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Abstract: Illicitly manufactured fentanyl (IMF) is a significant contributor to the increasing rates of overdose-related deaths. Its high
potency and lipophilicity can complicate opioid withdrawal syndromes (OWS) and the subsequent management of opioid use disorder
(OUD). This scoping review aimed to collate the current OWS management of study populations seeking treatment for OWS and/or
OUD directly from an unregulated opioid supply, such as IMF. Therefore, the focus was on therapeutic interventions published
between January 2010 and November 2023, overlapping with the period of increasing IMF exposure. A health science librarian
conducted a systematic search on November 13, 2023. A total of 426 studies were screened, and 173 studies were reviewed at the full-
text level. Forty-nine studies met the inclusion criteria. Buprenorphine and naltrexone were included in most studies with the goal of
transitioning to a long-acting injectable version. Various augmenting agents were tested (buspirone, memantine, suvorexant, gaba-
pentin, and pregabalin); however, the liberal use of adjunctive medication and shortened timelines to initiation had the most
consistently positive results. Outside of FDA-approved medications for OUD, lofexidine, gabapentin, and suvorexant have limited
evidence for augmenting opioid agonist initiation. Trials often have low retention rates, particularly when opioid agonist washout is
required. Neurostimulation strategies were promising; however, they were developed and studied early. Precipitated withdrawal is
a concern; however, the rates were low and adequately mitigated or managed with low- or high-dose buprenorphine induction.
Maintenance treatment continues to be superior to detoxification without continued management. Shorter induction protocols allow
patients to initiate evidence-based treatment more quickly, reducing the use of illicit or non-prescribed substances.
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Introduction

Despite policy changes targeting improved access and availability of opioid use disorder (OUD) treatment, opioid-related
overdose deaths continue to increase in the United States. Between June 2022 and 2023, the Center for Disease Control and
Prevention reported 106,661 drug overdose deaths, a 2.3% increase from the 12-months prior.' Beginning around 2013,
opioid overdose deaths previously associated with prescription opioids and heroin were superseded by deaths associated with
non-methadone synthetic opioids, including illicitly manufactured fentanyl (IMF) and its analogues.” IMF exposure can be
unintentional at both the individual and systemic levels. Individuals may use stimulants or other opioids that unknowingly
contain IME.® At a systemic level, contamination during the manufacturing or distribution process can increase exposure risk
over large geographic areas.® Fentanyl’s high potency and lipophilicity can complicate opioid withdrawal syndromes (OWS)
and OUD management, which increases the urgency for more effective and accessible OWS treatments.”

Current State of Opioid Withdrawal
The endogenous opioid receptor system consists of four primary G-protein coupled receptors, including mu, delta, kappa,
and opioid receptor-like 1.°> Opioid receptors exist throughout the nervous system and are expressed by most major
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organs.® Both endogenous and exogenous ligands interact with these receptors. The effect of receptor agonism is
a function of ligand, receptor type, and location.” The opioid system is required for normal reward- and aversion-
based learning. When compromised, the integration of reward and pain aversion information is impaired, as observed
in OUD.

Exogenous opioid potency has been positively correlated with mu-opioid receptor desensitization and cyclic adenosine

monophosphate upregulation. These changes are hypothesized to mediate increased OWS severity secondary to IMF exposure.®’
phosp! pregu g yp ty ry p

Identifying Opioid Withdrawal

OWS occur following the cessation or significant decrease in opioid receptor activity after weeks to months of
agonism.'® Opioid tolerance, physical dependence, and/or withdrawal do not equate with OUD, but many with OUD
experience these physiologic adaptations."' OWS include physical and psychological symptoms, including chills, body
aches, emesis, diarrhea, dysphoria, irritability, and anxiety.'> Several validated tools exist to facilitate diagnosing and
rating OWS severity. The Clinical Opiate Withdrawal Scale (COWS), published in 1999, is widely used in clinical care
and research. Symptoms were categorized by severity or intensity (eg, reported nausea being of low severity and
observable emesis being of high severity). Total score correlates with OWS severity and is categorized into severity
groups.'® The Subjective Opiate Withdrawal Scale (SOWS) and Objective Opiate Withdrawal Scale (OOWS) also exist
for use.'* The SOWS is distinct as patients rate 16 items from a score of “not at all” to “extremely” (0 to 4). Items
include “I feel anxious” and “My muscles twitch.” In contrast, OOWS is observer-rated, noting the presence and/or
frequency of 13 signs of opioid withdrawal including yawning, mydriasis, and restlessness.

