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 Introduction

Following the American Civil War, physicians often prescribed long-term opioid 
pharmacotherapy for the treatment of opioid use disorder (OUD) [1]. Support for 
this practice declined at the end of the nineteenth century and was outlawed with the 
passage of the Harrison Act in 1914. This reflected the general mindset of the pro-
hibition era that categorized alcohol and opioid use disorder as moral failings rather 
than medical problems. This shift in paradigm dominated medical thinking until the 
period following WWII when the medical community began to reclaim a role in the 
treatment of alcohol use disorder. The epidemics of heroin use disorder that fol-
lowed WWII and the Vietnam War led to recognition of the failure of the criminal 
justice paradigm and to the search for a more effective public health and medical 
model for the management of OUD. The modern era of medication treatment for 
OUD began in 1972 with Food and Drug Administration (FDA) approval of metha-
done for withdrawal and maintenance treatment [2]. The restriction of access to the 
medication to heavily regulated “methadone clinics” reflected pervasive stigma, 
fear of contact with individuals with OUD, and the ambivalence of both the legal 
and the medical communities to the restoration of a medical model for managing 
OUD. In the ensuing 50 years, there has been a heightened need for treatment driven 
by new epidemics of addiction to prescription medications and more recently illicit 
fentanyl and growing awareness that OUD has become a signature public health 
crisis of our era. This has been matched by appreciation for the strong evidence base 
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that supports long-term medication treatment as the most effective treatment for 
OUD. This chapter will review medication options for treating OUD and explain 
how medications fit into a comprehensive, multidisciplinary treatment approach to 
this ongoing public health crisis.

 Treatment of Withdrawal

Medication withdrawal treatment for OUD involves treatment with a long-acting 
opioid medication and gradually tapering the dose at a rate that minimizes severe 
withdrawal and avoids excessive sedation or intoxication. The standard withdrawal 
medications are oral methadone or sublingual buprenorphine/naloxone (BUP/NX) 
[3, 4]. If patients refuse opioids, or if opioid medications are not available, the 
alpha-2-adrenergic agonist clonidine may be used. Clonidine moderates autonomic 
nervous system withdrawal symptoms but does not adequately control dysphoria, 
craving, insomnia, or restlessness. It is sometimes used in combination with metha-
done, to permit more rapid withdrawal treatment with lower doses of opioids. For 
most patients clonidine alone is not a satisfactory treatment for the full range of 
withdrawal symptoms; higher rates of relapse have been reported than those seen 
with other medications [5]. However, in patients being tapered in anticipation of 
induction on to extended-release naltrexone (XR-NTX), clonidine may permit more 
rapid induction and avoid the risk of precipitated opioid withdrawal [6]. An alterna-
tive alpha-2-adrenergic agonist, lofexidine, was approved by the FDA in 2018 for 
the treatment of opioid withdrawal. It is thought to have some safety advantages 
over clonidine since it produces less sedation and hypotension.

Withdrawal treatment begins with a complete drug and medical history, a com-
plete physical examination, and urine toxicology. Even for patients on long-term 
BUP/NX or methadone treatment, it is difficult to accurately predict the patient’s 
level of physical dependence. It can also be highly risky to estimate the quantity 
and quality of street drugs. Very potent analogues of fentanyl may be present, 
often in drugs purchased by unsuspecting patients. The only way to avoid an inad-
vertent overdose or precipitated withdrawal is to evaluate the patient for signs of 
moderate opioid withdrawal before initiating withdrawal treatment. This should 
be done using a standard withdrawal scale such as the Clinical Opiate Withdrawal 
Scale (COWS) or the Objective Opioid Withdrawal Scale (OOWS) [7, 8] and 
documenting the results in the patient’s record. An initial dose of methadone 
20 mg orally or BUP/NX 4/1 mg sublingually should not be administered until the 
patient scores in the mild to moderate range on the COWS or OOWS in an effort 
to mitigate the risk of overdose with administration of methadone and the risk of 
precipitated withdrawal with administration of BUP/NX (please see Fig. 5.2 and 
the associated description for further information). Lower initial doses of 10 mg 
methadone or 2/0.5 mg BUP/NX are recommended for younger patients or for 
individuals who have been using smaller amounts. For patients being transferred 
from maintenance programs, the clinician must always verify the dose and time of 
the last dose, before initiating any new medication.
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Further dosing should be guided by the patient’s response as indicated on the 
COWS/OOWS. An additional dose can be administered in 2–4 hours if withdrawal 
symptoms increase or do not subside. If the initial dose was effective in controlling 
withdrawal, it should be repeated in 12 hours if needed. Ordinarily the total dose in 
the first 24  hours of methadone should not exceed 40  mg or 16/4  mg BUP/NX 
except for clinically indicated exceptions. Once withdrawal symptoms are ade-
quately controlled, the dose can be tapered at a rate that prevents further withdrawal 
and minimizes distress. Methadone can be reduced at a rate of 5 mg/day (or a maxi-
mum 20% dose reduction/day). An inpatient methadone taper can usually be com-
pleted in 5–7 days [9]. BUP/NX can be tapered at the rate of 50%/day. A more 
gradual taper extending over 13 days had a better outcome and was significantly 
more effective than clonidine [10, 11]. One study compared withdrawal treatment 
utilizing clonidine, methadone, and BUP/NX [5]. Compared with clonidine, BUP/
NX patients were more likely to complete treatment, stayed in treatment longer 
(particular in outpatient withdrawal treatment), and had fewer withdrawal symp-
toms [11]. The outcomes showed no significant difference comparing methadone to 
BUP/NX in completion of treatment or severity of withdrawal, but withdrawal 
symptoms resolved more quickly in BUP/NX-treated patients.

