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Chapter 23
Pain and Addiction

Ivanshu N. Jain, Adriane dela Cruz, and Sidarth Wakhlu

�Substance Abuse Terminology

To understand treatment strategies for patients with addictive disorders, physicians 
need to understand substance abuse terminology. The terms physical dependence 
and tolerance have been inappropriately used in the past to define addiction. Physical 
dependence is defined as development of a physical withdrawal syndrome follow-
ing abrupt dose reduction. Its presence does not indicate the presence of addiction, 
but rather it is a normal physiologic response to chronic use of opioid analgesics. 
Tolerance likewise is not indicative of addiction but can be defined as a normal 
physiologic response at the cellular level to the chronic use of opioid analgesics that 
results in requiring more drug to elicit the same physiologic response. Physical 
dependence and tolerance to opioids are normal and predictable physiologic events 
that are the natural consequences of chronic opioid use. Their development can be 
expected after extended use of these drugs (several days to a few weeks) and does 
not imply the presence of addiction.

Addiction  Addiction is a chronic brain disease characterized by chronic, relapsing 
disorder that has been characterized by (a) a compulsion to seek and take drugs, (b) 
loss of control over drug intake, and (c) emergence of a negative emotional state 
(e.g., dysphoria, anxiety, and irritability) that defines a motivational withdrawal syn-
drome when access to the drug is prevented [1]. The occasional, limited, recre-
ational use of a drug is clinically distinct from the loss of control over drug intake 
and the emergence of compulsive drug-seeking behavior that characterize 
addiction.
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Tolerance  Tolerance is defined as a decrease in pharmacologic response following 
repeated or prolonged drug administration. It is either innate or acquired. Innate 
tolerance due to pharmacogenetic makeup of the patient and is usually evident after 
the initial dose administration. Acquired is due to repeated exposure to opioids and 
is considered due to pharmacokinetic, pharmacodynamic, or learned mechanism 
[2]. Pharmacokinetic mechanism occurs as a consequence of drug being inducer or 
inhibitor of metabolic enzyme or transporter system. Diminishing response of 
intrinsic opioid receptor system over time results in pharmacokinetic tolerance. 
Finally, learned tolerance is either behavioral or conditioned learning and is attrib-
uted to learning, either behavioral or conditioned. Behavioral tolerance occurs when 
an individual learns to function despite repeated exposure to a drug. Eventually 
incremental amount of opioid is needed to produce pleasure comparable to that 
provided in previous drug use episodes.

Dependence and Withdrawals  Altered physiological state characterized by mani-
festation of opposite physiological effects of drug when it is removed. It is intri-
cately associated with tolerance, and the adaptive changes associated with tolerance 
predominate and become profoundly nonadaptive when drug levels drop below cer-
tain threshold. In human brain, the locus ceruleus (LC) is responsible for release of 
noradrenaline (NA), which in turn is responsible for effects including breathing, 
wakefulness, blood pressure modulation, and alertness. Opioid intake via linking to 
mu receptors on LC suppresses the release of NA and resultant decrease in alert-
ness, respiratory drive, and blood pressure. With time, this suppression is offset by 
the augmented activity of LC brain cells. When opioids are not present, this 
enhanced activity is postulated to be causative of withdrawal symptoms like agita-
tion, anxiety, muscle cramps, and diarrhea due to excess of NA [3].

Hyperalgesia  It is defined as a state of nociceptive receptor sensitization caused by 
exposure to opioids. The condition is described as a paradoxical increase in pain 
perception after prolonged use of opioids whereby patient becomes more sensitive 
to certain pain stimuli.

Allodynia  Allodynia is pain due to a normally innocuous stimulus that does not usually 
provoke pain. Stimuli could be mechanical or thermal in nature. It is caused by periph-
eral and central sensitization of receptors, which is described later in this chapter.

�Understanding Stages of Pain

As per Task force on taxonomy of the International Association for the Study of 
Pain (IASP), pain is “An unpleasant sensory and emotional experience associated 
with actual or potential tissue damage, or described in terms of such damage.” 
Below mentioned are physiological processes involved in generation of pain and 
sensitization.
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Stage 1: Nociception  It is the ability to feel pain, caused by a noxious stimulus 
(mechanical, chemical, or thermal); if strong enough or repetitive, it causes depolar-
ization of nociceptors or afferent pain fibers (A-delta and C fibers). This message is 
transmitted from peripheral tissue to dorsal horn of spinal cord and then to second-
order neurons, which send the message rostral to the lateral and medial thalamus. 
Thalamic projections to somatosensory cortex convey localization and intensity 
information, resulting in the conscious perception of pain, and limbic system is 
responsible for the emotional aspect of pain [1].