Opioid Withdrawal Treatment

Efficient OWS identification, assessment, and treatment are crucial. Symptom resolution, by either treatment or return to
use, is an important motivator in OUD.'? Fear of opioid withdrawal, particularly its undertreatment in the healthcare
setting, has been a frequently reported reason for individuals delaying OUD treatment.'> Individuals with OUD may
discontinue hospitalization or medical care following inadequately treated withdrawal and pain.'®'” For example,
approximately 1 in 6 people hospitalized for drug use-associated infective endocarditis leave the hospital prematurely
due to undertreated withdrawal.'®'?

The use of methadone, buprenorphine, and other full-agonist opioids to treat OWS is the standard of care.”” Both
buprenorphine and methadone as maintenance medications are effective in treatment retention and reducing illicit opioid
use; this has continued support in the fentanyl era.?'* Yet, growing evidence suggests OWS following IMF does not respond
as well to non-opioid medications, buprenorphine, introductory doses of methadone, or standard doses of slow-release oral
morphine.”* > Given the risk of returning to opioid use and overdose death when these medications are only utilized for short-

term withdrawal management, published guidelines highlight the importance of maintenance of MOUD.?

Aim

We reviewed current practices in OWS management and presented therapeutic interventions that have been studied and
published between January 2010 and November 2023, focusing on research that may inform OWS management while
increasing IMF exposure. This review focuses specifically on study populations seeking treatment for OWS and/or OUD
directly from an unregulated opioid supply such as IMF.

Methods

The search strategies were developed in collaboration with a health science librarian (MT). Searches focused on
identifying citations of opioid withdrawal concepts.

Systematic search strategies were created for PubMed and PsycINFO (EBSCOhost) databases. The search terms
included controlled vocabulary, synonyms, and concepts related to opiates, opioid withdrawal, and opioid withdrawal
management. The final database search was conducted on November 13, 2023, with all results exported to a citation
manager the same day. Date of publication was limited to between January 2010 and November 2023. The January 2010
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start date was considered a conservative time estimate for when IMF was entering the drug supply, but prior to the surge
in IMF-related overdose deaths.?’

In addition to date filters in both databases, PubMed’s clinical study filter and PsycINFO’s age and academic journal
filters were used. Inclusion criteria were adults (18 years old and older) most recently utilizing an illicit, unregulated drug
supply prior to the identification and/or treatment of opioid withdrawal. Exclusion criteria included studies on neonatal
withdrawal syndromes or transitioning from a regulated and/or prescription opioid supply.

After deduplication, 426 studies were included. Article titles and abstracts were screened by AW and NB, using the inclusion
and exclusion criteria described above. AW, JT, MB, and NB reviewed the full text of the articles and 173 studies. Uncertainty was
resolved by discussion of AW, JT, MB, and NB as needed. Figure 1 summarizes the PRISMA flowchart for study inclusion.

Results

Buprenorphine

Buprenorphine is a partial agonist of the mu-opioid receptor with high receptor affinity.® This characteristic allows for the
displacement of full agonists by buprenorphine, causing buprenorphine-precipitated opioid withdrawal (BPOW). BPOW
typically develops within 10—15 minutes following buprenorphine administration, lasts 824 hours and has been objectively
defined by some as an increase of >6 on the COWS*** Notably, chronic IMF use carries a greater risk of BPOW.' Prior to the
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rise of IMF, BPOW was estimated to occur in 9% of buprenorphine initiations.>® This risk has subsequently increased with
traditional initiation models, likely secondary to fentanyl’s rapid onset of action and high lipophilicity**'** For a standard
buprenorphine induction in those chronically exposed to fentanyl, some guidelines suggest that waiting until the COWS is >13
(moderate severity range).>* However, low-dose and high-dose initiations are alternative options.

