically relevant variability in the
efficacy of tramadol [96], and case reports exist of severe respiratory depression in
ultrarapid metabolizers. CYP3A4 and CYP2B6 generate N-desmethyltramadol
which is largely devoid of activity. The metabolites are excreted primarily by the
kidneys. Tramadol exists as both immediate-release and extended-release formula-
tions in this country.

Tramadol shows improved efficacy in neuropathic pain models compared to pure
nociceptive models [97], and this is likely due to the combination SNRI effect. A
Cochrane review performed in 2006 and updated in 2008 found strong evidence for
good efficacy of tramadol in neuropathic pain [98].

Tramadol (along with other agents in the phenylpiperidine class) has been well-
documented to cause both seizures and serotonin syndrome when co-administered
with pro-serotonergic agents, and the author is aware of a handful of cases within
his community. Pre-existing seizure disorders or head injury may be a contraindica-
tion to tramadol even in the absence of antidepressant therapy, as seizures may
result in part also from the DOR agonist activity of O-desmethyltramadol [99].
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Table 4.2 Opioid prescriptions filled in the United States, 2009 and 2014 [25]

Prescriptions Prescriptions % change from | % of total opioid

Drug in 2009 in 2014 2009 to 2014 prescriptions in 2014
Hydrocodone 126.9 million 125.3 million -1.2% 42.8%
Oxycodone 49 million 59.5 million +21% 20.3%

Tramadol 26.1 million 46.2 million +77% 15.8%

Codeine 26.5 million 24.1 million —9% 8.2%
Buprenorphine 4.7 million 11.5 million +144% 3.9%

Morphine 7.7 million 10.3 million +33% 3.5%

Fentanyl 6.4 million 6.7 million +5% 2.3%
Hydromorphone | 2.6 million 3.8 million +45% 1.3%
Methadone 3.9 million 3.6 million —7% 1.2%
Oxymorphone 0.7 million 1.2 million +69% 0.4%
Meperidine 0.7 million 0.4 million —-49% 0.1%

While typical opioid withdrawal symptoms are generally less pronounced with
tramadol, there seems to be an increased incidence of atypical withdrawal symp-
toms (e.g., mental status changes, significant anxiety/agitation and paranoia, hallu-
cinations and unusual sensory experiences including paresthesias and formication)
[100] that may be referable to cessation of the SNRI activity.

Tramadol has been thought to have low abuse liability for the past two decades
since its release; however, a recent report by the World Health Organization warns
of increased misuse and abuse in Africa and Western Asia [101]. In the United
States, the drug was reclassified to a Schedule IV substance by the FDA in August
2014, reflecting concerns about abuse. Anecdotally, an increased incidence of both
prescription and suspected diversion has been reported at least within our commu-
nity; whether that represents increased interest in the drug as a result of tighter regu-
lation is conjecture but interesting to consider. Between 2009 and 2014 the 26
Health’s National Prescription Audit Plus Retail database showed a 77% increase in
the number of tramadol prescriptions filled [25] (Table 4.2).

Summary

Multiple agents with widely varying potencies, metabolic/elimination pathways,
durations of action, adverse effect profiles, and abuse and diversion liability exist.
The knowledge of different profiles for somatic and psychiatric adverse effects,
propensity to confer hyperalgesia, and risk of abuse and diversion is incumbent
upon any provider who writes opioid prescriptions. While the generalist certainly
does not need to be expert in all of the agents available, the growing scope of the
problem of opioid abuse in this country necessitates some familiarity with all of the
commonly used agents, regardless of specialty. The old injunction to “know a few
agents really well” is certainly reasonable; however, staying abreast of the current



References 93

knowledge base is essential when prescribing potentially lethal agents and those
that can otherwise ruin a life; perhaps no drug (at least in the opioid class) exempli-
fies the risk of poorly informed/indiscriminate prescription than oxycodone.

References

10.

12.

13.

14.

15.

. Bai SA, Xiang Q, Finn A. Evaluation of the pharmacokinetics of single- and multiple-dose

buprenorphine buccal film in healthy volunteers. Clin Ther. 2016;38:358—-69.

. Yassen A, Olofsen E, van Dorp E, Sarton E, Teppema L, Danhof M, et al. Mechanism-based

pharmacokinetic-pharmacodynamic modelling of the reversal of buprenorphine-induced
respiratory depression by naloxone: a study in healthy volunteers. Clin Pharmacokinet.
2007;46:965-80.

. Boger RH. Renal impairment: a challenge for opioid treatment? The role of buprenorphine.

Palliat Med. 2006;20(Suppl 1):s17-23.

. Yassen A, Olofsen E, Romberg R, Sarton E, Danhof M, Dahan A. Mechanism-based

pharmacokinetic-pharmacodynamic modeling of the antinociceptive effect of buprenorphine
in healthy volunteers. Anesthesiology. 2006;104:1232-42.

. Khanna IK, Pillarisetti S. Buprenorphine - an attractive opioid with underutilized potential in

treatment of chronic pain. J Pain Res. 2015;8:859-70.

. Fareed A, Patil D, Scheinberg K, Blackinton Gale R, Vayalapalli S, Casarella J, et al.

Comparison of QTc interval prolongation for patients in methadone versus buprenorphine
maintenance treatment: a 5-year follow-up. J Addict Dis. 2013;32:244-51.

. Anchersen K, Clausen T, Gossop M, Hansteen V, Waal H. Prevalence and clinical relevance

of corrected QT interval prolongation during methadone and buprenorphine treatment: a
mortality assessment study. Addiction. 2009;104:993-9.

. Paone D, Tuazon E, Stajic M, Sampson B, Allen B, Mantha S, et al. Buprenorphine infre-

quently found in fatal overdose in New York City. Drug Alcohol Depend. 2015;155:298-301.

. Koppert W, Thmsen H, Korber N, Wehrfritz A, Sittl R, Schmelz M, et al. Different profiles

of buprenorphine- induced analgesia and antihyperalgesia in a human pain model. Pain.
2005;118:15-22.

Ravn P, Secher EL, Skram U, Therkildsen T, Christrup LL, Werner MU. Morphine- and
buprenorphine-induced analgesia and antihyperalgesia in a human inflammatory pain model:
a double-blind, randomized, placebo-controlled, five-arm crossover study. J Pain Res.
2013;6:23-38.

. Leffler A, Frank G, Kistner K, Niedermirtl F, Koppert W, Reeh PW, et al. Local anesthetic-

like inhibition of voltage-gated Na(+) channels by the partial mu-opioid receptor agonist
buprenorphine. Anesthesiology. 2012;116:1335-46.

Cote J, Montgomery L. Sublingual buprenorphine as an analgesic in chronic pain: a system-
atic review. Pain Med. 2014;15:1171-8.

Schmidt-Hansen M, Bromham N, Taubert M, Arnold S, Hilgart JS. Buprenorphine for treat-
ing cancer pain. Cochrane Database Syst Rev. 2015;3:CD009596. doi:10.1002/14651858.
CD009596.pub4.

United States Substance Abuse, Mental Health Services Administration. Treatment improve-
ment protocol 40 (TIP 40): clinical guidelines for the use of buprenorphine in the treat-
ment of opioid addiction. Rockville (MD): Substance Abuse and Mental Health Services
Administration (US); 2004. p. 169.

Jones HE, Kaltenbach K, Heil SH, Stine SM, Coyle MG, Arria AM, et al. Neonatal abstinence
syndrome after methadone or buprenorphine exposure. N Engl J Med. 2010;363:2320-233.

. Fiellin DA, O'Connor PG. Clinical practice. Office-based treatment of opioid-dependent

patients. NEJM. 2002;347:817-23.


http://dx.doi.org/10.1002/14651858.CD009596.pub4
http://dx.doi.org/10.1002/14651858.CD009596.pub4

94

17

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

4 Understanding the Agent, Part I1I: Specific Drugs

. Amass L, Ling W, Freese TE, Reiber C, Annon JJ, Cohen AJ, et al. Bringing buprenorphine-
naloxone detoxification to community treatment providers: the NIDA clinical trials network
field experience. Am J Addict. 2004;13:S42-66.

Maremmani I, Pani PP, Pacini M, Perugi G. Substance use and quality of life over 12 months
among buprenorphine maintenance-treated and methadone maintenance-treated heroin-
addicted patients. J Subst Abus Treat. 2007;33:91-8.

Mattick RP, Kimber J, Breen C, Davoli M. Buprenorphine maintenance versus pla-
cebo or methadone maintenance for opioid dependence. Cochrane Database Syst Rev.
2008;2008:CD002207.

Sullivan LE, Moore BA, Chawarski MC, Pantalon MV, Barry D, O'Connor PG, et al.
Buprenorphine/naloxone treatment in primary care is associated with decreased human
immunodeficiency virus risk behaviors. J Subst Abus Treat. 2008;35:87-92.

Schwarz R, Zelenev A, Bruce RD, Altice FL. Retention on buprenorphine treatment reduces
emergency department utilization, but not hospitalization, among treatment-seeking patients
with opioid dependence. J Subst Abus Treat. 2012;43:451-7.

Yokell MA, Zaller ND, Green TC, Rich JD. Buprenorphine and buprenorphine/naloxone
diversion, misuse, and illicit use: an international review. Curr Drug Abuse Rev. 2011;4:28—41.
Lofwall MR, Walsh SL. A review of buprenorphine diversion and misuse: the current evi-
dence base and experiences from around the world. J Addict Med. 2014;8:315-26.

Lavonas EJ, Severtson SG, Martinez EM, Bucher-Bartelson B, Le Lait MC, Green JL,
et al. Abuse and diversion of buprenorphine sublingual tablets and film. J Subst Abus Treat.
2014;47:27-34.

U.S. Drug Enforcement Administration, Office of Diversion Control. National forensic labo-
ratory information system special report: opiates and related drugs reported in NFLIS, 2009—
2014. Springfield, VA: U.S. Drug Enforcement Administration; 2015.

Office of Diversion Control. National Forensic Laboratory Information System (NFLIS)
special report: methadone and buprenorphine, 2003-2008. Washington, DC: U.S. Drug
Enforcement Administration; 2009.

Srinivasan V, Wielbo D, Tebbett IR. Analgesic effects of codeine-6-glucuronide after intrave-
nous administration. Eur J Pain. 1997;1:185-90.

Vree TB, van Dongen RT, Koopman-Kimenai PM. Codeine analgesia is due to codeine-6-
glucuronide, not morphine. Int J Clin Pract. 2000;54:395-8.

Guay DR, Awni WM, Findlay JW, Halstenson CE, Abraham PA, Opsahl JA, et al.
Pharmacokinetics and pharmacodynamics of codeine in end-stage renal disease. Clin
Pharmacol Ther. 1988;43:63-71.

Takahama K, Shirasaki T. Central and peripheral mechanisms of narcotic antitussives:
codeine-sensitive and -resistant coughs. Cough. 2007;3:8.

Nelson L, Schwaner R. Transdermal fentanyl: pharmacology and toxicology. J Med Toxicol.
2009;5:230-41.

Streisand JB, Varvel JR, Stanski DR, Le Maire L, Ashburn MA, Hague BI, et al. Absorption
and bioavailability of oral transmucosal fentanyl citrate. Anesthesiology. 1991;75:223-39.
Navani DM, Yoburn BC. In vivo activity of norhydrocodone: an active metabolite of hydro-
codone. J Pharmacol Exp Ther. 2013;347:497-505.

Vuilleumier PH, Stamer UM, Landau R. Pharmacogenomic considerations in opioid analge-
sia. Pharmacogenom Personal Med. 2012;5:73-87.

Inciardi JA, Surratt HL, Lugo Y, Cicero TJ. The diversion of prescription opioid analgesics.
Law Enforc Exec Forum. 2007;7:127-41.

Vallner JJ, Stewart JT, Kotzan JA, Kirsten EB, Honigberg IL. Pharmacokinetics and bioavail-
ability of hydromorphone following intravenous and oral administration to human subjects.
J Clin Pharmacol. 1981;21:152-6.

Mather LE, Smith MT. Clinical pharmacology and adverse effects. In: Stein C, editor.
Opioids in pain control: basic and clinical aspects. Cambridge: Cambridge University Press;
1999. p. 188-211.



References 95

38.
39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Prommer E. Levorphanol: revisiting an underutilized analgesic. Palliat Care. 2011;8:7-10.
Pham TC, Fudin J, Raffa RB. Is levorphanol a better option than methadone? Pain Med.
2015;16:1673-9.

Kominek C, Brooks A, Fudin J. The forgotten opioid—could levorphanol levitate above meth-
adone misadventure? Pain Week J. 2016;4:28-34.

Yaksh TL, Wallace MS. Opioids, analgesia, and pain management. In: Brunton L, editor.
Goodman and Gilman’s pharmacologic basis of therapeutics. New York: McGraw-Hill;
2011. p. 481-525.

Jackson KC, Smith HS. Optimizing pharmacologic outcomes: drug selection. In: Smith HS,
editor. Opioid therapy in the twenty-first century. Oxford: Oxford University Press; 2013.
p. 43-68.

Centers for Disease Control. Vital signs: risk for overdose from methadone used for pain
relief — United States, 1999-2010. MMWR. 2012;61:493-7.

Trescot AM, Datta S, Lee M, Hansen H. Opioid pharmacology. Pain Physician. 2008;11(2
Suppl):S133-53.

Brown R, Kraus C, Fleming M, Reddy S. Methadone: applied pharmacology and use as
adjunctive treatment in chronic pain. Postgrad Med J. 2004;80:654-9.

Chang Y, Fang WB, Lin SN, Moody DE. Stereo-selective metabolism of methadone by
human liver microsomes and cDNA-expressed cytochrome P450s: a reconciliation. Basic
Clin Pharmacol Toxicol. 2011;108:55-62.

Ansermot N, Albayrak O, Schldpfer J. Substitution of (R,S)-methadone by (R)-methadone:
impact on QTc interval. Arch Intern Med. 2010;170(6):529-36.

Wang D, Teichtahl H, Drummer O, Goodman C, Cherry G, Cunnington D, et al. Central sleep
apnea in stable methadone maintenance treatment patients. Chest. 2005;128:1348-56.
Haroutiunian S, McNicol ED, Lipman AG. Methadone for chronic non-cancer pain in adults.
Cochrane Database Syst Rev. 2012;11:CD008025. doi:10.1002/14651858.CD008025.pub2.
Marsch LA. The efficacy of methadone maintenance interventions in reducing illicit opiate
use, HIV risk behavior and criminality: a meta-analysis. Addiction. 1998;93:515-32.
Mattick RP, Breen C, Kimber J, Davoli M. Methadone maintenance therapy versus no opioid
replacement therapy for opioid dependence. Cochrane Database Syst Rev. 2003;2:CD002209.
Metzger DS, Woody GE, McLellan AT, O’Brien CP, Druley P, Navaline H, et al. Human immu-
nodeficiency virus seroconversion among intravenous drug users in- and out-of-treatment: an
18- month prospective follow-up. J Acquir Immune Defic Syndr. 1993;6:1049-56.

Gowing L, Farrell M, Bornemann R, Ali R. Substitution treatment of injecting opioid users
for prevention of HIV infection. Cochrane Database Syst Rev. 2004;4:CD004145.

Strain EC, Stitzer ML, Liebson IA, Bigelow GE. Dose-response effects of methadone in the
treatment of opioid dependence. Ann Intern Med. 1993;119:23-37.

Strain EC, Bigelow GE, Liebson IA, Stitzer ML. Moderate- vs high-dose methadone in the
treatment of opioid dependence. A randomized trial. JAMA. 1999;281:1000-5.

Faggiano F, Vigna-Taglianti F, Versino E, Lemma P. Methadone maintenance at different dos-
ages for opioid dependence. Cochrane Database Syst Rev. 2003;3:CD002208.

Simpson DD, Sells SB. Effectiveness of treatment for drug abuse: an overview of the DARP
research program. Adv Alcohol Subst Abuse. 1982;2:7-29.

Condelli WS, Dunteman GH. Exposure to methadone programs and heroin use. Am J Drug
Alcohol Abuse. 1993;19:65-78.

International Narcotics Control Board. Narcotic drugs 2014, vol. 21. New York: United
Nations; 2015. p. 30. isbn: 9789210481571

Woods BD, Sladen RN. Perioperative considerations for the patient with asthma and bron-
chospasm. Br J Anaesth. 2009;103(suppl 1):157-65.

Ellingsrud C, Agewall S. Morphine in the treatment of acute pulmonary oedema — why? Int
J Cardiol. 2016;202:870-3.

Hall M, Griffiths R, Appadu B. Is morphine indicated in acute pulmonary oedema? Emerg
Med J. 2005;22:391.


http://dx.doi.org/10.1002/14651858.CD008025.pub2

96

63

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

4 Understanding the Agent, Part I1I: Specific Drugs

. Nielsen CK, Ross FB, Lotfipour S, Saini KS, Edwards SR, Smith MT. Oxycodone and mor-
phine have distinctly different pharmacological profiles: radioligand binding and behavioural
studies in two rat models of neuropathic pain. Pain. 2007;132:289-300s.

Samer CF, Daali Y, Wagner M, Hopfgartner G, Eap CB, Rebsamen MC, et al. Genetic poly-
morphisms and drug interactions modulating CYP2D6 and CYP3A activities have a major
effect on oxycodone analgesic efficacy and safety. Br J Pharmacol. 2010;160:919-30.

Riley J, Eisenberg E, Miiller-Schwefe G, Drewes AM, Arendt-Nielsen L. Oxycodone: a
review of its use in the management of pain. Curr Med Res Opin. 2008;24:175-92.

King SJ, Reid C, Forbes K, Hanks G. A systematic review of oxycodone in the management
of cancer pain. Palliat Med. 2011;25:454-70.

Schmidt-Hansen M, Bennett MI, Arnold S, Bromham N, Hilgart JS. Oxycodone for cancer-
related pain. Cochrane Database Syst Rev. 2015;2:CD003870. doi:10.1002/14651858.
CD003870.pub5.

Ma H, Liu Y, Huang L, Zeng XT, Jin SH, Yue GJ, et al. The adverse events of oxycodone in
cancer-related pain a systematic review and meta-analysis of randomized controlled trials.
Medicine. 2016;95:1-9.

Olesen AE, Staahl C, Arendt-Nielsen L, Drewes AM. Different effects of morphine and
oxycodone in experimentally evoked hyperalgesia: a human translational study. Br J Clin
Pharmacol. 2010;70:189-200.

Gaskell H, Moore RA, Derry S, Stannard C. Oxycodone for neuropathic pain and fibro-
myalgia in adults. Cochrane Database Syst Rev. 2014;6:CD010692. doi:10.1002/14651858.
CD010692.pub2.

International Narcotics Control Board. Narcotic drugs: estimated world requirements for
20009; statistics for 2007. Report E/INCB/2008/2 (PDF). New York: United Nations; 2009.
isbn:978-92-1-048124-3.

Kenan K, Mack K, Paulozzi L. Trends in prescriptions for oxycodone and other commonly
used opioids in the United States, 2000-2010. Open Medicine. 2012;6:41-7.

Substance Abuse and Mental Health Services Administration. Results from the 2013 national
survey on drug use and health: summary of national findings, NSDUH series H-48, HHS pub-
lication no. (SMA) 14-4863. Rockville, MD: Substance Abuse and Mental Health Services
Administration; 2014.

Wightman R, Perrone J, Portelli I, Nelson L. Likeability and abuse liability of commonly
prescribed opioids. J Med Toxicol. 2012;8:335-40.

Cicero TJ, Ellis MS, Paradis A, Ortbal Z. Determinants of fentanyl and other potent mu-agonist
misuse in opioid-dependent individuals. Pharmacoepidemiol Drug Saf. 2010;19:1057-63.
Jones JD, VOsburg SK, Manubay JM, Comer SD. Oxycodone abuse in New York city: char-
acteristics of intravenous and intranasal users. Am J Addict. 2011;20:190-5.

Substance Abuse and Mental Health Services Administration. The DAWN report: trends in
emergency department visits involving non-medical use of narcotic pain relievers. Rockville,
MBD: Office of Applied Studies; 2010.

Butler S, Black R, Cassidy T, Dailey TM, Budman SH. Abuse risks and routes of admin-
istration of different prescription opioid compounds and formulations. Harm Reduct
J.2011;8:29-45.

Uddin F. Hope in fort hope: first nations community is winning the battle against prescription
drug abuse. Can Fam Physician. 2013;59:391-3.

Young AM, Havens JR. Transition from first illicit drug use to first injection drug use among
rural appalachian drug users: a cross-sectional comparison and retrospective survival analy-
sis. Addiction. 2012;107:587-96.

Pollini RA, Banta-Green CJ, Cuevas-Mota J, Metzner M, Teshale E, Garfein RS. Problematic
use of prescription-type opioids prior to heroin use among young heroin injectors. Subst
Abuse Rehabil. 2011;2:173-80.

Lankenau SE, Teti M, Silva K. Initiation into prescription opioid misuse amongst young
injection drug users. Int J Drug Policy. 2012;23:37-44.


http://dx.doi.org/10.1002/14651858.CD003870.pub5
http://dx.doi.org/10.1002/14651858.CD003870.pub5
http://dx.doi.org/10.1002/14651858.CD010692.pub2
http://dx.doi.org/10.1002/14651858.CD010692.pub2

References 97

83.

84.
85.

86.

87.

88.

89.

90.

91.

92.

93

94.

95.

96.

97.

98.

99.

100.

101.

Mars SG, Bourgois P, Karandino G, Montero F, Ciccarone D. “every ‘never’ I ever said came
true”: transitions from opioid pills to heroin injecting. Int J Drug Policy. 2014;25:257-66.
Anonymous. New guidelines create an ‘oxy-free’ ED. ED Manag. 2010;22:136-7.

Sloan P. Review of oral oxymorphone in the management of pain. Ther Clin Risk Manag.
2008;4:777-87.

Gimbel J, Ahdieh H. The efficacy and safety of oral immediate-release oxymorphone for
postsurgical pain. Anesth Analg. 2004;99:1472-7.

Raffa RB, Buschmann H, Christoph T, Eichenbaum G, Englberger W, Flores CM, et al.
Mechanistic and functional differentiation of tapentadol and tramadol. Expert Opin
Pharmacother. 2012;13:1437-49.

Vadivelu N, Timchenko A, Huang Y, Sinatra R. Tapentadol extended-release for treatment of
chronic pain: a review. J Pain Res. 2011;4:211-8.

Schroder W, Tzschentke TM, Terlinden R, De Vry J, Jahnel U, Christoph T, et al. Synergistic
interaction between the two mechanisms of action of tapentadol in analgesia. J Pharmacol
Exp Ther. 2011;337:312-20.

Riemsma R, Forbes C, Harker J, Worthy G, Misso K, Schifer M, et al. Systematic review of
tapentadol in chronic severe pain. Curr Med Res Opin. 2011;27:1907-30.

Dart RC, Cicero TJ, Surratt HL, Rosenblum A, Bartelson BB, Adams EH. Assessment of the
abuse of tapentadol immediate release: the first 24 months. J Opioid Manag. 2012;8:395-402.
Butler SF, McNaughton EC, Black RA. Tapentadol abuse potential: a postmarketing eval-
uation using a sample of individuals evaluated for substance abuse treatment. Pain Med.
2015;16:119-30.

. McNaughton EC, Black RA, Weber SE, Butler SF. Assessing abuse potential of new analge-

sic medications following market release: an evaluation of internet discussion of tapentadol
abuse. Pain Med. 2015;16:131-40.

Grond S, Sablotzki A. Clinical pharmacology of tramadol. Clin Pharmacokinet.
2004:43:879-923.

Hara K, Minami K, Sata T. The effects of tramadol and its metabolite on glycine, gamma-
aminobutyric acid A, and N-methyl-D-aspartate receptors expressed in Xenopus oocytes.
Anesth Analg. 2005;100:1400-5.

Lassen D, Damkier P, Brgsen K. The pharmacogenetics of tramadol. Clin Pharmacokinet.
2015;54:825-36.

Christoph T, Kogel B, Strassburger W, Schug SA. Tramadol has a better potency ratio relative
to morphine in neuropathic than in nociceptive pain models. Drugs R D. 2007;8:51-7.
Hollingshead J, Diihmke RM, Cornblath DR. Tramadol for neuropathic pain. Cochrane
Database Syst Rev. 2008;(2):CD003726. doi:10.1002/14651858.CD003726.pub3.

Potschka H, Friderichs E, Loscher W. Anticonvulsant and proconvulsant effects of tramadol,
its enantiomers and its M1 metabolite in the rat kindling model of epilepsy. Br J Pharmacol.
2000;131:203-12.

Senay EC, Adams EH, Geller A, Inciardi JA, Mufioz A, Schnoll SH, et al. Physical depen-
dence on ultram (tramadol hydrochloride): both opioid-like and atypical withdrawal symp-
toms occur. Drug Alcohol Depend. 2003;69:233—41.

World Health Organization Expert Committee on Drug Dependence. Tramadol: Update
Review Report. 2014. Available from: http://www.who.int/medicines/areas/quality_
safety/6_1_Update.pdf.


http://dx.doi.org/10.1002/14651858.CD003726.pub3
http://www.who.int/medicines/areas/quality_safety/6_1_Update.pdf
http://www.who.int/medicines/areas/quality_safety/6_1_Update.pdf

Chapter 5
Attenuating the Agent: Reducing Opioid
“Virulence”

Two young men in a remote village were abusing an extended-release oxyco-
done product via crushing the pills and “smoking” the powder, inhaling the
fumes via a pipe. An argument ensued between the two of them, and one of
the young men shot his associate several times in the abdomen with a 9 mm
pistol. By report, the two men resolved their differences shortly thereafter and
resumed smoking their oxycodone together. A few hours later, the assailant
turned the gun upon himself and took his own life. The man shot in the abdo-
men then sought medical attention and was air evacuated and transferred to
the regional trauma center where he underwent exploratory laparotomy,
removal of projectiles, and excision/repair of injured bowel. He survived this
incident.

Introduction

One theoretical approach to end an epidemic is to eliminate the agent.

This is neither realistic nor in all likelihood would it be in the best interest of the
host population, in many cases. First of all, the agents are ubiquitous. Secondly,
most microbes play some role in the larger balance of the ecosystem, and their
elimination may have far-reaching negative consequences. Thirdly, mutation rates
coupled with short propagation times invariably result in new pathogenic strains, or
antimicrobial-resistant strains, as we have learned over the last few decades in the
infectious disease realm.

Many of these considerations apply to the opioid as agent as well. Blanket elimi-
nation is impossible without destroying every poppy plant and chemical laboratory
on the planet. Opioids do provide a necessary and useful role, and their elimination
would have far-reaching negative consequences. Human nature is such that when
one abusable substance is rendered inaccessible, another is often substituted.
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An alternate approach addressing the agent is to somehow attenuate its virulence
without eliminating it. Since the post-World War II period and Dr. Jonas Salk’s inacti-
vated and Dr. Albert Sabin’s “live-attenuated” poliovirus vaccines, alteration of normal
microbial pathogenic capacity has been the mainstay of infectious disease prevention,
by means of stimulating host immune defenses via vaccination. More recently, “anti-
virulence therapies” aimed at altering agent virulence factor production, expression,
regulation, etc. are under intensive research and development as classic twentieth cen-
tury antimicrobial therapeutic approaches seem doomed to failure as resistance inevita-
bly overcomes antibiotics. Some of these approaches include targeting adherence and
protective (biofilm) mechanisms, enhancing competition for resources by increasing
commensal organisms, interfering with “quorum sensing” and signaling among patho-
gens, “quorum quenching” agents, and other novel approaches [1-3].

This sort of multifaceted “outside-the-box thinking” must be applied to the develop-
ment of novel analgesics as well if we hope to reduce human dependence upon exog-
enous opioids. Classic approaches (such as extended-release/long-acting formulations
and abuse-deterrent/tamper-resistant technologies, discussed in greater detail below)
have not proven successful on a wide scale in containing the opioid epidemic.

Nora Volkow’s 2014 Congressional Address highlighted the need for the develop-
ment of novel analgesic therapies that “circumvent the brain reward pathways, thereby
greatly reducing abuse potential” [4]. In considering antivirulence strategies, one must
first define and understand virulence. A succinct, recent definition highlighting both
the concept of virulence along a spectrum and also its essentially broad context is “the
relative capacity of a microbe to cause damage in a host [5].” These authors also make
the point that the virulence of an agent may be dependent upon individual host vulner-
ability which varies as well. Host damage caused by opioids has been reviewed in
Chap. 3 and ranges from mildly annoying side effects to death from respiratory
depression and in some cases cardiac arrest. Significant morbidity affecting nearly
every physiologic system is common but varies from individual to individual. Obese
individuals with compromised airways and those with ultra-rapid CYP2D6 metabo-
lizer status are more prone to respiratory arrest, and individuals with certain psycho-
social risk factors (as discussed in greater detail in Chap. 9) are more prone to
dependence and addiction. However, while the vulnerability to and outcome of opioid
morbidity (including dependence and addiction) and mortality are variable, their cor-
relation with increased exposure is not only intuitive but borne out in the literature. In
addition, the correlation between abuse potential and increased exposure is well-
established. Thus, while death (or addiction) may result from one single exposure and
many chronic users survive and escape addiction, in general reducing abuse potential
is a key strategy in attenuating virulence, as Dr. Volkow points out.

Brief Overview of Opioid Addiction Biology

Before examining past, present, and future mechanisms of reducing opioid viru-
lence, a cursory review of current neurobiological theory of (psychological) sub-
stance dependence and addiction, along with proposed mechanisms whereby
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opioids “hijack” the proposed circuitry, is in order. A more comprehensive overview
is presented in Chap. 9, with behavioral and societal theories broadening the discus-
sion. It should be noted at the outset of any exploration of proposed addiction biol-
ogy that:

 Interspecies differences limit extrapolation of animal neuroanatomic and neuro-
physiologic research to humans.

e There are profound and even diametrically opposed differences in response to
the same stimulus within the same animal model depending on whether the sub-
jects are awake or anesthetized [6].

* Human and nonhuman primate higher function confers complexity to the pro-
cess of dependence and addiction not represented in lower species. Animals are
incapable of understanding negative consequences of addictive behavior, and the
added layers of cognitive, emotional, relational, and spiritual stresses that addic-
tion confers to humans are simply not represented.

Current understanding of the neurobiology of reward motivation assigns a cen-
tral role to dopaminergic neurons within the ventral tegmental area (VTA) of the
midbrain. VTA dopaminergic neurons project superiorly along the medial forebrain
bundle (nicknamed the “hedonic highway” [7]) to various limbic and executive
areas including the:

* Amygdala — within the temporal lobe, this limbic structure is involved in emo-
tional processing and memory.

o Ventral striatum (nucleus accumbens, NAc) — this basal ganglia structure is held
to be the central region mediating motivation for pursuing rewarding substances
or activities. The pathway between VTA and NAc is known as the mesolimbic
pathway (shown in green in Fig. 5.1) and has long been held to be the key link in
natural and exogenous reward/reinforcement and addiction.

» Anterior cingulate cortex — this paralimbic region is involved in the anticipation
of reward and plays a key role in integrating emotions with painful stimuli as
well.

e Prefrontal cortex (PFC) — this “executive center” of the brain is involved in
decision-making based on integration of sensory and limbic inputs as well as
memory and is thought to be a critical area for reinforcing drug effects.

Intracerebral dopamine agonists induce both self-administration and conditioned
place preference (CPP) in rodents [9-12], and dopamine antagonism causes aver-
sive behaviors in both animal and human subjects [13—15]. Virtually all drugs of
abuse and other pleasurable stimuli are believed to exert hedonic effect via meso-
limbic dopamine.

Opioid-induced reward (including euphoria) is thought to be mediated via cere-
bral mu-opioid receptors (MOR) [16—18]. MOR are ubiquitous throughout the
brain, but extensive research in animal subjects has shown that there are specific
regions, in particular the VTA, whose MOR appear particularly important to the
reward/reinforcement phenomenon that is universally accepted as fundamental to
the development of addiction [19-22]. Evidence for the centrality of the VTA in
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Fig.5.1 Reward and addiction pathways in the brain. SNc, substantia nigra; VTA, ventral tegmen-
tal area. Reprinted from Ref. [8]. ©Arias-Carrién et al. (2010). http://www.biomedcentral.
com/1755-7682/3/24/, CC BY 3.0, https://commons.wikimedia.org/w/index.php?curid=44695433

opioid dependence is both positive (intra-VTA opioid administration induces both
self-administration and CPP in rodents [20, 22-24]) and negative (intra-VTA opioid
antagonists or genetic MOR knockout results in loss of these behaviors [21, 25]).

Dopaminergic transmission to mesolimbic targets including the NAc is effected
by VTA MOR agonism [26, 27], and thus a synthesis of these data has resulted in
opioid-VTA MOR-mesolimbic dopaminergism being widely accepted as the foun-
dational biologic paradigm for opioid addiction [28-30].

