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SUMMARY 
Ketamine is an anaesthetic and analgesic agent that demonstrates the antidepressive effect in major depression. Several 

administrations routes, dosing schemas and esketamine are investigated in basic and clinical research with particular focus on 
treatment-resistant depression (TRD) where drug demonstrates its efficacy where very limited alternatives are available. The 
majority of ketamine studies in TRD treatment reported no serious adverse events regardless the administration route or regimen. 
However, the most commonly observed adverse events following ketamine administration in antidepressive doses include general, 
psychotomimetic, dissociative and hemodynamic ones. The side effects are mild or moderate, well-tolerated and transient.  

This paper discusses the risks regarding cardiovascular safety in MDD patients in short-term ketamine administration with 
particular focus on the effect on blood pressure and adverse drug reactions mitigation measures. 

The increase in systolic (SBP) and diastolic (DBP) blood pressure is dose-dependent and begins shortly after administration 
peaking at around 30 to 50 minutes with SBP and DBP rise from 10% to 50% above predose values and resolving at approximately 
2 to 4 hours after the dose administration. These changes generally are primarily asymptomatic. The elevations in SBP and DBP are 
observed on each dosing day with multiple administration schema. 

The treatment with ketamine and esketamine is contradicted in subjects at risk of an increase in blood pressure or intracranial 
pressure. The current evidence indicates the blood pressure should be assessed prior to dosing with ketamine and hypertensive indi-
viduals shall receive effective lifestyle/pharmacologic management prior to treatment. Blood pressure should be monitored after dose 
administration until blood pressure returns to acceptable levels. If blood pressure remains elevated acute blood pressure manage-
ment shall be delivered. In patients experiencing symptoms of hypertensive crisis immediate emergency care must be provided. 

The unmet need for improved pharmacotherapies for TRD means the use of ketamine and esketamine is warranted therapeutic 
option in patients who fail to achieve a sustained remission of depressive symptoms with drugs with monoamine-based mechanisms 
of action. Adequate safety measures must be applied when using ketamine/esketamine in TRD subjects with particular focus on 
somatic comorbidities as the transient drug effect on cardiovascular system is demonstrated and of clinical significance. 
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*  *  *  *  *  

INTRODUCTION 

Ketamine is an anaesthetic and analgesic agent that 
received particular interest in 2000 when Berman et al. 
published the results of their clinical trial demonstrating 
the antidepressive effect of the drug in major depression 
(Berman et al. 2000, McGirr et al. 2015, Rosenblat et al. 
2019). With a global burden of mood disorders on 
humans and the limitations of the monoaminergic anti-
depressants available ketamine research and use flourish 
with recent FDA approval for intranasal esketamine in 
TRD (treatment-resistant-depression) use.  

Ketamine is a racemate of its R- and S-enantiomers 
exhibiting different pharmacodynamics with majority of 
basic and clinical research pointing out to esketamine 
showing 3- to 4-fold higher affinity to phencyclidine 
site of the NMDA receptor than R-ketamine, corres-
ponding with its potency in terms of anaesthesia and 
analgesia (Kohrs & Durieux 1998) and more favorable 
tolerability profile with regard to its psychotomimetic 
side effects (Mathew et al. 2012, Paul et al. 2009). 

The mechanisms associated with ketamine antide-
pressant action are unclear. Still, its mode of action is 

different from monoaminergic antidepressants (Chiriţă 
et al. 2015). Subanaesthetic ketamine and esketamine 
doses trigger a intracellular cascade that induces 
synaptogenesis and dendritic spine formation (Duman 
et al. 2012) impacting three signalling pathways 
hypothetically employed in a glutamate hypothesis of 
major depression including the brain-derived neuro-
throphic factor (BDNF) pathway, the mammalian target 
of rapamycin (mTOR) signalling pathway and AMPA 
receptors (Abelaira et al. 2014).  