Review results indicate that buprenorphine continues to be effective for OWS treatment.>* Notably, buprenorphine main-
tenance treatment remains superior to detoxification alone in reducing illicit opioid use and increasing treatment retention.**
Therefore, it is of high importance to have effective approaches to initiate buprenorphine in the fentanyl era. One method is low-
dose initiation (ie, microinduction), which provides increased flexibility as it can be initiated at any COWS level but requires
access to full-agonist opioids throughout the titration.* It is premised on slowly increasing the buprenorphine dose and frequency
over several days, while a full-agonist opioid is maintained. This avoids prolonged moderate-to-severe OWS while minimizing
clinically significant BPOW risk.*® Low-dose initiations can be adapted for various formulations of buprenorphine, including
intravenous, transdermal, and buccal versions.>”** An example of a low-dose buprenorphine initiation using a full-agonist opioid
to bridge is included in Table 1. Other studies have also examined low-dose buprenorphine initiation protocols that may not
require full agonist-opioid bridging. For example, a 20 mcg/h transdermal patch can be used for the initial 24—48 hours, with 8 and
16 mg sublingual buprenorphine administered at the 24 and 48 h mark, respectively. On day 3, the transdermal patch was removed
and followed by sublingual buprenorphine titration. Most patients evaluated retrospectively with this method were reported to

tolerate it fairly well.*’

This protocol is summarized in Table 2.

The initiation of high-dose buprenorphine therapy is another treatment strategy. It is predicated on rapidly reaching
therapeutic buprenorphine levels by repeatedly dosing 8—24 mg of buprenorphine every 30-60 minutes until OWS has
resolved followed by subsequent daily maintenance of buprenorphine.*” This technique was primarily developed and

studied in emergency department settings, where rapid stabilization and discharge are a priority.> Extended release

Table |1 Low-Dose Buprenorphine Initiation Using
Sublingual Buprenorphine

Day | Sublingual Buprenorphine | Full-Agonist Opioids

| 0.5 mg QD Continue

2 0.5 mg BID Continue

3 I mg BID Continue

4 2 mg BID Continue

5 4 mg BID Continue

6 4 mg TID Continue

7+ 8 mg BID STOP

Note: Data from Cohen et al*®
Abbreviations: QD, once per day; BID, twice per day; TID, three times per
day; +, and following days.

Table 2 Low-Dose Buprenorphine Initiation Using Transdermal
Buprenorphine Without Concurrent Full-Agonist Opioid

Day | Transdermal Buprenorphine | Sublingual Buprenorphine
| 20 mcg/hr -

2 20 mcg/hr 8 mg QD or BID

3 - 8 mg BID, up-titrate as needed

Note: Data from Baumgartner et al*’
Abbreviations: mcg/hr, micrograms per hour; QD, once per day; BID, twice per day.
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buprenorphine (BUP-XR) formulations (ie, injectables) have been similarly utilized in the emergency department without
precipitating opioid withdrawal.** An observational cohort of 1200 people with fentanyl-positive urine receiving
emergency department-initiated buprenorphine reported only 9 episodes of precipitated withdrawal. These were equally
distributed between sublingual and BUP-XR formulations.*!

High-dose regimens, along with adjunctive medication, are increasingly used for BPOW treatment.**** A case documented
BPOW (COWS 16 increased to 33) after the administration of buprenorphine 8 mg following 29 h of no illicit substance use.
Escalated doses of buprenorphine 4-16 mg every 2—3 hours were administered over the next 24 hours, reducing the COWS to
a 5. A similar case of BPOW used repeated 16 mg dosing of buprenorphine, totaling 148 mg over the first 48 hours, to adequately
treat symptoms.32 Additionally, higher buprenorphine doses may provide greater reductions in COWS and cravings.** This data
emphasizes the need for dosing flexibility when managing OWS, particularly BPOW.

Strategies also exist to accelerate the transition from illicit opioids to BUP-XR. Mariani et al transitioned 5 patients from high-
potency opioids to BUP-XR after only 2-3 days of sublingual buprenorphine. This was 4-5 days faster than that of the package
insert. The induction COWS ranged between 10 and 16, with a day 1 sublingual buprenorphine dose range of 10-24 mg. In all
cases, the COWS score was significantly reduced immediately and 24 h after treatment with 300 mg of BUP-XR. The authors
concluded that tolerance to 16 mg sublingual buprenorphine over two days conferred successful transition to BUP-XR and that
further delay was unnecessary.* Another strategy involved one dose of 4 mg sublingual buprenorphine followed an hour later by
BUP-XR 300 mg if COWS did not increase by 6 or more following the sublingual dose. BPOW did not occur following any
sublingual buprenorphine and only occurred in 2 (8.3%) cases following BUP-XR. Notably, both patients had the highest urine
fentanyl and norfentanyl levels at the time of admission. The authors reported widespread use of adjuvant medications
(ondansetron, clonidine, ibuprofen, and trazodone) in these patients.*°