However, several recent lines of evidence indicate that the picture is much more
complicated than this. First of all, ample evidence indicates that not all NAc dopami-
nergism is rewarding; several agents (delta-opioid receptor agonists, cholecystoki-
nin, glial-derived neurotrophic factor) increase dopamine in the NAc but do not
produce CPP [6], and furthermore even the administration of MOR antagonists suf-
ficient to cause place aversion also results in NAc dopamine increases [31, 32].
Second, evidence is accumulating that opioid reinforcement can occur in the absence
of mesolimbic dopaminergism [33-36]. Interestingly, dopaminergic neuronal activ-
ity in response to MOR agonism has been shown to increase in anesthetized animals
but decrease in awake animals [6]. Similarly, MOR-mediated CPP inhibition by
dopamine antagonism has been shown in opioid-dependent rodents whereas opioid-
naive animals do not lose CPP [37]. Finally, stimulation of VTA dopaminergic
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neurons has been shown to also result in release of other neurotransmitters including
glutamate and GABA [38-40].

While our understanding of the complexities of addiction neurobiology (let alone
behavior) is in its infancy, it is at least a useful construct to imagine a correlation
between a substance’s capacity to agonize midbrain MOR and effect pleasurable
dopaminergic (or other) transmission to limbic and higher cortical structures and its
virulence.

Overview of Virulence Attenuation Strategies

Historic and current approaches to attenuating opioid virulence are organized in this
chapter into two categories:

1. Modifying existing mu-opioid receptor (MOR) agonists
2. Other approaches

The second category is necessarily and by design broad, indicating the diversity
of approaches available. It is also intended to highlight the distinction between “out-
of-the-box” thinking and more restricted efforts typified by the first category. This
is not to disparage efforts to reduce virulence by altering delivery of currently extant
agents; there is great practicality in utilizing agents already known to be (relatively)
safe and efficacious. Such approaches however have little promise for improvement
over the current situation besides limiting the potential for non-sanctioned routes of
abuse. Development of novel opioid-mediated strategies will be necessary to effec-
tively harness the full, balanced potential of the intricate and wonderful endogenous
analgesic system we possess. Development of non-opioid-mediated strategies (e.g.,
N-methyl p-aspartate blockers, cannabidiol analogs) of course will provide comple-
mentary or alternative means of potent analgesia but are outside the scope of this
work.

Modifying Existing Central MOR Agonists

Extended-Release/Long-Acting Opioids

The development of extended-release or long-acting (ER/LA) opioids, in addition to
providing more stable pharmacokinetics and theoretically improved baseline anal-
gesia, has also been thought to reduce the virulence of opioids. Synonyms include
controlled-release, sustained-release, and time-release technology. These formula-
tions are engineered pharmaceutically to provide more stable plasma and target site
concentrations of the drug over a prolonged period. Inherent in this strategy is a
greater amount of active drug presented per single vehicle, which is typically
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intended to effect analgesia over a 12-24 h period. Common mechanisms include
embedding the agent within a poorly soluble or insoluble matrix from which it must
diffuse or microencapsulation of the agent with a slowly dissolving “coat.”

From a practical standpoint, individuals with malabsorptive syndromes (which
are increasing in this country due to bariatric surgical operations) likely enjoy sig-
nificantly less bioavailability of ER/LA formulations although there are not yet
robust studies supporting this assumption.

Current ER/LA opioids in oral form include hydrocodone, hydromorphone, mor-
phine, oxycodone, oxymorphone, tapentadol, and tramadol. Another means of
achieving this sort of stable pharmacokinetics is via a transdermal delivery system,
such as is used with certain lipophilic agents such as fentanyl and buprenorphine;
this route circumvents the issues of oral absorption and may also confer reduced
psychological dependence by eliminating pill-taking behavior.

Different arguments have been made in support of ER/LA opioid therapy, includ-
ing the theory that chronic pain conditions should be treated with “round-the-clock™
steady-state analgesia. From a virulence reduction standpoint, ER/LA agents result
in lower peak plasma levels which have been thought to confer increased safety [41]
although this may not be the case in situations of compromised metabolism, i.e.,
hepatic or renal insufficiency. Two large recent reviews have provided evidence that
ER/LA agents may in fact be associated with a higher incidence of morbidity and
mortality [42, 43].

As far as abuse liability, rapid onset or immediate-release drugs have been shown
repeatedly to be preferred by abusers [44—48]—presumably as they result in more
dramatic/dynamic presentation of dopamine from the VTA to the NAc and other
limbic reward centers—drugs with a rapid elimination rate have also been associ-
ated with greater self-administration [44, 45]. Conversely, ER/LA formulations are
believed to confer a lower risk of psychological (not physical) dependence and
addiction and have been touted as conferring lower abuse liability [41, 49] although
other data have called this conclusion into question as well [50, 51].

Ironically, the current opioid crisis in this country is often attributed to ER/LA
oxycodone (Purdue’s OxyContin) which entered the American market in 1996. The
mining injury-rich and depressed socioeconomic climate of rural Appalachia is
credited with facilitating a demographic ripe for substance abuse and addiction, and
here the drug enjoyed particularly rapid adoption among prescribers thanks to
aggressive marketing and subsidization. Individuals quickly discovered how to
defeat the time-release mechanism by crushing and insufflating or injecting the
powder, delivering a large dose of oxycodone (up to 160 mg from one tablet, equiv-
alent to over 300 mg of morphine with a typical hospital inpatient dose being
2—-4 mg of intravenous morphine) instantly. Rates of abuse, overdose and death, and
crime soared over the next decade in what the Office of National Drug Control
Policy has termed the Appalachia High Intensity Drug Trafficking Area, which
includes 67 counties in Kentucky, Tennessee, and West Virginia. OxyContin became
the top-selling pharmaceutical opioid in history, earning Purdue $35 billion between
1996 and 2015 [52]. After numerous investigations and lawsuits, three top officials
ultimately pleaded guilty in 2007 to misleading the public about the drug’s risk of
addiction and paid $634.5 million in fines; in the late 2015 Purdue settled with the
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KENTUCKY

NORTH CAROLINA

Fig. 5.2 Appalachia High Intensity Drug Trafficking Area. National Drug Intelligence Center, US
Department of Justice

State of Kentucky for another $24 million in damages, and several other lawsuits
remain in court (Fig. 5.2).

In 2012, the US Food and Drug Administration (FDA) initiated a Risk Evaluation
and Mitigation Strategy (REMS) requiring ER/LA opioid manufacturers to make
available prescribing training for healthcare professionals who prescribe ER/LA
opioids and also to distribute educational materials to prescribers and patients on the
safe use of these powerful pain medications.

Abuse-Deterrent/Tamper-Resistant Formulations

The OxyContin experience resulted in increased interest in/pressure to formulate
higher-dose opioids in a vehicle that would prevent abusers from circumventing the
time-release mechanisms, rendering them essentially immediate-release prepara-
tions of supratherapeutic doses. Common mechanisms for defeating ER/LA tech-
nology by abusers have included crushing and snorting or dissolving in water or
solvents and injecting.

Abuse-deterrent or tamper-resistant strategies have multiplied over the past decade
and include diverse tactics such as altering the physical formulation, adding aver-
sive agents activated upon alteration or administration by non-indicated routes, and
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Table 5.1 Abuse-deterrent/tamper-resistant opioids

Drug

Brand name

Mechanism of abuse deterrence/tamper resistance

Buprenorphine

Probuphine®

Partial agonist, MOR “blocker,” subdermal implant
system

Buprenorphine-
naloxone

Suboxone®

Partial agonist, MOR “blocker,” integrated naloxone

Hydrocodone ER

Hysingla®

RESISTEC® polymer matrix controls release and
renders tablet difficult to crush and forms viscous
gel when dissolved in aqueous solutions, hampering
injection

Hydrocodone ER

Zohydro®

BeadTek® mixture of inactive beads, active
immediate release, and active ER hydrocodone
beads. Inactive beads maintain the 12 hr release
properties of the drug when taken as directed but
will immediately form a viscous gel when crushed
and dissolved in liquids or solvents

Hydromorphone ER

Exalgo®

OROS® osmotic delivery system facilitates
controlled release and also crush and extraction
resistance properties

Morphine-naltrexone

Embeda®

Naltrexone is sequestered in micropellets’ cores and
is released upon crushing

Oxycodone

Oxaydo®

AVERSION® matrix forms viscous gelatinous
mixture hampering injection; if crushed and
snorted, sodium lauryl sulfate will cause nasal
discomfort

Oxycodone ER

OxyContin®

INTAC® hydrophilic matrix controls release and
forms a gel that cannot be easily injected or snorted
if crushed or dissolved in solutions and resists
extraction of active drug via solvents

Oxymorphone ER

Opana ER®

INTAC® hydrophilic matrix controls release and
forms a gel that cannot be easily injected or snorted
if crushed or dissolved in solutions and resists
extraction of active drug via solvents

Tapentadol ER

Nucynta ER®

INTAC® hydrophilic matrix controls release and
forms a gel that cannot be easily injected or snorted
if crushed or dissolved in solutions and resists
extraction of active drug via solvents

implant formulation in the case of buprenorphine. Currently available formulations

are listed in Table 5.1.

Tamper Resistance

Several physical component mechanisms exist to discourage tampering, including
formulation as extremely hard tablets that are resistant to crushing, and embedding
active drug within a matrix such as polyethylene oxide that forms a viscous gel
when exposed to water or solvent, hampering injection.
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According to the National Poison Data System, “abuse exposures” related to
OxyContin decreased by 36% in the 1-year period following the reformulation with
INTAC tamper-resistant technology [53], and according to the manufacturer’s
adverse events database, related deaths are decreased by 82% from the year prior to
the third year after reformulation [54].

Aversive Technology

Aversive technology has primarily taken the form of adding MOR antagonists (nal-
oxone or naltrexone) into the formulation with the therapeutic opioid to deter
administration by alternate/non-indicated routes. In the case of Suboxone® or
generic buprenorphine/naloxone, sublingual (or accidental enteric) administration
results in minimal antagonist activity due to the low bioavailability of naloxone by
those routes; however, injection of dissolved agent results in significant antagonist
effects and can precipitate profound opioid withdrawal. Similarly, in the case of
Embeda® (ER/LA morphine with naltrexone), the naltrexone component is seques-
tered in the core of the micropellets and is released upon crushing.

The AVERSION® technology of Oxaydo® further discourages crushing and
insufflation by the presence of inactive ingredients that cause nasal discomfort.

Implant Systems

While tamper-resistant technology undoubtedly discourages abuse by non-indicated
routes, it does not have the capability of deterring abuse by indicated routes, i.e.,
individuals can ingest greater quantities orally without suffering the consequences
of sequestered aversive agent release, etc. Depot/time-release intramuscular injec-
tions or implant systems are one response to this liability, although (except in the
case of buprenorphine, discussed below) they still do not discourage/prevent indi-
viduals from obtaining and using other opioids.

The only currently approved opioid implant system (aside from intrathecal pump
systems which are not discussed in this book) is a buprenorphine implant
(Probuphine®) manufactured by Braeburn, which releases 80 mg of buprenorphine
over the course of 6 months. It is a solid, matchstick-sized implant made from a
mixture of ethylene-vinyl acetate (EVA) and buprenorphine. While undoubtedly
advantageous in improving compliance with buprenorphine treatment for opioid
dependence/reducing illicit use, this system may be problematic in terms of confer-
ring unwanted MOR blockade in cases of trauma or emergency surgery.

Federal Oversight
The original OxyContin formulation was touted/labeled as being abuse-deterrent;

after it became evident that individuals were abusing the product, Purdue removed the
claim of abuse deterrence from the label, which was regranted after reformulation.
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Since then, the FDA has exerted significantly greater oversight into the approval and
marketing of abuse-deterrent formulations and recently released guidelines on the
matter to the pharmaceutical industry [55].

Required processes include:

. Laboratory-based in vitro manipulation and extraction studies (Category 1)
. Pharmacokinetic studies (Category 2)

. Clinical abuse potential studies (Category 3)

. Postmarket impact studies (Category 4)

AW N —

The FDA has also stated that it will require advisory committee meetings for all
new non-abuse-deterrent opioids and has made clear that their intent is to facilitate
eventual transition away from non-abuse-deterrent opioids.

Prodrugs

Another approach to reducing abuse proposed by the FDA [55] is the development
of prodrugs. Prodrugs are less active or inactive precursor molecules that require
biophysical alteration (generally by enzymatic cleavage) for transformation into
active agents [56]. Prodrugs requiring gastrointestinal enzymatic activation may
reduce parenteral abuse by eliminating therapeutic or recreational efficacy by non-
indicated routes. However, prodrugs yielding MOR agonists as we know them today
are unlikely to reduce abuse by excessive oral administration nor inherently circum-
vent the adverse effect profile of excessive or unbalanced MOR activation including
euphoria, respiratory depression, etc.

“Outside-the-Box” Approaches

Partial Agonists

Partial mu-opioid receptor (MOR) agonists have been explored and trialed for
almost half a century as a means of reducing adverse physical or psychiatric effects.
Relative agonism is defined by in vitro studies comparing agents to a “full agonist”
or one with maximally known efficacy. Reduced efficacy at the MOR confers a so-
called ceiling effect beyond which further administration yields insignificant or at
least significantly diminishing additive benefit; adverse effects mediated by the par-
tially activated MOR are proportionately reduced but not eliminated [57].
Enthusiasm for this class of medication in terms of reduced respiratory depression
and abuse liability and dependence has waxed and waned over the years [58—62].
Butorphanol, nalbuphine, and pentazocine are three older partial MOR agonists
used in various “niche” arenas (e.g., butorphanol is still commonly used as a paren-
teral analgesic in many labor and delivery suites; nalbuphine is still used as a paren-
teral antipruritic to combat neuraxial opioid-mediated pruritus by many
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anesthesiologists), but by and large these agents have not enjoyed widespread adop-
tion. This is in part due to the psychomimetic effects of kappa-opioid receptor
(KOR) agonism that all three agents possess.

Buprenorphine (the pharmacology of which is discussed in greater detail in
Chap. 4) is a partial agonist at the MOR and an antagonist at the KOR, which latter
property eliminates the psychomimetic effects associated with the agents listed
above. In fact, the KOR antagonism of buprenorphine has been shown confer sig-
nificant antidepressant effects, and a therapeutic indication for treatment of refrac-
tory depression has been called for by the psychiatric community [63, 64].
Buprenorphine also possesses the lowest receptor dissociation constant [65, 66]
(i.e., highest tenacity for the MOR) among currently available opioids, which is also
relevant in terms of reducing adverse effects in that the agent effectively “blocks”
other MOR agonists from exerting effects. This has led to its widespread use in
treating opioid dependence/addiction; once an individual’s MOR are occupied by
buprenorphine, therapeutic or hedonic/euphoric effects of other MOR agonists
including heroin are subverted.

The addition of naloxone to buprenorphine (introduced in the previous section
on abuse deterrence/tamper resistance) does not alter the inherent effects conferred
by its partial agonist or receptor dissociation qualities.

Peripheral Agonists

Restricting opioid agonism to the periphery is one means of limiting centrally medi-
ated adverse effects, including euphoria and the development of dependence.
Whether or not such an approach can provide meaningful analgesia remains to be
seen but has been intensively investigated and remains an elegant and intriguing
direction.

Peripheral opioid effects are thought to be most pronounced in states of tissue
inflammation [67—69], and this phenomenon correlates with observation of increased
peripheral opioid receptor synthesis/expression in states of inflammation [70-72].

Besides obviation of central activity, this “limited efficacy” may be beneficial in
the sense of restricting self-administration to states of nociceptive pain where patho-
logic peripheral inflammation is present (e.g., rheumatoid arthritis) and reducing the
desirability of the agent in states of “exclusively” centrally mediated states.

Selective peripheral MOR agonism has been utilized for decades for non-
analgesic purposes, i.e., antidiarrheal activity. Loperamide is a well-known MOR
agonist with virtually no central effect due to rapid CNS efflux transportation. This
agent has been investigated in rodent models of peripheral analgesia and has shown
some analgesic efficacy in this environment [73, 74]; however, these results cannot
be reliably translated into primate or human experience, and furthermore effective
analgesia from loperamide even in rodents is limited by short duration of action and
very high toxicity with effective doses [75]. Other experimental peripheral MOR-
selective agonists remain under investigation.
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Peripheral kappa-opioid receptor (KOR) agonism has been investigated for sev-
eral years as a means to selectively effect visceral analgesia, given the preponder-
ance of KOR in the gut and associated organs [76]. KOR agonists have also been
shown for years to exert extraordinary powerful anti-inflammatory effect [67], but
their efficacy has heretofore been limited by centrally mediated adverse effects,
predominantly psychogenic, as discussed in previous chapters. Selective peripheral
KOR agonists may provide a means of harnessing this anti-inflammatory/analgesic
benefit without dysphoria or euphoria, dependence, etc. [77]. At least one peripheral
KOR agonist (CR845) at the time of this writing is in clinical trial investigating
safety and efficacy of the intravenous form in postoperative pain (https://clinicaltri-
als.gov/ct2/show/NCT02542384); a recent trial investigating safety and efficacy of
the oral form in hip and knee osteoarthritis has been completed but not yet reported
on (https://clinicaltrials.gov/ct2/show/NCT02524197).

Peripheral delta-opioid receptor (DOR) agonists have not shown much analgesic
efficacy in isolation; however, joint DOR-MOR agonism in the periphery has been
shown to exert analgesic effects in non-inflamed states in rats [78].

Atypical Strategies

Several approaches to developing novel agents with reduced or even absent abuse
and adverse effect liability are being pursued. This quest is not new, and historic
efforts have been nicely documented in Corbett et al.’s 2006 review [79]. Recent
advances in the understanding of the complex activities and interactions of the
endogenous opioid system with other physiologic systems will undoubtedly facili-
tate new and safer means of harnessing and isolating the analgesic properties of this
ubiquitous and dynamic ligand-receptor family. It should be kept in mind that one
of many limitations of most “bench-level” research in this area is the consistent dif-
ference in interspecies response to many ligands or modifiers [80]. Clinical experi-
ence also demonstrates even within the smallest sample size that among humans,
profoundly different responses are common. These issues of course necessitate and
underlie the clinical trial system. Some current areas of exploration include:

* Enkephalinase inhibitors

* Endomorphin analogs

* Nociceptin/orphanin FQ receptor (NOR) ligands

e Other G-protein-coupled receptor (GPCR) manipulations
e Heteromeric ligands

e Glial modifiers

Enkephalinase Inhibitors
Enkephalin analogs have not found clinical application to date for various reasons

as discussed in Chap. 2. Part of the reason the enkephalin/DOR system has received
little clinical attention is the fact that the natural ligand possesses an extremely short
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half-life/duration of action and thus has little utility in its natural state. For many
years, efforts to harness this system have focused on inhibiting their degradation by
enkephalinases [81] but have been hampered for the most part by limited to no oral
activity. Within the past decade however, dual enkephalinase inhibitors (DENKIs)
which are a heterogeneous group of compounds designed to block the activity of
membrane-bound peptidases (neprilysin/neutral endopeptidase and aminopeptidase
N) have been engineered to increase oral bioavailability and show significant anal-
gesic effect in various pain models in various species [82]. DENKI prodrugs have
also recently been described that have even greater oral bioavailability and duration
of action and show promising effect in animal models with essentially no adverse
effects [83] as respiratory depression, euphoria, etc. are not mediated by DOR either
centrally nor in the periphery. Seizures, one of the more concerning adverse effects
of earlier synthetic DOR agonists, have not been reported with DENKIs either.

Endomorphin Analogs

Endomorphins (described in greater detail in Chap. 2) are tremendously MOR-
specific and display significant analgesic effect. Interestingly, despite their high
affinity and efficacy at the MOR, they confer markedly less respiratory depression
at equianalgesic doses to other MOR agonists [84]. They are not, however, devoid
of reward/reinforcing properties and thus may still possess abuse liability [24].

Zadina’s (the scientist who discovered endomorphins) group at Tulane is devel-
oping endomorphin analogs demonstrating greater analgesia and reduced sedation/
psychomotor effect, respiratory depression, tolerance, and reward/reinforcing
behavior compared to morphine. Differential effects on glial activation are one
mechanism postulated to account for this improvement in efficacy: adverse effect
ratio [85].

Targeting the N/OFQ Receptor

Despite initial characterization of the N/OFQ receptor (NOR) as facilitating prono-
ciceptive activity, it has become clear that the activity of this receptor and its ligands
is exceedingly complex, as described in greater detail in Chap. 2, and includes anti-
nociceptive activity as well. NOR ligands have been developed and demonstrated to
exert analgesic effects in primates in various pain models, without respiratory
depression or reward/reinforcement behavior [80, 86].

Other GPCR Manipulations

Yet another novel approach to virulence attenuation is that of “manipulating” the
receptor, selecting desired effects (i.e., analgesia), and eliminating undesired/
adverse effects. One proposed solution utilizing this sort of functional selectivity is
the development of agents that interact with the GPCR (practically speaking the
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MOR) in “biased agonism” whereby the ligand will activate and stabilize the recep-
tor in a conformational state favoring certain downstream/intracellular signaling
activity (e.g., G-protein-mediated adenylate cyclase activity) at the expense of other
signaling (e.g., B-arrestin 2 activity). Evidence from animal models (i.e., B-arrestin
2 knockout mice) suggests that such biased agonism may confer improved analgesic
efficacy with reduced adverse effects [8§7-89].

Another, more directly “manipulative” approach that has actually made signifi-
cantly more headway developmentally is that of employing “allosteric modifiers” at
the MOR to select for desired effects. An allosteric modifier is one that binds to a
site on the receptor distinct from the (orthosteric) site where the “main” ligand is,
e.g., opioid binds. Such modifiers may exert positive or negative modulation on the
ability of the orthosteric agonist to bind to/exert effect on the receptor; the term
“positive allosteric modulator” (PAM) is currently being used in the literature to
describe the former. PAMs may confer synergistic effect if administered with opioid
agents or may be used solely and independently to facilitate and amplify the effect
of endogenous ligands [89] and have been isolated and are under investigation. It
may be that these PAMs are binding to the intracellular G-protein site and effecting
G-protein activity at the expense of B-arrestin 2 activity, in essence effecting biased
agonism by the orthosteric ligand as described above.

Heteromeric Ligands

As discussed in Chap. 2, there is increasing evidence that opioid receptors are capa-
ble of joining into multimers with homologous receptors, other opioid receptors, or
other GPCR, with subsequent variance in ligand binding, receptor signaling, and
trafficking properties [90-94]. Differential effects including improved analgesia
and reduced adverse effects have been described by some investigators, while
increased adverse effects have been described by others. MOR-DOR heteromeriza-
tion has been the most extensively investigated pairing, and a heterogeneous group
of ligands have been developed to interact with this heteromer in hopes of produc-
ing novel opioid agonists with reduced adverse effects. Different ligands appear
capable of eliciting various functional selectivity (e.g., G-protein signaling at the
expense of B-arrestin signaling) and also of serving as allosteric modulators [94].

Blocking Opioid-Induced Glial Activation

Opioid exposure (and chronic, especially neuropathic pain states) cumulatively
increases glial activation resulting in a number of undesirable effects including pro-
nociception and pain sensitization and tolerance to/reduced analgesic efficacy of the
drug [95]. There is some evidence that even opioid reward/reinforcement is medi-
ated in part by glia [95-97]. These effects are mediated primarily by the Toll-like
receptor (TLR) family; TLR4 has been extensively studied as the key player in
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opioid glial activation. TLR4 blockade and other suppressions of glial activation by
a variety of structurally and mechanistically different means have been shown in
animal studies to enhance opioid analgesia: adverse effect ratios and also palliate
opioid withdrawal symptoms; there is also evidence that opioid reward/reinforce-
ment properties are attenuated as well [97-100]. These interesting directions await
human investigation.

Summary

One strategy in addressing the opioid epidemic is to decrease or attenuate the “viru-
lence” of the agent, i.e., render opioids less “pathogenic.” Historic approaches to
such attenuation have largely focused on altering existing and commercially avail-
able drugs by converting them to an extended-release form and equipping them with
tamper-resistant and abuse-deterrent properties. While certainly not without merit,
these approaches cannot prevent misuse or abuse by excessive consumption and do
not alter the fundamental characteristics of the agent (e.g., propensity to cause
euphoria, dependence and addiction, respiratory suppression). They can only affect
the delivery of the agent. Novel modifications or alternative strategies using the
endogenous opioid system, such as peripheral-only agonists, endogenous ligand
protease inhibitors (e.g., dual enkephalinase inhibitors), heteromeric ligands with
biased agonism, allosteric modifiers, and agents targeting glia may provide safer
analgesics and in effect reduce the population of virulent agents.
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Part 111
Focusing on the Vector

“Skepticism is as much the result of knowledge, as knowledge is of skepticism. To be
content with what we at present know, is, for the most part, to shut our ears against convic-
tion; since, from the very gradual character of our education, we must continually forget,
and emancipate ourselves from, knowledge previously acquired; we must set aside old
notions and embrace fresh ones; and, as we learn, we must be daily unlearning something
which it has cost us no small labour and anxiety to acquire.”

-- Homer, The Iliad



Chapter 6

Best Practices Education, Part I: Pain
Physiology, Psychology, and Alternatives
to Opioids

A gynecologist colleague requests that a thoracic epidural catheter be placed
for perioperative pain management for a planned laparoscopic supracervical
hysterectomy for a 32-year-old female suffering from intractable chronic pel-
vic pain thought to be caused by endometriosis which was diagnosed via prior
laparoscopy. Thinking this an unusual request (epidurals are typically reserved
for more painful operations with large incisions and especially supraumbilical
incisions which may compromise diaphragmatic excursion by respiratory
splinting), you probe for a little more detail. Your colleague simply says, “just
go see her in Bay 4.”

When you arrive to assess the patient, there are concerned family members
surrounding the bed of a somnolent and dysphoric young woman with pin-
point pupils. Upon further questioning, you ascertain that she has seen mul-
tiple physicians for complaints of chronic pelvic pain and was initially started
on opioid therapy by her primary care physician who subsequently referred
her to a local pain management clinic who has escalated her regimen to
extended-release morphine sulfate 120 mg twice a day and hydrocodone-
acetaminophen 10 mg/325 mg six per day. She is also using alprazolam as an
anxiolytic and carisoprodol as a “muscle relaxant.”

After further evaluation and discussion, you agree to place a thoracic epi-
dural catheter which is used to provide preemptive analgesia prior to incision
and continued via infusion for the next 3 days while she is in the hospital.
During this time, you also provide a morphine PCA with no basal rate and a
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total hourly lockout rate at 16 mg/h for the first day, transitioning to Percocet
p-o. the second day when she is taking solids. Scheduled lorazepam and cloni-
dine are also provided. She denies any abdominopelvic pain and consistently
evidences bilateral sensory block from roughly T6 to L2 levels with an epi-
dural infusion of ropivacaine. She suffers mild opioid withdrawal symptoms
primarily consisting of tachycardia and some agitation during the first 2 days,
but by the third day, she displays a dramatically improved mental status and
bright affect and expresses gratitude for your care.

Two weeks later when you follow up with her by telephone, she is excited
to report that she destroyed her remaining opioids at home and vows “never to
take that stuff again!” She is also excited to report that she has a job
interview.

Introduction

Transmission of an infectious agent frequently requires a vector, which entity serves as
areservoir for the agent, either symptomatically or asymptomatically. Common exam-
ples include anopheles mosquitoes carrying Plasmodium falciparum or deer ticks har-
boring Borrelia burgdorferi. Unique among epidemics to date, this agent (opioids) is
“transmitted” primarily by those to whom the well-being of the individual and also the
community is entrusted. As such, a thorough understanding of opioids is essential for
every prescriber, and so we began with basic opioid biology and pharmacology in
Chaps. 2, 3, and 4. Knowing about the drugs is not enough however; the prescriber
must know why, when, and how to use them and, perhaps of greater importance, when
not to. These specific questions are addressed in the two chapters that follow.
Altering “transmission” of opioids via professional vectors is a laborious but not
insurmountable task. Recent intensive provider educational and regulatory
approaches (discussed in Chaps. 7 and 8) have begun to show a temporal association
at least with reduction in opioid prescribing and possibly in some morbidity and
mortality outcome measures as well. There has in fact been a shift noticed by emer-
gency department physicians and law enforcement within the past couple years
toward “street” opioids such as heroin, as the procurement of prescription drugs
obtained illicitly is becoming more difficult. (While it is within the realm of respon-
sibility of the physician to educate and treat patients who abuse street drugs, con-
trolling the transmission of such remains the responsibility of law enforcement and
as such is not discussed in this book.) At any rate, the often-quoted analogy of a
pendulum swinging back and forth between poles of liberal vs. conservative pre-
scription of opioids for pain seems to be traversing back toward the guarded at pres-
ent. While this undoubtedly represents a public health triumph in many regards,
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with reductions in morbidity and mortality, it must not be forgotten that in the
majority of cases, opioid-dependent individuals suffer from various predisposing
chronic pain states.

In the United States, the prevalence of chronic pain has been estimated at 100
million individuals [1]. This of course ranges from aggravating single-limb osteoar-
thritic pain and dysfunction to global, entire-body states of agony. Associated dis-
ability which also varies tremendously among persons with the same apparent
pathology further adds to the misery of the individual and often the family and in
some cases society as well. As the preface to the Institute of Medicine’s (IOM)
landmark 2011 monograph, “Relieving Pain in America” states:

The magnitude of the pain suffered by individuals and the associated costs constitute a
crisis for America, both human and economic.... [1]

To underscore the seriousness of the issue, if empathy for suffering is not enough, it
should be noted by all practitioners of every healthcare discipline that suicide is two
to three times more prevalent in the chronic pain population than the general popu-
lation [2, 3].

As physicians, we are ethically and professionally responsible to alleviate pain
and suffering whenever possible. Understanding the multifaceted nature of both
pain and suffering (biopsychosocial-spiritual) is essential to accurate assessment
and thus effective treatment. Unfortunately, the training of most physicians and
mid-level providers is sadly lacking in at least one of these dimensions, and these
deficits have been highlighted recently as a major issue requiring educational and
even certification-oriented overhaul [4]. To quote the IOM report again:

Many health care providers lack a comprehensive perspective on pain... We believe pain

arises in the nervous system but represents a complex and evolving interplay of biological,

behavioral, environmental, and societal factors that go beyond simple explanation.

Knowledge of pain needs to be enriched from the molecular and genetic to the cellular,

neural network, and systems levels. It is necessary to understand how the settings and sur-
roundings in which pain occurs and is experienced have an impact on its biology. [1]

The recently unveiled National Pain Strategy [4] emphasizes as one of its core foci
the remediation of what comprises a substantial deficit in provider knowledge and
competency of how pain works and how to treat it.

This chapter is divided into two main components: first is a basic primer on pain
physiology and pathophysiology and psychology. It is certainly not intended to
serve as an exhaustive treatise on the subject; for more complete sources, the reader
is referred to the excellent textbooks by Wall and Melzack [5], Bonica [6], and Deer
[7], among others. Physical pain has classically been held to be a cardinal symptom
of inflammation and many other disease processes; while many champion the notion
that chronic pain is a disease in its own right [1], it remains evident that pain is
always a symptom. As such, any complaint of pain requires thoughtful history tak-
ing and physical examination (both of which in themselves are often therapeutic for
patients whose complaints have not been addressed to their satisfaction), frequently
the formulation of a differential diagnosis, and then frank discussion about natural
history and therapeutic options.
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The second half of the chapter focuses on multimodal pain therapy—alternatives
to opioids. Prevention (discussed in greater detail in Chap. 11) must undergird every
effort of the physician to help the patient complaining of pain. Poor dietary choices,
tobacco and alcohol use, sleep deprivation, sedentary lifestyle, and many other
physical insults are in many cases contributory if not causative of a great many pain
states. Psychological dysfunctions (including anxiety and stress, cognitive distor-
tions, and deeper underlying emotional wounds) often amplify—if not initiate—
chronic pain. A proper viewpoint on the spirituality of the individual and how that
spirituality relates to their pain experience is essential to treating the whole person.
Concurrent with efforts aimed addressing these issues, rational treatment must
apply (or at least offer) interventions that maximize the benefit-risk ratio not only
for the individual intervention in question but for the entire treatment plan, whether
or not opioids are part of that plan.

Pain Basic Science Primer

Before briefly discussing common therapeutic modalities for treating pain, it is
important to take a step back and examine what we think we know about pain.
Everyone knows what pain is, but no one can fully explain it. Definitions are gener-
ally circular (“It hurts!”). The following International Association for the Study of
Pain (IASP) definition of pain seems excessively vague at first glance but, as we will
see shortly, is of necessity very nonspecific:

An unpleasant sensory and emotional experience associated with actual or potential tissue
damage, or described in terms of such damage. [8]

Nociception and the Cartesian Model

As with most scientific ideas, the conceptualization of what pain is has undergone
numerous paradigm revolutions since the Renaissance. In 1664 Rene Descartes pro-
posed that pain may have more to do with physical stimulus and cerebral perception
than prior constructs based on metaphysical, spiritual/moral, or other ethereal fac-
tors (Fig. 6.1). The basic assumption that insult to the physical integrity of the
organism is transmitted and translated into the subjective experience of pain is so
entrenched in our thinking 450 years later that it is difficult for most to conceive of
a model of pain that differs much from this. Furthermore, laboratory and clinical
investigation have verified and elaborated on the basic injury stimulus-pain response
pattern to the point that it is very nearly dogma that if pain is present, i.e., “organic”
pathophysiology, tissue damage is responsible for it.

