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A B S T R A C T

Ketamine represents a significant advancement in antidepressant therapy, but the commonly used intravenous 
and intranasal application routes currently limit its availability beyond specialized centers. By contrast, oral 
ketamine treatment might constitute an alternative that is widely available, easy to administer, and has potential 
advantages with regard to tolerability. Forty-five patients diagnosed with a moderate to severe depressive 
episode received either 1 mg/kg peroral ketamine or 0.03 mg/kg midazolam solution as an active comparator, 
administered six times over two weeks in a double-blind trial. While statistical significance for the primary 
endpoint of MADRS score reduction after one week was not achieved, response rates favored ketamine with a 
number needed to treat (NNT) of 4.6 (95 %-CI: [2.4, 62.6]) at this timepoint. Treatment was well-tolerated, with 
no serious adverse events reported, potentially due to the lower exposure to ketamine compared to its metabolite 
norketamine measured in plasma. In a total of 592 patients, meta-analysis of randomized controlled trials on oral 
ketamine treatment demonstrated its antidepressant efficacy with a NNT = 4.89 (95 %-CI: [3.41, 8.66]) for 
response and a NNT = 9.16 (95 %-CI: [5.49, 27.59]) for remission. Despite that the current trial did not meet its 
primary endpoint, the cumulative evidence up-to-date suggests that oral ketamine treatment leads to relevant 
improvements in the outcomes of patients with depression. In light of the ease of administration and high 
tolerability with oral application, this evidence may contribute to removing some of the obstacles that currently 
restrict the availability of antidepressant treatment with ketamine to specialized centers.

1. Introduction

Alleviating the burden of depression remains a major challenge in 
psychiatry. While there is a wide array of evidence-based treatment 
options, the majority of patients does not respond sufficiently to first- 
line antidepressant treatment (Bartova et al., 2019; Malhi and Mann, 
2018). Ketamine, with its rapid onset of efficacy in difficult to treat 
cases, constitutes a major advancement in antidepressant therapy as 

mounting evidence continues to substantiate its efficacy in uni- and 
bipolar depression (Fava et al., 2018; Phillips et al., 2019; Saelens et al., 
2024; Zarate Jr. et al., 2012b). After the initial proofs of concept 
(Berman et al., 2000; Zarate Jr. et al., 2006), most trials have continued 
to study the effects of ketamine administered intravenously. The 
approval of intranasal esketamine by the U.S Food and Drug Adminis
tration (FDA) and the European Medicines Agency (EMA) for treatment 
resistant depression (TRD) (McIntyre et al., 2021) in 2019 has greatly 
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extended its availability to patients in need. While the intranasal route 
facilitates drug application, the extensive monitoring of patients 
required due to side effects such as elevated blood pressure, sedation and 
dissociative states continues to limit its use to specialized centers (Ross 
and Soeteman, 2020).

Peroral ketamine administration has proven to be effective in the 
management of chronic pain across several conditions and self- 
administration in the home setting was shown to be feasible 
(Peltoniemi et al., 2016). After ingestion, ketamine undergoes extensive 
first-pass metabolism which results in higher levels of metabolites 
(Fanta et al., 2015) that were previously implicated in its antidepressant 
effects (Yang et al., 2019) and might lack adverse effects and abuse 
potential (Zanos et al., 2016). Moreover, slow kinetics after oral appli
cation may be associated with increased tolerability (Bowdle et al., 
1998). The ease of oral ketamine administration may further provide 
access to treatment for selected patient populations that are not eligible 
for intravenous or intranasal esketamine treatment, such as patients 
with uncontrolled arterial hypertension (Silberbauer et al., 2020) and 
patients in palliative care settings (Irwin et al., 2013).

To date, several case series and open label studies support the anti
depressant effects of oral ketamine treatment (Meshkat et al., 2023). 
Moreover, oral ketamine was shown to have beneficial effects in the 
treatment of patients with chronic suicidality (Can et al., 2021; Dutton 
et al., 2022). Emerging evidence from randomized, controlled trials is 
promising, demonstrating the effectiveness of oral ketamine in TRD 
(Domany et al., 2019; Kheirabadi et al., 2020), in accelerating antide
pressant response in combination with sertraline (Arabzadeh et al., 
2018), and in patients with major depression, including those with 
chronic pain (Jafarinia et al., 2016) and those experiencing suicidal 
ideation (Seraj et al., 2025).