Methadone

Methadone, a long-acting synthetic opioid with a full mu-opioid receptor agonist effect, has drawn increasing attention as
a treatment for OWS and MOUD in the fentanyl era. Unlike buprenorphine, there is no risk of precipitating opioid withdrawal,
increasing usability across settings.** Methadone serum concentrations have been inversely correlated with subjective OWS
during initiation and maintenance phase, supporting dose adjustments based on patient reported cravings and withdrawal
symptoms.*> Methadone’s full agonist mechanism may provide additional benefit in cases where buprenorphine is unable to
manage OWS.*® In efforts to increase access to methadone, clinics are leveraging the “72 hour rule” under the current federal law,
21 CFR 1306.07, to more rapidly initiate methadone by non-opioid treatment program (OTP) providers and facilitate entry into
OTPs. A transitional clinic in the Northeast United States working with a primarily fentanyl-exposed population (85%)
successfully linked most individuals to an OTP (n = 138, 87%), with the majority (58%) still undergoing treatment at 1-month
follow-up.’

Methadone deregulation of OUD treatment in the United States to a community pharmacy-based distribution model
resembling Canada and Australia has potential for increasing treatment retention and cost-effectiveness when compared
to take-home flexible dosing buprenorphine.*®*’ The United States Congress is considering the Modernizing Opioid
Treatment Access Act, which would allow physicians board-certified in addiction medicine or addiction psychiatry to
prescribe methadone for OUD outside of OTP settings.>® Critics raise concerns that this law could increase diversion and
overdose risk while decreasing treatment retention.”'~>* Supporters note the lack of OTP access in the United States and
the significant burden OTP requirements place on patients.>® Methadone take-home dosing relaxation during the COVID-
19 pandemic was not associated with an increase in diversion or methadone-related overdose.>*>> Given the increases in
patient satisfaction and treatment engagement without significantly worsening outcomes, the above legislation continues
to gain bipartisan support as opioid-related fatalities increase nationwide.>®

Other Opioid Agonist Treatments

Other full agonist opioids may be options for OUD treatment initiation and maintenance in the fentanyl era. A group in
Vancouver, Canada, is studying sustained-release oral morphine (SROM) versus methadone in decreasing unregulated
opioid use and improving treatment retention, safety, overdose risk, patient satisfaction, and quality of life.’” This may
add to the existing literature suggesting SROM has similar efficacy to methadone in increasing drug-free time.”® In Iran,
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a study reviewing tramadol 600 mg daily vs methadone 60 mg daily to manage OWS over 3 days resulted in similar
OOWS scores and drop-out rates.’® Of note, conversion of tramadol to its highly potent active metabolite,
O-desmethyltramadol, is dependent on CYP2D6 enzyme activity. The prevalence of CYP2D6 ultra-metabolizers (who
create higher levels of O-desmethyltramadol) varies worldwide and is higher in Middle East populations.®® Therefore, the
use of tramadol for OWS management may not be generalizable.

Of note, the use of short-acting opioids to manage OWS in the United States during the fentanyl era has been limited to the

hospital setting, given federal law restricting the use of full-agonist opioids to treat OUD outside of a federally certified OTP.%'-%*

Naltrexone/Naloxone

Naltrexone, an antagonist of the mu-opioid receptor, is an FDA-approved daily maintenance treatment for OUD. A once-monthly
extended-release naltrexone (XR-NTX) intramuscular version is also available. A barrier to naltrexone initiation is the package
insert requirement of 7—10 days being opioid free before initiation to avoid precipitated withdrawal. As discussed above, IMF’s
properties heighten this concern.” Safe and comfortable inductions onto XR-NTX are particularly relevant as when looking at 24-
week outcomes between initiation on either buprenorphine or XR-NTX, individuals have greater success starting buprenorphine;
however, those who successfully start XR-NTX may do equally well at follow-up.®®

Several strategies have been developed to assist in initiation. All identified trials included liberal use of adjunctive
medications (including clonidine, trazodone, acetaminophen, loperamide, clonazepam, zolpidem, or simply stating “and
other adjuvant medications”). Rudolf et al highlighted how non-opioid-based withdrawal management (scheduled
tizanidine, gabapentin, and hydroxyzine over four days) can be effective for some attempting to initiate XR-NTX.®*
However, the utilization of short-course buprenorphine was most common in the included literature.

