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Introduction: Alcohol use disorder (AUD) is the most prevalent substance use disorder (SUD) globally. In 2019, AUD affected 14.5 million Americans and contributed to 95,000 deaths, with an annual cost exceeding 250 billion dollars. Current treatment options for AUD have moderate therapeutic effects and high relapse rates. Recent investigations have demonstrated the potential efficacy of intravenous ketamine infusions to increase alcohol abstinence and may be a safe adjunct to the existing alcohol withdrawal syndrome (AWS) management strategies.

Methods: We followed Preferred Reporting Items for Systematic Reviews (PRISMA) guidelines to conduct a scoping review of two databases (PubMed and Google Scholar) for peer-reviewed manuscripts describing the use of ketamine in AUD and AWS. Studies that evaluated the use of ketamine in AUD and AWS in humans were included. We excluded studies that examined laboratory animals, described alternative uses of ketamine, or discussed other treatments of AUD and AWS.

Results: We identified 204 research studies in our database search. Of these, 10 articles demonstrated the use of ketamine in AUD or AWS in humans. Seven studies investigated the use of ketamine in AUD and three studies described its use in AWS. Ketamine used in AUD was beneficial in reducing cravings, alcohol consumption and longer abstinence rates when compared to treatment as usual. In AWS, ketamine was used as an adjunct to standard benzodiazepine therapy during severe refractory AWS and at signs of delirium tremens. Adjunctive use of ketamine demonstrated earlier resolution of delirium tremens and AWS, reduced ICU stay, and lowered likelihood of intubation. Oversedation, headache, hypertension, and euphoria were the documented adverse effects after ketamine administration for AUD and AWS.

Conclusion: The use of sub-dissociative doses of ketamine for the treatment of AUD and AWS is promising but more definitive evidence of its efficacy and safety is required before recommending it for broader clinical use.
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1. Introduction

Alcohol use disorder (AUD) is the most prevalent substance use disorder (SUD) globally (1). In 2016, over one million individuals across the world were diagnosed with AUD, and AUD contributed to approximately 3 million deaths globally (2–4). In the United States, the prevalence of AUD was 14.5 million in 2019 with an estimated 95,000 deaths a year attributed to alcohol use resulting in an annual cost of over 250 billion US dollars (5). An estimated 25% of hospitalized patients with AUD develop acute withdrawal syndrome leading to higher mortality and health care costs (6, 7).

Various neurochemical pathways contribute to the development of AUD. Alcohol acts by stimulating the inhibitory gamma aminobutyric acid (GABA) receptor and inhibiting the excitatory N-methyl-D-aspartate (NMDA) receptor (8). It also increases the release of opioid peptides and dopamine resulting in craving for alcohol and other substances (9). The overall synergistic effect of these mechanisms is to produce sedation, euphoria, drowsiness, and physiologic dependence to alcohol over time. In chronic use, alcohol leads to downregulation of GABA and upregulation of NMDA receptors resulting in continued need for alcohol to maintain this new chemical equilibrium and avoid withdrawal (10). Sudden abstinence from alcohol results in an imbalance in inhibitory GABA tone and excitatory NMDA tone. This is manifested by a characteristic alcohol withdrawal syndrome (AWS) consisting of nausea, headache, agitation, tremors, tachycardia, hypertension, diaphoresis, hallucinations, and seizures (11, 12). Benzodiazepines (BZDs) are the first line therapy to manage AWS (13). Despite its efficacy, many patients with severe AWS are resistant to BZD, requiring aggressive use of adjunctive treatment such as barbiturates, and in severe cases, endotracheal intubation (14, 15).

Managing AUD is multifaceted and involves addressing the psychological as well as physiologic effects of AUD. Food and Drug Administration (FDA) approved first line medications are oral and extended-release injectable naltrexone, acamprosate, and disulfiram (16–18). Naltrexone acts as a mu-opioid receptor antagonist and blocks the reinforcing effects of alcohol mediated by the release of endogenous opioids, acamprosate indirectly acts on GABA and NMDA receptors to decrease glutamate transmission which reduces cravings for alcohol, and disulfiram interferes with alcohol metabolism by inhibiting acetaldehyde dehydrogenase enzyme and thereby causing an aversive reaction to alcohol (19). Despite their efficacy, pharmacotherapy alone for AUD is suboptimal in achieving remission or decreased drinking days. For maximal effectiveness, pharmacotherapy for AUD must be paired with evidence-based psychosocial and behavioral therapies which may include cognitive based therapy (CBT), motivational enhancement therapy, and 12-step facilitation (20, 21). These empiric therapies have been shown to be effective in reducing heavy drinking and increasing the number of abstinence days for the short-term, however, successful management of AUD remains suboptimal with only 25% of people achieving recovery in 1 year (22–25).

Due to the difficulties in treating AUD and severe AWS, there is a need to find additional efficacious pharmacotherapies to aid in the management of AUD and AWS. Among emerging therapies, ketamine has been demonstrated to manage both symptoms of AWS and to address AUD. Ketamine is an NMDA antagonist that has been widely accepted for use as a sedative and anesthetic in doses ranging from 1 to 2 milligrams per kilogram(mg/kg) administered by intravenous (IV) bolus or 4–11 mg/kg administered intramuscularly (IM) (26). Subanesthetic doses of IV ketamine infusions ranging from 0.35 to 0.71 mg/kg have also been used in pain management. Following the FDA approval of intranasal esketamine for treatment-resistant depression and suicidal ideation, recent studies show the rapid onset efficacy of intravenous ketamine for treatment-resistant depression (27–31).

The potential use of ketamine for AUD was first suggested in 1972 (32, 33). Possible hypotheses for ketamine use in AUD include balancing cortical glutamate homeostasis and enhancing neuroplasticity which may facilitate learning and acquiring new skills, especially those that help individuals cope with drinking (29, 34). Acute alcohol exposure stimulates the GABA receptors and inhibits the NMDA-glutamate receptors. Chronic alcohol use decreases the concentration of GABA receptors and upregulates NMDA-glutamate receptors. This new balance of inhibitory and excitatory neurotransmitters requires continued regulation with alcohol. Abrupt cessation of alcohol use causes enhanced signaling of the glutamatergic system manifesting as fear, anxiety, and restlessness resulting in a syndrome of alcohol withdrawal. Additionally, the dysregulation of glutaminergic tone results in individuals experiencing alcohol craving. Ketamine mimics some of the mechanisms of action of alcohol through antagonism of the NMDA receptor which may reduce alcohol cravings. Ketamine additionally upregulates the mu and kappa-opioid receptor. The downstream effects are to enhance dopamine secretion which has been described as a mechanism to address depression. For individuals who have AUD, depression is a common comorbidity and may explain some of the potential effects of ketamine on alcohol use (35, 36). Like any substance use, alcohol use can change the neuronal plasticity and lead to formation of maladaptive memories that contribute to increased drug craving and seeking behavior. This neuronal plasticity is partly modulated by the NMDA-glutamate receptor (glutamatergic system) which can be potentially reversed by the inhibitory action on this receptor by ketamine (37, 38). Ketamine can also serve as a potential adjunct in the management of AWS. Ketamine may serve as an adjunct to benzodiazepines in AWS because it acts as an NMDA antagonist and may help to balance cortical glutamate homeostasis faster with decreased sedation time than with benzodiazepines alone (39).

