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Abstract Opioids are highly effective in acute pain control;
however, their use for the treatment of chronic non-cancer
pain is controversial. Chronic opioid use is associated with
several side effects that include and are not limited to toler-
ance, dependence, and hyperalgesia. Opioid prescription drug
overdose is at a national epidemic status in the USA. It is
estimated that a prescription drug overdose death occurs every
19 min. Several national and state interventions have been
implemented to address the staggering statistics of increased
deaths due to opioid overdose. The recently released Center of
Disease Control (CDC) practice guidelines are designed to
improve physician patient communication and avoid opioid
prescription drug overdose. In this chapter, we will review
some of the recent guidelines for opioid prescribing and the
current efforts in place to address this epidemic.
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Introduction

Opioids are some of the most effective pain relievers
known. However, evidence of the long-term benefits of
opioids in treatment of chronic pain remains inconclusive,
while strong evidence of potential harm is on the rise. In

an effort to raise awareness to the prevalence of chronic
pain, the American Pain Society ran a successful but con-
troversial campaign in 1999. The campaign advocated for
adopting pain as the fifth vital sign. Pain as a fifth vital
sign was later adopted by Joint Commission of accredita-
tion (JACHO) and the Veterans Affairs Health Care
System (VAHCS). Since this endorsement, there has been
an escalating rise in the number of opioid prescriptions for
chronic non-cancer pain, in addition to being the standard
of care for moderate to severe pain [1]. This shift in prac-
tice is clearly reflected in the dramatic increase in the
sales of opioids and consequently the overdose deaths
due to opioids, which has surpassed heroin and marijuana.
There has also been a dramatic increase in admission to
substance abuse programs. Importantly, this epidemic has
also emerged in many other developed and developing
countries such as Canada and Germany among others.
For example, it is estimated that 1–3 % of Canadians
and close to 2 million Germans abuse prescription
opioids.

Despite the high demand for opioids for moderate to
severe pain, opioids are only effective for short-term
pain relief and have highly variable effectiveness in
the long-term relief (greater than 3–6 months) of pain
[2]. Thus far, there has been little progress in alternative
non-invasive therapeutic strategies for chronic pain pa-
tients maintained on opioids. Rightfully so, much of the
effort has been focused on improving patient compli-
ance and prescription practices. Therefore, the approach
to the current opioid abuse epidemic requires not only
implementation of safer practice guidelines, but also
novel therapeutic approaches. Here, we provide an over-
view of the magnitude of the current epidemic of pre-
scription opioid abuse and outline the new CDC guide-
lines for opioid prescribing.
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Opioid Use Disorder

Opioid use disorder is defined as both opioid dependence and
opioid abuse combined into one disorder according to the new
Diagnostic and Statistical Manual of Mental Disorders
(DSMV).

In concurrence with the dramatic increase of opioid pre-
scriptions, the incidence of opioid use disorder has risen. It is
currently a major health problem in the USAwith increasing
morbidity and mortality due to misuse and abuse [3, 4].
Recent reports have outlined the rise in opioid use, abuse,
and overdose deaths due to prescription opioid medications
[5]. Currently, more than 1300 deaths due to overdose per year
involve prescription opioids. Deaths from drug overdose are
now the leading cause of death among persons aged 35 to 54,
surpassing motor vehicle accidents [6]. The rise in opioid
related problems led the FDA to propose a risk evaluation
and mitigation strategy (REMS) for all long acting and imme-
diate release opioids. The advisory panel also urged that edu-
cation for safe prescribing of opioids become mandatory for
prescribing physicians [7]. A shift in clinical practice in the
form of leniency in opioid prescription patterns has occurred
gradually over last 20 or more years. Consequently, this has
resulted in a staggering increase in number of opioid sales,
prescription drug abuse overdoses, and admissions to sub-
stance abuse programs. Responding to these concerns places
a burden on pain treating providers to find the right balance as
they strive to properly address the patients’ needs, while
avoiding under prescribing or over-prescribing, and monitor-
ing for misuse and abuse [8].

Adverse Effects of Long-Term Opioid Use

Long-term treatment with opioids can be complicated by nu-
merous and dangerous side effects development of tolerance,
dependency, addiction, abnormal pain sensitivity, hormonal
changes, and immune modulation [9]. Thus, whereas opioids
were initially considered a solution for chronic pain, they have
been shown to further exacerbate the problem [10]. A more
cautious approach towards escalating doses of opioids is now
being advised as new evidence suggests that prolonged high
dose opioid is neither safe nor effective [9].

