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Objective: Pharmacotherapy and behavioral treatments for
alcohol use disorder are limited in their effectiveness, and
new treatments with innovative mechanisms would be
valuable. In this pilot study, the authors tested whether a
single subanesthetic infusion of ketamine administered to
adults with alcohol dependence and engaged in motiva-
tional enhancement therapy affects drinking outcomes.

Methods: Participants were randomly assigned to a 52-
minute intravenous administration of ketamine (0.71 mg/kg,
N=17) or the active control midazolam (0.025 mg/kg, N=23),
provided during the second week of a 5-week outpatient
regimen of motivational enhancement therapy. Alcohol use
following the infusion was assessed with timeline followback
method, with abstinence confirmed by urine ethyl glucuro-
nide testing. A longitudinal logistic mixed-effects model
was used to model daily abstinence from alcohol over the
21 days after ketamine infusion.

Results: Participants (N=40) weremostlymiddle-aged (mean
age=53 years [SD=9.8]), predominantly white (70.3%), and
largely employed (71.8%) and consumed an average of five
drinks per day prior to entering the study. Ketamine significantly
increased the likelihood of abstinence, delayed the time to re-
lapse, and reduced the likelihood of heavy drinking days com-
pared with midazolam. Infusions were well tolerated, with no
participantsremovedfromthestudyasaresultofadverseevents.

Conclusions: A single ketamine infusion was found to im-
prove measures of drinking in persons with alcohol de-
pendence engaged in motivational enhancement therapy.
These preliminary data suggest new directions in integrated
pharmacotherapy-behavioral treatments for alcohol use dis-
order. Further research is needed to replicate these promis-
ing results in a larger sample.
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Pathological alcohol use leads to an estimated 3.8% of all
deaths globally (1, 2). Although alcohol-related costs exceed
1% of the gross national product in developed countries,
most affected individuals are not in treatment (3). Of those
in treatment, a large number do not respond to available
medications or behavioral treatments (4, 5). More effective
pharmacotherapy options are needed, as well as methods
to enhance efforts aimed at behavioral modification.

Maladaptive patterns of alcohol use may stem from pre-
existing vulnerabilities and may also be driven by neural
adaptations resulting from problematic alcohol use itself
(6). This may manifest clinically as deficits that jeopardize
efforts aimed at initiating and maintaining abstinence, in-
cluding heightened reactivity, dampened interest in non-
alcohol-related pursuits, and stress sensitivity (6, 7). Our
preliminary research with cocaine users suggests that keta-
mine, a high-affinity N-methyl-D-aspartate receptor antag-
onist with putative neurotrophic and modulatory effects, may

represent an effective treatment for problematic substance use
by exerting rapid benefits on such vulnerabilities (8, 9).We also
found that study subjects with cocaine dependence who
received a single subanesthetic infusion of ketamine as they
initiated mindfulness-based relapse prevention had a sig-
nificantly greater likelihood of end-of-study abstinence com-
pared with those who received midazolam (10).

Given that addiction to alcohol, cocaine, and other drugs
implicate comparable pathophysiology and clinical challenges
(6, 7), it is possible that ketamine could demonstrate similar
benefits in persons with alcohol dependence. The primary
purpose of the present trialwas to investigatewhether a single
ketamine infusion, compared with midazolam, promotes self-
reported abstinence from drinking in adults with alcohol
dependence who are engaged in motivational enhancement
therapy, a psychotherapy platform ofmodest efficacy aimed at
facilitating changes in behavior (11). The outpatient infusion
was provided on a designated quit day during the secondweek
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of this 5-week trial and at least 24 hours after the last occasion
of alcohol use. Other aims of the study were to evaluate the
effect of ketamine on heavy drinking days (more than four
drinks per day formen andmore than three drinks per day for
women) and on time to relapse or study dropout.

METHODS

Treatment-seeking adults with alcohol dependence were
randomly assigned to receive a 52-minute intravenous in-
fusion of ketamine (0.71 mg/kg, N=17) or an active control of
midazolam (0.025 mg/kg, N=23) in the second week of this
5-weekoutpatient trial, which started in September 2014 and
concluded in September 2017. Consenting participants un-
derwent alcohol use monitoring and measures (including
urine toxicology), physician visits, and motivational en-
hancement therapy. Infusions occurred on a quit day during
week2.Thisdaywasdesignated inadvanceduring theweek-1
motivational enhancement therapy session, and participants
were required to abstain from alcohol for at least 24 hours
before the infusion. In the absence of preliminary data to
inform our hypotheses of efficacy, we aimed to enroll up to
60 participants, with enough power to detect a large dif-
ference between the two treatment groups in proportion
of daily abstinence. Fifty participants were enrolled, and
40 were randomly assigned over the course of the study
period. No interim analyses were conducted before com-
pletion of the trial.

