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Abstract

Purpose of Review Well-informed staff can help decrease risks and common misconceptions regarding opioid-tolerant patients,

especially those taking methadone.

Recent Findings In 2015, opioid pain relievers were the second most used drug at 3.8 million. Overdose death was three times
greater in 2015 than in 2000. Medication-assisted treatment was sought by more than 2 million individuals with substance use

disorder, one of which is methadone.

Summary Chronic pain affects millions of adults in the USA. Opioid therapy is widely used among these adults. Related to the
risk of abuse and dependence, guidelines suggest that opioid therapy may not be considered first-line treatment. A multidisci-
plinary approach, including thorough preoperative evaluation, the utilization of multimodal pain management strategies, and
opioid-sparing techniques in both the intraoperative and postoperative periods will allow for the best possible outcome.

Keywords Methadone - Opioids - Pain - Pain management - Perioperative - Multimodal analgesia

Introduction

One hundred million adults in the USA live with chronic
pain and more than 2 million individuals seek treatment for
substance abuse, including opioid abuse [1]. Within this
population, there are a large number of opioid-tolerant in-
dividuals (e.g., those taking methadone, buprenorphine,
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and naltrexone for opioid agonist therapy (OAT) methadone-
maintained treatment (MMT) and treating perioperative pain in
this population can be challenging from the patients’ point of
view and the health care providers’ point of view. For example,
hospital staff may misinterpret a request for pain medication as
drug-secking behavior and thus discontinue maintenance opi-
oids during the perioperative period unnecessarily. On the other
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hand, health care providers who are unaware of the risks asso-
ciated with opioid-tolerant patients may mistakenly give high
doses of opioids without regard for cardiac, respiratory, and
neurological depression, potentially causing life-threatening
side effects in these patients [2—4]. Therefore, communication
between all patient care staff is of the utmost importance, in-
cluding incorporation of multimodal pain management strate-
gies. These strategies include the use of non-opioid medications
(NSAIDs, gabapentinoids), neuraxial or regional anesthesia,
and psychological treatment, all in an effort to reduce perioper-
ative pain and pain perception [1-4, 9].

Dependence, addiction, and abuse may be identified at any
time during the perioperative period. Opioid tolerance, with-
drawal, and opioid-induced hyperalgesia may occur and are
complex neurobiological/physiological phenomena involving
multiple cell signaling pathways. Quick recognition and ap-
propriate treatment are especially crucial for those on long-
term opioid therapy such as methadone [4, 7, 8, 10].

Cardiac, respiratory, and neurological depression associat-
ed with morphine must be closely monitored. Patients taking
> 100 mg of oral morphine equivalent/day have a nine-fold
increase in the risk of inadvertent overdose or adverse events
compared to those patients who take < 20 mg/day. It should
also be noted a single 40 mg dose of oral methadone in an
opioid-naive individual is large enough to result in death.
Methadone’s long plasma half-life may be the cause of these
events [4, 11-14]. However, it is important to remember that
all opioids are capable of causing these same adverse events,
and a proper perioperative plan can decrease risk as well as
decrease the patient’s pain [15].

Finally, while patients treated with methadone usually
need escalating doses of opioids in the perioperative peri-
od, patients treated with naltrexone (a p-receptor antago-
nist) for a substance abuse disorder may have an increased
sensitivity to opioid receptor agonists after discontinuing
the drug, secondarily due to an upregulation of receptors
in the central nervous system. However, they may have an
increased requirement for opioids (e.g., on monthly intra-
muscular depot injections, or unable to stop for the appro-
priate preoperative time period related to emergency sur-
gery) and should be carefully monitored during treatment
with opioids [1, 4, 6, 7]. The focus of this chapter will be
on both acute and chronic pain, methadone, and manage-
ment during the perioperative period.

