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Abstract: Background/ Objective: Major depressive disorder (MDD) is a common mental disorder, 

with a significant part of patients developing treatment-resistant depression (TRD). Esketamine is 

an antagonist of the N-methyl-D-aspartate receptor indicated as a nasal spray in combination with 

other antidepressants for adults with TRD. Signals of suspected adverse reactions (SARs) to 

esketamine from the EudraVigilance database in European countries were analyzed for a more 

defined safety profile of this drug in the real-world. Methods: SARs to esketamine reported in the 

data system EudraVigilance were analyzed and disproportionality analysis for adverse reactions 

indicating suicidality for esketamine, in comparison to the antidepressants fluoxetine and 

venlafaxine, was performed. Results: “Blood pressure increased” (15.4%) and “Dissociation” 

(15.0%), are the more frequently reported SARs. Sex distribution indicates prevalence of women, 

except for “Blood pressure increased” and “Completed suicide”, more signaled for men, while 

adults (18-64 years) and elders (65-85 years) are the ages with the largest number of reported adverse 

reactions to esketamine. Results show a significant increase of risk of suicide for esketamine, when 

compared with fluoxetine and venlafaxine. Conclusions: Apart of carefulness due to the known 

limitations of pharmacovigilance research conducted by using datasystem of spontaneous signals 

for SARs, analysis of data on points towards the need for greater attention for risk suicide following 

prescription of esketamine in depressed subjects. In this regard, as well as regulatory agencies 

recommend, patients with a history of suicide-related events or those exhibiting a significant degree 

of suicidal ideation prior to begin treatment, should receive a more careful monitoring during 

treatment. 

Keywords: esketamine; pharmacovigilance; adverse reactions; major depressive disorder; 

treatment-resistant depression; suicide 

 

1. Introduction 

Major depressive disorder (MDD) is a common mental disorder, and a significant part of 

patients diagnosed with this disorder do not achieve complete recovery (remission phase lasting for 

at least six months) even in the face of multiple pharmacological trials, developing a form of Major 

depressive disorder (MDD) is a common mental disorder, and a significant part of patients diagnosed 

with this disorder do not achieve complete recovery (remission phase lasting for at least six months) 

even in the face of multiple pharmacological trials, developing a form of treatment-resistant 

depression (TRD) [1]. The concept of depression resistant to antidepressant pharmacological 
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treatment was officially introduced by Lehmann in 1974 [2] and described over time through studies 

and publications that have outlined its profile [3]. At present, however, there is no precise definition 

of TRD, which is why clinicians and researchers tend to embrace the postulate formulated at the turn 

of the century. according to which a subject is resistant to treatment when successive therapies, 

conducted consecutively with two molecules belonging to different pharmacological classes, do not 

produce acceptable therapeutic effects even if taken for a sufficient period of time and at an adequate 

dosage [4]. TRD concept is applied in clinical practice when two or more successive treatments with 

different antidepressant drugs were not working [5]. 

Research in new pharmacological therapies for TRD has taken two main paths. One followed 

the use of typical serotonergic drugs and another less typical way on glutamatergic or psychedelics 

substances such as ketamine and esketamine [6]. A major breakthrough in the treatment of 

depression was the observation that the racemic mixture (R,S)-ketamine (hereafter referred to as 

ketamine), well-characterized pharmacologically as an NMDA receptor (NMDAR) antagonist, 

produced rapid and long-lasting antidepressant effects in humans [7,8]. NMDA receptor antagonists 

show similar behavioral and neurochemical profiles to antidepressants [9]. Ketamine is a high-

affinity NMDA non-competitive receptor antagonist. This result is consistent with reports that 

NMDA antagonists mimic the effects of clinically effective antidepressants [10]. Ketamine was first 

derived from phencyclidine and administered to humans in the 1960s to establish new anesthetic 

compounds. Indeed, ketamine produced a dissociative and anesthetic state in humans that led to its 

use as an anesthetic and analgesic [11]. However, the antidepressant effects of ketamine were not 

fully realized until decades later [12]. 