The long-term outcome of withdrawal treatment is rarely good [12, 13]. There is 
a relapse rate of 80–93% within 1 year following a brief inpatient taper. The best 
results have been seen with very prolonged outpatient tapers or 1–2 week inpatient 
tapers followed by long-term residential treatment. Better results are seen with mul-
tiyear maintenance treatment followed by a very gradual outpatient taper. 
Nonetheless, even very stable patients have shown a relapse rate of 80% within 
1 year following a taper [13]. Patients must be warned about these risks if with-
drawal treatment is not followed by long-term residential care or treatment with 
XR-NTX. Large data sets have shown an elevated risk for fatal overdose immedi-
ately following inpatient withdrawal treatment or following termination of long- 
term treatment with methadone or BUP/NX [14]. All patients must be made aware 
of these risks.

New protocols are under study utilizing rapid inpatient clonidine taper combined 
with an escalating dose of naltrexone leading to induction on to XR-NTX. In some 
protocols, naltrexone is used to precipitate withdrawal, and then increasing doses of 
clonidine are used to suppress withdrawal symptoms as naltrexone is quickly increased 
to antagonist maintenance levels [15, 16]. These protocols often require initiation with 
very low doses of naltrexone that are not available formulations. Clinicians continue 
to seek out effective models for inducing physically dependent patients on to XR-NTX. 
Recent research has showed comparable efficacy between BUP/NX and XR-NX, 
once the patient has been stabilized on either medication (see below) [17]. However, 
long-term retention in treatment remains an issue in standard clinical practice [18].

Recently, efforts have been made to incorporate non-pharmacological interven-
tions in the treatment of acute withdrawal. One such example is a percutaneous 
electrical nerve field stimulation device which received FDA approval for the treat-
ment of opioid withdrawal in late 2017 [19]. The device is placed on the external ear 
for 5  days to stimulate neurovascular bundles with the purpose of helping to 
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alleviate symptoms of acute opioid withdrawal. The approval for this device was 
based on a small, uncontrolled, retrospective study which included 73 patients who 
saw a reduction in COWS scores from a baseline mean of 20.1 to 7.5 after 20 min-
utes, 4.0 after 30 minutes, and finally 3.1 after 60 minutes of wearing the device. It 
was also noted that of the 73 patient cohort, 64 patients transitioned to naltrexone 
after a 5-day course with the stimulation device [20]. There is limited evidence at 
this time for the role of non-pharmacological interventions in the treatment of acute 
opioid withdrawal; however, further study is needed.

In summary, it must be stressed that regardless of the medication or protocol 
used, medication withdrawal treatment for OUD has a poor outcome with more than 
90% of patients relapsing within 1 year. All of these patients are at high risk for a 
fatal overdose. Unless withdrawal treatment is followed by long-term residential 
care (9 months or more), it should not be considered adequate treatment for OUD.

 Maintenance Treatment

There is abundant evidence that long-term medication is the treatment of choice for 
most individuals with OUD [12, 17, 21, 22]. FDA-approved medications include the 
mu-opioid agonists methadone and buprenorphine or the antagonist, naltrexone. 
These treatment options have unique sets of advantages and disadvantages which 
need to be weighed for each patient individually.

 Agonist Therapy

Any discussion of agonist therapy needs to first clarify what it is not; it is not a sub-
stitution of “one addiction for another.” Agonist therapy for OUD is the use of a 
long acting medication (either methadone or buprenorphine) as a daily medication 
to induce opioid tolerance and prevent opioid withdrawal and craving. This mode of 
therapy has been demonstrated to establish physiologic stability, improve general 
health and nutrition, decrease injection drug use, decrease criminal behavior, 
increase employment, and stabilize lifestyle [13]. Individuals who have responded 
well to these medications no longer present the behavioral symptoms associated 
with an OUD and no longer meet diagnostic criteria for opioid use disorder.

 Buprenorphine
Buprenorphine, a partial agonist at the mu-opioid receptor, was approved by the 
FDA for the treatment of OUD in 2002. Safety and efficacy have been shown in a 
number of double-blind, placebo-controlled clinical trials [23–26]. It has a very 
high affinity for the mu-opioid receptor and it will displace other agonists (either 
natural opiates or synthetic or semisynthetic opioids) from the receptor. However, as 
a partial-agonist, it does not fully activate the receptor. This “ceiling effect” prevents 
respiratory depression regardless of the amount ingested, making buprenorphine an 
unusually safe medication (Fig. 5.1). Because of its safety and its slow dissociation 
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from the receptor, it provides long lasting receptor blockade, making it an ideal 
choice for the treatment of OUD.