The accessibility and low cost of oral ketamine treatment warrants 
further investigation to substantiate its efficacy and safety across 
different patient populations and settings. In this randomized, 
controlled trial, we assessed the rapid efficacy, tolerability and phar
macokinetics of oral ketamine in patients diagnosed with major 
depressive or bipolar disorder suffering from a moderate to severe 
depressive episode. A meta-analysis of available randomized controlled 
trials was performed to contextualize our findings within the broader 
body of evidence.

2. Methods

2.1. Participants

Patients were recruited from the in- and outpatient clinics of the 
Department of Psychiatry and Psychotherapy at the Medical University 
of Vienna. Patients diagnosed with a moderate to severe depressive 
episode in the scope of a major depressive disorder (MDD) or bipolar 
disorder were eligible for enrollment. Clinical diagnoses were supported 
by structured clinical interviews for DSM-IV (SCID-I). Inclusion criteria 
comprised a 17-item Hamilton Rating Scale for Depression (HDRS) 
score ≥ 19 and stable psychopharmacological treatment for at least 10 
days. Inclusion did not require prior antidepressant treatment or evi
dence of treatment resistance. History of psychotic symptoms or sub
stance abuse (except nicotine) was an exclusion criterion. All patients 
provided written informed consent. All procedures were reviewed and 
approved by the ethics committee of the Medical University of Vienna 
(EK No. 1536/2016) and carried out according to the Declaration of 
Helsinki. This study was registered before the start of recruitment at 
clinicaltrials.gov (NCT02992496). Subjects were recruited between 
24.04.2017 and 07.04.2021.

2.2. Study design and medication

This trial followed a double-blind, randomized, controlled study 
design. Participants were randomly assigned to receive either 1 mg/kg 
ketamine (ketamine hydrochloride, Hameln Pharma Plus GmbH) or 
0.03 mg/kg midazolam (Roche Pharma AG). Participants were instruc
ted to ingest the study medication solution at once and were provided 
with a cup of water after ingestion. Dosing of ketamine was determined 
based on the available evidence from clinical reports of oral regimens for 
depression at the time of study design. An active control condition was 
chosen to optimize blinding and to mitigate the influence of unspecific 
effects on treatment outcome. Midazolam displays similar pharmaco
kinetic properties as ketamine and, thus, mimics the time course of its 
non-specific behavioral effects (Murrough et al., 2013). The study 
medication was administered six times over a period of 2 weeks with one 
or two days between each dose.

2.3. Assessment of antidepressant efficacy

Clinician rated depression severity and antidepressant efficacy was 
assessed using the Montgomery-Åsberg Depression Rating Scale 
(MADRS) and the HDRS. Ratings were performed at baseline 
(screening), 24 h after the first dosing and immediately before each 
subsequent treatment session. Follow-up assessments were performed 
one and two weeks after the last administration of the study medication. 
Efficacy ratings were performed by clinicians who were not involved in 
the administration of the study medication and the assessment of 
tolerability.

2.4. Assessment of tolerability

Drug effects were assessed using the Clinician Administered Disso
ciative States Scale (CADSS) (Bremner et al., 1998) and the Altered 
States of Consciousness Rating Scale (5D-ASC, 11-ASC) 30 min after the 
first dosing (Studerus et al., 2010). Moreover, visual analogue scales 
(VAS) were performed 30 min after the first and last administration to 
detect the emergence of most common adverse effects as reported by 
Murrough et al. (aan het Rot et al., 2010).

2.5. Statistical analysis

All statistical analyses were performed using R (v4.0.2, https:// 
www.R-project.org/). Descriptive statistics of demographic and clin
ical variables were compared between treatment groups. Reduction in 
MADRS total score one week after start of treatment was the primary 
endpoint of this study. An intention-to-treat analysis comprising all 
patients who received at least one dose was performed. A mixed effects 
model for repeated measures (baseline, 24 h, 7 days and 11 days after 
first dose) was calculated using maximum likelihood estimation. The 
intercept was allowed to vary randomly. Treatment group, time of visit 
and their interaction were included as fixed effects and subject as 
random effect.