Participants
During screening, participants were assessed with the Mini-
International Neuropsychiatric Interview for DSM-IV and
underwent medical and psychiatric evaluation, including
serum collection (electrolytes, CBC, and liver function tests)
and other diagnostic tests, such as ECG and vital sign as-
sessment. Study applicants were considered eligible if they
were ,70 years old, had no medical illness or psychiatric
comorbidity, and met DSM-IV criteria for alcohol de-
pendence and minimum daily (at least four heavy drinking
days over the past 7 days) or weekly (35 drinks per week for
men and 28 drinks per week for women) use while not using
other substances. Alcohol and other drug use were de-
termined by self-report and urine toxicology. Individuals with
a history of severe withdrawal symptoms (e.g., seizures, car-
diac instability, and delirium) were excluded, as were those
with a history of psychotic or dissociative symptoms andwith
current depressive symptoms indicativeof aDSM-IVdisorder.
The study was approved by the institutional review board at
New York State Psychiatric Institute, and written informed
consent was obtained from all participants.

Study Setting
All procedures and outpatient visits took place at New York
State Psychiatric Institute on the Columbia University
Medical Center campus. All staff involved in this trial were
blinded to treatment condition.

Motivational Enhancement Therapy
and Outpatient Visits
Participants were engaged in motivational enhancement
therapy delivered by staff trained in the manual used in
Project MATCH. Motivational enhancement therapy is a
behavioral treatment for various substance use disorders
(11) that involves a variety of strategies to promote motiva-
tion and self-directed change (12). In previous trials (13, 14),
this therapy demonstrated only modest efficacy; the au-
thors therefore considered it unlikely to obscure medi-
cation efficacy.

Six motivational enhancement therapy sessions were
provided over 5 weeks. In week 1, participants engaged in an
initial session, during which goals were explored and moti-
vational statements elicited. Weekly subsequent sessions
during weeks 2–5 were provided to achieve these goals. An
additional session was provided during week 2, 24 hours
after infusion, in order to capitalize on the hypothesized
motivation-enhancing effects of ketamine, which may be
most pronounced within the 24- to 48-hour postinfusion
period. Sessions were audiotaped and supervised by a psy-
chiatrist (E.D.) for fidelity to the manual.

Leading up to the infusion, participantswere counseled to
reduce the number of drinks per day in preparation for ab-
stinence initiation and infusion administration during week
2. Participants came to the clinic twice weekly for motiva-
tional enhancement therapy and to meet with a psychiatrist,
with visits spaced by 3–4 days, except during week 2, which
involved 3 consecutive days. The timeline followback as-
sessment was administered at each visit to quantify the
number of drinks for each calendar day since the last visit. A
positive urine ethyl glucuronide test among individuals who
reported abstinence for this period led to the days being
marked as drinking days.Measures related to alcohol-related
vulnerabilities, such as craving andarousal (assessedwith the
visual analogue scale),withdrawal (assessedwith theClinical
Institute Withdrawal Assessment), self-efficacy (assessed
with the Alcohol Abstinence Self-Efficacy Scale and the
Drug-Taking Confidence Questionnaire) (15, 16), perceived
stress (assessed with the modified Perceived Stress Scale)
(17), mindfulness (assessed with the Five Facet Mindfulness
Questionnaire) (18), and impulsivity (assessed with the
Barrett Impulsiveness Scale) (19),were collected at each visit,
along with urine samples for toxicology (six-panel dipstick,
ethyl glucuronide). Participantswere providedwith referrals
at the end of the trial. Telephone follow-up was conducted
6 months after the trial.

Participantswere compensatedwith $10 on screening and
appointment days to defray the costs of travel, as well as $25
for the screening itself.

Infusion Procedures
Participants were asked to abstain from alcohol for $24
hours before the infusion, as well as to fast after midnight.
They were informed that they might receive any of several
medications, in addition to ketamine or midazolam. This
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blinding procedure was intended to disguise what drug was
specifically given so as to minimize expectancy effects.