This simplest of frameworks, cause and effect, of course has quite a bit of truth
to it. In the conscious patient, nociception (the activation of and communication
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Fig. 6.1 “For example, if the fire A is close to the foot B, the small particles of fire, which as you
know move very swiftly, are able to move as well the part of the skin which they touch on the foot.
In this way, by pulling at the little thread cc, which you see attached there, they at the same instant
open e, which is the entry for the pore d, which is where this small thread terminates; just as, by
pulling one end of a cord, you ring a bell which hangs at the other end... Now when the entry of
the pore, or the little tube, de, has thus been opened, the animal spirits flow into it from the cavity
F, and through it they are carried partly into the muscles which serve to pull the foot back from the
fire, partly into those which serve to turn the eyes and the head to look at it, and partly into those
which serve to move the hands forward and to turn the whole body for its defense.” Descartes’
Traité de ’homme, 1664. US Public Domain

from peripheral pain receptors on specialized nerves described in more detail below)
is a real and in many cases sufficient cause for the experience of pain, especially
acute pain. (The criteria of consciousness applied in the previous sentence are based
upon the currently accepted definition of pain as a conscious subjective experience.)
Evidence supporting the importance of nociception is consistently found in the
operating room when the administration of intravenous opioids or ketamine or insti-
tution of conductive nerve block to a sedated/anesthetized patient results in normal-
ization of vital signs and suppression of EEG activity and unconscious aversive
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behavior. Not to mention, almost everyone has slammed their finger in a car door or
stubbed their toe and experienced the (subjective) effect.

Understanding pain should begin with understanding nociception. Somatic noci-
ception, which arises from non-visceral sources, is discussed first; visceral nocicep-
tion is functionally very similar but more complicated due to richer autonomic
communication. Nociceptors are specialized receptors on sensory neurons among
the Ad- and C-fiber families (discussed in greater detail below) that generate an
afferent action potential in response to a specific noxious stimulus. This process of
transduction occurs in response to mechanical, thermal, or chemical stimuli gener-
ally associated with tissue damage and is initiated by transmembrane cationic chan-
nels such as transient receptor potential (TRP) and tetrodotoxin-resistant or
tetrodotoxin-sensitive sodium channels. Besides activation by initial stimulus, noci-
ceptors may be sensitized (with lowered thresholds or in some cases even “awaken-
ing” of “silent” nociceptors) by subsequent local inflammatory mediators including
arachidonic acid, bradykinin, histamine, serotonin, substance P, calcitonin gene-
related peptide (CGRP), nerve growth factor, potassium, hydrogen ions, and other
factors. This peripheral sensitization may result in the phenomenon of hyperalgesia
(pain sensed with less-than-normal stimulus intensity) and allodynia (painful per-
ception of a typically non-painful stimulus such as light touch). Besides pain
(dolor), these mediators elicit other cardinal inflammatory symptoms and signs
including vasodilatation and extravasation leading to heat (calor), erythema
(rubror), and edema (tumor).

These first-order neurons, with cell bodies located in the paraspinal dorsal root
ganglia and long axonal projections to the periphery, are classified as Ad- and
C-fiber neurons, with distinct roles. Larger, myelinated Ad fibers (also known as
“fast pain fibers”) conduct relatively rapidly and provide fairly precise pain local-
ization due to a small receptive field. Sharp, stabbing, acute sensations comprise the
message carried by the fast pain fibers. In contrast, unmyelinated C fibers (“slow
pain fibers”) which outnumber their AS counterparts 2:1 conduct much more slowly
and confer less precise localization of pain. Slow pain fibers conduct aching, sore,
and burning pain. Both sets of afferents enter the dorsal horn of the spinal cord
(along with other sensory traffic) either directly or after a one-to-two segment ros-
trocaudal deviation through Lissauer’s tract and synapse with their second-order
neuron (also known as projection neurons) in specific gray matter regions delin-
eated as the Rexed laminae.

AJ fibers synapse primarily in lamina I (also laminae II, V, and X) and commu-
nicate with their projection neurons primarily by means of glutamate. Aspartate is
another excitatory neurotransmitter involved in communication between first-order
and projection neurons, and multiple other facilitatory (e.g., substance P, CGRP) or
inhibitory (e.g., gamma-aminobutyric acid) neurotransmitters are involved in
enhancing or suppressing transmission, as discussed in greater detail below.
Projection neurons synapsing with the Ad fibers generally decussate at the level of
cord entry and ascend via the spinothalamic/anterolateral tract to the thalamus
(ventroposterolateral nucleus or VPL). Similarly, primary Ad afferents from the
head and face relay their messages via the trigeminal system, descending in the
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brainstem to the medullary spinal trigeminal nucleus (nucleus caudalis), synapsing
with a second-order neuron that also decussates and joins the spinothalamic tract to
ascend to the thalamus (ventroposterior medial nucleus or VPM). From the thala-
mus, these fast pain pathways project via third-order neurons to the somatosensory
cortex and are represented along with other sensory traffic somatotopically on the
postcentral gyrus (Fig. 6.2).
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Fig. 6.2 This schematic provides an overview of the organization of the events transpiring at the
level of the first-order synapse. (1) As indicated, the presynaptic effects of depolarization lead to
opening of voltage-sensitive calcium and sodium channels with increases in intracellular sodium
and calcium and mobilization and release of transmitters (sP and glutamate). (2) These act upon
eponymous receptors (see text), leading to depolarization and increase in intracellular calcium. (3)
Activation of kinases which phosphorylate a variety of channels and receptors activates intracel-
lular enzyme cascades such as for PLA2 and increasing gene transcription. (4) Release of products
such as prostanoids (PGE2) which can act upon the local membrane through their eponymous
receptors (EP-r) where presynaptically they enhance the opening of voltage-sensitive calcium
channels and postsynaptically reduce the activity of glycine receptors. (5). As indicated in addi-
tion, the first-order synapse is regulated by inhibitor interneurons such as those release GABA and
glycine. These interneurons can be activated by afferent collaterals and by descending pathways to
downregulate the excitability of this synapse. Reprinted from Comprehensive Treatment of
Chronic Pain by Medical, Interventional, and Integrative Approaches, A Survey of Systems
Involved in Nociceptive Processing, 2013, Yaksh TL, Wiese AJ. With permission of Springer
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C fibers are a more functionally heterogeneous group than their AS counterparts,
with a greater diversity of both activating stimuli and output message (see Todd and
Koerber’s excellent summary of C-fiber biology [9]). They generally synapse in
lamina II, also known as the substantia gelatinosa (and to a lesser extent in laminae
Iand V) and communicate primarily with the interneurons that make up the primary
population of that lamina, via both substance P and glutamate. Many of their ulti-
mate second-order afferents (especially those in lamina V) are often described as
“polymodal” or “wide dynamic range” neurons, indicating their ability to receive
sensory messages from multiple input sources besides nociceptors. Some of these
projection neurons then decussate (while others do not) and both ascend via the
paleospinothalamic tract in the anterolateral region of the spinal cord to the reticular
formation of the brainstem and to the centromedian and parafascicular intralaminar
thalamic nuclei, from whence third-order neurons project to a more diverse cortical
audience including insula, cingulate, and frontal cortices.

Visceral nociception is far less understood. Visceral nociceptors respond a much
more limited array of stimuli than their somatic counterparts; for example, it is well
known that most mechanical insults to the gut including cutting are not perceived.
Visceral sensation is relatively limited in physiologic states to detecting distension;
in pathology however inflammation and ischemia produce pain. Abdominopelvic
organs are innervated by multiple networks including parasympathetic and sympa-
thetic efferents and general visceral afferent (C, AJ, and AP) fibers carrying polymo-
dal sensory information. The alimentary canal also contains a dedicated neural
network known as the enteric nervous system, which besides controlling motility
and absorptive and immune functions also modulates local inflammation and can
sensitize the visceral afferents via mediators including serotonin, substance P, and
CGRP [10]. Visceral afferents project via both sympathetic and parasympathetic
nerves, with the former held to be the primary pathway for visceral nociception.
These sympathetically associated A and C fibers run a tortuous course from the
organ to the dorsal horn, primarily within the greater splanchnic, lumbar colonic,
and hypogastric nerves, and along with (but in reverse order to) their sympathetic
counterparts traverse the prevertebral (celiac, superior, and inferior mesenteric) gan-
glia and paravertebral ganglia and enter the dorsal ramus via rami communicantes to
their cell bodies located in the dorsal root ganglia. From there, the pathway is analo-
gous to that of somatic afferents, entering the dorsal horn and synapsing with a sec-
ond-order neuron generally in Rexed laminae I, V, or X [11, 12]. The second-order
neuron then ascends to the thalamus, in particular the posterolateral nucleus [10].
Visceral afferents also accompany parasympathetic (vagal and pelvic) nerves; these
appear to be relatively more important than their sympathetic-associated counter-
parts in mediating sensory (including nociceptive) information from lower structures
including the colorectum, urinary bladder, and genitalia [10]. Finally, recent human
and animal evidence also point to a significant dorsal column visceral nociceptive
pathway [10] that may be even more important in mediating visceral pain than are
spinothalamic or spinoreticular tracts. This pathway has no known somatic correlate,
as the dorsal columns mediate only somatic tactile and proprioceptive sense, to our
current knowledge.
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The distinction between “somatic” vs. “visceral” pain based is especially clinically
relevant when evaluating pain in the thorax and abdomen. Abdominal pain, for exam-
ple, can arise from either internal organs (generally poorly localized and more fre-
quently associated with autonomic phenomena) or from somatic sources such as the
abdominal wall or an intercostal nerve (more clearly delineated). The concept of
referred pain should be addressed briefly as well, which is a phenomenon whereby
pain arising from pathology in one region is perceived in a somatically distinct (and
sometimes distant) region. Referred pain is most commonly considered as a visceral
phenomenon (e.g., right scapular pain with cholecystitis, jaw claudication, and left
arm pain with myocardial ischemia); however, a wealth of data and experience indi-
cate that somatic pain generators such as zygapophyseal joints [13] and myofascial
trigger points [14] also refer pain elsewhere. Visceral pain referral is thought to occur
as the result of convergent or shared pathways between visceral and somatic afferents
at the dorsal horn, with some evidence for brain-level convergence as well [15].

While in no way intended to disparage the genius of Descartes and his ground-
breaking theories at the time, the caption in Fig. 6.1 is also reproduced from his
classic treatise to illustrate the possibility that 400 some years from now, people
may look back on our current theories and models as equally quaint.

Neuropathic Pain and Central Sensitization

Neuropathic pain is currently defined by the IASP as “Pain caused by a lesion or
disease of the somatosensory nervous system...Neuropathic pain is a clinical
description (and not a diagnosis) which requires a demonstrable lesion or a disease
that satisfies established neurological diagnostic criteria” [8]. The term “non-
nociceptive pain” is often errantly used as a synonym for neuropathic pain; this
imprecise nomenclative admixture is discouraged, as much non-nociceptive pain
falls outside the realm of objective neurologic pathology.

Neuropathic pain is often characterized by spontaneous and often lancinating
pain and multiple other fairly consistent symptoms (e.g., burning sensation, dyses-
thesias) and signs (e.g., hyperalgesia and allodynia, temporal summation).
Neuropathic pain encompasses both well-localized/anatomically defined syndromes
such as carpal tunnel syndrome, sciatica, and tic douloureux and more widespread
(typically distal extremity) burning pain seen in advanced diabetes, hypothyroid-
ism, vitamin B12 deficiency and with neurotoxicity from alcohol, heavy metals, or
chemotherapeutic agents. CNS lesions such as spinal cord or thalamic/cortical
lesions may confer even more generalized and devastating pain states. Proposed
mechanisms underlying the genesis and perpetuation of neuropathic pain include
[16-19]:

* Persistent inflammatory state at the site of the lesion or upstream sites (e.g., dor-
sal root ganglion) may sensitize/lower the nociceptive threshold of the primary
afferent.
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e Increased TRP and sodium channel expression on primary afferents, with
decreased action potential threshold/increased excitability, and frequently ecto-
pic potential generation.

* Increased adrenoreceptors (o; and o) with increased sympathetic sensitivity.

e Activation of N-methyl-D-aspartate (NMDA) receptors in the dorsal horn lead-
ing to “windup” (increasing sensitivity to nonincreasing stimulus intensity) and
lowered threshold/tonic activation of secondary afferents.

* Loss of descending inhibition (discussed in greater detail below).

* “Invasion” of Af afferents into the Rexed lamina II with normally non-nociceptive
primary afferent stimuli now evoking pain (allodynia).

* Recruitment of typically non-nociceptive secondary afferents into a nociceptive
state.

* Microglial activation/sensitization with resultant CNS pro-inflammatory effects.

Inherent in this construct is the apparent active and dynamic role that both
peripheral and central nervous systems play not only in communicating and inter-
preting pain but also in amplifying and even generating it. No longer viewed as
merely a passive relay from the periphery to the brain, nocineurons (and microglia)
are now being seen as effectors and modulators of many if not most chronic pain
states. While not included in this primer for the sake of brevity, our growing under-
standing of the critical role microglia play in the chronification or control of pain is
deserving of much greater attention, and the reader is referred to the excellent
review by Beggs and Salter [20] and others for an introduction to the topic.

Taking the concept of CNS participation in the pain experience a step further, the
phenomenon of central sensitization first described by Woolf in 1983 [21] has
greatly expanded our understanding of chronic pain. Nociception (and neuropathic
pain) is not the full story by any means; non-psychogenic pain can occur in the
absence of nociception (or neuropathic pain per IASP definition). Central sensitiza-
tion provides a plausible explanation for the subjective phenomena of many pain
states disproportionate to (even occurring in the absence of) any discernible pathol-
ogy, along with related features of allodynia. Objective evidence for central sensiti-
zation states include changes in functional MRI signal and electrophysiologic
parameters (potential amplitudes) [22]. Essentially the theory (with ample animal
and human evidence) posits that a reduction in pain threshold has occurred within
the CNS such that previously insufficiently noxious or non-noxious stimuli are now
painful (hyperalgesia and allodynia, respectively). In Dr. Woolf’s words, “The net
effect of central sensitization is to recruit previously subthreshold synaptic inputs to
nociceptive neurons, generating an increased or augmented action potential output:
a state of facilitation, potentiation, augmentation, or amplification” [23]. Proposed
mechanisms underlying this state are similar to those presented above for neuro-
pathic pain and include [22, 23]:

* Reduced secondary afferent thresholds
e Reduced inhibition
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» Expansion of secondary nocineuron receptive field

e Transformation of secondary nocineurons to wide dynamic range neurons capa-
ble of activation by formerly innocuous stimuli

* Glial contributions

Glutamate (via NMDA and other receptors) is currently thought to be the most
important protagonist in the development of central sensitization, effecting these
pathologic changes via the establishment of supranormal intracellular calcium lev-
els [23]. However, many other familiar factors such as substance P, CGRP, brain-
derived neurotrophic factor, bradykinin, and nitric oxide are invoked in facilitating
these changes, which may occur in numerous brain structures as well and are not
limited to the dorsal horn [23].

Many chronic pain conditions, including migraines, TMJ disorders, fibromyal-
gia, osteoarthritic and chronic low back pain, interstitial cystitis, and many neuro-
pathic pain states including complex regional pain syndrome (formerly known as
reflex sympathetic dystrophy or causalgia) are now thought to represent manifesta-
tions of a central sensitized state. Functional abdominal pain, chronic pelvic pain,
and other visceral pain states are also now considered to reflect a centrally sensi-
tized state [24].

Cancer Pain

Cancer is frequently associated with severe chronic pain; it is estimated that over
2/3 of patients with advanced cancer suffer from significant pain related to the dis-
ease [25]. Multiple pathogenic (and iatrogenic) processes are responsible for the
pain associated with cancer, including [26]:

* Local pressure and destruction from the primary tumor

* Release of several inflammatory mediators (including bradykinin, nerve growth
factor, proteases, tumor necrosis factor «, various interleukins, and cytokines)

* Peripheral neuronal injury and alterations of the dorsal root ganglion and neo-
neurogenesis and neuroma formation with upregulated sodium channels and
ectopic activity

» Epidural compression of spinal nerve roots from tumor mass effect (this occurs
in up to 10% of cancer patients, and persistent or dramatic back pain complaints
require thorough investigation and workup)

* Central sensitization with upregulated NMDA and AMPA activity

* Osteoclastic activity at bone sites, facilitated by the acidic environment gener-
ated by cancer cells

* Neuropathy from chemotherapeutic agents (especially vinca alkaloids, the tax-
anes, and platinum-based compounds)
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Neural Plasticity and Chronic Pain

Much recent research has focused on the contribution of neural plasticity to chronic
pain, with the former defined by the National Institutes of Health’s 2009 Blueprint
for Neuroscience Research Workshop as:

The ability of the nervous system to respond to intrinsic or extrinsic stimuli by reorganizing
its structure, function and connections. [27]

While these changes can occur at any level of the CNS including the dorsal horn
as introduced above, that which occurs in the brain is the focus of this section.
Distortion of size and other geographic perceptions of injured body parts have
been documented for centuries, with phantom limb pain perhaps being the most
salient example. Reorganization of the primary somatosensory cortex in
response to both acute and chronic pain has been shown over the past two
decades to underlie these phenomena [28-31], with the recent application of
noninvasive imaging modalities demonstrating functional [32-34] and even
anatomic changes [35-38] within the brain in various chronic pain states.
Fortunately, it has been demonstrated consistently that these distortions and
cortical reorganizations can be undone with adequate therapy [39]. A recurring
observation with chronification of pain is that of enhanced and in many cases
spontaneous activity in the cortical-limbic circuitry [40-42] and in particular
the anterior cingulate cortex, which is associated with a significant emotional
component [43]; this has led many to conclude that much if not most chronic
pain represents a learned state or:

Persistence of the memory of pain and/or the inability to extinguish the memory of pain
evoked by an initial inciting injury. [41]

Perception and Modulation

Arithmetic is necessary in constructing a ledger or a house; however, arithmetic,
calculus, astrodynamics, and even general relativity are also required to build a ves-
sel and send it to the Moon or Mars and back. The simple Cartesian model may be
sufficient to explain acute nociceptive or even neuropathic pain, but falls quite short
of explaining the complexities of most chronic pain and suffering, or why such
immense variability in subjective experience exists between people afflicted by
identical pathology. Not only can pain occur without nociception (or neuropathic
pain); nociception can also occur without pain. In the conscious individual, it is
quite clear that intangible and immeasurable factors can override or sufficiently
modify the simple physical stimulus-response model of pain, as evidenced by Asian
fire walkers, Native American Sun dancers, and elite athletes of all disciplines and
regions (Fig. 6.3).
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Fig. 6.3 Ear pull at the 2007 World Eskimo Indian Olympics, held in Anchorage, Alaska.
Reprinted with permission from Patrick Endres, AlaskaPhotoGraphics

Gate Control Theory

Widely regarded as the most seminal work of the twentieth century in understanding
pain, Melzack and Wall’s landmark 1965 publication [44] described a “gate control
system” exerting dynamic and variable influence on synaptic transmission between
first- and second-order pain afferents. What have come to be known as interneurons
were postulated as assessing and responding to competing inputs from both periph-
eral non-nociceptive afferents as well as from brain regions to allow or prohibit
nociceptive stimuli from proceeding rostrally. The gate control theory expanded our
understanding of the role of the central nervous system in processing and even influ-
encing pain. In Dr. Melzack’s words, it:

Forced the medical and biological sciences to accept the brain as an active system that fil-
ters, selects and modulates inputs. The dorsal horns, too, were not merely passive transmis-
sion stations but sites at which dynamic activities (inhibition, excitation and modulation)
occurred. [45]

Prior to our (yet superficial) understanding of the neurobiology of pain, practitio-
ners across the world for millennia have used various means of modifying pain
perception with sometimes astounding success (witness the reports of efficacy of
mesmerism or acupuncture in facilitating operations without allopathic anesthe-
sia). Dr. Henry Beecher (introduced in Chap. 2) was the first in the modern era of
medicine to document and report on the potency of psychological factors in
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modifying pain. He observed that soldiers sustaining severe wartime injuries were
often apparently unmoved by their trauma, exhibiting little pain behavior in the
acute and subacute phases of their injury [46]. This was noted to be in marked
contradistinction to similar injuries sustained by civilians outside of the war zone
and also in sharp contrast to pain behaviors later demonstrated by these same
soldiers in response to minor nociceptive stimuli such as venipuncture. He sur-
mised that the profound emotional influences of surviving potentially lethal com-
bat, the knowledge that they would be returning home, and the camaraderie of
their fellows, among other factors all contributed to suppression of pain percep-
tion [47]. We now understand that these soldiers’ stoic responses to what would
otherwise typically elicit significant pain response were a manifestation of
descending modulation. (As a side note, it is fascinating that Dr. Beecher’s most
important legacy is the placebo-controlled trial, as we now understand that the
factors involved in mediating the placebo response are those involved in the pro-
cess of descending modulation.) By the 1950s, it was evident that descending
projections from the brain could modulate afferent traffic [48, 49], and by the late
1960s, it had been demonstrated that focal electrical stimulation of the midbrain
produced sufficient analgesia to allow for highly noxious surgical procedures to
transpire in the absence of any other anesthetic [50]. This (invasive and experi-
mental) phenomenon has been replicated in humans, allowing preservation of
general cognitive as well as motor function while eliminating the perception of
pain [51, 52]. Intensive investigation over the subsequent half century has revealed
a complex bidirectional (descending and ascending) modulating network that
functions to suppress or enhance pain transmission according to a host of compet-
ing inputs and the needs of the organism [53, 54]. Teleologically, it makes sense
that pain, despite being a vital “sense,” must be triaged along with other inputs
such as hunger or thirst or the need for sleep. Accordingly, the system may func-
tion to augment the pain message when amplification is required for benefit or to
dampen the pain message when competing needs (e.g., running from a predator)
supersede. Pathologically, the amplification of the system may be seen in many
chronic pain states as introduced in the previous section on neuroplastic pain and
sensitization. Conversely, enhancement (or simple utilization) of the system’s
ability to suppress pain may be harnessed therapeutically, as practitioners of spiri-
tuality, meditation, exercise, and various healing arts have done throughout
recorded history.

From a neurobiologic standpoint, we now have evidence that a vast conver-
gence of input from higher centers including the prefrontal cortex, anterior cin-
gulate cortex, insula, amygdala, and hypothalamus can act to up- or downregulate
pain [55]. Our current understanding of the system assigns a primary effector
role to the periaqueductal gray (PAG) region of the midbrain and rostroventral
medulla (RVM). The PAG-RVM appears to exert its influence primarily via sero-
tonergic and noradrenergic direction of interneurons in the superficial dorsal
horn that serve as intermediaries between C-fiber afferents and projection neu-
rons [53, 54]. This, in essence, fulfills the “gate control system” predicted by
Melzack and Wall in 1965.
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The Biopsychosocial Model and Pain Psychology

The biopsychosocial model, a term coined by George Engel in 1977 [56], was not
developed to explain chronic pain, but it has become so axiomatic that no serious (or
effective) assessment of chronic pain, let alone treatment attempt, can be made
without consideration of the psychological and social (and many believe spiritual)
factors involved in the individual’s suffering. Pain involves multiple psychological
appraisals on the part of the individual, including degree of threat, relative salience,
relative value/reward, and the degree of ability to control or cope with the sensation.
While in-depth psychological evaluation and treatment are outside the scope of this
work and the practice of most physicians, there is a growing realization among the
medical community (echoed in the assessments and recommendation of policymak-
ers at every level) that without attention to the cognitive and emotional aspects of
and contributors to chronic pain, treatment will fail.

The rates of comorbid anxiety, depression, posttraumatic stress disorder, and
substance abuse (as well as numerous personality disorders) have long been known
to be disproportionately high in the chronic pain population, and while many
patients are still reluctant to admit to any psychological dysfunction at all, let alone
its centrality in perpetuating (if not generating) pain, the data are incontrovertible.
Certain common threads are observed so frequently that they bear mention here:

e While descriptive statistics are fraught with difficulty in the psychosocial sci-
ences, depression, anxiety, and posttraumatic stress disorder are highly overrep-
resented in the chronic pain population [57] and regardless of which is “chicken
vs. egg,” the successful treatment of chronic pain generally must co-occur with
its partner illness(es).

e A history of abuse, especially childhood sexual abuse, is also disproportionate
among the chronic pain population [58—60] and is likely related to hypervigi-
lance and alterations in perception/interpretation of physical stimuli as
threatening.

e Suicide is two to three times more prevalent in the chronic pain population than
the general population [2, 3].

e Cognitive distortions (e.g., catastrophic thinking), lack of self-efficacy, and
avoidant/disengaging coping strategies are highly associated with chronic pain
[61-64].

Beyond the overwhelming anecdotal evidence, numerous individual studies and
reviews [65-68] support equivalent if not greater benefit in many cases from psy-
chological interventions (including stress reduction efforts, cognitive-behavioral
treatment, acceptance and commitment or “mindfulness” approaches) compared to
or in addition to physical modalities. As with virtually all therapies, equivocal evi-
dence also exists [69, 70], yet the overall current consensus opinion as reflected in
guidelines at every level, including the Institute of Medicine’s highly cited 2011
report [1], the Veterans Health Administration Pain Management Directive [71] and
the recently released National Pain Strategy [4] highlights the need for greater
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application of psychological assessment and treatment, and specifically fostering
greater self-efficacy in addressing chronic pain.

Sociological assessment is likewise outside the scope of this work, not to men-
tion the author’s expertise; however, it bears mention again that in many cases the
contributions from relationships, employment status, cultural factors, etc. may well
overpower any biologic pathology or lack thereof. Secondary gain issues, whether
motivated by desire for attention, comfort and ease, money, etc., are inherently
social issues and are likely frequently underappreciated in the evaluation of chronic
pain. This statement is not intended to foster cynicism in the practitioner by any
means, but rather to remind us that if we are to best serve our patients, accuracy in
diagnosis must extend beyond the medical.

Non-opioid Pain Management

We who treat pain—whether at a primary care or specialty level—are responsible to
our patients to assess and address not only their chief complaint but the multiple
underlying comorbidities that may be present with a rational and effective plan,
which generally requires far more than a simple prescription. A well-established
and honored guideline as discussed in more detail below and in the next chapter is
to reserve the use of opioids for:

Intractable ... pain that is not adequately managed with more conservative or interventional
methods. [72]

It behooves us therefore to be as knowledgeable and proficient as possible in offer-
ing (directly or by referral) other modes of treatment.

Prevention and Multimodal Care

Tailoring pain management to address all salient pathologic contributors, including
overall health deficiencies; organic “pain generator(s),” if applicable; and psychoso-
cial dysfunction, is logical and essential if the practitioner is to be of any use to the
suffering patient.

There are three principles of pain management (and medicine in general) that we
share with all of the medical students, residents, and fellows that we interact with:

1. First, do no harm.

2. Second, don’t enable the patient to do themselves harm (bearing in mind that
successful behavior modification requires evoking the initiative and motivation
of the individual) [73, 74]. To quote the National Pain Strategy [4]:

Prevention of acute and chronic pain, especially primary prevention strategies, needs
greater emphasis throughout the health care system, the NPS recognizes that opportunities
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to prevent the conditions and events that lead to chronic pain, such as those associated with
the work place and lifestyles must not be missed. Furthermore, evidence-based strategies to
intervene early to prevent acute pain from becoming a chronic condition and the research to
develop them are needed.

3. Third, diagnose and treat accurately. Remember that pain is a symptom/experi-
ence, not a diagnosis, and teasing out the underlying issues (of body, mind, heart,
soul, and spirit) is essential to effective treatment.

At the simplest, Cartesian level, applying both:

a. Preventive efforts toward reducing self-destructive issues such as poor diet and
obesity, sedentary lifestyle, poor posture and mechanics, smoking, poor sleep
hygiene, etc.

b. Therapeutic efforts aimed at applicable organic pathology

form the basic and generally most readily acceptable/palatable interventions that
most patients will at least concede intellectual assent to.

It is the rare chronic pain patient who does not report some degree of sleep dis-
turbance, and in our experience, the majority also perceive an association between
poor sleep and increased pain. Counseling regarding sleep hygiene and the neces-
sity of adequate slow-wave sleep for psychological and physical healing are
discussed, especially with those who suffer along the fibromyalgia spectrum. I can
recall only one patient with fibromyalgia out of hundreds that reported more than a
few hours of broken sleep per night, and sleep deprivation is currently held to be
integral to the pathophysiology of that condition among many experts. Screening
for and treating obstructive sleep apnea is vital and may not only save a life from
acute respiratory failure or cor pulmonale but almost universally helps facilitate
weight loss and improves pain.

Smoking cessation is discussed at every visit with patients who smoke. Besides
the obligatory references to cardiovascular, pulmonary, and oncologic risk reduc-
tion, we appeal to data showing that cigarettes increase pain; patients seem to care
more about that issue oftentimes.

Dietary modification to eliminate excesses of pro-inflammatory components
(e.g., refined sugars including high-fructose corn syrup, trans fats and hydrogenated
oils, unbalanced polyunsaturated fatty acid, i.e., excessive omega-6, alcohol, vari-
ous preservatives) may be the most profound intervention the provider can offer an
American patient. A 2-month gluten-free challenge in the right individual may com-
pletely change the course of their disease management and pain. Most physicians
need to learn a lot more about nutrition.

Physical exercise is essential not only for weight reduction, insulin sensitization,
maintenance of bone mineral density, etc. but also restoration of normal somatosen-
sory mapping/overcoming somatic distortion. We spend at least 10 min with almost
every low back pain patient going over the pathophysiology of lumbar intervertebral
discs, how the posterior annulus is the weakest area and vulnerable to tearing and
protrusion with twisting and bending, and deconditioning, poor posture and flexion
mechanics, etc. Instruction on proper pelvic anteversion and lumbar lordosis, and
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“hip-hinging,” and an isometric and dynamic core strengthening program are
offered. We frequently refer to a physical therapist for more expert evaluation and
treatment of kinesiologic disturbances. We frequently quote Pete Egoscue (“‘we hurt
because of motion starvation” [75]), and the more experience we gather working
with patients in chronic pain, the more convinced we are of the accuracy of this
statement. Not only does exercise confer significant benefits in terms of cardiopul-
monary and vascular conditioning, endocrine homeostasis, etc., we tell our patients
it may also offer the best means of “conditioning” the endogenous opioid system as
well as the best means of maintenance of “normal” somatosensory processing. If the
CNS is regularly occupied with processing the usual spectrum of sensory input
including proprioception and also with governing the usual spectrum of locomotion,
it is logical to deduce (and empirically evident) that it has less room and time to be
“hijacked” by a chronic pain state.

Simple analgesics such as acetaminophen and NSAIDs are often overlooked by
physicians who assume patients are using them. Patients may not be using them or
may be using too much of them. Similarly, the use of cold and heat modalities, topi-
cal formulations of menthol or capsaicin, or compounded admixtures of local anes-
thetics, NSAIDs, membrane stabilizers, etc. or the use of TENS units may provide
symptomatic relief greater than that of opioids. I will never forget one patient who
was referred to me by their distraught primary care provider; the patient was
(ostensibly) using over 1000 mg morphine equivalents per day. In the process of
weaning the patient off of opioids, we instituted an NSAID and the patient remarked
at next visit with great surprise, “that [stuff] actually works [for pain]!”

Membrane stabilizers (anticonvulsants) have proven benefit in neuropathic pain
and have a relatively good therapeutic window. Gabapentin, pregabalin (which we
generally prefer for its improved bioavailability and cleaner side effect profile as
well as apparent improvement in slow-wave sleep facilitation and mood stabiliza-
tion/anxiolysis), and older agents such as topiramate and oxcarbazepine may be
very useful primary or adjunctive agents. Magnesium is a membrane stabilizer as
well as NMDA blocker and has multifaceted benefit in many patients, conferring
migraine prophylaxis and improved bowel hygiene in addition to pain relief. Various
complementary/alternative agents such as omega-3 fatty acids and alpha-lipoic acid
may have significant benefit in neuropathic pain states as well.

Antidepressants, especially the serotonin and norepinephrine reuptake inhibitor
(SNRI) class, also have proven benefit in neuropathic and also in non-neuropathic
pain states. Vigilance for concurrent tramadol or tapentadol, or amphetamine, or
multiple antidepressant prescriptions is essential to avoid seizures or serotonin
syndrome.

Interventional procedures ranging from steroid injections into joints including
the zygapophyseal (facet) joints or the epidural space, nerve blockade or modula-
tion by pulsed radiofrequency application, neurolysis by chemical or thermal (or
cryoablation) means, spinal cord stimulation, and others may provide significant or
even complete relief of pain in appropriate situations.
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Referral to other specialties (e.g., orthopedics, neurosurgery, rheumatology, gen-
eral surgery, gastroenterology, gynecology, psychiatry, etc.) is of course often
indicated.

Opioid Alternatives/Multimodal Analgesia
in the Perioperative Setting

Perioperative pain (POP) represents a unique situation (it is iatrogenic and generally
elective) of potentially severe acute pain with a strong potential likelihood of chroni-
fication. While opioids have historically been the primary (if not sole) means of
controlling POP, as discussed in greater detail in the next chapter, they are increas-
ingly viewed as “rescue agents” with numerous non-opioid “first line” or at least
adjunctive alternatives [76, 77] receiving greater attention and utility.