Stage 2: Peripheral Sensitization  Intense and prolonged tissue damage, inflam-
mation, and cell death cause stimulation of the previously dormant nociceptors, 
which may spontaneously discharge and become more sensitive to peripheral stimu-
lation. Inflammatory mediators like bradykinin, prostaglandins, serotonin, and his-
tamine activate secondary messenger system, which causes phosphorylation of 
receptors, influx of calcium ions, and release of chemicals like substance P, which 
furthers continued release of inflammatory mediators. Several receptors including 
opioid, γ-aminobutyric acid (GABA), bradykinin, histamine, serotonin, and capsa-
icin have also been identified on the surface membrane of sensory axons [1].

It is important to understand the consequences of peripheral sensitization at this 
point. Now spontaneous or subthreshold would be enough to cause depolarization 
of primary afferent pain fibers, leading to firing without a noxious stimulus present. 
This codes for an increase in the pain signal to the spinal cord and brain, causing 
increased pain from a given noxious stimulus—this is termed hyperalgesia. Also, 
normal light touch or stimulus (that does not usually provoke pain) would cause 
pain due to peripheral sensitization and is termed as allodynia.

Stage 3: Central Sensitization  Persistent noxious stimulus enhances the respon-
siveness of neurons in dorsal horn, and it is independent of primary afferent drive 
which leads to secondary hyperalgesia and allodynia. Multitude of neurotransmit-
ters are responsible for this process, including excitatory amino acid glutamate, 
substance P, calcitonin gene–related peptide, vasoactive intestinal peptide, soma-
tostatin, and others. Inhibition of this nociceptive circuit is mediated by 
5-hydroxytryptamine, GABA, and glycine as well as neuropeptides such as enkeph-
alins. This manifests as chronic pain states generally characterized as maldynia or 
bad pain. Maldynia is exaggerated intensity of pain, which is spontaneously trig-
gered by innocuous physical or physiological stimuli. It is still not clear whether 
genetic, cognitive, or emotional factors play a role in stage 3 pain [1].

�Neuroscientific View of Addiction

Addiction to opioids and pain share the common neurochemicals and neuropath-
ways in the brain. Addiction affects mood, behavior, physical health, and social 
aspects of life, and it worsens the quality and perception of pain. Their relationship 
is pretty complex as opioids are attributed to cause both analgesia and hyperalgesia. 
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Brain abnormalities resulting from chronic use of opioids are underlying causes of 
opioid dependence (the need to keep taking drugs to avoid a withdrawal syndrome) 
and addiction (intense drug craving and compulsive use). Brain changes that pro-
duce dependence appear to resolve after detoxification, within days or weeks after 
opioid use is stopped. The changes that produce addiction, however, are more wide-
ranging, complex, and long-lasting [3]. Interaction of environmental effects can 
occur between stress, the social context of initial opiate use, and psychological con-
ditioning, and a genetic predilection in the form of brain pathways that were abnor-
mal even before the first dose of opioid was taken. These interactions can precipitate 
craving that might steer future relapse months or years after the individual is no 
longer opioid dependent [1].

Standard diagnostic criteria for opioid or other drug and alcohol use rely on 
physiologic responses to chronic drug use, behavioral consequences as loss of 
control over drug use, and significant disruptions in social and occupational 
functioning.

Active addiction goes through three stages: (1) binging and/or intoxication, (2) 
withdrawal/negative affect, and (3) preoccupation/anticipation. It has been hypoth-
esized that both classical conditionings and operant conditioning play a significant 
role in addiction. In addition, social psychology (self-regulation failure framework) 
and neurobiology (counteradaptation and sensitization frameworks) can be super-
imposed on the stages of the addiction cycle. These processes are enmeshed with 
each other and intensify with time, leading to a pathological state called addic-
tion [1].