The aim of this paper is to evaluate the risks re-
garding cardiovascular safety in MDD patients in short-
term ketamine administration with particular focus on 
the effect on blood pressure and adverse drug reactions 
mitigation measures. 

 
KETAMINE USE IN MAJOR DEPRESSION 

The seminal proof-of-concept study with ketamine 
demonstrated that a single, subanaesthetic dose of intra-
venous drug exerts a rapid and persistent antidepressive 
effect in major depression (Berman et al. 2000). The 
subsequent basic research data and clinical trials 
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confirmed that ketamine is effective for patients with 
TRD (Coyle & Laws 201, McGirr et al. 2015, Short et 
al. 2018) and, in somehow isolated manner, reduces the 
intensity of suicidal thoughts in patients with TRD 
(Diazgranados et al. 2010, Price et al. 2009, Price et al. 
2014, Short et al. 2018).  

The mechanism of ketamine action in major depres-
sion is distinct from the monoaminergic antidepressant 
treatments. Ketamine affects fast excitatory glutamate 
transmission, increases BDNF release, and stimulates 
synaptogenesis. The pharmacodynamics of ketamine 
and esketamine is well demonstrated with its clinical 
antidepressive effect appearing in minutes to hours post 
administration in line with glutamate hypothesis of 
major depression.  

Ketamine is administered via different routes inclu-
ding intravenous (IV), intramuscular (IM), intranasal 
(IN), inhalation (nebulization), epidural, subcutaneous, 
transdermal, intra-articular, sublingual and oral formu-
lations (Le Nedelec et al. 2018).  

In majority of clinical reports available in the lite-
rature on patients with major depression, ketamine is 
used as a racemic mixture for single, intravenous 40-
minute infusion in a dose equal to 0.5 mg/kg (Berman et 
al. 2000, Diazgranados et al. 2010, Zarate et al. 2006, 
Zarate et al. 2012b, Short et al. 2018). There are also 
studies with multiple ketamine administrations with 
several IV infusions (Murrough et al. 2013b, Shiroma et 
al. 2014, Singh et al. 2016, Short et al. 2018) with recent 
studies on intranasal esketamine in acute and main-
tenance treatment of TRD (Daly et al. 2018, Daly et al. 
2019, Fedgchin et al. 2019, Popova et al. 2019). The 
FDA approved nasal esketamine spray demonstrates its 
antidepressive effect in the acute and maintenance 
treatment of TRD at doses of 56 or 84 mg coadmini-
stered with an oral antidepressant (Daly et al. 2019). 

 
KETAMINE USE IN MAJOR DEPRESSION – 
CARDIOVASCULAR ADVERSE  
DRUG REACTIONS 

The majority of ketamine studies in TRD treatment 
reported no serious adverse events regardless the 
administration route or regimen. The most commonly 

observed adverse events following ketamine admini-
stration in antidepressive doses include general, psycho-
tomimetic, dissociative and hemodynamic ones. The 
side effects are mild or moderate, well-tolerated and 
transient as all of them cease within 4 hours post admi-
nistration (Short et al. 2018) (Table 1). 

However, there is the clinically significant effect on 
blood pressure in normotensive individuals. The tran-
sient peak increases in systolic (SBP) and diastolic (DBP) 
blood pressure were reported during the infusions with 
ketamine and esketamine as well as being observed 
when alternative administration route was investigated. 
Animal studies suggest that the increase in blood pres-
sure produced by ketamine is due to selective activation 
of central cardiac stimulating mechanisms leading to an 
increase in cardiac output. The blood pressure levels 
exceeding 180/100 mmHg or heart rates exceeding 110 
beats per minute in approximately 20-30% of the 
patients exposed to drug are reported (Short et al. 2018).  

The increase in SBP and DBP is dose-dependent and 
begins shortly after administration peaking at around 30 
to 50 minutes with SBP and DBP rise from 10% to 50% 
above predose values and resolving at approximately 2 
to 4 hours after the dose administration. These changes 
generally are primarily asymptomatic. The elevations in 
SBP and DBP are observed on each dosing day with 
multiple administration schema (Daly et al. 2018, Daly 
et al. 2019, Fedgchin et al. 2019, Popova et al. 2019).  

