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SUMMARY 
Background: Depression is one of the most common mental disorders. Currently used antidepressants, acting on the 

monoaminergic system, are insufficient for depression treatment. In recent years, potential application of NMDA receptor 

modulators in the treatment of drug-resistant depression has gained attention. Administration of ketamine, being a non-competitive 

NMDA receptor antagonist, contributes to a faster remission of symptoms. 

Subjects and methods: The aim of this paper is to review current studies on the use of ketamine in the treatment of drug-resistant 

depression, compare results of various administration methods - intravenous, intranasal or oral, as well as compare its effectiveness 

with that of other antidepressants. 

Results: Numerous studies show the drug is effective and well tolerated, particularly in patients with increased suicidal thoughts. 

However, there are concerns on increasing tolerance to the drug and the possibility of implementing a long-term treatment. 

Conclusion: Oral and intranasal forms of the drug are particularly promising due to their non-invasiveness and ability to self-

administer. In March 2019, S-ketamine nasal spray was registered by the FDA for the treatment of drug-resistant depression. 
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INTRODUCTION 

Unipolar depressive disorder is the most frequent 

mental disorder. Currently, depression is the second 

contributor of global disability (Ferrari et al. 2013). 

According to statistics, 30% of patients suffering from 

unipolar disorder meet drug resistance criteria (Little 

2009). The pathophysiology of depression is still largely 

unknown. Most likely, impaired function of the monoa-

minergic system in the central nervous system is the 

main contributing factor. Currently used antidepres-

sants, acting on the monoaminergic system, are charac-

terised by a delayed effect (Mathew et al. 2012). The 

disease manifests itself 

includes anergia, anhedonia and sadness (Beck 1963). 

Depression is considered treatment-resistant if the 

patient is unresponsive after being administered at least 

two adequate and long enough courses of various 

antidepressants (Voineskos et al. 2020).  

Ketamine, a phencyclidine derivative, is a halluci-

nogen commonly used for general anaesthesia (Muller 

et al. 2016). In treatment-resistant depression, glutamate 

neurotransmission is impaired (Sanacora et al. 2012). 

Besides, people affected by this disease demonstrate ele-

vated levels of blood glutamic acid (Altamura et al. 

1995). Additionally, severity of unipolar depressive dis-

order correlates with blood glutamate concentration. The 

ketamine mechanism of action is associated with non-

competitive NMDA (N-methyl-D-aspartate) antagonism, 

located especially on GABA (gamma-aminobutyric 

acid) interneurons. It results in an increased level of 

glutamic concentration in the synaptic cleft. Then gluta-

mate binds AMPA (alpha-amino-3-hydroxy-5-methyl-4-

isoxazolepropionic acid) receptors. Finally, BDNF 

(brain derived neurotropic factor) signal is amplified in 

mTORC1 (mechanistis target of rapamycin complex 1) 

pathway, which results in augmentation of synaptic 

plasticity and neurogenesis (Matveychuk et al. 2020). 

The complex mechanism of action of ketamine explains 

why other NMDA antagonists (eg. memantine, lanice-

mine and nitrous oxide) do not have an antidepressant 

effect (Newport et al. 2015). What is more, such anti-

depressant effect of ketamine does not occur in genetic 

mice lacking the BDNF gene (Autry et al. 2011). 

Neuroimaging studies performed with the use of the 

by fMRI technique allowed to measure ketamine poten-

tial. It turned out that drug infusions had a different, 

often opposite, effect on people in an episode of major 

depression than in healthy controls. Ketamine norma-

lised the activity in brain centers, responsible for the 

regulation of emotions, such as amygdala or parahippo-

campal gyrus in sick patients (Reed et al. 2018). The 

neuroplastic role of ketamine, i.e. reversal of prefrontal 

cortex neural atrophy, which is characteristic of depres-

sion, has also been proven (Ly et al. 2018).  