Agonist activity at mu-opioid receptors (MOR) provides a robust and unfailing 
analgesia and, hence, makes them the most powerful and effective treatment for 
pain known to man. Opioid analgesics bind to mu-opioid receptor (MOR) on opioid 
neurons. One such area of the brain that gets activated by opioids is the mesolimbic 
(midbrain) reward system. This system generates signals in a part of the brain called 
the ventral tegmental area (VTA) that results in the release of the chemical dopa-
mine (DA) in another part of the brain, the nucleus accumbens. DA is the same 
neurotransmitter that rewards people with feelings of pleasure when they engage in 
activities that promote basic life functions, such as eating and sex. When opioids, 
prescribed for pain, activate these reward processes in the absence of significant 
pain, they can motivate repeated use of the drug simply for pleasure. Amygdala and 
other areas of the brain create a lasting record or memory that associates these good 
feelings with the circumstances and environment in which they occur. This positive 
conditioning often leads to the craving for drugs when the user reencounters those 
persons, places, or things, and they drive users to seek out more drugs in spite of 
many obstacles [3].

When without drug, the addicted individual suffers from negative symptoms 
such as anhedonia, prolonged dysphoria, and irritability, which have been attrib-
uted to dopamine-depleted state in the reward pathways and also to recruitment of 
the brain stress or antireward systems. The antireward system triggers the release 
of chemicals like corticotropin-releasing factor (CRF), norepinephrine, and dynor-
phin, producing aversive or stress-like states. Simultaneously, within the positive 
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motivational circuits of the ventral striatum and extended amygdala, reward func-
tion is weakened, resulting in a powerful negative reinforcement that perpetuates a 
compulsive drug-seeking behavior and long-term addiction. Evidently, the nega-
tive feeling states associated with drug withdrawal can augment the subjective dis-
comfort associated with pain. Interestingly, as many research studies have pointed 
out, anticipation of pain and pain in itself can create a negative emotional state that 
can intensify the negative emotional state of addiction and vice versa. In order to 
maintain a homeostatic level of reward system activity, antireward systems are 
recruited to counteract drug effects, which become stronger with each exposure of 
the drug and extinguish more slowly than the original response. Opioid addiction 
worsens over time, is influenced by environmental factors, and leaves a neuroadap-
tive trace that allows rapid “readdiction” even after detoxification and years of 
abstinence [1].

Long-term opioid use may have a drug opposite response such that the euphoria 
associated with acute opioid effects is lost and a negative mood response prevails, 
much like the drug opposite effect with opioid-induced hyperalgesia [4], which is 
further discussed in the next section.

�Risks and Associations

Depression is a risk factor for prolonged opioid treatment for postoperative pain. 
The self-loathing factors (past failure, guilty feelings, self-dislike, self-criticalness, 
suicidal thoughts, and worthlessness) on the Beck Depression Inventory-II are most 
predictive of continuing opioid use [5]. In a 16-week trial of opioids for chronic 
back pain, higher doses of opioids were associated with improved anxiety, depres-
sion, irritability, and pain [6]. Results of another study show that opioids may con-
tribute to depression in patients with chronic pain who are treated with opioids [7], 
which contradicts the above findings. Opioids have a dose-dependent association 
with depression, and duration of opioid exposure is correlated with depression. 
Opioids are associated with antidepressant failure, and opioid dose reduction is 
associated with mood improvement.

Opioid overdoses increased 30% from July 2016 through September 2017 in 52 
areas in 45 states [8]. Fifty-one percent of opioid prescriptions are prescribed to 
patients with depression or other mental health condition [9]. Suicide is a signifi-
cant factor in the death rate associated with the opioid overdose epidemic [10]. 
Prescription pain reliever overdose deaths among women increased more than 
400% from 1999 to 2010, compared to 237% among men. Forty-eight thousand 
women died of prescription pain reliever overdoses between 1999 and 2010. It has 
been discovered that overdose and suicide have shared risk factors [11]. In one 
study, suicidal ideation is reported in 36.5% of patients with chronic pain who 
were treated with opioids. 16.4% and 2.5% had made an attempt in their lifetime 
and within the past 12 months, respectively [12]. The risk of suicide by any means 
and by overdose with opioids is dose dependent. The risk doubles from doses 
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below 20 MME and above 100 MME [13]. An alarming study reported that more 
than half of overdoses occur within 90 days of starting opioids and one third of 
overdoses occur on doses below 50 mg of morphine equivalents per day [14]. It is 
important to note that as per one of the study, the overdose death risk is highest 
among patients with substance use disorder compared to the groups of patients 
with cancer pain, chronic pain, and acute pain [15]. It is all the more important that 
the physicians should be trained in assessing opioid use during every visit if 
patients are on controlled substance prescription. On the contrary, physicians are 
not trained to screen patients who are high risk for opioid treatment. One study 
showed that physicians identified only 5% of patients as high risk in a population 
of exclusively high-risk patients [16]. One study showed that 91% of patients were 
prescribed opioids again after a nonfatal overdose [17]. Finally, in a study of 
chronic opioid users, it was found that most patients on chronic opioid therapy 
began opioids after surgery or trauma [18].