The use of regional anesthesia (e.g., continuous epidural analgesia, brachial
plexus, or lumbosacral plexus blocks) is safer now than ever with ultrasound tech-
nology to guide needle placement and may render entire limbs or even the trunk
insensate for days if managed properly.

N-methyl-D-aspartate (NMDA) receptor blockade, with corresponding reduc-
tion in windup and central sensitization, has long been a focus of anesthesiologists
in the operative setting, with ketamine historically being the agent of choice (if not
the sole agent available). Low-dose ketamine continues to display the best efficacy
among the NMDA blockers in terms of improved perioperative analgesia and
reduced opioid consumption; however, multiple alternatives (e.g., dextrometho-
rphan, magnesium, memantine) may also be useful [78, 79].

Alpha-2 agonists such as dexmedetomidine are being increasingly used as seda-
tives in the operating room and intensive care environment and also display analge-
sic efficacy with opioid sparing [80, 81].

The perioperative use of both gabapentinoids (gabapentin, pregabalin) and
cyclooxygenase-2 inhibitors (celecoxib) have become well-established over the
past decade also, with ample evidence of decreased perioperative and CPSP, as well
as perioperative opioid consumption and its adverse effects [82—84].

The perioperative use of nonsteroidal anti-inflammatory agents (NSAIDs)
including cyclooxygenase-2 inhibitors (COX2I) has been a contentious issue for
decades, given these agents’ inevitable disruption of normal coagulation and also
uncertainty as to whether they retard bone and general wound-healing. However,
the past decade has seen increasing use of perioperative NSAIDs and even preop-
erative use of COX2I for preemptive analgesic and postoperative opioid-sparing
benefits [85, 86]. The opioid-sparing effect of ketorolac is well-documented [87];
recent reviews of NSAID [88] or NSAID in combination with acetaminophen [89]
have shown analgesic efficacy equivalent to or greater than that of oxycodone
15 mg [90].
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Psychosocial Assessment and Therapy

Just as a simplistic Cartesian model is insufficient to explain chronic pain, so too
any attempt to diagnose and treat the patient suffering with it from an exclusively
biological viewpoint is inadequate and arguably unethical. Effective pain manage-
ment requires significant and intensive investigation and relationship-building with
the patient to better ascertain psychosocial factors that underlie virtually all chronic
pain to some extent. While this task is usually best carried out by behavioral health
professionals if possible, we as physicians are not excused from exercising the time,
effort, and genuine care necessary to understand to the best of our ability all of the
factors afflicting the human being in the exam room or procedure suite who has put
their trust in us to help alleviate their suffering. Sir William Osler’s famous state-
ment, “It is much more important to know what sort of a patient has a disease than
what sort of a disease a patient has,” may be more applicable in the setting of chronic
pain than in any other.

One thing we tell most of our complex chronic pain patients (those who suffer
with comorbid psychiatric pathology including but not limited to depression, anxi-
ety, and suboptimal coping strategies if not outright substance dependence) is that
“while my scope of practice [comprises the physical], I’ve done this long enough to
know that if we don’t address [cognitive, emotional and spiritual issues concur-
rently] you will never get better.” It is the very rare patient that refutes this.

Patient Education and Fostering Self-Efficacy

We have observed in our practice that which has been known for centuries if not
millennia: education and empowerment may confer a significant advantage in cop-
ing with pain. This statement of course has its caveats; a little knowledge can be a
dangerous thing, and greater knowledge can sometimes foster undue attention or
preoccupation. However, we believe as a general rule that the more truth an indi-
vidual possesses, the greater their defenses are against anxiety and other cognitive
distortions (including catastrophic thinking, kinesiophobia, disability mindset, etc.)
which may represent the greatest scourges of pain in their life. Even interventions
that may superficially seem oriented in a disparate direction (e.g., acceptance and
commitment therapy, mindfulness, prayer, and spiritual disciplines) are not intended
to foster naiveté but rather the separation and suppression of worry and fear that
exploit ignorance at least as much as understanding.

Again, while every physician has a responsibility to recognize psychosocial
pathology and suggest treatment/initiate appropriate referral, the complexities of
human nature generally render these issues best treated by professionals in the
behavioral health and counseling fields. Basic mastery of pain physiology (the sub-
ject of this chapter) however is the responsibility of all physicians, and education of
the patient about the physical factors associated with why they hurt should always
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be as thorough as possible in our opinion. The data would seem to support this con-
viction [91, 92] with evidence of markedly better outcomes in terms of pain coping
and functional improvements with a little education. Again, the National Pain
Strategy recognizes the importance of these efforts at a public health level as well:

People with pain would have access to educational materials and learn effective
approaches for pain self-management programs to prevent, cope with, and reduce pain
and its disability... Patients, including those with low literacy or communication disabili-
ties, would have access to information they can understand about the benefits and risks of
treatment options. [4]

Closely associated with education [93] is self-efficacy, defined by Dr. Albert
Bandura as “one’s belief in one’s ability to succeed in specific situations or accom-
plish a task” [94] and an increasingly recognized predictor of effective management
if not even triumph over chronic pain [95, 96]. Cultivation of self-efficacy may be
as complicated a task as raising a child and may well require a “village” of behav-
ioral health professionals, physiotherapists, and spiritual directors not to mention
family and other close relationships. However, the indispensable role of the physi-
cian in both education and encouragement cannot be overstated. “Doctor” after all
means teacher in Latin, and the purpose of teaching is not only to transmit knowl-
edge but to facilitate positive change and growth.

Finally, even a brief introductory discussion on the teleologic purpose of pain
(education beyond the “what” and “how” of pain to include the “why”) may pay
long-term dividends in the management of pain or at least suffering. Even restrict-
ing the discussion to the physical realm, taking the time to enlighten a patient to the
vital allostatic role pain plays, and helping them reframe the experience of nocicep-
tion as a beneficial and protective sense may facilitate acceptance and commitment,
mindfulness, or spiritual growth that helps to disarm pain of its suffering aspects by
undermining learned helplessness/victimization, catastrophization, etc.

Spirituality of Pain and Suffering

Western academia is “late to the party” when it comes to acknowledging, let alone
understanding the role that pain plays in an individual’s or society’s spiritual frame-
work and conversely the role that spirituality and religion play in providing meaning
and coping for human beings of every race and culture. This is inevitable, for sci-
ence can only deal with that which is observable and reproducible, and the spiritual-
ity and religions of the world appeal to faith, which by definition relies on trust in
the unseen (perhaps not so different really than one’s conviction that the Mariana
trench or black holes exist without personal verification). The five largest and most
established religions of the world (Christianity, Islam, Hinduism, Buddhism, and
Judaism) all assign a tremendous importance to the human experiences of pain and
suffering, ranging from punitive to constructive, and also prescribe interpretations
and responses to these experiences.
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It is at one level ironic that pain is complained about the most in the developed
world and in particular in the West, when we have achieved the highest general level
of ease and comfort in known history. To quote Dr. Paul Brand, a pioneering
missionary surgeon in India in the past century (whose work with lepers led to
groundbreaking understanding of diabetic neuropathy):

...as a society gains the ability to limit suffering, it loses the ability to cope with what suf-
fering remains...the “less advanced” societies do not fear physical pain as much... These
traditional cultures may lack modern analgesics, but the beliefs and family support systems
built into everyday life help equip individuals to cope with pain. The average Indian villager
knows suffering well, expects it, and accepts it as an unavoidable challenge of life. In a
remarkable way the people of India have learned to control pain at the level of the mind and
spirit, and have developed endurance that we in the West find hard to understand. Westerners,
in contrast, tend to view suffering as an injustice or failure, an infringement on their guar-
anteed right to happiness. [97]

Many other Western-trained healthcare providers (including this author) have
observed far fewer pain behaviors and apparent suffering in third-world patients
with significant pathology or injuries. While the sociocultural explanations for this
are varied and complex, it does beg the question whether a correlation between
reduction in pain resilience/coping (or even increase in perception) and decreasing
individual and societal spiritual foundation exists.

Regardless, given that over 75% of the world’s population reportedly identify
with one of these five faiths, to ignore the role that spirituality and religion play in
an individual’s pain experience is ignorant at best and arrogant at worst. To quote
one of the leading researchers in the field, “Regardless of their own belief system,
physicians should not allow their own bias to blind them to the possibility that spiri-
tual/religious beliefs play an important role for their patients [98].” In a larger con-
text, it seems the acme of hubris (and unfortunately historically the hallmark of
academia) to exclude the transcendent from attempts to interpret and respond to so
universal yet inexplicably variable an experience as pain.

Fortunately for Western healthcare, recent pain management literature reflects a
growing awareness and acceptance of the value of spirituality and religion [98—
100]. Spiritual and religious practices have been shown to correlate with improved
mental and physical health, including both coping with illness as well as improved
medical outcomes [101-103]. Far from reflecting a strictly passive and avoidant
state, spiritual and religious beliefs and practices correlate strongly with an active/
adaptive coping strategy [99] and those who adopt positive spiritual coping prac-
tices such as looking to God for strength and support display higher pain tolerance
[91, 92, 102, 104, 105] as well as better mood and satisfaction with life in the pres-
ence of pain [100, 106, 107]. Further stratifying by view of God, it has been demon-
strated that those who are experiencing pain and see God as forgiving and kind have
lower pain intensity and are higher-functioning as compared with those who see
God as harsh or abandoning [102, 104, 108].

While it is no more incumbent upon the physician to be expert in matters of faith
and spirituality than psychology, sensitivity to and nonjudgmentalism of patients’
religious and spiritual beliefs and practices are imperative for optimal medical care,
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especially in a matter as personal and individual as pain management. Regulatory
bodies are beginning to adopt a more proactive stance in this arena; for example, the
Joint Commission lists spiritual assessment as one of its standards for hospital
accreditation [109], and both the American Psychiatric Association and the
American Psychological Association have rendered instruction/guidelines for its
members to the same end [110, 111].

Summary

Knowing why and when to prescribe opioids is facilitated by a basic understanding
of pain physiology and psychology and the treatment modalities that are best ori-
ented toward those processes. Acute pain usually begins with nociception or sensa-
tion and is transmitted by both the peripheral and central nervous system to higher
centers for processing and perception and also for modulation of the incoming mes-
sage. Growing evidence suggests that chronic pain may not always follow these
pathways but may in fact find its genesis within these higher centers including the
limbic system and the cortex. Besides tolerance, adverse effects, and hyperalgesia,
opioids simply are not right for many chronic pain conditions based upon their
pathophysiology.

Pain management should always require much thought and should consider the
individual’s problem(s) in light of what is known about pain physiology/pathophys-
iology and psychology and tailor therapy accordingly. Educating the patient on
basic physiologic and psychologic aspects of their pain is often therapeutic in its
own right and correlates with increased self-efficacy, which is increasingly seen as
contributory to optimal outcomes. Multimodal therapies (including attenuation of
detrimental lifestyle, behavioral health interventions, spiritual support, physiother-
apy interventions, and non-opioid pharmacotherapeutics) should be presented as
primary rather than adjunctive.
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Chapter 7
Best Practices Education, Part II: Evidence
for and Against Opioid Therapy

A 62-year-old female patient is referred to you by a colorectal surgeon in
consultation regarding pain management for advanced (Stage IV) colorectal
adenocarcinoma that has involved the majority of her lower pelvis, with
metastases to the liver and brain. She complains of severe deep pelvic pain as
well as perineal pain exacerbated by sitting, and dyschezia/tenesmus.
Secondarily she also complains of lower segment posterior neck and shoulder
girdle pain without radicular symptoms, and with a cramping/aching quality,
for which she has found cyclobenzaprine to be moderately effective in reliev-
ing. Her past medical history is otherwise notable for hyperthyroidism and
psoriatic arthritis. She has a remote history of opioid dependence as well and
is very concerned about the referral to you, as she “doesn’t want to be addicted
again.” She has however been using Percocet 10 mg/325 mg every 2-3 h.
Scintigraphy shows no concerning osseous lesions; her liver function studies
are within normal limits.

Together you and her decide on a pain management plan that includes:

—_

Meloxicam 7.5 mg qd.

2. Gabapentin titrating up to effect from 300 mg ghs.

3. Fentanyl 37 mcg/h. Patch with hydromorphone 2 mg tablets g4 h PRN
after explaining to her that in the context of terminal cancer with severe
pain, opioid therapy is considered beneficial to not only improve quality of
life but also potentially reduce pain-related immunosuppression.

4. Venlafaxine beginning in 2 weeks after assessing her response to the previous

interventions. You explain to her that you don’t want to start too many new

agents simultaneously, so as to avoid confounding potential adverse effects.
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5. Pudendal nerve and ganglion impar neurolysis, with possible superior and
inferior hypogastric plexus neurolysis depending on her response to the
former.

6. Referral for myofascial release/manual therapy for her cervicalgia/shoul-
der girdle pain.

Introduction

Opioids remain a prevalent therapeutic modality for a reason: They possess significant
analgesic effects across a wide spectrum of painful conditions. Often referred to as
“broad-spectrum analgesics,” they reduce nociception and perception and enhance
descending modulation with time-tested efficacy. Mounting evidence however sug-
gests that as with most tools within medicine, there is a time and place for opioid
therapy, and “blanket use” to treat pain of all shapes and sizes, for an indiscriminate
duration, may be detrimental. Tolerance with resultant decrease in the benefit-risk
ratio, adverse effects including hyperalgesia, and simple inefficacy in many situations
mandate that the physician knows why and when to prescribe opioids (the subject of
this chapter) and perhaps more importantly, when not to (Chap. 8 is devoted to how).

So why should the clinician prescribe opioids for pain? The first and most obvious
reason is to relieve severe pain that cannot be relieved otherwise, assuming the risks
do not outweigh the benefit. A well-established and honored guideline as discussed
in more detail below and in the next chapter is to reserve the use of opioids for:

Intractable ... pain that is not adequately managed with more conservative or interventional
methods. [1]

As introduced in the previous chapter, however, pain is a subjective and individual
experience with heterogeneous (and generally multifactorial) etiology. Fatigue is
similarly subjective and individualized and also shares a plethora of potential
causes. Universally prescribing thyroid hormone replacement to all fatigued patients
is inconceivable. Hypertension similarly has different etiologies (e.g., vascular,
renal, cardiac, neuroendocrine factors) that contribute to varying degrees in any
given individual, and while profound vasodilators such as sodium nitroprusside or
phentolamine will effectively lower anyone’s blood pressure, this may be not only
overkill but literally lethal.

Granted, fatigue and hypertension do not share the same current public nor pro-
fessional conviction regarding a “moral imperative” [2] for treatment that pain does,
nor are they generally associated with the same degree of distress and emotional
urgency experienced and communicated by most patients in pain. This is not
intended in any way to make light of the pain and suffering of any individual. It is
intended rather to highlight the fact that while it is second nature for physicians to
approach fatigue or hypertension (or most clinical issues) with an analytical mind-
set, taking a good history and physical and ordering appropriate tests, and tailoring
(hopefully evidence-based) therapy to that individual, the same is rarely true of
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dealing with patients in pain. Pain often brings with it a sense of urgency that can
supersede the ration of both patient and physician, and these pressures are arguably
greater upon the uninformed and untrained provider. A better understanding of the
nature of pain was the intent of the previous chapter, and a better understanding of
the efficacy (or lack) of opioids in treating pain is the thrust of this one.

The second reason—perhaps goal is a better word—for a physician to prescribe
opioids, and one that has been highlighted recently in several consensus opinions
and guidelines [1, 3-5], is to facilitate functional improvements in people who
would otherwise be unable to achieve such improvement. This subject is addressed
in greater detail in the next chapter.

Opioid prescribing patterns have historically swung in pendulum fashion between
conservative and liberal practice, with competing societal concerns for personal and
community damage versus inadequate treatment of pain and suffering. Lack of con-
sensus opinion on any topic generally indicates incomplete collective knowledge and
understanding of a subject, and this is arguably true of medicine in general. An often-
quoted statistic is that roughly half of what we believe to be true isn’t. Constant
evaluation of past and present (as well as what the near future may hold) is necessary
to offer sound advice and treatment to those who put their trust in us. As such, and in
keeping with the current climate of evidence-based medicine, this chapter will
attempt to present in greater detail the why and when (with some when nots, e.g.,
headache, fibromyalgia, etc.) of opioid prescribing for various scenarios, including:

* Acute pain, including perioperative pain
* Chronic “inflammatory” pain

* Chronic “neuropathic” pain

e Chronic visceral pain

* Cancer pain

within the context of recent literature review on therapeutic efficacy or lack thereof.

Opioid Therapy in Acute Pain

General Considerations

When should the physician (or if within legally defined scope of practice, the mid-
level practitioner) prescribe opioids for acute pain? The relief of pain and suffering
has always been recognized as a fundamental moral and ethical responsibility of the
physician (within the confines of positive benefit-risk ratio, standards of care, legal-
ity, etc.) It has long been appreciated in acute care settings such as the emergency
department and also in operative medicine/anesthesia that severe untreated pain
may have highly negative physiologic consequences including hypertensive crises
and their sequelae, myocardial ischemia due to demand/supply imbalance, etc.
Quality of life, functionality, and overall well-being are also affected both in the
short term and frequently long term, depending on how well the acute pain is treated
[6, 7]. There is also evidence that how acute pain is managed frequently dictates
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Fig. 7.1 World Health Organization analgesic ladder

whether or not the painful condition becomes chronic [7, 8], and our growing under-
standing of long-term neuronal potentiation and plasticity and sensitization pro-
vides a biologic rationale for effective acute pain relief whenever possible.
Long-standing strategies such as preemptive analgesia (discussed in greater detail
below) to prevent chronic postsurgical pain states [9] or immediate antiviral treat-
ment of shingles to prevent post-herpetic neuralgia [10] illustrate the widespread
utility of this principle (Fig. 7.1).

The use of opioids to treat severe acute pain with clearly demonstrable physical
pathology is rarely contested (although application of a stepwise approach, e.g., the
WHO ladder [see Figure 7.1], with opioid use reserved for severe and refractory
pain, is certainly consistent with good practice of balancing risks, benefits, and
alternatives). This stepwise approach, and the associated multimodal analgesic
strategy, has been adopted by numerous organizations and federal agencies includ-
ing the American Society of Anesthesiologists [11], the American Academy of Pain
Management [12], the Washington State Agency Medical Directors’” Group [3], the
Institute for Clinical Systems Improvement [13], the US Military Joint Theater
Trauma System [14], the Veterans Administration [15], and many others. Given
what we know about the pathophysiology of pain (including the tremendous contri-
butions of psychosocial-spiritual factors), there are ample opportunities for inter-
vention upon acute pain including reductions in nociception and peripheral
sensitization (e.g., cooling modalities, anti-inflammatories), transmission (e.g.,
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local anesthetics, anticonvulsants), and perception and modulation (e.g., brief
behavioral interventions and counseling/education, anxiolytics/sedatives, opioids).
Such multimodal care not only improves analgesia but also reduces the risks of
adverse effects of any one therapeutic class and in particular opioids.

The use of opioids to treat acute pain must also be carefully analyzed in light of
comorbidities including respiratory, gastrointestinal (e.g., ileus, pancreatitis), renal
and psychiatric pathology. Comorbidities aside, evidence also exists to support the
limitation of opioids in certain situations that might otherwise seem innocuous,
such as acute low back pain; the prescription of opioids for acute low back pain for
greater than 1-2 weeks has been shown to predict greater loss of function and long-
term disability [16, 17].

“Acute on chronic” pain occurring in the chronic pain patient, and especially the
chronic pain patient on chronic opioid therapy (COT), is an exceptionally difficult
situation to intervene upon to the satisfaction of both patient and provider [18, 19].
Such so-called breakthrough pain (borrowing from the oncologic lexicon) may in
fact be better treated in many cases with a combination of basic injury treatment
(e.g., rest, ice, elevation), non-opioid pharmacotherapeutics, brief counseling and
anxiolytic techniques (e.g., diaphragmatic breathing, progressive muscle relaxation,
and guided imagery), and other soothing activities (e.g., warm baths, massage, etc.)

In summary, opioid therapy has a time and place in the treatment of acute pain
but only in the context of a multimodal approach, and with great care exercised
toward the prevention of dependence, with a clearly delineated “exit strategy” (dis-
cussed in greater detail in Chap. 8).

Perioperative Opioid Therapy

A special subset of acute pain deserving unique consideration is perioperative pain,
the majority of which is associated with elective procedures that can be anticipated
and planned for. Perioperative pain (POP) is virtually universal, and the literature
consistently reports a prevalence of chronic postsurgical pain (CPSP) in the neigh-
borhood of 50%. Neuropathic pain and central sensitization are believed to repre-
sent a significant component of most CPSP states [20-24]. Increased POP intensity/
poor (immediate) postsurgical pain control has been understood to be a risk factor
for CPSP for decades and confirmed recently by robust investigations [25-27].
Increased POP also shares psychological confounders which are strong independent
predictors of increased CPSP [26-31].

Opioids have enjoyed perioperative (including pre- and intraoperative) use for
over 150 years in conjunction with sedative-hypnotic agents to facilitate surgery as
well as relieve some of the severe associated pain. The concept of “balanced anes-
thesia” taught to every anesthesiologist in their training includes (generally intrave-
nous, intraoperative) opioids within the admixture, as these agents have historically
provided unparalleled efficacy in analgesia and sympatholysis, with widespread
availability and low cost. The concept of preemptive analgesia (PEA) was first pro-
posed by Dr. Patrick Wall (of gate theory fame, as discussed in the previous chapter)
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[32] and later developed more fully by his protégé Dr. Clifford Woolf, who demon-
strated that prevention of central sensitization underlies the mechanism of PEA
[33]. In essence the theory states that adequate analgesia surrounding a traumatic
insult (e.g., surgery) can prevent the chronification and amplification too often seen
with a surgical operation. Initial interpretation and application of PEA were con-
fined to the preoperative (including immediate pre-incision moment) period and
focused on blunting or eliminating nociceptive input by means of systemic analge-
sics (e.g., intravenous opioids or ketamine) and/or local anesthetic. Despite wide-
spread enthusiasm for the concept, the data did not support the efficacy of this
(exclusively pre-incisional) strategy until expanded awareness of the ongoing con-
tribution of low-level C-fiber transmission from the surgical wound is critical in
maintaining the sensitized state, necessitating ongoing analgesia until adequate
healing occurs [33]. Opioids have continued to represent the lion’s share of PEA
practice, as ongoing adequate local anesthetic blockade is technically challenging
and logistically difficult and prolonged ketamine use (or rather cumulative excess)
confers significant dissociation and psychosis. However, it has been recognized for
quite some time, well prior to the onset of the current opioid epidemic, that:

Until an opioid without side effects is available, opioid sparing strategies need to be adopted
to ensure sufficient analgesia without sedation and nausea.... [33]

Increasing awareness of the importance of the perioperative arena as a significant
contributor to the opioid epidemic has focused research on elucidating risk factors
for prolonged postoperative opioid use (PPOU) [34]. Over 100 million surgical pro-
cedures are performed in the United States every year at present [35], and the preva-
lence of long-term opioid use in previously opioid-naive patients following surgery
appears to be on the order of 1:20-1:15 patients [36, 37]. This yields a rough inci-
dence of 50,000 new individuals per year using chronic opioids. (The prevalence of
chronic postoperative opioid use in opioid-experienced patients is substantially
higher.)

The Toronto General Hospital Transitional Pain Service investigated risk factors
for PPOU with a retrospective study of nearly 40,000 opioid-naive Canadian
patients undergoing major elective operations between 2003 and 2010 [38]. Patient-
specific (not associated with type of operation or medical comorbidities including
diabetes mellitus, congestive heart failure, or pulmonary disease) risk factors
included younger age and lower household income. Preoperative use of benzodiaz-
epines and antidepressants, as well as angiotensin-converting enzyme inhibitors,
was also independently associated with PPOU.

Recent work done by the Stanford University Anesthesia and Pain Medicine
Department has identified preoperative depression, self-perceived addiction vulner-
ability, and preoperative opioid use as risk factors for PPOU [39, 40]. An investiga-
tion of orthopedic trauma patients at the Massachusetts General Hospital also
identified catastrophic thinking patterns, anxiety, depression, and post-traumatic
stress disorder (PTSD) as predictors of prolonged (greater than 1-2 months)
postoperative opioid use, with the former holding the strongest association [41].
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A recent study done in a Veterans Administration patient population also reported
PTSD as a risk factor for PPOU [42].

Multiple investigations have shown, not surprisingly, that preoperative use of
opioids, whether licit or illicit, confers a high risk of PPOU [26, 39-41, 43-45].
Preoperative opioid use has also been universally documented (and dreaded by pro-
viders and nursing staff) as a poor predictor of adequate/satisfactory perioperative
analgesia as well as patient safety; increasing awareness of the complexities of deal-
ing with such “acute on chronic” pain may fortunately be driving practice toward
improved preoperative assessment and a multimodal approach to perioperative
analgesia [46—49], the latter of which was discussed in the previous chapter. (Also
of interest to patients, surgeons, and hospitals alike should be the additional findings
that preoperative opioid use is associated with worsened functional outcomes,
decreased satisfaction with the operation, and increased length of stay/increased
pain management referrals postoperatively [44, 50-52].)

Surgeons, anesthesiologists, and pain physicians all have an opportunity within
this critical window to improve the health of their individual patients as well as
institute more generalized strategies impacting the epidemic. Screening for patients
at high risk of PPOU should be a standard part of the preoperative assessment [53]
and discussed candidly with the patient. Given the strong correlation between psy-
chodysfunctional diathesis and both increased CPSP and PPOU, it may be in the
best interest of all parties involved, including the taxpayer, to explore on a large
scale whether preoperative psychological clearance prior to elective operations
yields improved outcomes. Such an approach has been routine for many years now
for certain procedures such as spinal cord (dorsal column) stimulator implantation
and bariatric operations. A more targeted approach, given the apparent associations
between preoperative opioid use and depression, anxiety, PTSD, etc., using simple
screening methods such as state-run prescription database monitoring systems (dis-
cussed in greater detail in the next chapter) to risk stratify patients into groups dic-
tating the salience of preoperative psychological assessment and intervention may
be “higher yield.”

Second, increasing awareness of the paramount contributions of anxiety and
catastrophization to CPSP mandates that education on expected perioperative pain/
discomfort (which has been shown for over half a century to be beneficial [54, 55])
must continue to be emphasized and practiced by surgeons and their care teams.
Consultation of behavioral health professionals for additional preoperative assis-
tance with overcoming cognitive distortions may be uniquely effective [56].

Third, the use of non-opioid modalities to reduce POP has been advocated by
anesthesiologists for over a quarter of a century. A significant practice shift among
anesthesiologists and surgeons has occurred even within the past decade; whereas
opioids have historically comprised the major, if not sole, pre-, intra-, and postop-
erative analgesics, they are increasingly viewed as “rescue agents” with numerous
non-opioid “first-line” or at least adjunctive alternatives [57, 58] receiving greater
attention and utility, as discussed in the previous chapter.
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Opioid Therapy in Chronic Non-cancer Pain

The use of prescription opioids in chronic non-cancer pain (CNCP) was rare in the
past century until the mid-1990s, when a constellation of factors including pressure
from the parascientific community (ranging from the American Pain Society and
Joint Commission to the Federation of State Medical Boards), aggressive marketing
by pharmaceutical companies, lawsuits against physicians alleging inadequate anal-
gesic prescribing, and increasingly emboldened requests from patients appear to
have changed the “standard of care” in America. Dovetailing with this latter factor
is the subtle leverage exerted upon many hospital-based physicians over the past
decade by the Hospital Consumer Assessment of Healthcare Providers and Systems
(HCAHPS) survey administered to patients upon discharge. Within the HCAHPS
survey are questions on patient satisfaction related to pain management during their
hospitalization, and as the Centers for Medicare and Medicaid Services (CMS)
bases facility reimbursements in part on this survey, it has been argued recently that
physician opioid-prescribing behavior has been influenced toward more liberal pat-
terns by these incentives (or fear of sanction). CMS has recently announced its
intent to remove the survey’s pain management questions from its calculations of
hospital reimbursement [59]. In the outpatient arena, physicians face similar pres-
sures from burgeoning internet reviews, satisfaction ratings, etc. that can have tre-
mendous impact on small practice viability [60].

Regardless of the causal factors involved, the past 20 years have seen an unprec-
edented degree of liberal prescribing of opioids for non-indicated complaints of all
sorts; guilty parties include not only “pill-mills” but also well-meaning but poorly
informed or equipped providers trying to please patients. In the author’s opinion, a
substantial contributor to the increase in patient requests for/provider compliance
with opioid prescribing has been a widespread and complex breakdown of societal
structure as a whole coupled with poorly reimbursed/funded/staffed behavioral
health resources. Opioids are frequently requested (and prescribed) for psychologi-
cal distress, and opioid dependence once established cements the pattern.

Reactionary attention toward an instruction on the topic of opioid use for CNCP
has been commensurate with the magnitude of the societal issue. More detailed
examination of these issues follows in the next chapter; for now, suffice it to say that
it is once again becoming the general consensus within medicine at the midpoint of
this decade that opioids for chronic non-cancer pain should be prescribed only:

» For moderate to severe pain with a plausible etiology that is recalcitrant to other
forms of treatment

e When potential benefits outweigh the risks

e As part of a comprehensive treatment plan involving other primary modalities as
applicable, with opioids as the adjunctive therapy

e With constant evaluation of benefit in terms of improved function vs. adverse
effects

e With clear instructions as to patient responsibility for compliance, safe use, stor-
age, non-diversion, etc.

e With exit strategy clearly delineated a priori
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Objective measurement of pain is difficult at best, given that pain by definition is
a subjective experience. In the operative and ICU environments, anesthesiologists
and other intensivists use hemodynamic variables (or if neuromuscular function is
not chemically paralyzed, respiratory effort and somatic movement) as surrogates
for pain and discomfort. Postanesthesia care unit nurses learn very quickly to assess
respiratory rate and pupil diameter when caring for recovering patients who are
requesting more opioid analgesics (as well as assessing the patient for other poten-
tial causes of pain and discomfort such as a full bladder or rapidly expanding post-
operative hematoma). Beyond these physiologic surrogates, more modern
parameters such as biomarkers (e.g., cortisol levels) and biopotentials (e.g., electro-
myographic or electroencephalographic data) have been proposed [61] as means to
help “measure” pain; at present such efforts are impractical and not cost-efficient.
Near-infrared spectroscopy (a technology similar to pulse oximetry) can be used to
analyze neuronal activity by means of cerebral blood flow and volume and may
show promise as a noninvasive and efficient means of providing objective data.

Chronic non-cancer pain (CNCP) comprises a heterogeneous group of condi-
tions, potentially sharing the common ground of central sensitization, but nonethe-
less with their own unique pathophysiology deserving consideration. In this chapter
we will consider three separate entities of chronic “nociceptive” pain, neuropathic
pain, and visceral pain.

Chronic “Nociceptive” Pain

Despite the suggestion that all chronic pain states are neuropathic by means of CNS
alterations including central sensitization, in this section we will label traditionally
understood “non-neuropathic” states as “nociceptive,” in line with the traditional
viewpoint that most such conditions (e.g., musculoskeletal pain) are a peripheral
issue maintained by ongoing tissue insult with associated inflammation. This cate-
gory, including chronic neck and low back pain, and appendicular orthopedic and
rheumatologic disease states comprise the majority of chronic pain within the devel-
oped world. As mentioned above in the introduction to this section, the use of
chronic opioid therapy for such chronic pain complaints was exceedingly rare prior
to the last decade of the previous millennium, with a dramatic increase in liberal use
over the past 20 years or so. The resulting crisis has encouraged considerable inves-
tigation into the efficacy (or lack thereof) of chronic opioid therapy in CNCP, and
the results of most of these investigations are summarized below. Reviews focusing
on neuropathic pain are presented in the section that follows.

In 2003, Chou et al. [62] published what is likely the first systematic review of
opioid studies. This analysis specifically examined long-acting opioids in CNCP
and evaluated 24 studies including 16 randomized clinical trials (RCTs). The review
focused on whether long-acting opioids showed any benefit compared to short-act-
ing opioids, in terms of pain relief, and also compared long-acting opioids against
others in that class. Long-acting codeine, morphine, oxycodone, and fentanyl were
represented in the studies; methadone and levorphanol were not. The study populations
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included musculoskeletal and neuropathic pain. No trial extended beyond 4 months.
The authors concluded that there was insufficient evidence to prove that different
long-acting opioids are associated with different efficacy or safety profiles. There
was also insufficient evidence to determine whether long-acting opioids as a class
are more effective or safer than short-acting opioids.

Kalso et al. in 2004 [63] provided a systematic review of 15 RCTs (n = 1025
patients) evaluating the use of various opioids (including morphine 30-120 mg,
methadone 15 mg, and oxycodone 20—45 mg) vs. placebo in the treatment of both
musculoskeletal and neuropathic CNCP states. Greater than 30% of reported
improvement in pain was reported in the treatment groups regardless of etiology.
The authors concluded that there was insufficient evidence to draw any conclusions
regarding long-term efficacy due to the brevity of the trials involved (the majority
involved no more than 8 weeks of study).