Secondary end points included the comparison of response (≥50 % 
MADRS reduction compared to screening) and remission rates (MADRS 
<10) between treatment groups. Response and remission rates were 
each analyzed using the last observation carried forward (LOCF) method 
to account for missing data. Moreover, safety and tolerability after the 
first dose as assessed using the CADSS and the ASC were compared be
tween treatment groups using independent two-sided t-tests. Values 
greater than 1 on the VAS were counted as adverse effects and fre
quencies between treatment groups after single and repeated dose were 
compared using Fisher’s exact test. Exploratory correlational analyses 
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were conducted to examine the association between subjective drug 
effects and antidepressant treatment response, and to explore the rela
tionship between plasma levels, treatment efficacy, and tolerability (see 
supplement).

2.6. Meta-analysis of RCTs assessing antidepressant efficacy of oral 
ketamine

The bibliographic databases PubMed, Scopus, PsycInfo, Web of Sci
ence and Google Scholar were systematically searched for randomized 
controlled trials that assessed the antidepressant efficacy of oral keta
mine treatment in depression. As the MADRS and the HDRS was utilized 
to assess antidepressant efficacy across included studies, standardized 
mean difference (Cohen’s d) of the change in depression score between 
ketamine and control conditions was calculated (Morris and DeShon, 
2002). Furthermore, meta-analyses based on risk differences (absolute 
risk reduction) in response and remission rates between treatment 
groups were calculated and reported as number needed to treat (NNT) 
for each study. Using the metafor package (Viechtbauer, 2010), multi
level random effects models were employed with random effects speci
fied at both the study level and within study level to account for multiple 
treatment groups within studies. Variance components were estimated 
using restricted maximum likelihood and the models were used to obtain 
summary effect sizes.

3. Results

Forty-seven participants met the inclusion criteria. Two subjects 
were lost to follow-up before the first dose, four subjects dropped out 
during double-blind treatment. The primary endpoint was analyzed 
using intention to treat analysis in all patients who received one dose (n 
= 45). Treatment groups did not differ in terms of age, sex and baseline 
depression severity (see Table 1).

3.1. Antidepressant efficacy: Primary endpoint

The linear mixed effects model showed significant main effects of 
time of visit (24 h, 7 days, 11 days), but interaction effects (time of visit x 
treatment group) did not reach statistical significance at any time point 
after treatment initiation (p > 0.05, Fig. 1). There were numerically 
higher reductions in depression rating scores in the ketamine compared 
to the midazolam treatment group.

3.2. Antidepressant efficacy: Secondary endpoints

A number needed to treat (NNT) for response of 4.6, 95 % confidence 
interval (CI): [2.4, 62.6] after 7 days and 3.9, 95 % CI: [2.1, 35.5] after 
11 days was observed. There was no significant difference in response 
and remission rates between groups (see Table S1). Two weeks after 
completion of the double-blind treatment phase, we observed a response 
rate of 38.5 % at the final visit among 39 patients, following naturalistic 
antidepressant treatment, which included open-label administration of 
peroral ketamine in some patients (mean ± sd MADRS score at final 
visit = 17.80 ± 10.47).

3.3. Safety and tolerability

30 min after the first application, a higher Clinician Administered 
Dissociative States Scale (CADSS) total score was observed in the keta
mine compared to the control group (t = − 2.78, p < 0.01) (see 
Table S2). In the ASC a higher vigilance reduction (t = − 2.51, p = 0.02) 
and experience of disembodiment (t = − 2.36, p = 0.03) was observed 
after ketamine (Fig. 1).

Among the items assessed with the VAS 30 min after the first study 
drug administration, more patients in the ketamine group reported 
dizziness (p < 0.01), poor coordination (p < 0.05), poor concentration 
(p < 0.01), and anxiety (p < 0.05) after the first dose (Table 2). In 
contrast, the only side effect reported at a higher rate after the last dose 
of ketamine vs. midazolam was poor coordination (p < 0.05).