Ketamine, induces rapid and significant antidepressant effects within a few hours. Due to the 

rapid antidepressant effects of ketamine, unlike the delayed beginning of impact of traditional 

antidepressant drugs [13], research on this drug has continued and revealed its mechanisms of action 

and potential drug targets. Mechanism of action of ketamine seems to be related to the 

pharmacological properties of its metabolites. Indeed, ketamine is rapidly metabolized, resulting in 

neuroactive products that likely contribute to its therapeutic effects. It undergoes its first metabolic 

transformation to (R,S)-norketamine in the liver. Subsequently, (R,S)-norketamine can be converted 

to (R,S)-dehydronorketamine (DHNK) or (R,S)-hydroxynorketamine (HNK) [14]. Esketamine is the 

S-enantiomer of racemic ketamine. It is a nonselective, noncompetitive antagonist of the N-methyl-

D-aspartate (NMDA) receptor [15,16]. 

Through NMDA receptor antagonism, esketamine produces a transient increase in glutamate 

release, resulting in increased α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor 

(AMPAR) stimulation and subsequent increases in neurotrophic signaling. Thus, it seems to 

contribute to the restoration of synaptic function in brain regions involved in the regulation of mood 

and emotional behavior [17]. Restoration of dopaminergic neurotransmission in brain regions 

involved in reward and motivation and reduced stimulation of brain regions involved in anhedonia 

may contribute to the rapid response [18]. European Medicines Agency (EMA) in 2019 approved 

Esketamine as a nasal spray that delivers a total of 28 mg of esketamine in two actions (one in each 

nostril), in combination with a selective serotonin reuptake inhibitor (SSRI) or a serotonin and 

norepinephrine reuptake inhibitor (SNRI), for adults with treatment-resistant Major Depressive 

Disorder (MDD), who have not responded to at least two different treatments with antidepressants 

in the current moderate to severe depressive episode. Furtherly, co-administered with oral 

antidepressant therapy, is indicated in adults with a moderate to severe episode of MDD, as acute 

short-term treatment, for the rapid reduction of depressive symptoms, which according to clinical 

judgement constitute a psychiatric emergency. The most commonly observed adverse reactions in 

patients treated with esketamine based on data collected for clinical studies used for market 

registration of the drug were dizziness (31%), dissociation (27%), nausea (27%), headache (23%), 

somnolence (18%), dysgeusia (18%), vertigo (16%), hypoaesthesia (11%), vomiting (11%), and blood 

pressure increased (10%) [19]. 

However, postmarketing occurrence of respiratory depression associated with esketamine 

treatment has been signaled but no adverse events of respiratory depression were reported in ESK 

phase 3 clinical trials. Moreover, in a study involving fifty cases of depressed patients treated with 

esketamine matching definition for respiratory depression, only 8 of these showed a stronger 

association with esketamine therapy [20]. 
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Another study based on a total of 2907 female reports and 1634 male reports on esketamine 

extracted from the databank Food and Drug Administration on Adverse Event Reporting System 

(FAERS) showed that completed suicide, decreased therapeutic product effects, urinary retention, 

and hypertension were common in men [21]. Analysis of data on neurological adverse events caused 

by esketamine and extracted from FAERS suggests that a higher dose of esketamine, antidepressant 

polypharmacy, and combination treatment with benzodiazepines or somatic medications are more 

likely to be risk factors related to adverse events severity, instead age and sex are not [22]. 

In the present study, we analyzed signals of suspected adverse reactions to esketamine from the 

EudraVigilance database in order to detect and characterize relevant safety signals deriving from 

prescription of this drug in depressed patients in European countries. A descriptive statistical 

analysis was conducted to highlight the results obtained through data mining of esketamine signals 

of adverse reactions and a disproportionality analysis using the reporting odds ratio to compare the 

safety profile related to suicidal events between esketamine and the antidepressants fluoxetine [23] 

and venlafaxine [24] was operated. 

