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SUMMARY 
Suicidal ideations or attempts in patients with major depressive disorder (MDD) are emergent conditions that require immediate 

treatment. Numerous therapeutic interventions to reduce suicide risk in psychiatric disorders are effective in long-term suicide 
prevention, but there is necessity of sufficient, rapid pharmacological treatment of suicidal risk in MDD.  

Ketamine, an N-methyl-D-aspartate (NMDA) antagonist, has been reported to have rapid antidepressant effect. Depressive 
symptoms, anxiety, hopelessness, suicidal ideation had decreased within hours after ketamine infusion. Ketamine’s rapid symptoms 
relief and reduction of suicide thoughts has aroused growing interests in psychiatric association. 
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INTRODUCTION 

Every year some 800 000 people die due to suicide 
according to WHO (World Health Organization). The 
neurobiology of suicidal behavior still remains to a large 
degree unclear. The link between suicide and mental 
disorders is well established. Depression affects more 
than 350 million people worldwide (WHO). About 50-
60% of patients with MDD fail to achieve remission 
despite treatment with multiple antidepressants and are 
considered to suffer from TRD (treatment resistant de) 
(Fava 2003). Limitations of currently available antide-
pressant therapies include late -onset response (typically 
4-6 weeks), adverse effects and treatment resistance. 
Difficulties are also associated with treating patients 
quickly enough to significantly reduce suicidal ideation 
(Diaz Granados 2010). Rapid antidepressant and anti-
suicidal effects of low ketamine doses have been repor-
ted since 2000 (Chen 2019). There is a relationship bet-
ween suicidal ideations and serotoninergic, noradrener-
gic and dopaminergic dysfunctions, however the role of 
glutamatergic system in suicide has received more 
attention recent years (Nowak 1995, Zarate 2006, 
Machado-Vieira 2009, Kalkman 2011, Furczyk 2013, 
DeLorenzo 2015, Tomasseti 2019).  

 
KETAMINE MECHANISM  
OF ACTION IN DEPRESSION 

The target of majority of conventional antidepres-
sants is monoaminergic system resulting in monoamine 
amplification. The major biological mechanism of rapid 
antidepressant ketamine action is different. The process 
initiated by an N-methyl-D-aspartate (NMDA) antago-
nist -ketamine in gamma- aminobutric acid interneurons 
leads to increase synaptogenesis and BDNF (brain-

derived neurothropic factor) relief (Zarate 2012, Grune-
baum 2017, Zanos 2018, Chen 2019). Evidence suggest 
that low-dose ketamine significantly increases BDNF 
levels what has been negatively correlated with depres-
sion symptoms (Kavalali & Montegia 2012). However, 
there are mix findings exploring BDNF levels in anti-
suicidal ketamine’s effect. Ballard found no correlation 
between BDNF levels and antisuicidal effects (Ballard 
2018). BDNF polymorphism may predict the treatment 
response of ketamine infusion (Niciu 2017, Chen 2019) 
Bay-Richter indicated that NMDA receptor antagonists 
may be effective in suicide and depression due to dys-
regulated kynurenine pathway (Bay-Richter 2015).  

Ketamine has been widely used in pain management 
and for induction and maintenance of anesthesia via 
intravenous or intramuscular administration in many 
countries since 1970 (Morgan 2012). Ketamine’ s opti-
mal antidepressant dose in intravenous administration 
remains unknown. Numerous placebo-controlled studies 
have demonstrated the ability of ketamine, to induce 
rapid (within hours), transient antidepressant effects at 
subanesthetic doses (0.5 mg/kg-1.0 mg/kg over 40 min) 
(Fava 2019). The infusions of ketamine were relatively 
well tolerated, except for dissociative symptoms and 
transient blood pressure elevations with the higher 
doses, the most common ketamine’s adverse effects 
were headaches and nausea (Singh 2015; Fava 2019). 
Adverse effects after low doses of ketamine were 
transient-usually lasted within 30 minutes to 4 hours 
after administration (Berman 2000, Diazgranados 2010, 
Zarate 2012, Murrough 2013, Lapidus 2014, Singh 
2015, Singh 2016, Daly 2018). It is worth mention, due 
to its hallucinogenic effect ketamine is used as recrea-
tional drug and in larger doses may have addictive 
properties with its harmful physical and psychological 
consequences (Curran 2000).  
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CLINICAL STUDIES REVIEW 

