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Abstract 
Depression is one of the most debilitating diseases affecting a large number of individuals and 
posing a major challenge to health systems globally. Currently available pharmacological and 
non-pharmacological treatment options can take weeks to achieve a clinically relevant 
antidepressant effect and show low response rates. Recent studies confirm the rapid, long-
lasting effects of the novel, fast-acting antidepressant ketamine in depressive patients, 
including treatment-resistant depression. 

Since oral ketamine therapy was shown to have similar antidepressant efficacy and potentially 
be more advantageous in terms of fewer side effects and better handling compared to other 
application forms, this study aimed to evaluate the antidepressant effectiveness and to assess 
the tolerability and clinical usefulness of oral ketamine in patients with depression. 

This randomized, placebo-controlled study included 42 patients with a current depressive 
episode. Patients were randomized to receive double-blind treatment with either 1mg/kg (R,S)-
ketamine or 0.03mg/kg midazolam. Each patient received six doses over two weeks. 
Depressive symptoms evaluation using Montgomery–Åsberg Depression Rating Scale 
(MADRS) was carried out at baseline, 24h, 7 days and at 11 days in treatment. Evaluation of 
side effects and dissociative symptoms was done after the first and last drug administration. 

Although the difference in MADRS score reduction between treatment arms was not 
significant, a stronger decrease in MADRS was observed in the ketamine group at all time 
points post treatment. In the ketamine group, a reduction of 6.17 points (±7.35) after 24 hours, 
7.84 points (±10.30) after 7 days and 9.26 points (±10.63) after 11 days was shown compared 
to baseline vs. a reduction of 4.18 points (±3.89) after 24h, 7.36 points (±10.14) after 7 days 
and 7.47 points (±9.93) after 11 days in the control group. After 11 days, 36.8% of patients in 
the ketamine group and 11.8% of patients in the control group responded to treatment (χ2(1) = 
3.01, p=0.13), giving a number needed to treat of 4. Remission was observed in one patient in 
each group. Adverse effects were mild and transient in both groups, while higher Clinician 
Administered Dissociative State Scale (CADSS) score, concentration and coordination 
problems were observed at treatment initiation in patients treated with ketamine. A significant 
correlation was found between the level of CADSS at the time of first ketamine intake and 
MADRS reduction observed eleven days after treatment initiation (ρ<0.05). 

In synopsis with published studies, the results support the efficacy and safety of oral ketamine 
therapy for depression and that dissociative effects might be a predictor for response. Future 
studies on oral ketamine focusing on long-term effects and safety, metabolic differences, 
dosing, treatment regimens, and home use seem reasonable.  
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Zusammenfassung 
Depressionen sind eine der am stärksten beeinträchtigenden Krankheiten, sie betreffen eine 
Vielzahl von Menschen und stellen eine enorme Herausforderung für Gesundheitssysteme 
weltweit dar. Gegenwärtig verfügbare Therapieoptionen können Wochen zum Erreichen einer 
klinisch relevanten antidepressiven Wirkung benötigen und zeigen geringe Ansprechraten. 
Aktuelle Studien bestätigen die rasche und langanhaltende Wirkung des neuen, schnell 
wirkenden Antidepressivums Ketamin bei Depressionen, inkl. therapieresistenter Depression. 

Da im Vergleich zu anderen Applikationsformen die orale Ketamintherapie ähnliche 
antidepressive Wirksamkeit zeigt und potenziell vorteilhafter angesichts der geringeren 
Nebenwirkungen und einfacheren Handhabung ist, wurde in dieser Studie die Wirksamkeit 
und Verträglichkeit von oralem Ketamin bei depressiven Patienten untersucht. 

42 Patienten mit gegenwärtiger depressiver Episode wurden in diese randomisierte, 
placebokontrollierte Studie eingeschlossen. Die Patienten erhielten zufällig eine doppelblinde 
Behandlung (1mg/kg (R,S)-Ketamin oder 0,03mg/kg Midazolam). Jeder Patient erhielt sechs 
Dosen über zwei Wochen. Depressive Symptome wurden mit der Montgomery-Åsberg 
Depression Rating Scale (MADRS) zu Behandlungsbeginn, nach 24 Stunden, 7 Tagen, und 11 
Tagen erhoben. Eine Evaluation von Nebenwirkungen und dissoziativen Symptomen wurde 
nach der ersten und letzten Medikamentengabe durchgeführt. 

Obwohl Gruppenunterschiede in der MADRS-Score-Reduktion nicht signifikant waren, wurde 
in der Ketamingruppe zu allen Zeitpunkten nach Therapiebeginn ein stärkerer Abfall des 
MADRS beobachtet. In der Ketamingruppe zeigte sich eine Reduktion von 6,17 Punkten 
(±7,35) nach 24 h, 7,84 Punkten (±10,30) nach 7 Tagen und 9,26 Punkten (±10,63) nach 11 
Tagen im Vergleich zur Baseline vs. eine Reduktion von 4,18 Punkten (±3,89) nach 24 h, 7,36 
Punkten (±10,14) nach 7 Tagen und 7,47 Punkten (±9,93) nach 11 Tagen in der 
Kontrollgruppe. Nach 11 Tagen sprachen 36,8 % in der Ketamin- und 11,8 % der Patienten in 
der Kontrollgruppe auf die Behandlung an (χ2(1) = 3,01, p=0,13), was eine Number Needed 
to Treat von 4 ergab. Nebenwirkungen waren leicht und vorübergehend, wobei zu Beginn der 
Ketamintherapie ein höherer Clinician Administered Dissociative State Scale (CADSS)-Wert 
sowie Konzentrations- und Koordinationsprobleme beobachtet wurden. Es wurde eine 
signifikante Korrelation zwischen dem CADSS-Wert zu Beginn der Ketamineinnahme und der 
elf Tage nach Behandlungsbeginn beobachteten MADRS-Reduktion gefunden (ρ<0,05). 

In Synopsis mit publizierten Studien, stützen die Resultate die Effizienz und Sicherheit oraler 
Ketamintherapie bei Depression und dass dissoziative Effekte ein Prädiktor für das Ansprechen 
sein könnten. Zukünftige Studien zu oralem Ketamin mit Fokus auf Langzeiteffekte und 
Sicherheit, metabolische Unterschiede, Dosierung, Behandlungsschemata und 
Heimanwendung scheinen sinnvoll.  
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1 Background 

1.1 Depression 

1.1.1 Definition 

Due to the variety of symptoms, disease courses, subtypes, the general complexity, and the 

lack of knowledge about the exact etiology of depressive disorders, various classifications exist 

(1,2). The most commonly used and widely accepted classification-systems for depression are 

the ICD (International Classification of Diseases and Related Health Problems), available in 

the 10th version and published by the WHO (World Health Organization) and the DSM 

(Diagnostic and Statistical Manual of Mental Diseases), currently available in the fifth edition 

published by the APA (American Psychiatric Association) (3,4). The DSM 5 defines a major 

depressive episode as a mental illness, occurring over a period of at least 2 weeks, accompanied 

by at least 5 depressive symptoms of which at least one must be a major symptom like 

depressive mood or anhedonia. In addition, the symptoms must result in clinically significant 

impairment in social, occupational, emotional or other important areas of life and the episode 

must not be attributable to the effects of a substance or to any other medical conditions. 

1.1.2 Epidemiology 

Depression is one of the most prevalent common diseases affecting a large number of 

individuals and posing a major challenge to health systems globally. A WHO-supported study 

reported the prevalence of depressive episodes for fourteen different European countries to be 

16 per 100,000 per year for men and 27 per 100,000 per year for women (5). Furthermore, a 

study on the change in the global burden of depression showed that from 1990 to 2017, the 

worldwide incidence of depression increased by 49.86% to a total of 25.8 million per year (6). 

Results from the German Health Interview and Examination Survey exposed that the lifetime 

prevalence of any unipolar depression is 17.1% (7). Kessler et al. showed that the lifetime 

prevalence of a major depressive episode in high income countries (Germany, France, United 

States, etc.) is in total 14.6 % and slightly lower with in total 11.1 % in low- to middle-income 

countries (Brazil, India, South Africa, etc.). They also showed that the prevalence of people 

who reportedly had a period in their life where they were sad, depressed, or lost interest in their 

usual activities, but did not match the DSM-V Major Depression Disorder diagnostic criteria, 

is much higher, with little over 50% in high-, middle- and low-income countries (8). The 
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average age of onset of depression is about 30 years and women have about twice the risk to 

develop the disease as men (7,9). The fact that women are more likely to be diagnosed with 

depressive disorders than men is subject to current research. A possible explanation for the 

gender difference in depression prevalence could be that although depression effectively occurs 

equally in both genders, men often do not recognize the symptoms of depression and are less 

likely to seek treatment. In addition, it might be that men are less likely to meet the diagnostic 

criteria for depression because of specific male depressive symptoms. Furthermore, biological 

factors as for example hormonal differences, psychological factors like gender-specific 

developmental differences or environmental factors such as violence against women or sexual 

abuse could play a role and may account for the gender gap (10). However, positive family 

history, earlier periods of illness, single life status, low-income, unemployment or in general, 

low socioeconomic status are consistently described as risk factors for the development of 

depressions (7,11). 

1.1.3 Pathophysiology and etiopathogenesis 

Various factors are considered to be of causal importance for the development of depressive 

disorders. Today, a multifactorial/multicausal etiopathogenesis is assumed, in which genetic, 

biological and psychosocial factors interact in the sense of the stress-vulnerability model (12). 