3.4. Concentration of ketamine and its metabolites in plasma

The highest median ketamine (median: 34.80 ng/ml; min: 12.9, max: 
162.4 ng/ml) plasma concentration was observed 30 min after admin
istration. Norketamine was the major metabolite during all timepoints at 
the day of administration with norketamine concentrations exceeding 
ketamine concentrations as early as 20 min after administration. Median 
norketamine plasma concentration was highest (median: 290.70 ng/ml; 
min: 174.7, max: 483.7 ng/ml) 60 min after administration. Ketamine 
concentration was below the quantification threshold in all samples 
obtained after 24 h and measured 48 h after the application of the fifth 
dose (day 11). Norketamine concentration after 24 h and 11 days after 
drug administration was below the quantification threshold in more 
than 50 % of subjects. Dehydronorketamine demonstrated significant 
instability in blood samples stored at − 80 ◦C rendering absolute results 
unreliable. Highest median dehydronorketamine concentration was 
measured at 120 min (median: 58.40; min: 19.1, max: 254.1 ng/ml). 
Information on missing samples and results of exploratory analyses 
including dehydronorketamine are reported in the supplement.

3.5. Exploratory analyses

A correlation between the CADSS total score obtained 30 min after 
the first drug administration and MADRS change after seven days (rs =

− 0.61, p < 0.01) was observed (see Supplemental Fig. 1). Furthermore, 
a correlation between the CADSS total score and plasma levels of keta
mine (R = 0.63, p = 0.0017) and norketamine (R = 0.42, p = 0.049) 
after 30 min and ketamine after 60 min (R = 0.58, p = 0.0056) was 
observed. Further exploratory correlation analyses are reported in the 
supplement.

Table 1 
Demographics and clinical characteristics of patients (mean ± sd). Groups did 
not differ in terms of age, sex and baseline depression severity. MDD, Major 
depressive disorder; BD, Bipolar disorder MADRS, Montgomery-Åsberg 
Depression Rating Scale; HDRS17, 17-item Hamilton Depression Rating Scale; 
BDI, Beck Depression Inventory. SSRI, Selective serotonin reuptake inhibitor; 
SNRI, Serotonin-norepinephrine reuptake inhibitor; SARI, Serotonin antagonist 
and reuptake inhibitor; NaSSa, Noradrenergic and specific serotonergic antide
pressant; NDRI, Norepinephrine-dopamine reuptake inhibitor.

Ketamine 
(n = 23)

Midazolam 
(n = 22)

Age (y) 38.3 ± 13.4 43.3 ± 13.3
Sex (f/m) 11/12 9/13
Diagnosis (MDD/BD) 17/6 18/4
MADRS 31.9 ± 3.4 31.7 ± 7.3
HDRS17 24.1 ± 3.4 23.7 ± 5.0
BDI 29.7 ± 6.9 29.5 ± 8.9
Current psychopharmacological treatment

None 3 (13.0 %) 5 (22.7 %)
SSRI 8 (34.8 %) 7 (31.8 %)
SNRI 8 (34.8 %) 5 (22.7 %)
SARI 3 (13.0 %) 3 (13.6 %)
NaSSa 4 (17.4 %) 5 (22.7 %)
NDRI 6 (26.1 %) 5 (22.7 %)
Tricyclic Antidepressant 2 (8.7 %) 0
Tetracyclic Antidepressant 1 (4.3 %) 0
Mood stabilizer 8 (34.8 %) 5 (22.7 %)
Second generation antipsychotic 8 (34.8 %) 7 (31.8 %)
Antipsychotic 1 (4.3 %) 2 (9.1 %)
Benzodiazepine 5 (21.7 %) 3 (13.6 %)
Benzodiazepine on demand 5 (21.7 %) 3 (13.6 %)
Antiepileptic drug 5 (21.7 %) 2 (9.1 %)
Stimulant 2 (8.7 %) 1 (4.5 %)
Other 0 1 (4.5 %)
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Fig. 1. a) Mean change in MADRS total score from baseline at 24 hours (1 day), 7 days and 11 days after the first dose of repeated oral ketamine administration is displayed. We did not observe a statistically significant 
difference between ketamine and midazolam at any timepoint. Error bars indicate the standard error of the mean. b) The proportion of MADRS responders per group at each time point. c) Serial ketamine and 
norketamine plasma concentration. Median plasma concentration (ng/ml) is shown 20 to 120 minutes after the first dose. Error bars denote median absolute deviation. d) Drug effects on the Altered States of Con
sciousness Rating Scale (ASC). Mean (± standard error of the mean) of the scalés maximum is displayed. Significant differences between ketamine and midazolam were found in "vigilance reduction" and 
"disembodiment".
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3.6. Meta-analysis of RCTs assessing antidepressant efficacy of oral 
ketamine