Mannelli et al conducted two open-label trials to transition outpatients from illicit opioids to XR-NTX. In their initial trial, 20
patients using opioids (majority heroin) were started on 0.25 mg of naltrexone on day 1 along with 4 mg of buprenorphine.
Naltrexone was titrated daily for 7 days to a final mean dose of 31.3 (SD = 8.14, range = 13-50); buprenorphine was decreased to
2 mg on days 2 and 3 and then discontinued. Fifteen of the 20 patients completed this phase. Fourteen patients received XR-NTX
on day 8. The COWS peaked at baseline, decreased, and remained low throughout the 4-week follow-up period. Of interest, they
note that increasing doses of naltrexone following discontinuation of buprenorphine had no significant changes on COWS.%
Their second trial used the same buprenorphine 3-day taper and naltrexone escalation in a group of 35 patients, showing similar
results.®® Table 3 summarizes protocols by Rudolf et al and Mannelli et al

Table 3 Comparison of Published Protocols Using Various Medications to
Transition to Extended-Release Naltrexone (XR-NTX)

Rudolf et al®* - Mannelli et al®5-%¢

Medication (Max Daily mg) DAY Oral Sublingual
Naltrexone Buprenorphine
Tizanidine (32 mg) Hydroxyzine | 0.25-0.5 mg 4 mg
(600 mg) Gabapentin (1500 mg) 5 025-0.5 mg 2 mg
3 0.5-1 mg 2 mg
4 2-6 mg -
- 5 3-15 mg -
- 6 5-35 mg -
- 7 13-50 -
- 8 XR-NTX -

Notes: All protocols included other ancillary medications, such as dicyclomine, acetaminophen,
naproxen, and loperamide.
Abbreviations: mg, milligram; et al, et alia.
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Two trials compared naltrexone with naltrexone plus buprenorphine targeting XR-NTX initiation. Sullivan et al enrolled 150
patients with OUD who received adjunctive medications on day 1 and up to 8 mg buprenorphine on day 2. The study then diverged
to either a washout day followed by increasing naltrexone doses (1 mg to 25 mg) on days 4—7 followed by XR-NTX on day 8 or
abuprenorphine taper from 6 mg on day 3 to 1 mg on day 7, followed by a 7-day wash-out and XR-NTX on day 15. The OWS was
comparable across groups; however, most participants complained of protracted OWS over the first 21 days. The naltrexone arm
was significantly more likely to start XR-NTX (56.1% vs 32.7%) and receive a second injection (50.0% vs 26.9%). The authors
concluded that the naltrexone arm benefited from shorter time-to-initiation.®’

Bisaga et al enrolled 378 patients with OUD with the goal of starting XR-NTX, randomized to 3 arms: naltrexone with
buprenorphine, naltrexone with placebo buprenorphine, and placebo naltrexone with placebo buprenorphine. Naltrexone dosing
began on day 1 at 0.25 mg and increased to 15 mg by day 7; buprenorphine dosing started at 4—6 mg on day 1, followed by 2 mg on
days 2-3, and then wash-out. The COWS scores decreased similarly across the groups. Notably, SOWS was significantly lower in
the naltrexone with buprenorphine arm after the day 8 XR-NTX injection than in the other arms. There was no difference between
the groups in starting XR-NTX, with all arms below 50%.°®

Methods that eliminate multiple-day tapers include ultra-rapid opioid detoxification. However, little research has been
conducted in this area. A review found one prospective study of 173 participants with physiological opioid dependence who
underwent the ultra-rapid procedure.®® Participants were premedicated with clonidine and midazolam, intubated using propofol
and atracurium, and mechanically ventilated. Opioid detoxification occurred following 50 mg of naltrexone via a nasogastric tube,
followed by intravenous naloxone for 6 h. The patient was then brought out of anesthesia. The mean OOWS was 1.52 before the
procedure and peaked at 3.89 one hour after the end of anesthesia. They noted that participants experienced a high rate of
withdrawal from the queried symptoms. No major adverse events were reported.