2. Results 

A total of 751 ICSRs related to Esketamine were identified in the Eudravigilance database as 

signals for adverse reactions to esketamine in the period from 2019 (year of market entry of the drug) 

to 31 December 2024. Of these reports, 265 were categorized as serious cases (35.3% of the total 

number of ICSRs) and 486 as non-serious cases. The distribution by sex shows that of the 490 non-

serious cases, 306 reports are related to female subjects (62.4%) and 168 to male subjects. Similar 

percentages are observed with serious cases: 169 of female cases (63.8%) and 96 of male cases, thus 

indicating that both serious and non-serious cases are more frequent in women. However, among 

serious cases, death results in 27 cases, of which 18 are about men (66.7%). Most of cases of death 

were caused by suicide. Total cases of death not caused by suicide are 17 (63% of cases of death); 12 

were men and 5 women, showing a larger percentage of suicide in men (70.6%). Frequency in 

descending order of single adverse reactions indicates that “Blood pressure increased”, 

“Dissociation/Dissociative disorder”, “Anxiety” and “Completed suicide” are more often related to 

esketamine than other serious events (Figure 1). Statistical analysis of sex distribution shows that the 

adverse reactions “Blood pressure increased” and “Completed suicide” are signaled more frequently 

for men. “Dizziness” is the adverse reaction to esketamine involving prevalently women. There is no 

statistical difference in sex distribution of the other adverse reactions to esketamine (Table 1). Age 

distribution of cases shows that adult age (18-64 years) and elderly (65-85 years) are more affected. 

This is a predictable result, because in these ages esketamine is more naturally prescribed for 

depression. No statistical difference is revealed by data analysis, except for “Blood pressure 

increased” more signaled in elderly (65-85 years). Moreover the adverse reaction “hallucination” is 

only reported in adults (18-64 years) (Table 2). Cases of death not including suicide, among all serious 

SARs caused by esketamine, are 3.8% with the prevalence of men (2.3%) in comparison to women 

(1.5%). Most of these fatal events were observed in the group of adult patients (Table 3). Diagnoses 

related to deaths associated with esketamine were three cases of sudden death and other single 

diagnoses such as respiratory failure, pulmonary embolism, myocardial infarction. ROR and PRR 

results regarding groups of adverse reactions aggregated according to the SOC levels show as signals 

for adverse reactions to esketamine produced both ROR and PRR increased in comparison to signals 

for adverse reactions to both fluoxetine and venlafaxine. In particular these parameters are increased 

for “Psychiatric disorders”, “Vascular disorders” and “Immune system disorders” among adverse 

reactions to esketamine (Table 4). Most of psychiatric disorders potentially caused by esketamine are 

represented by single adverse reactions such as “Dissociation/Dissociative disorders”, followed by 

“Suicidal ideation”, “Anxiety” and “Completed suicide”. Vascular disorders signaled for esketamine 

are for the most dizziness and hypertension, while for immune system disorders several cases of 

anaphylactic reactions (Table 1, Table 2). ROR and PRR of cases signaling the single adverse reactions 

“Suicidal ideation”, “Suicide attempt” and “Complete suicide” suspected to be caused by esketamine 

in comparison with the two antidepressant drugs fluoxetine and venlafaxine, show an increased risk 

of “Suicidal ideation” with esketamine compared to fluoxetine (ROR 2.94 and PRR 2.75; C.I.1.75-4.94) 

and a more increase of risk in comparison to venlafaxine (ROR 5.25 and PRR 4.83; C.I. 3.15-8.73). Light 

increase of risk was also detected in “Suicide attempt” with esketamine in comparison to venlafaxine 

(ROR 1.05 and PRR 1.04; C.I. 0.59-1.86). Significant increase of risk with esketamine was detected with 
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calculation of signals regarding “Completed suicide” comparing signals with those of fluoxetine 

(ROR 8.05 and PRR 7.60; C.I. 3.55-18.3) and even more with venlafaxine (ROR 10.58 and PRR 9.96; 

C.I. 5.08-22.04). Comparison of signals for “Suicidal ideation”, “Suicide attempt“ and “Completed 

suicide” between fluoxetine and venlafaxine showed only a moderate increase of risk with fluoxetine 

treatment (Table 5). 

 

Figure 1. Suspected adverse reactions to esketamine signaled in European Economic Area and United Kingdom 

in the years 2019-2024, according to the System Organ Class (SOC) levels. Total number of cases is 265. Data are 

presented as number of single adverse reactions. Only groups of adverse reactions signaled more than two times 

are considered. 

Table 1. Sex distribution of suspected adverse reactions to esketamine signaled in the European Economic Area 

and United Kingdom in the years 2019-2024. The total number of Individual Cases Safety Reports (ICSRs) is 265. 