The systematic literature research yielded seven eligible RCTs 
(Arabzadeh et al., 2018; Colla et al., 2024; Domany et al., 2019; Jafar
inia et al., 2016; Seraj et al., 2025; Smith-Apeldoorn et al., 2024). 
Together with the present investigation the meta-analysis comprised 
eight studies with a total of 592 patients. The summary effect estimate 
for differences in depression rating scales between groups after treat
ment clearly indicated antidepressant efficacy of oral ketamine treat
ment (standardized mean difference = − 0.80, 95 % CI: [− 1.43, − 0.17]). 
Furthermore, efficacy was evident with regard to differences in the 
number of responders between treatment groups. The NNT estimated by 
meta-analysis was 4.89 (95 % CI: [3.41, 8.65]) for response and 9.16 
(95 % CI: [5.49, 27.59]) for remission (Fig. 2).

4. Discussion

4.1. Main findings

This randomized controlled trial assessed the efficacy and tolera
bility of repeated oral ketamine in patients suffering from depression. 
While the primary endpoint of difference in MADRS scores between 
treatment groups after 7 days was not significant, the difference in 
response rates is considered as clinically relevant. Oral ketamine was 
well tolerated and occurring side effects were mild and transient.

Our meta-analysis of randomized controlled trials comprising a total 
of 592 patients demonstrated antidepressant efficacy of oral ketamine 
treatment.

4.2. Antidepressant efficacy

Evidence on antidepressant efficacy of oral ketamine is currently 

limited and, so far, only one randomized controlled study demonstrated 
antidepressant efficacy of repeated oral ketamine in a study design that 
directly compares to the present investigation (Domany et al., 2019). 
The reported mean reduction of ~10 points on the MADRS score after 
14 days is consistent with our results (mean reduction after 11 days: 
9.95). Differences in observation periods and a lower response rate in 
the control group in the study by Domany et al. may explain variations in 
comparison to our study. In the trial by Jafarinia et al., oral ketamine 
was compared to the analgesic diclofenac in depressed patients with 
chronic pain (Jafarinia et al., 2016). A statistically significant effect was 
reported after six weeks, which exceeds our observational period and 
may be confounded by analgesic effects of ketamine. Add-on treatment 
of daily oral ketamine to a newly initiated selective serotonin reuptake 
inhibitor accelerated treatment response in the RCT by Arabzadeh and 
colleagues (Arabzadeh et al., 2018). Patients in our study, in contrast, 
received stable psychopharmacological treatment for two weeks and 
ketamine was administered less frequently. Our findings align with 
recent data from RCTs showing a positive but non-significant trend for 
antidepressant efficacy of low-dose peroral ketamine (Colla et al., 2024; 
Smith-Apeldoorn et al., 2024). Both trials suggest that higher doses or 
optimized dosing strategies may enhance clinical outcomes. Promising 
results were recently reported by Glue et al. using an extended-release 
oral ketamine formulation in a TRD population (Glue et al., 2024). 
Their use of an enrichment design successfully addressed the challenge 
to separate clinical response between groups as observed in our trial. 
Maintaining the blind is a key challenge in ketamine trials given its 
unambiguous subjective effects. Midazolam, frequently used as a control 
condition in studies demonstrating antidepressant efficacy of intrave
nous ketamine, offers comparable pharmacokinetics and behavioral ef
fects (Murrough et al., 2013; Phillips et al., 2019). So far, only one 
randomized controlled trial investigating oral ketamine has employed 
an active control condition, i.e. midazolam (Seraj et al., 2025). In this 
study, Seraj et al. demonstrated a rapid reduction in suicidal ideation 