Pain and Addiction
Pathophysiology
The pathophysiology of addiction is complex. Current re-

search suggests addiction results from adaptations to normal
neuronal pathways that evolved to promote self-preservation
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through positive reinforcement of beneficial stimuli, termed
reward, and negative reinforcement of detrimental stimuli
termed aversion [16]. Regulation of reward and aversion is
principally mediated by the opioid system in which three dis-
tinct opioid receptors (mu, kappa, and delta) act centrally
to regulate hedonic tone, mood, learning, and memory.
Individual endogenous opioids serve as natural ligands to spe-
cific opioid receptors; the agonism of these opioid receptors in
response to a stimulus determines how that stimulus is per-
ceived and how it is reinforced. Specifically, agonism of kap-
pa opioid receptors (KORs) expressed in the nucleus accum-
bens (NAc) inhibits dopamine release to result in a dysphoric
mood, and thereby negatively reinforces detrimental stimuli
[17, 18]. In contrast, stimulation of mu opioid receptors
(MORs) expressed on GABAergic interneurons in the ventral
tegmental area (VTA), NAc, and the thalamus promotes the
release of dopamine and results in euphoria, thus reinforcing
beneficial stimuli [19, 20]. Although the role of delta opioid
receptors (DORs) in addiction is less understood, active re-
search into these receptors is underway. DORs are expressed
throughout the addiction circuitry, and agonism of these re-
ceptors mitigates anxiety and depression; additionally, DORs
also regulate learning and memory [21, 22].

Opioid receptors are also expressed outside of the addiction
circuitry, while KOR and DOR receptors are expressed in
various tissues and have been demonstrated to have specific
analgesic properties in vivo, currently their clinical role re-
mains unclear [23]. In contrast, MORs are expressed in pe-
ripheral tissues, spinal cord, and the brain stem. The MORs act
to modulate the perception of pain and agonism of these re-
ceptors inhibits the release of substance P peripherally and
inhibits both ascending and descending pain pathways of the
central nervous system [24].

Substance Abuse

Substance abuse is a serious global health issue and a major
health concern in the USA. The number of opioid-related
deaths has almost tripled in the USA since 2005 [25-27].
Most abused opioid medications function as pure MOR ago-
nists to mitigate the perception of pain. However, these med-
ications also act centrally on MORs in the VTA, NAc, and
thalamus stimulating the reward pathway producing euphoria,
and ultimately promoting addiction and further substance
abuse in certain patients [16, 28, 29]. Addiction is not an acute
process, but rather develops in susceptible individuals after
chronic use of opioid agonists. Chronic stimulation of
MORs via exogenous opioids alters the balance of MOR,
KOR, and DOR signaling through dopamine D2 receptor ex-
pression [16, 30]. Ultimately, chronic usage of opioids en-
hances KOR and mitigates MOR signaling leading to what
has been described as a “low-reward high-aversion™ state.
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Opioid-Induced Hyperanalgesia

In addition to changes in the reward pathway, chronic use of
exogenous opioids alters the homeostasis of nociceptive neu-
ronal pathways leading to a phenomenon termed opioid-
induced hyperanalgesia [31]. Interestingly, as seen with addic-
tion, opioid-induced hyperanalgesia does not occur in all pa-
tients chronically treated with opioid agonists, but rather man-
ifests only in a subset of patients implying that there is a genetic
or acquired susceptibility [32, 33]. As the name implies, chron-
ic use of opioid agonists can paradoxically lead to increased
sensitivity to pain; however, the presentation of opioid-induced
hyperanalgesia can vary markedly. In the mildest form, opioid-
induced hyperanalgesia can present as a loss of the opioid
analgesic effect due to central sensitization or the development
of tolerance to a specific dosage of opioid agonist. More severe
cases may present with worsening pain, which spreads diffuse-
ly to include previously unaffected areas. In extreme cases,
patients can develop pain to new sources or even innocuous
stimuli; however, such cases and presentation are relatively
rare. The prevalence and clinical significance of opioid-
induced hyperanalgesia are likely underappreciated as the pre-
sentation is difficult to distinguish from that of inadequate pain
control, which could be treated by increasing the opioid dos-
age. While the opioid crisis has increased clinical awareness,
recognition, and research efforts of opioid-induced
hyperanalgesia, evidence-based treatment guidelines are
still lacking [34]. Current non-evidence-based treatment strat-
egies include switching affected patients to non-opioid pain
medications, such as NSAIDS, steroids, gabapentinoids, anti-
convulsants, and low-dose ketamine with clonidine [35].
Additionally, related to incomplete cross-tolerance between
different opioid agonists, it is also recommended to consider
an opioid rotation regimen [36, 37]. The clinical significance of
opioid-induced hyperanalgesia extends beyond chronic, every-
day pain and must also be considered in all aspects of the
perioperative setting, as discussed in more detail below.