Adverse reaction 
Male cases Number 

and % 

Female cases  

Number  

and % 

Male and female 

cases 

% of all adverse 

reactions  

Significance level 

(P)  

Blood pressure increased 
23 

(53.5%) 

20 

(46.5%) 
43 16.2% 

  0.016410* 

 

Dissociation/ 

Dissociative disorder 

14 

(33.3%) 

28 

(66.6%) 
42 15.8% 0.802393 

Suicidal ideation 
9 

(34.6%) 

17 

(65.4%) 
26 9.8% 0.972193 

Anxiety 
5 

(21.7%) 

18 

(78.3%) 
23 8.7% 0.198565 

Dizziness 
2 

(11.1%) 

16 

(88.9%) 
18 6.8% 

  0.041125* 

 

Completed suicide 
12 

(70.6%) 

5  

(29.4%) 
17 6.4%   0.005334* 

Drug ineffective 
5 

(29.4%) 

12 

(70.6%) 
17 6.4% 0.685521 

Suicide attempt 
3 

(21.4%) 

11 

(78.6%) 
14 5.0% 0.369206 

Loss of consciousness 
6 

(46.1%) 

7 

(53.8%) 
13 4.9% 

0.639931 

 

Hallucination 4 8 12 4.5% 0.925157 

0 20 40 60 80 100 120 140

Psychiatric disorders

Nervous system disorders

General disorders and administration site…

Gastrointestinal disorders

Investigations

Vascular disorders

Respiratory, thoracic and mediastinal disorders

Injury, poisoning and procedural complications

Cardiac disorders

Eye disorders

Infections and infestations

Immune system disorders

Renal and urinary disorders

Skin and subcutaneous tissue disorders

Number of adverse reactions

Suspected adverse reactions to esketamine according to 

System Organ Class (SOC)
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(33.3%) (66.7%)  

Generalised tonic clonic 

seizure 

4 

(50.0%) 

4 

(50.0%) 
8 3.0% 

0.653024 

 

Diplopia 
2 

(28.6%) 

5 

(71.4%) 
7 2.6% 

0.977208 

 

Aggression 
0 

(0%) 

5 

(100%) 
5 1.9% N.A. 

Bradycardia 
4 

(80.0%) 

1 

(20%) 
5 1.9% 

0.112688 

 

Data are presented as number of cases and percentage of single adverse reactions. Only adverse reactions sig-

naled more than 5 times are included in the table. N.A. = not applicable; * = p < 0.05 vs Male or Female cases. 

Table 2. Age distribution of individual case safety reports (ICSRs) signaling more frequent serious suspected 

adverse reactions (SARs) associated with esketamine use in European Economic Area (EEA) and United King-

dom collected by EudraVigilance in the years 2019-2024. The total number of cases signaled for adults (18-64 

years) and elders (65-85 years) is 260. 

Adverse reaction 

Number and % of serious ICSRs in 

the Age Group of 18–64 Years  

(N = 210) 

Number and % of Serious ICSRs in 

the Age Group of 65–85 Years  

(N = 50) 

Significance level 

(P)  

Blood pressure increased 
26  

(12.4%) 

17 

(34.0%) 

 0.000490* 

 

Dissociation/ 

Dissociative disorder 

37  

(17.6%) 

5  

(10.0%) 

0.270536 

 

Suicidal ideation 
23  

(10.9%) 

3  

(6.0%) 

0.431401 

 

Anxiety 
20  

(9.5%) 

3  

(6.0%) 

0.608985 

 

Dizziness 
12  

(5.7%) 

6  

(12.0%) 

0.206359 

 

Completed suicide 
16  

(7.6%) 

1  

(2.0%) 

0.260073 

 

Drug ineffective 
11  

(5.2%) 

6  

(12.0%) 

0.155604 

 

Suicide attempt 
12  

(5.7%) 

2  

(4.0%) 

0.893348 

 

Loss of consciousness 
10  

(4.8%) 

3  

(6.0%) 
1.0 

Hallucination 
11  

(5.2%) 

0  

(0.0%) 
N.A. 

Generalised tonic clonic seizure 
5  

(2.4%) 

2  

(4.0%) 

0.881104 

 

Diplopia 
6  

(2.8%) 

1  

(2.0%) 

0.881104 

 

Aggression 
4  

(1.9%) 

1  

(2.0%) 

0.596922 

 

Bradycardia 
4  

(1.9%) 

1  

(2.0%) 
0.596922 

Only adverse reactions of people aged 18-64 years or 65-85 years and signaled more than 4 times are included 

in the table. N.A. = not applicable. * = p < 0.05 vs Age Group 18-64 years. 