Participants were randomly assigned (1:1) by a statistician
using randomly sized blocks to receive an intravenous in-
fusionofketamineormidazolam.Medicationassignmentand
preparation were performed at the New York State Psy-
chiatric Institute pharmacy.

Active control (a 2-minute saline bolus followed by a
50-minute slow-drip intravenous infusion of midazolam,
0.025 mg/kg) or ketamine hydrochloride (a 2-minute 0.11-
mg/kg bolus in saline followed by a 50-minute slow-drip
intravenous infusion of 0.6 mg/kg) was administered be-
tween 10:00 a.m. and 12:00 p.m. on the second appointment
day of week 2. This dose of ketamine was selected because it
was the highest dose tolerated by participants in preliminary
studies (8, 9) and may be more efficacious than lower doses
for alcohol dependence given evidence that chronic alcohol
use blunts glutamate receptor sensitivity (6). A bolus was
provided before the infusion in order to obtain a potent
subanesthetic serum level of ketamine at the start of medi-
cation administration. Midazolam was chosen as the active
control because it alters consciousness without any known
persistent (.8 hours) effect on alcohol dependence. Blood
pressure, heart rate, and blood oxygen saturation were
continuously monitored. Medical coverage was provided for
up to 3 hours postinfusion, and a brief psychiatric evaluation
was conducted before discharge.

As in our previous studies (8–10), we provided relaxation
and mindfulness-based exercises before and during infu-
sions. After the infusion, participants completed a subjective-
effects assessment battery.

Statistical Analysis
The study participants’ baseline demographic characteristics
are summarized in Table 1.

The primary outcome of self-reported drinking days by
timeline followback after the infusion was dichotomized so
that each day was defined as abstinent (0 drinks) or non-
abstinent (at least one drink). Days with missing data were
treated as nonabstinent days. A longitudinal logistic mixed-
effects model with a logit link and a random intercept was
used to account for between-subject variances. The fixed
effect of time (days postinfusion), treatment, and time-by-
treatment interaction, adjusted by baseline total drinks, was
used to analyze the longitudinal primary outcome: abstinent
days during the 21 days postinfusion. Additionally, because
the observed data do not follow a linear trend, time was also
tested as a quadratic effect by testing whether the effect of
time squared was significant. The Akaike information cri-
terion and Bayesian information criterion summary fit sta-
tisticswere used to identifywhichmodel bestfit the observed
data.

Reduction in heavy drinking days and other secondary
measures were analyzed with longitudinal mixed-effects
models, with the effect of study week, treatment, and study
week-by-treatment two-way interaction adjusted by the

corresponding outcome measures at baseline. A random
intercept was used to account for between-subject vari-
ances, and a generalized estimating equation structure was
included to account for within-subject correlations over
time as an autoregressive (AR[1]) process.

We used the logit link to model binary outcomes (i.e.,
heavy drinking day) and the log link function to model
outcomes (i.e., craving, arousal, and withdrawal) with right-
skewed distributions. All other secondary outcomes were
approximately normally distributed and modeled with identity-
link functions.

The secondary outcome, time to relapse, was defined as
time to the first heavy drinking day or time to dropout,
whichever came first, and was analyzed by using Kaplan-
Meier survival curves and the log-rank test. Time to first
alcohol use and time tofirst heavydrinkingdaywere similarly
analyzed.

All analyses were performed in SAS, version 9.4, with all
tests two-sided at a 5% level of significance.

RESULTS

Participants
Ninety-five individualswere screened for participation in the
study, 50were enrolled, and 40were randomly assigned in an
intent-to-treat analysis (Figure 1). Participants were heavy
drinkers, with minimal psychiatric comorbidity (Table 1).
Infusionswerewell tolerated,with themost commonadverse
effects being sedation (midazolam,N=12; ketamine, N=8) and
headache (midazolam,N=4; ketamine,N=6), persisting about
12 hours postinfusion. Scores on the Clinician-Administered
Dissociative States Scale were significantly higher in the
ketaminegroup immediately following infusions (median=19,
interquartile range, 9–30.75) compared with the midazolam
group (median=2, interquartile range, 0.25–9.25; x2=7.87,
p=0.005). Two participants in the ketamine group experi-
enced mild agitation lasting 1 hour postinfusion. There were
no incidents of persistent psychoactive effects or initiation of
drugmisuse (benzodiazepines, opioids, orketamine) ineither
study group.