Genetic disposition or co-determination is shown by various family, twin and adoption studies 

as well as molecular genetic studies. Heritability is about 40%, first-degree relatives have a 

50% higher risk of developing unipolar depression than the general population (13). Studies 

show a familial incidence of depressive disorders compared to families of healthy control 

groups. The risk to develop depression is two to three times higher for children of depressed 

parents (14). There are many different molecular genetic studies, where researchers try to 

identify the basis of genetic disposition. One of the most studied variants is a functional length 

polymorphism in the promoter region of the serotonin transporter gene (5-HTTLPR), which 

has been described as a genetic risk variant and as a predictor for antidepressant treatment 

response (15). A meta-analysis found strong evidence for an association between 5-HTTLPR 

genotype, stress and the development depression. More specifically, they found that the s-allele 

is associated with an increased risk of developing depression under stress, and that 5-HTTLPR 

moderates the relationship between childhood maltreatment as well as specific stressors and 

depression (16). In addition, large genome-wide association studies have identified several 

genetic loci associated with different phenotypes of depression. Although these discoveries 
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contribute to the understanding of the genetics and may reveal the genetic architecture of 

depressive disorders, they open up new challenges, such as the identification of genetic variants 

that can be causally linked to depression, and further studies will be needed to shed light on 

this topic (17). 

Macroscopically and (immuno-)histologically detectable brain changes in different brain 

regions were proven by post-mortem examinations in depressed patients. These include a 

decrease in total hippocampal volume and an increase in pyramidal neuron density in 

hippocampal areas in recurrent and chronic MDD with duration of the disease (18). Another 

post-mortem study showed that major depression also results in a decrease of cortical thickness 

and in a lower glial and neuronal density in the prefrontal cortex (19). Furthermore, there are 

numerous imaging studies available that demonstrate structural, functional and neurochemical 

abnormalities in patients with major depression (20,21). Severity-dependent volume reduction 

in the frontal, orbitofrontal and cingulate cortex, hippocampus and striatum was shown in 

structural MRI studies and meta-analyses (22–25). Reduced metabolism in the prefrontal 

cortex and hippocampus as well as increased activity of limbic regions (including the 

amygdala), are results of functional imaging studies using magnetic resonance imaging (fMRI), 

PET (positron emission tomography) and SPECT (single photon emission tomography) (26–

28). Replicated consistent imaging findings in some studies include abnormalities of two 

parallel neural circuits: 1. the serotonergic emotion control circuit (amygdala, medial prefrontal 

cortex) and 2. the dopaminergic reward loop (ventral striatum, medial prefrontal cortex) (29). 

Moreover, these findings of abnormal changes implicate circuits involving the amygdala, 

orbital and medial PFC, and anatomically connected areas of the striatum and thalamus in the 

pathophysiology of affective disorders. Interestingly, MRI studies and postmortem 

examinations have also shown that regardless of mood state, certain abnormalities in cerebral 

structure persist and may contribute to the corresponding changes in brain metabolism (30). 

The mechanisms of action of the first efficient antidepressants (e.g.: MAO inhibitors, TCAs) 

led to the monoamine hypothesis, which plays an important role in explaining the 

pathophysiology of depressive illness and other affective disorders (31). These findings 

subsequently led to the further development of better tolerated and effective drugs that act on 

the monoamine system such as selective serotonin reuptake inhibitors (32). For a long time, 

the monoamine hypothesis contributed significantly to the understanding of affective disorders 

and the development of antidepressants, although the complexity and heterogeneity of 
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depressive disorders alone suggested an interplay of several changes in different 

neurotransmitters, neuronal circuits, synapses and in processes regulating these. Furthermore, 

findings from numerous studies have emerged that cannot be reconciled with the monoamine 

hypothesis, such as the delayed onset of action and the relatively low remission and response 

rates in treatment with commonly prescribed antidepressants, and other theories for example 

the neuroplasticity hypothesis were developed (33). Moreover, evidence for an influence of the 

glutamatergic system in depressive disorders has emerged (34).  

Glutamate is the most abundant excitatory neurotransmitter. It is found in higher concentrations 

than monoamines and in more than 80% of all neurons. Furthermore, it is thought to play an 

important role in neuroplasticity regulation, learning processes and memory as well (35). 

Glutamate binds to and activates several specialized ionotropic (NMDARs, AMPARs and 

others) and metabotropic receptors (mGluRs) that are found all over the central nervous system 

and have far-reaching effects on neuronal excitability (36,37). To counteract the excitotoxicity 

of glutamate, the balance with the main inhibitory neurotransmitter γ-aminobutyric acid 

(GABA) is essential for the physiology of the central nervous system (38). Given the wide 

distribution and variety of functions of the glutamatergic system, a relevant influence on the 

pathophysiological processes of depressive disorders can be assumed. A post-mortem study 

focusing on glutamate in the brains of suicide victims with bipolar disorder and MDD found 

elevated glutamate levels in the prefrontal cortex (39). Furthermore, increased glutamate 

concentrations were found in untreated depressive patients using proton magnetic resonance 

spectroscopy (40). But data are inconclusive, a recent meta-analysis found that Glx (glutamate 

and glutamine) levels in the medial prefrontal cortex (mPFC) are decreased in patients with 

major depressive disorder, suggesting a disturbance of the glutamatergic system. This is 

supported by changes already observed in previous animal and clinical studies and by the 

assumption that ketamine exerts its antidepressant effect partly by increasing glutamate levels 

in the prefrontal cortex through NMDA-receptor-inhibition and AMPAR-activation, as 

described below (41). NMDA-receptor expression and binding affinity have also been found 

to be altered in individuals with mood disorders in a number of studies. It has been shown that 

in depressed patients the levels of a subunit of NMDA-receptors, the NR2A subunit and its 

anchoring protein, Postsynaptic Density-95 (PSD-95) are increased in the lateral amygdala 

compared to mentally healthy individuals, indicative of disrupted glutamate signaling at the 

NMDA-receptor in the amygdala of depressed patients (42). An earlier study showed that 

GluN2C-subunits of NMDA-receptors are more abundant in the locus coeruleus in depressed 
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than in healthy individuals. The authors concluded that abnormal glutamatergic 

neurotransmission and altered input of glutamate in the locus coeruleus in patients with 

depression could be responsible for these changes in the expression of NMDA-receptor-

subunits (43). Another study investigated transcript expression and binding of ionotropic 

glutamate receptors in the medial temporal lobe structures of MDD patients using in situ 

hybridization and receptor autoradiography. Among other observations, a reduction in the 

expression of GluN2A- and GluN2B-subunits in the perirhinal cortex was reported, indicating 

a possible impairment of long-term potentiation and thus neuroplasticity (44). 

Impaired synaptic or neuronal plasticity (stimulus-triggered functional adjustments of neuronal 

processes) is considered as a possible neurobiological cause of depressive disorders (45). The 

fact that the novel, fast-acting antidepressant, ketamine, act partly by stimulating 

neuroplasticity support this theory (46). Furthermore, the neurogenesis hypothesis, which 

postulates a reduction in neurogenesis is the cause of depression, is another approach to explain 

the pathophysiology of depression (47). Studies describe reduced plasma concentrations of 

BDNF (brain-derived neurotrophic factor) in depressed patients, i.e. a reduced formation of 

neurotrophic factors as an expression of a disturbance in neuronal plasticity (48–51). 

Neurotrophins play a regulatory role in the differentiation and survival of neurons and in 

synaptic transmission modulation and synaptic plasticity (52). Given the fact that BDNF and 

other neurotrophic factors are necessary for the survival and function of neurons, an 

impairment of neuronal viability could be suspected if these factors are persistently reduced 

(53). Moreover, decreased activity of neurotrophic factors, stress, elevated CRH and cortisol 

levels are believed to lead to, a decrease in dendrite outgrowth, synapse formation and 

neuroneogenesis in depressed patients, in addition to neurotoxic effects (54–56). However, 

beyond its long-term effects on the number of synapses and neuronal survival, BDNF also has 

a range of shorter-term effects on synaptic plasticity and on the release of neurotransmitters. It 

mediates the release of glutamate, GABA, dopamine and serotonin thereby potentiating both 

excitatory and inhibitory transmission through a variety of mechanisms (57,58). Furthermore, 

BDNF increases the rate of spontaneously initiated action potentials in hippocampal neurons 

(59). Ultimately, more research is needed to fully elucidate the relationship between 

neurotrophic signaling molecules and the pathophysiology of depression, but a growing 

amount of data suggests that they play an important role in the treatment with antidepressants 

(60). 
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These proposed mechanisms describe only a small fraction of the etiopathogenesis and 

pathophysiology of depression, yet it may be summarized that in terms of pharmacological 

antidepressant therapy it is assumed that influencing neurotransmitter concentrations in the 

synaptic cleft is only the first step in a cascade of processes which, under the influence of signal 

transduction mechanisms (e.g. protein kinases and transcription factors) at the cellular level, 

lead to adaptive changes via altered gene expression (61). Furthermore, the concept of an 

imbalance of different neurotransmitters replaced the concept of viewing isolated 

neurotransmitter changes (62), since neurotransmitter systems are interconnected in a complex 

way and a specific treatment on only one target always influences other transmitter systems as 

well (63). 