Table 3. Cases of death not including complete suicide as suspected adverse reactions (SARs) in individual case 

safety reports (ICSRs) associated with esketamine use in European Economic Area (EEA) and United Kingdom 

displayed in EudraVigilance for the years 2019-2024 according to age and sex distribution. 

 
Cases and % of ICSRs 

(0-85 years) (N = 265) 

Cases and % of ICSRs 

(18–64 years)  

(N = 210) 

Cases and % of ICSRs  

(65–85 Years)  

(N = 50) 

Male cases and % of 

total ICSRs  

(N = 265) 

Female cases and % of 

total  

ICSRs  

(N = 265) 

Cases of death  
10  

(3.8%) 

8  

(3.8%) 

1  

(2.0%) 

6  

(2.3%) 

4  

(1.5%) 
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Table 4. Reporting odds ratio (ROR) and Proportional reporting ratio (PRR) of suspected adverse reactions 

(SARs) to esketamine signaled in European Economic Area and United Kingdom in the years 2019-2024, aggre-

gated according to the System Organ Class (SOC) levels and compared to SARs related to fluoxetine and ven-

lafaxine in the same years. 

SOC 

SARs  

to 

esketamine 

All other 

SARs to 

esketamine 

SARs to 

fluoxetine 

All other 

SARs to 

fluoxetine 

ROR and PRR 

esketamine vs 

fluoxetine 

(95% C.I.) 

SARs to 

venlafaxine 

All other  

SARs to 

venlafaxine 

ROR and PRR 

esketamine vs 

venlafaxine 

(95% C.I.) 

Psychiatric 

disorders 
117 148                                                                                        318 919 

ROR: 2.28 

PRR: 1.72 

(1.74-3.00) 

573 1758 

ROR: 2.42 

PRR: 1.80 

(1.87-3.15) 

Nervous system 

disorders 
26 239 371 695 

ROR: 0.20 

PRR: 0.28 

(0.13-0.31) 

793 1226 

ROR: 0.17 

PRR: 0.25 

(0.11-0.25) 

Vascular disorders 23 242 66 1000 

ROR: 1.44 

PRR: 1.40 

(0.88-2.36) 

156 1863 

ROR: 1.13 

PRR: 1.12 

(0.72-1.79) 

Investigations 18 247 119 947 

ROR: 0.58 

PRR: 0.61 

(0.35-0.97) 

246 1773 

ROR: 0.52  

PRR: 0.56 

(0.32-0.86) 

Respiratory, 

thoracic and 

mediastinal 

disorders 

14 251 76 990 

ROR: 0.73  

PRR: 0.74 

(0.40-1.31) 

197 1822 

ROR: 0.51  

PRR: 0.54 

(0.30-0.90) 

General disorders 

and administration 

site conditions 

14 251 240 826 

ROR:  0.19  

PRR:  0.23 

(0.11-0.33) 

492 1527 

ROR: 0.17  

PRR: 0.22 

(0.10-0.30) 

Cardiac disorders 9 256 96 970 

ROR: 0.35  

PRR: 0.38 

(0.18-0.71) 

258 1761 

ROR: 0.24  

PRR: 0.26 

(0.12-0.47) 

Immune system 

disorders 
9 256 15 1051 

ROR: 2.46  

PRR: 2.41 

(1.06-5.69) 

11 2008 

ROR: 6.42  

PRR: 6.23 

(2.63-15.63) 

Gastrointestinal 

disorders  
7 258 147 919 

ROR: 0.18  

PRR: 0.20 

(0.08-0.37) 

261 1758 

ROR: 0.18  

PRR: 0.21 

(0.08-0.39) 

In brackets 95% confidence intervals (C.I.). 

Table 5. Reporting odds ratio (ROR) and Proportional Rating Ratio (PRR) of Individual Cases Safety Reports 

(ICSRs) signaling the single adverse events “Suicidal ideation”, “Suicide attempt” and “Complete suicide” sus-

pected to be caused by esketamine, fluoxetine and venlafaxine in European Economic Area and United Kingdom 

in the years 2019-2024. 