Table 2 
Results of the visual analogue scale (VAS) assessing commonly reported side effects as reported by Murrough et al. Counts of more than 1 on the VAS are reported as 
number of patients and percentages of the total number of patients.*, p < 0.05; **, p < 0.01. #, Data of one patient is missing; ¶, Data of two patients is missing.

First dose Last dose

Midazolam 
(n = 21)

Ketamine 
(n = 22)

p Midazolam 
(n = 20)

Ketamine 
(n = 19)

p

VAS total score 
(mean ± SD)

31.47 ± 12.11 46.18 ± 16.70 35.63 ± 9.14 46.61 ± 23.19

N (%)
Nausea 1 (4.76) 5 (22.73) 0.19 1 (5.00) 5 (26.32) 0.09
Vomiting 0 0 0 1 (5.26) 0.49
Dry mouth 8 (38.10) 13 (59.09) 0.23 4 (20.00) 9 (47.37) 0.10
Constipation 1 (5.00)# 1 (4.55) 1 1 (5.00) 2 (10.53) 0.61
Diarrhea 0# 1 (4.55) 1 1 (5.00) 1 (5.26) 1
Dizziness 8 (38.10) 18 (81.82) <0.01** 5 (25.00) 11 (57.90) 0.05
Palpitation 3 (14.29) 3 (13.64) 1 4 (20.00) 6 (31.58) 0.48
Chest pain 0 1 (4.55) 1 2 (10.00) 3 (15.79) 0.66
Increased perspiration 3 (14.29) 2 (9.09) 0.66 4 (20.00) 7 (36.84) 0.30
Itching 0 1 (4.55) 1 1 (5.00) 0 1
Dry skin 0# 0 2 (10.00) 4 (21.05) 0.41
Rash 0# 0 0 1 (5.26) 0.49
Headache 3 (15.00)# 7 (31.82) 0.29 6 (30.00) 3 (15.79) 0.45
Poor coordination 3 (15.00)# 12 (54.55) <0.05* 3 (15.00) 9 (47.39) <0.05*
Tremors 0# 2 (9.09) 0.49 0 2 (10.53) 0.23
Blurred vision 4 (20.00)# 9 (40.91) 0.19 4 (20.00) 8 (42.11) 0.18
Ringing in ears /Tinnitus 3 (15.00)# 2 (9.09) 0.66 1 (5.00) 3 (15.80) 0.34
Frequent urination 2 (10.00)# 1 (4.55) 0.60 2 (10.00) 5 (26.32) 0.24
Painful urination 0¶ 0 0 0
Difficulty urinating 0¶ 0 0 1 (5.26) 0.49
Poor concentration 5 (25.00)# 15 (68.18) <0.01** 5 (25.00) 9 (47.37) 0.19
Restlessness 4 (20.00)# 5 (22.73) 1 5 (26.32)# 4 (22.22)# 1
Anxiety 1 (5.00)# 7 (31.82) <0.05* 3 (15.79)# 2 (11.11)# 1
Decreased Energy 4 (20.00)# 7 (31.82) 0.49 8 (42.11)# 4 (22.22)# 0.30
Fatigue 11 (55.00)# 12 (54.55) 1 11 (57.90)# 7 (38.89)# 0.33
General malaise 3 (15.00)# 5 (22.73) 0.70 5 (26.32)# 8 (44.44)# 0.31

All significant items highlighted in bold. Individual p-values are provided in a separate column.
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following a single dose of oral ketamine in a carefully selected sample of 
MDD patients without comorbidities. Despite the use of a threefold 
higher dose (3 mg/kg), the observed antidepressant effects were modest, 
with a response rate of approximately 25 % at one-week follow-up—a 
finding that closely aligns with the results of our study. However, in
creases in response rates observed after 11 days of repeated ketamine 
administration in our trial could not be captured by Seraj et al., given 
their single-dose design and shorter observation period.