In this narrative review, we discuss the application of ketamine in managing AUD and AWS and highlight potential gaps in the current science where additional research is required.



2. Methods

We conducted a scoping review of two databases (PubMed and Google Scholar) between 1995 and August 2022 for peer-reviewed literature describing the use of ketamine in AUD and AWS. The search included the following keywords: (“alcohol use disorder” OR “alcohol withdrawal syndrome” OR “alcohol abstinence” OR “alcohol abuse” OR “alcohol dependence”) AND (“KETAMINE”). We adhered to the Preferred Reporting Items for Systematic Reviews (PRISMA) guidelines for identifying the studies for our review. Our inclusion criteria were manuscripts that described the use of ketamine in AUD or AWS and examined alcohol-related outcomes in humans. We excluded studies that were animal related, were case reports, described alternative uses of ketamine, only discussed other treatments of AUD and AWS, did not describe the use of ketamine related to AUD or AWS, or were not available in English.

Two members of the study team reviewed abstracts of all identified manuscripts from the search and developed a preliminary set of manuscripts. Manuscripts that met the inclusion criteria were then reviewed by a member of the study team [Tom, and together with a second team member (CG)], categorized into two groups: (1) efficacy of ketamine in AUD or, (2) efficacy of ketamine in AWS. For all studies, we recorded the study population and design, type of intervention (standard control or ketamine treatment), primary outcomes, statistical significance of the outcomes and safety profile. All the collected results and information of the respective manuscripts were discussed and tabulated by two members of the study team (Tom, CG). Final categorization of each manuscript and key findings were summarized to the study team who confirmed the final disposition of each included manuscript in the review.



3. Results

Our initial search yielded 204 manuscripts. Of these, 93 articles were excluded as they were duplicates and, unrelated to alcohol use disorder and ketamine. Of the remaining 111 articles screened, 101 articles were excluded (Figure 1). Most excluded articles included those describing the application of ketamine in diseases other than AUD or AWS (n = 38), those mentioning other treatment options for AUD (n = 17), animal research (n = 17), use of ketamine for other substance use disorders (n = 9), and a case report depicting the use of ketamine in AWS. The remaining total of 10 articles were included and evaluated for review, which consisted of articles mentioning the effect of ketamine in AUD (n = 7) and AWS (n = 3).
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FIGURE 1
 Identification of studies via databases using the PRISMA (Preferred Reporting Items for Systematic Reviews) flow diagram.



3.1. Studies showing the efficacy of ketamine in alcohol withdrawal syndrome

Table 1 summarizes three studies that evaluate the efficacy and safety of ketamine use in AWS. All three studies were retrospective studies completed in an ICU setting using sub-anesthetic doses (0.15–0.75 mg/kg/h) of ketamine IV infusions (13–15). These studies examined the outcome of using ketamine as an adjunct to BZDs for the treatment of severe AWS.



TABLE 1 Summary of current studies of ketamine for AWS.
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Wong et al. conducted a study among patients (N = 23) hospitalized for AWS. This was a retrospective study completed in a hospital setting by screening all who received ketamine infusions (total screened: 235) and included only those who received ketamine for AWS (N = 23) (13). Ketamine was administered primarily by the toxicology team after participants were clinically diagnosed with delirium tremens or if they met the criteria for BZD-resistant AWS (defined as requirement of 40 mg diazepam administered over 1 h). The mean time to initiation of ketamine from first treatment of AWS was 33.6 h. During therapy, the loading dose of ketamine was 0.3 mg/kg, and the median total infusion rate of ketamine was 0.20 mg/kg/h. The mean time for AWS resolution was 5.6 days. Initiation of ketamine reduced BZD requirements, although this change was not statistically significant. At 12 h, the median decrease in BZD requirement post-ketamine initiation was 40.0 mg (p = 0.110) and at 24 h, the median decrease in BZD requirement post-ketamine initiation was 13.3 mg (p = 0.330). There was no change between pre- and post-ketamine initiation on sedation levels (determined using Riker Sedation-Agitation scale). After ketamine administration, there was no occurrence of severe complications of AWS such as delirium tremens, seizures, or hallucinations. This study also showed that ketamine had a good safety profile with an adverse effect of oversedation affecting only one participant in the study population. One major limitation of the study was that ketamine was rarely used as the only adjunctive agent in the management of AWS leading to a possibility of the other agents contributing to the reduction of BZD requirements.

In a study by Pizon et al. (N = 63), ketamine therapy was started (in 34 out of 63 participants) as an adjunct to standard GABA agonist (BZD and barbiturate) therapy when delirium tremens was clinically recognized (14). Ketamine was administered as a continuous IV infusion at the rate of 0.15–0.3 mg/kg/h continuously until delirium resolved, with some patients receiving a loading dose of 0.3 mg/kg based on clinical judgement. The mean duration of ketamine infusion was 47 h. The adjunctive use of ketamine was associated with a significant decrease in ICU stay of 2.83 days (95% CI, −5.58 to −0.089 d; p = 0.043), decrease in mean BZD equivalent requirements (2525.1 mg without ketamine therapy vs. 1508.5 mg with ketamine; p = 0.02), and decreased likelihood of intubation compared to standard GABA agonist therapy (odds ratio: 0.14; 95% CI, 0.04–0.49; p < 0.01). When intubation was required, ketamine use was associated with less mean BZD (3016.1 mg without ketamine compared to 833.6 mg with ketamine; p = 0.01) and propofol (mean propofol time of 4.57 days without ketamine compared to 2.4 days with ketamine; p = 0.03) requirements. This study also showed a good safety profile of ketamine with one adverse event of oversedation which required dose adjustment.