Across the 21 days after infusion, 47.1% (N=8/17) of par-
ticipants in the ketamine group used alcohol, and 17.6%
(N=3/17) had a heavy drinking day. Among participants in
the midazolam group, 59.1% (N=13/22) used alcohol, 40.9%
(N=9/22) had a heavy drinking day, and 52.2% (N=12/23)
relapsed.Throughout theentire studyperiod, sixparticipants
dropped out of the midazolam group. Of these, one partici-
pant did not return after the infusion, and five dropped out
after the first week. Four participants had heavy drinking
days before dropping out, and one dropped out while still
abstinent (as assessed during the participant’s final visit). No
participants dropped out of the ketamine group.

Primary Outcome: Alcohol Abstinence
The longitudinal logistic mixed-effects model for alcohol-
abstinent days with time treated as a quadratic term yielded
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TABLE 1. Baseline demographic and clinical characteristics of study participants receiving ketamine or midazolam

Characteristic

Treatment Arm

Total Sample (N=40) Midazolam (N=23) Ketamine (N=17)

Demographic characteristics

N Mean SD N Mean SD N Mean SD

Age (years) 40 53.0 9.8 23 55 8.3 17 50.4 11.3

N % N % N %

Gender
Female 21 52.5 14 60.9 7 41.2
Male 19 47.5 9 39.1 10 58.8

Race
Asian 2 5.4 2 9.1 0 0.0
Black or African American 5 13.5 1 4.5 4 26.7
White 26 70.3 15 68.2 11 73.3
Multiracial 4 10.8 4 18.2 0 0.0

Ethnicity
Not Hispanic or Latino 33 82.5 20 87.0 13 76.5
Hispanic or Latino 7 17.5 3 13.0 4 23.5

Employment
Unemployed 11 28.2 5 22.7 6 35.3
Employed 28 71.8 17 77.3 11 64.7

Education
Completed grades 7–12 2 5.0 1 4.3 1 5.9
Graduated from high school

or received General
Educational
Development
certification

3 7.5 2 8.7 1 5.9

College degree or
associate’s degree

31 77.5 17 73.9 14 82.4

Master’s degree 4 10.0 3 13.0 1 5.9

First-degree family history
of alcoholism

36 90.0 19 82.6 17 100.0

N Mean SD N Mean SD N Mean SD

Clinical measures
Hamilton Depression Rating
Scale

38 2.9 2.5 22 2.9 2.5 16 2.9 2.7

Five Facet Mindfulness
Questionnaire

40 137.3 20.9 23 140.3 21.4 17 133.2 20.2

Clinical Institute Withdrawal
Assessment

38 3.5 4.3 23 3.4 4.2 15 3.6 4.6

Perceived Stress Scale
(modified)

40 25.2 7.3 23 24.9 7.7 17 25.6 6.8

Behavioral Inhibition System 40 60.3 11.3 23 58.2 11.4 17 63.1 10.9
Alcohol Abstinence
Self-Efficacy Scale

40 54.1 17.7 23 53.6 17.0 17 54.7 19.1

Average number of drinks per
day 7 days before consent
(baseline)

40 6.6 4.1 23 6.5 4.3 17 6.8 3.9

Average number of drinks per
day 7 days before infusion

40 2.9 2.1 23 3.4 2.1 17 2.1 2.0

Numberofheavydrinkingdays
7 days before consent
(baseline)

37 5.1 1.4 20 5.4 1.4 17 4.7 1.4

Numberofheavydrinkingdays
7 days before infusion

40 1.9 2.1 23 2.1 2.1 17 1.7 2.0
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the best-fit model (Akaike information criterion=569.04,
Bayesian information criterion=580.87) compared with the
initial model with time treated as a linear term (Akaike in-
formation criterion=576.18, Bayesian information crite-
rion=586.31). The quadratic effect of time was significant
(F=8.21, df=1, 797, p=0.004), as well as the time-by-treatment
interaction (F=25.1, df=1, 797, p,0.001), adjusted for total
baseline drinks (F=1.09, df=1, 797, p=0.297). The observed and
model-estimated proportions of alcohol abstinence across the
21 days postinfusion are shown in Figure 2. The modeled pro-
portion of abstinence in the ketamine group remained stable
while decreasing significantly in the control (midazolam) group.
The observed number needed to treat was 6, and the modeled
number needed to treat was 4. The score on the Clinician-
Administered Dissociative States Scale was not significantly as-
sociatedwith end-of-study abstinence (odds ratio=1.11, p=0.068).