The placebo effect in depression trials is known to be large (Jones 
et al., 2021) and greater improvement in depression severity following 

midazolam vs. saline and resulting smaller effect sizes for ketamine were 
shown (Wilkinson et al., 2019). Thus, the use of midazolam as an active 
control may have prevented our results from reaching statistical sig
nificance. However, the observed mean reduction in MADRS (from 6.07 
after 24 h to 9.95 after 11 days) aligns with previously reported treat
ment effects in positive ketamine trials using intravenous and oral 
administration, respectively, and can be considered as clinically relevant 
(Domany et al., 2019; Phillips et al., 2019; Turkoz et al., 2021). How
ever, our findings are also in line with recent reports of low effect sizes 
observed in studies successfully masking treatment allocation through 

Fig. 2. Antidepressant efficacy of peroral ketamine treatment in depression. Top panel: A forest plot summarizing the differences in depression rating scores between 
groups receiving ketamine versus control treatments, yielding an effect size of -0.80 (95% CI: [-1.43, -0.17]). Bottom panel: Forest plots illustrating the number 
needed to treat (NNT) for response (left) and remission (right). The NNT for response is 4.89 (95% CI: [3.41, 8.65]), while the NNT for remission is 9.16 (95% CI: 
[5.49, 27.59]).
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surgical anesthesia (Lii et al., 2023). Clinical baseline characteristics, 
such as high anxiety levels (12 patients with anxious depression in the 
midazolam group vs. 10 in the ketamine group according to the HDRS 
anxiety-somatization factor), and patients’ expectancy may have 
contributed to the large response in the midazolam group. In sum, the 
study designs of previous RCTs were highly heterogeneous and, conse
quently, we conducted a meta-analysis incorporating previously pub
lished RCTs in order to contextualize our results within this diverse data 
landscape. Our results strongly support antidepressant efficacy of oral 
ketamine treatment in terms of symptom reduction as well as differences 
in response and remission rates between treatment groups. Conse
quently, we argue that oral ketamine treatment may represent a viable 
option for the treatment of depression.

4.3. Tolerability

Previous studies reported elevation in dissociative measures in the 
treatment of depression using sub-anesthetic ketamine (Fava et al., 
2018; Murrough et al., 2013). In our study, statistically significant 
higher dissociation scores on the CADSS were observed in the ketamine 
group. However, this increase was modest compared to previous studies 
using intravenous ketamine (Fava et al., 2018; Murrough et al., 2013) 
and comparable to those reported with intranasal esketamine (Chen 
et al., 2022; Fedgchin et al., 2019). Evidence on whether dissociation 
correlates with the immediate or long-lasting antidepressant effects of 
antidepressants remains inconclusive (McIntyre et al., 2021). In our 
study, we observed a significant correlation between MADRS reduction 
after 7 days and dissociation after the first drug administration as 
measured using the CADSS. We observed significant group differences in 
the domain vigilance reduction and the subscale disembodiment of the 
ASC between groups. In line with our results, ketamine induced disso
ciation is typically captured by the subscale disembodiment (Marguilho 
et al., 2023). With the majority of subscales ranging below the 10 % 
mark of the scale’s maximum, oral ketamine induced lower scores on the 
ASC when compared to intravenous drug administration (Passie et al., 
2021; Vidal et al., 2018) which suggests good tolerability of this 
formulation. In contrast to previous trials, side effects were assessed 
quantitatively in a structured manner using an extensive visual analogue 
scale (Domany et al., 2019). All observed side effects were mild and 
transient. Most commonly, dry mouth, dizziness, poor coordination, 
poor concentration and fatigue were reported (see Table 2). Impor
tantly, no cumulative effect was observed after repeated dosing. A sig
nificant difference after repeated dosing was only observed for one item 
(poor coordination) suggesting habituation to drug effects. We did not 
observe lower urinary tract symptoms in our trial. However, given the 
dose-response relationship between ketamine exposure and these 
symptoms (Habert et al., 2016), this potential adverse event should be 
considered during long-term treatment with oral ketamine, which may 
require higher doses when compared to intravenous or intranasal 
formulations.