Acute Pain vs. Chronic Pain Treatment in the Patient
Experiencing Addiction

Treatment of pain in addicted patients is often difficult and
driven by individual changes in normal neuronal circuitry
due to chronic usage of opioid agonists, therefore necessitat-
ing personalized treatment strategies tailored to the patient’s
condition. The choice of treatment strategy depends on several
factors including, but not limited to, the duration, nature, and
severity of the pain, as well as patient-specific comorbid
disease.

Chronic pain and opioid withdrawal have been effectively
treated with methadone, a long-acting MOR agonist and
NMDA antagonist [38], or a newer available agent,
buprenorphine, a partial MOR agonist and KOR antagonist

[39]. Over the past decade, the number of people receiving
methadone and buprenorphine in opioid treatment facilities
has been steadily increasing, with more than 1.1 million peo-
ple receiving treatment in 2016. While both methadone and
buprenorphine are both potent analgesics, their duration of
action in producing effective analgesia is shorter than their
effective duration for preventing opioid withdrawal [40, 41].
For this reason, adjunct analgesic therapy is often needed.
Another indication for adjunct analgesic therapy is the acqui-
sition of acute pain such as in the postoperative setting.
Managing acute pain in addicted patients or those receiving
long-term methadone therapy is difficult as these patients ex-
hibit varying degrees of opioid tolerance and will likely re-
quire a greater than normal dose of a short-acting opioid to
relieve their pain. Additionally, NSAID or acetaminophen-
opioid combination medications should be utilized, if permis-
sible. The effective analgesic dosage will vary between pa-
tients thus necessitating careful titration under close observa-
tion to mitigate the risk of CNS or respiratory depression.
Aside from the medical complications, an additional concern
in treating acute pain in addicted patients with opioid agonists
is the propensity to cause relapse. Interestingly, recent studies
have shown that in the presence of acute pain, the euphoric
effect of opioid agonists is diminished and the heightened
stress state accompanying undertreated pain may actually
pose a greater relapse risk in addicted patients [42]. Further
clinical research is warranted to identify effective analgesic
treatment strategies in addicted patients that minimize medical
complications and the associated risk of relapse.

Methadone

Methadone is a unique opioid that exerts its effects across
multiple receptor subtypes, making it a well-validated drug
for peri- and postoperative pain control following spine [43]
and cardiac surgery [44]. In addition to acute and chronic pain
control, methadone is arguably most known for its use in the
treatment of opioid dependence and withdrawal secondary to
its long elimination half-life [45]. As the number of long-term
opioid users continues to grow, physicians are presented with
the difficult task of adequately, yet safely, managing the bal-
ance of acute and chronic pain control.

Methadone is a synthetic mu-opioid agonist of the
diphenylpropylamine class and is structurally unrelated to mor-
phine. Clinically, methadone is used as a racemic mixture of the
R- and S- enantiomers, levomethadone and dextromethadone,
respectively [45, 46]. While levomethadone is almost entirely
responsible for the opioid effects, dextromethadone acts as an
antagonist at NMDA receptors with little to no effect on opioid
receptors. There is evidence that dextromethadone antagonism
of the NMDA receptor prevents the development of opioid-
related hyperalgesia that is triggered by the presence of the
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levomethadone racemate [47]. Furthermore, dextromethadone
also prevents the reuptake of serotonin and norepinephrine [45].
Rat models have demonstrated methadone’s ability to reduce
neuropathic pain secondary to NMDA antagonism [48], while
others have theorized that this activity is potentially responsible
for decreased opioid cravings [49, 50].