A sensitivity analysis without the assumption that missing
days were nonabstinent days was performed for the primary
outcome (abstinent days during the 21 days postinfusion).
When treating missing days as missing, we found results
similar to those reported above, suggesting that the as-
sumption about missing days did not affect the obtained
results. An analysis without adjustment for baseline total
drinks also led to similar results.

Telephone interviews were conducted 6 months after the
trial. Datawerecollected for 19 of the40participants (47.5%);
21 participants (52.5%) could not be reached by telephone. Of
those participants who could be reached, eight were in the
ketamine group and 11 in the midazolam group. Seventy-five
percent of participants (N=6) in the ketamine group reported
abstinence, compared with 27% (N=3) in the midazolam
group.

Secondary Outcomes
Whenmodelingheavydrinkingdays, the interactionbetween
treatment group and time was significant (F=12.34, df=1, 798,
p,0.001) (Figure 3). In themidazolam group, the probability
of a heavy drinking day increased with each postinfusion day
(odds ratio=1.19, 95% CI=1.14–1.25, p,0.001), while the odds
of a heavy drinking day did not change significantly for the
ketamine group (odds ratio=0.98, 95%CI=0.89–1.08, p=0.74).

When modeling the secondary outcomes (craving, with-
drawal, mindfulness, impulsivity, stress sensitivity, and
self-efficacy), the two-way interaction of study week-by-
treatment group was not significant in any of the models.

Time toRelapse, FirstUse, andFirstHeavyDrinkingDay
On the basis of the log-rank test, participants in the ketamine
group had significantly longer time to relapse (defined as the
first heavy drinking day or dropout) (x2=4.2, p=0.04), com-
pared with participants in the midazolam group (Figure 4).
However, there were no significant differences between
groups in time to first use or to first heavy drinking day.

DISCUSSION

To our knowledge, this is the first trial to investigate the
efficacy of a single ketamine infusion for alcohol use disorder.
These preliminary data indicate that, compared with mid-
azolam, ketamine led to a lower likelihood of alcohol use over
a 21-day period after infusion, as well as a lower likelihood of
heavy alcohol use and longer time to relapse. This suggests
that ketamine in combination with motivational enhance-
ment therapy may be an effective pharmacotherapy for ini-
tiating and sustaining abstinence from alcohol.

These data expand on previous findings on ketamine in-
fusions in individuals with cocaine dependence. In the lab-
oratory setting, any improvements (i.e., reductions in use and
craving) that were observed from a single infusion were

FIGURE 2. Observed and model-estimated proportions and
standard errors of abstinence across the 21-day postinfusion
period among study participants receiving ketamine ormidazolam
(N=40)
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infusion combined with motivational enhancement therapy for
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typically transient, subsiding after several days (8, 9). A sub-
sequent trial embedding a single infusion into a mindfulness-
based framework demonstrated more persistent effects,
suggesting that an integrated model might work to promote
synergy between the behavioral treatment and ketamine (10).
Early trials evaluating so-called ketamine psychedelic therapy
also employed an integrated approach, with intramuscular
ketamine combined with existentially oriented psychotherapy
to treat alcohol and opioid use disorders (20, 21).

Building on these previous findings, we paired motiva-
tional enhancement therapy and ketamine in this trial with
the assumption that they might work together to marshal
motivation toward initiating and sustaining abstinence.
In previous studies, psychological mechanisms have been
implicated in the impact of ketamineon themotivation toquit
and other dependence-related vulnerabilities, perhaps
through shifts in perspective (22). A psychotherapy frame-
work aimed at further enhancing motivation, such as moti-
vational enhancement therapy, may serve to focus these
perspectival shifts toward deepening commitment and
readiness for change. This dovetails with early research ex-
amining comparable compounds integrated into addiction-
oriented psychotherapy, such as psilocybin and LSD (lysergic
acid diethylamide), whereby certain psychoactive effects were
intended to facilitate a reappraisal of personal values and ex-
istential meaning, as well as a deliberate restructuring of
commitments and behavior.