The blood pressure elevation rates are higher among 
subjects with a history of hypertension than in those 
without such a history. Thus, the exposure to ketamine 
and esketamine treatment is associated with meaningful 
effects on heart rate and, in particular, on blood pressure 
for some patients.  

 
SAFETY PRECAUTIONS 

It is of prime importance qualifying and monitoring 
patients’ safety when using ketamine with particular 
focus on cardiovascular risks. The treatment is contra-
dicted in subjects at risk of an increase in blood pressure 
or intracranial pressure, in particular with known 
aneurysmal vascular disease and with known history of 
intracerebral hemorrhage (Short et al. 2018). 

 
Table 1. Ketamine associated adverse drug reaction in the treatment of tretment-resistnt depression 
Type  Symptom Comment        Timeframe 
General headache blurred vision, dry mluth, dizziness, anxiety, 

nausea, vomiing, faintness, sllep diorders, cognitive decline, 
restlessness, euphoria, increased sex drive, constipation, 
dysgeusia, hypoaesthesia at site of administratiuon 

transistent returns to normal up  
to 4 hours post-dose 

Psychomeimetic paranoia, hallucinatiobn, dellusion, thought disorder transistent returns to normal up  
to 4 hours post-dose 

Dissociative altered body and time perception,  
depersonalisation, derealisamtionb 

transistent returns to normal up  
to 4 hours post-dose 

Hemodynamic increase HR, increase SBP and DBP transistent returns to normal up  
to 4 hours post-dose 
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Patients with cardiovascular and cerebrovascular 
conditions are to be evaluated and stabilized prior to 
treatment initiation with exclusion of subjects with 
unstable or poorly controlled hypertension, history 
(within 6 weeks) of cardiovascular event, including 
myocardial infarction (MI), ischemic stroke or transient 
ischemic attack, hemodynamically significant valvular 
heart disease or New York Heart Association Class III-
IV heart failure of any etiology. 

Patients with a history of an MI should be clinically 
stable and cardiac symptom free prior to drug admini-
stration (Table 2). 

 
Table 2. Patients with a history of an MI 

Transient blood pressure increases are observed with 
ketamine/esketamine on treatment days The maximum 
value was reached at 40 minutes after the start of 
administration in most cases and typically returned to 
the predose 
Few patients experience treatment-emergent transient 
hypertension, defined as a systolic blood pressure of 
180 mm Hg or higher and/or a diastolic blood pressure 
of 110 mm Hg or higher 
No clinically significant change in electrocardio-
graphic findings was observed to date 

  

KETAMINE USE IN MAJOR DEPRESSION – 
CARDIOVASCULAR ADVERSE DRUG 
REACTIONS MITIGATION MEASURES 

CVD ketamine adverse drug reaction in the treatment 
of tretment-resistnt depression is presented in table 3. 

 
Table 3. CVD ketamine adverse drug reaction in the 
treatment of tretment-resistnt depression 
Common temporary tachycaria; increase in blood 

pressure and heart rate 
Rare arrythmia; bradycardia 

 
Ketamine may cause transient increases in SBP 

and/or DBP lasting approximately 1 to 2 hours. The 
current evidence indicates the blood pressure should be 
assessed prior to dosing with ketamine and hypertensive 
individuals shall receive effective lifestyle/pharmaco-
logic management prior to treatment. Blood pressure 
should be monitored after dose administration until 
blood pressure returns to acceptable levels. If blood 
pressure remains elevated acute blood pressure manage-
ment shall be delivered. In patients experiencing symp-
toms of hypertensive crisis immediate emergency care 
must be provided (Table 4). 