Pharmacokinetics and Pharmacodynamics

Methadone is a lipophilic drug that is most commonly admin-
istered by mouth, although parenteral forms are frequently
used in the perioperative period for pain control. Methadone
is well absorbed following via PO administration, with a bio-
availability ranging from 36 to 100%. Onset of action is seen
in as little as 30 min via the oral route, with peak plasma
concentrations having a variable time course of 1 to 7.5 h.
Duration of analgesia ranges from 4 to 8 h following a single
dose but increases to a range of 22 to 48 h with repeated doses.
Methadone has a typical half-life elimination of 8 to 59 h,
although genetic variability of the CYP3A4, CYP2B6, and
CYP2D6 enzymes has yielded metabolism rates ranging from
4 to 190 h [45, 46, 51].

Methadone demonstrates avid plasma protein binding (85—
90%), primarily to alpha-1 acid glycoprotein. It is metabolized
in the liver via N-demethylation, most notably via CYP3A4,
CYP2B6, and CYP2C19, with contributions for CYP2C9 and
CYP2D6, from methadone to 2-ethyl-1.5-dimethyl-3,3-
diphenylpyrrolinium (EDPP) and other inactive metabolites.
Because of this hepatic metabolization, there is a risk of drug
accumulation in patients with hepatic impairment after multi-
ple doses. Following hepatic biotransformation, unmetabo-
lized methadone and its metabolites are primarily eliminated
via the renal system with some contribution from fecal excre-
tion. Because of its basic nature, the excretion of methadone is
increased when urine pH is < 6 [45, 46, 51].

Adverse Drug Effects and Interactions of Methadone

Methadone’s action at the opioid receptors can manifest in
traditional opioid-related side effects, including respiratory
depression, sedation, miosis, and constipation. Unlike more
rapid onset opioids, methadone’s characteristic respiratory de-
pression does not peak until after its peak analgesic effects
have passed. Similarly, its respiratory depression is additive
with other substances, such as alcohol, benzodiazepines, and
barbiturates, while conditions such as sleep apnea, CNS dis-
turbances, and severe lung disease should prompt practitioners
to initiate treatment in a conservative fashion [52-54].

As mentioned earlier, Methadone blocks the reuptake of
serotonin and norepinephrine, and therefore can lead to sero-
tonin syndrome if given with other serotonergic drugs such as
serotonin and norepinephrine reuptake inhibitors (SNRI), se-
lective serotonin reuptake inhibitors (SSRIs), select tricyclic

@ Springer

antidepressants (TCAs), as well as monoamine oxidase inhib-
itors (MAOISs) [55]. Patients taking the above medications
should be monitored for signs and symptoms of serotonin
syndrome including mental status changes, autonomic insta-
bility, hyperreflexia, and/or gastrointestinal symptoms.

Dextromethadone’s activity at the human ether-a-go-go
(hERG) receptor has been associated with the development
of QT prolongation, Torsades de Point (TdP), and sudden
cardiac death. A majority of cases occur in patients receiving
chronic treatment with large doses, although cases have been
associated with normal maintenance doses. Risk factors for
the development of QT prolongation include cardiac hyper-
trophy, diuretic use, hypokalemia, and hypomagnesemia.
Caution should be used in patients with the above risk factors
or in those with a history of cardiac conduction abnormalities
[55]. The American Pain Society and Heart Rhythm Society
recommend baseline EKGs in patients with the following risk
factors: age > 68, female gender, history of liver disease, his-
tory of electrolyte abnormalities, structural heart disease, ge-
netic predisposition, concomitant use of QT-prolonging drugs,
or previous history of syncope. Intermittent EKGs should be
monitored with continued use, as well as with increasing
doses [50, 54].