In a study conducted by Shah et al., patients (N = 30) admitted to the ICU with AWS were initially treated with boluses of lorazepam (8 mg IV every 15 min for 3 doses) followed by phenobarbital boluses (260 mg IV initial dose, then 130 mg IV every 15 min up to 8 doses) (15). If patient continues to have symptoms of AWS, lorazepam infusion was given. Ketamine was administered as an adjunct if AWS was refractory to lorazepam infusions. Patients received lorazepam infusions at a rate of 14 mg/h at ketamine initiation. Ketamine was administered at a starting dose of 0.5 mg/kg/h and titrated to a maximum of 4.5 mg/kg/h. The median initial dose of ketamine was 0.75 mg/kg/h and average maximum daily infusion dose was 1.6 mg/kg/h. Although AWS was refractory to previous therapies, all patients had reduction of withdrawal symptoms within 1 h of ketamine initiation duly assessed using the Clinical Institute Withdrawal Assessment for Alcohol-revised (CIWA-Ar) scale. The CIWA-Ar scale was used to assess AWS severity, with scores greater than 20 indicating severe AWS. The median CIWA-Ar score before ketamine infusion was 23 despite lorazepam infusions at rate of 14 mg/h, however, all participants had CIWA-Ar scores of less than 20 within 1 h of ketamine administration indicating their resolving withdrawal symptoms. Within 24 h, the average BZD (lorazepam) infusion requirements were reduced by 28%; and 43% of patients were weaned off all infusions. However, the association of ketamine to the improvement of AWS, reduction of BZD requirements, and its association to intubation could not be confirmed given multiple confounding pharmacotherapies administered to individuals in this study.



3.2. Studies showing the efficacy of ketamine in alcohol use disorder

Ketamine has also been studied for its potential use in the management of AUD. There are many possible hypotheses for this effect which mainly include balancing cortical glutamate homeostasis and enhancing neuroplasticity which may facilitate learning and acquiring new skills (29, 34, 40). Ketamine may additionally help to promote alcohol abstinence by alleviating depressive symptoms that arise during the period after detoxification (41, 42). Table 2 shows the summary of seven studies depicting the use of ketamine for the treatment of AUD.



TABLE 2 Summary of studies depicting the use of ketamine for AUD.
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Krupitsky et al. conducted a non-randomized prospective study in an inpatient treatment center for alcohol and drug use comprising of a treatment group (n = 111) who were treated with a single IM dose of ketamine 2.5 mg/kg and a control group (n = 100) who were treated with conventional standard methods of treatment (43). Both groups received intensive individual and group psychotherapy. Total alcohol abstinence for more than 1 year was seen in 65.8% of the ketamine treatment group (73/111) compared to 24% of the standard control group (24/100) with strong statistical significance (p < 0.01).

Kolp et al. performed a study among both inpatient and outpatient participants who met DSM-IV criteria for AUD (N = 70). All participants were given one ketamine infusion (dose not specified), which resulted in only 25% abstinence at 1 year (44). However, when ketamine infusion was coupled with enhanced psychotherapy, the 1-year abstinence rate increased from 25 to 70% with the highest abstinence rates seen in those with more psychotherapy sessions than those who were given two ketamine infusions.

Das et al. conducted a randomized controlled trial among non-treatment seeking at-risk drinkers in a hospital setting, who scored greater than 8 on the Alcohol Use Disorders Identification Test (AUDIT) indicating hazardous alcohol consumption (45). The mean AUDIT score of the study population was 22.13 (SD ± 4.93) indicating that the population consisted of heavy drinkers. This study described the use of ketamine in mitigating maladaptive reward memories (MRMs), which are learned associations that encode environmental triggers (like the sight or smell of alcohol) to induce cravings and continue alcohol consumption. When exposed to environmental triggers, memory restoration of previous alcohol experiences occurs (referred to as memory retrieval) and causes cravings. However, upon memory retrieval, there is a transient window of memory destabilization and MRM weakening that requires an NMDA mediated pathway to restabilize. The authors hypothesized that if ketamine was given during this transient window after memory retrieval, it would inhibit NMDA and provide potential for decreasing alcohol-related experiences and promote abstinence. In this trial, the treatment group were given ketamine IV (0.35 mg/ml × 30 min) either upon memory retrieval or without memory retrieval; and the control group were given placebo upon memory retrieval. A rapid and significant reduction in number of drinking days per week and volume of alcohol consumption was noted when ketamine was coupled with MRM retrieval with no return to alcohol consumption within the 9-month follow-up period.

Ketamine was compared to midazolam for the treatment of AUD by Dakwar et al. (46). In this randomized control trial, participants (N = 40) were given a 52-min IV administration of ketamine (0.71 mg/kg) or midazolam (0.025 mg/kg), along with motivational enhancement therapy. At 21-day follow-up, 47.1% (N = 8/17) of participants in the ketamine group used alcohol compared to 59.1% (N = 13/22) in the midazolam group. Although there was no significant difference between the two groups in time to first consumption of alcohol, participants in the midazolam group were significantly more likely to drink (odds ratio = 1.19, 95% CI = 1.14–1.25, p, 0.001) and to drink heavily.

Grabski et al. conducted a clinical trial among those who met DSM criteria for moderate to severe AUD (N = 96) (47). Participants were randomized to three weekly infusions of ketamine (0.8 mg/kg IV over 40) or saline infusions along with mindfulness-based relapse prevention (MBRP) psychotherapy or alcohol education (47). The majority (65.8%) of the ketamine group were abstinent to alcohol compared to 27% in the control group at the end of the study period. Ketamine combined with MBRP psychotherapy showed greater percentage of days abstinent, however it was not significantly different from those who received ketamine coupled with alcohol education. Three participants in the ketamine group (6.3%) experienced adverse events, categorized as severe by the study team, including low mood, hypertension, tachycardia, and euphoria. Two out of the three participants with severe adverse effects voluntarily withdrew from the study.

The experience of those who received ketamine in the Grabski et al. study was detailed by Mollaahmetoglu et al. who conducted qualitative interviews (N = 12) with those who received three ketamine infusions (48). Most of the participants (91.6%, N = 11/12) completed all three infusions and 25% (3/12) were still abstinent at the time of interviews which were conducted between 1 and 3 years after the last ketamine infusion. All participants experienced increased periods of abstinence following ketamine and noted a reduction in consumption and craving for alcohol.

Yoon et al. conducted a study among participants (N = 5) with AUD and concomitant depression (49). These participants first received injectable naltrexone and then received ketamine IV 0.5 mg/kg once a week for 4 weeks. In addition to improvement in depressive symptoms, 80% (4/5) reported improvement in alcohol consumption and cravings.