1.1.4 TRD and the efficacy of current antidepressants 

The foundation in the treatment of depression is an understanding, supportive medical dialogue 

with the preparation of an integrated treatment plan. Depending on the severity of the disorder, 

the focus can be on pharmacologic therapy with antidepressants or disorder-oriented 

psychotherapy or other forms of therapy and combinations of these (64). Although stand-alone 

psychotherapeutic options may be considered for mild depression, one of the mainstays of first-

line biological treatment options of depression is the treatment with antidepressants. (65). In 

patients treated with a typical first-line antidepressant, remission is achieved in less than one-

third and about half of them respond to therapy with a reduction of 50% in depressive 

symptoms. Patients in remission take an average of 6-7 weeks to achieve remission and 

responders take an average of 5.7 weeks to respond to treatment (66). Patients who do not 

respond to the first medication after a certain period of time are usually switched to another 

antidepressant - this can take place over several treatment stages. Unfortunately, it has been 

shown that the probability of achieving remission decreases with each unsuccessful treatment 

step. Furthermore, even when patients achieve symptomatic remission with third-stage therapy, 

they are less likely to report improvements in patient-reported outcomes, and relapses and 

treatment-related adverse events are more likely to occur than in patients who are in remission 

after the first treatment attempt. However, up to one third of patients remain non-responders 

after four treatment courses and fit the criteria of treatment resistance (67). In addition, a study 

reported a prevalence of 55% for the occurrence of treatment-resistant depression (TRD) in 

primary care patients receiving antidepressant therapy, but these findings should be interpreted 

with care as the definition of TRD was more inclusive (68). These varying results can be 
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attributed to the fact that a consensual definition of treatment-resistant depression based on the 

principles of evidence-based medicine has not yet been established and different definitions 

exist (69). However, in clinical practice TRD is commonly defined as a lack of sufficient 

improvement after at least two treatment attempts with antidepressants with different foci of 

action and in adequate dosage and duration. TRD is among the most demanding clinical 

conditions in psychiatry, not only because of its high prevalence, but also because of remaining 

symptoms that lead to a poor quality of life, reduced productivity, high hospitalization rates 

and increased healthcare costs (70). Furthermore, it is a potentially life-threatening illness that 

is associated with a vastly increased risk of suicide. Approximately 30% of TRD patients 

engage in at least one suicide attempt during their lifetime, about twice as frequent as patients 

suffering from non-resistant depression and 15 times more frequent than the general European 

population (71). 

Currently, the most available and commonly prescribed antidepressants work by modulating 

monoamine signaling pathways (SSRIs, SNRIs, TCAs etc.). Since a considerable proportion 

of patients remain resistant to treatment with these drugs even after several treatment attempts, 

novel antidepressants that work outside of these monoamine-based treatment options are the 

subject of ongoing research. Moreover, monoamine-based antidepressants take a few weeks to 

develop their therapeutic power, which makes quick and effective treatment of depression 

difficult, and which many patients find intolerable since they continue to be exposed to 

impairments during this time (72). Consequently, there is a need for new fast-acting and also 

better-performing treatment options to provide a better quality of life for patients suffering 

from this debilitating disorder and to mitigate the impact of depression.  

1.2 Ketamine 

Ketamine is a well-known and widely used anesthetic that occupies an exceptional position 

compared to other analgesics and anesthetics, since it belongs to the so-called dissociative 

anesthetics and has unique amnestic, analgesic, anesthetic and sedative properties that make it 

also usable as a single substance, in contrast to other intravenous anesthetics that often require 

adjuvants (73). Dissociative anesthesia was initially defined by Domino et. al. in the course of 

the first pharmacological study of ketamine in humans, in which ketamine, in addition to its 

analgesic, sympathomimetic effects and others, induced dissociative conditions and psychosis-

like effects (74). Furthermore, ketamine can induce vivid dreams, hallucinations, delirium, 

floating sensations, out-of-body experiences, visual and auditory misperceptions, enhanced 
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color vision, synesthesia, temporal and spatial disarray, body detachment and dissociative 

states, the feeling of being separated from the environment and/or the body. There may also be 

psychotic symptoms such as emotional withdrawal, lack of interest, disorganized speech, 

numbed affect, formal thought disorders, paranoid ideation, lack of responsiveness, reference 

ideation, delusions of time, heightened suspicion and unusual thought content. Cognitively, 

ketamine can lead to impaired episodic memory, deficient prepulse inhibition, decreased verbal 

recall, decreased attention, impaired performance on vigilance tests, acute amnesic effects, 

poor recall memory, impaired verbal fluency and perseveration (75). The ketamine induced 

psychosis-like state enables this drug to be used in pharmacological models to explain and 

understand schizophrenia (76), but the same effects also lead to its increasing use as a 

recreational drug (77). However, interestingly ketamine has also been gaining attention as a 

rapid and long acting antidepressant in the treatment of depression in the past years (78–80). 

Ketamine’s molecular formula is C13H16CINO, the molar mass is 237.74 g/mol and the pKa 

is 7.5. Ketamine is a chiral cyclohexanone of which there are two enantiomers. It is related to 

its predecessor substance phencyclidine (PCP). The racemate, which consists of equal parts of 

the enantiomers S-ketamine and R-ketamine, and the clinically more common eutomer S-

ketamine, which consists of the active S-enantiomers only, are regularly used in clinical 

practice (81). Some effects, like the psychotomimetic effects, occur more often with racemic 

(R,S)-ketamine than with S-ketamine, which is more commonly used in anesthesia since it has 

a greater analgesic and anesthetic potency (82). Furthermore, R-ketamine showed an advantage 

over S-ketamine in animal models in terms of antidepressant efficacy (83,84). A recently 

published systematic review and metanalysis supports these presumed benefits of R-ketamine, 

showing that intravenous (R,S)-ketamine exhibits higher response and remission rates and 

fewer dropouts compared to nasally administered S-ketamine (85). However, this review not 

only compared different enantiomers but also different routes of administration and further 

studies comparing the efficacy of the two enantiomers in humans need to be done. 

1.2.1 Pharmacology 

The main pharmacological effect of ketamine is probably achieved by its non-competitive 

NMDA antagonism, but it also exhibits a weak agonism on µ-opioid, κ-opioid and on δ-opioid 

receptors and it also shows a D2-receptor agonism, mAch-receptor antagonism and a reuptake 

inhibition of serotonin, norepinephrine and dopamine (81). Ketamine’s binding affinity to 

human plasma proteins is about 10-30% (86). Ketamine is metabolized by the human liver, 
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where its major metabolic pathway is mediated by the cytochrome P450 (CYP) 3A4 and 2B6 

enzymes (87,88). Additionally, ketamine can cause a suppression of CYP3A4 gene expression, 

which could be clinically relevant because of pharmacologic interactions (89). Due to oxidation 

by N-demethylation, 80% of the ketamine is metabolized to norketamine, an active metabolite, 

which itself is mainly metabolized, through hydroxylation, into 6-hydroxy-norketamine, and 

in the end excreted in bile and urine. In addition to norketamine, other possible active 

metabolites are known. In comparison to ketamine, the metabolites, norketamine, 

dehydronorketamine (DHNK) or hydroxynorketamines (HNKs), show a slower elimination, 

and the active metabolite norketamine is still detectable up to 24h after administration, but 

more precise data on pharmacokinetics are not available and further studies need to be done 

(90). The elimination clearance of ketamine is equal to and dependent of the blood flow to the 

liver, which is about 12-20 ml/min/kg (81). Orally given ketamine traverses a significant first-

pass metabolism in the liver and it’s bioavailability ranges from 17 to 24% (91–93). Due to the 

pronounced first-pass metabolism, a considerably higher norketamine plasma level is achieved 

with oral administration than with intravenous administration and vice versa, a lower ketamine 

plasma level is achieved with oral administration than with intravenous administration (94). 

Therefore, orally given ketamine could be associated with less side effects than intravenous 

ketamine, since psychedelic effects are linked to high initial plasma levels of ketamine (95).  

1.2.1.1 Mechanism of antidepressant action 

The pharmacology of ketamine is complex and the exact mechanism of action underlying the 

fast antidepressant effect is unknown. However, several studies suggest that ketamine has an 

affinity for a variety of receptors. This leads to the hypothesis that the drug binds to different 

receptor types and/or secondarily influences them in a way that triggers joint effects, which 

produce the antidepressant effect (79,81,96). Among the most important receptor interaction 

by ketamine, regarding antidepressant effects, is the N-methyl-D-aspartate (NMDA) receptor 

antagonism. Breier et. al. showed that ketamine, despite the assumption that ketamine reduces 

excitatory glutamatergic neurotransmission by the NMDA receptor antagonism, increases 

general activity in the prefrontal cortex (97). It is assumed that this is caused by the 

antagonization of NMDA-receptors on GABAergic interneurons, which results in a 

disinhibition of glutamatergic neurons, which, in turn, leads to an increased glutamate 

concentration in the synaptic cleft (98). However, a study investigating mice with missing 

NMDA-receptors on previously described interneurons also showed a rapid and sustained 
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antidepressant efficacy of ketamine in animal depression models, suggesting the involvement 

of other mechanisms and indicating that NMDA-receptors on interneurons are unlikely the 

primary target of the antidepressant mechanism of NMDA-antagonists (99). Ketamine also 

blocks extrasynaptic cortical NMDA-receptors. Under baseline conditions, these NMDA-

receptors would lead to reduced protein synthesis via inhibition of mTOR-mediated 