In this trial, no participants dropped out of the ketamine
group, but six dropped out of the control (midazolam) group,
with four resuming heavy alcohol use before dropping out.
Although the sample size was small, this suggests that ket-
amine may be helpful in promoting engagement with behav-
ioral treatment, as hypothesized (10). In turn, motivational
enhancement therapy may be helpful in carrying forward the
apparent effects of ketamine on reduction in substance use
beyond what has been observed in previous laboratory-based

researchwithouta supportiveorbehavioral frameworkduring
follow-up (8, 9). It is not possible, however, to conclude from
this trial whether motivational enhancement therapy was
necessary for these persistent effects in the absence of a two-
by-two factorial design (e.g., participants receiving infusions
without motivational enhancement therapy).

Surprising findings were the high rates of abstinence
initiation irrespective of medication assignment, with most
participants inboth treatmentgroupsable to stopdrinking for
a brief period after the designated quit day. Similarly, there
was no significant difference between groups in time to first
use or first heavy use. Yet, there were significant differences
between groups over time in the proportion of both drinking
days and heavy drinking days, with participants assigned to
the control (midazolam) group significantly more likely both
to drink and to drink heavily. Taken together, these findings
suggest that ketamine provided protection against a lapse
evolving into continued use (relapse) or into dropout from
treatment. This may stem from ketamine minimizing the
abstinence violation response (i.e., individuals losing hope
after using and consequently relapsing or disengaging from
treatment). These findings suggest a new usefulness for
ketamine in facilitating addiction treatment and reducing
the risk of relapse, namely, by maintaining motivation for
sobriety even in the face of stressors, challenges, and lapses.

An issue in studying treatment with ketamine (similar to
those emerging in studies of psychedelics, such as psilocybin,
or in studies of MDMA [3,4-methylenedioxymethamphetamine])
is the problem of blinding participants and investigators,
given the distinctive psychoactive effects of these agents. The
substantial dissociative effects of ketaminemay lead patients
to feel that they received the activemedication and engender
placebo effects. We aimed to address this issue by using an
active control (midazolam) and employing aminor deception

FIGURE 4. Time to relapse among study participants receiving
ketamine or midazolam
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whereby participants were informed that they may receive
any of a variety of psychoactive compounds (as opposed to a
binary randomization between midazolam and ketamine).
However, we did not test the integrity of the blind by as-
certaining what participants or staff believed was received
during infusions. Additionally, even though a history of
ketamine or benzodiazepinemisusewas exclusionary,we did
not determine the extent to which previous exposure to
ketamine or midazolam may have enabled participants to
identify what they received.

The findings that participants in the control group sus-
tained abstinence for the first 7–10 days after the infusion,
with overall abstinence rates higher than the modest re-
sponse observed in previous trials that tested motivational
enhancement therapy alone (e.g., 28% in Project MATCH)
(13, 14), are of interest. These data suggest that midazolam
may indeed have functioned as a good placebo or that there
may be some transient benefit to a low-dose midazolam in-
fusion.Heavydrinkersmaking a quit attemptmay experience
some degree of alcohol withdrawal or craving that could be
relieved with midazolam. It is possible, therefore, that the
impact of ketamine observed in this trial might have been
more pronounced if an inactive control without beneficial
effects (such as saline) had been used as the comparator.

Greater clarification of the therapeutic mechanisms of
ketamine, as well as of its possible neurotoxicity and bladder
complications with repeated administrations (23), can aid
clinicians in understanding how to best harness its clinical
potential while minimizing potential risks. As in a previous
trial with cocaine users (10), these data suggest that a single
dose may have enduring benefits, especially when integrated
into a behavioral treatment. The persistence of these effects,
well after ketamine and its metabolites are expected to have
cleared, indicates that its therapeutic activity extends beyond
direct neural activation (as in an agonist model of addiction
treatment) to include sustained effects on decision making
and behavior.

Neurotrophic, modulatory, and even psychological mecha-
nisms have all been proposed to account for the sustained an-
tidepressant effect of a single dose of ketamine (22–27). These
downstream effects on diverse neural circuits may have rele-
vance to addiction treatment as well. Preclinical research
suggests that neurotrophic mechanisms involving mTOR
(mammalian target of rapamycin) may be involved in the
antidipsotropic effects of ketamine in rodents (28) and that
ketamine modulates prefrontal functional connectivity to
disrupt drug reinstatement in monkeys (29).