Devulder et al. in 2005 [64] reviewed 11 studies, comprising six RCTs and five
observational studies, and reported moderate-quality evidence suggesting improve-
ments in functional outcomes and quality of life in patients with CNCP treated with
intermediate (12 weeks) to long-term (4 years) opioid therapy. Pain outcomes were
not addressed, and the authors admit to the absence of solid, objective measured
variables. Further, more rigorous investigations were recommended.

Furlan et al. in 2006 [65] published a meta-analysis of over 6000 patients in 41
RCTs with opioid treatment lasting up to 4 months. This interesting analysis showed
an improvement in pain in patients treated with strong opioids (morphine and oxy-
codone) but no improvement in function. Conversely, patients treated with weak
opioids (tramadol, codeine, and propoxyphene) or non-opioids (naproxen and nor-
triptyline) reported no improvement in pain but did show improvements in func-
tional outcomes.

Martell et al. in 2007 [66] reviewed 15 studies (n = 1008 patients) including ten
RCTs all examining the question of whether opioids (including tramadol, codeine,
dextropropoxyphene, morphine, oxycodone, oxymorphone, or fentanyl) improved
chronic low back pain. Data from four of the RCTs were pooled into a meta-analy-
sis showing no statistically significant improvement in low back pain with opioid
use; furthermore, a high prevalence of substance use disorder (up to 45%) was noted
among the populations studied with up to 24% showing aberrant use of prescribed
medications.

Trescot et al. provided guidelines from the American Society of Interventional
Pain Physicians (ASIPP) in 2008 [67] including a broad analysis looking at the
effectiveness of COT as a class but also evaluated evidence for specific agents. They
concluded that weak evidence exists for some improvement in both pain and func-
tional outcomes with the use of both morphine and fentanyl, but such evidence is
lacking for other opioids, including the most commonly prescribed agents hydroco-
done and oxycodone (and combination acetaminophen products).

Noble et al. in 2010 [68], in a Cochrane Review, examined 26 studies on COT in
CNCP (only one which was an RCT) with nearly 5000 patients total. Meta-analysis
technique was used when appropriate; they report that weak evidence suggested that
patients who were able to tolerate long-term opioid therapy in the absence of
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limiting adverse effects (which group comprised the minority) experience clinically
significant but unquantified pain relief, without any evidence of improvement in
quality of life or functional outcomes.

Papaleontiou et al. (2010) performed a systematic review and meta-analysis of
31 RCTs and 12 observational studies comparing opioids to placebo or non-opioid
analgesics in CNCP, with 10,545 patients in total [69]. Inclusion criteria included an
age equal to or greater than 60 years old (mean age 64). The majority of studies
were of 4 weeks’ duration or less; roughly two-thirds of the studies evaluated low-
potency opioids such as tramadol and codeine. While cautioning that the majority of
studies were sponsored by the pharmaceutical industry, the authors report that in
older adults with chronic pain and no significant comorbidity, short-term use of
opioids is associated with reduction in pain intensity and better physical functioning
but poorer mental health functioning. They also concluded that long-term safety,
efficacy, and abuse potential of opioids in older adults require further study.

Whittle et al. in 2011 [70] in another Cochrane Review assessed 11 controlled
trials (n = 672 patients) comparing opioid therapy to placebo or other non-opioid
analgesics specifically for rheumatoid arthritis. They report a weak but statistically
significant improvement in analgesia (with NNT of 6) from opioids compared to
placebo, but none was seen comparing opioids to NSAIDs. They also concluded
that there is lack of evidence of any benefit of opioid use beyond 6 weeks.

Furlan et al. in 2011 updated their earlier analysis with 21 additional studies for
atotal of 62 RCTs comparing opioids vs. placebo or other drugs for CNCP in 11,927
patients [71]. The purpose of this subsequent investigation was primarily to evaluate
whether enriched enrollment randomized withdrawal trials (EERW, a type of RCT
in which potential participants receive the study drug on a trial basis prior to ran-
domization into the actual study) provided improved data quality by augmenting the
pool with participants with improved tolerance; subanalyses focused on adverse
effects and are discussed in Chap. 3. As far as efficacy, the authors report small
effect size of positive benefit of opioids on function and medium effect size of posi-
tive benefit of opioids on pain; however, they note that the majority of studies lasted
6 weeks or less, were sponsored by the pharmaceutical industry, and contained a
large number of dropout subjects. As such they advise that no conclusions can be
drawn regarding long-term use.

In 2012 Manchikanti et al. updated the earlier ASIPP position paper from Trescot
et al. referenced above and provided an extensive two-part reference, the first part of
which [72] presented data on numerous topics including rates of nonmedical use/
substance abuse, opioid prescribing patterns, adverse effect review, short- and long-
term efficacy review, review of individual agents, and review of specific popula-
tions. There were no substantive changes between the conclusions drawn in 2008,
with the society reporting fair evidence of pain relief and quality of life benefit for
opioid therapy in the short term but limited evidence for benefit in long-term
situations (>3 months) and fair evidence that chronic use or long-acting agents con-
fer frequent complications.

Chaparro et al. in 2013 [73] in another Cochrane Review evaluated the role of
opioids in chronic low back pain. Fifteen RCTs (n = 5540 patients) comparing opi-
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oids to placebo or non-opioid analgesics or antidepressants were included. Strong
opioids (tapentadol, morphine, oxycodone, oxymorphone, hydromorphone) were
shown to be more effective than placebo in lowering pain reports and improving
function (with the caveat that the studies reviewed showed “limited interpretability
of functional improvement). Compared to non-opioid analgesics and antidepres-
sants, however, there were no statistically significant differences between the classes
in terms of analgesia or functional improvement. The authors concluded that there
are no good-quality data (placebo-controlled RCTs) supporting either safety or effi-
cacy of COT in chronic low back pain.

Sehgal et al. in 2013 [74] synthesized data from 144 articles (including 14 RCTs
exceeding 3 months’ duration, 9 uncontrolled trials exceeding 3 months’ duration,
and 13 systematic reviews) and categorized their analysis by evidence for pain
relief, functional improvement, and adverse effects. Their conclusions include:

*  Among chronic pain patients who respond favorably to opioid therapy (which
comprise fewer than half of the patients studied), an average of 30% decreased
pain scores was reported.

e There is no evidence for long-term efficacy of COT, and conversely there is
strong evidence of a high rate of adverse effects including death.

e Opioids show no superiority compared to non-opioid analgesics/adjuvant ther-
apy (e.g., NSAIDs, antidepressants, and anticonvulsants) in terms of pain relief
and functional improvement.

e Greater than 120 mg morphine equivalent dose per day and short-acting FDA
Schedule II opioids increase misuse.

DaCosta et al. in 2014 [75] in another Cochrane review examined opioid use in
osteoarthritic pain (hip and knee). A meta-analysis of 22 RCTs (n = 8275 patients)
comparing opioid use (codeine, tapentadol, morphine, oxycodone, oxymorphone,
hydromorphone, or fentanyl) vs. placebo or no treatment was performed, and a very
weak benefit (improvement of 0.7 cm on a visual analog scale or 12% pain reduc-
tion; NNT = 10) in pain was seen, with an even smaller benefit seen in functional
outcomes (improvement of 0.6 units on a 10-point scale; NNT = 11). All of these
benefits diminished rapidly after 4 weeks.

Reinecke et al. (2015) performed a meta-analysis of 46 RCTs (n = 10,742
patients) evaluating treatment methodologies in CNCP [76]; 24 of these RCTs eval-
uated pharmacologic interventions involving both opioid and non-opioid drugs
compared to placebo (the remainder evaluated physical and psychological therapy
modalities). All studies lasted at least 3 weeks. The authors report that while a small
statistically significant benefit of opioids on pain relief was shown, there was no
significant difference between any of the modalities investigated.

Chou et al. (2015), in a study funded by the Agency for Healthcare Research and
Quality, reviewed 39 studies including RCTs and observational studies that
compared opioid therapy for at least 3 months vs. other modalities including pla-
cebo [77, 78]. While opioids were found to be moderately effective for pain relief in
RCTs lasting generally 3 months or less, functional improvement evidence was less
robust, and there were considerable dropout rates due to inefficacy or adverse
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effects. The authors note that no studies comparing opioids to no therapy, placebo,
or other drug evaluated long-term (defined as >12 months) outcomes related to pain
relief, functional improvement, or quality of life and caution that there is no evi-
dence for long-term benefit.

This investigation was subsequently expanded with seven more studies and sum-
mary data presented in the 2016 Centers for Disease Control (CDC) Guideline for
Prescribing Opioids [5]; the authors again report that insufficient data exist to
answer the question of whether COT for CNCP is beneficial.

Summarizing all of the data currently available, no study to date has shown
greater than 50% improvement in either analgesia or functional outcomes from
chronic opioid therapy sustained over months to years, and as most of the studies
show, there is a very high rate of adverse effects with COT. Those data were reviewed
in Chap. 3. On the other hand, Ballantyne [79] and Trescot [67] have argued that
restricting acceptable evidence to that presented by randomized controlled trials
confers artificial constraints not generalizable to “real-world” clinical experience;
RCTs are by necessity of short duration, generally limited to a specific disease state,
and rely on poorly validatable categorical measurements of subjective outcomes.
And finally, Smith and Pell, in their excellent 2003 editorial [80], remind us that
RCTs and evidence-based medicine in toto should not provide the only guidance for
clinical practice and that medicine is both science and art. Data by definition are
plural, and good data reflects a very large sample size. Given the inherent heteroge-
neity of human beings, the complexity of pain itself, and the acknowledgment that
“half of what we currently think to be true probably isn’t,” it appears safe to say that
while for the vast majority of patients and conditions the evidence of harm from
COT appears to outweigh the benefit, there are always exceptions to the mean =+ two
or three standard deviations.

Neuropathic Pain

As discussed above, there is a school of thought that holds that all chronic pain is
essentially neuropathic, whether by means of peripheral sensitization of nocicep-
tors, alterations within the dorsal horn of the spinal cord, or higher structures includ-
ing the limbic and other cortical areas. The tremendous plasticity of neurons and
glia is just beginning to be explored, and there is evidence that chronic pain may
represent more “memory” than current event. Having said that, in this section we
will restrict the discussion to conditions traditionally considered to be neuropathic
in the sense of arising from injured nerves, such as peripheral neuropathies, post-
herpetic neuralgia, and compressive neuropathies (e.g., certain radiculopathies).
There has been a general sense among physicians experienced in treating pain
that the use of opioids in neuropathic pain states is generally not beneficial, or at
least less beneficial than in “nociceptive” pain states [81, 82]. Multiple mechanisms
have been postulated to account for this apparent inefficacy (many of which are
putatively linked with opioid-induced hyperalgesia), and the excellent recent review
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by Smith summarizes most current hypotheses [82]. Regardless of the underlying
mechanisms, our growing understanding of the incredibly complex interactions
between psychological factors and the neuroendocrine and endogenous opioid sys-
tems supports the concept that perturbations in the allostasis of this otherwise finely
balanced system by prolonged exposure to exogenous mu-agonists perpetuate or
even exacerbate the pain experience.

Few studies and reviews have restricted their focus to chronic opioid therapy in
neuropathic conditions; most major reviews are summarized below, with select indi-
vidual trials discussed later in the section in the context of specific agents.

Ballantyne and Mao [83], in one of the earliest reviews of COT in CNCP, identi-
fied a handful of studies specifically investigating COT in neuropathic pain and
concluded that opioid therapy in the short term provided improvement in pain scores
including neuropathic pain conditions, although this spectrum required higher doses
than non-neuropathic pain.

Eisenberg et al. in 2005 [84] conducted a review of 22 RCTs evaluating opioid
use (codeine, meperidine, morphine, methadone, levorphanol, alfentanil, fentanyl)
in neuropathic pain states. Fourteen of the trials lasted less than 24 h and yielded
conflicting results; the remaining eight trials again reported roughly 30% improve-
ment in pain compared to placebo but had a median duration of only 28 days.

Hollingshead et al. in a 2006 Cochrane review [85] reported on the results of
examining the benefit of tramadol in treating neuropathic pain. Six randomized tri-
als were included in their analysis, four of which compared tramadol to placebo and
the other two to other drugs (clomipramine, morphine). The four placebo-controlled
trials showed significant reduction in pain with tramadol, and three of these trials
were further combined in a meta-analysis showing the number needed to treat with
tramadol (compared to placebo) to reach at least 50% pain relief was 3.8 (95% con-
fidence interval 2.8-6.3).

McNicol et al. in 2013 [86] reviewed 31 RCTs (n = 1237 patients) in which pure
opioid agonists (excluding combination agents with acetaminophen or NSAIDs)
were trialed against placebo in the treatment of neuropathic pain. Almost a third of
these subjects were exposed to the opioid for 24 h or less, and these data were con-
tradictory and inconclusive. The remaining two-thirds were studied for 3 months or
less (the majority for fewer than 6 weeks), and meta-analysis showed small benefit
(NNT = 4) from opioid vs. placebo if a cutoff of 33% improvement was used and,
as would be expected, even less benefit (NNT = 5.9) if a 50% improvement criteria
was used. The authors make the point that no improvement was seen in “many
aspects of emotional or physical functioning” and also admit that significant pro-
treatment bias likely skews the results of the study due to short duration of evalua-
tion and other component study limitations.

Two recent Cochrane reviews [87, 88] examined whether oxycodone or hydro-
morphone was efficacious in neuropathic pain; the former showed “only very low
quality evidence that oxycodone (as oxycodone MR) is of value in the treatment of
painful diabetic neuropathy or postherpetic neuralgia [with] no evidence for other
neuropathic pain conditions,” and the latter showed no evidence of benefit from
hydromorphone. Adverse events typical of opioids were common.

Exogenous opioids are of course heterogeneous as well, and both anecdotal and
clinical trial evidences seem to suggest that some of these drugs work better than
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others in neuropathic pain. Those that seem to show the best efficacy include trama-
dol and tapentadol, methadone and levorphanol, and buprenorphine.

Tramadol has been shown in numerous studies (as summarized above) to be
beneficial in neuropathic pain states. It is suggested that the serotonin and norepi-
nephrine reuptake inhibition (SNRI) activity of this agent confers synergistic benefit
with the weak mu-agonism of the molecule that results in a pharmacologic profile
more effective than pure mu-agonists and without significant tolerance/hyperalge-
sia. It should be noted however that combining tramadol with other serotonergics
(which are first line in neuropathic pain) confers a high risk of seizures or serotonin
syndrome. Tapentadol, like tramadol, combines norepinephrine (without significant
serotonin) reuptake inhibition with a mu-agonist, yielding particular benefit in neu-
ropathic pain states [89, 90] with very good tolerability. The drug is new, and as of
yet multiple post-marketing trials and systematic reviews have not corroborated
early findings.

Methadone has shown benefit in neuropathic pain states as well, with numerous
trials evidencing significant pain reduction with very little tolerance development
[91-95]. This latter phenomenon is thought to be due to the NMDA-blocking func-
tion of the S-enantiomer. Low doses (10-20 mg/day) are often effective [91, 92]
which is of particular interest in neuropathic pain given that first-line treatment
agents (antidepressants) frequently either inhibit cytochrome P450 enzymes that
metabolize methadone or prolong the QT interval in their own right. Buprenorphine
has also been observed to exhibit significant benefit in neuropathic pain [96-99]
including very difficult-to-treat conditions such as central pain syndrome [100] and
phantom limb pain [101]. High-quality randomized control trial data are not extant
at the time of this writing. Like methadone, buprenorphine appears to subvert typi-
cal opioid-induced hyperalgesia through mechanisms that are as of yet unclear but
may have to do with its kappa-receptor antagonism.

As in any painful condition, opioid use for the treatment of neuropathic pain
should be deferred until therapeutic failure of lower-risk agents has been estab-
lished. First-line agents for the treatment of neuropathic pain include SNRIs (or
tricyclic antidepressants, being mindful of increased adverse effects from these
older drugs) and gabapentinoids [102-104] with strong consideration of topical
agents (e.g., topical lidocaine patches, capsaicin cream) in select conditions, e.g.,
post-herpetic neuralgia. When opioids are introduced into the antineuropathic arma-
mentarium, they should always be part of a multimodal regimen including first- and
second-line agents as described above [105] and should always be considered a trial
with ongoing assessment of benefit vs. harm.

Chronic Visceral Pain

Chronic abdominopelvic visceral pain encompasses several pathologic conditions
(e.g., chronic pancreatitis, pain conditions related to the liver or gallbladder, inflam-
matory bowel disease, functional gastrointestinal disorders, endometriosis, intersti-
tial cystitis, chronic pelvic pain without identifiable etiology, and others). Visceral
nociception, as discussed in the previous chapter, remains fairly poorly understood
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at present, but given that most of the viscera lack perceptible sensitivity to stimuli
other than distension, most chronic visceral pain is thought in general to represent a
central sensitization state and in many cases likely has strong psychological overlay
[106, 107, 108].

Acute abdominopelvic pain is generally deserving of urgent if not emergent eval-
uation, and as such most assessment takes place in the emergency department.
Traditionally, opioids are used sparingly so as to not mask progression of symptoms
that could signify imminent catastrophe. The use of chronic opioids to treat chronic
visceral pain has increased significantly in the past two decades, along with other
chronic pain conditions, but no rigorous investigations have singled out visceral
pain for evaluation of either efficacy or harm from chronic opioid use.

Summary of Opioid Use in Chronic Non-cancer Pain

With the exception of certain agents showing benefit in certain neuropathic pain
states, for the most part, the literature does not show benefit of chronic opioid ther-
apy for chronic non-cancer pain. Given the high risk of harm with these agents,
including perpetuation or worsening of pain, the decision to trial opioid therapy for
CNPC should be a cautious one, with ongoing assessment for evidence of improved
function and pain. As in any situation, reservation of opioids for cases where more
conservative therapy has failed is wise, and if opioid therapy is agreed upon, it
should also always be part of a multimodal regimen [109].

Knowing when not to prescribe opioids is perhaps even more imperative than
knowing when and why to prescribe them. Certain conditions (e.g., headache, fibro-
myalgia) are almost invariably worsened by opioid therapy, and guidelines from
national and international professional societies recommend against the use of opi-
oids in these (and other) situations [110-113].

In terms of the individual patient, a careful risk-benefit ratio analysis taking into
account comorbidities including at least psychiatric, respiratory, gastroenterologic,
and renal conditions is mandatory each and every time; the oath to first do no harm
is frequently transgressed by a thoughtless or hurried prescription. It is relatively
easy to ascertain and explain to patients that severe respiratory or hepatic or renal
disease contraindicates opioid therapy; making and communicating such decision
in case of severe depression or other psychiatric malady, or in cases when self-
medication of emotional suffering is suspected, are not generally as easy. The
development of good rapport and patient engagement is essential to helping all
patients, and those with psychiatric comorbidities are certainly no exception.
Communicating a decision to not prescribe opioids can and should always be done
in a manner that reflects both our professional standards of care and comfort and, at
the same time, genuine compassion and concern for the well-being of the patient. In
our experience, it is the rare patient that does not perceive and appreciate this, no
matter how distasteful your decision is to them.
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Withholding opioid prescription is frequently in the best interest of the commu-
nity as well. While law enforcement is not within the purview of physicians, it is
nonetheless incumbent upon us to be vigilant for any signs of certain illegal activi-
ties that endanger the health and well-being of the patient or others, for example,
suspected child abuse situations. The diversion of prescribed opioids poses a grave
danger to the community, and physicians bear some degree of responsibility for this
and must at all times exercise due diligence and alter or curtail (or refuse to pre-
scribe in the first place) opioid prescription when diversion is suspected. Readily
available and appropriate means of surveillance for potential diversion include ran-
dom pill counts, random urinalysis to confirm that the prescribed agent and/or
metabolites are present in the urine, and the use of prescription database monitoring
programs to screen for “doctor shopping.” These and other considerations are dis-
cussed in greater detail in Chap. 8.

Opioid Therapy in Cancer Pain

Chronic opioid therapy in cancer (and other terminal states) remains prevalent and
is much more widely accepted. Over two-thirds of patients with cancer suffer from
pain associated with the disease, and significant psychological malaise is almost
universal. Further complicating cancer pain are the facts that:

* Multiple distinct physical “pain generators” (median four, range one to seven
[114]) are common.

* Multiple pathophysiologic processes are generally at work (as discussed in the
previous chapter) often in varying stages, conferring mechanical, inflammatory,
and neuropathic insults.

Awareness of a general progression, however, from early mechanical and inflam-
matory effect, to a later primarily neuropathic state (often compounded by chemo-
therapy) and in many cases ultimately osseous pain from bony metastases helps to
tailor multimodal therapy, which is as important in cancer pain as in
CNCP. Fortunately, the latter may respond well to bisphosphonates or inhibitors of
osteoclastic receptor activator of nuclear factor kB ligand (RANKL) [115] as well
as to radiotherapy.

The WHO analgesic ladder referenced at the beginning of the chapter and shown
in Fig. 7.1 has been used for decades to guide opioid therapy in cancer, with good
results (greater than 75% of patients reporting satisfactory analgesia) reported in a
large observational study of over 2000 patients [116]. It should be noted that these
data do not reflect opioid monotherapy results; rather the patients underwent multi-
modal pain therapy including antidepressant and anticonvulsant pharmacotherapy,
corticosteroids, palliative antineoplastic treatment, nerve blocks or ablation, physio-
therapy including transcutaneous electrical nerve stimulation, and psychotherapy.

National- and international-level guidelines [117-120] support both a staged and
more accurately a tiered approach, with opioid potency tailored to match the sever-
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ity of cancer pain; in other words, the patient with previously unassessed/untreated
severe pain does not need to be subjected to initial trials of non-opioid analgesics or
so-called Step II (weak) opioids prior to prescribing “Step III” (strong) opioids. As
with non-cancer pain, however, the use of opioids should always occur within the
context of a multimodal plan, and most recent guidelines reflect this wisdom.

One final area the clinician treating cancer patients is frequently called upon to
prescribe opioids is in the management of dyspnea. Over half of all cancer patients
suffer from dyspnea [121, 122]. As with pain, thorough workup and comprehen-
sive treatment are required (e.g., oxygen, bronchodilators or diuretics, or thoracen-
tesis may be warranted), but opioids have traditionally been used in this palliative
setting and will likely continue to due to their unparalleled efficacy. Even this most
universally accepted indication has been subjected to the rigors of modern clinical
trials, and a recent systematic review [121] of eight RCTs (including four placebo-
controlled RCTs) and six nonrandomized trials (n = 424 patients) showed “mod-
est” evidence of benefit in relieving dyspnea. Additional analyses in some of the
trials showed no significant hypercarbia or hypoxemia despite reductions in respi-
ratory rate.

Guidelines from the major societies recommend the use of strong opioids (pref-
erentially morphine as a first-line agent) in a multimodal approach to treat dyspnea
associated with cancer [122—-124].

Summary

Opioids are not a panacea for pain; tolerance renders them imperfect, and adverse
effects (including hyperalgesia) often render them malicious. While they do possess
tremendous potency for pain relief especially in naive patients, in experienced/toler-
ant patients, the cold, hard facts are that they have yet to be shown to be efficacious
for CNPC by rigorous examination. In the era of evidence-based medicine, several
reviews of the efficacy of opioid therapy in various conditions and for various dura-
tions have been published, and the majority of the high-quality analyses extant at
the time of this writing are summarized above. The objective consensus of these
reviews is that for chronic non-cancer pain, there is currently no good evidence that
chronic opioid use results in either improved pain control or functional outcomes
beyond a 3- to 4-month period.

Providers should consider opioid prescription as a matter of last resort generally,
after more conservative means have failed. When used, opioids must always be part
of a multimodal approach tailored to the patient’s pathology. The prescription of
opioids for non-cancer pain, whether acute or chronic, should always be viewed as
a trial, with continuous assessment of efficacy in facilitating functional goals and
analgesia vs. adverse effects. Time spent “up front” educating patients as to the
limitations of opioid therapy including limitations set by the provider (expectations,
duration, “exit strategy,” etc.) will also pay dividends for both patient and provider
in the long run. This is discussed in greater detail in the next chapter.
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Chronic opioid therapy in cancer (and other terminal states) for the treatment of
both pain and dyspnea remains prevalent and is much more widely accepted. As
with non-cancer pain, the use of opioids should always occur within the context of
a multimodal plan.
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Chapter 8

Best Practices Education, Part III: Regulatory
and Advisory Issues Related to Opioid
Therapy for Pain

A 55-year-old local small business owner is referred to you by his primary
care physician, who is requesting that you provide an epidural steroid injec-
tion for subacute low back pain with painful paresthesias into the left calf and
foot that began 3 weeks ago, after he was moving equipment into a new office.
He denies any weakness or cauda equina symptoms. The pain is worsened by
movement of any sort, although spinal flexion, i.e., sitting is the worst pro-
vocative maneuver, and his activity has been markedly reduced. Despite his
primary physician’s admonition not to, he is using ibuprofen, 800 mg to
1600 mg qid and also admits to drinking “one or two drinks” in the evening to
try to palliate the pain, ostensibly. He is also using cyclobenzaprine, 10 mg

bid. His chiropractor has been unable to help him with this episode.

His history is otherwise notable for hypertension, GERD, and tobacco use.
He has had a recent arthroscopic rotator cuff repair and remote right inguinal
herniorrhaphy. Medications include lisinopril/HCTZ, omeprazole, and ibu-

profen and cyclobenzaprine as above. His only allergy is to penicillin.

Physical exam reveals a mildly overweight male in moderate discomfort

who is recumbent on your exam table and resists physical exam. He is dys-
phoric and admits during exam that he has had suicidal ideation but no
plans, due to the financial stress of his company’s recent troubles, “downsiz-
ing” and move, compounded by the pain. He is hyperalgesic in the left LS
dermatome, but dorsiflexion and hallux extension are preserved, and ankle
jerk is 2/4 at both ankles. Ipsilateral supine straight leg raise is markedly

positive at 40°.
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After discussing his likely pathology with him (suspected annular tear with
or without L4/5 paracentral or L5/S1 foraminal intervertebral disc protru-
sion), you explain to him that in the absence of “red flag” symptoms and
signs, advanced imaging is not indicated at this point and furthermore his
“payer” requires prior authorization before MRI. They also require that his
symptoms persist for longer than 3 months and that he have documented
failure of 3 months or more physical therapy for this condition.

You explain that he is at high risk of gastritis, peptic ulcer disease, gastro-
intestinal bleeding, renal injury, and cardiovascular/cerebrovascular injury
with his excessive NSAID use and comorbidities. You instruct him to stop
NSAIDs at this point, as well as alcohol use and smoking (after explaining to
him the association between smoking and intervertebral disc disease not to
mention serious morbidity and mortality) and explain to him that a trial of
bupropion is in his best interest for assistance in smoking cessation as well as
depressive symptoms (after reviewing the FDA “black box” warning with
him) and also potentially for neuropathic pain. After spending some time with
him explaining the anatomy and pathophysiology of his suspected condition
and necessary postural and ergonomic corrections, you order 6 weeks of
physical therapy with avoidance of sit-ups.

After discussing the risks of worsened depression, dependence and addic-
tion, gastrointestinal complications, respiratory complications, especially if
he uses alcohol, and giving him instructions not to drive under the sedative
effects of the medication, you advise him that you are going to prescribe a
limited supply of acetaminophen with codeine (which he has used previously
without adverse effects) to be used half an hour prior to physical therapy and
in the evening after physical therapy to help facilitate rehabilitation. You
explain that this will only be prescribed for the next few weeks while he is
getting established with physical therapy and HEP. You also advise that in a
week or two, after confirmation of no immediate adverse effects from bupro-
pion, which he is naive to, if the painful paresthesias persist, you will call in a
course of gabapentin. You conclude the encounter by reassuring him again
that there is no evidence of serious pathology and that he has a greater than
2/3 likelihood of this situation resolving in the next few months without any
complication including chronification if he stops smoking and corrects his
posture/ergonomics and is diligent with physical rehabilitation. You plan on
reevaluation in 6 weeks or sooner if his condition worsens and assure him
once again that there is no indication for surgery here, but if his condition
persists or worsens, then the issue of advanced imaging and possible interven-
tional care (i.e., epidural steroids) can be revisited.
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Introduction

In the previous chapter, we began exploring the role that opioids play within the
context of treating both acute and chronic pain and examined why and when the
practitioner might consider prescribing opioids. In this chapter, we cover both regu-
latory and advisory (including recent consensus guidelines) aspects of how opioids
can and should be prescribed, which as the past 2 decades have taught us, is more
fraught with difficulties and negative consequences than was appreciated at the out-
set of the opioid epidemic.

The focus of this chapter is to improve prescription patterns; evidence of wide-
spread flaws in opioid-prescribing practice confronts us every day in the news.
These flaws need to be exposed systematically and corrected accordingly; at a “big
picture” level, they can be categorized roughly into:

e (Fairly rare) ignorance of federal and state laws applicable to opioid
prescription

e (Fairly common) ignorance of state medical board rules and policies applicable
to opioid prescription

e (Fairly common) ignorance of best practices to reduce diversion of prescription
opioids

e (Rampant) ignorance of best practices to optimize overall patient benefit (anal-
gesia, improved function and quality of life): risk (physiologic, psychological,
functional, relational, societal) ratio from opioid prescription

The first category is addressed briefly in the initial “regulatory” section; the pre-
scriber however is referred to the US Drug Enforcement Administration (DEA)
Practitioner’s Manual [1] for definitive instruction. The latter three categories are
addressed in the “Advisory” section which follows. “How to” start and trial patients
on opioids is introduced in this section; the subject of weaning and discontinuing
opioid therapy is dealt with primarily in Chap. 11.

Finally, a brief overview of current recommendations for the use of opioids in
treating cancer pain is provided.

How to Prescribe Opioids: Regulatory Issues

Regulations (and guidelines, discussed below) regarding opioid prescription
evidence quandaries and difficulties unique among medication classes. While other
controlled substances are subject to regulations, none of them carry indications
associated with the same degree of emotional urgency experienced and communi-
cated by most patients in pain and felt by providers. In many cases, there are no
viable alternatives to the prescription of opioids if severe pain is to be treated
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efficaciously, and “undertreated pain” is a real issue. Conversely, overtreated pain is
areal issue as well, at the level of the individual patient and also at a societal level,
with adverse effects and diversion comprising the two chief concerns.

As the opioid crisis in this country has grown over the past 20 years, so has scru-
tiny of prescriber behavior by both the medical and legal communities. In 1980, the
American Medical Association (AMA) proposed a framework for categorizing pre-
scribers who are knowingly or unknowingly complicit with prescription opioid mis-
users, abusers, and diverters [2]. Referred to as the “4D” model, this framework has
been widely discussed by policymakers and authorities for the past few decades as
a means of attempting to assist in stratifying the culpability of providers involved in
overprescription/misprescription, and in guiding disciplinary measures. The 4D
model is presented in a more recent iteration borrowed from the American College
of Preventive Medicine in Table 8.1.

More recently, a “3C” model (Careless, Corrupt, Compromised) has been pro-
posed that attempts to remove patient factors from the equation and in essence
collapses the first two categories of “Dated” and “Duped” into the category of
“Careless” [4]. While no effective (or appropriate) remedy aside from prosecution
and sanction, respectively, exists for the latter two “C” categories in this author’s
opinion, prevention of misdeeds attributable to carelessness begins with (but is by
no means limited to) understanding the laws (acts and regulations) pertaining to
opioid prescribing.

Table 8.1 The 4Ds of prescriber involvement in prescription abuse [3]

Deficient (dated) Duped

* Unaware of federal and state laws regarding » Fails to exercise “due diligence” in
opioid prescription assessing patient’s risk of abuse and

e Unaware of multimodal treatment options diversion; trusts but does not verify

* Unaware of signs and symptoms of addiction * Fails to secure prescription pads or

* Too busy (or disinterested) to keep up with use tamper-proof prescription means
CME; education comes primarily from * Fails to direct care appropriately and
pharmaceutical companies allows patient to dictate care (“OK,

* Isolated from peers, medical community, and here’s a script for your “percs”)
ignorant of standards of care * Fails to exercise boundaries regarding

aberrant behavior (early refill requests,
dose escalation, etc.)

Deliberate (dealing) Drug dependent
* Deliberately/knowingly prescribes opioids for * Forges prescriptions from other
nonmedical purposes, e.g., recreational use/ providers
abuse and diversion e Prescribes to others, real or fictitious,
* Trades prescriptions for money, sex, street and intercepts prescriptions

drugs, etc.
e “Pill-mill”
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History of (Federal) Opioid Prescribing Legislation

The quandary of opioid misuse and prescription negligence has long been recog-
nized by the government, and federal regulation has evolved over the past century.
Despite widespread claims (especially in the 1990s) that dependence and addic-
tion are exceedingly rare sequelae of opioid therapy, it has been evident to elected
leadership that from a public health perspective at least, opioid addiction is a
significant societal burden closely intertwined with the medical profession. While
early legislation focused more on consumer safety, the issues of psycho-/behav-
ioral effects of mind-altering substances including opium and dependence/addic-
tion have been more than implicit in local, state, and federal governmental policy
for over a century. Virtually, all legislation for the past 50 years having to do with
opioids has been written to address abuse liability and frank addiction
management.