(mammalian target of rapamycin) signaling pathways and thus contribute to synaptic 

homeostasis. A blockage of these extrasynaptic NMDA-receptors by ketamine would therefore 

lead to a disinhibition of mTOR-dependent mechanisms, which, as discussed below, is 

hypothesized to result in an increased protein synthesis, improved synaptogenesis and in the 

desired antidepressant effect (100). An additional possible mechanism, involved in the 

antidepressant features of ketamine, could be the inhibition of spontaneously occurring 

miniature excitatory postsynaptic currents (mEPSCs). These are triggered by spontaneous 

vesicular glutamate release at rest and play a potential role in the regulation of protein synthesis 

and synaptic strength. The inhibition of mEPSCs via NMDA-receptor antagonism results, 

probably through different signaling pathways involving eEF2K (eukaryotic elongation factor-

2 kinase) and BDNF, in disinhibition of protein synthesis and therefore in antidepressant effects 

in animal models (101). Furthermore, ketamine causes, an increased activation of postsynaptic 

α-Amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid (AMPA)-receptors, through the 

previously described elevated glutamate concentration in the synaptic cleft, which is caused by 

the inhibition of postsynaptic NMDA-receptors. The AMPA-receptor activation triggers an 

intracellular calcium influx, which stimulates the exocytosis of BDNF containing vesicles and 

regulates the BDNF gene transcription (102). In addition, the previously mentioned inhibition 

of mEPSCs by NMDA-receptor inhibition causes a blockade of the enzyme eEF2K, that results 

in an increased translation of BDNF (103). eEF2K is a calcium and calmodulin dependent 

kinase whose primary substrate eEF2 (eukaryotic elongation factor-2) is associated with 

synaptic plasticity and protein synthesis regulation (104). The reduced activation of eEF2K 

leads to eEF2 dephosphorylation and therefore to an increased protein translation (101). 

Supporting the role of eEF2K in the antidepressant effects of ketamine, a study on mice missing 

the eEF2K gene showed that ketamine treatment did not induce a rapid antidepressant response 

and did not increase the expression of BDNF (105). BDNF regulates synaptic plasticity, 

synaptogenesis and neuronal connection as a growth factor and has an important role in the 

action of ketamine (50). Furthermore, a study showed that ketamine cannot exert its 

antidepressant effect on mice treated with neutralizing BDNF antibodies, which could prove, 

that the alteration in BDNF availability is an essential mechanism of ketamine as an 
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antidepressant (106). BDNF activates the high affinity BDNF-receptor Trk-B(neurotrophic 

tyrosine kinase), which triggers mTOR activation through a series of intracellular signaling 

cascades. Animal studies showed that mTOR is responsible for an increased synaptogenesis, 

mood and less depressive behavior. Additionally, mTOR is not significantly affected by 

classical antidepressants such as SSRIs, which suggests that the activation of mTOR has an 

important role in the mechanism of action of the unique, rapid and long-lasting antidepressant 

effect of the NMDA-antagonist ketamine (107). Interestingly, a study showed that the ketamine 

metabolite HNK, specifically (2R,6R)-HNK, also causes increased BDNF levels and an 

increase in eEF2 dephosphorylation. Therefore, the antidepressant effect of ketamine seems to 

be dependent of its metabolization and may also act via mechanisms independent of the 

NMDA-antagonism, as the HNK concentrations reached in this study are not associated with 

NMDA-receptor inhibition and still showed antidepressant effects in animal models (83). 

However, the antidepressant effect of ketamine is not solely attributable to the proposed 

interactions and other, additional mechanisms are assumed (96). 

1.2.2 Side-effects and risks 

Short term risks of subanaesthetic ketamine doses include psychotomimetic effects, 

cardiovascular effects, acute psychiatric conditions and other side effects. The first systematic 

review investigating the safety of ketamine as an antidepressant showed that non-persistent 

psychotomimetic side effects, like dissociation, perceptual disturbance, odd or abnormal 

sensation, derealisation, hallucinations, feeling strange, weird, bizarre, or unreal, and 

depersonalisation, occur in over 70% of the 60 studies examined, but twice as often in studies 

on intravenous ketamine therapy as in studies on other forms of administration. Acute 

psychiatric side effects, like anxiety, agitation or irritability, euphoria or mood elevation, 

delusions or unusual thoughts, panic, apathy, detachment, emotional changes and psychosis, 

occurred in 38% of the examined studies (108). However, this review included all forms of 

administration and oral administration may be associated with a lower incidence of dissociative 

and psychotomimetic effects (109). Cardiovascular side effects such as increased blood 

pressure and heart rate, or other less common effects like palpitations or arrhythmia, chest pain, 

tightness, or pressure, dizziness on standing, decreased blood pressure, and decreased heart 

rate were observed. But these effects were mainly limited to the time of intravenous application 

and shortly after administration (108). Other common transient side effects reported by 

randomized trials are headache, dizziness, blurred vision, nausea or vomiting (34,110,111). 
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Overall, fewer and less severe side effects were reported for oral ketamine application. 

Additionally, the majority of studies investigating oral administration of ketamine report that 

side effects are not perceived as a major burden to patients and resolve spontaneously 

(109,112–114). Long term risks of repeated use of ketamine can be abuse and addiction, 

neurotoxicity, bladder toxicity and hepatotoxicity (108). However, severe long-term effects 

such as bladder toxicity and the possible resulting ketamine-induced ulcerative cystitis are 

mainly associated with long-term use on a daily basis and the much higher doses in recreational 

use (77). 

1.3 Relevance and study situation 

The WHO study "Global burden of disease" positions unipolar major depression as the leading 

cause of disability worldwide and proved this with the indicator YLD ("years lived with 

disability"), which measures the frequency and severity of a disease (115). According to 

Murray et al., depression occupies a top position in the Disability Adjusted Life Years (DALY) 

worldwide in 2020 (116). Depressive disorders also belong to economically challenging 

diseases, the Federal Statistical Office in Germany published yearly costs caused by depression 

in the total amount of over 8.5 billion euros in 2015 (117). Furthermore, a study on the 

economic costs of depression in Germany showed that especially severe courses and 

hospitalization lead to an increase in costs related to the treatment of depression (118). 

Currently available pharmacological as well as non-pharmacological treatment options, such 

as established antidepressants or forms of psychotherapy, require weeks to months to achieve 

an antidepressant effect that is clinically relevant. During this time, patients are fully exposed 

to depression and its associated impairments, the risk of suicide is further increased and the 

burden on the patient is high (67). In addition, a full remission of depressive symptoms is 

achieved in only about half of the patients after two consecutive therapy attempts with first-

line treatment options (119). It is self-evident that there is an urgent need for new, fast-acting 

drugs with a higher antidepressant effectiveness. The antidepressant effect of ketamine has 

now been researched on patients for about two decades (120). Studies confirm the rapid, long-

lasting effect, but research has focused mainly on intravenous administration, although oral 

administration has been shown to have a similar antidepressant effect and an advantage in terms 

of fewer psychotomimetic side effects (108,121). Unfortunately, this evidence is mainly based 

on open-label studies and case reports and there are only a few randomized controlled trials 

(RCTs) available (122). As of today, in 2020, three double-blind randomized controlled trials 



 18 

on the antidepressant efficacy of oral ketamine have been conducted. All of these studies were 

able to demonstrate a significant antidepressant effect even when administered orally and 

showed, in contrast to studies investigating intravenous administration, that the incidence of 

side effects is not significantly increased with therapy compared to the control group (123–

125). However, two of these studies were conducted at the same center, one investigated the 

effect of oral ketamine as an adjuvant to sertraline, one investigated the efficacy in comorbid 

pain patients, and none of these studies used an active control as a placebo to reinforce blinding. 

In addition, the number of study participants is relatively small and weakened in terms of 

homogeneity (disease characteristics, sample composition, frequency and dose of therapy), 

which reduces the power of the data and makes interpretation and comparison difficult. 

Therefore, further, larger studies, as well as studies with stronger blinding and better evaluation 

of side effects and long-term outcomes are necessary to confirm these results (126). 

1.4 Objectives 

The aim of this diploma thesis was to evaluate the antidepressant effectiveness of orally 

administered ketamine on patients with a major depressive episode in a double-blinded, 

randomized, controlled study design and to assess the tolerability and clinical usefulness of 

oral ketamine. 
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2 Methods and materials 

2.1 Study design 

The study on which this diploma thesis is based is a phase II study conducted in a double-blind, 

controlled, randomized study design to investigate the antidepressant effectiveness, clinical 

usability and possible side effects of orally administered ketamine. The clinical trial included 

a sample of 42 patients with a depressive episode. After screening, the patients were randomly 

allocated to one of the two treatment arms receiving either (R,S)-ketamine or midazolam as 

control treatment. Each patient underwent a total of six treatment sessions over a period of two 

weeks. An evaluation of the depressive symptoms was carried out before participation in the 

study as well as before each treatment session and 24 hours after the first treatment. Any 

potential side effects were documented and evaluated after the first and last treatments. After 

completion of the first two weeks of treatments, follow-up examination of depressive 

symptoms was performed weekly for another two weeks during which no restrictions on 

concomitant medication were placed. Upon discontinuation or completion of the study, a final 

examination was performed, including a routine physical examination. 