4. Discussion

There is increasing interest in the use of ketamine as an adjunct to treatment of AUD and management of AWS. There were three studies that showed the benefit of using ketamine as an adjunctive treatment to conventional first-line therapies in patients with severe AWS. Ketamine was added to the medication regimen when AWS was refractory to BZD or after clinical signs of delirium tremens (DT). IV ketamine was administered in variable doses ranging from 0.15 to 0.75 mg/kg/h. Ketamine therapy led to a decrease in BZD dose requirements, early resolution of AWS and DT, and decreased duration of ICU stay and intubation time. No AWS complications such as seizures, hallucinations, or delirium tremens were reported after initiation of ketamine (13). The administration of ketamine in AWS was generally safe without any serious adverse effects except oversedation noted in two participants among all the three studies (13, 14). Oversedation was managed by ketamine dose reduction and there was no reported use of any additional treatment modalities. This adverse effect could be explained by either due to the primary known effect of ketamine or due to sedation potentiation by BZD’s administration.

Despite encouraging results after ketamine initiation in AWS, one of several potential confounders was the use of other medications such as phenobarbital and propofol. In all studies, ketamine was initiated late in AWS management depending on the BZD refractory status of AWS or development of DT. It is possible that the efficacy of ketamine may be greater if it were used as a first line or adjunct to BZD before large doses of BZD or other GABA agonists are used. These limitations make it difficult to determine the true efficacy and situation in which ketamine may be used in AWS.

We also found seven studies that assessed the efficacy and safety of ketamine for AUD. While the study design, rigor, and target population varied across studies, all studies that examined alcohol outcomes showed greater alcohol abstinence rates in both short-term (21 days) and long-term (1 year) intervals compared to control conditions (43, 44, 46). Ketamine was administered in subanesthetic doses in variable frequency and routes. The highest dose administered was a single dose ketamine 2.5 mg/kg IM (43). Subsequent studies used lower doses – single ketamine 0.35 mg/kg IV infusion, ketamine 0.5 mg/kg IV once weekly for 4 weeks, single ketamine 0.71 mg/kg, three weekly ketamine 0.8 mg/kg IV infusions. Severe adverse effects like euphoria, tachycardia, hypertension, and low mood were reported in 6.3% (3/96) of participants in the Grabski et al. study and affected their normal activities of daily living. Two out of the three participants with severe adverse effects withdrew from the study due to medication intolerability. In addition to ketamine, most studies included adjunctive psychotherapy which may have contributed to outcomes, raising important questions about the frequency, timing, and type of psychotherapy that might help to optimally improve AUD-related outcomes.

While ketamine did show an improvement in abstinence rates, the longevity of this effect was variable as there was return to alcohol consumption. However, all studies showed ketamine administration produced longer periods of abstinence and reduction in alcohol consumption and cravings, which suggests that ketamine impacts drinking outcomes beyond the direct pharmacologic effects. Furthermore, due to its anti-depressant properties, ketamine may be useful for managing depression that may arise during the abstinence periods.

In addition to ours, there are two reviews that examine the literature for ketamine use in AUD (50, 51). The first by Worrell et al. (2021) reviewed the completed and ongoing clinical trials on the use of ketamine in AUD and other substance use disorders (50). Our review expands upon this paper by also including studies regarding the use of ketamine for AWS. The second review by Garel et al. (2022) similarly described studies utilizing ketamine use in AUD and AWS (51). In our review, we have additionally included the largest completed double-blinded randomized controlled trial on ketamine use in AUD by Grabski et al. which adds value in this context. Grabski et al. further adds to the current body of literature on the use of ketamine in AUD as it used the highest dose of ketamine in AUD compared to the other studies (0.8 mg/kg over 40 min) and our comparative review shows that 6.3% of participants in Grabski et al. had severe adverse effects when ketamine was used for AUD while all studies prior to that documented no serious adverse effects. We also reviewed the Mollaahmetoglu et al. study which conducted qualitative interviews of those who received ketamine infusions in the Grabski et al. study. Inclusion of these studies in our review provides more insight into outcomes of ketamine use for long-term alcohol abstinence rates (1–3 years), while all other studies mention a maximum of 1-year abstinence rates.

There are numerous limitations to the evidence summarized. Overall, the sample sizes remain small in all reported trials, and all studies for AWS were retrospective in nature with high probability of bias. Persistent among many trials of powerfully psychoactive substances is the challenge to maintain blinding. While the Dakwar trial used an active placebo (midazolam), they did not evaluate the integrity of blinding. In the Grabski trial, virtually all participants who received ketamine and the majority of those in the placebo group correctly identified the treatment allocation, suggesting that blinding was particularly ineffective. In drug trials, the failure of blinding makes it difficult to separate the expectancy and placebo effects from the actual treatment effects, and future trials using ketamine will need to address this fundamental challenge inherent to studies that utilize ketamine. As alluded to above, many of the trial participants had mild to moderate AUD, limiting generalizability to those with more severe drinking. Other substance use and psychiatric disorders were often exclusions as well as, limiting the ability to generalize to those with psychiatric co-morbidities. Finally, the subjective effects of ketamine may be playing a role in contributing to the outcomes, as is suspected when psychedelics are used to treat psychiatric and substance use disorders. The study by Dakwar et al. did measure degree of dissociation due to ketamine, yet, failed to show any correlation improved outcomes. However, dissociation alone is not a measure of “psychedelic” effect and thus may be more difficult to objectively measure. The other studies summarized here do not report the correlation between subjective effects and outcomes.

Although encouraging, current evidence is not sufficient to recommend the clinical use of ketamine for AUD or AWS. There remains high variability in study design and dosing of ketamine, and the timing in which ketamine is utilized (after significant BZD administration) captures only individuals with severe alcohol withdrawal. For those with AUD, ketamine was utilized in varying doses and frequency, with mostly mild to moderate severity of AUD. Additional powered randomized controlled trials are needed to define the optimal dosing as well as the optimal frequency of ketamine treatments. Although the exact mechanism is unknown, studies have shown that ketamine potentiates the effect of psychotherapy and therefore produces more beneficial effects for treatment adherence and reduces craving for alcohol (52, 53). The choice of concurrent psychotherapy has only received minimal attention, and further research is needed to better understand the role of psychotherapy in contributing to the outcomes observed. Additionally, the reviewed studies for AUD used variable measures to determine abstinence. Along with abstinence rates, standardized individual alcohol consumption measures like baseline alcohol consumption, total number of drinks consumed, number of heavy drinking days, and the urge to drink should also be assessed. For AWS, ketamine was administered when it was refractory to BZD or after the development of DT. This could lead to late or undefined initiation of ketamine and requires more studies demonstrating the suitable timeline for ketamine initiation.