Ketamine is a racemate composed of two enantio-

mers - R(-) and S(+). They differ in rotation of polarised 

light; enantiomer S rotates to the left whereas R - to the 
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right. The following aspects should be taken into 

account while applying the ketamine racemic form 

(Baker et al. 2002): 

 therapeutic and side effects of the particular enan-

tiomers; 

 differences in absorption, excretion and protein bin-

ding between the enantiomers; 

 preferential metabolism of one enantiomer over the 

other by enzymes;  

 difference in interacting with other drugs;  

 influence on mutual pharmacokinetics. 

S(+) ketamine has better affinity to the NMDA re-

ceptor and demonstrates a stronger analgesic effect than 

R(-) ketamine and racemate (Mihaljevi  et al. 2020). 

On the other hand, R(-) ketamine has a faster anti-

depressant effect and less side effects than S(+) keta-

mine (Yang et al. 2019). R(-) ketamine also improves 

phencyclidine-induced cognitive deficits. S(+) keta-

mine is deprived of that action (Tan et al. 2020). In 

addition, S(+) ketamine has more rapid metabolism 

and consequent recovery. S(+) ketamine also causes less 

emergence delirium compared to racemic form (White 

et al. 1980, Kienbaum et al. 2001). CYP2B6, CYP2C9 

and CYP3A4 metabolise ketamine to norketamine by 

N-demethylation process and S(+) norketamine has 

less side effects than S(+) ketamine (Hashimoto et al. 

2019). In therapeutic doses, S(+) and R(-) ketamines 

are metabolised by CYP2B6 (Yanagihara et al. 2001). 

Bioavailability of ketamine depends on the route of 

administration and are as follows (Li et al. 2016, 

Peltoniemi et al. 2016): 

 intravenous (100%); 

 intranasal (45%); 

 sublingual (30%); 

 oral (20%); 

 intramuscular (93%); 

 rectal (30%). 

Additionally, ketamine can also be administered by 

subcutaneous route (Mion 2017). 

S(+) ketamine administered in controlled trials for a 

period of above 1 year appeared to be safe (Swainson et 

al. 2019). However, like other substances, also ketamine 

has side effects. It might cause (Andrade 2019): 

 increased blood pressure; 

 dizziness; 

 nausea and vomiting; 

 drowsiness; 

 perceptual disturbance; 

 dissociation. 

Ketamine also has addictive properties. The pro-

bability of the above mentioned side effects rises when 

applied doses are higher than recommended (Jhang et 

al. 2015). 

This paper aims to review previous studies on the 

use of ketamine in the treatment of major depressive 

disorder, to compare results of various ways of its 

application: intravenous, intranasal and oral, and finally, 

to compare its effectiveness with that of other current 

antidepressant therapies. 

 

LITERATURE REVIEW 

Research on intravenous ketamine 

administration in patients with suicidal ideation 

Currently, more and more people suffer from 

suicidal ideation. Suicide is one of three major causes of 

worldwide mortality in individuals, aged 15-44 (Ale-

man et al. 2014). Over 90% of patients with suicidal 

ideation report mood disturbances as the primary cause 

(Cavanagh et al. 2003). Wilkinson used the below 

scales to evaluate the probability of attempting suicide: 

 Montgomery- ting Scale 

(MADRS); 

 Hamilton Depression Rating Scale (HAM-D); 

 Quick Inventory of Depressive Symptomatology-

Self Report (QIDS-SR) (Figure 1); 

 Beck Depression Inventory (BDI). 

 
Figure 1. Reduction in depressive symptoms in the 

QIDS-SR scale after intravenous ketamine/placebo 

administration (Wilkinson et al. 2018) 

 

Results of studies indicate that antidepressive effects 

of a single intravenous dose of ketamine are observed as 

early as after a day. 89.2% of subjects report significant 

reduction in suicidal ideation, observed for at least one 

week after ketamine administration compared to 42.9% 

of the controls, who were administered 0.9% NaCl or 

midazolam. Clinicians report improvement in 86% of 

subjects in the ketamine group compared to 52.9% of 

subjects in the control group. Ketamine has a great anti-

depressant potential and the improvement is observed 

for at least one week following a single infusion 

(Wilkinson et al. 2018). 