The first major legislative effort by Congress to control opioid distribution was
the Harrison Narcotics Tax Act of 1914, which dealt primarily with commercial
registration and taxation issues pertaining to “opium or coca leaves, their salts,
derivatives, or preparations” but also introduced legal requirement for recordkeep-
ing of prescriptions for these substances. Five years later, in Webb vs. United States,
the US Supreme Court ruled that physicians could not prescribe opioids solely for
maintenance of addiction.

In 1924, the Heroin Act rendered manufacture or importation and possession of
heroin illegal for all purposes. In 1932, the Uniform State Narcotic Act called for
states to pass legislation in line with federal legislation (the Narcotic Drug Import
and Export Act). The Food, Drug, and Cosmetic Act in 1938 brought the determina-
tion of safety of these substances under the control of the Food and Drug
Administration (FDA), mandating new drug approval by that agency prior to mar-
keting, and also required safe use instruction labeling. The Durham-Humphrey
Amendment of 1951 further established the classification of certain drugs, espe-
cially those that are “habit-forming” as prescription only.

The Controlled Substance Act (CSA) of 1970 reorganized and consolidated sev-
eral previous laws regulating drugs and substances with high abuse potential. Five
“Schedules” were created, based primarily upon abuse and addiction potential, with
Schedule I containing drugs with no recognized legitimate medical use (e.g., heroin,
LSD, marijuana) and Schedules II through V containing drugs such as opioids, sed-
atives, stimulants, and others in tiers of decreasing risk.

The Narcotic Addict Treatment Act of 1974 amended the CSA to provide for the
federally supervised treatment of opioid dependence by either maintenance of
dependence using prescription opioids for longer than 21 days or detoxification
using a weaning schedule of 21 days or less. This provided the legal basis for metha-
done maintenance therapy.



180 8 Best Practices Education, Part I1I: Regulatory and Advisory Issues Related...

The Drug Addiction Treatment Act of 2000 (DATA 2000) established office-
based treatment (OBT) of opioid dependence using FDA-approved Schedule III-V
opioids (the only one currently approved is buprenorphine). Physicians must obtain
a special DEA number (“waiver” or “X-number”) in order to prescribe buprenor-
phine for OBT; requirements for waiver include:

* Board certification in addiction psychiatry

e Certification in addiction medicine by the American Society of Addiction
Medicine (at the time of this writing responsibility for this certification has been
transferred to the American Board of Preventive Medicine)

e Certified in Addiction Medicine by American Osteopathic Association (AOA)

 Investigator in buprenorphine clinical trials

e Completion of 8 h of CME provided by American Psychiatric Association,
American Academy of Addiction Psychiatry, ASAM, American Medical
Association, AOA, (or other organizations designated by Health and Human
Services)

Subsequent amendments in 2005, 2006, and 2016 have sequentially increased
the limit or “cap” on how many patients may be treated with OBT per qualifying
physician.

The Comprehensive Addiction and Recovery Act of 2016 (CARA 2016) repre-
sents the first major piece of legislation attempting to comprehensively address the
opioid epidemic, with components including prevention, treatment, recovery, law
enforcement, criminal justice reform, and overdose reversal. Among other initia-
tives, an interagency group (comprising HHS, VA, DEA, CDC, other federal agen-
cies, addiction treatment organizations, and other stakeholder communities) have
been tasked with the development of best practices for opioid prescription.
Mandatory prescriber education recommendations have been assigned to the
Secretary of Health and Human Services (HHS). Among the vast scope and provi-
sions of CARA 2016, one of the more striking decisions is the amendment of the
CSA to allow mid-level practitioners to become eligible to prescribe buprenorphine
for the treatment of opioid use disorder.

Federal Regulations for Opioid Prescribing

The CSA and Title 21 of the Code of Federal Regulations 1300-1316 (the “DEA
Regulations”) allow, inform, and direct legal prescription of opioids, including:

e Providing the legal basis for prescribing opioids (21 CFR 1306.07— “May
administer, prescribe or dispense a Schedule II controlled substance to a person
with intractable pain, in which no relief or cure is possible or none has been
found after a reasonable effort”
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* Delineating which opioids (and other controlled substances) can be prescribed

e Delineating who can prescribe them

* Regulating how they can be prescribed (e.g., means of prescribing, whether or
not they may be refilled, etc.)

Regulatory and enforcement authority is delegated primarily to the FDA and the
DEA. The FDA’s “scope of practice” pertinent to prescription opioids is to ensure
public safety by determining the safety of the drug, recommending scheduling
within the five CSA schedules, and recommending indications for use. The DEA is
ultimately responsible for the scheduling of controlled substances and is also tasked
with enforcing the CSA.

The CSA and DEA regulations are summarized for providers within the DEA’s
Practitioner’s Manual, available online at https://www.deadiversion.usdoj.gov/
pubs/manuals/pract/index.html; a cursory review of highlights follows below.

Opioids (with the exception of heroin, which is classified as Schedule I, i.e., no
medical use) fall within Schedules II through V as shown in Table 8.2, with the
majority classified as Schedule II, the most stringently controlled category.
Considerable differences in prescriptive regulation exist between Schedule II and
lower categories and are highlighted in Table 8.2. All controlled substances,

Table 8.2 Oral, sublingual, and transdermal opioids by controlled substance schedule

Commonly prescribed
opioids (excluding

Schedule | intravenous forms) Legal means of prescribing Refills

I Codeine (> 90 mg) Electronic or written prescription Not allowed
Fentanyl only*
Hydrocodone (including *a telephoned emergency
combination products) prescription not exceeding three (3)
Hydromorphone days’ supply may be prescribed so
Levorphanol long as a written copy follows within
Meperidine 7 days
Methadone Schedule Il prescriptions for
Morphine residents of long-term care facilities
Oxycodone (including or those enrolled in a hospice
combination products) program may be FAXed to the
Oxymorphone dispensing pharmacy
Tapentadol

111 Buprenorphine Electronic, written, FAXed, or <five (5)
Codeine combination telephoned prescription refills within
products six mo.

v Butorphanol Electronic, written, FAXed, or <five (5)
Pentazocine telephoned prescription refills within
Tramadol (including six mo.
combination products)

A\ Codeine cough syrups Electronic, written, FAXed, or Not limited
<200 mg/100 mL or 100 g | telephoned prescription by federal

law
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however, by law must be prescribed only for “legitimate medical purpose by a prac-
titioner acting in the usual course of professional practice” [1].

Federal law restricts opioid prescription privileges to practitioners who are
registered with the DEA to prescribe controlled substances within Schedules II
through V and then assigned a registration number (“DEA number”). Practitioners
in training, or who work solely as employees of a hospital may use the hospital’s
DEA registration, and federal government practitioners (e.g., armed services or
US Public Health Services or Prison Bureau practitioners) receive a waiver of
this requirement.

Strict legal requirements concerning the security and accounting of stored and
administered or dispensed controlled substances do not apply to most practitioners.
Security of prescriptions however are the responsibility of all prescribers and
tamper-resistant prescription pads or paper are advised by the DEA (and mandated
by several states). In addition, by federal law, controlled prescriptions require nota-
tion of the patient’s address as well as name and date of birth. The drug name, dos-
age form, strength, quantity, and directions for use, and of course the name, address,
and registration number of the prescriber must also be on the prescription. Until
recently, when electronic prescription of Schedules II through V substances was
allowed, Schedule II substances required hard copy/paper prescription with a man-
ual signature (no stamps).

Recordkeeping of controlled substances prescribed (not administered/dispensed)
is not mandatory unless said prescriptions are for maintenance or detoxification
purposes.

State Regulations for Opioid Prescribing

In 1970, after the CSA was enacted, the states commissioned a Uniform Controlled
Substances Act (UCSA) as a model for individual states to consider when updating
and revising their own drug laws, with the intent of promoting uniformity and a
means of achieving consistent and more effective control of the possession, use,
sale, distribution, and manufacture of controlled substances. The most recent revi-
sion took place in 1994 and may be accessed at (http://www.uniformlaws.org/
shared/docs/controlled%20substances/UCSA_final%20_94%20with%?20
95amends.pdf).

The diversity of state-specific statutes concerning controlled substances is com-
plex to the point that a comprehensive presentation of these laws state-by-state is
prohibitive. Every prescriber should be aware of their own state’s legislation con-
cerning the prescription of controlled substances, and the internet has rendered that
task a relatively simple one. For those interested in an overview of state regulations,
the National Criminal Justice Association created a Guide to State Controlled
Substances Acts in 1988 that presents a thorough albeit currently dated compilation
of state-specific regulations [5]. At present, the National Association of State
Controlled Substances Authorities provides an easily navigable website (http:/
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www.nascsa.org/stateprofiles.htm) with links to each state’s statutes and rules perti-
nent to controlled substances, current authorities, and other pertinent deviations
from federal regulations/scheduling.

Despite recent confusion (and frank violation of national law) surrounding the
marijuana controversy in several states, the states may not enact controlled sub-
stance schedules less stringent than the national schedule determined by the
DEA. Some states have historically classified some controlled substances more
restrictively than the national schedule; for example, codeine cough syrups are
assigned a category more restricted than Schedule V in several states, and many
states controlled tramadol prior to federal categorization as a controlled substance
in 2014. The state of Massachusetts recently passed legislation restricting initial
opioid prescriptions for adults (and all opioid prescriptions for minors) to a seven-
day prescription; this is to date the most stringent limitation on prescription duration
in this nation.

At the time of this writing, 22 states, the District of Columbia, Puerto Rico, and
Guam also require a state (or territory)-specific controlled substance prescription
registration as well. While most states currently allow mid-level practitioners (e.g.,
physician assistants and nurse practitioners) to prescribe most controlled substances,
there are several that restrict Schedule II drugs to the order of a physician only, and
some states do not allow controlled substance prescribing at all by mid-levels. The
question of whether or not opioids should be prescribed by physicians or mid-level
practitioners who have not been adequately trained to do so is a “hot-bed issue”
enjoying discussion in many circles and at various levels of governance. There is no
easy answer to this question, and in many cases there are no providers available who
have undergone formal residency or fellowship-level training in opioid prescription.
This will always remain impractical for many communities, and regarding these
situations where nonspecialists are responsible for the pain management component
of the health and well-being of their communities, the question should not be so
much “should they be prescribing?” but rather “how can we best educate them and
provide guidance?” This book is one such attempt to answer that question, and a
significant amount of continuing medical education has become available over the
past several years in order to assist with this endeavor as well. In many states, it is
now becoming mandatory for prescribers to undergo opioid-related continuing
medical education (CME), in some cases once in a lifetime and in others on an
ongoing basis. At the time of this writing:

* Florida mandates controlled substances CME on a regular basis for allopathic
physicians working in a pain clinic.

e Kentucky mandates regular CME related to pain management, addiction disor-
ders, and the use of their PDMP.

e Maryland requires regular opioid prescribing CME.

e Massachusetts requires regular opioid prescribing CME.

* New Mexico mandates controlled substances CME on a regular basis for allo-
pathic physicians with a DEA number.


http://www.nascsa.org/stateprofiles.htm
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Table 8.3 State requirements regarding use of prescription drug monitoring programs prior to

prescribing controlled substances

State

Bill

Provisions

Alaska

SB 74

PDMP to be checked before prescribing or dispensing
Schedule II-11I controlled substance with exceptions

Arizona

SB 1283

PDMP to be checked before prescribing a Schedule II-IV
opioid or benzodiazepine for a new course of treatment.
Subsequent check at least quarterly while the substances
remains part of the treatment. Exceptions may apply

California

SB 482

PDMP to be checked before first-time prescribing, ordering,
administering, or furnishing of a Schedule II-IV controlled
substance except for veterinarians, pharmacists, and other
specified exemptions; check shall not be earlier than 24 h or
the previous business day prior to first-time prescribing,
ordering, administering, or furnishing. Subsequent check
every 4 months if the substance remains part of the treatment

Connecticut

HB 5053

PDMP to be checked before prescribing more than a 72 h
supply of a controlled substance. Check required at least
every 90 days when prescribing other than a Schedule V
non-narcotic controlled substance for continuous or
prolonged treatment. Prescribing a Schedule V non-narcotic
controlled substance for continuous or prolonged treatment
requires a PMP check not less than annually. Exceptions may

apply

Indiana

SEA 297

Appropriate state agency shall develop best practices for
opioid treatment by an opioid treatment provider that shall
include a review of a patient’s INSPECT report

Maine

LD 1646

PDMP to be checked before initial prescribing of a
benzodiazepine or an opioid. Subsequent check every

90 days as long as substance is renewed as part of treatment.
Exceptions may apply

Maryland

HB 437

PDMP to be checked before initiating course of treatment
that includes prescribing or dispensing an opioid or
benzodiazepine. Subsequent check every 90 days if treatment
continues with the opioid or benzodiazepine. Exceptions

may apply

Massachusetts

HB 4056

Department of Health shall issue rules that requires a
registered participant to check the PMP each time the
participant issues a schedule II-III narcotics prescription

New Hampshire

SB
576-FN-A

PDMP to be checked before prescribing a schedule II-IV
opioid for the treatment of pain, with subsequent check at
least twice a year. Exceptions may apply

New Mexico

SB 263

PDMP to be checked before prescribing/dispensing for the
first time more than a 4-day supply of an opioid. Check
required at least every 3 months during the continuing
prescribing/dispensing of an opioid

(continued)
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Table 8.3 (continued)

State

Bill

Provisions

Pennsylvania

SB 1202

A dispenser shall query the PMP before dispensing an opioid
drug product or a benzodiazepine in specified circumstances.
A prescriber shall query the PMP each time a patient is
prescribed an opioid drug product or a benzodiazepine.
Exception applies

Rhode Island

SB2823A

PDMP to be checked before starting an opioid and before
refilling or initiating opioid therapy with an intrathecal
pump. Check required every 3 months during continuous
opioid therapy for pain for 3 months or longer. Exceptions

may apply

Utah

HB 375

Prescriber/dispenser of opioid for outpatient use shall
determine when PDMP check is necessary in his/her
professional judgment to prevent opioid abuse

Virginia

HB 293

PDMP to be checked before initiating a new course of
treatment that includes prescribing of opioids anticipated at
outset to last more than 14 consecutive days. Exceptions may

apply

West Virginia

SB 454

Before prescribing/dispensing medication assisted treatment,
PDMP check required to ensure the patient is not seeking
controlled substances from multiple sources and to assess
potential adverse drug interactions. Exceptions may apply

Wisconsin

AB 364

PDMP to be checked before practitioner issues a controlled
prescription order for the patient. Exceptions may apply

e Ohio requires physician owner/operators of pain management clinics to com-

plete regular CME in pain medicine every 2 years, to include one or more courses
addressing the potential for addiction.

Oklahoma requires regular CME on controlled substances prescribing for osteo-
pathic physicians.

South Carolina requires regular CME on controlled substances prescribing for
physicians.

Texas mandates controlled substances CME on a regular basis for physicians
working in a pain clinic.

Vermont mandates controlled substances CME on a regular basis for allopathic
physicians with a DEA number.

West Virginia requires regular CME on controlled substances prescribing and
diversion prevention for physicians.

Several other states require pain management CME on a regular basis without

specifying a requirement for controlled substances/opioid education.

State Prescription Drug Monitoring Programs/Databases (PDMPs) have
become a ubiquitous tool in the monitoring of controlled substance prescriptions
and serve a valuable role in diversion prevention. At the time of this writing, all but
one state (Missouri) have adopted legislation requiring creation of a PDMP, and
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many states have been using them for several years now. At the time of this writing,
16 states require checking the State Prescription Drug Monitoring Program prior to
issuing controlled substance prescriptions [6]. (Interestingly only 11 states, not all
of which are represented in the 16 mentioned above require registering with the
PDMP.) These requirements are summarized in Table 8.3.

State Medical and Nursing Board Rules for Opioid Prescribing

State medical boards (and nursing boards) have a supervisory role over members of
their professions, with authority generally delegated by the state’s legislation to
enact and enforce rules and standards that govern the practices of the profession. It
is within the purview of these boards to grant (and renew) professional licensure and
thus to protect both individuals and the health of the public by ensuring competence
and ethical practice. As with individual state governments, the degree of oversight
both general and specific to prescribing practices varies widely.

State medical (and nursing) boards generally address issues pertaining to the
prescription of controlled substances by rules based on the national Federation of
State Medical Boards’ “Model Policy” (discussed more later). While not usually
carrying the force of law in their own right, the boards do wield substantial authority
in the arenas of sanction/discipline and may suspend or revoke licenses altogether if
in their judgment a practitioner is not exercising competent and ethical practice; an
increasing number of these cases involve controlled substances.

How to Prescribe Opioids: Advisory Issues

Again, while not carrying the force of law, numerous recent guidelines on opioid
prescribing have been proliferated that influence and affect professional stan-
dards of care, which in turn may exert significant impact on licensure and other
professional privileges. Sources include both governmental agencies (e.g.,
Veterans’ Administration, US Centers for Disease Control, Washington State
Agency Medical Directors’ Group) and also professional organizations (e.g.,
Federation of State Medical Boards, American Academy of Pain Medicine,
American Society of Interventional Pain Physicians). Guidelines specific to the
prescription of methadone and buprenorphine in the context of opioid depen-
dence have also been put forth by both governmental and professional entities
and are discussed in Chap. 11.

The Federation of State Medical Boards’ (FSMB) “Model Policy” was first pub-
lished in 1998 and subsequently revised in both 2004 and then again in 2013. Its
explicit purpose is:

To provide a resource for use by state medical boards in educating their licensees about

cautious and responsible prescribing of controlled substances while alleviating fears of
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regulatory scrutiny... to provide a framework for the legitimate medical use of opioid anal-
gesics for the treatment of pain while emphasizing the need to safeguard against their mis-
use and diversion. [7]

The model policy has been adopted either in its entirety or in part by most state
medical boards as part of their individual policies and as such deserves attention by
all practitioners due to its widespread adoption as defining standard of care. While
ostensibly aimed at providing guidelines for managing pain (with encouragement to
understand pain physiology and pathophysiology and exhaust non-opioid methods
prior to opioid trial), it is addressed primarily to non-pain specialists whose treat-
ment arsenal is more limited, and as such it focuses primarily on opioid pain man-
agement best practices. Recommendations from the model policy, with some
additional input from other guidelines including those from the CDC [8], Canadian
National Guidelines [9], Veterans Affairs/Department of Defense [10], Washington
State Agency Medical Directors’ Group [11], American Pain Society/American
Academy of Pain Medicine [12], and the American Society of Interventional Pain
Physicians [13] are summarized below with brief commentary.

Legal Compliance

Not in contradiction to the long-standing commitment of the federal government to
avoid “meddling” in the direct practice of medicine, controlled substance laws and
regulations are criminal laws created to protect society. Every prescriber has a legal
as well as ethical and professional mandate to understand and comply with them.

Understanding Pain

From a basic grasp of nociceptive and non-nociceptive processes to recognition of
life-threatening visceral rupture or aortic dissection, adequate understanding of
pain’s genesis and perpetuation is essential for safe and optimal treatment of those
who entrust their well-being to us. Chapter 6 addresses this.

Thorough Evaluation and Risk Stratification

Good history taking (not limited to the chief complaint and current/prior treatment,
but including adequate assessment of past medical history, social and family his-
tory, review of systems) and physical examination are necessary prior to any con-
sideration of opioid prescription, and documentation of such is required by virtually
all oversight bodies, e.g., state medical boards. Indeed, it is hard to imagine trying
to prove “legitimate medical purpose by a practitioner acting in the usual course of
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professional practice” without these basic elements. In addition, appropriate ancil-
lary tests (e.g., laboratory studies, imaging, electrodiagnostics, etc.) are necessary
not only to clarify diagnoses but also inform treatment decisions based on physio-
logic risks (e.g., renal or hepatic dysfunction). Corroboration of patient report by
other providers’ records, imaging and laboratory review, prescription drug moni-
toring program (PDMP), etc., comprises due diligence and is only in the patient’s
best interest.

Evaluation of possible pregnant state by history and point-of-care urine hCG
testing is more than reasonable in any woman of childbearing age.

Risk stratification for prescription opioid misuse/abuse is as important as evalu-
ating for adverse physical effects, and assessment of psychosocial factors both past
and present are necessary to gauge misuse/abuse liability whenever considering opi-
oid prescription. Due to more stringent confidentiality requirements, obtaining
behavioral health records can be a difficult if not impossible task but may be essen-
tial for optimal care. Basic/brief mental health screening tools are readily available
to help clarify where a patient may currently be on the spectrum of various common
psychiatric dysfunctions such as depression (e.g., Patient Health Questionnaire-9
[PHQ-9], Beck Depression Inventory-Short Form [BDI-SF]) and substance abuse
(e.g., Screener and Opioid Assessment for Patients with Pain-Revised [SOAPP-R],
Opioid Risk Tool [ORT]). Oftentimes, the higher the psychiatric dysfunction quo-
tient (including substance abuse disorders), the more pressure the patient exerts for
“urgent” opioid therapy, and this can be obviated a priori by establishing policies
and procedures such as no opioid prescriptions on initial visit. More readily, avail-
able information indicating potential aberrancy or opioid use disorder may be deter-
mined virtually instantly these days using prescription drug monitoring programs
(PDMP) to screen for “red flags” such as “doctor-shopping,” or multiple addresses
or names, or gross inconsistencies between patient report and documented dispen-
sation. Criminal records are a matter of public record as well, and a “Courtview”
online search may reveal a history of illegal possession or distribution of controlled
substances, convictions for driving under the influence of alcohol or other sub-
stances, etc. Many guidelines recommend initial urine drug screening (UDS) to
establish a baseline measure of risk.

Social stability (e.g., family or other support infrastructure, employment status,
litigation issues from auto accidents, and workers’ compensation claims) or lack
thereof may correlate with misuse and abuse risk and should always be assessed to
the extent possible.

Clear Functional and Analgesic Treatment Goals and Plan

Clearly delineated expectations and goals pertaining to functional improvement as
well as analgesia (e.g., “we will attempt to achieve 30% reduction in your pain with
multimodal pharmacotherapy, physical therapy, counseling, and interventional pro-
cedures as indicated; we also expect to see ongoing progress in tobacco cessation,
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sleep normalization, work capacity, and quality) provide reassuring boundaries for
both patient and provider.

Crafting a plan focused on functional goals carries several advantages including
providing objective/verifiable outcome measures, and multiaxial and more robust
dataset to evaluate either benefit or harm of therapy. As Dr. Scott Fishman states in
his handbook Responsible Opioid Prescribing [14]:

Simply “feeling better” without measurably improving functioning in some aspect of a
patient’s life is an insufficient outcome. Framing the treatment goal solely around “feeling
better” also leaves the clinician with no objective evidence by which to gauge the efficacy
of therapy and justify potential risks associated with the treatment... It can be difficult to
navigate the clinical landscape when a patient’s subjective report of improvements in pain
intensity are weighed against objective evidence that functional gains have not been
achieved—or, worse, that actual harm is taking place. But clinicians frequently encounter
analogous situations in other areas of medical practice. For example, if a diabetic also has
problems with chronic vasculitis, corticosteroids may effectively ease some of his or her
symptoms... [but not without] serious consequences.

Some functional improvement goals are more readily objectively verified than oth-
ers (e.g., weight loss, return to work), while others may be more difficult if not
impossible to verify beyond doubt (e.g., improved stress management, relation-
ships, household chores) but with a little collaborative effort from both parties a
simple tailored plan should be achievable. This also carries the advantage of inter-
nalizing some control for the patient and providing objective feedback to them of
their gains.

Informed Consent and Treatment Agreement (‘“‘Opioid
Contract”)

Patients must be educated about risks (discussed in Chap. 3), potential benefits
(Chap. 7), and alternatives (Chap. 6) even if they have been using opioids for long
term. Informed consent is a basic principle of ethical medical care, and its impor-
tance increases commensurate with the risks involved, which in the case of opioid
therapy is very high. The majority of patients we counsel as part of initiation of an
opioid therapy trial express unfamiliarity with many of the basic adverse effects (let
alone more recently appreciated risks such as endocrinopathy and hyperalgesia)
even though they may have been using opioids for many years. Proper documenta-
tion of the discussion in a standardized consent form signed by the patient is mini-
mally time-consuming and may protect the prescriber from potential future
allegations of failure to inform. Effective documentation of risk management goes
beyond a standardized consent, of course, and should be on the mind of every clini-
cian in today’s medicolegal climate. To quote Dr. Fishman again, “both treating and
not treating involve risks, so prescribers cannot avoid managing risks” [14].
Treatment agreements or opioid contracts should include language clearly indi-
cating the responsibilities of the patient to comply with prescription instructions, to
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refrain from seeking opioid or other controlled substance prescriptions from other
providers unless explicitly authorized, and in some cases to only use one pharmacy
for controlled substances. Other issues such as cautions against driving under the
sedative effects of medications, instruction on safe storage and disposal of medica-
tions, the clinic’s policies on replacing lost medications or prescriptions, requests
for early refills, random urine drug screening and pill counts, etc. should of course
be included. It is advisable that at least generic language related to opioid trial
period duration, functional goal assessment, and likelihood of eventual discontinu-
ation of opioid therapy (with reasons for accelerated discontinuation spelled out) be
included as well.

Initiating (or Continuing) a Trial of Opioid Therapy

Opioid therapy should always be initiated only if benefit is deemed to outweigh the
risk, and if less dangerous methods are contraindicated or have failed. Opioid ther-
apy should also always be considered a trial with ongoing evaluation of benefit/
achievement of treatment goals vs. adverse effects. More often than not for the pain
specialist (but increasingly common in primary care these days as well), the patient
presenting to you for the first time may be a chronic user of opioids/tolerant/depen-
dent, and thus, while not opioid-naive may be at even higher risk of certain cumula-
tive adverse effects such as depression, dependence, endocrinopathy, and
hyperalgesia. A defined trial period (e.g., 6—12 weeks) should be clearly delineated
and documented, and if the plan is a priori to begin weaning/eliminating opioids in
a gradual fashion, that should also be made clear.

It is fairly universally recommended that initiation of an opioid trial begin
with short-acting/immediate-release opioids rather than extended-release/long-
acting (ER/LA) agents. The CDC guidelines [8] advise against the prescription
of ER/LA opioids if a patient has not received regular immediate-release opi-
oids for at least a week prior; all of the guidelines referenced above advise ini-
tiating treatment with the lowest possible dose and adopting a slow titrated
increase policy if at all, with continuous assessment of benefit versus harm.
Doses in the range of 50 mg—90 morphine milligram equivalents (MME) have
been shown to confer statistically significantly increased risk of harms includ-
ing overdose [8] and should be prescribed with careful risk-benefit ratio analy-
sis and documentation; it is recommended that overdose education and
consideration of naloxone prescription ensue beyond the 50 MME threshold.
Doses in excess of this carry exponentially increasing risk and should be viewed
with extreme caution, possible consultation or referral to a pain specialist, and/
or addictionologist, and the patient should be counseled about the marked risk
they (and the prescriber) are assuming.
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Efficacy/Harm Monitoring and Treatment Plan Adaptation

Well-publicized outcome measures such as 4As (analgesia, activity, adverse effects,
and aberrancy) should be regularly assessed throughout the trial, with modification,
continuation, or termination always deliberated.

Compliance Monitoring

Periodic random urine drug testing and pill counts assist in assuring the provider of
compliance with therapy and lack of diversion. PDMP surveillance is another high-
yield means of screening for aberrancy. As discussed above, consequences for non-
compliance/contract violation should be spelled out clearly at the outset of the
therapeutic trial.

Consultation and Referral

The care of patients with chronic pain generally requires a collaborative effort
between multiple disciplines, and the physician prescribing opioids should always
seek appropriate consultation from areas they are not expert in (e.g., pain manage-
ment, psychiatry, addictionology, surgery). The guidelines referenced herein recom-
mend specialty consultation when the MME exceeds 90-200 mg.

The most notable governmental oversight to date related to the referral of patients
to specialists is the state of Washington’s Engrossed Substitute House Bill 2876,
passed in 2010, which among many other provisions requires a consultation from a
pain management specialist for a patient with chronic non-cancer pain whose daily
opioid dose exceeds a threshold dose (currently 120 mg MME).

Prescribing Methadone for Pain

The use of methadone for the treatment of chronic non-cancer pain saw a significant
upswing (along with other opioid agents) in the 1990s and 2000s due to its low cost,
good efficacy, long half-life, and perceived low abuse liability. Beginning in the
mid-2000s, it began to be apparent that this agent is exceptionally dangerous, with
disproportionate mortality compared to other opioids (some data showing as much
as 1/3 of all opioid-related mortality); this is described in greater detail in Chap. 3.
The guidelines almost universally recommend extra caution with the use of metha-
done and most recommend that this agent be prescribed only by clinicians trained
in its use and very familiar with it. Some basic recommendations from the American
Academy of Pain Medicine [15] include:
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e Screen for OSA and additional respiratory depressant risk factors and don’t pre-
scribe methadone for patients with known sleep disordered breathing who are
noncompliant with their respiratory assistive devices.

* Assess patient’s risk for developing a prolonged QT interval and provide appro-
priate surveillance of ECG. For example, patients with cardiac disease taking
other QT interval prolonging drugs, patients with electrolyte abnormalities (renal
insufficiency/diuretic therapy/hemodialysis), patients with poorly controlled
DM, or patients taking 60—100 mg or more of methadone a day. Repeat ECG
following dose increases in these high-risk patients. Decrease methadone dose or
discontinue therapy if QT interval exceeds 470 ms in men or 480 ms in women.

* Initiate methadone therapy at 15 mg or less per day in divided doses; lower doses
are recommended for older patients, frail patients, or individuals with at-risk
comorbidities (e.g., COPD).

* Increase methadone dose no more often than once per week, with total daily dose
increases not to exceed 5—-10 mg per week.

e Communicate with patient the critical importance of not using more methadone
than directed even if the pain is not well controlled.

Discontinuing Opioid Therapy

Reasons for discontinuing opioid therapy include resolution of the underlying pain-
ful condition, emergence of intolerable side effects, inadequate analgesic effect, and
failure to improve the patient’s quality of life despite reasonable titration, deteriorat-
ing function, or significant aberrant medication use. If opioid therapy is discontin-
ued, the patient who has become physically dependent should be provided with a
safely structured tapering regimen. In general, a target wean of 10—-15% per week is
recommended. Withdrawal can be managed either by the prescribing physician or
by referring the patient to an addiction specialist. The termination of opioid therapy
should not mark the end of treatment, which should continue with other modalities,
either through direct care or referral to other healthcare specialists, as appropriate.

These recommendations are summarized in Table 8.4. Documentation of all of
the above in the medical record, as well as strict compliance with privacy/confiden-
tiality laws are mandatory.

Guidelines on Opioid Prescribing for Cancer Pain

As discussed in the previous chapter, the use of opioids in treating moderate to
severe cancer pain is virtually axiomatic. The use of the World Health Organization’s
(WHO) analgesic ladder (see Fig. 7.1) has been the de facto blueprint for clinical
practice, and most recent guidelines and protocols, some of which are presented
below. While providing a useful concept (stepwise care tailored to pain severity) the
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Table 8.4 Consensus recommendations for initiating and continuing opioid therapy

Conduct a thorough history and physical exam, including assessments of patient’s
psychosocial state/milieu, and obtain pertinent objective ancillary studies (e.g., imaging,
labs) prior to considering opioid therapy

Risk-stratify the patient along the axes of physical risks (e.g., cardiopulmonary, renal, hepatic
dysfunction) and also psychological risks (e.g., depression, abuse/dependence liability).
Assessment of diversion risk is mandatory as well. Prescription drug monitoring program use
is advised. Baseline urine drug screen recommended by many organizations

Initiate opioid therapy on a trial basis, with the lowest possible dose and for the shortest
possible duration, if benefits are deemed to outweigh the risks and if more appropriate and
conservative treatment options have failed or are contraindicated

Initiation of opioid therapy should commence with immediate-release agents, and extended-
and immediate-release agents should not be used simultaneously if possible. Methadone
should be used only by clinicians trained in and well-versed with its dangers

Multimodal pain management (including heavy emphasis on behavioral health) is essential
for good outcomes and must be stressed at every encounter

Ongoing assessment of outcomes (e.g., “4As—analgesia, activity, adverse effects, and
aberrancy) must guide therapy. Frequent assessment of functional improvements should
contribute the greatest weight of data toward the decision to continue or abandon ongoing
opioid therapy trial

A “ceiling dose” between 50 and 90 morphine milligram equivalents (MME) should be
targeted, and escalation beyond this threshold should probably be undertaken under the
supervision of a pain management specialist

Frequent compliance monitoring (PDMP use, urine drug screening, random pill counts, etc.)
are recommended and should be tailored to initial risk stratification as well as ongoing
assessment for aberrancy. Aberrancy and especially suspected diversion must be addressed
immediately

Discontinuation of therapy for resolution of painful condition, adverse effects, inadequate
analgesic effect, lack of functional improvement or deteriorating function, or significant
aberrancy should be carried out in a supportive and nonjudgmental fashion but with
decisiveness if indicated. Alternatively referral to pain specialist and/or addictionologist is
an option

ladder represents only one small aspect of providing safe and effective analgesia,
and some more basic guidelines in treating cancer pain include the following [16]:

Comprehensive assessment of pain complaints; underlying non-tumor pathology
or reversible pathologic effects of tumor should not be overlooked and simply
palliated by medications.