Another prospective concern is the potential to develop downstream ketamine use disorder. This key outcome has yet to be described in existing clinical trials and may need to be assessed in future work that investigates the relationship between ketamine and AUD. Additionally, stereoisomers of ketamine may warrant future research. Previous studies describing the efficacious use of racemic ketamine as an anti-depressant have noted different effects of stereoisomers of ketamine where the R-ketamine was more potent and showed no psychomimetic side effects or misuse liability compared to S-ketamine (esketamine) (54). The potential advantages of these different isomers of ketamine may be a focus for future work. Finally, future research should investigate the use of ketamine in settings where individuals with AUD are more likely present, for example, the emergency department and settings with less available resources for detoxification.



5. Conclusion

The emerging evidence-base for ketamine points to the possible role as a pharmacologic agent for the treatment of AUD and AWS. However, additional rigorous studies are urgently needed to better understand the impact of ketamine on AUD-related outcomes before routine clinical use.



Author contributions

JS and PC conceived of the project. CG and JTo conducted the scoping literature search through the databases and completed the first draft of the review. All authors reviewed the final list of manuscripts and provided feedback with key edits in the draft of the manuscript. JS as senior author approved all the aspects of the review and takes ownership of the data. All authors contributed to the article and approved the submitted version.



Funding

PC funded by NIH K23DA044874 and DP2DA056107. PC and JS funded by NIH R21AA030372. JS is funded by NIDA R21DA056799. JTa is funded by Harvard Medical School (Dupont Warren Fellowship Award, Livingston Award), Brain and Behavior Research Foundation Young Investigator Grant (31081), Sidney R. Baer, Foundation, Baszucki Brain Research Fund, and the NIH (K23MH129829 and R01MH113929).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Degenhardt, L, Charlson, F, Ferrari, A, Santomauro, D, Erskine, H, Mantilla-Herrara, A , et al. The global burden of disease attributable to alcohol and drug use in 195 countries and territories, 1990–2016: a systematic analysis for the global burden of disease study 2016. Lancet Psychiatry. (2018) 5:987–1012. doi: 10.1016/S2215-0366(18)30337-7 

 2. World Health Organization (WHO) (2018). Global status report on health and alcohol.

 3. SAMHSA, Center for Behavioral Health Statistics and Quality (2019). National Survey on drug use and health. Table 5.4A – alcohol use disorder in past year among persons aged 12 or older, by age group and demographic characteristics: numbers in thousands, 2018 and 2019. Available at: https://www.samhsa.gov/data/sites/default/files/reports/rpt29394/NSDUHD [Accessed December 8, 2020].

 4. Centers for Disease Control and Prevention (CDC). Alcohol and Public Health: Alcohol-Related Disease Impact (ARDI). Annual Average for United States (2011–2015). Alcohol-attributable deaths due to excessive alcohol use, all ages. Available at: https://nccd.cdc.gov/DPH_ARDI/Default/Default.aspx [Accessed December 8, 2020].

 5. Bouchery, EE, Harwood, HJ, Sacks, JJ, Simon, CJ, and Brewer, RD. Economic costs of excessive alcohol consumption in the U.S., 2006. Am J Prev Med. (2011) 41:516–24. doi: 10.1016/J.AMEPRE.2011.06.045 

 6. Awissi, DK, Lebrun, G, Fagnan, M, and Skrobik, Y, Regroupement de Soins Critiques, Réseau de Soins Respiratoires, Québec. Alcohol, nicotine, and iatrogenic withdrawals in the ICU. Crit Care Med. (2013) 41:S57–68. doi: 10.1097/CCM.0B013E3182A16919 

 7. Carlson, RW, Kumar, NN, Wong-Mckinstry, E, Ayyagari, S, Puri, N, Jackson, FK , et al. Alcohol withdrawal syndrome. Crit Care Clin. (2012) 28:549–85. doi: 10.1016/j.ccc.2012.07.004

 8. Schumann, G, Saam, C, Heinz, A, Mann, K, and Treutlein, J. Identifikation von Risikogenen für Alkoholabhängigkeit. Das NMDA-Rezeptor-System [The NMDA receptor system: genetic risk factor for alcoholism]. Nervenarzt. (2005) 76:1355–62. doi: 10.1007/s00115-005-1917-6 

 9. Pastor, R, and Aragon, CMG. The role of opioid receptor subtypes in the development of behavioral sensitization to ethanol. Neuropsychopharmacology. (2005) 31:1489–99. doi: 10.1038/sj.npp.1300928 

 10. DeBellis, R, Smith, BS, Choi, S, and Malloy, M. Management of delirium tremens. J Intensive Care Med. (2005) 20:164–73. doi: 10.1177/0885066605275353

 11. Bayard, M, McIntyre, J, Hill, KR, and Woodside, J. Alcohol withdrawal syndrome. Am Fam Physician. (2004) 69:1443–50.

 12. Jesse, S, Bråthen, G, Ferrara, M, Keindl, M, Ben-Menachem, E, Tanasescu, R , et al. Alcohol withdrawal syndrome: mechanisms, manifestations, and management. Acta Neurol Scand. (2017) 135:4–16. doi: 10.1111/ANE.12671 

 13. Wong, A, Benedict, NJ, Armahizer, MJ, and Kane-Gill, SL. Evaluation of adjunctive ketamine to benzodiazepines for Management of Alcohol Withdrawal Syndrome (2014) 49:14–9. doi: 10.1177/1060028014555859 

 14. Pizon, AF, Lynch, MJ, Benedict, NJ, Yanta, JH, Frisch, A, Menke, NB , et al. Adjunct ketamine use in the Management of Severe Ethanol Withdrawal. Crit Care Med. (2018) 46:e768–71. doi: 10.1097/CCM.0000000000003204 

 15. Shah, P, McDowell, M, Ebisu, R, Hanif, T, and Toerne, T. Adjunctive use of ketamine for benzodiazepine-resistant severe alcohol withdrawal: a retrospective evaluation. J Med Toxicol. (2018) 14:229–36. doi: 10.1007/S13181-018-0662-8 

 16. Zindel, LR, and Kranzler, HR. Pharmacotherapy of alcohol use disorders: seventy-five years of Progress. J Stud Alcohol Drugs Suppl. (2014) 75:79–88. doi: 10.15288/jsads.2014.75.79

 17. Jørgensen, CH, Pedersen, B, and Tønnesen, H. The efficacy of disulfiram for the treatment of alcohol use disorder. Alcohol Clin Exp Res. (2011) 35:1749–58. doi: 10.1111/J.1530-0277.2011.01523.X