This Schedule III medication is available as either a single medication (mono- 
formulation) or in combination with the antagonist naloxone (combo-formulation) 
in a ratio of approximately 4 mg buprenorphine to 1 mg naloxone. The combo-
formulation was developed for sublingual use, to discourage diversion and misuse. 
Because naloxone has poor sublingual bioavailability, it has no clinical effect when 
taken as prescribed ensuring that the patient receives the full, intended buprenor-
phine effect. However, should the combo-formulation be crushed and injected, the 
naloxone is active, either blunting the effect of the buprenorphine or precipitat-
ing full opioid withdrawal in physically dependent individuals. Buprenorphine is 
now available in sublingual or buccal formulations, as a 6-month implantable rod, 
or as a monthly subcutaneous injection. Available branded or generic formula-
tions (in some cases, tablets or film strips) include sublingual formulations, either 
alone (Subutex®) or in a combination formulation with naloxone (Bunavail®, 
Suboxone®, and Zubsolv®), a 6-month implant (Probuphine®), and a monthly 
injectable (Sublocade®).

Because of its combination of clinical efficacy, safety, and lesser diversion 
potential, the FDA and the Drug Enforcement Administration (DEA) approved 
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Fig. 5.1 Intrinsic activity of OUD medications. (Adapted from the Treatment Improvement 
Protocol 63 from the Substance Abuse and Mental Health Services Administration [62])
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buprenorphine for the treatment of OUD in the office-based setting without the 
regulatory constraints placed on methadone treatment. The introduction of 
office-based treatment for OUD has been a major public health success [27]. 
Patients have been attracted to the greater flexibility of office- based treatment 
and the faster induction on to buprenorphine, as compared to methadone. 
Methadone, however, has higher retention rates and may be a better option for 
patients who require closer monitoring and a broader range of ancillary services. 
It is recommended that all maintenance patients be engaged in individualized 
psychosocial supports, which can be delivered by patients’ healthcare providers 
in the form of medication management and supportive counseling and/or through 
adjunctive addiction counseling, recovery coaching, mental health services, and 
ancillary supports that may be necessary (TIP 63 from SAMHSA).

The DATA 2000 legislation indicated that to qualify for buprenorphine treat-
ment, an individual must be 16 years of age and meet the DSM-IV criteria for opioid 
dependence. This is currently interpreted as meeting Diagnostic and Statistical 
Manual of Mental Disorders, 5th edition criteria for OUD, moderate or severe. As 
compared to methadone regulations, this permits the treatment of younger people 
with shorter addiction histories. Initial data from buprenorphine treatment found 
that patients who were younger, white, primarily used prescription opioids, and had 
greater stability were more likely to utilize buprenorphine treatment. More recently, 
evidence has demonstrated the effectiveness of buprenorphine in more marginalized 
and complex patient populations, including people recently incarcerated, people 
experiencing homelessness, people who inject opioids, and patients engaging in 
lower threshold settings (see, e.g., [28–31]).

 Obtaining the DEA Buprenorphine Waiver
DATA 2000 legislation specified a number of ways for a physician to obtain the 
waiver to prescribe buprenorphine. Individuals could apply if they were certified 
in addiction psychiatry by the American Board of Psychiatry and Neurology, or 
certified in addiction medicine by the American Board of Addiction Medicine, 
or if they completed an 8-hour training course. The clinician’s patient load is 
capped to 30 for the first year. After holding a waiver for 1 year, clinicians can 
apply for an increase to treat up to 100 patients. The Comprehensive Addiction 
and Recovery Act of 2016 (CARA) legislation and Substance Abuse and Mental 
Health Services Administration (SAMHSA) regulations of 2016 now permit cer-
tain clinicians to apply for an increased waiver limit of 275 patients after 1 year 
at the 100 patient limit [32, 33]. These regulations also permit nurse practitioners 
and physician assistants to apply for the waiver, but they are required to complete 
24  hours of training. By 2017, more than 35,000 physicians had obtained the 
DEA waiver to prescribe buprenorphine. Of those physicians with the waiver, 
23,982 can prescribe for up to 30 patients, 9285 for up to 100 patients, and 2525 
for up to 275 patients. It is estimated that there are now over 600,000 patients 
being treated in the office-based setting, and an additional 12,500 receiving 
buprenorphine in opioid treatment programs, compared with 350,000 patients on 
methadone maintenance.
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 Clinical Use of Buprenorphine
Initiating buprenorphine treatment requires a clear understanding of the drug’s 
pharmacology. As a partial opioid agonist, it has a very high affinity for the mu- 
opioid receptor, and it will displace most other opioid agonists. Because it does not 
fully activate the receptor, any individual physically dependent on a full opioid ago-
nist will experience this displacement as the acute onset or severe worsening of 
opioid withdrawal symptoms, a syndrome called “precipitated withdrawal.” This 
severe but brief syndrome is comparable to the effects of treatment with an opioid 
antagonist. The important clinical task of buprenorphine induction is to introduce 
the medication while not causing precipitated withdrawal. This problem can be 
avoided by waiting until the patient is opioid free or already in mild to moderate 
opioid withdrawal before administering the first dose of buprenorphine. This is best 
accomplished by instructing the patient to avoid any opioids for 12–24 hours for 
short acting opioids and at least 24 hours for long acting opioids prior to induction 
and by documenting the presence of withdrawal using a standard scale such at the 
COWS. The COWS scores patients on observable measures including pulse, sweat-
ing, restlessness, pupil size, tremor, yawning, runny nose/tearing, and goose flesh 
and more subjective measures such as bone or joint aches and abdominal cramps, 
permitting a reliable measure of the severity of withdrawal (Fig. 5.2) [8].
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To avoid precipitated withdrawal, the patient should demonstrate mild to mod-
erate opioid withdrawal (>12) on the COWS before he or she takes the first 
buprenorphine dose. If the patient has been using a more potent opioid such as 
fentanyl, we recommended that induction not begin until they have demonstrated 
a higher level of withdrawal in the range of 13–15 on the COWS.  In observed 
induction, an initial dose of BUP/NX 2/0.5 mg or BUP/NX 4/1 mg sublingually is 
given under observation and the patient is observed for an additional 1+ hours to 
ensure that there is no precipitated withdrawal. Supplemental doses can be given 
if withdrawal symptoms persist, with a maximum recommended first-day dose of 
BUP/NX of 16/4 mg.