 

Figure 1: Study design. 
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2.2 Subjects and sample size 

A sample of 49 in- and outpatients with a depressive episode were recruited from the clinic of 

the Department of Psychiatry and Psychotherapy, Medical University of Vienna and a total of 

42 patients were included in analyses. In case of a dropout before the first treatment session, 

an additional patient was recruited to reach the targeted sample size.  

2.2.1 Inclusion criteria 

I. Diagnosis of a major depressive episode in the scope of a major depressive or bipolar 

disorder supported by a Structured Clinical Interview for DSM-IV-TR (SCID)  

II. Hamilton depression rating scale score ≥19  

III. Willingness and competence to sign the informed consent form  

IV. Age 18 to 64 years  

V. Stable psychopharmacological treatment for 10 days (except benzodiazepines)  

2.2.2 Exclusion and removal criteria 

I. Initiation of a new antidepressant or mood stabilizing treatment (pharmacological, 

physical or psychotherapeutic) with adequate dosage (as defined by the minimum 

recommended dose in the respective prescribing information) within 4 weeks prior to 

inclusion. 

II. Prior use of ketamine  

III. Pregnancy/Breast feeding  

IV. Instable arterial hypertension >170/110mmHg  

V. Hepatic dysfunction  

VI. Hyperthyroidism  

VII. History of glaucoma  

VIII. Neurodegenerative disorders  

IX. Any unstable medical illness  

X. History of substance abuse within the past 12 months  

XI. History of psychosis  

XII. Failure to comply with the study protocol or to follow the instructions of the 

investigating team  
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XIII. Current treatment with one of the following drugs: clopidogrel, carbamazepine, 

valproate, barbiturates, memantine, modafinil, disulfiram, amiodarone, ranolazine, 

phenytoin, verapamil, fibrates, antiretroviral agents, antimicrobial chemotherapeutics, 

azole antifungals, glucocorticoids, cyclosporine, valeriana/garlic/grapefruit 

preparations, St. John’s wort 

2.3 Subject screening 

Patients who met all inclusion criteria and none of the exclusion criteria were enrolled in the 

study after signing the declaration of consent form. The screening performed included a 

comprehensive clinical psychiatric examination and a routine physical examination, which 

included a 12-channel electrocardiogram, a routine laboratory profile including hematology, 

clinical chemistry and thyroid hormones, as well as drug screening with a standard multi-

screening urine test (AMP-BAR-BZO-COC-MET-MOP/OPI-MTD-MDMA-THC-TCA) and, 

in female patients, a pregnancy test (HCG urine test). The study patients were also obligated 

to provide all information about medical and psychiatric conditions or treatments. In the case 

of any recreational drug use, including alcohol and nicotine, the patients were required to 

provide information on the type, quantity and frequency of use. 

2.4 Randomization 

Patients were randomly assigned to one of the two treatment arms receiving either 1mg/kg oral 

(R,S)-ketamine or 0.3mg/kg oral midazolam. Randomization was performed by an independent 

researcher who was not involved in the analysis or conduct of the study. A randomization 

number was assigned to each study participant and a randomization list was available to the 

hospital pharmacy. 

2.5 Clinical psychiatric assessment 

All subjects underwent an extensive clinical-psychiatric assessment by an experienced 

psychiatrist or psychiatrist in training under adequate supervision. At screening, Structured 

Clinical Interviews for DSM-IV (SCID I), Hamilton Depression Rating Scale (HDRS), Beck 

Depression Inventory (BDI) and Montgomery-Åsberg Depression Rating Scale (MADRS) 

were done. 24h after the first session, immediately before each treatment session and one and 

two weeks after the last treatment session an assessment of depressive symptoms was 

performed using HDRS, MADRS and BDI. 30 Minutes after the first drug application, an 
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assessment of side-effects and tolerability of treatment was performed using Clinical 

Administered Dissociative States Scale (CADSS). After the first and last application, Visual 

Analog Scales (VAS) were done to detect the appearance of most common adverse effects as 

described by Murrough et al. 2013 (110). 

2.6 Study drug application 

Study participants were divided into two treatment arms, receiving either 1mg/kg oral (R,S)-

ketamine or 0.03mg/kg oral midazolam. Midazolam, a short-acting benzodiazepine, was 

chosen as a control substance since it has previously been used in randomized controlled trials 

evaluating the antidepressant efficacy of intravenous ketamine and has similar 

pharmacokinetics to ketamine in terms of rapid onset and half-life (110,111). The similar oral 

bioavailability of ketamine and midazolam, which is about 30% (± 10 SD) (127), makes this 

benzodiazepine suitable for a study on oral administration. Study participants were required to 

fast for 2 hours before each treatment. To minimize pharmacological interactions and avoid 

side effects, thyroid hormone supplementation, treatment with benzodiazepines or neuroleptic 

treatment was paused on treatment days. Immediately before each administration, an 

experienced psychiatrist assessed depressive symptoms including the use of standardized 

diagnostic tools and scales. In an effort to increase the strength of blinding, a different 

psychiatrist was responsible for administration of the study drug and for the assessment and 

documentation of any possible adverse effects. To facilitate dosage, the study drugs were 

provided in a 10ml syringe and diluted with a 5% glucose solution. Ketamine was provided by 

the hospital pharmacy at a concentration of 10mg/ml and Midazolam at a concentration of 

0.3mg/ml. For each 10kg body weight, the study physician prepared 1ml of the solution in a 

cup and gave it to the study patient who had to ingest it in one gulp. 

2.6.1 Study drug discontinuation 

If termination of the study was indispensable due to adverse effects, laboratory abnormalities 

or for any other reasons, patients were able to switch to a standard oral antidepressant treatment. 

2.7 Concomitant treatment 

Participants refrained from changing their previously prescribed and established medication 

during the first two weeks of ketamine treatment. However, the administration of rescue 

medications scheduled prior to participation was allowed. Furthermore, during the first two 
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weeks of ketamine treatment, new prescriptions of psychopharmaceuticals were not permitted. 

After these first two weeks of treatment, there were no restrictions on any treatment 

interventions. 

2.8 Ethics 

This diploma thesis was conducted as part of the study "Investigation of the antidepressant 

efficacy of oral ketamine treatment", approved by the Ethics Committee of the Medical 

University of Vienna (Ethics Committee EK 1536/2016) and performed in accordance with the 

Declaration of Helsinki (1964), including current revisions, the Austrian Medicines Act, the 

EC-GCP guidelines, and the guidelines for good scientific practice required at the Medical 

University of Vienna. All subjects gave written informed consent prior to inclusion and were 

insured through the Department of Psychiatry and Psychotherapy according to §32 of the 

Austrian Medicines Act. 

2.9 Statistical analysis 

Statistical Package for the Social Sciences (IBM SPSS Statistics Version 27.0) was used for 

the statistical analyses. An intention to treat analysis was performed. 

2.9.1 Descriptive statistics 

The descriptive statistics include the mean (+SD) age, the gender ratio and the different 

depression scores (MADRS, BDI, HDRS) of all subjects. The mean difference in MADRS 

from before and after ketamine treatment was calculated. The frequency, intensity and type of 

side effects reported by a 26-item VAS Scale (from 1 to 10) at the time of first and last treatment 

were documented for both treatment arms. A stated VAS value of more than 1 was counted as 

an occurred side effect. The frequencies of adverse events were compared between groups 

using Fisher’s exact test. The mean (+SD) total VAS from after first treatment and after two 

weeks of treatment were calculated and bidirectional bar charts were created to visualize the 

stated values of the respective VAS items for both time points. The mean (+SD) total CADSS 

from after the first treatment were calculated and compared between groups. In addition, a 

boxplot was created to visualize the differences between groups in the mean CADSS score. 

Categorial variables were compared using chi-square test or Fisher’s exact test and continuous 

variables were compared using t-test for independent samples. 
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2.9.2 Primary end point 

Study outcomes were analyzed using linear mixed model for repeated measures (Baseline, 24h, 

7 days and 11 days after first dose). The analysis was performed using restricted maximum 

likelihood estimation. The impact of the treatment on MADRS was investigated. Treatment 

group, time of the visit and their interaction were included in the model as fixed effects and 

subject as random effects. The intercept was left to vary randomly. All time-points were 

compared separately using Bonferroni adjusted post-hoc contrasts and group differences in 

MADRS change were calculated using Cohen’s d. For each group and time point pre-post 

effect sizes on MADRS were calculated using Cohen’s d. To visualize the change in MADRS 

score, line graphs were created that show the mean reduction and the total MADRS score at 

the defined time points. 

2.9.3 Co-primary end points 

Response and remission rates were calculated at 24h after first dose, after 7 days (before fourth 

dose), after 11 days (before last dose). A chi-square test was calculated to compare response 

and remission rates between treatments at these time-points. A reduction in MADRS score by 

at least 50% was defined as treatment response, and a MADRS score less than 10 points was 

defined as remission. To visualize responders, remitters and also relapses, spaghetti plots were 

created for both groups that show the individual percentage reduction and the total MADRS 

score over the defined time points. The number needed to treat (NNT) was calculated to assess 

the effectiveness of ketamine treatment compared to the control group (128) after 24h, after 7 

days and after 11 days of treatment.  