 18. Maisel, NC, Blodgett, JC, Wilbourne, PL, Humphreys, K, and Finney, JW. Meta-analysis of naltrexone and acamprosate for treating alcohol use disorders: when are these medications most helpful? Addiction. (2013) 108:275–93. doi: 10.1111/J.1360-0443.2012.04054.X 

 19. Harris, BR, Prendergast, MA, Gibson, DA, Rogers, DT, Blanchard, JA, Holley, RC , et al. Acamprosate inhibits the binding and neurotoxic effects of trans-ACPD, suggesting a novel site of action at metabotropic glutamate receptors. Alcohol Clin Exp Res. (2002) 26:1779–93. doi: 10.1097/01.ALC.0000042011.99580.98 

 20. Ann Kaskutas, L, Subbaraman, M, Witbrodt, J, and Zemore, SE. Effectiveness of making alcoholics anonymous easier (MAAEZ), a group format 12-step facilitation approach. J Subst Abus Treat. (2009) 37:228–39. doi: 10.1016/j.jsat.2009.01.004

 21. Martin, GW, and Rehm, J. The effectiveness of psychosocial modalities in the treatment of alcohol problems in adults: a review of the evidence. Can J Psychiatr. (2012) 57:350–8. doi: 10.1177/070674371205700604 

 22. Fan, AZ, Chou, SP, Zhang, H, Jung, J, and Grant, BF. Prevalence and correlates of past-year recovery from DSM-5 alcohol use disorder: results from National Epidemiologic Survey on alcohol and related conditions-III. Alcohol Clin Exp Res. (2019) 43:2406–20. doi: 10.1111/ACER.14192 

 23. Cheng, HY, McGuinness, LA, Elbers, RG, MacArthur, GJ, Taylor, A, McAleenan, A , et al. Treatment interventions to maintain abstinence from alcohol in primary care: systematic review and network meta-analysis. BMJ. (2020) 371:m3934. doi: 10.1136/BMJ.M3934 

 24. Garbutt, JC, Kranzler, HR, O’Malley, SS, Gastfriend, DR, Pettinati, HM, Silverman, BL , et al. Efficacy and tolerability of long-acting injectable naltrexone for alcohol dependence: a randomized controlled trial. JAMA. (2005) 293:1617–25. doi: 10.1001/JAMA.293.13.1617

 25. Ernst, DB, Pettinati, HM, Weiss, RD, Donovan, DM, and Longabaugh, R. An intervention for treating alcohol dependence: relating elements of medical management to patient outcomes with implications for primary care. Ann Fam Med. (2008) 6:435–40. doi: 10.1370/AFM.884 

 26. Gao, M, Rejaei, D, and Liu, H. Ketamine use in current clinical practice. Acta Pharmacol Sin. (2016) 37:865–72. doi: 10.1038/APS.2016.5 

 27. Janssen Announces U.S (2023). FDA approval of SPRAVATOTM (esketamine) CIII nasal spray for adults with treatment-resistant depression (TRD) who have cycled through multiple treatments without relief | Johnson & Johnson. Available at: https://www.jnj.com/janssen-announces-u-s-fda-approval-of-spravatotm-esketamine-ciii-nasal-spray-for-adults-with-treatment-resistant-depression-trd-who-have-cycled-through-multiple-treatments-without-relief [Accessed January 7, 2023].

 28. FDA (2023). FDA approves new nasal spray medication for treatment-resistant depression; available only at a certified doctor’s office or clinic. Available at: https://www.fda.gov/news-events/press-announcements/fda-approves-new-nasal-spray-medication-treatment-resistant-depression-available-only-certified [Accessed January 7, 2023]

 29. McIntyre, RS, Rosenblat, JD, Nemeroff, CB, Sanacora, G, Murrough, JW, Berk, M , et al. Synthesizing the evidence for ketamine and Esketamine in treatment-resistant depression: an international expert opinion on the available evidence and implementation. Am J Psychiatry. (2021) 178:383–99. doi: 10.1176/APPI.AJP.2020.20081251 

 30. Lally, N, Nugent, AC, Luckenbaugh, DA, Ameli, R, Roiser, JP, and Zarate, CA. Anti-anhedonic effect of ketamine and its neural correlates in treatment-resistant bipolar depression. Transl Psychiatry. (2014) 4:e469. doi: 10.1038/TP.2014.105 

 31. Murrough, JW, Iosifescu, D, Chang, LC, al Jurdi, RK, Green, CE, Perez, AM , et al. Antidepressant efficacy of ketamine in treatment-resistant major depression: a two-site randomized controlled trial. Am J Psychiatry. (2013) 170:1134–42. doi: 10.1176/APPI.AJP.2013.13030392 

 32. Grinspoon, L, and Bakalar, JB. Psychedelic drugs reconsidered. New York: Basic Books (1979).

 33. Condi, M, Sallerin, T, and Devaux, C. Use of ketamine in the treatment of delirium tremens and medical delirium. Anesth Analg Reanim. (1972) 29:377–94.

 34. Kalivas, PW. The glutamate homeostasis hypothesis of addiction. Nat Rev Neurosci. (2009) 10:561–72. doi: 10.1038/nrn2515

 35. Gupta, A, Devi, LA, and Gomes, I. Potentiation of μ-opioid receptor-mediated signaling by ketamine. J Neurochem. (2011) 119:294–302. doi: 10.1111/J.1471-4159.2011.07361.X 

 36. Williams, NR, Heifets, BD, Blasey, C, Sudheimer, K, Pannu, J, Pankow, H , et al. Attenuation of antidepressant effects of ketamine by opioid receptor antagonism. Am J Psychiatry. (2018) 175:1205–15. doi: 10.1176/APPI.AJP.2018.18020138 

 37. Kauer, JA, and Malenka, RC. Synaptic plasticity and addiction. Nat Rev Neurosci. (2007) 8:844–58. doi: 10.1038/nrn2234

 38. Kyzar, EJ, and Pandey, SC. Molecular mechanisms of synaptic remodeling in alcoholism. Neurosci Lett. (2015) 601:11–9. doi: 10.1016/J.NEULET.2015.01.051 

 39. Krystal, JH, Petrakis, IL, Krupitsky, E, Schütz, C, Trevisan, L, and D’Souza, DC. NMDA receptor antagonism and the ethanol intoxication signal: from alcoholism risk to pharmacotherapy. Ann N Y Acad Sci. (2003) 1003:176–84. doi: 10.1196/ANNALS.1300.010 