Home induction, or unobserved induction, is an alternative option which has 
been demonstrated to be non-inferior to observed induction [34]. A home induction 
involves giving a patient an initial prescription for BUP/NX to take up to 16/4 mg 
on day one with careful instructions on the induction process. These patients can be 
monitored daily by telephone to ensure a safe and effective induction and seen for 
close follow-up in the office. The dose can be increased in 2–4 mg increments over 
the next 2–3 days to a dose that eliminates any further craving or withdrawal symp-
toms. The target maintenance dose was initially thought to be between 12 and 16 mg 
BUP/NX sublingually daily; however increasing evidence has demonstrated that 
higher doses (16–32 mg) are associated with improved treatment retention [35, 36]. 
Additional dose increases may be considered if craving and opioid use does not 
cease or diminish within 1–3 weeks.

In some circumstances it may be appropriate to initiate buprenorphine treatment 
in individuals not currently physically dependent (individuals recently released 
from residential care or from the justice system). Toxicology testing should be 
obtained to document their opioid negative status. Dosing should begin with BUP/
NX 2/0.5 mg sublingually the first day and increase by 2/0.5 mg daily until a stabi-
lization dose is achieved. If the patient experiences any level of sedation or intoxica-
tion, the dose should be reduced or further increases held until there is no further 
evidence of intoxication.

Buprenorphine has a long half-life, and clinicians should wait 5–7 days after 
initial stabilization or after any further dose increases to assess the full clinical 
response. The FDA-approved dosing range is 4–24 mg. Studies on receptor occu-
pancy suggest that there is little pharmacological justification for doses over 32 mg 
[37]. The implant formulation was approved in 2016 and is only recommended for 
stable patients currently on a sublingual BUP/NX dose of 8/2 mg [38]. Additionally, 
the monthly injectable buprenorphine depot formulation was approved in 2017 
which provides greater flexibility in dosage when compared to the implant formula-
tion. As with the implant formulation, before transitioning to the depot formulation 
the patient must have been on a stable dose of transmucosal buprenorphine. The 
depot requirements differ in that the transmucosal dose could be between 8 and 
24 mg as long as the dose has been stable for at least 7 days before initiating the 
depot formulation. Furthermore, after the first 2 months of 300 mg depot injections, 
the dose of the injection decreases to 100 mg, but the dose can be titrated back up to 
300 mg if clinically indicated [39].
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Weekly office visits are generally recommended for the first 3–4 weeks, with a 
gradual increase in duration between appointments as clinically indicated. Frequent 
monitoring visits and regular toxicology testing are associated with the best out-
comes. As such, even very stable patients should generally be seen once every 
1–2 months.

Patients treated with buprenorphine can benefit from individualized psychosocial 
supports. These can range from medication management and supportive counseling 
offered by the patients’ provider to more intensive adjunctive group or individual 
counseling, ancillary services, and mutual support (TIP 63 SAMHSA). Patients with 
significant co-occurring psychiatric problems may do best with adjunctive counsel-
ing. There have been four studies in both primary care and mental health settings that 
have shown that more stable patients may do just as well with less intensive ancillary 
services. Medication management with supportive counseling in the setting of a pre-
scriber visit has been demonstrated to be an effective management tool for selected 
patients with no serious co-occurring medical or psychiatric disorders. The patients 
were seen either weekly or monthly for 15–25-minute individual visits. The clinician 
would monitor adherence, response to treatment, and any adverse effects. They 
would also provide education about alcohol use disorder/OUD, health consequences, 
and treatments, encourage abstinence from illicit opioids and other addictive sub-
stances and participation in community supports for recovery, and encourage other 
lifestyle changes that support recovery [12, 40–42]. The World Health Organization 
recommends that all patients with OUD be offered psychosocial interventions with 
buprenorphine but that people who decline additional counseling should not be 
denied medication treatment [43].