Ketamine has shown rapid antidepressant effects 
many trials in both single and multiple administration 
(Berman 2000, Zarate 2006, Diazgranados 2010, Zarate 
2012, Sos 2013, Murrough 2013, McGirr 2014, Shiroma 
2014, Lapidus 2014, Singh 2015, Loo 2016, Singh 
2016, Daly 2018, Mu-Hong Hen 2019). However, re-
peated ketamine infusions seem to be more beneficial 
(Zhan Yanni 2019). Ketamine resulted in a rapid anti-
suicidal effect in a group of depressed patients with sui-
cidal ideations (Price 2009, Diazgranados 2010, Larkin 
2011, Price 2014, Ballard 2015, Ionescu 2016, Bartoli 
2017, Grunebaum 2017, Canuso 2018). Some studies 
(Larkin & Beautrais 2011, Bartoli 2017) showed signi-
ficant decreased in suicidal ideations score after single 
ketamine infusion. Study by Grunebaum (2017) repor-
ted that ketamine had larger effect on suicidal ideations 
compered to midazolam. Wilkinson meta-analysis (Wil-
kinson 2018) of 10 placebo- control randomized trials 
involving 167 patients with major depressive disorder, 
bipolar depression and posttraumatic stress disorder re-
vealed that ketamine significantly reduced suicidal idea-
tions in clinician-administrated and self-reported outco-
mes. In contrast to earlier trials, other studies (Ballard 
2018; Ionescu 2019) revealed that patients with long-
standing history of chronic SI were less likely to respond 
to ketamine. The possible explanation is that dose 
0.5 mg/kg over 40 minutes was not sufficient in treatment 
resistant patients and the level of chronicity in these 
samples were higher than in prior studies (Ballard 2018, 
Ionescu 2019). Some authors suggested that suicidal idea-
tions response to ketamine occurs partially independently 
of antidepressant response and can be treated as distinct 
target what aligns with previous studies (Wilkinson 2018, 
Grunebaum 2018, Ballard 2018, Zhan 2019). The anti-
suicidal response is not entirely driven by the antide-
pressant effect of ketamine but there are possible other 
explanations (Zhan 2019) e.g. reduction of anhedonia 
(Ballard 2017) or decreased nighttime wakefulness in 
MDD and Bipolar disorder (Vande 2017). Mechanism of 
anti-suicide ketamine efficacy still remains unclear. 

 
CONCLUSION 

Patient with TRD are at risk of suicide. Therefore, 
there is a significant need to develop novel treatments 
for the rapid relief of depressive symptoms. The glu-
taminergic system has recently obtained a particular 
concern as a potential therapeutic target. There is gro-
wing interest in NMDA antagonist- ketamine due to 
rapid antidepressant and antisuicidal effect of this agent 
compering to delayed onset of routine methods (Diaz 
Granados 2010, Bartoli 2015). The bioavailability of 
ketamine depends on the rout of administration (Mathew 
2012). The limitation of ketamine for treating depres-
sion is due to it requires intravenous administration and 
hospital setting with appropriate safety monitoring. 
Esketamine, the S-enantiomer of ketamine was develo-

ped as an intranasal formulation for therapy in treat-
ment-resistant depression (TRD) (Dally 2018; Popova 
2018). Intranasal esketamine has regulatory FDA ap-
proval for treatment resistant depression since March 
2019 and is available in certified clinics. 
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