 40. Muscat, SA, Hartelius, G, Crouch, CR, and Morin, KW. An integrative approach to ketamine therapy may enhance multiple dimensions of efficacy: improving therapeutic outcomes with treatment resistant depression. Front Psychol. (2021) 12:710338. doi: 10.3389/FPSYT.2021.710338

 41. Li, N, Lee, B, Liu, RJ, Banasr, M, Dwyer, JM, Iwata, M , et al. mTOR-dependent synapse formation underlies the rapid antidepressant effects of NMDA antagonists. Science. (2010) 329:959–64. doi: 10.1126/SCIENCE.1190287/SUPPL_FILE/LI.SOM.PDF

 42. Ivan Ezquerra-Romano, I, Lawn, W, Krupitsky, E, and Morgan, CJA. Ketamine for the treatment of addiction: evidence and potential mechanisms. Neuropharmacology. (2018) 142:72–82. doi: 10.1016/J.NEUROPHARM.2018.01.017 

 43. Krupitsky, EM, and Grinenko, AY. Ketamine psychedelic therapy (KPT): a review of the results of ten years of research. J Psychoactive Drugs. (1997) 29:165–83. doi: 10.1080/02791072.1997.10400185 

 44. Kolp, E, Friedman, HL, Young, MS, and Krupitsky, E. Ketamine enhanced psychotherapy: Preliminary clinical observations on its effectiveness in treating alcoholism. Humanist Psychol. (2009) 34:399–422. doi: 10.1207/S15473333THP3404_7

 45. Das, RK, Gale, G, Walsh, K, Hennessy, VE, Iskandar, G, Mordecai, LA , et al. Ketamine can reduce harmful drinking by pharmacologically rewriting drinking memories. Nat Commun. (2019) 10:5187. doi: 10.1038/s41467-019-13162-w 

 46. Dakwar, E, Levin, F, Hart, CL, Basaraba, C, Choi, J, Pavlicova, M , et al. A single ketamine infusion combined with motivational enhancement therapy for alcohol use disorder: a randomized midazolam-controlled pilot trial. Am J Psychiatry. (2020) 177:125–33. doi: 10.1176/APPI.AJP.2019.19070684 

 47. Grabski, M, McAndrew, A, Lawn, W, Marsh, B, Raymen, L, Stevens, T , et al. Adjunctive ketamine with relapse prevention–based psychological therapy in the treatment of alcohol use disorder (2022) 179:152–62. doi: 10.1176/APPI.AJP.2021.21030277 

 48. Mollaahmetoglu, OM, Keeler, J, Ashbullby, KJ, Ketzitzidou-Argyri, E, Grabski, M, and Morgan, CJA. “This is something that changed my life”: a qualitative study of patients’ experiences in a clinical trial of ketamine treatment for alcohol use disorders. Front Psychiatry. (2021) 12:695335. doi: 10.3389/FPSYT.2021.695335

 49. Yoon, G, Petrakis, IL, and Krystal, JH. Association of combined naltrexone and ketamine with depressive symptoms in a case series of patients with depression and alcohol use disorder. JAMA Psychiatry. (2019) 76:337–8. doi: 10.1001/jamapsychiatry.2018.3990 

 50. Worrell, SD, and Gould, TJ. Therapeutic potential of ketamine for alcohol use disorder. Neurosci Biobehav Rev. (2021) 126:573–89. doi: 10.1016/J.NEUBIOREV.2021.05.006 

 51. Garel, N, McAnulty, C, Greenway, KT, Lesperance, P, Miron, JP, Rej, S , et al. Efficacy of ketamine intervention to decrease alcohol use, cravings, and withdrawal symptoms in adults with problematic alcohol use or alcohol use disorder: a systematic review and comprehensive analysis of mechanism of actions. Drug Alcohol Depend. (2022) 239:109606. doi: 10.1016/J.DRUGALCDEP.2022.109606 

 52. Drozdz, SJ, Goel, A, McGarr, MW, Katz, J, Ritvo, P, Mattina, GF , et al. Ketamine assisted psychotherapy: a systematic narrative review of the literature. J Pain Res. (2022) 15:1691–706. doi: 10.2147/JPR.S360733 

 53. Zarate, CA, Singh, JB, Carlson, PJ, Brutsche, NE, Ameli, R, Luckenbaugh, DA , et al. A randomized trial of an N-methyl-D-aspartate antagonist in treatment-resistant major depression. Arch Gen Psychiatry. (2006) 63:856–64. doi: 10.1001/ARCHPSYC.63.8.856

 54. Yang, C, Shirayama, Y, Zhang, JC, Ren, Q, Yao, W, Ma, M , et al. R-ketamine: a rapid-onset and sustained antidepressant without psychotomimetic side effects. Transl Psychiatry. (2015) 5:e632–2. doi: 10.1038/tp.2015.136



OPS/images/fpsyt-14-1141836-t002.jpg
Study (Reference  Population and Design  Intervention Outcome Results

number)

Krupitsky etal. (43 + AUD, inpatent treatment + Singleketamine IM25mghkg |+ Abstinenceat I year by + Intervention group sef reportd 65.8%
- N o= slfreport abstinence at 1 year versus that of 27.0% i the
+ Prospective parallel group, + Control: TAU (n = 100) Control group

non-randomized study Both received intensive individual

- year follow-up and group psychotherapy

Kolp etal. (19) + AUD, both inpatient and + Oneortwoketumineinfusions |+ Abstinence at I year by + 25% abstinence at 1 year with ketamine and
outpatient treatment seekers (dose not speciied) with variable self-report individual outpatient psychotherapy.

. N7 concurrent individual and group + Ketamine infusion coupled with enhanced

Retrospective psychotherapy group psychotherapy 1-year absti

ncerate

L-year follow-up. increased from 25 to 70%.

Highest abstinence raes seen in those with
‘more intense group psychotherapy sessions
than those with less sessions and even those.

who received two ketamine infusions.

