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Ketamine in treating opioid use
disorder and opioid withdrawal:
a scoping review
Mary R. Shen, Dylan E. Campbell , Anika Kopczynski ,
Samuel Maddams, Naomi Rosenblum, Kabir Nigam
and Joji Suzuki*

Department of Psychiatry, Brigham and Women’s Hospital, Boston, MA, United States
Introduction: Opioid use disorder (OUD) continues to be a public health crisis in

the United States, with mortality having doubled over the last twenty years,

leading to significant economic cost, morbidity, and mortality. This has caused

significant demand for novel therapeutics. Preliminary evidence demonstrates

that ketamine may be helpful in treating OUD as well as serve as an adjunct

during treatment of opioid withdrawal (OW).

Methods: We conducted a scoping review of two databases (PubMed and

PsycINFO) for English language, peer-reviewed manuscripts reporting on use

of ketamine in treatment of OUD or OW in humans, excluding protocols and

reviews. The study was conducted in accordance with PRISMA guidelines.

Results: The search yielded 998 studies. After duplicates were removed, 715

studies underwent title and abstract screening for inclusion in the review. Of

those, 21 were further considered under full text review. Three studies were

excluded due to wrong study design and ten were excluded due to the wrong

indication, specifically the use of ketamine for treatment of pain rather than

substance use disorder or withdrawal. Eight studies were included in the review,

regarding treatment for OUD (n=2) and OW (n=6). In OUD, ketamine

administration was helpful in reducing opioid cravings and opioid use. In OW,

ketamine attenuated precipitated withdrawal symptoms and was used in several

case series/studies as an adjunct to buprenorphine treatment.

Conclusion: In summary, this review presents a baseline of literature supporting

the use of ketamine in OUD and OW. However, more research is needed before

widespread use.
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Introduction

Despite significant attention and ongoing efforts, opioid use

disorder (OUD) continues to be a public health crisis in the United

States. The economic burden of OUD is estimated to be over $1

trillion annually, driven by reduced quality of life from OUD and the

value of life lost from fatal opioid overdose (1). While prevalence of

OUD has remained stable since the 1990s, rates of death have

increased 10-fold in the last twenty years, due to higher potency

formulations of opioids, specifically in illicitly-sourced fentanyl (2, 3).

Given the morbidity and mortality associated with OUD, there

continues to be significant demand for novel therapeutics.

Ketamine has been approved for medical treatment since the

1960s, but its use has been limited to short-term sedation and

anesthesia (4). In recent years, there has been increased interest in

expanding the use of ketamine and its various forms, with FDA

approval garnered for the enantiomer, esketamine, in treatment-

resistant depression in 2019 (5). Since then, there have been

continued efforts to expand the use of ketamine in other disorders,

ranging from bipolar depression, PTSD, obsessive compulsive

disorder, epilepsy, and fibromyalgia, as well as substance use

disorders (6). Specifically, there is interest in exploring the use of

ketamine not only in treating opioid use disorder (OUD) but also as

an adjunct in the treatment of opioid withdrawal (OW) (7).

Ketamine is primarily classified as a N-methyl-D-aspartate

(NMDA) receptor antagonist, affecting the glutaminergic pathways

in the brain. However, it also has pleiotropic effects on a multitude of

receptors and channels. Ketamine blocks nicotinic acetylcholine ion

channels and affects monoamine transporters by inhibiting serotonin,

dopamine, and norepinephrine reuptake (8). Furthermore, it is

possible that there are interactions of ketamine with the opioid

system, though it is not well understood (9). Specifically, in OUD,

chronic opioid use leads to NMDA receptor upregulation in the

mesolimbic pathway “reward” center. It is thought that NMDA

antagonism decreases the activity of these pathways, increasing

neuroplasticity and recircuiting the cue-response pathways in OUD

(8). Moreover, it is possible that opioid withdrawal is mediated in part

by the NMDA receptor. Additionally, it possible that ketamine’s

mechanistic activity may involve the opioid receptor, facilitating its

role in opioid withdrawal pathology. However, the opioid receptor

effects of ketamine remain incompletely characterized. Preliminary

animal studies have demonstrated that ketamine administration can

also alleviate the symptoms of opioid withdrawal (9, 10).