Adverse 

reaction 

Esketamine 

Cases/not cases 

Total number of 

cases = 265 

Fluoxetine 

Cases/not  

cases 

Total 

number of cases = 

1066 

Venlafaxine 

Cases/not  

cases 

Total  

number of cases = 

2019 

ROR and PRR of 

esketamine 

vs 

fluoxetine 

(95% C.I.) 

ROR and PRR of 

esketamine 

vs  

venlafaxine 

(95% C.I.) 

ROR and PRR of 

fluoxetine 

vs  

venlafaxine 

(95% C.I.) 

Suicidal 

ideation  
26/239 38/1028 41/1978 

ROR: 2.94 

PRR: 2.75 

(1.75-4.94) 

ROR: 5.25 

PRR: 4.83 

(3.15-8.73) 

ROR: 1.78 

PRR: 1.75 

(1.14-2.79) 

Suicide attempt 14/251 70/996 102/1917 

ROR: 0.79 

PRR: 0.80 

(0.44-1.43) 

ROR: 1.05 

PRR: 1.04 

(0.59-1.86) 

ROR: 1.32 

PRR: 1.30 

(0.96-1.81) 

Completed 

suicide 
17/248 9/1057 13/2006 

ROR: 8.05 

PRR: 7.60 

(3.55-18.3) 

ROR: 10.58 

PRR:   9.96 

(5.08-22.04) 

ROR: 1.31 

PRR: 1.31 

(0.56-3.08) 

In brackets 95% confidence intervals (C.I.). 

3. Discussion 

The approvation by FDA and EMA of N-methyl-D-aspartate/glutamate receptor (NMDAR) an-

tagonists for therapy of depression opened a large debate in the fields of psychiatry and psychophar-

macology. Their use is based on the observation of depression-related alterations in glutamate 
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synaptic signaling, such as reduced amplitude of sensory evoked potentials and reduction of cortical 

functional connectivity [25], reduced synaptic density and disrupted synaptic glutamate homeostasis 

[26,27] together with elevation of extracellular glutamate levels, overstimulating extrasynaptic N-

methyl-D-aspartate (NMDA) receptors (NMDAR) [28]. On the light of these findings, it is believed 

that, if used appropriately, the efficacy of NMDAR antagonists, including esketamine, can have a 

positive impact on the life of people suffering from depression, and in consequence of this, on the 

public health burden associated with TRD [29]. 

MDD is highly prevalent and it is associated with substantial burden and high economic costs 

represented by drugs, diagnostic exames and laboratory investigations and absence or poor perfor-

mance at work [30]. The largest portion of subjects affected by MDD are not sufficiently responsive 

to first-line treatments and in a significant part of them failure of multiple antidepressant pharmaco-

logical treatments is detected, resulting in what is called TRD [31]. After its release in the drug market, 

many studies investigated on the clinical effects of esketamine. Esketamine nasal spray has been stud-

ied in the long-term trials SUSTAIN-1 and SUSTAIN-3 conducted on patients with TRD. A subgroup 

analysis of SUSTAIN-3 evaluated 96 patients with TRD who received a second induction and mainte-

nance treatment with esketamine plus oral antidepressant after a relapse in SUSTAIN-1. The authors 

observed that patients with TRD benefitted from receiving a second induction and maintenance treat-

ment with ESK and no new safety signals were identified [32]. 

Despite being approved by the FDA and EMA, the utility of esketamine nasal spray as add-on 

treatment with an antidepressant in MDD is still debated. A meta-analysis was conducted on 9 ran-

domized clinical trials comparing esketamine nasal spray versus control in MDD or TRD, with the 

aim to evaluate if this treatment could rapidly, effectively, and persistently to control depressive 

symptoms, in a short- and long-term period. The authors concluded that esketamine nasal spray in 

conjunction with an antidepressant effectively controls short-term and long-term depressive symp-

toms in MDD and RTD, supporting its clinical utility [33]. 

Finally the most recent study investigating on the efficacy of esketamine nasal spray for TRD is 

a review and meta-analysis including five randomized clinical trials RCTs are included in the meta-

analysis. In this study, the authors observed that adverse events, such as dizziness and nausea, were 

more common following esketamine treatment, but they were generally well-tolerated by patients, 

and concluded that esketamine nasal spray is beneficial to improve the efficacy of treatment-resistant 

depression [34]. 