Dasetal. « Avriskdrinkers (AUDIT>8), |+ Ketamine IV 0.35mg/mix30min |+ Anticipated and actual + RET+KET showing significant reductions n al
non-treatment secking N =90 enjoyment of beer, urge to outcomes at day 10
+ Heavy drinking with mean drink, and drinking daysat Al groups with significant reductions in
AUDIT scores of 22.13 day 10 drinking at 9-months

(sDx493) + Control: Placebo with RET + “Totaldrinking by TLFB at
+ Single-blind, placebo- (RET+PBO, 1 =30) 9-month follow-up
controled, randomized trial + RET=memory retrieval
« 9-month follow-up destabilization procedure
Dakvar etal. (46) + AUD, outpatienttreatment « Singleketamine IV 071 mghkg |+ Abstinence during21-day |+ 47.1% in the ketamine group used alcohol
seckers =17) follow-up by TLEB compared to that of 59.1% in the midazolam
+ N=40,for Intention to treat + Control: Midazolam 0025 mg/kg group.
analysis =23
+ Randomized controlledtrial |+ Both received 5weeks of
« 21-day follow-up after infusion motiational enhancement
therapy
Grabskietal. (47) + Moderate severe AUD withat  + Randomlyassigned tocitherof:  + Percent daysabstinentand + Ketamine inervention group reported 65.5
least 24-h abstinence (1) Ketamine + MBRP (n =24), relapse at 6months by self- percentage days abstinent versus that of 27.0%
+ N =96, for Itention to treat () ketamine-+alcohol education report inthe Control
anal (1=29),(3) Saline + MBRP + Ketamine + psychotherapy showed greater
+ Double-blind placebo- (r=23), () saline +alcohol percentage of days abstinence
controlled phase 2 dlinical tial education (1 =25) + Ketamine +psychotherapy when compared to
« 6month follow up + 3 weekly ketamine infusions Ketamine+alcohol education did not show
(0.8 mglkg IV over 40min) OR 3 significant percentage of days difference

saline (0.9%) infusions

Relapse did not significantly differ

3 participants (6.3%) who received ketamine

had severe adverse effects
Mollaahmetogluetal. (48) |+ Severe AUD. + Qualitativeinterviews on those |+ Abstinence during follow-up |+ 11 out o 12 completed 3 infusions
. N2 who received 3 Ketamine + Lasting changes in + 3/12 were abstinent
« Semi-structured interviews infisions for AUD in Grabski relationship to alcohal + Al el lsting changes:abilty to b abstinent
assess acute ketamine etal. study. forlonger, reduction in consumption and for
experiences and itslsting + Interview timings ranging from 1 cravings.
efects 0.3 years after the last ketamine
infusion
Yoon etal. (19) + AUD and Major depressive: + Participants received injectable |+ Alcohol craving and + 80% (4. 5)of patents reported improvement
disorder naltrexone (380mg once2-6days | consumption inalcohol craving and consumption
. N=s prior to the first ketamine + Depressive symptoms + Noserious adverse efects were reported n the
+ Sweck open-label pilot study. infision) and repeated il

intravenous ketamine treatment
(0.5 mg/kg once a week for
uweeks;a total of ¢ ketamine

infus

Al patients were abstinent 5days
prior to the first dose of ketamine
AUD =alcohol Use Disorder; N =total number of participants for the study: n =number of participants in the specified study arm; AUDIT =alcohol use disorder Identification Test;

KET = ketamine; RET = memory retrieval destabilization procedures IM = intramuscular; IV = intravenous; CBT = cognitive behavioral therapy; TAU = treatment-as-usual; TFLB = timeline
followback; MBRP = mindfulness-based relapse prevention.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The therapeutic use and efficacy of ketamine in alcohol use disorder and alcohol withdrawal syndrome: a scoping review



		1. Introduction



		2. Methods



		3. Results



		3.1. Studies showing the efficacy of ketamine in alcohol withdrawal syndrome



		3.2. Studies showing the efficacy of ketamine in alcohol use disorder









		4. Discussion



		5. Conclusion



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fpsyt-14-1141836-g001.jpg
Aticles identified
from PubMed
Search:

(n=204)

Articles removed before.
sereening (n =93):
+Duplicate aricles removed
7

)
+Articles unrelated to AUD and
Ketamine (n - §6)

Aticles screencd
@=111)

Rocords excuded
(n=101)

~Other usesof Ketamine (n = 35)
Ot rcatment aptions for AUD (n
)

~Casereportshowing Ketamine use
in AWS (n= 1)
*Studies done on animals (n = 17)
+Ketamine for other substance use
disorders (1= 9)

~Other rcatmen for AWS (n - 8)
+Mechanism of acton,
phamcckinein s of
Ketamine

Atticles included in

Effect of ketamine in AUD.
=7

Effect of ketamine in AWS
(n=3)






OPS/images/fpsyt-14-1141836-t001.jpg
Study (Reference

number)

Wong etal. 2015 (1)

Pizon etal. 2018 (14) .

Shah et al. 2018 (15) .

AWS =alcohol withdrawal syndrome; N=total number of participants for the study; -

AWSinICU
Retrospective study
Screened (Total: 235) all who
received ketamine infusions
in the hospital and included
only those who received
Ketamine for AWS. (N=23)

AWSinICU
N=63

Retrospective study
Preand post ketamine

guideline implementation

AWS in ICU
N=30

Retrospective study

Standard BZD (LZP or CDZ)
protocol for all

Ketamine was administered to
those after clinical diagnosis of
delirium tremens or AWS
resistant to BZD.

Ketamine IV 0.21 mg/kg/h
mean initial dose was

administered.

Ketamine IV 0.15-0.30 mg/
kg/h until resolution of DTs
(n=34)

DZP, LZP, midazolam or
phenobarbital protocol for all
(n=29)

Ketamine IV 0.75 mg/kg/h
median

tial dose

LZP protocol for all

+ BZD requirement at 12 and

24h post ketamine

initiation.

+ ICU LOS (days)
+ BZD requirement
(diazepam equivalent)

« Intubation rates

« Time to AWS control

« LZP infusion rate at 24 and
48h

« Mean overall ICU LOS

wmber of participants in the specified study arm; BZD =benzodiazepin

At12h, median decrease in BZD.
requirement post-ketamine
initiation was 40.0 mg (NS)
At24h, median decrease in BZD.
requirement post-ketamine

initiation was 13.3 mg (NS)

Mean ICU days: 11.2 (without

ketamine use) compared 10 5.7

(post-ketamine initiation)**
Mean BZD equivalent
requirements without ketamine
was 2525.1 mg vs. 1508.5 mg with
ketamine*

76% required intubation (without
ketamine use) vs. 29% (with
ketamine) **

Al AWS controlled within 1h
Decrease in LZP dose-4mg/h at
241*. 43% were weaned offall
infusions within 48h.

Mean overall ICU LOS was
8.2days.

s CDZ = chlordiazepoxide;

DZP =diazepam; ICU =intensive care unit; IM =intramusculars IV=intravenous; DT =delirium tremens; LOS=Length of stay: LZP =lorazepam; NS =not significant; TAU = treatment-as-

asual. %p=0.01; *#p <0.001,





OPS/images/cover.jpg
’ frontiers | Frontiers in Psychiatry

The therapeutic use and ecffi acy
of ketamine in alcohol use
disorder and alcohol withdrawal
syndrome: a scoping review












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry






