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Background: Though intravenous (IV) ketamine and intranasal (IN) esketamine are noted to be efficacious for treatment-resistant depression (TRD), access to each of these treatments within healthcare systems is limited due to cost, availability, and/or monitoring requirements. IV ketamine has been offered at two public hospital sites in Edmonton, Canada since 2015. Since then, demand for maintenance ketamine treatments has grown. This has required creative solutions for safe, accessible, evidence-based patient care.

Objectives: Aims of this paper are twofold. First, we will provide a synthesis of current knowledge with regards to the clinical use of ketamine for TRD. Consideration will be given regarding; off-label racemic ketamine uses versus FDA-approved intranasal esketamine, populations treated, inclusion/exclusion criteria, dosing, assessing clinical response, concomitant medications, and tolerability/safety. Second, this paper will describe our experience as a community case study in applying evidence-based treatment. We will describe application of the literature review to our clinical programming, and in particular focus on cost-effective maintenance treatments, long-term safety concerns, routes of ketamine administration other than via intravenous, and cautious prescribing of ketamine outside of clinically monitored settings.

Methodology: We conducted a literature review of the on the use of ketamine for TRD up to June 30, 2023. Key findings are reviewed, and we describe their application to our ketamine program.

Conclusion: Evidence for the use of ketamine in resistant depression has grown in recent years, with evolving data to support and direct its clinical use. There is an increasing body of evidence to guide judicious use of ketamine in various clinical circumstances, for a population of patients with a high burden of suffering and morbidity. While large-scale, randomized controlled trials, comparative studies, and longer-term treatment outcomes is lacking, this community case study illustrates that currently available evidence can be applied to real-world clinical settings with complex patients. As cost is often a significant barrier to accessing initial and/or maintenance IV or esketamine treatments, public ketamine programs may incorporate SL or IN ketamine to support a sustainable and accessible treatment model. Three of such models are described.
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1 Introduction

Treatment-resistant depression (TRD) has been estimated to affect 30–55% of individuals with Major Depressive Disorder (MDD) (1). Though definitions of TRD vary in the literature, one accepted definition is a failure to respond to two (or more) first-line antidepressant agents with adequate dose and duration, and it has been noted that nearly a third of individuals with MDD do not remit with the first or second treatment step (2). Ketamine is an NMDA-antagonist that has demonstrated rapid efficacy as a novel antidepressant in numerous systematic reviews and meta-analyses (3–7). Note that for the purposes of this paper, discussion will center around the pharmacologic use of ketamine for depression, and exclude any discussion of ketamine assisted psychotherapy.

In 2015, due to an unmet need, the Gray Nuns and Misericordia Hospitals (Covenant Health, Edmonton, Canada) began offering limited, publicly funded intravenous (IV) ketamine treatments as a novel treatment option for selected patients with severe treatment resistant unipolar or bipolar depression. Due to its limited evidence at that time, our programs initially treated only patients who had exhausted all other treatment options. Early patients in our program were considered to have ultra-resistant depression (URD), with 90% of patients failing to respond to electroconvulsive therapy (ECT) and an average of 8.1 prior antidepressant trials (8). This represents a greater level of treatment resistance than the typical patients included in IV ketamine studies. Based on chart review of these first 50 patients treated in our program, 50% had unipolar depression, 40% had bipolar depression, and 10% were unspecified. 44% responded within 8 IV treatments of ketamine and 16% remitted. Controlled studies have since corroborated that reduced (but still meaningful) efficacy is still likely to occur in patients with similarly high degrees of treatment resistance (9–11).

Data on the safety and efficacy of ketamine for depression has subsequently grown substantially. In Canada, due to the largest body of evidence available, IV racemic ketamine has been acknowledged as a 3rd line treatment for both bipolar depression and adults with unipolar TRD (12, 13). While the majority of studies have involved unipolar (or mixed unipolar/bipolar) TRD, a recent review confirmed similar efficacy and tolerability in studies with exclusively bipolar depression (14). Similarly, intranasal (IN) esketamine has been approved in Canada and the United States for TRD with the above definition (15). As a result, our inclusion criteria were broadened in 2020 to include “less” treatment resistant individuals. These local protocols served as the basis for a broader provincial IV ketamine protocol for depression to be used in Alberta, Canada (16). Due to high cost and lack of public coverage for most, IN esketamine, though indicated for TRD is not used by our program. As such, this review focuses on the use of racemic ketamine for depression as has been used in our programs.

With burgeoning evidence and increasing mass media popularity, the demand for ketamine treatment has risen, and there has been a rapid increase in the number of clinics and hospital sites that are using ketamine for TRD (17). It would follow that these programs have addressed, or will need to address clinical issues that arise, such as issues around maintenance treatments and ways to increase access as IV ketamine programs become saturated. As the literature is rapidly growing, our group sought to review current literature to ensure best practices in our program. We do not intend to provide an exhaustive review of the literature, although the findings of several recent systematic reviews and meta-analysis will be described in this paper.

This document will review key questions that we have evaluated, and how it has been applied to our program. We will also discuss the models of non-parenteral ketamine use we have considered as options to increase overall access to ketamine treatment for depression within public healthcare systems.



2 Methods

The Canadian Network for Mood and Anxiety Treatments (CANMAT) 2020 Ketamine Task force update was considered a comprehensive systematic review on ketamine for depression as a baseline. As this paper’s literature search covered to Jan 31, 2020, we conducted a review of the literature from January 1, 2020 – June 30, 2023. This search was done via OVID search platform, MEDLINE database. The keyword terms ‘ketamine’ or ‘esketamine’ were used; combined with ‘depression’ or ‘bipolar” or ‘TRD’ or ‘treatment resistant depression’. Age groups were selected for 19 years and older, with studies limited to humans. Case reports, clinical trials, comparative studies, practice guidelines, meta-analysis, multicentre studies, observational studies, randomized controlled trials, reviews, and systematic reviews were considered. Reference lists of papers were also scanned for additionally relevant items. Papers were discussed among authors, and key items were brought to the interdisciplinary ketamine team for further review. Other notable studies outside of these parameters or suggested by peer reviewers between the end of our literature review and final manuscript acceptance were considered and added when felt to add value to the manuscript. Literature has been synthesized in the following discussion along with the authors’ suggested applications to clinical practice.



3 Clinical considerations


3.1 What are our considerations in choosing between IV ketamine or in esketamine?

IN esketamine (SPRAVATO) was approved by Health Canada for TRD in 2020, while off-label, IV ketamine was previously acknowledged as an effective adjunct for TRD. While there is more robust clinical trial data for IN esketamine, its high cost frequently precludes its use. In terms of efficacy, head-to-head RCTs between IV ketamine and IN esketamine are lacking, but metanalyses of observational studies have compared efficacy of both treatments. One meta-analysis showed no difference in efficacy up to 1 month (18). However, two recent studies suggest that while each had similar rates of response/remission, IV ketamine required fewer treatments to achieve this outcome (19, 20).

Regardless, as racemic IV ketamine is not prohibitive in cost to the patients in our program (it is covered by public healthcare), it is the standard of treatment we use and will be the focus of discussion.



3.2 What population should be treated with IV ketamine?

Our protocol currently applies only to individuals with TRD (unipolar or bipolar), defined as failure to respond to two or more trials of appropriate pharmacotherapy. Our program treats adult patients ages 18 and over, including adults over 65, as there is early data for efficacy and safety with ketamine (21, 22) in older adults, and even more data with esketamine (23). Though not part of our patient population, one randomized control trial (RCT) in adolescents with TRD has also had favorable results (24).

Our population of adult patients with TRD is largely heterogeneous in terms of comorbidities, illness severity/duration, and levels of treatment resistance. More treatment-resistant patients have been reported as less likely to fully remit, but not less likely to respond to treatment (17). A recent study demonstrated that clinical features including severe anhedonia, anxious distress, mixed symptoms and/or bipolarity were more highly associated with response/remission (25). Efficacy of IV ketamine in individuals has been reported in two meta-analyses as either slightly inferior, or not different from ECT (26, 27). Evidence for functional improvement with ketamine treatment is lacking, but data supports the general notion that psychosocial functioning improves (28). Qualitatively, we have seen numerous cases of resistant patients who respond to treatment in a functionally meaningful way that improves quality of life and merits consideration for ongoing treatment. While there is preliminary evidence for use of ketamine in obsessive-compulsive disorder, social anxiety, post-traumatic stress disorder, psychosis, and comorbid substance use disorders (29), none were considered robust enough for inclusion in a regular protocol.



3.3 What is the inclusion/exclusion criteria for IV ketamine?

The presence of psychiatric comorbidities (including borderline personality disorder) does not significantly affect treatment outcomes or efficacy in a meaningful way (30, 31). Exclusion criteria include a primary psychotic disorder, uncontrolled hypertension, central aneurysmal disease, significant valvular disease, recent cardiovascular event (within 6 weeks), and class 3 heart failure (New York Heart Association) as per CANMAT recommendations (32).

Pregnancy and breastfeeding are considered contraindications to IV ketamine. While brief exposure to ketamine in the context of general anesthesia is unlikely to have negative effects, ketamine is known to cross the placenta (33) and exposure to repeated doses has not been studied. Animal models also suggest potential for adverse events with exposure to fetuses and infants (34).

Exclusion criteria have been made relative, rather than absolute, in keeping with longtime considerations to determine eligibility for ECT. Medical and/or second consultation with a psychiatrist is sought when appropriate to aid in assessment of risk/benefit. Decisions are made on a case-by-case basis.



3.4 Dosing regimens for IV ketamine

Meta-analysis of 79 studies (2,665 patients) reported variable but significant and conclusive efficacy for both response and remission rates with single and repeated ketamine dosing (35). With repeated treatments, ketamine’s antidepressant effect was maintained, and appears to offer greater efficacy and more prolonged benefit compared to single infusion (36).

The standard acute course in our program is 8 treatments, typically administered two times weekly. Though three-times weekly treatments are no more effective than twice-weekly (37), some patients in our program may receive 1 or 3 treatments in a week depending on scheduling availability.

A dose of 0.5 mg/kg has been previously recommended (12), as lower doses have not been found to be as effective (38). A higher single dose of 1.0 mg/kg was found similarly safe, but not more effective than 0.5 mg/kg. There was a trend toward a longer duration of response at the higher dose, however.

The starting dose for IV ketamine in our program is 0.5 mg/kg, infused over 40 min. Given the safety data for higher doses, and data above that suggested a longer duration of response, we began increasing doses to 0.75 mg-1.0 mg/kg for patients who were tolerating infusions but had little or no response to 0.5 mg/kg. In our clinical experience, we have observed several patients who do not respond until the dose is increased, and data looking at superiority of 1.0 mg/kg versus 0.5 mg/kg was based only on a single infusion. Based on this, combined with clinical experience, Figure 1 highlights a suggested treatment algorithm. In cases where a patient only begins to respond to higher doses late in the course of 8 treatments, it is left to clinical discretion to consider extending the acute course.
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FIGURE 1
 Suggested treatment algorithm for IV ketamine prescribing. If any point, the dose of ketamine is intolerable, consider decreasing the dose.




3.5 How should clinical response be assessed?

A lack of dissociation is not correlated with reduced antidepressant response and should not be a factor in dosing decisions (39). The antidepressant response should eventually extend well beyond the treatment day, particularly after 5–8 treatments. If positive effects continue to wear off within 1–3 days, sustained antidepressant response with ketamine is unlikely and other treatment options should be considered.

It is important to ensure that there are clinical improvements in core symptoms of depression between treatments, and that the patient is not simply “liking” the dissociative effects of the treatment experience or enjoying a brief “escape” from their depression, not unlike those who abuse substances.

Along with clinical assessment, patient reported outcomes measures (PROMS) such as the Quick Inventory of Depressive Symptoms (QIDS) have been helpful to track progress. Traditional mood rating scales may not always capture rapid improvements, and another option would be the McIntyre and Rosenblat Rapid Response Scale (MARRRS), developed specifically as a tool to detect improvement with rapid acting antidepressants (40). Functional rating scales and quality of life scales may also be of benefit.



3.6 Which concomitant medications should be avoided?

There is mixed literature as to whether certain concomitant psychotropic medications may prevent antidepressant effects of ketamine. Though it has been suggested that benzodiazepines and other drugs acting on the Gamma-Aminobutyric Acid (GABA) systems may interfere with treatment response, a large meta-analysis found that concomitant benzodiazepine use had no overall effect (35). Though no consistent effect is found, interference has been shown with high dose benzodiazepines such as delayed response and increased likelihood of relapse (41), with delayed response also observed with benzodiazepine use in esketamine treatment. Our program recommends to reduce or discontinue benzodiazepines if possible, or to use agents with shorter half-lives and simpler metabolism. Patients are advised not to take their benzodiazepine the morning of treatment and the evening prior. Higher doses or longer courses of ketamine may be required for individuals who continue benzodiazepines.

Co-administration of a single dose of naltrexone reduced antidepressant response to ketamine in one placebo-controlled study, raising questions as to whether naltrexone should be avoided during ketamine treatment (42). Though other reports have not replicated this finding (43, 44), the uncertainty surrounding this topic suggests that the decision to continue naltrexone could be made on a case- by-case basis.

Though lamotrigine has been reported to diminish dissociative effects of ketamine, antidepressant response is still elicited, supporting the concept that dissociation is not required for pharmacologically induced antidepressant effects of ketamine (45). A systematic review concluded that there was no evidence to support a negative interaction between lamotrigine and ketamine in clinical populations (46).

It has generally been considered safe to co-administer antidepressants and mood stabilizers with ketamine, but caution has been advised with MAOIs (12). Several case reports describe safe use of esketamine and MAOIs (47), as well as ketamine with MAOIs (48). Though to be used with caution, IV ketamine has been useful as a bridging treatment during an antidepressant washout prior to starting an MAOI, and during the first few weeks of MAOI treatment.



3.7 What are the common acute side effects of IV ketamine?

Ketamine is a safe and well-tolerated medication when administered at antidepressant doses. Common side effects noted in literature are transient and may include psychotomimetic and dissociative experiences, blurred vision, dizziness, anxiety, irritability, headaches, nausea, tachycardia, and elevated blood pressure (6, 49, 50). Side effects peak within 30–60 min, and abate within 1–2 h. Adverse events are almost always dose-dependent (51). Patients in our program are provided this information prior to giving consent to treatment.



3.8 How should ketamine-induced hypertension be managed?

Ketamine is known to transiently raise blood pressure, with a mean maximum increase of 9-19 mmHg, returning to normal in 2–4 h (52). Early recommendations, based on expert consensus suggested not to proceed with IV ketamine if baseline blood pressure was over 140/90, and to pause the infusion if blood pressure exceeded 160/100 (12). A recent report suggested that up to 20% of ketamine infusions may require anti-hypertensives (51).

Conversely, transient hypertension is not treated in an emergency medicine scenario unless there are symptoms of hypertensive emergency which include crushing chest pressure, syncope, severe abdominal pain, decreased (not just altered) level of consciousness, or shortness of breath (53). Risks associated with treating asymptomatic transient hypertension have also been noted, and it could be argued that the above guidance is overzealous.

Our protocol has been updated to better align with the emergency medicine approach to management of transient hypertension. Blood pressure is measured at baseline and post-treatment. Measurements are to be taken during the infusion only if there are signs/symptoms of hypertensive emergency as noted above. Patients in our program must undergo a complete history and physical examination prior to starting a course of IV ketamine infusions. Active medical issues or untreated hypertension are considered relative exclusion criteria to be considered on an individual risk/benefit basis.

Although the aim is for chronic hypertension to be sufficiently treated prior to ketamine treatments, if baseline blood pressure is elevated on the day of treatment, the decision to proceed is made on a case-by-case basis. Otherwise healthy individuals can tolerate slight elevation in blood pressure without adverse consequences, not unlike increases seen during exercise, which is known to transiently increase systolic blood pressure to levels greater than seen with IV ketamine treatment (greater than 200 mmHg) (54). Patients with risk factors for subarachnoid hemorrhage (SAH), such as pre-existing aneurysm or arterio-venous malformation (85% of SAH clinical presentations) (55), or other medical conditions felt to be at risk with transient blood pressure elevations, would necessitate medical consultation for advice on a more cautious approach. Of note, pre-treatment with clonidine has been reported to mitigate pressor effects of ketamine without causing rebound hypertension, so this may be an option for patients where blood pressure increases may pose reason for concern (56). Use of beta blockers or calcium channel blockers has also been suggested when blood pressure is a concern (57).



3.9 What setting and staff are required for IV ketamine?

Though no consistent standard is in place, the Canadian Ketamine Task Force suggested that IV ketamine should be administered in a facility equipped to handle both storage of a controlled substance and ability to deal with medical emergencies. While an anesthetist need not be present to administer a subanesthetic dose, staff administering ketamine should be medical professionals with appropriate training (12). Our ketamine programs are based in acute care hospitals, which have a rapid response team available in case of an emergency. This rapid response service has never been required since the program began in 2015, with at least 10,000 infusions performed. A nurse trained in advanced airway management administers the ketamine infusion, and a physician can be reached by telephone if there are nursing concerns. Treatments are provided in the unit’s neuromodulation recovery room, or in individual patient rooms. As sensory perception is often amplified during treatment, our program aims to provide a calm environment with reduced stimuli.

Consistent nursing staff dedicated specifically to IV ketamine is beneficial, to be familiar with what to expect and how to support patients through treatments. At times, dissociative effects include tearfulness, rumination and having intrusive thoughts or memories, which may prompt nursing staff to intervene, redirect and/or support the patient. This is not considered to be a form of ketamine-assisted psychotherapy, but a supportive psychiatric nursing intervention as required. Patients are kept on the unit for approximately 90 min post-infusion, which is based on a 15-min half-life of IV ketamine, with a total time of elimination being approximately 75 min (58). If patients continue to feel dissociative effects, they are kept longer at nursing discretion. Patients require a ride home after treatment.