This review aims to discuss the use and efficacy of ketamine in

the treatment of OUD and OW in order to establish a baseline of

literature in this sphere, as well as identify gaps in the literature to

target future research.
Methods

Search strategy

We developed a search algorithm that included the terms

‘ketamine,’ as well as terms indicating OUD and OW, (i.e., ‘X’ use
Frontiers in Psychiatry 02
disorder, ‘X’ withdrawal, ‘X’ abuse, ‘X’ addiction, ‘X’ dependence),

where ‘X’ represented opioid, fentanyl, and heroin). PubMed and

APA PsychINFO were searched from database inception to 09/05/

2024. Identification of studies for inclusion followed the Preferred

Reporting items for Systematic Reviews and Meta-Analyses

(PRISMA) guidelines (10). Articles identified were extracted and

imported into Covidence, a systematic review platform. Additional

articles were found through manual review of reference lists in

identified articles that met the inclusion criteria.
Inclusion/exclusion criteria

Our inclusion criteria comprised of English language, peer-

reviewed manuscripts regarding use of ketamine in the treatment of

OUD or OW in humans. Studies were excluded if they did not

include humans, studied the illicit use of ketamine, or if the study

did not discuss the use of ketamine in the treatment primarily of

OUD or OW (e.g., including the use of ketamine in the treatment

of pain in opioid-tolerant patients). Given the limited number of

papers in this study, group consensus among researchers was to

include case reports and case series. Study protocols and reviews

were excluded.
Study selection

Two authors (DC, SM) independently screened titles and

abstracts. Two additional authors independently screened full

texts (AK, NR). Senior authors (MS, JS) resolved conflicts

independently after title and abstract screening, as well as after

full text review. The study was conducted in accordance with

PRISMA guidelines.
Data extraction/analysis

Three authors (AK, SM, DC) extracted data from identified

articles into an electronic database. Data extracted included

population demographics, study design, interventions utilized

(dosing, route, adjuncts), primary and secondary outcomes, and

relevant results. A meta-analysis was not possible given the

heterogeneity in design and intervention of identified studies.
Results

The search yielded 998 studies. After duplicates were removed,

715 studies underwent title and abstract screening for inclusion in

the review. Of those, 21 were further considered under full text

review. Three studies were excluded due to wrong study design and

ten were excluded due to the wrong indication, specifically the use

of ketamine for treatment of pain rather than substance use disorder

or withdrawal. Eight studies were included in the review (Figure 1),

regarding treatment for OUD (n=2) and OW (n=6).
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Ketamine in the treatment of OUD

In examining the efficacy of ketamine in treating OUD, there

were two randomized controlled trials (RCTs) identified (Table 1).

Both RCTs, conducted by Krupitsky et al. in Russia, examined

the use of ketamine in the setting of ketamine-assisted

psychotherapy (11, 12). The first study, conducted in 2002,

recruited 70 young adults with a history of opioid dependence as

defined by the DSM-IV, who had been sober for at least two weeks

(11). The researchers conducted a parallel group, double-blinded,

placebo-controlled RCT examining abstinence rates, as well as

symptoms of craving, depression, and anxiety. The intervention

group received a “high-dose” or psychedelic dose of 2.0 mg/kg

ketamine intramuscularly, while the “low-dose” or active placebo

group received 0.2 mg/kg ketamine intramuscularly. According to

the authors, a psychedelic dose was defined as a hallucinogenic

dose, quantitatively assessed using the Hallucinogen Rating Scale.

Patient scores at this level were consistent with those known to
Frontiers in Psychiatry 03
produce a comparable psychedelic experience to N, N-

dimethyltryptamine (DMT) in this validated scale. In contrast, a

low dose “elicit[ed] sub-psychedelic experiences and functions[ed]

as ketamine-facilitated guided imagery.” (11) As this was ketamine-

assisted psychotherapy, participants underwent ten hours of

preparatory psychotherapy before the ketamine session and the

ketamine session itself lasted between 1.5 to 2 hours. A five-hour

integration therapy was offered thereafter to help participants

process their experience. During the ketamine session,

participants were made comfortable, offered eyeshades and music.

The psychotherapist remained present throughout, offering support

during the session. A single psychiatrist conducted all

psychotherapy sessions. Participants were followed for 12 months

with assessments that included urine toxicology. Results

demonstrated that members of the “high-dose” group were

significantly more likely to be abstinent at 1 and 2 months

(p<0.01) and at all other months except 7 and 8 (p<0.05). Both

groups showed reduced cravings, with the high-dose group
FIGURE 1

The PRISMA flow diagram for the scoping review detailing the database searches, the number of abstracts screened, the full texts retrieved, and the
studies included.
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TABLE 1 Summary of studies on ketamine and opioid use disorder.

Study (Ref. #) Population Study Design Intervention Outcomes and Endpoints
(primary and secondary)

Results
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n from a specially
ner.
ts received ten
therapy before and
ychotherapy after
ssion.

• Primary:
• Abstinence until 24 months or relapse
• Secondary: craving scale, depression
scale, and anxiety scale

• High-dose group significantly
more likely to be abstinent for
up to two years post-treatment.
Both groups showed significant
craving reduction for up to 2
years (1.7 vs. 29.2, p<0.01).
• Both groups experienced
reduced anhedonia, anxiety,
and depression with no
significant differences between
groups.
• Conclusion: Ketamine-
assisted psychotherapy of
people with heroin addiction is
more effective at prolonging
abstinence when a high,
psychedelic dose is
administered compared to
when a low, non-psychedelic
dose is administered.

ceived either one
e-assisted
essions, all
/kg
each session. All
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nd five hours of
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received the initial
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eling sessions at 1

ltiple-session arm
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eling.

- Primary: Abstinence up to 12 months
• Secondary: craving scale, Purpose-in-
Life Test (PLT), a depression scale, and
an anxiety scale

• At 1-year, 50.0% of
participants in the three-
session group were abstinent
compared to 22.2% of the
participants in the single-
session group.
• No significant differences in
depression, state and trait
anxiety, and craving scores
between groups
• Conclusion: The three-session
program was more effective in
promoting abstinence than the
single-session program, despite
also receiving similar standard
addiction counseling.
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Krupitsky et al. (2002) (11) • Adults with OUD (DSM-IV or ICD-
10 criteria of opioid dependence for at
least one year) aged 18-30 and
abstinent from all “substances of
abuse” for 2+ weeks
• n = 70
• Age, mean 22.3
• 78.57% male)
• Race not reported

• Randomized control trial (parallel group,
double-blind, placebo-controlled)
• Single-center:
• St. Petersburg Regional Center of
Addictions and Psychopharmacology, Russia
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Krupitsky et al. (2007) (12) • Adults inpatients at an addiction
treatment hospital with OUD (DSM-
IV or ICD-10 criteria of opioid
dependence for at least one year) aged
18-35 and abstinent from all
“substances of abuse” for 2+ weeks
n = 59
• Age, mean 22.6 years 83.1% male
Race not reported

• Randomized clinical trial
• Single center:
• St. Petersburg Regional Center of
Addictions and Psychopharmacology, Russia
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experiencing greater reductions than controls immediately post-

therapy (4.0 vs. 15.1, p<0.01), at 1 month (7.7 vs. 20.2, p<0.05), 3

months (5.4 vs. 28.3, p<0.01), and 1 year (1.7 vs. 29.2, p<0.01).

While both groups experienced reduced anhedonia, anxiety, and

depression, they were not significantly different between groups.

These results demonstrate that a “high-dose,” psychedelic dose of

ketamine was more effective at prolonging abstinence compared to

“low-dose” or non-psychedelic dose of ketamine.

In 2007, Krupitsky et al. conducted a similar trial determining

whether number of ketamine-assisted psychotherapy sessions

impacted 1-year abstinence rates (12). They recruited 59 young

adults and randomized patients into receiving either one or three

ketamine sessions, with all participants receiving 2.0 mg/kg

intramuscularly per session. After detoxification, participants

received five hours of psychotherapy followed by the first

ketamine session prior to discharge. After discharge, participants

received five more hours of psychotherapy. Those randomized to

receive a single session received two monthly addiction counseling,

while those randomized to the three-session group received two

more ketamine sessions each preceded by addiction counseling. At

12-months, rate of abstinence in the three-session group was greater

compared to the single-session group (50% vs 22.2%, p<0.05), with

no differences between depression, anxiety, and craving scores

between groups. Of note, all symptom measures significantly

decreased after the first session and continued to decline for both

groups for those who remained abstinent and continued adherence

to the protocol.
Ketamine in the treatment of OW

There were six studies identified that examined the efficacy of

ketamine in the treatment of OW (Table 2). Of these six studies,

there was one prospective cohort study and one RCT. The

remaining four studies identified were case series or single case

studies. Two of the studies examined the effect of ketamine on

withdrawal symptoms after receiving an opioid receptor antagonist

(13, 14). Two case reports included patients receiving ketamine for

treating buprenorphine precipitated opioid withdrawal (BPOW),

and one case series reporting results using ketamine as a

preventative measure while initiating patients on buprenorphine

(15–17).

In the only RCT, Jovaisa et al. examined 58 patients with opioid

dependence as defined as the DSM-IV undergoing rapid opioid

antagonist induction under anesthesia with tracheal intubation

(14). Patients in the intervention group received a subanesthetic

infusion of ketamine (0.5 mg/kg), finding that ketamine infusion

significantly suppressed symptoms of precipitated opiate

withdrawal especially in the first two hours after induction. This

was true specifically in terms of peak mean arterial pressure (96.6 ±

13.8 in the placebo group vs. 79.4 ± 10.8 in the ketamine group,

p<0.001) and peak heart rate (95.5 ± 12.8 in the placebo group vs.

75.6 ± 13.0 in the ketamine group, p<0.001). Furthermore, patients

in the ketamine group required significantly less supportive

medications (i.e., carbamazepine, clonazepam) to maintain the
Frontiers in Psychiatry 05
same level of opiate withdrawal symptoms during the first 48

hours (p<0.001).

Freye et al. conducted a prospective cohort study examining

changes in electroencephalogram excitatory activity in acute

withdrawal (13). The authors recruited adults actively using

heroin or enrolled in methadone maintenance programs who had

several unsuccessful inpatient detoxifications in the past to examine

electroencephalogram excitatory activity. The authors found that S-

ketamine infusion attenuated the increase in EEG activity and

amplitude height of sensory-evoked potentials (p<0.01) during

rapid opioid detoxification.

Grande et al. conducted a pilot case series in Washington State

over 14 months detailing an iterative process of using ketamine to

successfully transition adult patients with OUD from fentanyl or

methadone to buprenorphine using either low- or macro-dose

inductions (17). Patients self-administered 4-8 doses of sublingual

ketamine 16 mg (3-6% of an anesthetic dose) with daily monitoring

of symptoms. Of the included 37 patients, 16 patients (43%)

successfully completed buprenorphine initiation. However, of the

last 12 patients who completed buprenorphine initiation, 11 (92%)

achieved 30-day retention in treatment. Patients who used ketamine

reported reduction of elimination of spontaneous opioid

withdrawal symptoms. The authors report that the novel strategy

here is recommending patients to proactively use ketamine before

emergence of withdrawal to facilitate buprenorphine induction.

The remaining three studies were single case reports. The first

was a case report of a 36-year-old woman in France with severe

OUD in the context of chronic back pain who was treated with

ketamine in an attempt to reduce her daily opioid consumption

(18). Prior to ketamine treatment, she was on a regimen of

oxycontin extended-release 120 mg daily, oxycodone 60 mg daily,

and acetaminophen/codeine 300 mg/25 mg 6 times per day). She

received one oral dose of ketamine solution (1 mg/kg), then her

opioid regimen was down-titrated by 10% every 48 hours to a goal

of 50 mg codeine three times daily over two weeks. Patient

experienced no withdrawal symptoms as her regimen was down-

titrated with minimal side effects.

The single case reports by Hailozian et al. and Christian et al.

both examined the effect of ketamine in the treatment of BPOW

(15, 16). Given this is the terminology used by authors, we have

elected to remain consistent while acknowledging that the

precipitation is due to unregulated fentanyl use in the setting of

using buprenorphine as evidence-based treatment. In the first case,

a 32-year-old male patient with OUD, who initially presented to the

emergency department with suicidal ideation, developed severe

BPOW after lack of response to outpatient low dose induction,

with COWS score reaching 18. Of note, he had several attempts to

transition to buprenorphine in the outpatient setting, with the goal

of abstinence, prior to presenting to the emergency department. He

was treated with one infusion of IV ketamine (0.6 mg/kg over 60

minutes) along with high-dose buprenorphine (16 mg)

administered sublingually, after which, patient’s COWS score

decreased to 2. The patient was given month-long dose of

extended-release buprenorphine delivered subcutaneously prior to

discharge. The extended-release buprenorphine was repeated
frontiersin.org

https://doi.org/10.3389/fpsyt.2025.1552084
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


TABLE 2 Summary of studies on ketamine and opioid withdrawal.

Study (Ref. #) Population Study Design Intervention Outcomes and Endpoints
rimary and secondary)

Results

ary:
drawal severity was measured
ding to Objective Opiate
drawal Scales (OOWS-A).
ndary:
an arterial pressure (MAP) and
rate (HR)

rtisol levels
dication requirements for
tom relief (i.e., clonazepam,
mezepine)
diction Severity Index
tionnaire at 4-months

• Opiate withdrawal scores were
significantly lower in Ketamine
group for 1st and 2nd hour post-
RAI.
Ketamine significantly reduced
MAP, HR, and post-RAI morning
cortisol levels
• The ketamine group required
significantly less clonazepam and
carbamazepine in the 48-hr
postanesthesia phase.
• There were no significant
differences in opioid abstinence
rates between groups, and no
significant outcomes from the 4-
month follow-up were observed.
Conclusion: Ketamine infusion
suppressed the expression of
precipitated opiate withdrawal and
prevented significant rise in
cardiovascular, respiratory, and
neuroendocrine response especially
during the first two hours of opiate
antagonist induction. No
significant differences across
groups for relapse.

ary: Intensity of central excitatory
s (EEG-power spectra in the b, a,
d D-band) after
ine administration

Administration of S(+)-ketamine
led to a reversal of acute
abstinence-related changes in EEG
power: compared to anesthesia
with naltrexone, EEG power
increased by 65% in the delta band
and decreased by 723% in the beta
band.
Conclusion: While sympathetically
induced hemodynamic alterations
in anesthesia-assisted opioid
detoxification can be attenuated by
clonidine and sedation, central
nervous sensory activation can be
attenuated by the administration of
S(+)- ketamine (1.5 mg/kg).

ary: Successful buprenorphine
tion, defined as tolerating ≥8 mg

• In patients who received
ketamine, 67% (16/24) successfully
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(p

Jovaisa et al. (2006) (14) - Adult patients 18-35 with opioid
dependence, otherwise healthy, as
defined by DSM IV, duration of
substance use more than one year
n=58
Age, mean 22.7 (ketamine group),
23.4 (control group) - ages provided
only by group
- Race not reported

- Randomized, placebo-controlled,
double-blind study - Single-center at
Vilnius University Emergency
Hospital, Lithuania.

- Intervention: Subanesthetic infusion
of ketamine (0.5 mg/kg) administered
after induction of anesthesia, 5
minutes before RAI
- Control: Normal saline infusion
- All patients underwent rapid opiate
antagonist induction (RAI) under
anesthesia. Patients underwent 48-hr
postanesthesia phase treatment, then
discharged to aftercare program
(abstinence-based, naltrexone-
supported outpatient counseling or
residential rehabilitation programs)

-Prim
With
acco
With
-Sec
- Me
hear
- Co
- Me
symp
carb
- Ad
ques

Freye et al. (2006) (13) Adults enrolled in methadone
maintenance programs or were
regularly using heroin who had 5-10
unsuccessful inpatient detoxifications
n=31
Age, mean = 31.7
74% male
Race not reported.

Prospective cohort study
Heinrich-Heine University,
Dusseldorf, Germany

All patients pre-medicated with
propofol, clonidine and somatostatin
infusion, as well as naltrexone 50 mg
administered 2x one hour apart.
IV ketamine was administered at 1.5
mg/kg

Prim
effec
Q, a
keta

Grande et al. (2024) (17) Adult patients transitioning to
buprenorphine from fentanyl or

Pilot case series
Washington State, US

- Sublingual ketamine (16 mg) per
administration, taken 2-3 times daily
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TABLE 2 Continued

Study (Ref. #) Population Study Design Intervention Outcomes and Endpoints
rimary and secondary)

Results

prenorphine within 24 hours
ut worsening withdrawal
toms, as measured by COWS.

completed buprenorphine
initiation.
• 92% of patients who completed
initiation (11/12) achieved 30-day
retention.
• No serious adverse effects were
noted.
Conclusion: Ketamine prescribed
at a sub-dissociative dose allowed
for successful initiation of
buprenorphine with reduced/
elimination of opioid
withdrawal symptoms.

S score • After the first ketamine infusion,
the patient's COWS score
improved from over 36 to 18,
though some symptoms remained.
• A second ketamine infusion at
the same dosage, along with
additional BNX, completely
resolved the patient's POW
symptoms within 8 hours, and he
was stabilized for discharge.
• No severe side effects were
noted.
Conclusion: Ketamine shows
potential to mitigate precipitated
opioid withdrawal (POW)
symptoms through m-opioid
receptor potentiation, making it a
viable adjunctive treatment in
hospitalized settings.

ary outcomes: COWS,
ment adherence, and abstinence
opioid use disroder.

• One-hour post-ketamine
administration, COWS decreased
from 18 to 2.
• At 120 days, patient remained in
treatment and reported continuous
abstinence from fentanyl use.
• No severe side effects were
noted.
Conclusion: Ketamine is effective
for reducing symptoms of
precipitated opioid withdrawal and
may have a role in continued
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methadone
n=37
Age range 19-62 years (mean /median
not provided). 54% female -Race
not reported

as needed for withdrawal symptoms
for a total of 8 doses.
- All patients were initiated on
buprenorphine or buprenorphine/
naloxone with doses ≥8 mg within 24
hours for successful initiation.
Clonidine, gabapentin, and other
supportive medications were
prescribed as needed to manage
withdrawal symptoms or anxiety. No
further counseling provided.

of b
with
sym

Christian et al. (2023) (16) 38-year-old male patient with severe
OUD presenting with suicidal ideation
and withdrawal 24 hours after last
fentanyl use

Case report (Yale
New Haven Hospital,
Connecticut, USA)

Patient was initially treated with
sublingual buprenorphine-naloxone
(BNX) 16–4 mg, exacerbating
withdrawal symptoms, raising his
Clinical Opiate Withdrawal Scale
(COWS) score to over 36, then
received two (24 and 36h) ketamine
infusions at 0.3 mg/kg over 15
minutes, followed by a third ketamine
infusion 0.3 mg/kg over one hour,
along with additional BNX 8–2 mg.

COW

Hailozian et al. (2022) (15) 32-year-old male patient with opioid
use disorder who developed severe
buprenorphine precipitated opioid
withdrawal (BPOW) from a failed
outpatient microdose treatment plan.

Case report
- Highland Hospital, Oakland, CA

Patient was treated with ketamine (0.6
mg/kg intravenous over 1 hour) and
high-dose buprenorphine (16 mg
sublingual single dose) followed by
administration of month-long dose of
extended-release subcutaneous
buprenorphine which was repeated
monthly for three months.
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monthly for 3 months. At 120 days, the patient was able to remain

in treatment and remained abstinent from opioid use (15). In the

second case, a 32-year-old male patient with history of severe OUD

undergoing withdrawal (24 hours since last fentanyl use) and

concomitant suicidal ideation was initially given buprenorphine-

naloxone (BNX) 16-4 mg over two doses sublingually in the

emergency department, which raised his COWS score to 36+

(15). He first received one ketamine infusions (first 0.3 mg/kg

over 15 minutes, immediately followed by 0.3 mg/kg over 60

minutes) along with additional BNX. After the first ketamine

infusion, the patient’s COWS score was sustained at 18, then after

the second ketamine infusion, the patient’s COWS score decreased

to 0 within 8 hours (16). Of note, all studies examining use of

ketamine for OW used standard adjunctive treatments, including

anti-anxiolytics, analgesics, anti-emetics, among other medications.
Discussion

In the last decade, several reviews have been published exploring

the therapeutic use of ketamine in substance use disorders, eating

disorders, obsessive-compulsive disorder, depression, bipolar

disorder, suicidal ideation, social anxiety and generalized anxiety

disorder, post-traumatic stress disorder, and ketamine’s interactions

with electroconvulsive therapy (20–22). Ketamine has also shown

preliminary efficacy in other substance use disorders, including

alcohol use disorder and stimulant use disorder (19, 20). The

findings from these studies are especially promising for stimulant

use disorder, as there is a modicum of pharmacological treatments. In

fact, a systematic review of ketamine treatment for stimulant use

disorders found that ketamine improved cravings, motivation, and

decreased cocaine use rates (19).

This is the first review, to our knowledge, that specifically

examines the efficacy of ketamine in treating OUD and OW.

While the amount of research in this space is clearly limited, one

strength of this review is the inclusion of two RCTs in examining

the use of ketamine in treatment of opioid use disorder.

Furthermore, for treatment of OW, this review adds several

successful recent case reports of using ketamine as an adjunct to

buprenorphine to prevent withdrawal symptoms and precipitated

withdrawal (16–18).

In the use of ketamine to treat OUD, we identified two RCTs,

with both studies conducted by Krupitsky et al. The author found

that increasing dose and number of ketamine treatments

administered improved outcomes (i.e., rates of abstinence in

patients receiving three ketamine-assisted psychotherapy sessions

were almost twice as high as patients receiving one ketamine-

assisted psychotherapy session) (12). This finding is consistent

with the literature in using ketamine for other alcohol use

disorder. In 2009, Kolp et al. conducted a retrospective cohort

study finding that patients who received two ketamine infusions

had higher alcohol abstinence rates compared to patients who

received just one infusion (21).

In these RCTs examining ketamine for OUD, it is difficult to

disentangle the effects of psychotherapy from the effects of ketamine
T
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in these RCTs, as all patients received some amount of ketamine,

whether it was a “psychedelic” dose or a “non-psychedelic” dose.

There are no RCTs with ketamine and opioid use disorder that have

compared ketamine-assisted psychotherapy to only ketamine,

which is a conspicuous gap in the literature. However, in looking

to the literature in using ketamine in alcohol use disorder, Grabski

et al. found patients receiving concomitant therapy had more days

abstinent and lower odds of relapse, but the confidence interval

included the null (22). Furthermore, as above, the retrospective

cohort study by Kolp et al. found that patients undergoing more

intensive group psychotherapy sessions had higher abstinence rates

(21). As it stands, the evidence is limited - the role of psychotherapy

in ketamine administration for opioid use disorder is currently

unclear and requires further exploration.

In the studies examining the role of ketamine in OW, the findings

suggest benefit in its effect on diminishing withdrawal symptoms and

CNS sensory activation. As such, it is important to discuss two studies

that discuss the proactive use of ketamine in opioid withdrawal, but

did not meet inclusion criteria, as neither are peer-reviewed

manuscripts. Casey et al. reported in a letter to the editor the use

oral ketamine (20 mg dosed every 6 hours) to treat concurrent pain

and opioid withdrawal (23). In 113 patients, they found the reduction

of total oral morphine equivalents by 35% throughout the course of

the hospitalization. Heeney et al. conducted a retrospective case series

of 10 patients examining the use of ketamine for buprenorphine-

precipitated opioid withdrawal. Patients generally received ketamine

0.3 mg/kg IV infusion over 15 minutes, followed by 0.3-1 mg/kg

infusion over 1 hour. All patients were able to discharge safely from

the hospital and the majority (8/10) remained engaged in treatment

through California Bridge services (24).

It must be noted that a substantial barrier to research with

psychoactive compounds is identifying an appropriate placebo for

ketamine (25). In examining the role of ketamine in OW, two of the

studies administered ketamine under anesthesia, patients were

effectively blinded, which strengthens the interpretation of the

results of those studies (13, 14). The potential utility of ketamine

as an adjunct to treating OW, especially during buprenorphine

induction, is of particular importance given the challenges patients

now face in safely initiating treatment. More research is urgently

needed to better understand how ketamine can mitigate the risk of

OW during buprenorphine inductions.

Limitations of this review include heterogeneous studies with small

sample sizes, restricting the ability to conduct a meta-analysis. This was

especially true for examining the use of ketamine in OW, as the

majority of the studies cited were case series/reports. Furthermore,

there was heterogeneity in ketamine dosing, routes of administration,

and adjunctive psychotherapeutic treatments, which may have greatly

affected the outcomes. Furthermore, the dosing varied by study, an

important consideration given difference in ketamine bioavailability

based on route of administration (i.e., IV, IM, sublingually, or orally).

For the RCTs exploring OUD, ketamine was administered

intramuscularly (IM) at either a high (e.g., 2.0 mg/kg) or low dose

(e.g., 0.20 mg/kg), or as the same dose (2.0 mg/kg) across single versus

multiple sessions. Observational studies utilized intravenous (IV)

ketamine (n = 4), sublingual ketamine (n = 1), or oral ketamine
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(n = 1). The differences in bioavailability and metabolism across these

routes are important to discuss. IV administration results in 100%

bioavailability and rapid onset, IM has approximately 93%

bioavailability with slightly slower absorption, sublingual

administration bypasses first-pass metabolism but has variable

bioavailability (~32%), and oral administration has the lowest

bioavailability (~17%) due to extensive first-pass metabolism (26,

27). As such, creating a standardized protocol in the future may be

challenging without increasing homogeneity in dosing and route of

administration in future studies. It is also important to acknowledge

that 694 studies were excluded out of 712 non-redundant results. Given

the dearth of research in this area, we opted for a more inclusive search

to ensure no relevant studies were missed. Finally, in terms of the

demographics of patients recruited, none of the studies reported race.

In four of the five larger studies, the majority of the sample were aged

22-31, with male patients comprising 74-83% of the studied

population, limiting generalizability of results. This point is especially

true for the RCTs for OUD, where both studies were conducted in

Russia, in a predominantly young, male population. Further research is

needed to evaluate ketamine treatment across a more representative

range of backgrounds and sexes.

As with the trials of ketamine for alcohol use disorder, it is

unknown if combining ketamine treatment with mindfulness-based

relapse prevention would lead to different outcomes. Another

limitation is the challenge of isolating the effects of ketamine,

particularly given its nature as a network therapeutic. For

instance, it is known that patients with depression are more likely

to use opioids long-term and that comorbid depression may drive

substance use (28, 29). In fact, it is possible that there is endogenous

opioid system dysregulation in depression (30). Thus, in examining

OUD, it is difficult to extricate the effects of depression and/or other

comorbid mental health disorders as a mediator for post-treatment

abstinence. Furthermore, it is unclear how long the effects of the

treatment is sustained, as the longest follow-up period was only 24

months (11). Interestingly, in the Jovaisa et al. study, there was no

significant difference in length of abstinence from opioids at 4

months (14), which differed from the results demonstrated by

Krupitsky et al. (11, 12). More research would be needed to see if

abstinence is sustained, and if so, how long the effects last.

Additionally, the cost-effectiveness of ketamine treatment for

OUD/OW has not been explored, thus more work needs to be done

to clarify the financial feasibility. This point would be especially true

if used as an adjunct to intensive psychotherapy, similar to the two

RCTs examining ketamine for treating OUD.

It is important to consider how ketamine compares to standard

care for OUD. Medications for opioid use disorder (MOUD), like

methadone and buprenorphine, have well-established efficacy, with

studies showing a 20-60% abstinence from opioids, according to a

review examining randomized controlled trials of opioid-abstinence

rates when using MOUD (31). Psychosocial interventions, including

cognitive-behavioral therapy (CBT) and contingency management,

have demonstrated success rates of approximately 30-50% when used

alone but are more effective when combined with MOUD with

studies demonstrating abstinence rates as high as 85% in

randomized trials (32, 33). In the present review, for the treatment
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of OUD, the two studies included used ketamine as a replacement for

MOUD. As such, there is a clear gap in the literature in examining the

utility of ketamine as an adjunctive treatment to MOUD.

Furthermore, it is known that utilization of MOUD in eligible

populations is as low as 17% (34). It is not currently known if

patients who are unwilling or unable to accept MOUD would be

more willing to engage in ketamine-assisted psychotherapy. In

clinical scenarios with limited opportunities to interface for

treatment due to setting (i.e., a temporary setting like residential

rehabilitation programs) or patient population (i.e., clients who are

undomiciled or migrant workers), it would be helpful to further

explore ketamine as a potential solution. Long-term comparative

efficacy of these different treatments remains unclear. While

psychotherapy remains a mainstay of addiction treatment,

ketamine’s rapid-acting effects may provide a window of increased

neuroplasticity that could enhance psychotherapeutic outcomes.

Further research is needed to determine optimal integration

strategies and long-term efficacy relative to standard care.

Though ketamine may demonstrate several benefits, there are

also risks. When taken in high doses, it can have an anesthetic effect

that impairs respiration and cardiovascular function, potentially

leading to fatal consequences if misused, especially in unmonitored

settings or when combined with CNS depressants or opioids (35).

Hallucinogen use disorder can develop from ketamine use and

long-term use has been associated with cognitive decline, including

impairment of memory, as well as persistent dissociative or

delusional thinking (36). Furthermore, there may be increased

risk in ketamine-induced cystitis, leading to bladder scarring. This

process is thought to be secondary to inflammatory signaling

pathways causing damage to the bladder epithelium due to

ketamine metabolites (37). While ketamine-induced cystitis (KIC)

is most prevalent in illicit ketamine use, there have been case studies

involving cystitis as a side effect of ketamine use for anesthetic and

depression-treatment purposes (38, 39). Hemodynamic instability

must also be monitored closely with higher risks for those with pre-

existing cardiovascular conditions (40), though as seen in the

studies listed above, ketamine may attenuate hemodynamic

variability in patients undergoing precipitated opioid withdrawal

(14). It is also unclear whether mode of administration can affect

opioid use or withdrawal, as oral, intranasal, intravenous, and

intramuscular forms exist. While none of the participants in these

studies developed a hallucinogen use disorder, more research is

needed to evaluate the safety of this treatment, as well as target

populations that may derive the most benefit from this medication.

Furthermore, there may be gaps in access to ketamine, such that

those who may benefit the most would face significant financial

barriers to treatment with ketamine (41).

These studies demonstrate promising evidence for the use of

ketamine in treatment of OUD and OW. However, more research is

needed. While there are currently five clinical trials in this space with

unpublished results according to ClinicalTrials.gov, more research is

needed to determine the optimal dose, frequency, and adjuncts of

treatment (i.e., psychotherapy or other substance use treatment

programs), as well as the safety and tolerability of this medication.

Furthermore, given the recent approval for esketamine as
Frontiers in Psychiatry 10
monotherapy for treatment-resistant depression (42), the role of

ketamine as a singular treatment versus as an adjunct for

psychotherapy or medications for OUD requires further exploration.
Conclusions

In summary, this review presents a baseline of literature supporting

the use of ketamine in OUD and OW. In OUD, ketamine was shown

to be effective as an adjunct to psychotherapy, with increasing efficacy

for patients receiving higher doses and greater number of sessions. In

OW, ketamine appears to be a helpful treatment, along with other

supportive medications, in treating withdrawal symptoms and

facilitating buprenorphine initiation. However, we strongly urge that

more rigorous research is needed before ketamine is recommended for

widespread use as a therapeutic for OUD and OW.
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