Table 4. Ketamine/eskamine adeverse drug reactions in TRD 
Author Intervention  Response 
Berman  
et al. 2000  

ketamine i.v. 
Infusion (single) 

significantly greater scores on the BPRS scale, especially the positive symptoms. 
Scores returned to baseline by 120 min after infusion.  

Zarate  
et al. 2006 

ketamine i.v. 
Infusion (single) 

elevations in blood pressure, euphoria, dizziness, and increased libid; adverse 
effects occurring more frequently with placebo than ketamine were gastro-
intestinal distress, increased thirst, headache, metallic taste, and constipation. 
The majority of these adverse effects ceased within 80 minutes after the infusion 

Diazgranados  
et al. 2010a 

ketamine i.v. 
Infusion (single) 

adverse events associated only with ketamine (≥10% of subjects) included 
tachycardia and increased blood pressure; twoubjects who experienced increased 
blood pressure and tachycardia returned to normal within minutes after the 
infusion. No adverse event was significantly different from placebo at 80 
minutes or thereafter. No significant changes occurred in electrocardiography, 
respiratory, or laboratory values during the study.’ 

Diazgranados  
et al. 2010b 

ketamine i.v. 
Infusion (single) 

replicable to the previous study 

Zarate  
et al. 2012b 

ketamine i.v. 
Infusion (single) 

no significant changes occurred in electrocardiogram, respiratory, or laboratory 
values during the study. 

Sos  
et al. 2013 

ketamine i.v. 
Infusion (single) 

mild increases in blood pressure, emotional blunting and euphoria; majority of 
these effects ceased within 30 minutes after the ketamine infusion.  

Murrough  
et al. 2013a 

ketamine i.v. 
Infusion (uo to 6) 

mild transient changes in blood pressure were observed on the infusion day; the 
infusion was discontinued for two patients in the ketamine group because of 
hemodynamic changes; in one case, a blood pressure elevation (peak, 187/91 
mm Hg) unresponsive to beta-blocker therapy resulted in infusion termination 
after 30 minutes. The blood pressure normalized within 10 minutes of infusion 
cessation. In the other case, there was transient but pronounced hypotension and 
bradycardia that resolved without sequelae and was followed by overnight 
observation in the hospital 
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Table 4. Continues 
Author Intervention  Response 
Murrough  
et al. 2013b 

ketamine i.v. 
Infusion (single) 

sixteen participants (67%) did not experience any clinically significant change in 
vital signs during any of the ketamine infusions; eight participants (33%) 
experienced elevated BP and/or heart rate according to pre-defined study criteria 
at least once during the series of infusions; one participant experienced elevated 
BP during the first infusion that did not respond satisfactorily to administration 
of antihypertensive medication, resulting in discontinuation of the infusion and 
study exit (maximum BP: 180/115); BP of that participant stabilized shortly after 
discontinuation of the ketamine infusion. 

Shiroma  
et al. 2014 

ketamine intranasal 
administration 
(single) 

none of the patients experienced arrhythmia or required respiratory support 
during the infusions; one normotensive 32-year old patient experienced a single 
episode of rise in blood pressure (180/92) that required 10 mg of IV labetalol; 
blood pressure rapidly returned to baseline and remained normal until discharge. 

Lapidus  
et al. 2014 

ketamine intranasal 
administration  
(up to 6) 

intranasal ketamine was associated with small increases in systolic BP (mean 
increase of 7.6 mm Hg at 40 min compared with baseline); four participants 
experienced treatment emergent increases in systolic BP >130 mm Hg after 
ketamine, and three participants experienced systolic BP >130 mm Hg after 
placebo. No patients had diastolic BP >100 mm Hg. There were no clinically 
significant elevatio ns in BP or heart rate that required intervention, and all 
hemodynamic changes resolved by 4 hours after infusion. No association was 
found between hemodynamic changes and antidepressant response to ketamine 
(all p<0.05).  