As previous studies have found that experienced dissociative effects correlate with the 

reduction in depression scores (129,130), a Spearman’s rho correlation coefficient was 

calculated to assess the relationship between the level of CADSS at the time of first drug 

administration and the reduction in MADRS score in the ketamine group at different time 

points. To visualize this correlation a scatterplot was created. 
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3 Results 

 

Figure 2: Patients flow diagram 

3.1 Baseline characteristics 

A total of 49 patients were screened for eligibility, 7 patients were rejected because they did 

not meet the inclusion criteria. 42 patients were included in the analysis randomly assigned to 

either ketamine (n=22) or midazolam as control (n=20). Table 1 presents demographic and 

clinical data about the baseline characteristics of the study participants. There was no difference 

at baseline in depressive severeness, measured with MADRS, HDRS-17, HDRS-21, HDRS-
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27 and BDI. In addition, there was no significant difference between groups in age or gender 

ratio. A total of 38 (90.5%) patients received all six treatments over two weeks. Three (13.6%) 

patients of the ketamine group dropped out, one after the first treatment because of unspecified 

subjective effects of the study drug, one after the first treatment because of non-improvement 

in depressive symptoms and one after the third treatment because of nervousness, inner 

restlessness, night sweats and poor sleep. One (5.0%) patient in the midazolam group dropped 

out after the first treatment, because of refusal of blinding. Two (10.5%) patients in the 

ketamine group did not participate in the first follow-up examination, both for unknown 

reasons, and two (10.5%) patients in the midazolam group, one for unspecified reasons and 

one did not show up anymore after the two weeks of treatment. Two (10.5%) patients of the 

midazolam group missed the second follow-up examination, one of them was cancelled due to 

the Covid-19 pandemic and the other one was already lost to the first follow-up examination. 

Figure 2 describes the detailed patient flow of the study. 

 

 

Table 1: Demographic and clinical characteristics of study participants divided into the 
different study groups. 
Characteristics Ketamine (n=22) Midazolam (n=20) P-value 

Demographic characteristics  

Age, years: mean (SD) 39.36 (13.6) 42.85 (13.2) 0.41a 

Gender, female: n (%) 11 (50.0) 8 (40.0) 0.52b 

Clinical characteristics  

Baseline MADRS (SD) 31.86 (3.47) 32.05 (7.58) 0.92a 
Baseline HDRS-17 (SD) 24.05 (3.43) 24.15 (5.04) 0.94a 

Baseline HDRS-21 (SD) 27.55 (5.04) 28.80 (6.44) 0.46a 

Baseline HDRS-29 (SD) 34.36 (6.22) 36.50 (6.77) 0.29a 

Baseline BDI (SD) 30.27 (6.27) 30.65 (7.51) 0.86a 
a t-test for independent samples 
b χ2-test for independence test 
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3.2 Primary outcome: Antidepressant effect on MADRS score 

The linear mixed model showed no statistically significant interaction effect between treatment 

group and the time of the visit (F(3, 37.91) = 0.294, p = 0.83, partial η2= 0.01). 

Compared to baseline, after 24h a mean reduction in MADRS score of 6.17 points (SD = 7.35) 

was shown in the ketamine group vs. 4.18 points (SD = 3.89) in the control group (Cohen’s d 

= 0.34), after 7 days a mean reduction in MADRS of 7.84 points (SD = 10.30) was shown in 

the ketamine group vs. 7.36 points (SD = 10.14) in the control group (Cohen’s d = 0.05) and 

after 11 days a mean reduction in MADRS of 9.26 points (SD = 10.63) was shown in the 

ketamine group vs. 7.47 points (SD = 9.93) in the control group (Cohen’s d = 0.17). The pre-

post effect sizes for each group can be found in Table 2. 

Table 2: Pre-post MADRS changes from baseline to the defined time points as reported by 

Bonferroni corrected post-hoc analyses. 

 
Ketamine (n=19) Midazolam (n=19) 

 MADRS change (95% CI, Cohen’s d) MADRS change (95% CI, Cohen’s d) 

24 hours 6.17 ([1.51, 10.83], 0.84) 4.16 ([1.11, 7.22], 1.07) 

7 days 7.84 ([0.97, 14.71], 0.76) 7.36 ([1.42, 13.32], 0.73) 

11 days 9.26 ([2.81, 15.72], 0.87) 7.26 ([1.14,13.38], 0.75) 

The mean total scores of MADRS for both groups over all time points are shown in Figure 3 

and the mean reduction in MADRS from baseline for both groups across all time points is 

shown in Figure 4. 
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Figure 3: Mean Montgomery–Åsberg Depression Rating Scale (MADRS) total score over time 

between groups. Error bars indicate 95% confidence intervals. 

 

Figure 4: Mean reduction in Montgomery–Åsberg Depression Rating Scale (MADRS) score 

over time between groups. Error bars indicate 95% confidence intervals. 
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Figure 5: Spaghetti plot of the individual MADRS scores in the ketamine group across different 

time points. A reduction below 10 points was defined as remission. Missing data and dropouts 

are visualized as incomplete lines and follow-ups are not included. 

 

Figure 6: Spaghetti plot of the individual MADRS scores in the midazolam group across 

different time points. A reduction below 10 points was defined as remission. Missing data and 

dropouts are visualized as incomplete lines and follow-ups are not included. 
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Figure 7: Spaghetti plot of the individual change from baseline in MADRS score (in %) in the 

ketamine group at different time points. A reduction of at least 50% was defined as response. 

Missing data and dropouts are visualized as incomplete lines and follow-ups are not included. 

 

Figure 8: Spaghetti plot of the individual change from baseline in MADRS score (in %) in the 

midazolam group at different time points. A reduction of at least 50% was defined as response. 

Missing data and dropouts are visible as incomplete lines and follow-ups are not included. 
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3.3 Secondary outcomes: Response and remission rates, Number needed to treat 

(NNT) 

There was no significant difference between groups (ketamine vs. midazolam) in response rates 

after 24h (1 (5.6%) vs. 0 (0%), χ2(1) = 0.97, p = 1.00), after 7 days (5 (26.3%) vs. 2 (10.5%), 

χ2(1) = 1.58, p = 0.41) and after 11 days (7 (36.8%) vs. 2 (11.8%), χ2(1) = 3.01, p = 0.13). There 

was no significant difference between groups (ketamine vs. midazolam) in remission rates after 

24h (1 (5.6%) vs. 0 (0%), χ2(1) = 0.97, p = 1.00), after 7 days (1 (5.3%) vs. 1 (5.3%), χ2(1) = 

0.00, p = 1.00) and after 11 days (1 (5.3%) vs. 1 (5.9%), χ2(1) = 0.01, p = 1.00). The calculated 

NNT (95% CI) for response is 18 (NNT(Benefit) 6.2 to ∞ to NNT(Harm) 19.9) after 24h, 7 

(NNT(Benefit) 2.5 to ∞ to NNT(Harm) 12.0) after 7 days and 4 (NNT(Benefit) 1.9 to ∞ to 

NNT(Harm) 67.8) after 11 days of treatment. 

3.4 Safety and adverse events 

In total 40 (95.2%) patients were assessed shortly after the first drug administration and 36 

(85.7%) patients were assessed after the last treatment for side effects using the VAS Scale 

described above. Table 3 summarizes the side effect profile of the groups at these time points. 

A stated VAS value of more than 1 was counted as an occurred side effect. At least one side-

effect was reported by 35 (87.5%) patients after the first dose, with no significant difference 

between ketamine vs. midazolam (20 (95.2%) vs. 15 (78.9%), χ2(1) = 2.42, p = 0.17) and 32 

(88.9%) patients reported at least one side-effect after two weeks of treatment, with no 

significant difference between ketamine vs. midazolam (18 (100%) vs. 14 (77.8%), χ2(1) = 

4.50, p = 0.10). 

The most common observed side-effects after the first treatment were dizziness, fatigue and 

concentration difficulties. After the first treatment, dizziness, coordination problems and 

concentration difficulties occurred significantly more frequently in the ketamine group 

compared to the control group (17 (81.0%) vs. 8 (42.1%), χ2(1) = 6.42, p = 0.02; 12 (57.1%) 

vs. 3 (16.7%), χ2(1) = 6.71, p = 0.02; 16 (76.2%) vs. 5 (27.8%), χ2(1) = 9.14, p < 0.01). The 

most common observed side-effects after the last treatment were fatigue, dizziness and 

concentration difficulties. After the last treatment, nausea and coordination problems occurred 

significantly more frequently in the ketamine group compared to the control group (5 (27.8%) 

vs. 0, χ2(1) = 5.81, p = 0.04; 9 (50.0%) vs. 2 (11.1%), χ2(1) = 6.42, p = 0.03). 
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Table 3: Frequencies of side-effects after first treatment and after last treatment. 