�Current State of Opioid Addiction

The misuse of and addiction to opioids including prescription pain relievers, heroin, 
and synthetic opioids such as fentanyl are a serious national crisis that affects public 
health as well as social and economic welfare [19]. The current opioid epidemic has 
had three waves. The first wave began with increased prescribing of opioids for 
chronic pain in 1990s followed by a heroin wave in 2010, which resulted in increased 
overdose deaths [20]. The third wave has been illicit fentanyl use started in 2013, 
which again spiked overdose death numbers. According to the 2015 National Survey 
on Drug Use and Health (NSDUH) [21], the majority of people (87.2%) who take 
prescription pain relievers do not misuse them and the most common reason for 
their last misuse was to relieve physical pain (63.4%) [22]. It has been noted that 
4.2% of the total US population misuses opioids and 92% of the people who misuse 
are taking prescription opioids either legally or illegally [23]. The risk of opioid-use 
disorder is dose dependent and increases by a factor of 15 on low doses, 29 on mod-
erate doses, and 122 on high doses [24]. Every day, more than 130 people in the 
United States die after overdosing on opioids [25]. According to another study pub-
lished in Journal of International Association for the Study of Pain, roughly 21–29% 
of patients who are prescribed opioids for chronic pain misuse them [26]. Between 
8% and 12% of patients develop an opioid use disorder [27–29]. An estimated 4–6% 
of patients who misuse prescription opioids transition to heroin [27–29]. 
Paradoxically, patients who should not be prescribed opioids are more likely to be 
prescribed opioids. Patients with a history of substance use disorder have been able 
to obtain prescription opioids during the opioid epidemic [30]. It has been shown 
that longer duration of initial opioid therapy prescribed is associated with an 
increased risk of long-term opioid use [31].
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�Management Strategies

Medication-assisted treatment (MAT) for opioid-use disorders is the use of medica-
tions in combination with behavioral therapies. There are several FDA-approved 
medications for opioid-use disorders, that is, methadone, buprenorphine/naloxone 
combination, buprenorphine monotherapy, and naltrexone, both as oral tablets and 
monthly injectable preparation. MAT has been shown to improve patient survival 
with decrease in or complete elimination of illicit opioid use, increase retention in 
treatment, increase patients’ ability to gain and maintain employment, and improve 
birth outcomes among pregnant women addicted to opioids.

Methadone is a full mu agonist, NMDA antagonist, and an SNRI.  It usually 
exists as a racemic mixture of its two enantiomers, S-methadone (d-isomer) and 
R-methadone (l-isomer). The d-isomer (S-methadone) antagonizes the NMDA 
receptor and prevents 5-hydroxytryptamine and norepinephrine reuptake, while the 
l-isomer has significant opioid agonist properties.

Methadone’s oral bioavailability is approximately 80% (range 40–99%), which 
is three-fold that of oral morphine. Methadone appears to be extensively distributed 
throughout peripheral tissues, perhaps related to its high degree of lipophilicity. 
Likewise, its volume of distribution has been reported to be high. Given its large 
volume of distribution (mean 6.7 l/kg), the plasma elimination of methadone usu-
ally occurs slowly (mean half-life 26.8 hours). Methadone’s slow clearance from 
the body (mean 3.1 ml/min/kg) provides the rationale for dosing it once per day in 
methadone maintenance therapy, thereby preventing the onset of opioid withdrawal 
syndrome for 24 hours or more. Unfortunately, prolonged pain relief is not similarly 
sustained. Methadone undergoes a biphasic pattern of elimination, with an alpha-
elimination phase persisting 8–12 hours and a beta-elimination phase ranging from 
30 to 60 hours. The alpha-elimination phase equates to the period of analgesia that 
typically does not exceed 6–8 hours. Initial dosing for analgesia may need to be 
frequent, because steady-state kinetics are required for reaching the biphasic profile. 
Although the 30- to 60-hour beta-elimination phase can prevent withdrawal symp-
toms, it is usually subanalgesic. Thus, the biphasic elimination probably accounts 
for the dissociation between the brief analgesic effect and the longer plasma-
elimination half-life.