Multimodal therapy including both pharmacologic and nonpharmacologic
approaches should always be used.

Opioid agents (and adjuvant agents) should always be selected with comorbidi-
ties (e.g., renal failure) in mind.

Continuous pain should be treated with around-the-clock dosing.

Breakthrough pain is defined as an increase in VAS rating of two or more points.
It may be spontaneous or activity-associated. Recurrent spontaneous pain occur-
ring toward the previous opioid dose’s expected end of pharmacologic activity is
not considered breakthrough pain but rather an indicator of inadequate baseline
analgesia.



194 8 Best Practices Education, Part I1I: Regulatory and Advisory Issues Related...

* Inadequate baseline analgesia should be treated by increasing the baseline regi-
men. Breakthrough pain should be treated with rescue doses of opioids in addi-
tion to the baseline regimen.

Numerous national organizations have put forth clinical practice guidelines
(CPQG) for the treatment of cancer pain; they are informed by a range of input from
randomized controlled trial data and meta-analyses to expert opinion.

The United States’ National Comprehensive Cancer Network 2013 CPG in
Oncology [17] advocates thorough assessment of pain complaints at every visit, and
multimodal treatment tailored to the severity of pain, appropriateness of varied
interventions, and also opioid tolerance. The principle of autonomy underlies the
recommendations, with the patient’s goals and quality of life driving the process,
and the guidance of the physician in providing ongoing assessment both for areas of
potential improvement (e.g., dose increases, agent rotation, or adjuvant therapies)
and harm reduction. This includes vigilance for physiologic adverse effects (e.g.,
constipation, nausea, pruritus) as well as psychological adverse effects (e.g., aber-
rant behaviors and misuse). When using opioids, round-the-clock dosing is recom-
mended as a general rule, titrated to patient requirements.

For opioid-naive patients, defined as those not chronically receiving opioid anal-
gesics and without tolerance (with suggested criteria of morphine 60 mg, oxyco-
done 30 mg, or hydromorphone 8 mg daily for a week or longer), stratification by
pain scale rating and titration of short-acting opioids are recommended along with
adjuvant therapy and bowel regimen. Oral therapy recommendations are to start
with 5-15 mg of immediate-release morphine (or equivalent), reassess in an hour
and titrate to effect, essentially, with dose increase of 50—-100% if necessary for
unremitting or increasing pain.

For opioid-tolerant patients, it is recommended that the previous 24 h total dose
be maintained (either by immediate-release or if appropriate and safe, extended-
release agent) and “breakthrough” or “rescue” dose of 10-20% of the previous 24 h
total dose be made available every hour as needed, again titrating to effect with
rescue dose increases up to 50-100% (of rescue dose) if necessary. Rotation is rec-
ommended in case of intolerable/untreatable adverse effects.

The Japanese Society of Palliative Medicine 2013 CPG [18] also recommends
comprehensive assessment of pain complaints, and a stepwise approach to analge-
sics, with opioids considered first line for moderate to severe pain. For severe or
“unstable” pain, immediate-release agents are recommended; for “stable” pain
extended-release agents are considered. Multimodal therapy and vigilance for/pro-
phylaxis against common adverse effects (e.g., constipation, nausea) are advised.

Dose increase (by 30-50% of previous daily dose) or opioid rotation is advised in
case of tolerance/tachyphylaxis or other agent failure. In case of breakthrough pain, a
“rescue dose” beginning at 10-20% of the total daily dose is recommended.

The European Association for Palliative Care 2012 CPG [19] presents the WHO
ladder and recommends generally accepted consensus principles such as rotation in
terms of failure, reducing the dose from “equianalgesic” conversions when rotating,
and consideration of alternative routes (e.g., rectal, subcutaneous, transdermal) if
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adverse effects prohibit oral dosing. Rescue agents for breakthrough pain and moni-
toring for/treatment of adverse effects are recommended.

The European Society for Medical Oncology 2010 CPG [20] recommends thor-
ough assessment of pain complaints at every visit, and multimodal treatment tai-
lored to the severity of pain, appropriateness of varied interventions, and also opioid
tolerance. The WHO analgesic ladder is invoked, and opioids are recommended
only for moderate to severe pain. Initial oral dosing suggested for the opioid-naive
patient includes immediate-release morphine 20-40 mg, oxycodone 20 mg, or
hydromorphone 8 mg. Round-the-clock dosing is recommended, with consideration
of extended-release formulations for baseline analgesia and “breakthrough” doses
of 10-15% of the total daily dose recommended up to four times per day before
alteration of the baseline regimen is required. Rotation is recommended in case of
intolerable/untreatable adverse effects.

Other Recommendations

Specific Precautions

While discussed in greater detail in both Chaps. 3 and 4, it bears repeating that mu-
receptor agonism carries a high risk of multiple adverse effects including respira-
tory depression/apnea, and when considering opioid prescription, the physician
must always be mindful of comorbid conditions such as pre-existing airway or pul-
monary compromise, as well as co-prescribed central nervous system depressants
that might confer synergistic risk of apnea. In addition, as with any medication
prescribed, the physician must be aware of renal or hepatic dysfunction and the
effect that metabolic compromise might have on the pharmacodynamics of the
drug(s) prescribed. As pharmacogenetic testing becomes more common, awareness
of cytochrome P450 system allelic variation, which may influence metabolism/
elimination, may become “standard of care.”

Driving Precautions

The issue of driving while using opioid medications is one that affects the individual
as well as public health, and the prescriber is certainly “part of the equation.” It is
clear that a substantial number of drivers operate motor vehicles or other heavy
machinery with potentially impairing substances (including but not limited to opi-
oids)—the 2014 National Survey on Drug Use and Health reports 10 million people
driving under the influence of illicit drugs during the year prior to being surveyed
[21]. What is less clear is the degree of increased risk of harm to self or others is
assumed by driving while using prescription opioids; while outcome variables
(MVA, fatalities) are relatively easy to measure, predictor variables (serum opioid
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levels, degree of cognitive compromise) are much more difficult to assess. In fact,
the question is to some degree without answer due to the spectrum of impairment
based upon dose, drug naivete and other confounding factors such as other medica-
tions, sleep deprivation, and distractions including electronic devices or passenger
conversation and even including pain itself.

Fishbain et al. [22] performed a review of 22 studies examining the effects of
opioids on psychomotor function and attempted to extrapolate the results of these
largely non-real-life investigations to driving safety. While reporting that overall
there appears to be no consistent evidence for impairment of psychomotor abilities
or cognitive function of opioid-maintained patients and no evidence for greater inci-
dence in motor vehicle violations/motor vehicle accidents for opioid-maintained
patients versus comparable controls, they do admit that the evidence is inconsistent
and recommend further well-controlled studies.

The most commonly cited prospective evaluation to date is that of Galski [23]
who compared 16 chronic prescription opioid users against a group of 327 other
“cerebrally compromised patients” in a battery of simulated driving skills assess-
ment. There were no statistically significant differences between the groups.
Limitations of this study of course include the very small case number and the gen-
eralizability of the control populace.

Nearly 1 million drivers were involved in fatal crashes from 1993 to 2010; only
29.2% of these were known to have undergone testing for drugs; the testing status
of 13% is unknown [24]. Of those tested for drugs, 35.8% tested positive, and of
those 58.7% had an identifiable drug reported. Schedule II-V prescription drugs
represented the majority (roughly 40%) of all drugs identified, with marijuana, and
stimulants (cocaine and methamphetamines) representing roughly another third
each. In subanalysis of 2010 data, opioids represented the most commonly identi-
fied drug (with hydrocodone and oxycodone representing 21.3% of all detected
drugs, with benzodiazepines comprising 20.5%).

In 2008, the Department of Transportation reported data derived from over
33,000 MVAs; among other analyses, a case-control analysis was performed to
evaluate the potential contributions of various commonly prescribed medications to
crashes [25]. Fifteen drug classes (including NSAIDs and hypoglycemic agents)
were shown to confer statistically significant increased risk of MVA, and opioids
placed fourth in the rankings, with an odds ratio (OR) of 2.22. (Barbiturates ranked
first at OR 7.5, and antihistamines and non-narcotic antitussives also had an OR
greater than that of opioids. Opioids however conferred greater risk than anxiolytics
and anticonvulsants.)

State laws addressing the issue of driving under the influence of opioids (or other
nonalcoholic sedatives) vary tremendously and are beyond the scope of this book to
address. For greater detail, the reader is referred to the National Highway Traffic
Safety Administration’s 2009 report [26] on driving under the influence of drugs
(DUID). In general, laws addressing DUID can be categorized as those that:

* Require proof that drugs rendered a driver “incapable” of driving safely for
conviction.
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* Require proof that the drug impaired the driver’s ability to operate the vehicle
safely for conviction. These statutes generally carry language along the lines of
“under the influence of” or “affected by’ an intoxicating drug.

* Require only proof of a drug or metabolite in one’s body/body fluids while oper-
ating a motor vehicle for conviction. These statutes, also known as ‘“Zero toler-
ance” or “Per se” statutes exist in 17 states, covering 40% of all drivers in the
United States.

Five states (California, Colorado, Idaho, Kansas, and West Virginia) make it ille-
gal for any drug addict or habitual user of drugs to drive a vehicle in their States.

The Office of National Drug Control Policy and the Governors’ Highway Safety
Association have stated that they will encourage states to adopt “Zero tolerance/Per
se” statutes [27], which would almost certainly result in increasing convictions and
likely reduce the number of opioid-related MVAs, although this opinion is contested
by those who appeal to the data suggesting no significant impairment from appro-
priately used opioid prescriptions in tolerant individuals. In opposition to this stance
also are those who feel strongly that patients using opioids for legitimate chronic
pain reasons are at risk of having substantial personal liberties and functionality/
productivity compromised.

The proverbial “rock and hard place” of opioid prescribing may pose no greater
dilemma than that of this arena, where personal liberties and frequently necessary
transportation must be balanced with public (and individual) safety. Barring clear
evidence of intoxication/impairment at an encounter (or perhaps by third-party
report), the prescriber is not generally in a position to render judgment on a patient’s
capacity to safely operate a vehicle (or other machinery). The prescriber, however,
like it or not, is the best authority on the pharmacokinetics and pharmacodynamics
of the drug prescribed as well as the salient risk factors of the patient (e.g., underly-
ing cognitive deficit, sleep architecture disruption, concurrent medications). Sparse
and conflicting data aside, the prescriber must in every situation first advise the
patient that opioids are generally pro-somnolent, may impair reflexes and judgment,
may decrease concentration, etc. All patients receiving an opioid prescription should
be counseled:

* Not to drive under the sedative effects of the opioid prescribed, nor any other
substance. In general, it is advisable to refrain from driving for at least 3—5 days
while adjusting to a new drug or dosage.

* Not to use any other CNS depressants (including alcohol, marijuana, antihista-
mines, etc.) without the express authorization of the physician.

* To immediately report whether they are experiencing sedation/unsteadiness/cog-
nitive decline, so that urgent workup and/or a reduction/modification in dosage
can be initiated.

Second, while not ultimately responsible for the actions of the patient, the
prescriber is responsible for the prescription and must determine when opioid
prescription harms outweigh benefit—bearing in mind no greater potential harm
exists than that of an impaired vehicle operator. A corollary to this principle is
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the moral and ethical (and increasingly legal) duty of the physician to report
potentially impaired drivers. The American Medical Association’s Code of
Medical Ethics clearly documents the physician’s responsibility “to recognize
impairments in patients’ driving ability that pose a strong threat to public safety
and which ultimately may need to be reported to the Department of Motor
Vehicles” [28], and case law in many courts has upheld the physician’s “duty to
protect” [29]. Many states have mandatory reporting laws requiring physicians to
report either specific medical conditions (e.g., epilepsy, dementia) or other fac-
tors that may impair driving to the Department of Motor Vehicles. Physicians
have been held liable for civil damages for failing to disclose this information,
and on the other hand, concerns exist for allegations of breach of confidentiality.
In general, legal immunity for reporting applies, but the onus of keeping abreast
of these rapidly changing issues falls on the prescriber. The AMA and NHTSA
have provided a resource for exploring these requirements state-by-state [30],
and prescribers may also inquire with their specific state agency.

Eugeroics and Stimulants

Some providers favor the use of wakefulness-promoting agents (e.g., modafinil,
armodafinil, or traditional psychostimulants) to counteract the sedative effects of
opioids. At present, there are no policies nor guidelines addressing this issue.
Outside the context of palliative care, it is the author’s opinion that excess sedation
caused (or contributed to) by opioids is best addressed by careful evaluation for
other potential contributors (e.g., sleep deprivation from poor sleep hygiene,
obstructive sleep apnea) and by reducing opioid burden.

Bowel Hygiene Agents

Given the ubiquitous complication/adverse effect of constipation, bowel hygiene
should always be addressed with the patient. Plentiful hydration and a diet rich
in fiber should be encouraged; many patients are unaware of the importance of
these basic measures and their importance for overall health. Stool softeners
(e.g., docusate) and/or osmotic agents such as polyethylene glycol are first-line
agents to prevent or treat constipation. Magnesium compounds are often an
effective and benign means of treating constipation and carry the additional ben-
efit of analgesic efficacy for many neuropathic conditions. Stimulant laxatives
are generally not advisable, certainly not for prolonged use. Newer prescription
agents (e.g., lubiprostone, peripheral mu-receptor antagonists) are discussed in
greater detail in Chap. 3.
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Naloxone Prescription

The idea of prescription of naloxone for opioid overdose prophylaxis (bystander
Narcan) has been a recent and contentious development in our society but appears
to be gaining political and professional traction with widespread adoption over the
past few years. Proponents offer the plausible argument that a simple and inexpen-
sive naloxone delivery mechanism (whether nasal spray or auto-injector) may save
a life. Indeed, a considerable and growing body of case reports around the country
and the world supports this position [31, 32]. Opponents claim that similar to “clean
needle programs,” Community Narcan programs/publicity and naloxone prescrip-
tion will result in reduced caution among opioid users and only lead to greater
dependence and abuse issues. Regardless of the personal opinion of the prescriber
on the matter, it appears that the co-prescription of naloxone with moderate to high-
dose opioid therapy (or in cases of heroin addiction) is here to stay, and the recent
CDC guidelines [8] recommend prescription of naloxone whenever opioid prescrip-
tion exceeds SOMME.

Rotation and Holidays

Various strategies exist to combat tolerance to analgesic effects from chronic opioid
use, including dose escalation, rotation of agents, and holidays. In the author’s opin-
ion, the current twin epidemics of chronic pain and opioid misuse/abuse/depen-
dence bear witness to the failure of the former approach.

Rotation is a time-honored concept and strategy in attempting to optimize the
efficacy of opioid therapy and also reduce dose escalation and adverse effects.
While the mechanisms underlying the purported benefit of this technique are not
yet fully elucidated (and may never be), factors that may explain the apparent
benefit include [33]:

e Incomplete cross-tolerance
e Pharmacogenetic variation
e Drug-drug interactions

These same factors may also confer increased risk/harm when rotating opioid
agents.

Equianalgesic tables have been widely published over the past 2 decades in an
attempt to help clinicians determine safe and effective comparable doses of various
opioid agents. They are limited by highly variable data, likely owing in part to inter-
subject variations in pharmacogenetics and P450 interactions, and tolerance and as
such must be interpreted with caution. A general rule of thumb when rotating agents
is to reduce the “equianalgesic dose” by 25% to 50% upon initial conversion. Other
considerations include age and organ dysfunction on varying mechanisms of
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metabolism and clearance, cardiopulmonary vulnerabilities, and predisposition to
abuse and addiction [34].

Intermittent holidays serve to reduce tolerance and also potentially reduce an
opioid-hyperalgesic state. Opioid weaning accomplishes the same benefits in many
cases. In the author’s experience, taking a few minutes to explain the phenomena of
tolerance and hyperalgesia, and the goal of restricting consumption to “recalibrate
the brain” and improve pain control is almost always well received.

Summary

The past two decades have taught us that opioid prescription is more fraught with
difficulties and negative consequences than was appreciated at the outset of the
opioid epidemic. Failure on the part of physicians and mid-level practitioners to fol-
low best practices (and in some cases the law) is unarguably a significant contribu-
tor to this crisis. Opioid prescription is governed at a professional level by guidelines
and standards of care established to protect individual patients. At a societal level,
both state and federal government have developed laws regarding opioid prescrip-
tion to minimize the risk of diversion while preserving the physician’s privilege of
providing these powerful medications to the right patients in the right manner.
Knowledge of, and compliance with federal and state law, and state medical board
rules is mandatory for anyone authorized by the Drug Enforcement Administration
to prescribe controlled substances, and standards of care for opioid prescription are
being increasingly influenced by national guidelines from professional societies and
agencies of the government.

The prescription of opioids for pain, whether acute or chronic, cancer or non-
cancer related, should always follow thorough evaluation of pain complaints and
comprise part of a comprehensive treatment plan involving other primary modali-
ties as applicable, with opioids as the adjunctive therapy. Opioid prescription should
always be considered a trial, with continuous assessment of efficacy in facilitating
functional goals and analgesia vs. adverse effects. This tentative approach of con-
stant reevaluation is necessitated by the low therapeutic window of these agents,
with increasing evidence of cumulative harms with long-term use as discussed in
previous chapters. A treatment agreement/opioid contract should be entered into,
with clear instructions as to patient responsibility for exclusive prescription by one
provider, compliance with the prescription and other clinic policies, safe use includ-
ing driving restrictions, safe storage, non-diversion, etc. Compliance and harms
monitoring should be observed, with random urine drug screens, pill counts, etc.
explained to the patient as a universal protocol for their safety and that of society.
An “exit strategy” should be discussed a priori. When harms outweigh benefits, or
if concern for diversion exists, discontinuing opioid therapy is necessary.
Consideration of referral to a board-certified pain specialist and/or an addictionolo-
gist may be warranted.
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The use of opioids in treating cancer pain is universally accepted and follows
similar principles, with aggressive monitoring for and treatment of pain complaints
recommended.

Finally, numerous other medicolegal issues surround the prescription of opioids
and are likely to increase in number and profile as public awareness of the opioid
epidemic grows. The issue of driving under the influence of opioids (and other pre-
scription medications) involves prescribers, like it or not, and places a significant
and sobering responsibility upon the physician/mid-level provider to exercise due
diligence in protecting the patient and society from impaired drivers. Recently, the
practice of prophylactic naloxone (“Community Narcan”) prescription has gained
momentum has been recommended by the CDC in their recent guidelines.
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Part IV
Focusing on the Host

“For that which I do I allow not: for what I would, that do I not; but what I hate, that do I...
for to will is present with me; but how to perform that which is good I find not... For the
good that I would I do not; but the evil which I would not, that I do.”

“Brethren, if a man be overtaken in a fault, ye which are spiritual, restore such an one in
the spirit of meekness; considering thyself, lest thou also be tempted.”

St. Paul, Letter to the Romans, Letter to the Galatians



Chapter 9
Addressing Host Factors: Overview
of Dependence and Addiction

A 26-year-old male presents to your practice with a complaint of low back pain
that he states has been troubling him for 8 years and which he attributes to
manual labor as a roofer and also a history of multiple motor vehicle accidents.
There are no radicular nor cauda equina symptoms. He states that physical
therapy has failed to benefit him as have NSAIDs and tramadol. He reports that
he has been using hydrocodone-acetaminophen products for the past 5 years,
currently using eight 10/325 tablets daily and that this is the only therapy that
“works for him” and allows him to remain functional as a roofer. He is a
smoker and admits to two to three beers per evening. Upon further questioning
he admits to regular use of marijuana as well. Family history is remarkable for
a “bad back™ in his father, who underwent several spine operations in his 40s
and 50s. Review of systems is positive for insomnia and constipation. Review
of the PDMP shows multiple hydrocodone prescriptions by various providers,
mostly emergency room physicians, filled at various pharmacies.

On exam he is well-developed, well-nourished, alert, and oriented x4. Vital
signs are T99.5, HR 108, BP 166/98, RR 18. Pupils are 8 mm. There are no
fresh punctate wounds nor tracks, and he exhibits no stereotypic stimulant
behaviors. He is without any obvious neurologic deficits. His lumbar spine
ROM is limited in flexion and extension by pain, and there is obvious thora-
columbar myospasm. Straight leg raise is negative bilaterally, as are Kemp’s
and Patrick’s maneuvers.

He requests that you prescribe him “240 ‘hydros’ for the month.”
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Introduction

We turn our analysis now to the final component of the classic epidemiologic tri-
angle, and that which is arguably the most complex, as well as the most important:
the host. In the arena of infectious disease epidemiology and public health efforts,
attempts to intervene upon the agent itself are generally of very limited utility; simi-
larly, while alteration of opioid agents (the subject of Chap. 5) has shifted abuse
patterns, we have not seen concomitant decrease in consumption, misuse/abuse, or
adverse consequences. Vecfor modification (e.g., reduction of mosquito popula-
tions) has borne some success in certain disease reduction efforts; similarly, modi-
fication of prescriber practices may be fruitful by certain metrics (e.g., reduced
methadone overdose). The overall data however are not as encouraging; opioid
death rates increased by 15.6% from 2014 to 2015 and surpassed 33,000 deaths in
2015 [1]. While “street drugs” (heroin and illicitly manufactured fentanyl) were
responsible for most of the increase, abuse of prescription opioids has not declined
significantly (with possible increase over the past year) and furthermore continues
to elicit concern as a “gateway” to heroin, etc. (Fig. 9.1).

Regardless of the source and structure of the opioid involved, it is clear that
efforts to date (e.g., nearly $29 billion federal monies spent in 2015, with $31 billion
earmarked in 2017 [2]) have not yet been sufficient to turn the tide.

Overdose Deaths Involving Opioids, by Type of Opioid,
United States, 2000-2015
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Fig. 9.1 US opioid deaths, 2000-2015. Source: CDC/NCHS, National Vital Statistics System,
Mortality. CDC WONDER, Atlanta, GA: US Department of Health and Human Services, CDC;
2016. https://wonder.cdc.gov
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It is the author’s contention that, as with other historically significant epidemics,
success in reversing the grim and rising toll of opioid morbidity and mortality will
come only with alteration of host factors including vulnerability and exposure
behaviors. Despite modern-era elucidation of agent factors (e.g., mutations in influ-
enza strains rendering them exponentially more capable of ravaging vulnerable
populations) as key determinants of infectious organism pathogenicity/virulence,
current evidence suggests that exclusive focus on the agent is antiquated and reduc-
tionist. Our understanding of the complex interactions between host and agent has
grown to include an appreciation for the commensal if not even symbiotic relationship
between many microorganisms and human beings, and diminution of host resis-
tance is known to be a key element in the balance between health and disease.

In the area of opioid misuse and abuse, host vulnerability to the agent rather than
agent virulence may represent the more important area of focus given that we remain
largely reliant upon (appropriate) therapeutic opioid use for the control of much
severe and acute pain. Dr. Sydenham’s recently often-quoted applause of opiates:

And here I cannot but break out in praise of the great God, the Giver of all good things, who
hath granted to the human race, as a comfort in their afflictions, no medicine of the value of
opium, either in regard to the number of diseases that it can control, or its efficiency in
extirpating them. [3]

remains admissible today. Until safer means analgesic means of similar potency
(and broad spectrum) become widely available, the judicious application of mu-
agonists remains inevitable for the effective treatment of acute pain. As such, adap-
tation of the host to enable containment and control of the agent is of the essence
(Fig. 9.2).

<

Fig. 9.2 Epidemiologic triangle
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The propagation of an infectious epidemic is retarded when exposure of vulner-
able hosts to the agent falls below a certain threshold rate, and the epidemic itself is
eliminated with the eventual development of resistance or immunity within the
population. Historically the pressures of natural selection within these dynamics
have been the sole mediator of adaptation and survival; more recently within human
history, we have been able to engineer immunity with vaccinations, etc. While
immunity in the form of long-term mu-opioid receptor blockade by depot naltrex-
one (or occupancy by buprenorphine) is currently state-of-the-art prevention, the
development of a literal “vaccine” for opioids has been contemplated and even
explored [4]. Such measures however are not without their disadvantages, as might
be expected from disruption of natural processes with the complexity/ubiquity of
the endogenous opioid system. One of the more immediate and obvious conse-
quences of such a strategy, well known now to trauma and perioperative practitio-
ners is the marked difficulty conferred by such pharmacologic constraints upon
acute pain control. Furthermore, as suggested by the apparent trend away from pre-
scription opioids to heroin attributed to agent/vector modification, restriction of mu-
agonist efficacy may only serve to drive a shift in “drug of choice” away from
opioids to other substances capable of eliciting similar reward-seeking behavior.

Cultivating control and containment over perceived “appropriate requirement” for
opioid analgesia, i.e., pain, (and certainly over inappropriate euphoric or other mood-
affecting properties) is critical to overcoming dependence and addiction individually
and arguably at a societal level as well. This effort is arguably also the most salient
(and collectively overlooked) province toward which medical and public health
endeavor should be directed. As discussed in Chap. 1, a critical and assumed ingredi-
ent in a population’s effort to end an epidemic is the inherent desire of the vulnerable
population to avoid the agent. Unfortunately in the case of addiction, rational self-
preservation instincts are surrendered or are conquered by the overwhelming compul-
sion to seek the addictive substance (or activity) regardless of the results. What
renders some hosts more vulnerable than others to such compulsion for inappropriate
or even uncontrolled use is a key question, explored in greater detail in Chap. 10.

Outcome Definitions

The attention of the nation, and that of policymakers both governmental and profes-
sional, has been upon overdoses. Defining outcome variables is of course important
in any scientific analysis, and failure to clearly delineate such renders investigation
and conclusions empirical. Quantifiable metrics such as emergency room overdose
visits and deaths attributable to opioids provide some means of attempting to track
the efficacy of interventions, but comprise only the tip of the proverbial iceberg.
While overdoses certainly occur in the opioid-naive, underlying these outcomes is a
much more prevalent problem of opioid dependence and addiction that is not only
driving mortality figures but also confers tremendous morbidity physically, psycho-
logically, spiritually, relationally, and societally.



Outcome Definitions 211

There are significant difficulties involved in attempting to investigate depen-
dence and addiction. Descriptive statistics, let alone analyses are hampered by the
challenges of a broad spectrum of “subclinical” illness, lack of criteria consensus,
and insensitive instruments for identifying the conditions, to name a few.

As discussed in Chap. 3, by most commonly accepted definitions, the state
described as opioid dependence involves recurrent use, withdrawal phenomena, and
behavioral components including desire/unsuccessful attempts to quit, effort
expended in pursuit of opioids, etc. Addiction is a term currently again deliberately
avoided by the American Psychiatric Association (and the World Health
Organization) yet commonly used in the scientific community (e.g., NIDA) to
describe “compulsive drug seeking despite negative consequences.” As discussed
previously, the trend is currently away from the attempted specificity of categorical
variables and toward the sensitivity of a continuum, and the DSM-5 has recently
described a spectrum of opioid use disorder (OUD) that “includes signs and symp-
toms that reflect compulsive, prolonged self-administration of opioid substances
that are used for no legitimate medical purpose or, if another medical condition is
present that requires opioid treatment, that are used in doses greatly in excess of the
amount needed for that medical condition” [5]. Four main “symptom clusters”
within the current substance use disorder framework include impaired control, risky
use, social problems, and physical effects such as tolerance and withdrawal.

Pseudoaddiction is a concept/term not considered previously in this book, which
was originally coined in 1989 [6] and gathered some support within the pain man-
agement community while failing to gain recognition and acceptance by the greater
medical and psychiatric communities. The concept proposes in essence that inade-
quately treated pain can cause individuals to escalate pain behaviors in order to
acquire more opioids. The only real distinction between pseudoaddiction and true
addiction in this paradigm is whether the patient cites pain or euphoria-seeking as
the reason for opioid-seeking and whether they correspondingly attribute cessation
of aberrant drug-related behaviors and opioid misuse after subjective report of pain
relief. The difficulties in this theoretical construct (including lack of any scientific
basis, plentiful pharmacologic industry support for the reports) have been objec-
tively criticized in recent publications [7-9].

Common to this continuum (dependence, “pseudoaddiction,” addiction) is the
disordered behavioral state the American Psychiatric Association describes as
“compulsive, prolonged self-administration.” Whether the primary underlying
motivation is a relief from physical or mental suffering or merely pleasure-seeking,
failure to exercise control over powerful impulses and desires characterizes
OUD. Regardless of the outcome variable chosen, at the heart of the opioid epi-
demic lies loss of control. This final section of the book is concerned with prevent-
ing that loss of control or reinstating lost control to the habituated user. While
addictionology comprises a very small part if any of the most clinicians’ practices,
growing appreciation of the hitherto unrecognized prevalence (and incidence) of
substance use disorders should motivate physicians in all fields to, at the very least,
familiarize themselves with the basic issues at hand, especially in the era of heavy-
handed pharmacotherapy. Certain fields more than others share overlap with the
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domain of addictionology and also carry increased liability for iatrogenic facilita-
tion of addiction. It is assumed that the self-selected audience of this book falls
within this latter category, and as such, this entire chapter is devoted to presenting a
hopefully comprehensive yet concise clinical framework of addiction theory.

Overview of Addiction

West and Brown [10] define addiction as “a chronic condition in which there is a
repeated powerful motivation to engage in a rewarding behavior, acquired as a result
of engaging in that behavior, that has significant potential for unintended harm.”
This elegant definition has shed some of the conventional thought and language
concerning addiction (e.g., unsuccessful desire to disengage from the behavior,
which may or may not be present; use despite significant harm and loss, which may
or may not occur) and as such is more applicable to the spectrum of OUD that has
traditionally fallen outside that rubric. As mentioned above, we will use the lan-
guage of addictionology within the brief survey presented below to encompass this
expanded scope and hopefully inform better care across the spectrum of severity. At
the outset of this discussion, we will present some commonly observed cardinal
features/characteristics of addiction pertinent to both preventive and therapeutic
efforts, followed by some basic clinical and public health questions framed around
these and related phenomena.

Finally, a survey of addiction theories and models is presented. Most of these
theories and models generally exhibit fairly unidimensional foci (e.g., moral failure,
genetic predisposition, dysregulation of mesolimbic dopaminergic activity, social
learning). While many do not lend themselves well to a systematic organization, in
general they have historically been categorized into moral/spiritual, disease, and
learning models. At the heart of the controversies about addiction lies the issue of
control, and the (possibly oversimplistic) question of whether choice or compulsion
drives the initiation and perpetuation of these behaviors; the complexities of human
behavior and the very definition of “choice” (or compulsion) itself render it unlikely
that a clear-cut answer will ever be arrived at. There is a growing sense that both
may be true, just as light is both particle and wave.

In this chapter we will follow the general outline of models based on choice vs.
compulsion and attempt to frame major theories within the context of these two
opposing viewpoints as applicable. Integrated into the section on condition/learning
is a brief discussion of the observation that addiction generally follows a biphasic
course of positive reinforcement/reward followed by negative reinforcement (with-
drawal phenomena) which to many forms a bridge or transition between the bipolar
constructs of choice vs. compulsion. More recently, social and system models have
been proposed and are briefly introduced as well, as they are certainly germane to
public health if not individual prevention efforts. The chapter concludes with con-
sideration of the complex phenomenon of motivation as a critical consideration in
the analysis and prevention/treatment of OUD.
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Cardinal Phenomena of Addiction and Related Questions

To date, there has never been a reported case of congenital addiction. Whether or not
the condition is heritable or latent may be debated until the end of time, but it is clear
that an initial exposure initiates the process. While outliers of truly forcible exposure
(not mere “peer pressure”’) undoubtedly exist, for the most part this introduction to
the substance follows a conscious decision, often facilitated by some perceived well-
being deficit, whether pain, emotional distress, or simply boredom. Not everyone
exposed, however, whether once or repetitively, goes on to develop dependence and
addiction. Despite multiple substances with addictive potential, people furthermore
generally seek out and develop a dependence upon a “drug of choice” or a limited
combination thereof (e.g., alcohol and tobacco, or opioids and benzodiazepines).

In those in whom addiction develops, a well-documented progression from a
“positive” reward-chasing cycle to one of “negative” pursuit of the habituated sub-
stance to avoid withdrawal phenomena exists. During the initial reward-mediated
phase, powerful cravings for the substance generally develop that are inversely pro-
portional to an inevitable experience of diminishing returns. This satisfaction-
resistant drive supersedes/subjugates all others, and the pursuit of the substance
becomes singular at the expense of all other goals and priorities. Ultimately (some-
times within a very short period) the switch to negative reinforcement occurs, medi-
ated by powerful withdrawal symptoms both psychological and physical, and
avoidance of this discomfort becomes the primary motivating factor. More often than
not, the individual struggles with this increasing captivity and makes efforts to resist
and desist to some degree. Relapse after varying periods of sobriety is common.

Questions to consider include:

e What makes some people more prone than others to develop addiction?