 After first treatment After last treatment 

 Ket 
(n=21) 

Mid 
(n=19) 

 Ket 
(n=18) 

Mid 
(n=18) 

 

Side-effect n (%) n (%) P-valuea n (%) n (%) P-valuea 

Nausea 4 (19.0) 1 (5.3) 0.35 5 (27.8) 0 0.04 
Vomiting 0 0  1 (5.6) 0 1.00 
Dry mouth 12 (57.1) 6 (31.6) 0.13 9 (50.0) 4 (22.2) 0.16 
Obstipation 1 (4.8) 1 (5.6)b 1.00 2 (11.1) 0 0.49 
Diarrhea 1 (4.8) 0 b 1.00 1 (5.6) 1 (5.6) 1.00 
Dizziness 17 (81.0) 8 (42.1) 0.02 11 (61.1) 5 (27.8) 0.09 
Cardiac 
palpitations 

3 (14.3) 3 (15.8) 1.00 6 (33.3) 3 (16.7) 0.44 

Chest pain 1 (4.8) 0 1.00 3 (16.7) 1 (5.6) 0.60 
Perspiration 2 (9.5) 3 (15.8) 0.65 7 (38.9) 4 (22.2) 0.47 
Pruritus 1 (4.8) 0 1.00 0 1 (5.6) 1.00 
Dry skin 0 0  4 (22.2) 2 (11.1) 0.66 
Headache 6 (28.6) 2 (11.1)b 0.25 3 (16.7) 6 (33.3) 0.44 
Coordination 
Problems 

12 (57.1) 3 (16.7)b 0.02 9 (50.0) 2 (11.1) 0.03 

Tremor 2 (9.5) 0 b 0.49 2 (11.1) 0 0.49 
Blurred vision 9 (42.9) 4 (22.2)b 0.31 8 (44.4) 4 (22.2) 0.29 
Ear noises (e.g., 
tinnitus) 

2 (9.5) 3 (16.7)b 0.65 3 (16.7) 1(5.6) 0.60 

Urinary urgency 2 (9.5) 2 (11.1)b 1.00 5 (27.8) 1 (5.6) 0.18 
Difficulties in 
urination 

0 0  1 (5.6) 0 1.00 

Concentration 
difficulties 

16 (76.2) 5 (27.8)b <0.01 9 (50.0) 4 (22.2) 0.16 

Restlessness 5 (23.8) 4 (22.2)b 1.00 4 (23.5)b 4 (23.5)b 1.00 
Anxiety 6 (28.6) 1 (5.6)b 0.10 2 (11.8)b 3 (17.6)b 1.00 
Lethargy 7 (33.3) 4 (22.2)b 0.50 4 (23.5)b 7 (41.2)b 0.47 
Fatigue 12 (57.1) 10 (55.6)b 1.00 6 (35.3)b 10 (58.8)b 0.30 
General 
discomfort 

5 (23.8) 3 (16.7)b 0.70 8 (47.1) 5 (29.4) 0.48 

a reported by Fisher’s Exact Test; b Data of 1 patient is missing; Ket = ketamine; Mid = 
midazolam; Skin rash and painful urination were also queried in the 26-item VAS 
questionnaire but did not occur in any patient at any time point. 
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Figure 9: Bidirectional bar chart visualizing the mean stated intensity of the respective VAS 

items between the groups at the time point after the first drug administration. VAS scale ranged 

from 1 to 10. SD is represented by error bars. Two items are not included, see Table 3. 



 34 

 

Figure 10: Bidirectional bar chart visualizing the mean stated intensity of the respective VAS 

items between the groups at the time point after the last drug administration. VAS scale ranged 

from 1 to 10. SD is represented by error bars. Two items are not included, see Table 3. 
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Overall, there was a tendency of more side effects in the ketamine group at both time points. 

Missing data are marked in Table 3. In both groups the majority of patients who reported side-

effects described them as mild and limited to the time shortly after drug administration, mean 

reported VAS scores for the individual items are shown in Figure 9 and Figure 10. 

The mean total VAS after the first treatment was 45.43 (n = 21, SD = 15.84) in the ketamine 

group and 36.82 (n = 17, SD = 16.93) in the midazolam group, with no significant difference 

(t(36) = 1.62, p = 0.12). After two weeks of treatment the mean total VAS was 47.11 (n = 17, 

SD = 23.70) in the ketamine group and 35.53 (n = 17, SD = 9.41) in the midazolam group, with 

no significant difference (t(21) = 1.87, p = 0.08). At each time point the total VAS of two 

patients were missing due to incomplete questionnaires. 

As visualized in Figure 11, the mean total CADSS was 8.82 (n = 22, SD = 10.15) in the 

ketamine group and 2.50 (n = 20, SD = 4.40) in the midazolam group, with a significant 

difference (t(29) = 2.66, p = 0.01, Cohen’s d = 0.79). In addition, a significant correlation was 

found between increased CADSS at the time of first administration and reduction in MADRS 

score after 11 days (rs = 0.47, p < 0.05). The correlations between CADSS and reduction in 

MADRS after 24 hours (rs = 0.11, p = 0.66) and after 7 days (rs = 0.44, p = 0.06) were 

insignificant. A conducted scatterplot 

summarizes the correlation (Figure 12). 

 

  
Figure 12: Scatterplot visualizing the 

correlation in the ketamine group between 

reported CADSS score at 30 minutes after first 

drug administration and the change in MADRS 

from baseline to 11 days. 

Figure 11: Boxplot of the stated Clinician 

Administered Dissociative State Scale 

(CADSS) score at 30 minutes after the first 

drug administration between the two 

treatment arms. Dots and asterisks mark 

outliers and extreme values. 
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4 Discussion 

4.1 Main findings 

The results of this investigation suggest an antidepressant effect of repeatedly administered 

oral ketamine in patients with a major depressive episode. Although differences in the 

reduction of MADRS score between groups were statistically insignificant, ketamine was 

associated with a higher reduction than midazolam at all time points. Furthermore, a 

significantly reduced MADRS score could be demonstrated as early as after 24 hours in 

patients in the ketamine arm. In addition, the reduction in MADRS score after 11 days of 

treatment with ketamine was stronger than the reduction in the midazolam group. 

4.2 Clinical outcomes 

Response and remission rates represent two of the most important clinical outcomes in the 

evaluation of novel therapeutics for the treatment of depression (131). Although only 

insignificant differences in response or remission rates between groups were observed in this 

study, it was shown that a substantial percentage of patients responded to oral ketamine 

treatment after 11 days (36.8%). Remission rates were not very encouraging with only one 

patient in remission after 11 days of ketamine treatment. 

Another interesting clinical outcome is the NNT for achieving a clinical response, which was 

calculated to be 4 after 11 days of ketamine treatment, indicating a medium effect. Furthermore, 

adherence to treatment is generally an important factor in psychiatry, as it can also reflect 

therapeutic efficacy and the ability of patients to tolerate adverse effects. In this study, 86.36% 

of patients allocated to the ketamine group completed all treatment sessions, which might 

indicate therapy adherence. 

4.3 Safety and tolerability 

In contrast to previously conducted randomized controlled trials on the antidepressant efficacy 

of oral ketamine, which do not describe well-defined methods for the evaluation of side effects 

and apparently only documented frequencies by occurrence (112,122–124), in this 

investigation a comprehensive questionnaire with the most commonly known side effects 

found in a study on intravenous ketamine in subanesthetic doses (110) was conducted as a 26-

item VAS Scale at two different time points. In addition, the Clinician Administered 



 37 

Dissociative States Scale was performed half an hour after the first dose to measure dissociative 

effects. 

As expected, there was a generally increased incidence of side effects in the ketamine group 

compared to the midazolam group at both time points. After the first drug administration, there 

was a significantly higher incidence of dizziness, coordination problems and concentration 

difficulties in the ketamine group. These side effects, along with dry mouth and fatigue, were 

also among the most frequently observed side effects of ketamine, occurring in over 50% of 

patients questioned. Interestingly, after all treatment sessions, there was no longer a significant 

difference in the occurrence of dizziness and concentration difficulties, which could indicate a 

possible habituation. However, after the last drug administration, there was still a significantly 

higher incidence of coordination difficulties and also a significantly higher incidence of nausea 

in the ketamine arm. 

Overall, it can be said that the most common side effects observed with oral ketamine at this 

dose are dizziness, dry mouth, coordination difficulties and concentration problems. In general, 

side effects occurred shortly after ketamine administration and disappeared at the latest after 

2-3 hours in the majority of patients. Furthermore, although one patient in the ketamine group 

dropped out because of side effects and one because of unspecified subjective effects of the 

study drug, most patients reported a tolerable level of adverse effects and considered them as 

a minimal burden compared to the symptoms of their illness. This is also shown in Figure 9 

and Figure 10: Even though patients in the ketamine group tended to have more intense side 

effects, the mean strength of side effects did not exceed 3.5 in any item at any time point, 

suggesting a mild level of adverse effects. 

Considering observed side effects, it should be noted that the most intense side effects in both 

groups, such as fatigue and concentration problems, may also be typical symptoms of 

depression. Moreover, it was shown that side effects that occurred more frequently in the 

ketamine group than in the control group at the time of the first administration not only 

decreased in their frequency but also in their mean intensity after all treatment sessions, which 

could also be an indication of habituation. In addition, there was no significant difference 

between groups in mean total VAS at both time points. 

Regarding dissociative effects, a significant difference was shown between the groups in the 

conducted CADSS, with a moderate effect size (Cohen's d of 0.79). However, with a mean 
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score of 8.82 in the ketamine group, approximately 50% less than shown in studies on 

intravenous ketamine (0.5mg/kg) (111,132), the intensity of dissociative side effects was low. 

These results suggest a better tolerability of oral compared to intravenous ketamine in terms of 

dissociative adverse effects. In a large proportion of studies increased CADSS scores are 

negatively correlated with depression scores after treatment (133). This investigation also 

revealed a statistically significant medium strong correlation between increased CADSS score 

and the reduction of MADRS score after 11 days. This observation supports the notion that 

subjective dissociative side effects may represent a clinical biomarker of response to ketamine 

as an antidepressant and that the antidepressant effects are mediated by them (130). An 

explanation for this may lie in the circumstance that the glutamate release induced by ketamine, 

is responsible for dissociation and, indeed, for its antidepressant effects. However, since 

elevated CADSS scores may account for only a fraction of the variance in its antidepressant 

effect, it remains uncertain whether the experience of ketamine’s dissociative effects is 

necessary for its antidepressant effect. 