Buprenorphine has also shown promise as a treatment for pregnant women with 
OUD. The “MOTHER” study was a double-blind, double-dummy randomized con-
trol trial of buprenorphine versus methadone for pregnant women. The results 
showed comparable safety and equivalent reductions of illicit opioids and other 
substance use with both medications. There were higher dropouts in the buprenor-
phine condition but higher rates of medical complications at delivery in the metha-
done condition. Of particular note were the milder withdrawal symptoms seen in 
infants born to the mothers on buprenorphine [44, 45]. It is anticipated that buprenor-
phine will soon become accepted as standard care for pregnant women with opioid 
use disorder. For women who become pregnant while being treated with buprenor-
phine, it is recommended that they be transferred from the BUP/NX combo- 
formulation to the mono-formulation and that they be referred for prenatal care 
while being continued on buprenorphine [46].

There is little information available on the interaction of buprenorphine and other 
medications. Like methadone it is a substrate of cytochrome P450(CYP)3A4, but 
unlike methadone, it has an active metabolite, norbuprenorphine, which appears to 
moderate the effect of other drugs that may induce buprenorphine metabolism. 
Drugs that inhibit CYP3A4, such as nefazodone or fluoxetine, could theoretically 
cause problems, but little difficulty has been reported. Of greater concern is the 
pharmacodynamic interaction between buprenorphine and sedating drugs such as 
benzodiazepines and antihistamines. Buprenorphine should be used with caution in 
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patients with active, severe benzodiazepine use disorder, although the risks are less 
than among people treated with methadone and misusing benzodiazepines [47]. 
Overall, buprenorphine has fewer drug-drug interactions than methadone and can 
be prescribed more easily to a broader range of patients.

 Methadone
Methadone was the first medication approved by the FDA for maintenance treatment 
of OUD. It acts as a full agonist at the mu-opioid receptors as well as an N-methyl-D-
aspartate receptor antagonist. Treatment with methadone along with supportive ser-
vices is highly effective as a maintenance treatment, with those in treatment for 
6 months showing a substantial decrease in illicit opioid use. Treatment retention is 
higher with methadone maintenance compared to prolonged and psychosocially 
enriched withdrawal management [48], and opioid use is lower among those treated 
with methadone compared to other types of addiction treatment [49]. Ball and Ross 
noted that there was a nearly 80% decrease in crimes committed by patients after suc-
cessful treatment in the methadone clinic [13]. Additionally, when comparing indi-
viduals engaged in illicit opioid use to those on long-term methadone maintenance, 
there remains some endocrine dysfunction such as hypogonadism in both groups, but 
there also appears to be an allostasis that occurs with long-term methadone use which 
stabilizes some endocrine physiology. This stabilization is most notable in the hypo-
thalamic-pituitary-adrenal axis [10].

The use of methadone is strictly regulated in the United States and only available 
to patients for the treatment of OUD in designated treatment programs. Specific 
guidelines that were established in Title 42 of the Code of Federal Regulations (42 
CFR) require that patients must be 18 years of age and older and have a documented 
1-year history of addiction to opioids prior to treatment. According to 42 CFR patients 
less than 18 years of age can be treated with methadone with parental or guardian 
consent, if they have had two documented previous treatment attempts in the previous 
12-month period. Additionally, it is possible to waive the 1-year history of OUD for 
patients previously treated with methadone, patients who are pregnant, or for patients 
within 6 months of incarceration. There are two exceptions when methadone can be 
prescribed for the treatment of OUD outside of a designated treatment program. These 
exceptions are (1) during emergent care (such as in the emergency department, for no 
longer than a period of 3 days) and (2) while receiving care as an inpatient for a medi-
cal or psychiatric condition other than addiction treatment [50].