While single perioperative doses of methadone are a long-
validated treatment for postoperative analgesia with a relative-
ly safe side effect profile, it is important to consider consulting
with a pharmacist or physician experienced in the manage-
ment of methadone if dealing with a patient on chronic meth-
adone for maintenance. As previously discussed, methadone
is subject to numerous drug interactions, particularly other
drugs associated with QT prolongation, as well as drugs that
can potentially affect the metabolism of methadone [4, 46,
55]. Table 1 lists medications that increase the risk of QT
prolongation and TdP with methadone. Table 2 lists select
drugs that may increase methadone levels (adapted from [45,
55)).

Methadone and the Perioperative Setting
Preoperative

Methadone is advised to be continued on the day of surgery as
well as post-op, with exceptions based upon surgical indica-
tion. For example, if NPO status is indicated, alternative anal-
gesic therapies should be considered (e.g., PCA) with normal
methadone dose being resumed PO as soon as possible there-
after [11]. During preoperative evaluation and planning of
anesthesia in a patient undergoing methadone therapy, it is
recommended to develop a clear line of communication with
the patient to facilitate the treatment process. Provider
reviewing of old patient records for previous surgeries and
information about particular analgesia and dosage is warrant-
ed, as well as a urine drug screen, complete blood count, ECG,
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Table 1 Medications

that increase the risk of Substantial risk Reported risk
QT prolongation and
TdP with methadone Amiodarone Atazanavir
Azithromycin Doxepin
Ciprofloxacin Cotrimoxazole
Clarithromycin Itraconazole
Erythromycin Voriconazole
Fluconazole Ritonavir
Levofloxacin Quetiapine
Chlorpromazine Furosemide
Citalopram Protamine
Cocaine
Droperidol
Haloperidol
Escitalopram
Fluoxetine
Sertraline
Ondansetron

LFTs, and renal function tests may also be indicated based
upon provider assessed concern of polydrug abuse.
Continuation of methadone maintenance dose is advised both
before and on the day of surgery to prevent unnecessary serum
drug level fluctuations. Additionally, a detailed history of
methadone dose, frequency of dosage, and time since most
recent dose should be gathered in attempts to assess the level
of opioid tolerance. In those patients receiving [V administra-
tion of methadone, PO doses exceeding 200 mg per day, and
concurrent medications that may lead to QT prolongation, the

Table 2 Select drugs that may increase methadone levels

Amiodarone Cimetidine Ritonavir
Diltiazem Esomeprazole Efavirenz
Verapamil Omeprazole Modafinil
Nifedipine Pantoprazole Nelfinavir
Clopidogrel Ciprofloxacin Nevirapine
Ticlopidine Clarithromycin Rifampin
Amitriptyline Erythromycin Rifabutin
Citalopram Fluconazole Phenytoin
Escitalopram Itraconazole Carbamazepine
Fluoxetine Ketoconazole Phenobarbital
Sertraline Isoniazid St. John’s wort
Paroxetine Alprazolam Estradiol
Bupropion Diazepam

Duloxetine Midazolam

Diazepam Doxorubicin

Haloperidol Imatinib

Celecoxib Diphenhydramine

Cannabinoids

anesthetist should be aware of the possibility of further QT
prolongation and development of Torsades de pointes. Such
concurrent medications that may further prolong the QT inter-
val include chlorpromazine, clarithromycin, disopyramide,
erythromycin, haloperidol, and amiodarone. In such specific
patient subsets, a preoperative ECG is indicated [11].

Intraoperative

Achieving effective analgesia while also preventing intoxica-
tion and withdrawal is extremely important. Anesthetic agents
must be titrated accordingly depending upon specific patient
needs, with the majority of patients on concurrent methadone
therapy requiring greater than normal doses for successful
induction and maintenance [56]. Nutritional deficiencies
may be especially present in this patient population which
may subsequently result in hypoproteinemia, indirectly in-
creasing the free-fraction of protein bound drugs. In those
patients with a history of opioid addiction on methadone ther-
apy, non-opioid-based anesthesia is preferred, with treatment
regimens consisting of ketamine, volatile anesthetics, paracet-
amol, NSAIDs, COX-2 inhibitors, and benzodiazepines with
particular caution as discussed above. If it is decided that an
opioid-based regimen is needed, particular opioid dose re-
quirements may need to be increased, ranging from 50 to
100% based upon the patient. It must be noted that in patients
having undergone successful opioid withdrawal and absti-
nence, the use of opioid therapy in the anesthesia regimen
may result in delayed emergence and prolonged respiratory
depression while conversely, inadequate analgesia in the same
patient could result in reactivation of addiction in those previ-
ously abstinent. A remifentanil infusion has been noted to be
beneficial if opioid therapy is used based upon its short dura-
tion and favorable safety profile. Avoidance of mixed opioid
agonist—antagonists is preferable when patients are on a con-
current opioid withdrawal therapy [56].