*  Why do youth appear to be disproportionately vulnerable?

e What are the psychological processes (and risk factors) involved in the develop-
ment and maintenance of addiction?

e What are the neurobiological processes (and risk factors) involved in the devel-
opment and maintenance of addiction?

e What are the social processes (and risk factors) involved in the development and
maintenance of addiction?

e How much overlap is there between choice and compulsion in the development
and maintenance of addiction?

e How much common ground do the many apparent distinct “pathways to addic-
tion” including different initial motivations, different substances, different bio-
chemical/genetic profiles, etc. share?

e Are we doing enough to educate individual patients or the populace as a whole
about the manifold dangers of addiction?

e What motivates people to succumb to addictive behavior?

e How do we help confer resistance/immunity to addiction?

e How do we best intervene when addiction has developed? Is there a single best
approach or multiple options best tailored to individual situations?
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Addiction Theories and Models: Choice

The viewpoint of addiction in the West was dominated by choice models up until the
latter part of the twentieth century. Until modern era tobacco-related mortality (cou-
pled with its ubiquity—there are 33 million daily American tobacco users in 2014
vs. 16 million “heavy” alcohol users [11]) commandeered public health attention
and monies, alcoholism has historically served as the prototypical and most studied
addiction. Excessive use of alcohol has been viewed as aberrant since antiquity,
with recognition of adverse physical health consequences as well as relational and
societal damage documented for millennia in the Hebrew Scriptures and other
sacred texts. The prevalent spiritual/religious influence on human behavior in most
pre-industrial societies was generally associated with a viewpoint on behavioral
excesses in general as immoral and deliberately defiant of a Divinely prescribed
order. Inherent in that transgression is the concept of choice.

Choice in common parlance involves an independent decision free of predeter-
mination or constraint. It exemplifies the concept of free will and an internal locus
of control. Choice is not necessarily at odds with habituation nor indeed with vul-
nerability nor predisposition to certain behavioral patterns. It does not imply ratio-
nal/logical thought nor self-interest.

The determination of whether decisions or behaviors are rational or irrational
depends of course upon the definition of those terms and concepts. Closely linked
with this evaluation is whether the party rendering such judgment appeals to an
external comparison standard of good/best/right and whether that comparison stan-
dard is absolute or relative. Relevant questions include:

e Does rational choice require full comprehension of risks, benefits, and
alternatives?

e How can such comprehension be determined/does simple verbal assent really
signify understanding?

e Is the standard the highest good of the individual or that of their local or larger
society?

e Does highest good mean absolute absence of negative/harmful actions or the
“best we can do/lesser of two evils” in terms of balancing competing benefits and
harms?

e Does highest good entail conformity/compliance with an external code of
behavior?

Some thought leaders (and certainly a multitude of individual users) take the
position that substance abuse and dependence/addiction may in certain situations be
adaptive rather than maladaptive. Addiction models mirroring this stance propose
that underlying the behavior lies a rational choice to escape from/self-medicate
physical or emotional pain, stress and anxiety, concentration/resolve difficulties,
angst, or simple boredom. Again, such calculated decisions do not necessarily
reflect a fully informed position nor one accurately weighing the relative cost of
future consequences against current perceived needs. The etymologic origin of the
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word rational however stems from the Latin ratio, involving a reckoning/calculat-
ing, and thus to be true to the language, any decision weighing pros and cons is
technically rational, regardless of the scope of information considered or the degree
of foresight involved.

The traditional (and general current consensus) viewpoint however is that the
unregulated behavior of addiction in general, and in the context of this book, opioid
use disorder specifically is irrational. Individual adverse effects abound as discussed
in Chap. 3, and addiction almost universally results in harm to the addict’s wider
psychosocial context as well, including strained family and societal relationships,
loss of productivity, and criminal issues. Most consensus definitions of addiction
have invariably included compromise of these arenas; the current DSM-5 substance
use disorder social impairment category [5] includes:

» Repeatedly unable to carry out major obligations at work, school, or home due to
substance use

* Continued use despite persistent or recurring social or interpersonal problems
caused or made worse by substance use

» Stopping or reducing important social, occupational, or recreational activities
due to substance use

Among its criteria, all are generally deemed irrational by both professional and lay
communities. In Dr. Jim Orford’s words, addiction “spoils many lives, and often
shortens them” [12].

Choice models recognize a continuum of impaired decision-making generally
beginning with initial experimentation and frequent underestimation of the addic-
tive potential of the substance in question. At this stage, prior to the development of
habit or compulsion, regardless of the latitude of behavioral and biologic philoso-
phy, it is patently difficult to attribute use to anything but choice.

During the reward-seeking phase of addiction, in which ongoing and generally
increasing use is reinforced by “positive” but diminishing effect, it is similarly dif-
ficult to refute the element of choice without essentially denying the human capac-
ity/function of the will, despite the presence of potentially overwhelming desire and
craving. Craving may be simply a matter of unregulated, “excessive appetite” [12]
although it is, as alluded to above, an “acquired taste” reinforced by psychological
conditioning and neural adaptation [13]. During this period there is a transition from
“unstable preferences” [14] in competition with each other to solidification of pur-
pose with ascension of the addictive pursuit to supremacy. The degree to which
conflicting desires and ideology exert opposition is as unique as each individual and
is based on varying levels of information, worldview and conviction, relevance and
potency of competing motives (in many cases “I’ve got too much to lose” is suffi-
cient disincentive), etc. Numerous neurobiological processes and adaptations are at
work during this period as well, as discussed in greater detail later. Regardless of the
relative inputs and interface between the biologic/physical and the psychologic/
metaphysical, decision-making and choice play a paramount role in indulgence vs.
abstinence and in the progression vs. abatement of addiction.
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Addiction as Learned Behavior

There is no doubt that conditioning forms an essential part of the addictive process.
There is much disagreement (as with most aspects of addiction) as to whether such
learning/behavioral habituation represents compulsion or choice. While many
regard conditioning as an ever-increasing state of helplessness, it clearly involves
reinforcement of volitional behaviors and as such these models are considered
under the rubric of addiction as choice in this survey.

Reinforcement of behavior is generally considered to occur as a result of direct
pairing of a stimulus with a positive or negative response in the memory of the
learner. This instrumental or operant conditioning is at the heart of habit formation
and transcends the conscious/unconscious barrier, as evidenced by people lighting
up a cigarette without even realizing it. Classical (Pavlovian) conditioning, whereby
a secondary stimulus (e.g., Pavlov’s bell or a particular setting) becomes associated
with the primary stimulus (e.g., meat or drug use), is well known to scientists, clini-
cians, and lay counselors alike to play a powerful role in addiction development and
maintenance. These cues (e.g., “people, places, things” in the Alcoholics Anonymous
lingo) often generally operate at the level of the subconscious and may well develop
greater motivational power than the substance itself, especially as tolerance to the
substance builds. The incentive sensitization theory formulated by Robinson and
Berridge [15, 16] recognizes a distinction between wanting the substance vs. liking
it, especially as time progresses and the reward diminishes, yet desire increases.
This increasing “incentive salience” is postulated as underlying the overpowering
cravings for the substance that develop despite waning positive reinforcement.

The well-known and consistent phenomenon of progression from a positive rein-
forcement-/reward-driven state to one of negative reinforcement avoidance involves
“macro-level” psychobiological adaptations that presumably occur in concert with
“micro-level” conditioning. Neurobiological correlates (and their ever-evolving
nature) thought to be associated with this transition are discussed below; from a
broader theoretical perspective, the opponent process theory of Solomon and Corbit
[17] has been widely adapted to the field of addictionology. In general this theory
proposes that highly pleasurable (or unpleasant) experiences generate an antagonis-
tic or opponent response to restore emotional homeostasis; over time, desensitiza-
tion to the initial stimulus occurs while the strength and duration of the opposing
force appears to increase. In the context of addiction, tolerance and/or other mecha-
nisms reduce the positive reinforcement; however, both physical and psychological
withdrawal (opponent processes) gain increasing motivational power. Koob and Le
Moal added to this general framework with their allostatic theory, postulating that a
“chronic deviation of reward threshold” [18] occurs as a result of both decrease in
reward sensitivity with repeated exposure and an augmented reactionary hormonal
stress response. This altered hedonic threshold drives further drug-seeking not so
much to achieve pleasure any longer but rather in an attempt to return to baseline.
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Addiction as a Spiritual/Religious Problem

Spiritual/religious models for the most part fall under the (irrational) choice rubric
as well. Inherently irrational deviation from an absolute (or even relative) standard
of good/right behavior defines this perspective. It is an overly simplistic and ill-
informed criticism of spiritual/religious models however to characterize them
across the board as pure choice models prescribing improved willpower as the
solution to overcoming addictive or other maladaptive behaviors. The widely
acclaimed 12-step model introduced by Alcoholics Anonymous in the 1930s begins
with the famous “I have a problem” confession (We admitted we were powerless
over alcohol—that our lives had become unmanageable [19]) and is much more
congruent (as is the quote from St. Paul gracing the Part heading) with an under-
standing of solidified behavior patterns that have escaped the control of the indi-
vidual. “Voluntary slavery” as described by Welch [20] describes a potency of
compulsion at least equal to that of any biologic model and furthermore carries a
more broad theoretical construct invoking the possibility of external control hear-
kening back to Martin Luther [21], St. Augustine [22], and holy writings centuries
older than that.

The defining characteristic of spiritual/religious models is a deviation from
right, not just choice. Many of these models recognize (and have helped draw atten-
tion to) the progressive loss of control. Key foci also include values and motivation
(increasing in popularity both within addiction theory as well as therapeutic
approaches). Addiction is often conceptualized in terms of a suboptimal attempt to
meet valid needs/fill a void and in some paradigms even an aberrant form of wor-
ship [20, 23].

Addiction Theories and Models: Compulsion

As with choice, what comprises compulsion is hazy and fluid. Collins Dictionary of
Law [24] defines compulsion as “the forcible inducement to act.” In the legal arena,
this generally indicates that significant threat to the individual’s life or well-being is
under exercise by an external source. Such extremis, of course, rarely applies to the
realm of psychology and behavioral disorders, and Oxford’s “softer” definition
[25]—"an irresistible urge to behave in a certain way, especially against one’s con-
scious wishes”—encompasses reasonable pressures exerted upon the psyche by
internal forces (not exclusive of external influence).

The underlying thesis of compulsion models is that powerful psychobiological
forces drive the addicted (and in some models, even the naive but genetically
predisposed) individual to engage in repetitive and uncontrolled behaviors over
which they have lost control, if ever they possessed it.
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Introduction to Biologic/Disease Models

The current addictionology landscape is dominated by the viewpoint that addiction
is a medical illness caused (or at least explainable) by perturbations of normal
cerebral function. While not equivalent concepts, these terms “disease model” and
“biologic model” are used jointly/interchangeably throughout this book to refer to
the evolving concept that addiction is the result of functional or even structural
abnormalities within the brain. Observations regarding the similarity of alcoholism
to other known disease states began to find expression in the nineteenth century
[26-28], but it was not until the American Medical Association’s House of
Delegates in 1956 first declared alcoholism an “illness” [29] (subsequently label-
ing it a “disease” in 1966) that the door opened to a gradual and widespread recon-
ceptualization of addiction among the medical and scientific communities.
Supporters of this viewpoint drew attention to the fact that alcoholism exhibits a
well-defined pattern of symptoms (and sequelae), with a generally chronic and
progressive course, and may be treatable although shows significant vulnerability
to relapse. The most notorious proponent of the alcoholism-as-disease theory was
E.M. Jellinek, whose landmark treatise “The Disease Concept of Alcoholism” [30]
in 1960 is still widely credited with bringing this theory into its current place of
prominence. Jellinek’s work and even credentials however have fallen into disre-
pute lately as it appears that much of both were fabricated, and there are allegations
that much of his published data were heavily biased and influenced by third party
agendas [31-34].

Regardless of the veracity or reliability of Jellinek’s work and construct, the
disease model’s ascension to prominence has facilitated considerable scientific and
medical research, shedding light on neurobiologic substrates and genetic expres-
sions that appear to be associated with increased addictive behaviors.

Genetic Models

Some of the earliest evidence suggesting a biologic basis for addiction arose from
observations that predisposition (and in extreme cases predetermination) to addic-
tion is heritable. Clustering of behavior patterns within families and apparent pres-
ervation of the association despite early overhaul of the environment, e.g., adoption
of the offspring by non-addicted parents, led to the hypothesis of a genetic vulner-
ability to addiction.

The explosive advances in DNA sequencing technology over the past three
decades have facilitated the identification of numerous genes associated with sub-
stance use disorders and dependence/addiction including the well-studied DATI
gene (encoding the dopamine transporter), polymorphisms of which have been
linked to numerous pathologic states involving dopaminergism including condi-
tions as diverse as alcoholism, Parkinson’s disease, and schizophrenia [35]. Several
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Fig. 9.3 Reward and addiction pathways in the brain. SNc, substantia nigra; VTA, ventral tegmen-
tal area. Reprinted from Arias-Carrién O, Stamelou M, Murillo-Rodriguez E, Menéndez-Gonzalez
M, Poppel E. Dopaminergic reward system: a short integrative review. International Archives of
Medicine 2010, 3:24. © Arias-Carrion et al. 2010. http://www.biomedcentral.com/1755-
7682/3/24/, CC BY 3.0, https://commons.wikimedia.org/w/index.php?curid=44695433

other allelic variants encoding various dopamine receptor and metabolic function
including the ANKKI gene TaqlAl variant [LAWF1, MOY1], the DRD2 gene
rs6277 variant [36], and the DBH gene rs1611115 variant [37] have all been associ-
ated with opioid and other substance use disorders.

Numerous covariates exist of course, and given the complexities of the subject,
it is entirely conceivable that currently identified (or as of yet undiscovered) candi-
date biomarkers/genes themselves are confounders. Recent discoveries of exposure-
related differential transcription factor activity (e.g., AFosB) and epigenetic
influences are discussed below (Fig. 9.3).

The Dopamine Theory

As introduced in Chap. 5, the past two decades of addiction neurobiology research
suggested a central role for dopamine (DA) and dopaminergic neurons within the
ventral tegmental area (VTA) of the midbrain. VTA dopaminergic neurons project
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superiorly along the medial forebrain bundle (nicknamed the “hedonic highway”) to
various limbic and executive areas including the:

e Amygdala: Within the temporal lobe, this limbic structure is involved in emo-
tional processing and memory.

o Ventral striatum (nucleus accumbens, NAc): This basal ganglia structure is held
to be the central region mediating motivation for pursuing rewarding substances
or activities. The pathway between VTA and NAc is known as the mesolimbic
pathway (shown in green in Fig. 9.3) and has long been held to be the key link in
natural and exogenous reward/reinforcement and addiction. Recently it has been
shown that the NAc consists of two anatomic/functional subunits, the shell and
the core, which exercise differing responses to stimuli including dopaminergism.

» Anterior cingulate cortex: This paralimbic region is involved in the anticipation
of reward and plays a key role in integrating emotions with painful stimuli as
well.

e Prefrontal cortex (PFC): This “executive center” of the brain is involved in
decision-making based on integration of sensory and limbic inputs as well as
memory and is thought to be a critical area for reinforcing drug effects.

Until recently, the theory that mesolimbic DA activity is responsible for both
hedonic conditioning and also the development of dependence to virtually all addic-
tive substances/pleasurable activities [38—40] has reigned unchallenged within the
neuropsychiatric arena, and highlights of its development are presented herein. This
common dopaminergic pathway has been implicated in the development of addic-
tion to substances with activities as divergent as the profound stimulants cocaine
and methamphetamines as well as sedative/depressant drugs such as alcohol, ben-
zodiazepines and barbiturates, and opioids. The former have been thought to induce
reward primarily by direct increases (induced release or reuptake inhibition) within
the NAc, with the latter exerting an indirect effect via depression of VTA gamma
amino butyric acid (GABA)-mediated inhibition of NAc dopaminergism [41, 42].

Intracerebral administration of DA agonists in rodent models results in reward-
seeking behavior including self-administration and conditioned place preference
[43-46]. Conversely, cerebral (or systemic) DA antagonism in multiple species
including humans results in aversive behaviors [47—49]. As discussed in Chap. 5,
evidence for the centrality of the VTA in opioid dependence specifically is also both
positive (intra-VTA opioid administration induces reward-seeking behaviors in
rodents [50-53]) and negative (intra-VTA opioid antagonists or genetic MOR
knockout results in loss of these behaviors [54, 55]).

Beyond simply mediating reward, dopaminergic activity has been postulated to
underlie incentive salience and the development of cravings, conditioning, motiva-
tional changes, impaired control/inhibition, and tolerance [56]. The phenomenon of
classic conditioning has been linked to increased activity of DA in the striatum (as
well as cortical circuits associated with motivation and executive function) in
response to the conditioned stimulus (cue) also. Interestingly, in addicted (human)
subjects compared to controls, increases in DA as well as subjective reward are
significantly reduced with exposure to the drug but significantly increased with
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exposure to cues, beyond the original response to the unconditioned stimulus [56].
This apparent decreasing reward to the original addictive substance in the face of
increased incentive salience attributed to the cue may underlie an increasingly
unsatisfying yet frantic pursuit of the drug. This amplification of salience attribution
to anticipation may in effect reflect “addiction to the addiction.” A central role in
motivational phenomena has also been attributed to DA, with evidence of complex
dopaminergic interactions between several target regions, including NAc and the
anterior cingulate, orbitofrontal and dorsolateral prefrontal cortices, as well as the
amygdala, dorsal striatum, and ventral pallidum [56, 57].

The NAc itself has recently been shown to consist of two distinct anatomic
regions (shell and core) which appear to be differentially and complementarily
engaged in the reward circuit and motivational input. As of yet the complex indi-
vidual and joint functions of the structure are not well understood, but it appears that
the shell mediates value assignment/reward quantification to pleasurable stimuli,
whereas the core is more involved with goal-directed memory and learning/condi-
tioning and also “computational” motivation and decision-making with regard to
the pursuit of those stimuli [58, 59].

Chronic exposure to drugs of abuse appears to confer decreased DA receptor
density (especially the D2 receptor, DRD2) within the striatum [56, 60, 61] which
in turn appears to be associated with decreased DA activity within the cortical
regions [62—66]. It has been proposed that these widespread alterations collectively
result in compromise of inhibitory control/emotion regulation and decision-making
and loss of control. In addition, this reduced dopaminergism in the tolerant/depen-
dent state appears to confer diminishing substance-related reward as well as
decreased sensitivity to pleasurable stimuli overall [67-69] (congruent with the con-
cept of altered hedonic threshold) and may explain in part the general lassitude to
normal motivations/goals observed in addicts. Besides these perturbations in “posi-
tive”/reward mechanisms, “negative” adaptations involving apparent sensitization
to stress, at least that associated with withdrawal may be mediated in part by attenu-
ated DA responsiveness throughout the system [70, 71]. Analogous to (and conceiv-
ably even linked with) the distinct phenomena of tolerance and opioid-induced
hyperalgesia, these dual adaptations parallel and may underlie the shift from
pleasure-seeking to withdrawal avoidance.

Rethinking Dopamine

However, several recent lines of evidence indicate that there is far more to the neu-
robiologic picture than dopamine simply burning the imprint of pleasure/salience
onto the psyche/neural network. To quote Wanat [72], “the dopamine system is
associated with a diverse array of natural and appetitive behaviors... [and] likely
subserves various functions depending upon the anatomical location, context, and
duration of its release.” While almost certainly serving as “oil in the machine” of
addiction (to quote Koob quoting Fibiger [73]), dopamine’s role in learning and
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behavioral reinforcement is exceedingly complex, and the literature bears witness to
the ever-changing understanding of the interactions between (and even functions of)
different brain regions.

Not all NAc dopaminergism is rewarding; several agents (delta-opioid receptor
agonists, cholecystokinin, glial-derived neurotrophic factor) increase DA in the
NAc but do not result in reward-seeking behavior [74], and furthermore even the
administration of MOR antagonists sufficient to cause aversive behaviors also
results in NAc DA increases [75, 76]. There is also indication that opioid reinforce-
ment can occur in the absence of mesolimbic dopaminergism [77-80]. Interestingly,
dopaminergic neuronal activity in response to MOR agonism has been shown to
increase in anesthetized animals but decrease in awake animals [74]. Similarly,
MOR-mediated inhibition of reward-seeking by DA antagonism has been shown in
opioid-dependent rodents, whereas opioid-naive animals do not lose these behav-
iors [81]. In addition, stimulation of VTA dopaminergic neurons has been shown to
also result in release of other neurotransmitters including glutamate and GABA
[82-84].

Recent research has focused on differences between phasic versus tonic dopa-
mine release, with fair evidence linking the former to incentive salience and rein-
forcement learning, and alterations of the latter somehow involved in modulating
response [72, 85].

The counterintuitive recent discoveries of decreased striatal dopamine receptor
density and release in addicts [56, 60, 61, 86] have led to speculation (in the absence
of longitudinal data) that perhaps these perturbations were present a priori and rep-
resent a predisposing vulnerability rather than a cumulative drug effect [86].

Epigenetic activity likely plays a critical role as well, and while numerous mol-
ecules have been shown to alter relevant gene expression, the AFosB variant tran-
scription factor has received the most attention as a potential key player in the
development of addiction. This truncated moiety accumulates in various brain
regions including the NAc and frontal cortical regions in the context of chronic drug
use (and other repetitive pleasurable pursuits) and persists for weeks to months [87,
88]. Numerous drugs including amphetamines and methamphetamine, cocaine,
ethanol, nicotine, opioids, and D9-tetrahydrocannabinol have all been shown to
result in an increase in AFosB [88]. Animal subjects that express higher levels of
this variant show increased substance pursuit and drug effects, and it has been pro-
posed that AFosB acts as a “molecular switch” in the development and maintenance
of addiction [89, 90].

It bears mention that virtually all of the data associating AFosB have been pro-
vided by murine models, and thus extrapolation to human neurobiology is just that.
Furthermore, as discussed previously, whether these “biomarker” alterations repre-
sent etiologic mechanisms or merely indicators of other, yet undiscovered, pro-
cesses remains unclear. Nonetheless, our rapidly increasing understanding of how
environmental factors affect and even regulate genetic expression should serve to
remind all parties to the discussion of addiction that the old adage “nature and nur-
ture” likely holds true at every level of human experience.
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Limitations of Biology

The biologic/disease model is perhaps in the best position to explain some if not all
of the neuropsychiatric phenomena associated with addiction, such as euphoria,
withdrawal, and the shift from a positive reinforcement/reward pursuit to the avoid-
ance of negative reinforcement/withdrawal once dependence is established. It has
provided indisputable objective insights into the physical components of the patho-
physiology of addiction. It also provides the best reproducible/demonstrable expla-
nation to date for clustering of addiction within families.

Association does not equal causality, however; while invaluable, the conceptual
provenience of the model remains unproven. The presence of statistically signifi-
cant increases in neurotransmitter activity or functional imaging signal changes
among addicted individuals does not substantiate mechanism.

The main limitation of the biologic/disease model (or perhaps more accurately
the current wholesale capitulation of the medical community to it) is its effective
monism. Homo sapiens is certainly on the one hand a physical creature subject to
physiologic processes and whose perceptions and cognition/emotion are certainly
intertwined with the material. Compartmentalization of human thought, emotion,
behavior, etc. to the realm of the corporeal however is absurdly reductionist and in
contrast/conflict with the greater wisdom and thought process of intellectual and
scholarly disciplines throughout all cultures and time periods. The discipline of psy-
chiatry has come under internal criticism lately [91-97] for gravitating toward an
exclusively neurobiologic paradigm, i.e., one that proposes that cognitive and emo-
tional processes are nothing more than neurotransmitter activity and psychopathol-
ogy comprises “brain disorders” (without acknowledging existential mind, heart,
soul, and spirit). This physicalist retreat from a dualistic mind-body philosophy is
likely due in part to numerous pressures upon the discipline including perceived
need for comparative objective validation and a sense of legitimacy within the
increasingly technologically driven medical world, economic/reimbursement trends
which favor “medical” diagnoses, and pharmaceutical industry influence [98-102].

This trend toward reductive physicalism ironically has occurred during a period
of renaissance of awareness of the immaterial within medicine and the biologic sci-
ences. Just as the gate theory and subsequent development of biopsychosocial-
spiritual pain models have superseded the simple Cartesian stimulus-perception
pain construct (as discussed in Chap. 6), it is clear that a more comprehensive
framework acknowledging the nonquantifiable complexities of human behavior is
required.

The most obvious criticism leveled against the addiction-as-disease paradigm is
that it minimizes or even eliminates the role of the will and characterizes the addicted
individual as merely a victim of DNA or neurotransmitters. It has in essence sup-
planted the concept of addiction as something that people do with the notion of
addiction as something that happens to people [103]. To be fair, many of the thought
leaders propounding the model acknowledge uncertainty as to the primacy of illness
characteristics and observations and biomarkers. Edwards and Gross, who contrib-
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uted a foundational medical overview of the disease model in 1976, did admit in
their now classic paper, “It is unclear... whether the experience is truly one of losing
control rather than one of deciding not to exercise control” [104].

The disease model has also been impugned from a sociologic standpoint. Besides
absolution of responsibility for the addicted individual, its determinism may also
mislead other involved parties such as family members who can blame their loved
ones’ problem on a physiologic illness rather than psychopathology or potential
relational dysfunction, etc. It has also been criticized for providing a “politically
safe” paradigm for policymakers to direct attention and efforts while avoiding pass-
ing moral judgments, and an unassailable harbor for the medical addictionology
community to justify its research, therapeutic approaches, and even existence.

Addiction Theories and Models: Social Systems

Numerous sociologic theories addressing addiction exist, and as might be expected,
many display a scope of theory and analysis far beyond the limitations of this work;
the reader is referred to the excellent review by Adrian [105] for a sweeping survey.
The discipline provides both individual and population-level insights into the pro-
cess of addiction, and as such holds significant clinical and epidemiologic rele-
vance, with a proven track record of utility in the arena of rehabilitation, and an even
greater potential for preventive benefit.

Relationships and Substance Abuse

Substance abuse and addiction are behaviors that develop and persist for the most
part in the context of personal interaction of some form or another. Modeling of use
is almost invariably present and contributory to the initiation and maintenance of use;
while genetic predisposition appears to be gaining credibility and certainly enjoys
widespread support, the influence of parental, sibling, and peer example is not to be
dismissed. Bandura’s seminal work on social learning [106, 107] has provided foun-
dational understanding of how behaviors, especially deviant ones, are “transmitted.”
The individual’s social context is also invariably involved to some extent to moti-
vation for use. While plasticity of the young brain is proposed by proponents of the
biologic model to account for the apparent greater vulnerability of this demographic
[108, 109], the profound social acceptance pressures of the peri-adolescent period are
incontrovertible to anyone who has survived secondary education and college. The
increasing stressors of normal adult life form an assumed rationale for various “self-
medication” strategies taken for granted by most patients and need to be assessed by
the prescriber as part of every evaluation as discussed in Chaps. 6 and 8. Strained,
dysfunctional and all too often abusive relationships may confer tremendous impetus
to seek relief from psychological, emotional, and in some cases physical suffering.
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The addict’s world changes in many ways, with a replacement of former relation-
ships and circles by a new society of drug suppliers and users. Besides reinforce-
ment, these “people, places, things” comprise potent triggers for relapse as every
Alcoholics Anonymous or Narcotic Anonymous member will attest to.

The advent of the internet and instant wireless communication has opened up
new sociologic dimensions pertinent to substance misuse and abuse, including uni-
versally available information, and increased availability of substances (particularly
prescription drugs [110, 111]). Multiple surveys suggest that approximately 3% of
prescription drug abusers purchased their medications online, and a recent interest-
ing study showed that for every 10% increase in high-speed internet use at the state
level, associated treatment facility admissions for prescription drug abuse rose by
1% [111]. The development of online communities and ““social networking” has
been criticized for both creating and filling voids of traditional interpersonal rela-
tionships and communities which may encourage substance misuse and abuse; spe-
cific drug-related forums and sites abound and undoubtedly present a source of
reinforcement and identity.

The Subculture of Substance Abuse

While substance use and abuse have existed to varying degrees among different
population elements in societies around the world for millennia, the twentieth and
twenty-first centuries have seen what is likely the historically unique development
of a drug subculture within the West primarily. One of the more intriguing perspec-
tives on this twentieth and twenty-first century phenomenon came from the Chicago
School of Sociology in the 1960s; among many of the unorthodox theories arising
from there was the thesis that deviancy from social norms arises directly as a reac-
tionary result of the label applied [112] not unlike a self-fulfilling prophecy or a
curse (although such value judgments were not proposed). More recent work from
Britain primarily has focused on the “normalization” of substance abuse within
youth culture [113, 114] and the observation that postindustrial leisure and consum-
erism have fostered a “new economy” of hedonistic experimentation and pursuits
[115-118]. By way of contrast, societies that place high value upon productivity (as
well as greater adherence to social norms) such as Japan demonstrate a markedly
reduced prevalence of drug abuse [119].

Motivational Theory and Addiction

No consideration of substance abuse and addiction would be complete without the
acknowledgment that regardless of the relative contributions of biology, choice,
learning/conditioning, and other societal factors, understanding of underlying moti-
vation is essential to understanding addiction and to preventive and rehabilitative
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efforts. Motivation is defined as the process that initiates, guides, and maintains
goal-oriented behaviors [120].

Philosophers and psychologists will likely always debate the nature of and over-
lap between motivation and will; one analogy is that will is the machine that moves
the individual and motivation is the fuel that fires the machine. Suffice it to say they
are distinct but intertwined and generally subject to competing desires and goals
within the addict or any human being. West’s PRIME theory of motivation [10],
represented graphically and in summary table below, provides an excellent frame-
work within which to consider the complex interactions between the “unstable pref-
erences” and conflicting motives that form the dynamic world of the individual
struggling with addiction (Fig. 9.4).

As Dr. West laments, “When giving a psychological account of motivation, it is
impossible to avoid making statements that sound just like common sense” [10].
Similarly, discussion of the central role of the will—not neurobiologic impulses and
drives—in addiction is generally regarded as passe at best (and often met with a
reactionary disdain) by those who champion pure biologic compulsion.

While having largely fallen out of favor over the past half century, basic psycho-
analytic constructs provide a useful and familiar platform from which to consider
some of the basic “commonsense” issues involved. Freud’s id vs. superego tension
accurately describes the conflicting elements of self-gratification vs. alignment
with external mores. The will’s exercise of self-control, while not equivalent in
depth psychology to the ego, may be considered in a similar governance role over
primal urges. It seems a fascinating commonsense observation that abstinence,
advocated by proponents of the disease and biologic models, is a choice executed
by the will.

Summary

The prevalence of opioid use disorder (OUD) continues to increase, and at the heart
of this epidemic lies the hosts’ loss of control. Success in reversing the crisis will
require cultivation of “resistance” to misuse and abuse vulnerability analogous to
immunity within a host population. The grim statistics on relapse bear witness to
the power of both initial hedonic motivation and the subsequent inevitable with-
drawal avoidance drive. Whether choice or compulsion mediates the development
and maintenance of OUD comprises the main philosophical watershed whereby
most addiction theories may be categorized, with the currently popular biologic/
disease model leaning strongly toward the latter pole. Moral and spiritual, biologic/
disease, learned behavior, and social models have all yielded valuable contributions
into our understanding of the complex behavioral disorder, that is, substance abuse;
social models provide population-level insights that are highly relevant to a public
health perspective.
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Plans
{in

Key Pro| ns from PRIME Theory (Summarized

1. Atevery moment we act in pursuit of what we most desire.

Wants and needs involved imagined futures and associated feelings of anticipated
pleasure/satisfaction or relief from mental or physical discomfort.

3. Beliefs only influence actions if they generate desires that are strong enough to overwhelm
those arising from other sources (e.g., drives and emotions) or impulses and inhibitions
rising automatically out of learned or unlearned associations.

4. Plans provide overarching structure to our actions but in order to direct our behavior, they
need to be recalled and generate desires at relevant moments that are sufficiently
powerful to overcome desires and impulses arising from other sources.

5. The motivational system can be characterized in terms of dispositions for its components
to respond in particular ways to internal and external inputs. Processes that lead to
changes in dispositions include associative learning, habituation, sensitization, direct
imitation, analysis and inference.

6. Identity is an important source of desires and provides a degree of stability to our
behavior.

7. Identity change is a starting point for deliberate behavior change.

8. Deliberate behavior change is sustained when desires arising from the new identity are
stronger at each relevant moment than the desires arising from other sources to revert to
the previous behavior pattern, or are able to overwhelm habitual or instinctive impulses.

9. When identity change results from self-conscious beliefs about what is good and bad,

maintaining behavior change requires ‘self-control’: the effortful generation of desire to

adhere to a rule that is sufficiently powerful to overcome desires arising from other
sources.

Personal rules that have clear boundaries and a strong connection with components of

identity that involve strong emotional attachments will generate more powerful desires

when required and better suppress countervailing desires and so have a stronger lasting
impact on behavior.

10

Fig. 9.4 Dr. Robert West’s PRIME theory of motivation. Reprinted from http://www.primetheory.
com/summary-prime-motivation.php, with permission from Dr. West
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