Singh  
et al. 2015 

esketamine i.v. 
Infusion (twice) 

no clinically significant changes in laboratory tests, electrocardiograms, or 
physical examinations were observed; the only clinically significant vital sign 
abnormalities were a case of irregular breathing and a case of transient high 
blood pressure (both with esketamine 0.40 mg/kg dosing), which resolved within 
2 hours without intervention.  

Loo  
et al. 2016 

esketamine i.v. 
Infusion (single) 

transient increases in heart rate, systolic and diastolic blood pressure were 
observed with peak incidence 5–10 min after ketamine injection in the IV group, 
and 10–15 min after ketamine injection in the IM and SC groups; aross groups, 
increases in heart rate did not exceed 120% of baseline, except in three 
participants (one each in IV, IM and SC groups); increases in mean arterial 
pressure (MAP) did not exceed 120% of baseline, with the exception of four 
participants (n=2, IV; n=2, IM).  

Singh  
et al. 2016 

ketamine i.v. 
Infusion  
(2-3/week/4 week 

no clinically significant changes in laboratory tests, pulse oximetry, and ECG 
were observed during the study.  

Daly  
et al. 2018 

esketamine 
intranasal 
(twice/week) 

most of the esketamine-treated participants manifested transient elevations in 
blood pressure (maximum mean change: systolic, 19.0 mm Hg; diastolic, 
10.3 mm Hg) and heart rate (maximum mean change: 9.4 bpm) on dosing days; 
maximum blood pressure values were observed in most cases at 10 or 40 minutes 
after the dose (systolic: 199 mm Hg; diastolic: 115 mm Hg); elevated values 
typically returned to the value observed before dosing by 2 hours after the dose; 
dose effect was not observed for heart rate, although the greatest mean increases 
from baseline during both periods were observed in the 84-mg esketamine group.

 
CONCLUSIONS 

Ketamine and esketamine demonstrate rapid anti-
depressant effect in TRD patients. The drug exhibits 
good overall tolerability profile. The unmet need for 
improved pharmacotherapies for TRD means the use 
of ketamine and esketamine is warranted therapeutic 
option in patients who fail to achieve a sustained re-
mission of depressive symptoms with drugs with mono-

amine-based mechanisms of action. Adequate safety 
measures must be applied when using ketamine/eske-
tamine in TRD subjects with particular focus on 
somatic comorbidities as the transient drug effect on 
cardiovascular system is demonstrated and of clinical 
significance. However, the evidence for its safety in 
TRD patients is strong with adequate treatment 
regimen being used. 



Joanna Szarmach, Wiesław Jerzy Cubała, Adam Włodarczyk & Mariusz S. Wiglusz: SHORT-TERM KETAMINE ADMINISTRATION  
IN TREATMENT-RESISTANT DEPRESSION: FOCUS ON CARDIOVASCULAR SAFETY 

Psychiatria Danubina, 2019; Vol. 31, Suppl. 3, pp 585-590 
 
 

 S589

 

Acknowledgements:  
This work is supported by the Medical University of 
Gdańsk, Poland (Grant No. ST-02-0039/07/221). 

Conflict of interest: None to declare. 

Contribution of individual authors: 
Joanna Szarmach: study conception and design, 

acquisition of data, analysis and interpretation of 
data, drafting of manuscript. 

Wiesław Jerzy Cubała: drafting of manuscript, critical 
revision. 

Adam Włodarczyk: analysis and interpretation of data. 
Mariusz S. Wiglusz: critical revision. 