Bisaga et al conducted two trials with memantine augmentation of a buprenorphine taper onto naltrexone and XR-
NTX.”%"! Memantine is a glutamate antagonist at the N-methyl-d-aspartate (NMDA) receptor, with preclinical evidence
that it ameliorates OWS. However, neither trial was found to be effective. Similarly, dronabinol, an oral synthetic
molecule of delta-9-tetrahydrocannabinol, and lorcaserin, a high-affinity 5-HT2C receptor agonist, were investigated for
the augmentation of buprenorphine tapers to start XR-NTX. Both trials yielded negative results.

Non-Opioid Pharmaceutical Treatments

Lofexidine is an alpha-2-adrenergic receptor agonist FDA-approved for management of OWS. In a pivotal trial, patients
with OUD were randomized to receive 3.2 mg lofexidine daily for 5 days (n = 134) or placebo (n = 130). Overall
retention was low, with 50 and 35 patients in the lofexidine and placebo groups, respectively, completing the 7-day
inpatient detoxification period. The day 3 SOWS (primary endpoint) was significantly lower in the lofexidine group than
in the placebo (6.32 vs 8.67, p = 0.021). Additionally, non-completers stayed in the trial longer if they received
lofexidine.”” Two different daily doses of lofexidine (2.16 mg and 2.88 mg) were compared against placebo in a trial
of 603 patients with OUD over 7 days. Retention was low, at 27.8% for placebo, 41.5% for low-dose lofexidine, and
39.6% for high-dose lofexidine. However, both groups’ SOWS were significantly lower than placebo, and few
discontinuations were reported to be due to adverse side effects.”® In a trial comparing lofexidine with diazepam, no
differences were seen in OOWS or SOWS on days 3 and 4 (peak withdrawal).”*

Gabapentin and pregabalin, both N-type calcium channel blockers, have been studied for opioid withdrawal, typically
as augmentation of opioid agonists. In a small placebo-controlled study, gabapentin augmentation (1600 mg daily) during
buprenorphine detoxification did not result in significant differences in OWS compared to buprenorphine only but was
associated with decreased opioid-positive urine results at follow-up.”® Similarly, 450 mg daily pregabalin augmentation
of buprenorphine detoxification was not significantly different in SOWS between intervention and placebo
augmentation.”® A third small trial compared 1600 mg of gabapentin versus 450 mg of pregabalin and placebo.
Again, no significant differences were observed in the SOWS.”’

Suvorexant, an orexin antagonist used to treat insomnia, has been studied in buprenorphine detoxification tapers. The
study doses (20 mg and 40 mg) did not differ from the placebo in the SOWS measurement of OWS. However,
suvorexant significantly improved sleep duration, exceeding the American Academy of Sleep Medicine threshold for
clinically relevant sleep improvements.”®
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Dextromethorphan (d-3-methoxy-N-methylmorphine) is a commonly used cough-suppressant. Dextromethorphan
exhibits NMDA receptor antagonism, which is similar to memantine listed above, and may help attenuate OWS. In
patients receiving clonidine to ameliorate OWS from heroin, dextromethorphan 60 mg (compared with placebo) showed
improvements in OOWS scores during the later phase (days 3—6) of withdrawal. However, this was only revealed during
a post-hoc analysis, with no significant difference from the placebo OOWS scores overall.”’

Intramuscular olanzapine 10 mg (33 patients), a second-generation antipsychotic, was compared with oral clonidine
0.3 mg (30 patients) in the treatment of OWS in the emergency department. Olanzapine-treated patients received fewer
rescue medications and showed greater improvement in COWS; however, no statistical tests were reported. This may be
of value when treating OWS in emergency departments that do not have the ability to administer buprenorphine or opioid
agonists, or if co-occurring significant agitation is present.

The role and application of medicinal plants in OWS treatment has also been investigated. One specific plant,
Sophora alopecuroides, is traditionally used in Iranian folk medicine to treat pain and addiction. The seed extract of
Sophora alopecuroides (three 400 mg capsules once a day) was found to decrease COWS scores (versus placebo) on
days 3 and 8 in patients undergoing opioid withdrawal.®! In another study on patients undergoing heroin withdrawal, the
seed extract (same dose as above) led to a significant decrease in COWS scores on days 3 and 8 compared to placebo.®
The seed extracts also demonstrated a good safety profile.