 Methadone Induction
In contrast to buprenorphine, methadone is a full mu-opioid agonist which does not 
display the ceiling effect seen in buprenorphine in regard to respiratory depression. 
This is an important consideration when initiating methadone treatment and when 
evaluating other medications that are concomitantly being prescribed, such as benzodi-
azepines. Methadone has a long half-life of 8–59 hours and an analgesic effect lasting 
about 4–8 hours. The respiratory depressant effects of methadone peak later and last 
longer than the analgesic effects, so great care must be taken in titration. Fatal over-
doses have occurred if the dose is increased too quickly, most frequently seen when 
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methadone is prescribed for pain rather than by an opioid treatment program for addic-
tion. Unlike with buprenorphine there is no risk of precipitated withdrawal with metha-
done, so it is not necessary that a person be in withdrawal when initiating treatment. 
Generally, in opioid treatment settings, dosing is initiated when withdrawal symptoms 
are present to confirm the presence of physiological dependence; however individuals 
who have not been recently using opioids but are at high risk of relapse such as those 
released from incarceration should still be initiated in treatment at a lower initial dose. 
Federal regulations limit the initial oral induction dose to 30 mg, and the total first day 
dose to a maximum of 40 mg. The next daily dose may be increased to a maximum of 
50 mg if withdrawal symptoms are still present. During subsequent days, the dosage 
increase should not be greater than 10 mg per week as it is important to reach a steady-
state concentration before escalating to avoid potentially toxic dose accumulation [51]. 
The target dose range for most patients is 80–100 mg which should eliminate craving 
and illicit opioid use. Doses may be titrated up or down based on clinical effect. There 
is tremendous individual variation in methadone pharmacokinetics, and some patients 
may require much higher dosages [52].

Methadone is metabolized in the liver by CYP3A4, CYP2D6, and possibly also 
CYP1A2. However, the majority of the N-demethylation of methadone to an inactive 
metabolite is done by CYP3A4, and the great variability of this isoenzyme seems to 
relate to the large range of half-life in individuals. Caution should be taken when 
evaluating concurrent medications that are known to induce or inhibit these enzymes 
of metabolism, as well as in patients with hepatic insufficiency [52]. There has also 
been some concern about the effects of consumption of grapefruit juice on plasma 
levels of methadone, which has been shown to have a modest effect with an increased 
bioavailability of methadone [53]. Constipation is a common side effect, and consid-
eration should be given to prescribing a bowel regimen in addition to methadone. 
Drug-drug interactions can be expected with methadone, and many of the medica-
tions are used to treat HIV/AIDS, seizure disorders, and tuberculosis.

Lastly, there is a boxed warning with methadone for the potential to cause a 
prolonged QTc interval and serious arrhythmias, such as torsades de pointes. 
This is particularly noteworthy in patients on doses of methadone over 100 mg 
and should be taken into consideration in any patient with a history of syncope, 
a cardiac history, or a familial long QT. In patients at risk, it would be appropriate 
to monitor the QTc interval with an electrocardiogram prior to initiating treat-
ment and during treatment at a frequency that is appropriate for each patient’s 
individual risk.

Methadone is currently regarded as the “gold-standard” for pharmacological treat-
ment of OUD during pregnancy. Fetal outcomes are improved when the mother is 
engaged in a methadone treatment program. Breastfeeding should be encouraged while 
taking methadone, as long as there are no contraindications noted. Although there are 
case reports of sedation and respiratory depression in some nursing infants, there is 
poor correlation between maternal methadone dose and infant symptomatology. In 
addition, concentrations of methadone in breast milk are low supporting the American 
Academy of Pediatrics recommendation to breastfeed regardless of methadone dose 
[54]. Despite the known benefit of breastfeeding among women treated with 
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methadone, there continues to be a lack of support from the healthcare community and 
misinformation which present significant barriers to breastfeeding success [55].

 Antagonist Therapy

 Naltrexone
The only opioid antagonist that is FDA approved for maintenance therapy is nal-
trexone, which acts as a competitive antagonist at the mu-opioid receptor with long- 
lasting effects (generally about 24 hours per oral dose). In most patients, compliance 
with the oral formulation has been very poor. Efficacy for the treatment of OUD 
with the daily oral formulation has been better for patients in a formal and super-
vised setting, such as court ordered programs or physician monitoring programs, 
where adherence can be monitored. For the general population, compliance with the 
oral formulation is a problem, and it is strongly recommended that patients be pre-
scribed the extended-release formulation of naltrexone (XR-NTX) which is given 
by intramuscular injection every 28 days. Prior to initiation of either the oral or 
XR-NTX medication, toxicology should be performed as naltrexone will precipitate 
opioid withdrawal if any amount of exogenous opioid is present. The patient must 
be abstinent from opioids for 7–10 days prior to induction.

A naloxone challenge test is recommended in patients when there is concern for 
precipitating withdrawal. This test involves giving a dose of naloxone to a patient 
when there are no longer any signs or symptoms of opioid withdrawal, and monitor-
ing their response for 1 hour. If the naloxone precipitates signs or symptoms of 
opioid withdrawal, this should be relatively short lived due to the short half-life of 
naloxone. Naltrexone should not be initiated until there is no evidence of risk for 
precipitating withdrawal. Liver function testing should also be done prior to initia-
tion and during treatment for monitoring, as naltrexone can rarely be hepatotoxic. It 
is often clinically determined that the benefit of the medication outweighs the risk 
of hepatotoxicity in cases of mild transaminitis, but it is contraindicated to use nal-
trexone if the patient is in liver failure [56].