4.4. Dosing and pharmacokinetics

We used a fixed dose of 1 mg/kg bodyweight, a dosing regimen that 
yielded promising results in the trial by Domany et al. (Domany et al., 
2019). The low bioavailability is frequently cited as an impediment to 
oral ketamine treatment and, indeed, ketamine plasma levels observed 
in our study were lower than the levels reported in studies following 
intravenous administration (Zarate Jr et al., 2012a). Peroral adminis
tration of ketamine leads to pronounced first-pass metabolism, resulting 
in norketamine as the primary circulating compound at steady state 
(Glue et al., 2021). Formulations with extensive metabolism and lower 
peak ketamine plasma concentrations including peroral ketamine were 
demonstrated to be safer and were associated with better tolerability 
(Dutton et al., 2023; Glue et al., 2021). Results from the study by Glue 
et al. suggest a dose-response relationship, with significant 

antidepressant effects observed at doses of 120 mg during the open-label 
phase and 180 mg in the double-blind phase (Glue et al., 2024). While 
these doses exceed those used in our study by factors of 1.7 and 2.6 for a 
person with 70 kg bodyweight, respectively, the findings also suggest 
that relatively low doses of approximately 2 mg/kg may yield a mean
ingful antidepressant effect. However, a head-to-head comparison of 1 
mg/kg and 2 mg/kg found no significant advantage of the higher dose in 
terms of efficacy, but observed a higher incidence of adverse effects, 
thereby supporting the use of the lower dose for safety reasons 
(KheirAbadi and Golkar, 2023).

4.5. Implications of peroral ketamine treatment

Peroral ketamine treatment for depression offers promising benefits. 
Unlike intravenous administration, oral administration simplifies clin
ical procedures, eliminating the need for intravenous cannulation and, 
thus, reducing patient time in clinics. While a single intranasal dose of 
esketamine costs over €550, a full treatment series using oral ketamine 
in our trial may total less than €10 for an average 70 kg person, making it 
a highly affordable alternative. However, the potential for abuse ne
cessitates cautious implementation of at-home administration with clear 
guidelines from healthcare providers and regulators. If carefully 
managed, peroral ketamine could greatly broaden access to effective 
depression care within communities.

4.6. Strengths and limitations

This is the first study to assess antidepressant efficacy of repeated 
oral ketamine using midazolam as an active comparator (Meshkat et al., 
2023). We conducted a comprehensive assessment of antidepressant 
efficacy and safety. Side effects were systematically evaluated after 
single and repeated dosing using clinician-rating and self-rating ques
tionnaires. Additionally, we present pharmacokinetic data obtained 
from serial assessments of plasma levels of ketamine and its metabolites. 
In- and exclusion criteria were chosen to ensure enrollment of a clini
cally representative population. Subjects with uni- and bipolar depres
sion were enrolled and only minor restrictions with respect to 
psychiatric and medical comorbidities were made. The heterogeneous 
study population, however, complicates the comparability of our results 
with studies comprising a strictly selected patient population, such as 
patients with TRD. Unfortunately, we did not measure patients’ treat
ment expectancy prior to randomization. Moreover, the relatively short 
observational period and the lack of long-term follow-up data may be 
considered as a limitation of our study.

5. Conclusion

Several factors may explain why the primary outcome of MADRS 
reduction at day 7 did not reach statistical significance in our trial. First, 
our dosing regimen was lower than in subsequent trials that investigated 
higher and/or multiple dose levels. Second, the use of midazolam as an 
active control likely reduced the detectable treatment difference, given 
its known psychotropic effects and potential to enhance placebo re
sponses. Third, heterogeneity in baseline clinical characteristics, may 
have contributed to the response in the comparator arm. Finally, ex
pectancy effects and the relatively short observation period may have 
limited our ability to detect between-group differences within 7 days. In 
conclusion, our findings, supported by meta-analytic evidence, provide 
strong support for antidepressant efficacy and safety of peroral ketamine 
and highlight the need for future research on optimal dosing and de
livery methods.
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