Buspirone, a 5-HT1a agonist with D2 antagonist properties and memantine have been investigated to augment buprenorphine
tapers for the treatment of OWS. Buspirone 45 mg daily significantly decreased SOWS in combination with buprenorphine versus
buprenorphine alone over two weeks of residential treatment for OUD. Buspirone was also associated with improved sleep during
the buprenorphine taper.*> Memantine at 20 mg dosing, which is lower than other studies investigating the medication, saw no
differences in SOWS when combined with buprenorphine and clonidine versus those two medications alone.**

The corticotropin-releasing factor receptor (CRF1) increases the hypothalamus-pituitary axis activity during OWS,
and its modulation has been investigated for acute OWS treatment. Pexacerfont, a CRF1 antagonist, was studied for 3
weeks via burst and taper (300 mg, 200 mg, and 100 mg, each daily for 1 week). Cravings and craving-related metrics
(eg, temptation severity) were improved with active treatment versus placebo; however, COWS was similar between the
groups across the measured time-points.®

Scopolamine is a muscarinic antagonist that is used to treat nausea and vomiting associated with motion sickness. Inpatients
with OUD were randomized to receive a methadone taper versus light anesthesia with 0.03-0.05 mg/kg of scopolamine
hydrobromide and 0.6—1.0 mg/kg of chlorpromazine hydrochloride for 34 days. SOWS was largely stable in the scopolamine
group versus an acute 2—3-day spike in SOWS that was seen in the methadone taper (after the conclusion of dosing). More patients
who received scopolamine therapy remained abstinent and in outpatient treatment for 8 weeks compared to those in the
methadone taper group. The scopolamine group had significant adverse effects, including respiratory distress, aspiration
pneumonia, and pulmonary edema, some of which were life-threatening events.*

Neurostimulation Interventions

Neurostimulation in addiction treatment is being extensively studied, primarily for the maintenance of OUD treatment.
For OWS management, the most established neurostimulation techniques are mediated by the vagus nerve, either
cervically or at the ear, with transcutaneous or percutaneous electrical stimulation. Although the underlying mechanism
remains unclear, a plausible pathway exists. Autonomic changes are a hallmark of OWS. The locus coeruleus is the
brain’s principal norepinephrine-producing region and is important in the autonomic nervous system.®” In acute opioid
withdrawal, locus coeruleus firing rates increase and are associated with OWS.*® The locus coeruleus receives input from
the vagus nerve via the solitary nucleus.®"*° Through use of these neurostimulation devices, there is potential for balance
to be regained between the sympathetic and parasympathetic nervous systems.

While further research is needed to elucidate the underlying treatment mechanisms, the FDA has granted approval for
two percutaneous electrical nerve field stimulators (PENFS) for OWS.’""* Both devices require transillumination of the
ear to place needle electrodes for periodic stimulation delivery and can be worn for up to five days. A pivotal study by
Miranda et al in 2018 led to approval of the Bridge™ device. This was an open-label (ie, no sham-control) retrospective
study that evaluated 73 outpatients with mild (n = 4) or moderate-to-moderately severe (n = 69) opioid withdrawal. The
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COWS was assessed up to three times in the initial hour following device placement and again at the 5-day follow-up. At
baseline, the mean COWS was 20.1 (SD = 6.1). At 1 h of device use, the mean COWS was 3.1 (SD = 3.4), and 57
(78.1%) individuals with COWS < 4. Thirty-three of 73 (45.2%) individuals were seen at follow-up, with mean COWS
of 0.6 (SD not reported). The stated goal was an eventual transition to MOUD, noting that 64 of 73 (88.8%) patients
started MOUD; however, the breakdown of MOUD was not presented. They noted that 33 individuals started naltrexone
after using the device; however, the number of days following either 1) final opioid use or 2) the final day of the
Bridge™ device use before naltrexone initiation was not reported. This prevents any hypothesis formation on if this
device may reduce precipitated withdrawal symptoms.”*> Regarding the DyAnsys Drug Relief'™ device, there was no
readily identifiable data in the literature nor mention within the FDA approval memo regarding specific data that led to
FDA device approval.”’!