3.10 What is an approach to maintenance treatment?

Once remission is reached with a traditional antidepressant, continued treatment for a minimum of 9–12 months (or longer if it is a repeat episode or severe illness) is recommended to minimize relapse risk (59). Similarly, following a successful course of ECT, maintenance ECT reduces relapse significantly compared to pharmacotherapy alone (60). Similarly, repeated doses of IV ketamine have demonstrated efficacy in maintaining response (61). A recent systematic review included 3 RCTs, 8 open-label trials, and 30 case series with a total of 1,495 patients with bipolar or unipolar depression (62). Routes of administration varied and included IV (18 studies), IN (3), IN esketamine (5), oral (10), and intramuscular (3). There were several reports of transitioning IV ketamine patients to other dosage forms (SL, IN, oral) for ketamine maintenance treatment. The five largest (N = 11–94) studies of IV ketamine maintenance used dose ranges from 0.5–1.2 mg/kg. Dose frequency was variable, ranging anywhere from weekly to every 12 weeks. Important findings in this review included reports of sustained efficacy for many individuals lasting greater than 1 year, and no new safety signals with prolonged treatment.

The most robust data for maintenance ketamine comes from a large RCT of 802 patients using maintenance IN esketamine over 1 year. There was a 51% reduction in relapse with treatment-remitters, and a 70% reduction in relapse with treatment-responders, when given with conventional antidepressant compared to antidepressant plus placebo (63). The population in this report included individuals with TRD who had failed to respond to two or more antidepressants. The largest IV ketamine maintenance study to date (open-label) reported on more highly resistant individuals who had already failed to respond to ECT. Of these, 94/150 (63%) of these patients responded to IV ketamine, and with maintenance treatment of variable dose and frequency, nearly two-thirds of these highly treatment-resistant responders showed a sustained response (64).

Meta-analysis data suggests that ketamine response is less robust and of shorter duration for individuals with a higher level of treatment resistance, thus it may be these individuals for whom maintenance ketamine is a more inevitable consideration (65). Physicians in our program decide whether to offer maintenance ketamine based the degree of ketamine response, level of treatment resistance, accessibility of ongoing IV ketamine treatments, and/or patient suitability for alternate forms of ketamine use, which will be further discussed.



3.11 What is the long-term safety of ketamine?

There is growing but still limited data on long-term use of ketamine for depression. The previously mentioned systematic review of 1,495 patients receiving ketamine for up to 18 months did not identify safety concerns (62). A recently published survey of 6,630 patients in the United States treated with repeated or maintenance parenteral ketamine reported that discontinuation rates for adverse events was 0.7% (66). 0.5% of patients discontinued for psychological distress. There were three cases reported “bladder dysfunction,” no reports of cognitive issues, two reports of psychosis, and one report of hypomania. While the study was unable to assess causality of the adverse events, the overall incidence of these is reassuringly low. Similarly, Janssen’s esketamine clinical program reported data from a 4-year follow-up among 1,006 patients continuing to receive maintenance esketamine with no new safety signals demonstrated (67).


3.11.1 Urinary effects

High dose, chronic ketamine use among ketamine abusers has been associated with ulcerative urinary cystitis and dilated common bile ducts mimicking choledochal cysts (68–71). This has not yet been reported in the literature with clinical IV ketamine treatment for depression, but we have occasionally seen patients develop transient urinary symptoms. Periodic screening for any urinary symptoms and urinalysis to screen for microscopic hematuria should be done periodically in patients using maintenance ketamine. If symptoms develop, the risk/benefit of continuing ketamine should be assessed, with urologic consultation.



3.11.2 Cognition

While neurocognitive impairment has been reported with chronic ketamine abuse (72), a review of 5 IV ketamine studies with objective measurements of cognition noted either a neutral effect or an improvement in cognition, with no domains showing impairment (73). The improvement in cognition typically correlated with the degree of antidepressant response. In our program, a study of 40 patients found improved cognition over a course of 8 IV ketamine treatments as measured by a Digit Span Substitution Test (DSST) and patients perceived their overall cognition as improved when self-rated with a Perceived Deficits Questionnaire (PDQ) (74).



3.11.3 Ketamine abuse/misuse

Ketamine abuse often occurs with other substance use, more confounding health variables, and consumption at significantly higher and more frequent doses than is used for depression (75, 76). Though ketamine abuse rates are substantially higher in Eastern countries (Hong Kong, Taiwan) (34), its prevalence In North America is low; estimated at 0.4% in college students over a 1 year period (77), While preclinical studies suggested a theoretical abuse potential for ketamine, two reviews of clinical literature find no suggestion for ketamine misuse or abuse when prescribed for depression (78). Real world-studies have also replicated these findings with esketamine (79, 80).

A retrospective survey of patients in our program with patients prescribed ketamine outside of clinically monitored settings did not find any indication of misuse. Drug-liking, was variable, with a number of patients indicating a dislike for the dissociative effects of ketamine. Overall risk level appeared low, but not negligible (81). Similarly, there is only one case report of drug seeking behavior and craving in a single patient treated with esketamine (82). Similar to other medications with abuse, caution in prescribing should be exercised, but its use should not be stigmatized and potentially discourage access. Suggestions for judicious use have been previously summarized by another group that included two of our coauthors and will be reviewed in following sections (83).




3.12 When IV ketamine is not an option, are other routes of administration possible?

Ketamine may be administered in a variety of different routes, including IV, IM, subcutaneous (SC), IN, SL, and oral (PO), but each has different rates of bioavailability (Table 1) and pharmacokinetics (84, 85). Clinically, these differences may affect efficacy and tolerability. A pharmacokinetic study demonstrated that equal doses of IM, SC, and 40-min IV ketamine infusions achieve similar peak plasma levels and clearance rates (86). Systematic reviews have not demonstrated significantly different side effect or tolerability profiles regardless of the route of administration, though it has been suggested that side effects are most likely correlated with total plasma levels achieved regardless of the route delivered (35, 87).



TABLE 1 Routes and bioavailability of ketamine.
[image: Table1]

Small studies have demonstrated similar effectiveness/tolerability with IM ketamine at similar doses to IV ketamine in both single and repeat doses (88, 89). A recent RCT (45 patients) also demonstrated equal effectiveness in repeat treatments comparing IM ketamine (0.5 mg/kg), oral ketamine (1 mg/kg), and ECT (90). A systematic review of SC ketamine for depression found safety and efficacy at doses of 0.1–0.5 mg/kg, though studies were noted to be heterogenous in nature (91). A recent RCT (174 patients) investigated SC ketamine, with a more highly treatment-resistant group (more than 5 failed antidepressant trials, 24% failing ECT). Compared to active control (midazolam), doses of 0.6–0.9 mg/kg (but not 0.5 mg/kg) were superior, with a favorable side effect profile (92). Although IM and SC ketamine may offer a more efficient use of resources, saving the time required for IV insertion and infusion, our program has not yet incorporated their use given the comparative lack of studies.

Non-parenteral forms of ketamine including IN, PO and SL ketamine are also reported as safe and efficacious (18). Though less evidence-based than IV ketamine, they may offer improved access due to reduced cost and potentially less monitoring required, which will be later discussed. In our community, expertly-compounded IN or SL racemic ketamine costs $100–150 per month, a significant decrease in treatment cost compared to IN esketamine. While balancing considerations of patient access, safety, and limitations of evidence base for these treatments, concepts have been applied to a paradigm to treat patients with these modalities (83), and physicians in our program have utilized IN and SL ketamine at times for both acute and maintenance treatment. The clinical context of the patient (including degree of illness, previous treatments, treatment setting, resource availability) should be considered in balance with potential side effects/risks. Suggested criteria for offering non parenteral ketamine are highlighted in Table 2.



TABLE 2 Clinical scenarios to consider for non-IV forms of ketamine for acute or maintenance treatment.
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3.13 What doses should be used for non-parenteral forms of ketamine?

Though parenteral doses of ketamine in studies have been relatively consistent, evidence for optimal dosing of non-parenteral ketamine remains limited. Though meta-analysis supports safety and efficacy of IN ketamine, most of this data is derived from IN esketamine trials. One report on racemic IN ketamine suggested tolerability concerns (93), but several others support its use. A small, randomized cross-over study found efficacy and favorable tolerability of a single 50 mg dose (94), and a retrospective case series with repeated doses of 100-150 mg noted positive results in the majority of patients with no instances of discontinuation for adverse side effects or concerning safety signals (95). A subsequent retrospective study reported benefit and tolerability for 50 or 75 mg of IN ketamine in psychiatric inpatients with TRD (96). An international consensus paper suggests that compounded racemic IN ketamine could be used in doses ranging from 50 to 150 mg once or twice weekly (29).

Though meta-analysis data is positive for PO and SL ketamine (97), reported doses and frequencies varied widely, ranging from 0.5–1.25 mg/kg (or 50-300 mg for studies which reported total doses only) used multiple times per day to once a month. A recent large (N = 664) retrospective report of SL ketamine (300-450 mg) used off-label at home demonstrated nearly identical results to IV ketamine when administered as a series of 6 treatments (98).