A frequent barrier to success with XR-NTX is the induction process, since many 
patients are unable to achieve the required 7–10 days of abstinence prior to initiation 
of the medication. There have been several protocols developed to address this 
problem, as described above in the section on the treatment of withdrawal, such as 
very low dose naltrexone introduced orally and titrated up over 7 days to the daily 
dose of 50 mg at which point the patient can be transitioned to the XR-NTX [6]. 
With this approach it is anticipated that more patients would be induced on to 
XR-NTX. The efficacy of XR-NTX has been studied in comparison to sublingual 
buprenorphine. In intention-to-treat analysis, buprenorphine was superior to nal-
trexone with relapse detected in a greater percentage of XR-NTX-treated patients 
than buprenorphine-treated patients (65% compared to 57%). There was no statisti-
cally significant difference in outcomes in the two groups when comparing only 
those who were successfully induced on to either medication, but 28% of the 
XR-NTX group was not able to successfully complete induction, as compared to 
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6% of the buprenorphine group [18, 57]. Clinically, the use of XR-NTX is likely the 
best choice for patients in the following categories: those who are highly motivated, 
are unable to receive agonist treatment (due to availability or employment restric-
tions), and those who are able to complete medically supervised withdrawal to get 
to successful XR-NTX initiation.

 Diversion Control

When prescribing any medication, the clinician must determine whether or not the 
risk is outweighed by the benefit. In the case of controlled substances, an important 
consideration when calculating risk is whether or not the medication is being used as 
prescribed. The CARA legislation required that clinicians develop a diversion plan to 
reduce diversion in their practice [33]. This must be reviewed periodically with their 
patients. Aside from misuse of the controlled substances, prescribers must also be 
alert to warning signs that the medication is being diverted. Clinically, toxicology 
can be a helpful tool to help monitor whether or not the substance is being ingested 
by the patient and if there are concurrent illicit or non-prescribed substances being 
used. It is important to coordinate with the testing laboratory to determine which 
substances are detectable in each assay, as a typical “opioid screen” may not include 
substances such as fentanyl or buprenorphine, or other opioid pharmaceuticals. 
Confirmation testing is also recommended if applicable, as the screening assays are 
often designed to have a high sensitivity, which can produce a relatively high per-
centage of false positives. The use of pill counts may also be implemented, with the 
patient being randomly requested to present between scheduled clinic visits to moni-
tor whether an appropriate amount of medication remains.

Another important tool is the utilization of prescription drug monitoring pro-
grams (PDMPs). PDMPs are state specific databases that can be searched by pre-
scribers to receive a report of the recent prescriptions of controlled substances in 
that respective state. More recently, state PDMPs have been sharing data so that 
prescribers can query results from other states in addition to their own. A meta- 
analysis of studies on the overall impact of PDMPs on overdose showed insufficient 
evidence, with some studies demonstrating reduced overdoses and others showing 
an increase in heroin-related deaths [58].

 Non-pharmacological Treatment

There has been some recent interest in the use of non-pharmacological interventions 
for the treatment of substance use disorders. Primarily, research is occurring to 
establish whether or not there is a role for deep brain stimulation (DBS) as well as 
repeated transcranial magnetic stimulation (rTMS). The current focus of rTMS 
studies has been addiction to nicotine, alcohol, and stimulants, with most focusing 
on nicotine. Furthermore, there have been a few case reports of the use of DBS 
showing some potentially limited effects in decreasing use of opioids. The number 
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of patients in the case reports for DBS is very low and the procedure is invasive, 
requiring placement of the electrode by neurosurgery. There is insufficient evidence 
to recommend use of these treatments at this time.

 Treatment of Opioid Overdose

All patients with OUD should receive education about opioid overdose prevention 
and should be prescribed a naloxone rescue kit. Particularly, those who have recently 
completed medical withdrawal treatment or have been abstinent from opioids for a 
significant period of time should be warned about the loss of tolerance and increased 
risk of overdose if they resume the use of opioids. It would also be wise to provide 
overdose prevention education to patients who misuse illicit substances other than 
opioids, such as stimulants, designer drugs, or counterfeit medications, as these may 
be prepared in facilities that also process fentanyl and could be contaminated with 
this potent opioid.

When approaching an unconscious person who is not breathing, the possibility of 
opioid poisoning should be high on the differential. Signs of opioid poisoning are 
respiratory depression, cyanosis, miosis (with the exception of poisoning with 
meperidine), and a limp body. Initial management is to dial 911 and to ask for help 
from bystanders, specifically requesting an automated external defibrillator (AED) 
and naloxone. After determining that the environment is safe to intervene physically, 
initiate cardiopulmonary necessitation (CPR) until either an AED or naloxone 
arrives, at which point CPR should pause to utilize these aids. Naloxone should be 
used immediately whenever available, via intranasal or intramuscular delivery. 
Repeated doses of naloxone may be required. If there is no response to naloxone 
even after repeated dosages, continue CPR and use the AED until additional help 
arrives. If there is a response to naloxone, continue to monitor and provide appropri-
ate care as indicated until additional help arrives. It is necessary to warn patients that 
the effect of naloxone is short-lived, and if the opioid ingested has a longer half-life 
than naloxone, respiratory depression could resume without subsequent treatment. 
When providing care after an overdose, a thorough evaluation for safety should occur 
to help determine whether it was an accidental poisoning or a suicide attempt. All 
overdose patients should be referred for treatment for a substance use disorder. At the 
very least, there should be a referral placed for mental health services following acute 
treatment [59].

The introduction of intranasal naloxone was correlated with a rapid and drastic 
decrease in the amount of heroin-related deaths shown in data from the San 
Francisco Medical Examiner’s reports from 1993 to 2010 [60]. Despite this strong 
evidence of utility, concerns have been raised about the potential legal implications 
of providing medical care in an overdose scenario. As such, most states, but not all, 
have Good Samaritan laws in place to help promote intervention. It is recommended 
that each provider be aware of the laws specific to the state in which they practice.
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 Additional Considerations

 Acute Pain

When patients with OUD are experiencing acute pain, special care must be taken 
when providing treatment. Single daily doses of methadone or buprenorphine do 
not provide 24-hour analgesia. Mild to moderate acute pain can usually be managed 
with the addition of non-opioid analgesics such as nonsteroidal anti-inflammatory 
drugs (NSAID) to the daily maintenance medication. If that is not adequate, the 
daily buprenorphine dose can be divided to provide better analgesia and supple-
mented with an additional 2/0.5 mg BUP/NX as needed for breakthrough pain. In 
methadone patients, their daily maintenance dose can be supplemented with an 
additional 10 mg methadone or another full agonist as needed. In cases of severe 
pain in patients receiving agonist treatment with buprenorphine, supplemental doses 
of a full agonist may be added, or it may be necessary to transition from buprenor-
phine to a full agonist to provide necessary analgesia and then re-induce buprenor-
phine after the pain subsides [TIP 63 from SAMHSA]. For the management of the 
pain associated with childbirth, the mother should continue on her normal mainte-
nance dose of methadone or buprenorphine and then should also be treated with 
standard of care acute pain management options.

If a patient on opioid antagonist treatment experiences acute pain, it may be nec-
essary to involve anesthesia to administer agents such as ketamine or to utilize high 
doses of fentanyl or buprenorphine to override the naltrexone blockade. As with any 
patient, caution should be taken to prescribe opioid medications only when clini-
cally appropriate. Alternatives to opioids such as NSAIDs and nerve blocks should 
be considered whenever appropriate.

 Concurrent OUD and Other Mental Illness

It is not uncommon to encounter OUD in patients also diagnosed with additional 
mental health disorders. Data from the National Survey on Drug Use and Health 
examining patients aged 18 and older from 2008 to 2014 estimated that of the 20.2 
million diagnosed with a substance use disorder, 7.9 million also had additional men-
tal health diagnoses. When treating these “dual-diagnosis” patients, it is important to 
coordinate care with all members of the treatment team and carefully consider medi-
cation choices. Medications with misuse potential, especially those that have profiles 
of having a rapid onset and a short half-life, such as some benzodiazepines, should 
be avoided [61]. Otherwise, patients on any of the approved medications for OUD 
will respond to the standard pharmacotherapies and psychological interventions for 
other mental health disorders. Methadone metabolism maybe altered by some of the 
psychiatric drugs metabolized by the CYP3A4 system; this is not an issue for nal-
trexone or buprenorphine.
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 Integrating Medication Treatment into a Comprehensive 
Recovery Program for OUD

Research has shown that long-term medication treatment for OUD is an essential 
element of recovery and that short-term treatment providing only medically 
supervised withdrawal is rarely an effective strategy [62]. Nonetheless, most 
patients will also benefit from a full range of psychosocial services to support 
stable recovery. Structured individual or group counseling based on cognitive 
behavioral models has the best evidence for efficacy, though patients should also 
be encouraged to participate in mutual support programs which are highly associ-
ated with long-term recovery. For patients on methadone or buprenorphine, par-
ticipation in Alcoholics Anonymous (AA) may be more beneficial than Narcotics 
Anonymous (NA) since the AA fellowship is more accepting of patients on medi-
cation. Alternative mutual help organizations such as SMART Recovery are also 
more accepting of medication treatments, although evidence for recovery-related 
benefits specifically from SMART Recovery participation is limited. Whenever 
possible, families should also be engaged in the treatment process. Finally, and 
equally important, all patients with OUD should be screened for co-occurring 
psychiatric disorders. Given the high prevalence of co-occurring disorder, identi-
fying psychiatric illness and offering concurrent treatment are crucial. Recovery 
is unlikely unless these conditions are also treated. It is useful to consider medica-
tion for OUD as a platform for recovery. It is necessary to support recovery, but 
patients should also have access to a full range of addiction services to promote 
successful recovery. While access to comprehensive psychosocial services must 
be available to all, designing systems which mandate participation may limit 
access for certain marginalized patient populations. By contrast, lower threshold 
treatment models which make medication readily accessible in conjunction with 
voluntary participation in comprehensive services that meet the needs of the indi-
vidual patient are more likely to create the broad access that is needed to ensure 
the greatest number of individuals with OUD is able to get lifesaving treatment.
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