Reduced suicidal ideation, induced by intravenous 

administration of ketamine, is noted already within 40 

minutes after the infusion (Ballard et al. 2014), whereas 

SSRIs (selective serotonin reuptake inhibitors) induce 
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such antidepressant effects as late as after two weeks 

(Ting et al. 2012). Besides, SSRIs applied in patients 

suffering from bipolar affective disorder could worsen 

their mood and contribute to more frequent episodes of 

suicidal ideation (Hennen et al. 2005). 

Additionally, fewer episodes of suicidal ideation are 

observed only in adults (not in adolescents) (Gibbons et 

al. 2012). 

Also anxiety disorders increase the probability of 

suicidal behaviour (Goldberg et al. 2012). In research 

published by Ballard, which shows a correlation bet-

ween feeling of anxiety and suicidal ideation and bet-

ween depression occurrence and suicidal ideation, the 

following scales were used: 

 HAM-D, which takes into account psychic anxiety, 

somatic anxiety, general somatic symptoms, gastro-

intestinal symptoms, hypochondriasis, and insight ; 

 Scale for Suicide Ideation (SSI) used to determine 

the wish to live (Figure 2) and the wish to die 

(Figure 3). 

 

 
Figure 2. Wish to live in SSI after intravenous ketamine 

administration at a dose of 0.5 mg/kg (the solid line) vs 

placebo (the dotted line) 
 

 
Figure 3. Wish to die in SSI after intravenous ketamine 

administration at a dose of 0.5 mg/kg (the solid line) vs 

placebo (the dotted line) 

Studies show that a single intravenous ketamine 

administration at a dose of 0.5 mg/kg results in a signi-

ficant reduction of suicidal ideation, which is related to, 

but also independent of reductions in depression and 

anxiety. Additionally, a single dose of intravenous keta-

mine increases the wish to live and suppresses the wish 

to die. An antisuicidal effect is the strongest after 40 

minutes of administration. However, side effects are 

also most pronounced within 40 minutes after admini-

stration of the drug (Ballard et al. 2014). Reductions in 

suicidal ideation following ketamine infusion are related 

to, but also independent of, reductions in depression and 

anxiety. As interventions for suicidal ideation are criti-

cally needed in psychiatry, findings suggest that evalua-

tions of ketamine can be used to further investigate the 

neurobiology and best treatments for suicidal indivi-

duals (Jakuszkowiak-Wojten et al. 2019). 

Intravenous ketamine administration significantly 

reduces depressive symptoms in unipolar and bipolar 

affective disorders. However, a better antidepressant 

effect was observed in patients with unipolar affective 

disorder (McGirr et al. 2015) in whom remission lasted 

at least 7 days (Kishimoto et al. 2016), compared to 3-4 

day-remission, noted in patients with bipolar affective 

disorder (Romeo et al. 2015). 

 

Intranasal administration of ketamine 

Intranasal medications are exceptionally rarely admi-

nistered in modern psychiatry. This administration me-

thod, however, is highly beneficial. Absorption through 

the nasal epithelium allows to avoid the first-pass effect 

and cross the blood-brain barrier. The blood level of 

intranasally administered ketamine increases rapidly 

and achieves a therapeutic effect (Henkin 2011). 

In one of the first intranasal ketamine studies, 

conducted by Lapidus, a 50-mg dose of S(+) ketamine 

was administered to the study group. An improvement 

was observed as early as after 40 minutes following the 

administration and it stayed for 7 days after a single 

dose (Lapidus et al. 2014). However, it was slightly 

weaker than the dose of 0.5 mg/kg b.w. administered 

intravenously, which was associated with lower blood 

levels of the drug for the comparable intranasal dose. In 

phase II of the trial, a 84-mg dose appeared to be more 

effective than a 56-mg dose and the treatment effect was 

maintained for 2 months in a follow-up study, preceded 

by additional open-label maintenance treatment with 28-

mg doses. The average sustained decrease in the score 

of the MADRS scale was high, i.e.11.6 points. These 

results are comparable to the dose of 0.2 mg/kg b.w. of 

intravenously administered S(+) ketamine (Daly et al. 