As data regarding dosing is limited, we have elected to dose based on bioavailability of the chosen formulation in comparison to IV dosing (100% bioavailable) of 0.5–1.0 mg/kg (Table 3). Though it is a crude estimate that is unable to account for varying pharmacokinetic factors, it has been a useful clinical guideline. If used for acute treatment in our program, IN or SL ketamine is typically given 2–3 times weekly, modeling IV ketamine and IN esketamine schedules. For an initial course to ketamine-naive individuals, patients are started at the minimum effective dose of the calculated dose range.



TABLE 3 Suggested dosing for intranasal and sublingual ketamine.
[image: Table3]

Some prescribers instead choose not to dose by weight and start ketamine-naïve patients conservatively at 50-100 mg SL or IN, titrating the dose up as tolerated to efficacy. One recent report successfully started ketamine-naïve patients at 300 mg SL and increased as tolerated to 450 mg (98), but our approach to date has been more conservative. A recent chart review of a sample of patients from our program found SL ketamine was generally started at 50-200 mg, though the most common starting doses were 100 mg and 150 mg. Subsequent increases went as high as 300 mg (81). IN ketamine was typically started at 100 mg and increased as high as 150 mg. Starting doses near the higher range would typically be patients transitioned to SL ketamine for maintenance, following a course of IV ketamine. Optimal dosing to maximize the balance between efficacy and tolerability requires further research.



3.14 In what setting can patients use SL or in ketamine?

While Health Canada requires IN esketamine to be administered and monitored a health care setting, this mandate is not aligned with the drug’s side effect and risk profile, so should not set a standard SL or IN racemic ketamine use. Significant adverse events have not been reported with esketamine, including issues related to transient hypertension or dissociative side effects. Similarly, long term IN esketamine use has not been associated with safety concerns. Concerns for addiction potential, misuse, or diversion may prompt the tight control around IN esketamine, but it has been previously noted that regulatory policies do not align with expert consensus regarding risks (99). Potential harms of ketamine have been assessed as similar to stimulants or benzodiazepines, all of which are lower than alcohol. Placing ketamine on a more restrictive access and monitoring schedule than other psychotropics with abuse potential stigmatizes this treatment, and limits access for individuals with TRD.

Initially, patients in our program were monitored in office for their first SL or IN treatment, with potential for subsequent treatments to be used at home. However, our critical assessment of risks and benefits concludes that in office monitoring need not be routinely required. As discussed above, blood pressure need not be monitored as asymptomatic hypertension should not be treated. Patients typically report dissociative effects to be less than experienced in with IV ketamine treatments, and with appropriate psychoeducation, dissociative experiences are rarely a concern. Non parenteral forms of ketamine may be safely prescribed for home use, to the appropriate patient, in the appropriate clinical scenario.

Suggested considerations for prescribing ketamine for home use have previously been raised and are summarized in Table 4. If home administration is chosen to be a suitable alternative, other authors have also made practical suggestions for judicious prescribing. These are noted in Table 5. Our program follows these suggestions, and requests patients to return used intranasal devices to the pharmacy for disposal of any remaining ketamine in the device.



TABLE 4 Clinical factors that would support eligibility for less supervised ketamine use.
[image: Table4]



TABLE 5 Practical suggestions for judicious prescribing of ketamine as an antidepressant for home use.
[image: Table5]




4 Future directions

Future directions in ketamine treatment could include consideration of 3 treatment models we refer to as: (1) step-down approach, (2) step-up approach, and (3) clinical-matching approach. The common aim of all is to find a complementary way to integrate use of SL or IN ketamine into the IV ketamine treatment paradigm. Our program organically evolved into using the “step-down” approach where a course of IV ketamine is administered for acute treatment, and if maintenance treatment is needed, “stepping down” to IN or SL ketamine. This has been done either with a direct transition from an acute course of IV ketamine to SL or IN ketamine at varying intervals or has been done to support an IV ketamine taper, continuing SL or IN treatments once or twice weekly, in between biweekly, every 3 week and then monthly IV treatments, with an eventual goal to transition off IV treatments entirely. While there is no data to support superiority for either mode, a recent report of transition to IN esketamine to maintain the response of IV ketamine provides comparative support for a step-down model (100).

The “step-up” approach is an alternative that could be considered, particularly by new ketamine programs. In this model, a referral criterion for IV ketamine could include a previous failed trial of SL or IN ketamine in the community. This model also evolved organically for during the COVID-19 pandemic, during a time that our IV programs were not operating, and patients were reluctant to come for treatment in a health care setting. SL or IN compounded ketamine was prescribed to ketamine naïve patients with several patients responding well and not requiring IV treatment. This approach could reduce wait lists and reserve IV ketamine treatments for more treatment-resistant individuals. Adopting this “step-up” paradigm could be of particular use in smaller centers with limited IV ketamine availability.

A third “clinical-matching” model would involve making decisions regarding what form of ketamine is appropriate based on patient profile. The patients with TRD that meet criteria for IV ketamine are a heterogeneous group in terms of symptom severity and chronicity, comorbid conditions, and the number of previous treatments tried. While this model has not been used to date in our program, theoretically, IV ketamine could be reserved for only the most treatment resistant patients, such as our original URD population. Other patients who meet “minimum” TRD criteria may respond favorably to SL or IN ketamine treatment. While our clinical experience supports the notion that the “less” treatment resistant patient may respond to SL or IN ketamine alone, further research is needed in this area.

Continued challenges with any of these paradigms include lack of data regarding optimal dosing and frequency for SL and IN ketamine. A clear limitation in our approach is the extrapolation of IV ketamine and IN esketamine data. A review of clinicaltrials.gov indicates that several studies involving racemic IN ketamine are in various stages of progress, so further data to guide its use may be on the horizon. Larger controlled trials with IN/SL ketamine, and comparative studies with IV ketamine or IN esketamine would be of great value to guide future treatment.



5 Conclusion

As the evidence for IV ketamine and IN esketamine for TRD has increased, the availability and accessibility of these treatments has been a financial and logistical challenge for many, preventing access to evidence-based treatments with much promise. This community case study has described the evolution of a public ketamine program, including the application of a recent literature review to clinical programming. Sites starting an IV ketamine program must be aware of limitations, particularly in consideration for how maintenance treatment may be offered to those who require it. Without the ability to offer maintenance ketamine in some form, offering this treatment to patients who may respond well, only to relapse again raises questions surrounding the ethics of offering short term treatment only. As we have shared in this community case study, the use of SL and IN ketamine in Edmonton, Canada has facilitated increased access to ketamine treatment, and allowed us to address this issue.

Though awareness of potential risks of ketamine use is essential, it need not be stigmatized as an overly dangerous treatment when considering highly ill and treatment-resistant patients. Rare, but serious adverse events can occur with any treatment, and there is no suggestion that the risks of ketamine are out of keeping with other medications commonly used in psychiatry. The ability to prescribe SL and IN ketamine provides psychiatrists with more options to offer to patients with TRD. Clinicians who elect to offer these treatments must be aware of the limitations in the guiding body of literature. Aspects such as patient selection, regular follow up, and ongoing assessment of risk/benefit for the individual patient are essential. Future research to better elucidate optimal prescribing of ketamine will support physicians and patients in making treatment decisions.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

Ethical approval was not required for the studies involving humans because this paper contains no original data. It reviews previously reported research on human populations. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements because there were no participants. Data presented has been reported elsewhere and is reviewed.



Author contributions

CC: Conceptualization, Methodology, Writing – original draft, Writing – review & editing, Data curation, Resources, Software, Visualization. BD: Conceptualization, Data curation, Visualization, Writing – review & editing. AK: Conceptualization, Visualization, Writing – review & editing. CM: Conceptualization, Writing – review & editing. RT: Conceptualization, Writing – review & editing. JS: Conceptualization, Writing – review & editing, Methodology, Project administration, Supervision, Writing – original draft.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

We would like to acknowledge the physicians, nursing staff, pharmacists, and management teams at the Gray Nuns and Misericordia Community Hospitals that have contributed to the provision of ketamine treatments for patients. We would also like to acknowledge the support from management of Covenant Health, as well as senior leadership in Addiction and Mental Health Services (Alberta Health Services) in the Edmonton Zone.



Conflict of interest

CC has received honoraria from Abbvie. AK has received honoraria from Abbvie, Bausch Health, Eisai, Elvium, Takeda, Lundbeck, Otsuka, Sunovion, Jazz, Paladin and has served as a medical advisor for the Newly Institute, a private clinic that utilizes SL ketamine. RT has received honoraria from Abbvie, Lundbeck, Otsuka, Takeda, Sunovion, Janssen, Bloom Psychedelics, Sunovion, and Eisai. JS has received honoraria from Abbvie, Bausch Health, Eisai, Janssen, Lundbeck, Otsuka, and has served as a medical advisor for the Newly Institute, a private clinic that utilizes SL ketamine.

The remaining 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. McIntyre, RS, Alsuwaidan, M, Baune, BT, Berk, M, Demyttenaere, K, Goldberg, JF , et al. Treatment-resistant depression: definition, prevalence, detection, management, and investigational interventions. World Psychiatry. (2023) 22:394–412. doi: 10.1002/wps.21120 

 2. Rush, A, Fava, M, Wisniewski, S, Lavori, PW, Trivedi, MH, Sackeim, HA , et al. Sequenced treatment alternatives to relieve depression (STAR*D): rationale and design. Control Clin Trials. (2004) 25:119–42. doi: 10.1016/S0197-2456(03)00112-0 

 3. Coyle, CM, and Laws, KR. The use of ketamine as an antidepressant: a systematic review and meta-analysis. Hum Psychopharmacol. (2015) 30:152–63. doi: 10.1002/hup.2475

 4. McGirr, A, Berlim, MT, Bond, DJ, Neufeld, NH, Chan, PY, Yatham, LN , et al. A systematic review and meta-analysis of randomized controlled trials of adjunctive ketamine in electroconvulsive therapy: efficacy and tolerability. J Psychiatr Res. (2015) 62:23–30. doi: 10.1016/j.jpsychires.2015.01.003 

 5. Fond, G, Loundou, A, Rabu, C, Macgregor, A, Lançon, C, Brittner, M , et al. Ketamine administration in depressive disorders: a systematic review and meta-analysis. Psychopharmacology. (2014) 231:3663–76. doi: 10.1007/s00213-014-3664-5

 6. Serafini, G, Howland, RH, Rovedi, F, Girardi, P, and Amore, M. The role of ketamine in treatment-resistant depression: a systematic review. Curr Neuropharmacol. (2014) 12:444–61. doi: 10.2174/1570159X12666140619204251 

 7. Romeo, B, Choucha, W, Fossati, P, and Rotge, JY. Meta-analysis of short and mid-term efficacy of ketamine in unipolar and bipolar depression. Psychiatry Res. (2015) 230:682–8. doi: 10.1016/j.psychres.2015.10.032

 8. Thomas, RK, Baker, G, Lind, J, and Dursun, S. Rapid effectiveness of intravenous ketamine for ultra-resistant depression in a clinical setting and evidence for baseline anhedonia and bipolarity as clinical predictors of effectiveness. J Psychopharmacol. (2018) 32:1110–7. doi: 10.1177/0269881118793104 

 9. Cusin, C, Ionescu, DF, Pavone, KJ, Akeju, O, Cassano, P, Taylor, N , et al. Ketamine augmentation for outpatients with treatment-resistant depression: preliminary evidence for two-step intravenous dose escalation. Aust N Z J Psychiatry. (2017) 51:55–64. doi: 10.1177/0004867416631828 

 10. Ionescu, DF, Bentley, KH, Eikermann, M, Taylor, N, Akeju, O, Swee, MB , et al. Repeat-dose ketamine augmentation for treatment-resistant depression with chronic suicidal ideation: a randomized, double blind, placebo controlled trial. J Affect Disord. (2019) 243:516–24. doi: 10.1016/j.jad.2018.09.037 

 11. McIntyre, RS, Rodrigues, NB, Lee, Y, Lipsitz, O, Subramaniapillai, M, Gill, H , et al. The effectiveness of repeated intravenous ketamine on depressive symptoms, suicidal ideation and functional disability in adults with major depressive disorder and bipolar disorder: results from the Canadian rapid treatment Center of Excellence. J Affect Disord. (2020) 274:903–10. doi: 10.1016/j.jad.2020.05.088 

 12. Swainson, J, McGirr, A, Blier, P, Brietzke, E, Richard-Devantoy, S, Ravindran, N , et al. The Canadian network for mood and anxiety treatments (CANMAT) task force recommendations for the use of racemic ketamine in adults with major depressive disorder: recommendations. Can J Psychiatr. (2021) 66:113–25. doi: 10.1177/0706743720970860

 13. Yatham, L, Kennedy, S, Parikh, S, Schaffer, A, Bond, DJ, Frey, BN , et al. Canadian network for mood and anxiety treatments (CANMAT) and International Society for Bipolar Disorders (ISBD) 2018 guidelines for the management of patients with bipolar disorder. Bipolar Disorder. (2018) 20:97–170. doi: 10.1111/bdi.12609 

 14. Jawad, MY, Qasim, S, Ni, M, Guo, Z, di Vincenzo, JD, d’Andrea, G , et al. The role of ketamine in the treatment of bipolar depression: a scoping review. Brain Sci. (2023) 13:909. doi: 10.3390/brainsci13060909 

 15. U.S. Food and Drug Administration. (2019). Press Release: FDA approves new nasal spray medication for treatment-resistant depression; available only at a certified doctor’s office or clinic [press release]. Available at: https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm632761.htm

 16. Alberta Health Services. Intravenous Ketamine for the Treatment of Adult Depression. (2021). Available at: https://extranet.ahsnet.ca/teams/policydocuments/1/clp-amh-ahs-iv-ketamine-amh-10-01.pdf (Accessed March 25, 2021).

 17. Wilkinson, ST, Toprak, M, Turner, MS, Levine, SP, Katz, RB, and Sanacora, G. A survey of the clinical, off-label use of ketamine as a treatment for psychiatric disorders. Am J Psychiatry. (2017) 174:695–6. doi: 10.1176/appi.ajp.2017.17020239 

 18. McIntyre, RS, Carvalho, IP, Lui, LMW, Majeed, A, Masand, PS, Gill, H , et al. The effect of intravenous, intranasal, and oral ketamine in mood disorders: a meta-analysis. J Affect Disord. (2020) 276:576–84. doi: 10.1016/j.jad.2020.06.050 

 19. Singh, B, Kung, S, Pazdernik, V, Schak, KM, Geske, J, Schulte, PJ , et al. Comparative effectiveness of intravenous ketamine and intranasal Esketamine in clinical practice among patients with treatment-refractory depression: an observational study. J Clin Psychiatry. (2023) 84:14548. doi: 10.4088/JCP.22m14548 

 20. Nikayin, S, Rhee, TG, Cunningham, ME, de Fontnouvelle, CA, Ostroff, RB, Sanacora, G , et al. Evaluation of the trajectory of depression severity with ketamine and Esketamine treatment in a clinical setting. JAMA Psychiatry. (2022) 79:736–8. doi: 10.1001/jamapsychiatry.2022.1074 

 21. Lipsitz, O, di Vincenzo, JD, Rodrigues, NB, Cha, DS, Lee, Y, Greenberg, D , et al. Safety, tolerability, and real-world effectiveness of intravenous ketamine in older adults with treatment-resistant depression: a case series. Am J Geriatr Psychiatry. (2021) 29:899–913. doi: 10.1016/j.jagp.2020.12.032 

 22. Oughli, H, Gebara, M, Ciarleglio, A, Lavretsky, H, Brown, PJ, Flint, AJ , et al. Intravenous ketamine for late-life treatment-resistant depression: a pilot study of tolerability, safety, clinical benefits, and effect on cognition. Am J Geriatr Psychiatry. (2023) 31:210–21. doi: 10.1016/j.jagp.2022.11.013 

 23. d’Andrea, G, Chiappini, S, and McIntyre, RS. Investigating the effectiveness and tolerability of intranasal esketamine among older adults with Treatment-Resistant Depression (TRD): A Post-hoc Analysis from the REAL-ESK Study Group. Am J Psychiatry. (2023) 31:1032–41.

 24. Dwyer, JB, Landeros-Weisenberger, A, Johnson, JA, Londono Tobon, A, Flores, JM, Nasir, M , et al. Efficacy of intravenous ketamine in adolescent treatment-resistant depression: a randomized midazolam-controlled trial. Am J Psychiatry. (2021) 178:352–62. doi: 10.1176/appi.ajp.2020.20010018 

 25. Pettorruso, M, Guidotti, R, and d’Andrea, G. Predicting outcome with Intranasal Esketamine treatment: A machine-learning, three-month study in Treatment-Resistant Depression (ESK-LEARNING). Psychiatry Res. (2023) 115378. doi: 10.1016/j.psychres.2023.115378

 26. Menon, V, Varadharajan, N, Faheem, A, and Andrade, C. Ketamine vs electroconvulsive therapy for major depressive episode: a systematic review and Meta-analysis. JAMA Psychiatry. (2023) 80:639–42. doi: 10.1001/jamapsychiatry.2023.0562 

 27. Rhee, TG, Shim, SR, Forester, BP, Nierenberg, AA, McIntyre, RS, Papakostas, GI , et al. Efficacy and safety of ketamine vs electroconvulsive therapy among patients with major depressive episode: a systematic review and Meta-analysis. JAMA Psychiatry. (2022) 79:1162–72. doi: 10.1001/jamapsychiatry.2022.3352 

 28. Ng, J, Rosenblat, JD, Lui, LMW, Teopiz, KM, Lee, Y, Lipsitz, O , et al. Efficacy of ketamine and esketamine on functional outcomes in treatment-resistant depression: a systematic review. J Affect Disord. 202. (2021) 293:285–94. doi: 10.1016/j.jad.2021.06.032 

 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 Psychiatr. (2021) 178:383–99. doi: 10.1176/appi.ajp.2020.20081251 

 30. Danayan, K, Chisamore, N, Rodrigues, NB, Vincenzo, JDD, Meshkat, S, Doyle, Z , et al. Real world effectiveness of repeated ketamine infusions for treatment-resistant depression with comorbid borderline personality disorder. Psychiatry Res. (2023) 323:115133–3. doi: 10.1016/j.psychres.2023.115133

 31. Martinotti, G, Vita, A, Fagiolini, A , et al. Real-world experience of esketamine use to manage treatment-resistant depression: a multicentric study on safety and effectiveness (REAL-ESK study). J Affect Disord. (2022) 319:646–54.

 32. Sanacora, G, Frye, MA, McDonald, W, Mathew, SJ, Turner, MS, Schatzberg, AF , et al. A consensus statement on the use of ketamine in the treatment of mood disorders. JAMA Psychiatry. (2017) 74:399–405. doi: 10.1001/jamapsychiatry.2017.0080 

 33. Product Information. KETALAR(R) intravenous, intramuscular injection, ketamine HCl intravenous, intramuscular injection. Chestnut Ridge, NY: Par Pharmaceutical (Per FDA) (2020).

 34. Nikayin, S, Murphy, E, Krystal, J, and Wilkinson, ST. Long-term safety of ketamine and esketamine in treatment of depression. Expert Opin Drug Saf. (2022) 21:777–87. doi: 10.1080/14740338.2022.2066651

 35. Alnefeesi, Y, Chen-Li, D, Krane, E, Jawad, MY, Rodrigues, NB, Ceban, F , et al. Real-world effectiveness of ketamine in treatment-resistant depression: a systematic review and meta-analysis. J Psychiatr Res. (2022) 151:693–709. doi: 10.1016/j.jpsychires.2022.04.037 

 36. Kryst, J, Kawalec, P, Mitoraj, AM, Pilc, A, Lasoń, W, and Brzostek, T. Efficacy of single and repeated administration of ketamine in unipolar and bipolar depression: a meta-analysis of randomized clinical trials. Pharmacol Rep. (2020) 72:543–62. doi: 10.1007/s43440-020-00097-z 

 37. Singh, JB, Fedgchin, M, Daly, EJ, de Boer, P, Cooper, K, Lim, P , et al. A double-blind, randomized, placebo-controlled, dose-frequency study of intravenous ketamine in patients with treatment-resistant depression. Am J Psychiatry. (2016) 173:816–26. doi: 10.1176/appi.ajp.2016.16010037 

 38. Fava, M, Freeman, MP, Flynn, M, Judge, H, Hoeppner, BB, Cusin, C , et al. Double-blind, placebo-controlled, dose-ranging trial of intravenous ketamine as adjunctive therapy in treatment-resistant depression (TRD). Mol Psychiatry. (2020) 25:1592–603. doi: 10.1038/s41380-018-0256-5 

 39. Grabski, M, Borissova, A, Marsh, B, Morgan, CJA, and Curran, HV. Ketamine as a mental health treatment: are acute psychoactive effects associated with outcomes? A systematic review. Behav Brain Res. (2020) 392:112629–1129. doi: 10.1016/j.bbr.2020.112629

 40. McIntyre, RS, Rodrigues, NB, Lipsitz, O, Lee, Y, Cha, DS, Gill, H , et al. Validation of the McIntyre and Rosenblat rapid response scale (MARRRS) in adults with treatment-resistant depression receiving intravenous ketamine treatment. J Affect Disord. (2021) 288:210–6. doi: 10.1016/j.jad.2021.03.053 

 41. Andrashko, V, Novak, T, Brunovsky, M, Klirova, M, Sos, P, and Horacek, J. The antidepressant effect of ketamine is dampened by concomitant benzodiazepine. Front Psych. (2020) 11:844. doi: 10.3389/fpsyt.2020.00844 

 42. 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 

 43. 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 

 44. Marton, T, Barnes, DE, Wallace, A, and Woolley, JD. Concurrent use of buprenorphine, methadone, or naltrexone does not inhibit ketamine’s antidepressant activity. Biol Psychiatry. (2019) 85:e75–6. doi: 10.1016/j.biopsych.2019.02.008

 45. Anand, A, Charney, DS, Oren, DA, Berman, RM, Hu, XS, Cappiello, A , et al. Attenuation of the neuropsychiatric effects of ketamine with lamotrigine: support for hyperglutamatergic effects of n-methyl-d-aspartate receptor antagonists. Arch Gen Psychiatry. (2000) 57:270–6. doi: 10.1001/archpsyc.57.3.270 

 46. Wilkowska, A, Wiglusz, MS, Jakuszkowiak-Wojten, K, and Cubała, WJ. Ketamine and lamotrigine combination in psychopharmacology: systematic review. Cells. (2022) 11:645. doi: 10.3390/cells11040645 

 47. Ludwig, VM, Sauer, C, Young, AH, Rucker, J, Bauer, M, Findeis, H , et al. Cardiovascular effects of combining subcutaneous or intravenous Esketamine and the MAO inhibitor tranylcypromine for the treatment of depression: a retrospective cohort study. CNS Drugs. (2021) 35:881–92. doi: 10.1007/s40263-021-00837-6 

 48. Wang, JCC, and Swainson, J. The concurrent treatment with intravenous ketamine and an irreversible monoamine oxidase inhibitor for treatment-resistant depression without hypertensive crises. J Clin Psychopharmacol. (2020) 40:515–7. doi: 10.1097/JCP.0000000000001244 

 49. Caddy, C, Amit, BH, McCloud, TL, Rendell, JM, Furukawa, TA, McShane, R , et al. Ketamine and other glutamate receptor modulators for depression in adults. Cochrane Database Syst Rev. (2015):CD011612. doi: 10.1002/14651858.CD011612.pub2

 50. Wan, L, Levitch, CF, Perez, AM, Brallier, JW, Iosifescu, DV, Chang, LC , et al. Ketamine safety and tolerability in clinical trials for treatment-resistant depression. J Clin Psychiatry. (2015) 76:247–52. doi: 10.4088/JCP.13m08852

 51. Rodrigues, NB, McIntyre, RS, Lipsitz, O, Lee, Y, Cha, DS, Nasri, F , et al. Safety and tolerability of IV ketamine in adults with major depressive or bipolar disorder: results from the Canadian rapid treatment center of excellence. Expert Opin Drug Saf. (2020) 19:1031–40. doi: 10.1080/14740338.2020.1776699 

 52. Szarmach, J, Cubała, WJ, Włodarczyk, A, and Wiglusz, MS. Short-term ketamine administration in treatment-resistant depression: focus on cardiovascular safety. Psychiatr Danub. (2019) 31:585–90.

 53. Yip, R, Swainson, J, Khullar, A, McIntyre, RS, and Skoblenick, K. Intravenous ketamine for depression: a clinical discussion reconsidering best practices in acute hypertension management. Front Psych. (2022) 13:7504. doi: 10.3389/fpsyt.2022.1017504 

 54. Daida, H, Allison, TG, Squires, RW, Miller, TD, and Gau, GT. Peak exercise blood pressure stratified by age and gender in apparently healthy subjects. Mayo Clin Proc. (1996) 71:445–52. doi: 10.4065/71.5.445 

 55. Macdonald, RL, and Schweizer, TA. Spontaneous subarachnoid haemorrhage. Lancet. (2017) 389:655–66. doi: 10.1016/S0140-6736(16)30668-7

 56. Lenze, EJ, Farber, NB, Kharasch, E, Schweiger, J, Yingling, M, Olney, J , et al. Ninety-six hour ketamine infusion with co-administered clonidine for treatment-resistant depression: a pilot randomised controlled trial. World J Biol Psychiatry. (2016) 17:230–8. doi: 10.3109/15622975.2016.1142607 

 57. Ceban, F, Rosenblat, JD, Kratiuk, K, Lee, Y, Rodrigues, NB, Gill, H , et al. Prevention and Management of Common Adverse Effects of ketamine and Esketamine in patients with mood disorders. CNS Drugs. (2021) 35:925–34. doi: 10.1007/s40263-021-00846-5 

 58. FDA. Drug Monograph: KETALAR (ketamine hydrochloride) injection. Access Data FDA. (2023). Available at: https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/016812s040lbl.pdf (Accessed August 24, 2023).

 59. Kennedy, SH, Lam, RW, McIntyre, RS, Tourjman, SV, Bhat, V, Blier, P , et al. Canadian network for mood and anxiety treatments (CANMAT) 2016 clinical guidelines for the Management of Adults with major depressive disorder. Can J Psychiatr. (2016) 61:540–60. doi: 10.1177/0706743716659417 

 60. Navarro, V, Gastó, C, Torres, X, Masana, G, Penadés, R, Guarch, J , et al. Continuation/maintenance treatment with nortriptyline versus combined nortriptyline and ECT in late-life psychotic depression: a two-year randomized study. Am J Geriatr Psychiatry. (2008) 16:498–505. doi: 10.1097/JGP.0b013e318170a6fa 

 61. McMullen, EP, Lee, Y, Lipsitz, O, Lui, LMW, Vinberg, M, Ho, R , et al. Strategies to prolong Ketamine’s efficacy in adults with treatment-resistant depression. Adv Ther. (2021) 38:2795–820. doi: 10.1007/s12325-021-01732-8 

 62. Smith-Apeldoorn, SY, Veraart, J, Spijker, J, Kamphuis, J, and Schoevers, RA. Maintenance ketamine treatment for depression: a systematic review of efficacy, safety, and tolerability. Lancet Psychiatry. (2022) 9:907–21. doi: 10.1016/S2215-0366(22)00317-0 

 63. Daly, EJ, Trivedi, MH, Janik, A, Li, H, Zhang, Y, Li, X , et al. Efficacy of esketamine nasal spray plus oral antidepressant for relapse prevention in patients with treatment-resistant depression. JAMA Psychiatry. (2019) 76:893–903. doi: 10.1001/jamapsychiatry.2019.1189 

 64. Dale, RM, Bryant, KA, and Thompson, NR. Metabolic syndrome rather than body mass index is associated with treatment response to ketamine infusions. J Clin Psychopharmacol. (2020) 40:75–9. doi: 10.1097/JCP.0000000000001149 

 65. Levinta, A, Meshkat, S, McIntyre, RS, Ho, C, Lui, LMW, Lee, Y , et al. The association between stage of treatment-resistant depression and clinical utility of ketamine/esketamine: a systematic review. J Affect Disord. (2022) 318:139–49. doi: 10.1016/j.jad.2022.08.050 

 66. Feifel, D, Dadiomov, D, and Lee, KC. Safety of repeated Administration of Parenteral Ketamine for depression. Pharmaceuticals (Basel). (2020) 13:151. doi: 10.3390/ph13070151 

 67. Zaki, N, Fu, DJ, Daly, E , et al. Long-term safety of esketamine nasal spray in adults with treatment-resistant depression: a subgroup analysis of the ongoing SUSTAIN-3 study. Poster presented at: Neuroscience Education Institute (NEI) Congress; November 4–7, 2021; Colorado Springs, CO. (2021).

 68. Wong, SW, Lee, KF, Wong, J, Ng, WW, Cheung, YS, and Lai, PB. Dilated common bile ducts mimicking choledochal cysts in ketamine abusers. Hong Kong Med J. (2009) 15:53–6.

 69. Chen, LY, Chen, KP, and Huang, MC. Cystitis associated with chronic ketamine abuse. Psychiatry Clin Neurosci. (2009) 63:591. doi: 10.1111/j.1440-1819.2009.01972.x 

 70. Chang, T, Lin, CC, Lin, ATL, Fan, YH, and Chen, KK. Ketamine-induced uropathy: a new clinical entity causing lower urinary tract symptoms. Low Urin Tract Symptoms. (2012) 4:19–24. doi: 10.1111/j.1757-5672.2011.00101.x 

 71. Morgan, CJ, and Curran, HV, Independent Scientific Committee on Drugs. Ketamine use: a review. Addiction. (2012) 107:27–38. doi: 10.1111/j.1360-0443.2011.03576.x 

 72. Strous, JFM, Weeland, CJ, van der Draai, FA, Daams, JG, Denys, D, Lok, A , et al. Brain changes associated with long-term ketamine abuse: A systematic review. Front Neuroanat. (2022) 16:231. doi: 10.3389/fnana.2022.795231 

 73. Gill, H, Gill, B, Rodrigues, NB, Lipsitz, O, Rosenblat, JD, el-Halabi, S , et al. The effects of ketamine on cognition in treatment-resistant depression: a systematic review and priority avenues for future research. Neurosci Biobehav Rev. (2021) 120:78–85. doi: 10.1016/j.neubiorev.2020.11.020 

 74. Yan, R, Chubbs, B, Malkin, M , et al. Effects of intravenous ketamine on sleep, cognition, and anxiety in patients with treatment resistant depression poster presented at European congress of Neuropsychopharmacology. Vienna, Austria, p. 100933. (2022).

 75. Krystal, JH, Sanacora, G, and Duman, RS. Rapid-acting glutamatergic antidepressants: the path to ketamine and beyond. Biol Psychiatry. (2013) 73:1133–41. doi: 10.1016/j.biopsych.2013.03.026 

 76. Singh, I, Morgan, C, Curran, V, Nutt, D, Schlag, A, and McShane, R. Ketamine treatment for depression: opportunities for clinical innovation and ethical foresight. Lancet Psychiatry. (2017) 4:419–26. doi: 10.1016/S2215-0366(17)30102-5 

 77. Bokor, G, and Anderson, PD. Ketamine: an update on its abuse. J Pharm Pract. (2014) 27:582–6. doi: 10.1177/0897190014525754

 78. Le, TT, Cordero, IP, Jawad, MY, Swainson, J, Di Vincenzo, JD, Jaberi, S , et al. The abuse liability of ketamine: a scoping review of preclinical and clinical studies. J Psychiatr Res. (2022) 151:476–96. doi: 10.1016/j.jpsychires.2022.04.035 

 79. Samalin, L, Rothärmel, M, Mekaoui, L, Gaudré-Wattinne, E, Codet, MA, Bouju, S , et al. Esketamine nasal spray in patients with treatment-resistant depression: the real-world experience in the French cohort early-access programme. Int J Psychiatry Clin Pract. (2022) 26:352–62. doi: 10.1080/13651501.2022.2030757 

 80. Chiappini, S, d’Andrea, G, De Filippis, S , et al. Esketamine in treatment-resistant depression patients comorbid with substance-use disorder: A viewpoint on its safety and effectiveness in a subsample of patients from the REAL-ESK study. Eur Neuropsychopharmacol. (2023) 74:15–21.

 81. Chubbs, B, Wang, J, Archer, S, Chrenek, C, Khullar, A, Wolowyk, M , et al. A survey of drug liking and cravings in patients using sublingual or intranasal ketamine for treatment-resistant depression: a preliminary evaluation of real-world addictive potential. Front Psych. (2022) 13:439. doi: 10.3389/fpsyt.2022.1016439 

 82. Orsolini, L, Salvi, V, and Volpe, U. Craving and addictive potential of esketamine as side effects? Expert Opin Drug Saf. (2022) 21:803–12. doi: 10.1080/14740338.2022.2071422 

 83. Swainson, J, Klassen, LJ, Brennan, S, Chokka, P, Katzman, MA, Tanguay, RL , et al. Non parenteral ketamine for depression: a practical discussion on addiction potential and recommendations for judicious prescribing. CNS Drugs. (2022) 36:239–51. doi: 10.1007/s40263-022-00897-2 

 84. Zanos, P, Moaddel, R, Morris, P, Riggs, LM, Highland, JN, Georgiou, P , et al. Ketamine and ketamine metabolite pharmacology: insights into therapeutic mechanisms. Pharmacol Rev. (2018) 70:621–60. doi: 10.1124/pr.117.015198 

 85. Abuhelwa, AY, Somogyi, AA, Loo, CK, Glue, P, Barratt, DT, and Foster, DJR. Population pharmacokinetics and pharmacodynamics of the therapeutic and adverse effects of ketamine in patients with treatment-refractory depression. Clin Pharmacol Ther. (2022) 112:720–9. doi: 10.1002/cpt.2640 

 86. Loo, C, Gálvez, V, O’Keefe, E, Mitchell, PB, Hadzi-Pavlovic, D, Leyden, J , et al. Placebo-controlled pilot trial testing dose titration and intravenous, intramuscular and subcutaneous routes for ketamine in depression. Acta Psychiatr Scand. (2016) 134:48–56. doi: 10.1111/acps.12572 

 87. Short, B, Fong, J, Galvez, V, Shelker, W, and Loo, CK. Side-effects associated with ketamine use in depression: a systematic review. Lancet Psychiatry. (2018) 5:65–78. doi: 10.1016/S2215-0366(17)30272-9

 88. Bonnett, CJ, Jain, R, Ross, CN, Wallington, DA, and Schock, TR. Intramuscular ketamine to treat major depressive disorder: a case series of forty patients. J Psychiatry Ment Heal. (2021) 6:1–4. doi: 10.16966/2474-7769.145

 89. Mikellides, G, Michael, P, Psalta, L, Schuhmann, T, and Sack, AT. A retrospective naturalistic study comparing the efficacy of ketamine and repetitive transcranial magnetic stimulation for treatment-resistant depression. Front Psych. (2022) 12:1–9. doi: 10.3389/fpsyt.2021.784830

 90. Kheirabadi, D, Kheirabadi, GR, Mirlohi, Z, Tarrahi, MJ, and Norbaksh, A. Comparison of rapid antidepressant and Antisuicidal effects of intramuscular ketamine, Oral ketamine, and electroconvulsive therapy in patients with major depressive disorder: a pilot study. J Clin Psychopharmacol. (2020) 40:588–93. doi: 10.1097/JCP.0000000000001289 