Postoperative

During the post-op period, the maintenance methadone dose
should be continued. As such, alternative opioids are used for
acute pain control as deemed necessary and continuously ta-
pered thereafter. Using regional anesthesia when possible of-
fers an ideal route for pain control in patients that are concur-
rently on methadone therapy, but patients may also continue to
have high pain scores despite alternative analgesia modalities.
Within this patient population, immediate-release short-acting
opioids should be used sparingly, with extended-release for-
mulations preferred in those who are considered opioid-
tolerant or opioid “adjusted.” Once discharged from the hos-
pital, these patients will require close follow-up, especially so
if requiring high doses of long-acting opioids for analgesia. It
should be noted that preadmission and preoperative
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maintenance doses of methadone provide no analgesia for
relief in an acute pain setting and may also lead to a
decrease in pain threshold. Healthcare providers should
keep this in mind when managing opioid-responsive pain
as indicated by the extent of the surgical procedure for
each respective patient as clinically necessary [11]. In pa-
tients with preexisting opioid tolerance, the addition of a
background infusion is typically necessary. This brings up
the issue of “opioid debt” when considering the addition
of an infusion to management postoperative and acute
pain. In those patients who routinely use opioids, a toler-
ance is typically developed, and such patients are deemed
to be “opioid-tolerant.” The concept of “opioid debt” re-
fers to the dosage of opioid per day being inadequate to
achieve normalized, prehospitalization serum drug level
that the patient is adjusted to. This concept becomes cru-
cial when serum opioid levels become low enough such
that early and subsequent late withdrawal occurs, and in
opioid-tolerant patients on a high dosage therapy plan, the
addition of a background infusion should be considered.
Such addition of PCA in such patients maintains an ade-
quate level of analgesia but should not be used to estab-
lish initial intended analgesia [57]. In the opioid-tolerant
patient, it has been proposed that opioid loading while in
the operating room during emergence is beneficial, using
agents such as morphine up to 20 mg I'V. Those patients
who are undergoing major surgical procedures are rou-
tinely administered ketamine, shown to be beneficial both
in the reduction of opioid tolerance levels and improved
postoperative pain control. IV methadone for continued
analgesia should be avoided due to concerns of QT inter-
val prolongation as previously mentioned as well as se-
rum drug accumulation with repeated doses [58].

Acute Management Plan

In those patients with continued opioid tolerance and
among those on concurrent methadone therapy, multimod-
al forms of analgesia for acute postoperative pain is
strongly supported, in part based upon the theory that
use of combinations of analgesic agents are acting at dif-
ferent target sites in various pathways, subsequently re-
ducing total opioid requirements. Specific concerns when
treating patients for acute pain who are undergoing meth-
adone therapy include prolonged QT interval, as men-
tioned above, increased somnolence, fever, shock, or over-
lying medical conditions that may affect hemodynamic
stability, and thus, methadone dosage should be decreased
or held accordingly. The anesthetist should be knowledge-
able that among those receiving methadone therapy, the
need for additional opioids at higher dosages and at a
greater frequency than those not receiving methadone is
often present [14].
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Opioid-Sparing Techniques

Recent recommendations promote the use of paracetamol,
NSAIDs, or COX-2 inhibitors unless specifically clinically
contraindicated. Additionally, ketamine is gaining popularity
in acute pain management of opioid-tolerant patients and
those undergoing methadone therapy. Specifically, adminis-
tering the drug in a low dose as a continuous IV infusion or
subcutaneous infusion for 1-3 days can be quite useful as a
drug adjunct. The use of gabapentinoids has become more
prevalent as well, specifically during surgery recovery pe-
riods. Lastly, the use of local anesthetic interventions includ-
ing wound infiltration or regional or neuroaxial blocking
should be used when possible to enhance analgesia vs. adding
additional opioid therapies [4] [59]. As more and more pa-
tients are placed on methadone therapy, it becomes crucial
for the anesthesiologist to be knowledgeable about pre and
postoperative treatment algorithms as well as distinct drug
interactions in attempts to optimize patient care and enhance
their recovery.

Multimodal Analgesia

Multimodal analgesia refers to the combination of different
pharmacologic drugs and interventions, which can provide
additive or synergistic effects that can be used to treat pain
in the perioperative period. This combination of different
pharmacological drugs can be a mainstay for any patient un-
dergoing surgery, especially patients with opioid tolerance and
dependence or patients that are currently on methadone ther-
apy. Multimodal analgesia aims to target various pain recep-
tors throughout the body to help combat the perception of
pain. Multimodal analgesia also reduces postoperative opioid
analgesic requirements, which ultimately reduces associated
side effects of opioid cnsumption. The decreased use of opi-
oids can help to combat the emerging opioid crisis that we are
currently facing. Additionally, multimodal analgesia for pa-
tients on current methadone therapy can help reduce the risk
of opioid overdose or opioid withdrawal. Opioids in general,
including methadone, have various adverse events that are
associated with their administration such as opioid induced
ventilatory impairment [60]. By targeting various non-opioid
pain receptors, these adverse events can be decreased or even
eliminated.

Useful Agents in Multimodal Analgesia

There are a variety of pharmacologic agents, including opi-
oids, that can be used to target various pain receptors when
practicing multimodal analgesia. Acetaminophen is thought to
work by targeting prostaglandin concentrations in the brain,
although its exact mechanism of action is unknown.
Prostaglandins are known for causing inflammation and
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swelling. Therefore, by decreasing prostaglandin concentra-
tions, the pain threshold is relatively increased. NSAIDS also
have an effect on prostaglandin synthesis as well. NSAIDS
exert their effects by decreasing peripheral prostaglandin syn-
thesis and inhibiting cyclo-oxygenase enzymes, which lead to
decreased cell inflammation and ultimately translate to less
pain. NMDA receptor antagonists can also be used for the
treatment of pain. Ketamine is an NMDA receptor antagonist.
NMDA receptors are located in both the peripheral and central
nervous systems and are thought to play a role in the devel-
opment of the “wind up” phenomenon. An NMDA receptor
antagonist such as ketamine acts to block this central sensiti-
zation that can occur and thus preventing the central sensiti-
zation that can lead to hyperalgesia and allodynia [61].
Patients that are on chronic opioids including methadone ther-
apy can have neuronal changes in the nervous system that is
similar to this phenomenon, and NMDA receptors antagonists
can be very helpful for this reason.

Gabapentinoids act on the presynaptic calcium channels
that inhibit calcium channel influx resulting in a decreased
release of excitatory neurotransmitters. They are also useful
in decreasing and even preventing the central sensitization that
can occur resulting in further hyperalgesia and allodynia.
Patients that receive gabapentinoids tend to have better post-
operative pain management in general. A single preoperative
dose of gabapentinoids has been shown to decrease perioper-
ative opioid consumption by up to 30 mg of morphine equiv-
alents in the first 24 h of surgery [62]. This could potentially
result in less opioid-induced complications.

Local anesthetics are another group of drugs that can be
useful in multimodal analgesia. Typically, local anesthetics
can be used in infiltration for central neuraxial and peripheral
nerve blocks. The use of central and peripheral nerve blocks
either by a single shot or continuous technique should be
considered if it is a possibility and the patient has no contra-
indications to procedure [63]. Intravenous lidocaine, however,
has been shown to have some anti-inflammatory, anti-
hyperalgesia, and analgesic properties when given by this
route. This is thought to occur by inhibition of sodium chan-
nels, NMDA receptors, and G protein-coupled receptors [61].
Infusions are useful in abdominal procedures because they
decrease the duration of postoperative bowel dysfunction.

Alpha-2 adrenergic receptor agonists are useful for the con-
trol of pain because activation of these receptors presynapti-
cally can inhibit the release of norepinephrine and activation
postsynpatically inhibits sympathetic activity. These drugs ex-
ert their action on supraspinal, spinal, and peripheral receptors
resulting in a decrease of pain intensity and opioid medication
administration. Clonidine and dexmedetomidine are that two
commonly used drugs in this class. The administration of non-
opioid adjuncts and regional anesthesia to patients on metha-
done therapy could help to reduce postoperative opioid con-
sumption and opioid related side effects [61].

Prevention of Withdrawal and Conversion from IV to Oral
Opioid

Opioid withdrawal is typically manifested as an intense desire
and craving for opioids followed by physical symptoms.
Although these physical symptoms are nonlife-threatening,
they can be rather unpleasant. Symptoms of opioid withdraw-
al include, but are not limited to irritability, abdominal dis-
comfort, nausea, vomiting, diarrhea, sweating, fever, and in-
somnia. Prevention of withdrawal is an important practice for
patients on chronic opioid or methadone therapy. Methadone
has a long half-life (ranging from 8 to 60 h), but the analgesic
effect of methadone only last for about 6-8 h [11]. Because of
methadone’s long half-life, patients who do not receive their
medication for a few days are unlikely to experience with-
drawal. Rather, they will need to receive some sort of alternate
analgesia. It is recommended that patients continue their meth-
adone therapy during the postoperative period as soon as they
are able to tolerate oral intake. If patients are going to have
nothing in their mouth for 48 h, some sort of alternative intra-
venous opioid may be needed. As the patient’s situation im-
proves, and they later become able to tolerate oral opioids,
conversion to oral opioids should be undertaken as oral can
be continued in the outpatient postoperative period if needed.
When converting from intravenous opioids to oral opioids, a
rule of thumb is 60 mg of IV morphine equivalents given over
24 h is equal to approximately 150 mg equivalents of oral
morphine equivalent. Additionally, some physicians suggest
50% of this calculated dose as a sustained release oral medi-
cation (morphine sulfate) twice a day and then one sixth of the
total calculated dose as an immediate release formulation ev-
ery 4 h as needed [4].

Opioid Rotation

When a patient develops intolerable side effects due to a cer-
tain opioid medication, an opioid rotation can be utilized.
Opioid rotation refers to switching from one opioid to another,
and this method is useful if a patient is no longer responding to
a particular opioid’s analgesic effects or if the patient is having
some side effect from a particular opioid that is no longer
tolerable, such as nausea or puritis. Sometimes a patient can
develop tolerance to the analgesic part of the opioid, but not to
the side effects, even with increasing doses. If this happens,
opioid rotation can be used to reduce the side effects and
improve analgesia since some patients respond differently to
different opioids due to incomplete cross-tolerance [4, 64].

Conclusion

Opioid-tolerant patients present a challenge in the periopera-
tive period for pain control, and those taking methadone have
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their own set of challenges that must be met. Patients taking
methadone, as well as buprenorphine and naltrexone, may
have a history of chronic pain and addiction, and may further
have complex neurobiological alterations including opioid tol-
erance, opioid-induced hyperalgesia, substance abuse, and
withdrawal. A multidisciplinary approach, including thorough
preoperative evaluation, the utilization of multimodal pain
management strategies, and opioid-sparing techniques in both
the intraoperative and postoperative periods, will allow for the
best possible outcome. Those providing pain management to
patients taking methadone must be aware of its complex phar-
macodynamics and pharmacokinetics, of its interaction with
other drugs, and its well-documented cardiorespiratory risks,
taking those factors into account when providing care in the
perioperative period. Again, providing care in the periopera-
tive period to patients taking methadone can be complex, but a
well-informed anesthesia provider can allow for the best pos-
sible outcome.
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