2018). However, phase III study on intranasal S(+) 

ketamine administration, conducted by Fedgchin, sho-

wed a statistically significant clinical improvement of 

the score of the MADRS scale for a 56-mg dose given 

twice a week for 4 weeks in comparison to the appli-

cation of a different antidepressant and placebo inha-

lation. On the other hand, the study did not confirm a 
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beneficial effect for a 84-mg dose, which was related 

to methodological limitations of the study (Fedgchin et 

al. 2019). In other publications, dissociative and 

psychotomimetic side effects as well as haemodynamic 

changes were less frequent and less severe than for 

intravenous administration of the drug. It should be 

emphasised that the above-mentioned studies were 

double-blind, randomised and accompanied by a simul-

taneous treatment with a new oral antidepressant that 

affects the biogenic amine system, due to a clinically 

dangerous condition of patients in drug-resistant major 

depression and related ethical aspects. The largest 

number of participants included in this type studies has 

been only 346 so far. Thus, it will be necessary to carry 

out studies on larger groups in the future. This will 

allow for systematisation of treatment regimens. 

It is also worth pointing out preliminary reports from 

phase II clinical trials, conducted on patients suffering 

from drug-resistant depression in the course of bipolar 

disorder. The trials appeared to be significantly 

beneficial. The difference in the MADRS score after 

discontinuation of placebo was: on day 14 5.9 for a 24-

mg dose, 6.7 for a 36-mg dose and 8.2 for a 48-mg dose 

(Celon Pharma 2021). 

S(+) ketamine has been approved by the FDA for the 

treatment of drug resistant depression since 2019. Its 

distribution is limited by the REMS (Risk Evaluation 

and Mitigation Strategy) protocol due to a potential risk 

of misusing the specimen. A patient, having been 

administered the drug, has to be monitored by a health 

care provider for 2 hours after the application of the 

drug. The patient is disallowed to take the drug home 

and drive any vehicles on that day (Food & Drug 

Administration 2019). According to the treatment 

schedule, the drug should be applied at doses of 56 or 

84 mg (and 28 mg for people above 65 years of age). 

The drug should be administered twice per week 

during the 2-week induction phase; then, once a week 

for at least 4 weeks or longer, depending on the 

patient's clinical condition. 

Psychiatrists should pay special attention to com-

monly used drugs, such as sildenafil or tricyclic anti-

depressants which increase the congestion of the 

mucosa. They can cause nasal obstruction, reported by 

patients as runny or stuffy nose, and in consequence, 

significantly reduce the bioavailability of the drug 

(Kiroglu et al. 2006). On the other hand, vasocon-

strictor drugs and inhaled glucocorticosteroids should 

not be used up to an hour before an inhalation. More-

over, it is worth noting that ketamine has got indirect 

sympathomimetic properties. It stimulates release of 

noradrenaline which leads to increased blood pressure, 

heart rate, cardiac output and consequently to increa-

sed myocardial oxygen consumption (Kurdi et al. 

2014). Due to this fact there are contraindications to 

use of the drug: aneurysms, a history of intracerebral 

haemorrhage and other intracranial pathologies which 

lead to increased intracranial pressure (Janssen 2021). 

Besides, severe coronary artery disease or recent (up to 

6 weeks) cardiovascular events are also contradictions 

to ketamine use (Rathmell & Rosow 2015). 

 

Oral administration of ketamine 

Oral administration of ketamine is characterised by 

low bioavailability. The rate of absorption of the drug 

depends on genetic factors, food ingestion, variable 

intestinal motility and gastric condition. In addition, it 

undergoes intensive first-pass metabolism in the liver. 

Due to this fact, only 17-23% of the drug dose reaches 

the circulatory system (Smith-Apeldoom et al. 2019). 

One of the first reports of a clinical case series on 

the effectiveness and tolerance of the oral form of the 

drug was presented in Pharmacopsychiatry. Patients 

were treated simultaneously for 14 days with ketamine 

and antidepressants. Two of them received venlafaxine 

at a dose of 150mg/d, the third participant received 

venlafaxine and trimipramine at doses of 225 mg/d and 

100 mg/d, respectively. The fourth participant received 

duloxetine at a dose of 60mg/d. Only two patients with 

melancholic features responded to the treatment The 

other patients were unresponsive (Paslakis et al. 2010). 