Emerging evidence reveals a more complex and wide
range of side effects associated with long-term opioid use
that are often overlooked. In addition to tolerance, there is
also an increase in pain perception due to neuronal plas-
ticity at the spinal dorsal horn level or more central in the
rostroventral medulla (Fig. 1) and hippocampus [11].
Opioids in animal and humans have also been found to
widely affect neuroendocrine functions. In a review by
Vuong et al., most of the studies that the authors found
seemed to highlight the acute changes in the neuroendo-
crine function, despite chronic changes being more

relevant. Opioids were found to increase growth hormone
and dec rease lu t e in i z ing hormone , l ead ing to
hypogonadism and weight gain [12]. The immune sup-
pression effects of opioids have been known since 1890,
when morphine was shown to decrease the resistance to
bacterial infection in guinea pigs [13]. Immune cells ex-
press classic and novel opioid receptors, which are be-
lieved to be the site of the non-proliferative action of
opioids [14, 15], and long-term opioids have been shown
to compromise optimal function of the immune response
system. The clinical effects of opioids on the immune
sys t em a re o f pa r t i cu l a r conce rn in immune -
compromised patients such as HIV infected patients and
the elderly [16]. Opioids also increase the risk of pneu-
monia in older adults; the odds of developing pneumonia
were found to be 1.38 in elderly opioid users (95% con-
fidence interval (CI) = 1.08–1.76) versus non-opioid
users. Despite the risk being highest in the first 14 days
of opioid use, there was an increased risk of pneumonia
with long-acting opioids had a higher odds ratio (OR)
(3.43 (95% CI = 1.44–8.21) versus non-opioid users, as
for short-acting opioids, OR was 1.27 (95% CI = 0.98–
1.64) versus non-opioid users. In the same population the
risk of pneumonia was not seen with other similar drugs
such as benzodiazepines [17].

Chronic Exposure to Opioids Increase Pain and Neuronal
Plasticity

In order to develop innovative treatment strategies for chronic
pain, mechanistic understanding of the underlying pathology is
paramount. A critical determinant of the pathophysiology of
chronic pain is the maladaptive inflammatory response, which
mediates and propagates chronic pain long after the initial insult
subsides. At the spinal cord levelmacrophages and lymphocytes
have been shown to invade the dorsal root ganglia (DRG) after
acute injury in rodents.27 Macrophages and lymphocytes are
essential for initial healing; however, problems arise when their
presence persist at the DRG after healing. These cells secrete
pro-inflammatory cytokines that generate spontaneous impulses
in sensory nerves. Continuous and spontaneous firings of sen-
sory nerves lead to the generation or progression of acute pain
into chronic neuropathic pain [18]. Pro-inflammatory cytokines
play a significant role in peripheral and central sensitization
causing increased severity and duration of pain [19].

The chronic administration of opioids increases levels of
circulating inflammatory cytokines interleukin 1B (IL1B), in-
terleukin 6 (IL6), and tumor necrosis factor (TNF), all of
which lead to hyperalgesia and increased pain [20].
Unfortunately, the chronic use of anti-inflammatory drugs to
counteract this response is suboptimal and is associated with a
marked increase in adverse effects including gastrointestinal,
renal, and cardiovascular complications, resulting in a
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significant increase in morbidity and mortality. Therefore,
there is a significant disconnect between the escalating use
of opioids for treatment of chronic pain and the toxic effects
of opioids upon inflammatory processes prolonging the pain.

Efforts in Place to Promote Safe Opioid Prescribing
Practices and Use

In response to the growing epidemic of opioid prescription ep-
idemic, several efforts have been made across multiple levels
including state and federal guidelines. Although many of these
regulatory efforts have met resistance because they complicate
opioid prescription and increase the burden on painmanagement
specialists, these efforts are long overdue and are just the begin-
ning. The medical community needs a paradigm shift so as not
to be unnecessarily dependent on opioids and consider them a
panacea. In 2012, the FDA approved a risk evaluation and mit-
igation strategy (REMS) for extended release (ER) and long-
acting (LA) opioid medications. The REMS program has been
in effect since 2007 and was not originally designed to specifi-
cally target a certain class of drugs. The inclusion of opioids in
the REMS program in 2012 reflected increased awareness and
concern of the federal government about the opioid prescription
epidemic, especially with regards to long-acting and extended
release opioids. The most important part of this plan was to
enhance the education of the prescribers, requiring over 20 opi-
oid manufacturers to provide educational programs on appropri-
ate use of these drugs. Patient education on the use of opioids

and potential adverse effects was also included in the program.
The program also included partnering with the US Drug
Enforcement Administration (DEA) as well as law enforcement,
and state-based databases to prevent unlawful dissemination of
prescription opioids.

By the time this REMS program was announced in 2012,
most states already had setup state prescription databases to
track opioids prescriptions. In fact, the National Alliance for
State Drug Laws (NAMSDL) was established in 1993, with
the primary goal of Bcreating a model code of laws to help
states effectively address alcohol and other drug abuse.^
While NAMSDL casts a wide net over alcohol and drug abuse
in general, it also is charged with drafting model state drug
laws, policies, and regulations. The NAMSDL also oversees
prescription drug monitoring programs through individual
state prescription databases.