 91. Cavenaghi, VB, Da Costa, LP, Lacerda, ALT, Hirata, ES, Miguel, EC, and Fraguas, R. Subcutaneous ketamine in depression: a systematic review. Front Psych. (2021) 12:513068. doi: 10.3389/fpsyt.2021.513068 

 92. Loo, C, Glozier, N, Barton, D, Baune, BT, Mills, NT, Fitzgerald, P , et al. Efficacy and safety of a 4-week course of repeated subcutaneous injections for treatment-resistant depression (KADS study): randomized double-blind active-controlled trail. Br J Psychiatry. (2023) 2023:1–9. doi: 10.1192/bjp.2023.79

 93. Gálvez, V, Li, A, Huggins, C, Glue, P, Martin, D, Somogyi, AA , et al. Repeated intranasal ketamine for treatment-resistant depression - the way to go? Results from a pilot randomised controlled trial. J Psychopharmacol. (2018) 32:397–407. doi: 10.1177/0269881118760660 

 94. Lapidus, K, Levitch, C, Perez, A, Brallier, JW, Parides, MK, Soleimani, L , et al. A randomized controlled trial of intranasal ketamine in major depressive disorder. Biol Psychiatry. (2014) 76:970–6. doi: 10.1016/j.biopsych.2014.03.026 

 95. Lee, V, Archer, S, Chrenek, C, and Swainson, J. A response to: repeated intranasal ketamine for treatment-resistant depression: the way to go? Results from a pilot randomised controlled trial. J Psychopharmacol. (2019) 33:258–9. doi: 10.1177/0269881118822160 

 96. Peters, EM, Halpape, K, Cheveldae, I, and Wanson, A. Intranasal racemic ketamine for patients hospitalized with treatment-resistant depression: a retrospective analysis. Exp Clin Psychopharmacol. (2022) 31:593–8. doi: 10.1037/pha0000627

 97. Meshkat, S, Haikazian, S, di Vincenzo, JD, Fancy, F, Johnson, D, Chen-Li, D , et al. Oral ketamine for depression: an updated systematic review. World J Biol Psychiatry. (2023) 24:545–57. doi: 10.1080/15622975.2023.2169349 

 98. Hassan, K, Struthers, WM, Sankarabhotla, A, and Davis, P. Safety, effectiveness and tolerability of sublingual ketamine in depression and anxiety: a retrospective study of off-label, at-home use. Front Psych. (2022) 13:624. doi: 10.3389/fpsyt.2022.992624 

 99. Nutt, D, King, LA, Saulsbury, W, and Blakemore, C. Development of a rational scale to assess the harm of drugs of potential misuse. Lancet. (2007) 369:1047–53. doi: 10.1016/S0140-6736(07)60464-4 

 100. d’Andrea, G, Pettorruso, M, and Rhee, TG. Exploring the potential of a bridge therapy: Synergistic approach integrating intravenous ketamine and intranasal esketamine for treatmentresistant depression. Acta Psychiatr Scand. (2023) 148:382–97.



OPS/images/fpsyt-14-1283733-t004.jpg
Highlevel of treatment resistance - patients who have exhausted other treatment

options

Severe symptoms
- Significant disability

Suicidality

Has required usage of other off-label treatments in the past

No drug misuse history - Substance abuse/misuse screen

No previous history of antisocial/illegal activity/drug diversion

Previous positive response to ketamine

Limited ability to access ketamine treatments with stronger evidence base (IV'

ketamine or IN esketamine)

Reliable to attend follow-up appointments

Medically suitable for ketamine treatment, including stable cardiovascular status

and controlled baseline blood pressure

Compliant with side effect monitoring

Significant experience with side effects of psychotropics and good judgment on

reporting these to the clinician

Raosinesd witls e eton foms Swilnecn.at il (38N widec Heanes O





OPS/images/fpsyt-14-1283733-t005.jpg
Obtain and document informed consent - potential risks/benefits

Consider the use of patient contracts

Prescribe in limited quantities and limited reflls (for example, provide 2-4 weeks

supply depending on frequency of dosing)

Prescriber experience with ketamine
- Affilation with a more intensive ketamine program (for further assessment/

referral/case discussions)

Consider observing first treatments or dose changes in office to monitor blood

pressure in medically at-risk patients, and dissociation in ketamine-naive

dividuals

Educate patients on dissociative symptoms

Advise pati

nts not to drive uniil next day afer use

Dose at night when used at home

Advise a quiet calm environment

For ketamine-naive patients, consider the presence of another responsible adult

for the first several doses, if not observed in office

‘Wait until dissociative/sedative effects of ketamine dissipate before using other

potentially sedating bedtime medications

Screen for bladder toxicity

- Check urinalysis at baseline and q3-6 months for signs of microscopic hematuria

- Ask about urinary symptoms (for example, frequency, urgency, hematuria)

Monitor for drug liking/signs or symptoms of misuse

- lost prescriptions
- requests for carly refills
- requests for dose escalation o increased frequency despite stable

psychiatric status

Consider that non-1V forms may require higher doses due to reduced
bioavailability, and that documented bioavailability of each formulation is to

be considered a rough estimate and may vary

Prescribing clinicians should be informed of current literature and continue
medical education on ketamine to learn and adjust prescribing practices as new.

data become available

Aileosed with permision fooi Swalnson evdl (83% wader Scense OO






OPS/images/fpsyt-14-1283733-t002.jpg
Individuals reasonable to consider for an acute course (8 treatments) of non-IV.

Ketamine would be those with both

Major depressive episode (unipolar or bipolar), refractory to tials of 2 or more
antidepressants/mood stabilizers, and adjunctive agents with a greater evidence
base, AND

Unable to access more evidence-based ketamine treatments such as IV ketamine

and IN esketamine.

Individuals reasonable to consider for maintenance non-IV ketamine treatments

would include those with:

Major depressive episode (unipolar or bipolar), considered to have exhausted
other treatment options with trials of multiple antidepressants, adjuncts, and

mood-stabilizing medications from different classes, but have had positive

response to an acute course of either IV or SL/IN ketamine, AND

Unable to access maintenance IV ketamine or IN esketamine treatments. Where:
patients continue to have coverage and access to IN esketamine following an
index series of IN esketamine treatments, we would suggest continuing with IN
esketamine for maintenance as it is most strongly supported by the literature at

this time in terms of efficacy and safety.






OPS/images/fpsyt-14-1283733-t003.jpg
Mode of
administration

Intravenous

Intranasal

Sublingual

Bioavailability (%)
Minimum effective
dose (mg/kg)

Maximal effective dose
(mg/kg)
Conversion/multiplier
factor from previously
given IV ketamine

dose

100

05

10

NIA

30

23





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Use of ketamine for treatment resistant depression: updated review of literature and practical applications to a community ketamine program in Edmonton, Alberta, Canada



		1 Introduction



		2 Methods



		3 Clinical considerations



		3.1 What are our considerations in choosing between IV ketamine or in esketamine?



		3.2 What population should be treated with IV ketamine?



		3.3 What is the inclusion/exclusion criteria for IV ketamine?



		3.4 Dosing regimens for IV ketamine



		3.5 How should clinical response be assessed?



		3.6 Which concomitant medications should be avoided?



		3.7 What are the common acute side effects of IV ketamine?



		3.8 How should ketamine-induced hypertension be managed?



		3.9 What setting and staff are required for IV ketamine?



		3.10 What is an approach to maintenance treatment?



		3.11 What is the long-term safety of ketamine?



		3.11.1 Urinary effects



		3.11.2 Cognition



		3.11.3 Ketamine abuse/misuse









		3.12 When IV ketamine is not an option, are other routes of administration possible?



		3.13 What doses should be used for non-parenteral forms of ketamine?



		3.14 In what setting can patients use SL or in ketamine?









		4 Future directions



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fpsyt-14-1283733-g001.jpg
IV Ketamine Treatment Algorithm

—_—
Significant response
Step 1 0.5 mg/kg -
No response or Mild response
and
Tolerable
e i ot ]
| Significant response
Step 2 075 mglkg |—
No response or Mild response
and
Tolerable
— 1
‘Mild/moderate or Significant response
and
Tolerable
sep3 | [ 1mgkg |
No response
or Stop
‘Poor tolerability
Step 4 Reassess efficacy, clinical history, and need
for maintenance
¥
Consider switch to sublingual

ot intranasal ketamine

Note: Ifat any poiat, the dose of ketamine is intolerable, consider decreasing the dose






OPS/images/fpsyt-14-1283733-t001.jpg
Route Bioavailability
Intravenous 95-100
Intramuscular 64-95
Subcutaneous 64-95
Intranasal 30-50
Sublingual 20-30

Onal 10-20





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

Use of ketamine for treatment
resistant depression: updated
review of literature and practical
applications to a community
ketamine program in Edmonton,
Alberta, Canada












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







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