Several studies indicate that individualswithafirst-degree
family history of alcoholismmay have a heightened andmore
prolonged antidepressant response to ketamine, perhaps as a
result of epigenetic changes, glutamate subreceptor varia-
tions, and environmental factors (30, 31). The neural changes
associated with a predisposition to alcohol use disorder, and
perhaps with disordered use itself, may therefore work to
optimize the efficacy of ketamine. It is possible that the ac-
tivity of ketamine may have been similarly enhanced by such

factors in our sample, with the majority of participants en-
dorsing a first-degree family history of alcoholism (Table 1),
even though this was not an antidepressant response because
individuals with depressive symptoms were excluded.

The inherited and acquired neural vulnerabilities associ-
ated with problematic substance use are shared for different
substance use disorders, including cocaine, alcohol, and opi-
oids. As suggestedbyfindings fromthis trial and fromprevious
research with both cocaine and opioid users (8–10, 20, 21),
dependence-related vulnerabilities across different substance
use disorders may be equally susceptible to the therapeutic
effect of ketamine, which may include changes in functional
connectivity aswell as alterations in glutamatergic, opioid, and
dopaminergic signaling (13, 22). For example, a recent small
study suggested that theremay be opioid-relatedmechanisms
behind the antidepressant response (32), although thisfinding
is preliminary, and other data suggest otherwise (33). Given
emerging data indicating the effect of certain ketamine
enantiomers and metabolites, such as (R)-ketamine and
(2R,6R)-hydroxynorketamine, on glutamate and dopamine
neurotransmission (23), future studies examining serum
levels of ketamine and of its metabolites may be helpful in
clarifying ketamine’s mechanism of action.

Limitations
These results are preliminary, and little is known about the
utility and safety of ketamine infusions in the treatment of
substance use disorders outside of specialized research set-
tings. Caution and restraint in clinical settings arewarranted.
Several other limitations underscore the preliminary nature
of these findings. First, our sample was both small and ho-
mogeneous, with inadequate power for evaluating secondary
outcomes and with minor discrepancies between treatment
arms. The hazards of inferring treatment effects from small
samples are well known (34). Second, the duration of
treatment was short (5 weeks), with only 21 days of alcohol
usemonitoringbyusing the timeline followbackmethodafter
infusions. Study follow-up occurred several months after the
final study visit, and some participants could not be reached,
resulting in a responder rate lower than that of other clinical
trials involvingmore closely spaced follow-up visits. A longer
follow-up with more frequent assessments would have
allowed for better assessment of the duration of ketamine’s
efficacy. Third, more than a quarter of participants in the
control group dropped out. This is consistent with our hy-
pothesis that ketamine promotes engagement with behav-
ioral modification. Although the approach we used for
missing observations is standard in clinical trials for sub-
stance use disorders, namely, to treat dropout as relapse, this
assumption may not be entirely accurate, and with a small
sample size, the findings could be sensitive to just a few
unobserved violations of this assumption. Hence, missing
data for the primary outcome were analyzed as both “using”
and “missing,”withnodifference in results. Fourth,fidelity to
the motivational enhancement therapy manual was moni-
tored through supervision and review of audiotaped sessions
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only. Lastly, the sample was selected for minimal psychiatric
comorbidity, which limits generalizability.

The minor deception that we employed to further protect
the blind and to minimize expectancy and placebo effects
constitutes another limitation; informing individuals that
they might receive any of a variety of medications would not
pertain to clinical settings, and it is not clear whether there
wouldhave been additional risks stemming fromparticipants
knowing that they received ketamine. As in other clinical
procedures involving substance abuse liability (e.g., provision
of postoperative opioids), various safeguards were employed
that work to minimize the risk of illicit use, such as careful
patient selection, preparation, monitoring, and postprocedure
support. With these safeguards in place, there has been no
incidence of ketamine misuse, to our knowledge, in any of
the research to date (although follow-up was short in these
studies), suggesting that its propensity to be approached
problematically can be effectively managed even when ad-
ministered to substance users (8–10, 35).

CONCLUSIONS

Despite several limitations, the studyfindings representafirst
step in understanding a potential clinical role for ketamine in
the treatment of alcohol use disorder. Ketaminewas effective
in providing individuals already engaged in motivational
enhancement therapy with significantly greater odds of al-
cohol abstinence in the initial weeks after a quit attempt. The
question remains whether a single ketamine infusion would
promote abstinence in the long term and whether there is
indeed synergywith behavioral treatments. Further research
can build on these promising preliminary findings by repli-
cating this study in a larger sample andwith longer follow-up,
as well as by more rigorously examining the hypothesis of
synergy between ketamine and behavioral treatment.
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