Other possible side effects not covered by these two tools, such as cardiovascular events, did 

not occur. However, blood pressure measurements or other monitoring were not performed as 

default during drug administration. In general, the occurrence and severity of side effects varied 

considerably between patients, with some noticing almost no side effects and others reporting 

more severe effects that led to discontinuation of the study. Overall, ketamine was well 

tolerated and any side effects experienced were of short duration and low intensity for a large 

proportion of patients. 

4.4 Comparison with outcomes of other studies 

Comparison with results of other studies on the antidepressant efficacy of ketamine is feasible 

due to the use of widely available scoring tools, comparable doses, treatment intervals and the 

investigated clinical outcomes. Taking limitations of such a comparison into account, these 

results are also comparable to other studies that have investigated different routes of 

administration. Furthermore, despite not being an inclusion criterion, patients enrolled in this 

study might meet the criteria for treatment-resistant depression, which makes comparison with 

results of studies on treatment-resistant depression appropriate. Considering that intranasal 

esketamine has already been approved by the FDA as a novel first-in-class antidepressant for 

therapy of treatment-resistant depression (134), a comparison with this enantiomer also seems 

reasonable. The studies appraised by the FDA demonstrated significant differences in MADRS 
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score reduction compared to placebo, while the current study demonstrated a non-significant 

mean difference in MADRS reduction between ketamine and midazolam. Mean overall 

changes in MADRS score with therapy were comparable, with a mean reduction of 9.26 points 

(95% CI [2.81, 15.72], p < 0.01, Cohen's d = 0.87) from baseline to 11 days of treatment in this 

study versus reported least squares mean changes of -10.1 (95% CI [-13.1, 7.1]) to -20.8 (95% 

CI [-23.3, -18.4]) from baseline to 28 days of treatment in the studies on esketamine. 

Furthermore, a midazolam-controlled study on intravenous ketamine showed a reduction of 

2.83 points (95% CI [-0.12, 5.77]) in the 17-item HDRS after 24 h (111), which when translated 

to MADRS (135) is compatible with results of this study (6.17 points, s.e. = 1.61, 95% CI 

[1.51, 10.83]) and might indicate that oral ketamine can exert a similarly rapid effect as 

intravenous. 

In comparison to side effects of other routes of administration (e.g. intravenous or intranasal), 

oral application of ketamine appears to be the most tolerable (108). However, although side 

effects are less intense and less frequent with oral administration, in general, the side effect 

profile of oral ketamine is comparable to that of other routes of administration. Comparing the 

results obtained in this study with those of other studies dealing with antidepressant oral 

ketamine therapy, it appears that in other studies there are generally far fewer side effects, in 

terms of frequency and variety (123–125). Unfortunately, most other studies on oral ketamine 

have not provided a comprehensive account of side effect assessment, which makes 

comparison difficult. The systematic approach of the present study has resulted in a clear 

dataset on common side effects of oral ketamine therapy in this specific dose. 

Overall, the results of this trial may be similar to those of others, and oral ketamine may be 

considered to be reasonably effective in some patients with MDD, nonetheless oral ketamine 

appears to be slightly inferior in terms of antidepressant efficacy when compared to other forms 

of administration, such as intravenous or intranasal. Considering the better tolerability and the 

easier handling, the advantages and disadvantages may balance each other out. However, more 

evidence from controlled trials on oral ketamine in depression is needed to support these 

assumptions. 

4.5 Strengths and limitations 

Being one of the first investigations on antidepressant efficacy of oral ketamine controlled with 

an active substance (122), this study definitely shows strengths in terms of the double-blind 
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randomized controlled study design. Furthermore, the fact that the severity of depression was 

determined with widely used scoring scales and that side effects and depression scores were 

assessed by different psychiatrists are among the strengths of this study. In addition to the 

masking, a key advantage of this investigation is the comprehensive assessment of side effects 

and the broad inclusion criteria, including MDD and bipolar disorder. The inclusion of patients 

with various diagnoses of depressive disorders and comorbidities associated with depression 

could lead to a better representation of the real world setting and might facilitate generalization 

for practice. However, although masking may be one of the strengths of this trial, there was 

also evidence suggesting that midazolam may not be ideal as an active control in depression 

studies on ketamine, partly because patients are often pre-treated with benzodiazepines and 

may recognize the effect of midazolam as such. Furthermore, considering the statistically non-

significant difference between groups in antidepressant efficacy, the small sample size could 

be seen as another weakness of this investigation. Since a tendency for a better effectiveness 

of ketamine compared to midazolam is observable, a larger sample size would possibly reveal 

a statistically significant result as well. However, although the sample size was inherently small 

compared to major antidepressant studies such as the STAR*D trial (119), it is larger or similar 

compared to other studies on the antidepressant efficacy of oral ketamine (122) as well as to 

studies examining other routes of administration (136). Another main limitation of this study 

is the lack of analysis of follow-up examinations. Since there were no restrictions on 

concomitant medications after two weeks of treatment, the analysis of follow-ups would have 

exceeded the scope of this thesis. Considering that possible undesirable effects could outweigh 

the positive ones in the case of long-term use, it would be interesting to know at what time this 

would happen. In addition, a longitudinal study could identify long-term side effects and also 

investigate the sustainability of the antidepressant effect, which is of particular interest because 

there is an unknown potential for loss of efficacy with long-term use due to tolerance and 

habituation effects associated with ketamine (137). Another weakness of this study is the lack 

of analysis of blood levels. The variable and low bioavailability of oral ketamine could lead to 

different drug levels and thus explain the partial response to therapy (138). The partial absence 

of effects in some individuals could also mean that a treatment plan with a fixed dose may not 

be ideal regarding oral ketamine as an antidepressant and that a treatment strategy with 

individualized dosing regimens, involving an eventual dose escalation over the course of 

therapy, may yield better results. Moreover, the abuse and addiction potential of ketamine is 

not negligible (139), therefore future studies should also address this issue to enable evaluation 

for home use. 
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4.6 Conclusion 

In conclusion, the results of this investigation suggest that repeated oral ketamine therapy in 

sub-anesthetic doses over two weeks may be an effective and safe treatment option in clinical 

setting for patients with depressive episodes. Furthermore, in this study, a significant 

correlation was found between severity of dissociative side effects and antidepressant efficacy, 

which could mean that dissociative effects might be a predictor for the antidepressant actions 

of ketamine. However, there is a need for additional studies with larger sample sizes as well as 

with prolonged follow-up periods to confirm these findings and to determine, inter alia, optimal 

drug dosage, treatment regimen, treatment duration, risk of addiction and abuse, safety in long-

term use, safety in home use, persistence of effects, habituation and tolerance effects, potential 

biomarkers of response and also the most suitable patient population. In addition, further 

studies on the metabolism of oral ketamine would eventually provide information on the 

variable response to treatment and the individually variable occurrence of dissociative side 

effects. Finally, given the rapid effect observed, it may be interesting to investigate the efficacy 

of oral ketamine on acute suicidality in general and as a short-term adjuvant for a more rapid 

treatment response when starting treatment with a newly prescribed antidepressant. 
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6 Abbreviations 

5-HTTLPR Serotonin Transporter Length Polymorphic Region 
AMPAR α-Amino-3-Hydroxy-5-Methyl-4-Isoxazolepropionic Acid 
APA American Psychiatric Association 
BDI Beck Depression Inventory 
BDNF Brain-Derived Neurotrophic Factor 
CADSS Clinician Administered Dissociative States Scale 
CI Confidence Interval 
CRH Corticotropin-Releasing Hormone 
CYP Cytochrome P450 
D2 Dopamine Receptor D2 
DALY Disability Adjusted Life Years 
DHNK Dehydronorketamine 
DSM Diagnostic and Statistical Manual of Mental Disorders 
eEF2 Eukaryotic Elongation Factor-2 
FDA Food and Drug Administration 
GABA Gamma-Aminobutyric Acid 
HDRS Hamilton Depression Rating Scale 
HNK Hydroxynorketamine 
ICD International Classification of Diseases 
mAch Muscarinic Acetylcholine 
MADRS Montgomery–Åsberg Depression Rating Scale 
MAO Monoamine Oxidase 
MDD Major Depressive Disorder 
mEPSC Miniature Excitatory Postsynaptic Currents 
mGluR Metabotropic Glutamate Receptor 
mPFC Medial Prefrontal Cortex 
MRI Magnetic Resonance Imaging 
mTOR Mammalian Target of Rapamycin 
NMDA N-Methyl-D-Aspartic Acid 
NMDAR N-Methyl-D-Aspartic Acid Receptor 
NNT Number Needed to Treat 
PCP Phenylcyclohexyl Piperidine 
PET Positron Emission Tomography 
pKA Acid dissociation constant 
RCT Randomized Controlled Trial 
s.e. Standard error 
SCID I Structured Clinical Interview for DSM-IV 
SD Standard Deviation 
SNRI Serotonin-Norepinephrine Reuptake Inhibitor 
SPECT Single Photon Emission Computed Tomography 
SSRI Selective Serotonin Reuptake Inhibitor 
TCA Tricyclic Antidepressant 
TRD Treatment Resistant Depression 
Trk-B Neurotrophic Tyrosine Kinase 
VAS Visual Analog Scale 
WHO World Health Organization 
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