Another study conducted by Arabzadeh on a group of 

81 individuals revealed that ketamine can act as an 

adjuvant for sertraline. 

There was a statistically significant improvement in 

the HRDS score after 2 weeks of application of oral 

ketamine administered at a dose of 25 mg/d twice daily 

in combination with sertraline, administered at a dose 

of 150 mg daily in comparison with patients receiving 

sertraline and placebo. In addition, the frequency of 

adverse effects did not differ between the two groups. 

The effect maintained for 6 weeks after the initiation 

of the therapy (Arabzadeh et al. 2018). 

During a 28-day study published by Irwin, keta-

mine was administered orally at a dose of 0.5 mg/kg to 

hospice patients. The product was shown to cause 

remission of depressive symptoms on the HADS scale 

after 14 days, and anxiety symptoms after 3 days follo-

wing its introduction. The improvement was maintai-

ned for 28 days after the drug was discontinued (Irwin 

et al. 2013). In a double-blind, randomised study, 

conducted by Domany, subjects received ketamine 

orally at a dose of 1 mg/kg 3 x weekly or placebo for 

21 days. On the last day of the study, the mean 

MARDS score decrease for the ketamine group was 

12.75 points, compared to placebo subjects, for whom 

the value was 2.49 points. Besides, ketamine was well 

tolerated. Dizziness and euphoria were reported by 4 

patients; other side effects were slight and occurred as 

frequently as in the placebo group. 

An additional patient assessment was made 7 days 

after the completion of study. It showed that there was 

no increase in depressive symptoms, and the mean 

MARDS score was still lower than the baseline 

(Domany et al. 2018). 
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Oral administration of ketamine allows for higher 

serum concentrations of norketamine, which contri-

butes to analgesic effects of this drug (Lapidus et al. 

2014). A 6-week study, conducted by Jafarinia, con-

firmed the efficacy of the oral form of ketamine in 

remission of depressive symptoms in patients with 

chronic pain. 

The mean HADS score was lower in patients taking 

ketamine at a dose of 150 mg/day compared to the 

group receiving diclofenac at the same dose after just 

one week of application. However, no statistically sig-

nificant differences were observed regarding the pain 

level on the VAS rating scale (Jafarinia et al. 2016). 

The oral form of drug could become an alternative 

to the intravenous one due to less invasive admi-

nistration, good tolerance, and the possibility of self-

administration (Arabzadeh et al. 2018). Furthermore, 

the oral form of ketamine is less addictive than the 

intranasal form. A study conducted by Hartberg 

provides further evidence for good tolerance of this 

drug. The most common adverse reactions experienced 

by patients after its administration were headache, 

sedation, blood pressure fluctuations, and vomiting. 

However, they were of short-lasting and did not 

require a medical intervention (Hartberg et al. 2018). 

Oral administration of ketamine would be a simpler 

and cheaper form of treatment, especially in countries 

enjoying a high standard medical care (Andrade 2019). 

Development of safe and effective home treatment re-

gimens would promote this route of drug admini-

stration (Shirawi et al. 2017). However, the authors of 

the studies point out a need to conduct further studies 

on dose ranges and pharmacokinetic interactions with 

other drugs on a larger number of patients. 

 

CONCLUSIONS 

In the above studies, ketamine appears to be a pro-

mising, fast-acting antidepressant, especially in inten-

sified suicidal tendencies. Due to its non-invasive 

nature, alternative forms of its administration, such as 

intranasal and oral, seem to be particularly promising. 

Undoubtedly, a relatively short period of symptom 

remission is a disadvantage of the drug. Long-term 

studies are needed in the future to verify the issues of 

increasing tolerance to the drug and check whether it is 

possible to effectively maintain treatment effect in the 

long run and to develop detailed treatment algorithm. It 

is also necessary to investigate which standard antide-

pressants may potentially enhance ketamine treatment. 

Unfortunately, distribution of the preparation may also 

be problematic in the future as the drug may be 

potentially addictive and used for recreational purposes 

and also due to high costs of the ketamine therapy. 

Ketamine may considerably trigger future development 

of drugs modulating glutamatergic transmission. 
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