 
References 

1. Abelaira HM, Réus GZ, Neotti MV, Quevedo J: The role 
of mTOR in depression and antidepressant responses. Life 
Sci 2014; 101:10-4 

2. Berman RM, Cappiello A, Anand, A, Oren DA, Heninger 
GR, Krystal JH: Antidepressant effects of ketamine in 
depressed patients. Biological psychiatry 2000; 47:351-
354 

3. Chiriţă AL, Gheorman V, Bondari D, Rogoveanu I: 
Current understanding of the neurobiology of major 
depressive disorder. Rom J Morphol Embryol. 2015; 56(2 
Suppl):651-8 

4. Coyle CM, Laws KR: The use of ketamine as an 
antidepressant: a systematic review and meta-analysis. 
Hum Psychopharmacol. 2015; 30:152-63 

5. Daly EJ, Singh JB, Fedgchin M, Cooper K, Lim P, Shelton 
RC et al.: Efficacy and Safety of Intranasal Esketamine 
Adjunctive to Oral Antidepressant Therapy in Treatment-
Resistant Depression - A Randomized Clinical Trial. 
JAMA Psychiatry 2018; 75:139-148 

6. Daly EJ, Trivedi MH, Janik A, Li H, Zhang Y, Li X, et al.: 
Efficacy of Esketamine Nasal Spray Plus Oral Antide-
pressant Treatment for Relapse Prevention in Patients 
With Treatment-Resistant Depression: A Randomized 
Clinical Trial. JAMA Psychiatry 2019.  
 doi:10.1001/jamapsychiatry.2019.1189 

7. Diazgranados N, Ibrahim L, Brutsche NE, Newberg A, 
Kronstein P, Khalife S, et al.: A randomized add-on trial 
of an N-methyl-D-aspartate antagonist in treatment-resi-
stant bipolar depression. Archives of general psychiatry 
2010; 67:793-802 

8. Diazgranados N, Ibrahim LA, Brutsche NE, Ameli R, 
Henter ID, Luckenbaugh DA: Rapid resolution of suicidal 
ideation after a single infusion of an N-methyl-D-
aspartate antagonist in patients with treatment-resistant 
major depressive disorder. J Clin Psychiatry 2010; 
71:1605-11 

9. Duman RS, Li N, Liu R, Duric V: Aghajanian G. Signaling 
Pathways Underlying the Rapid Antidepressant Actions of 
Ketamine. Neuropharmacology 2012; 62:35–41 

10. Fedgchin M, Trivedi M, Daly EJ, Melkote R, Lane R, Lim 
P, et al.: Efficacy and Safety of Fixed-Dose Esketamine 
Nasal Spray Combined With a New Oral Antidepressant in 

Treatment-Resistant Depression: Results of a Randomized, 
Double-Blind, Active-Controlled Study (TRANSFORM-1). 
nt J Neuropsychopharmacol 2019 

11. Kohrs R, Durieux ME: Ketamine: teaching an old drug 
new tricks. Anesth Analg 1998; 87:1186-93 

12. Lapidus KA, Levitch CF, Perez AM, Brallier JW, Parides 
MK, Soleimani L et al.: A randomized controlled trial of 
intranasal ketamine in major depressive disorder. Biol 
Psychiatry 2014; 76:970-6 

13. Le Nedelec M, Glue P, Winter H, Goulton C, Medlicott 
NJ: The effect of route of administration on the en-
antioselective pharmacokinetics of ketamine and 
norketamine in rats. J Psychopharmacol 2018; 32:1127-
1132 

14. Mathew SJ, Murrough JW, aan het Rot M, Collins KA, 
Reich DL, Charney DS: Riluzole for relapse prevention 
following intravenous ketamine in treatment-resistant 
depression: A pilot randomized, placebo-controlled 
continuation trial. Int J Neuropsychopharmacol 2010; 
13:71–82 

15. McGirr A, Berlim MT, Bond DJ, Fleck MP, Yatham LN, 
Lam RW: A systematic review and meta-analysis of 
randomized, double-blind, placebo-controlled trials of 
ketamine in the rapid treatment of major depressive 
episodes. Psychol Med 2015; 45:693-704 

16. Murrough JW, Perez AM, Pillemer S, et al.: Rapid and 
longer-term antidepressant effects of repeated ketamine 
infusions in treatment-resistant major depression. Biol 
Psychiatry 2013; 74:250-256 