This likely underscores why methadone is prescribed every 24 hours for opioid 
maintenance therapy and every 4–8 hours for analgesia. Unlike morphine and other 
opioids whose breakdown products are associated with neurotoxicity, methadone 
has no known active metabolites.

Buprenorphine is a semisynthetic highly lipophilic opioid that is derived from 
the baine, one of the alkaloids in raw opium. Buprenorphine is a partial agonist at 
the mu-opioid receptor and a weak antagonist at the kappa opioid receptor. Being 
a partial mu agonist, buprenorphine has a higher safety profile compared to full mu 
agonists, especially with regard to respiratory depression. Buprenorphine has 
higher affinity at the mu-opioid receptor as compared to other full mu agonists. 
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The only exception being fentanyl. Induction with buprenorphine requires a patient 
to be in at least mild opioid withdrawal, premature induction with the full mu ago-
nist still occupied to the receptor site will cause a precipitated withdrawal. Because 
of its high affinity, it offers an “opioid blockade” to other opioids that typically 
lasts in excess of 24 hours. Oral bioavailability of buprenorphine is low because of 
extensive first-pass hepatic metabolism. The administration of buprenorphine by 
the sublingual route allows for bypassing of the first-pass hepatic metabolism, thus 
increasing bioavailability. Buprenorphine is well-absorbed sublingually, with 
60–70% of the bioavailability of intravenous doses. It is highly bound to plasma 
proteins and is inactivated by enzymatic transformation via N-dealkylation and 
conjugation. Buprenorphine is mainly metabolized to inactive conjugated metabo-
lites (80–90%), but norbuprenorphine, a product of N-dealkylation by the cyto-
chrome P450 3A4 enzyme, has more potent respiratory depressive effects than the 
parent drug. The combination product contains buprenorphine and naloxone in a 
4:1 ratio. The tablets are available in 8 and 2 mg and the films in 12, 8, 4, and 2 mg. 
The naloxone is poorly absorbed sublingually and may precipitate a withdrawal if 
the combination product is administered parenterally, thus reducing the risk of 
misuse and diversion. The monoproduct contains buprenorphine only. In 2016, 
FDA approved the first buprenorphine subdermal implant and the next year the 
monthly buprenorphine injection, which is administered subcutaneously in the 
abdomen.

A clinical challenge is how to treat pain in a patient who is on MAT for their 
opioid use disorder. Pain can be categorized as anticipated acute pain, unanticipated 
acute pain, acute pain superimposed on chronic pain, and chronic pain.

�Anticipated Acute Pain

Painful procedures such as elective surgery can be anticipated. This is an opportu-
nity for both the patient and the treatment team to plan and optimize the manage-
ment of this acute pain [32]. If the elective procedure is associated with 
mild-to-moderate pain, the dose of methadone or buprenorphine can be titrated 
upward with TID dosing. If the postoperative pain is severe, patients can be main-
tained on the same dose of methadone/buprenorphine and a high-potency full mu 
agonist like hydrocodone or hydromorphone can be added to the treatment regimen 
until the acute pain resolves.

�Unanticipated Acute Pain

Some patients may experience pain secondary to trauma such as a motor vehicle 
accident or other acute, surgical emergencies. If the pain is mild-to-moderate 
pain, the dose of methadone or buprenorphine can be titrated upward with TID 
dosing. If the pain is severe, patients can be maintained on the same dose of 
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methadone/buprenorphine and a high-potency full mu agonist like hydrocodone 
or hydromorphone can be added to the treatment regimen until the acute pain 
resolves.

�Acute Pain Superimposed on Chronic Pain

If patients with a history of opioid-use disorder and chronic pain syndrome on meth-
adone or buprenorphine TID dosing experience acute pain, a high-potency full mu 
agonist like hydrocodone or hydromorphone can be added to the treatment regimen 
until the acute pain resolves.

�Chronic Pain

Patients on MAT who are taking methadone or buprenorphine once daily dosing and 
who experience chronic pain may divide the total dose and take it on a TID dosing 
schedule. Then, like any other chronic pain patient, the dose of methadone or 
buprenorphine is titrated to effect.
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