More recently, the CDC conducted a review based on avail-
able evidence on effectiveness and risks of opioids, which
included observational studies and randomized clinical trials.
This review, that evaluated any long-term benefit of opioids in
chronic pain (more than 1 year of use), found strong evidence
that opioid use was associated with a significant increase in
morbidity and mortality. As a result, in 2016, the CDC re-
leased 12 recommendations, the most prominent being that
non-opioids pain medications are now the first line of therapy
for chronic pain. Additional recommendations included estab-
lishing treatment goals with the patients, the use of lowest
effective dose, plans for assessing benefits, complications,

Fig. 1 Role of opioids in the development of central sensitization.
Schematic of the effect of opioids on mechanisms of pain conduction
and perception. Opioids enhance spontaneous firing of the peripheral
nerves and facilitate the descending facilitatory pathways from the

rostroventral medulla (RVM). In addition, opioids increase levels of
circulating inflammatory mediators resulting in central sensitization.
DRG dorsal root ganglia, RVM rostroventral medulla, CCK
cholecystokinin

316 Curr Anesthesiol Rep (2016) 6:314–318



and dependence, as well as management of opioid use disor-
ders when they arise [21•].

(http://www.cdc.gov/drugoverdose/prescribing/guideline.
html).

Finally, the National Institute of Health (NIH), through the
National Institute on Drug Abuse (NIDA) is charged with
advancing science of drug abuse and addiction. Recognizing
the paucity of studies to address the current opioid abuse ep-
idemic, NIDA has systematically increased funding for re-
search focused on opioid abuse. Importantly, NIDA started
an initiative on BPrescription Opioid Use and Abuse in the
Treatment of Pain,^ which is designed to increase funding
for projects focusing on various aspects of opioid addictions
such as neurobiology, genetics, screening, prevention, and
treatment. Moreover, NIDA is actively funding projects that
explore new classes of pain medications as an alternative to
opioids.

Alternative Treatment Options Instead of Long-Term
Opioid Prescriptions

Due to the rise of opioid misuse, abuse, dependence, and
overdose, it is important to investigate other treatment options.
Not only could new treatment options limit the opioid pre-
scription epidemic, but could also potentially be more effica-
cious in both the short term, long term, and improve the over-
all patient’s quality of life across both physical and psycho-
logical measures [22, 23•]. Recent studies have tested other
treatment options and have reported encouraging results [22,
23•, 24]. An interdisciplinary group-based therapy approach
was tested among chronic pain patients with suicidal ideation,
because suicide rates among chronic pain patients is at least
double the rate of the normal population [23•]. The treatment
strategy included twice a week therapy meetings, exercise
4 days a week, group discussions, and relaxation training.
The researchers reported that interdisciplinary group-based
therapy approach reduced suicidal ideation as well as reported
pain scores [23•]. Building on the recent emphasis on mental
health in regards to chronic pain, many alternative treatments
are psychological in nature and vary by modality. These in-
clude mindfulness, acceptance and commitment therapy
(ACT), and cognitive behavioral therapy (CBT), and all have
been investigated as therapeutic modalities for treating chron-
ic pain. The literature suggests all have been a component of a
successful treatment program [22, 24, 25]. All three empha-
size and teach volitional control of pain perception and other
emotions of distress, and each study explored the efficacy of
one of those three therapeutic modalities and reported lower
self-reported pain, decreased depression, anxiety, and disabil-
ity [22, 24, 25].

In addition, alternative pharmacological approaches have
also been studied. Because chronic pain is frequently comor-
bid with depression, researchers have studied psychotropics

including antidepressants, anticonvulsants, and other analge-
sics [26]. Several studies have investigated the efficacy of
tricyclics (TCAs) antidepressants and tetratrycyclics
(TeTCAs) in the treatment of various chronic pain conditions
and reported that these medications effectively reduced symp-
toms of chronic pain [26–29]. Researchers have also studied
other types of antidepressants including serotonin reuptake
inhibitors (SSRIs) and serotonin-norepinephrine reuptake in-
hibitors (SNRIs) and have found decreased symptoms of
chronic pain similar to those of the TCAs and TeTCAs [26,
30, 31]. Taken together, the literature suggests that other forms
of medications and therapeutic modalities may be effective in
treating chronic pain either alone or in conjunction with more
traditional forms of analgesics, circumventing the need to
long-term opioid treatment. Finally, the search for newer clas-
ses of analgesics has been ongoing for decades, and although
no new drugs have reached the clinic yet, several promising
new molecules have been recently discovered. For example,
in a recent Nature article, investigators used computational
docking to identify a new compound PZM21which had sig-
nificantly superior analgesic properties, without apparent re-
spiratory depression or opioid-like reinforcing activity [32••].
This and other similar lines of research hold significant prom-
ise for finding opioid alternatives, without the side effects, and
importantly, without opioid-like dependence.

Conclusion

Opioid use disorder is an epidemic of unprecedented propor-
tion in the USA. The impact of opioid use disorder is far
reaching and finding solutions have now become a matter of
pressing national priority. Although numerous regulatory
measures have already been implemented, the answer to this
epidemic lies primarily in evidence-based medicine, much of
which is currently lacking in this field. The hope is that with
increased awareness and funding, new solutions will arise in
the near future. However, this calls for further diligence inves-
tigating and or utilizing other treatment approaches, as well as
more research into pharmacological developments. Until then,
both patients and physicians have to adapt to the new opioid-
restricting regulations and adopt alternative strategies to min-
imize the burden of opioid use disorder and other maladaptive
outcomes related to both short-term and long-term opioid use.
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