17. Murrough JW, Iosifescu DV, Chang LC, Al Jurdi RK, 
Green CE, Perez AM et al.: Antidepressant efficacy of 
ketamine in treatment-resistant major depression: a two-
site randomized controlled trial. Am J Psychiatry 2013; 
170:1134-42 

18. Paul R, Schaaff N, Padberg F, Möller HJ, Frodl T: 
Comparison of racemic ketamine and S-ketamine in 
treatment-resistant major depression: report of two cases. 
World J Biol Psychiatry 2009; 10:241-4 

19. Popova V, Daly EJ, Trivedi M, Cooper K, Lane R, Lim P: 
Efficacy and Safety of Flexibly Dosed Esketamine Nasal 
Spray Combined With a Newly Initiated Oral Antidepre-
ssant in Treatment-Resistant Depression: A Randomized 
Double-Blind Active-Controlled Study. Am J Psychiatry 
2019; 176:428-438 

20. Price RB, Nock MK, Charney DS, Mathew SJ: Effects of 
intravenous ketamine on explicit and implicit measures 
of suicidality in treatment-resistant depression. Biol 
Psychiatry 2009; 66:522-6 

21. Price RB, Iosifescu DV, Murrough JW, Chang LC, Jurdi 
RK, Iqbal SZ, et al.: Effects of ketamine on explicit and 
implicit suicidal cognition: a randomized controlled trial 
in treatment-resistant depression. Depress Anxiety 2014; 
31:335-43 

22. Rosenblat JD, Carvalho AF, Li M, Lee Y: 
Subramanieapillai M, McIntyre RS. Oral ketamine for 
depression: A systematic review. J Clin Psychiatry 2019; 
80:18r12475 

23. Shiroma PR, Johns B, Kuskowski M, Wels J, Thuras P, 
Albott CS, Lim KO, et al.: Augmentation of response and 
remission to serial intravenous subanesthetic ketamine in 
treatment resistant depression. Journal of affective 
disorders 2014; 155:123-129 



Joanna Szarmach, Wiesław Jerzy Cubała, Adam Włodarczyk & Mariusz S. Wiglusz: SHORT-TERM KETAMINE ADMINISTRATION  
IN TREATMENT-RESISTANT DEPRESSION: FOCUS ON CARDIOVASCULAR SAFETY 

Psychiatria Danubina, 2019; Vol. 31, Suppl. 3, pp 585-590 
 
 

 S590 

24. Singh JB, Fedgchi M, Daly EJ, De Boer P, Cooper K, Lim 
P, Kurian B: A double- blind, randomized, placebo-
controlled, dose-frequency study of intravenous ketamine 
in patients with treatment-resistant depression. American 
Journal of Psychiatry 2016; 173:816-826 

25. Short B, Fong J, Galvez V, Shelker W, Loo CK: Side-
effects associated with ketamine use in depression: a 
systematic review. Lancet Psychiatry 2018; 5:65-78 

26. Sos P, Klirova M, Novak T, Kohutova B, Horacek J, 
Palenicek T: Relationship of ketamine’s antidepressant 

and psychotomimetic effects in unipolar depression. 
Neuroendocrinology Letters 2013; 34:287-293 

27. Zarate Jr. CA, Singh JB, Carlson PJ, et al.: A randomized 
trial of an N-metyl-D-asparate antagonist in treatment resi-
stant major depression. Arch Gen Psychiatry 2006; 63:856-64 

28. Zarate CA Jr, Brutsche NE, Ibrahim L, Franco-Chaves J, 
Diazgranados N, Cravchik A, Selter J, et al.: Replication 
of ketamine's antidepressant efficacy in bipolar depres-
sion: a randomized controlled add-on trial. Biol Psychiatry 
2012; 71:939-46 

 
  

Correspondence: 
Adam Wlodarczyk, MD 
Department of Psychiatry, Faculty of Medicine, Medical University of Gdańsk 
Dębinki St. 7 build. 25, 80-952 Gdańsk, Poland 
E-mail: aswlodarczyk@gmail.com 