A retrospective 5 case series by Buono et al also reported auricular delivery of PENFS for over 5 days. The data
presented are sparse; however, only reporting improvements in COWS across study days, alongside daily blood pressure
and heart rate. No statistical tests were performed. These cases also existed within a 52-week structured treatment
program.”® Tirado et al prospectively studied auricular treatment of opioid withdrawal using noninvasive transcutaneous
auricular neurostim (tAN). Thirty-one individuals were randomized to receive either 30 minutes of active tAN (n = 16) or
30 minutes of sham treatment (n = 15). There was a more significant reduction in the COWS of the active tAN group
than that in the sham group after 30 min of stimulation (reduced by 6.3 compared to 3.7, p = 0.036).*

Two other trials evaluated alternative anatomical locations. Gazi et al investigated transcutaneous cervical vagus
nerve stimulation (tcVNS) in individuals with OUD whose last opioid use was at least 8 hours prior. Over two hours, the
participants received either four 2-minute active stimulation sessions (n = 10) or four 2-minute sham stimulation sessions
(n = 11). The study evaluators considered six scales along with COWS decomposition. While the active group did have
significantly improved self-report of subjective cravings, withdrawal, and overall distress, the COWS itself was not
significantly different between groups at the 2-hour endpoint.”” Meade et al investigated transcutaneous electric acupoint
stimulation (TEAS) at acupoints hegu and neiguan as an adjunctive treatment for opioid detoxification with buprenor-
phine. Anatomically, electrodes were placed between the first and second metacarpal bones (dorsal and palmar surfaces)
of one hand, whereas the other upper limbs had electrodes placed on the median nerve at the forearm (dorsal and palmar
surfaces). All the participants received buprenorphine. Twenty-six participants received thrice-daily 30-minute TEAS
treatments for four days, while 29 received thrice-daily sham stimulation over four days. Two weeks after discharge, the
active TEAS group was less likely to have reported any drug use as compared to the sham group (35% vs 77%, p < 0.05).
However, no differences in OWS were observed.”®

No studies have used transcranial magnetic stimulation or direct current stimulation for opioid withdrawal. As there is
evidence that these interventions combined with MOUD may be beneficial in SUD-related outcomes in maintenance
treatment, future research exploring their potential utility in withdrawal management may be warranted.”’

Discussion

Fentanyl exposure has been associated with a reduced likelihood of treatment initiation, worse treatment retention, and
increased OWS severity.”®?® This review highlights that although IMF has affected the initiation and maintenance of
MOUD, many core principles of OWS treatment remain the same. Buprenorphine can be safely and effectively initiated
in both observed and unobserved settings, increasing patient autonomy and creating flexibility around timing.'® Novel
strategies have improved the successful initiation of buprenorphine by reducing the risk of BPOW. A BPOW rate of 1%
utilizing newer protocols in fentanyl-positive participants is reassuring, increasing their applicability in the fentanyl era.*!
As injectable buprenorphine XR becomes more available, more research into accelerated initiation protocols is needed
and may help increase successful transition from IMF to buprenorphine. Methadone, an effective treatment for OWS and
OUD, has gained momentum in the fentanyl era, given its ease of use and lack of precipitated withdrawal. The
deregulation of methadone during the COVID-19 pandemic has improved many patient-centered aspects of MOUD
care without increasing methadone-related diversion or overdose deaths. Policies that uncouple methadone treatment
from restrictive OTP standards may improve care for OWS and OUD in the fentanyl era. Our review also included
quicker and more supportive protocols to transition people with OUD to XR-NTX, allowing practitioners to utilize
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expedited plans for those most interested in nonopioid strategies. Outside FDA-approved medications for OUD, newer
studies on non-opioid pharmacology, such as lofexidine, gabapentin, and suvorexant, have been most helpful in
augmenting the initiation of opioid agonists; however, their evidence is limited. Neurostimulation interventions are
currently in development, with a few studies showing mild improvement in withdrawal symptoms. Although more
research is needed on monotherapy for acute OWS, these devices may be beneficial for patients who choose to transition
away from buprenorphine and methadone after establishing OUD remission.

Conclusion

There is an urgent need to identify, research, and implement adequate treatments for OWS and OUD in the era of high-
potency synthetic opioids such as fentanyl. Buprenorphine and methadone, with or without adjunctive medications, have
been used to successfully treat OWS. Research shows that combination treatment and pharmacokinetically informed
protocols may reduce OWS severity while reducing the time required for a successful transition to MOUD. Shorter
induction protocols allow patients to initiate evidence-based treatment more quickly, reducing the use of illicit or non-
prescribed substances.
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