Our post-marketing analysis of SARs contained in the signals sent to EudraVigilance, only par-

tially confirms data used for authorization reported in the official summary of product characteristics. 

In the same document (associated with release of the drug), potential adverse reactions are listed 

according to the designated system organ classes (SOC). This classification reported as very common 

adverse reactions (≥ 1/10), the adverse reaction “Dizziness” and the psychiatric disorder “Dissocia-

tion”, and in the category of nervous system disorders, symptoms such as “Headache”, “Somno-

lence”, “Dysgeusia”, “Hypoaesthesia”. Other adverse reactions reported as very common were 

“Nausea”, “Vomiting” and “Blood pressure increased”. Our post-marketing only partially confirms 

this view and, in consequence of this, shows a different safety profile of esketamine. 

In the EudraVigilance data system, used for this study, “Psychiatric disorders”, “Nervous sys-

tem disorders”, “Vascular disorders” and “Investigations” (including “Blood pressure increased”) 

are the groups of adverse reactions most frequently signaled for esketamine. Among the single ad-

verse reactions, “Blood pressure increased” (15.4% of all the SARs) and “Dissociation/Dissociative 

disorders” (15.0% of all the SARs), are those more frequently reported. Sex distribution indicates that 

women are prevalently implicated in ICSRs except for “Blood pressure increased” and “Completed 

suicide”, more signaled for men, while age distribution shows that adults (18-64 years) and elders 

(65-85 years) are the ages with the largest number of reported adverse reactions to esketamine. Pa-

tients with TRD treated with esketamine nasal spray commonly experience transient symptoms of 

dissociation. Dissociative disorders, such as feelings of detachment from the environment, cause also 

considerable anxiety for patients [35]. Adverse reactions signaled as “Anxiety” following esketamine 

prescription are also repeatdly reported in EudraVigilance. Increase of blood pressure is confirmed 

by another study carried out by analzing post-marketing safety signals of esketamine nasal spray, 

downloading data from the US FAERS from Q1 2019 to Q2 2023 and using methods of the dispropor-

tionality. The most frequently observed adverse events were dissociation, sedation, and hypertension 

[36]. 
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Even though represents the adverse reaction more frequently signaled in relationship to esketa-

mine prescription, blood pressure increase is generally considered as transient, asymptomatic, and 

not associated with serious cardiovascular safety sequalae [37]. In addition, cardiovascular effects 

characterized by increased blood pressure are partially expected based on esketamine sympathomi-

metic effect [18]. 

Previously, a randomized placebo-controlled trial investigated the efficacy and safety of 28, 56, 

or 84 mg of esketamine intranasal spray twice weekly for 4 weeks in 138 adults ≥65 years old with 

depression. The trial investigators reported a transient elevation in mean blood pressure in partici-

pants receiving esketamine that peaked at 40 minutes post-treatment and resolved in 2 hours in about 

80% of participants [38]. Also our data reveal that risk of increase in blood pressure can be signifi-

cantly augmented in elderly. 

More recently, an increase in reporting of hepatobiliary adverse effects associated with esketa-

mine use, supports the recommendation for periodic monitoring of hepatic function through labora-

tory testing and clinical surveillance. Safety information purchased by FDA supports the general ad-

vice leading to monitor periodically liver function in patients receiving chronically esketamine [39]. 

Association between esketamine and eye disorders such as cataracts and glaucoma has been studied 

by collecting data from FAERS. ROR of 1.31 with 95% C.I: 0.63-2.72 for cataract and of 2.19 with 95% 

C:I: 0.12-39.76 for glaucoma were found as related to esketamine adverse reactions, thus suggesting 

a greater risk for eye disorders [40]. 

Given that TRD is associated with chronic depression, suicidal behaviours, and reduction of 

quality of life [41] and the rate of suicidality, including completed suicide, is disproportionately 

higher in TRD populations [42], analysis of data founded in EudraVigilance about the adverse reac-

tions “Suicidal ideation”, “Suicide attempt” and “Completed suicide” in association with esketamine 

prescription deserves further and separate discussion. Scientific literature on this argument reports 

several studies facing the problem of suicidality linked to esketamine use. Multiple severe adverse 

events during long-term treatment of 1 year with esketamine, including anxiety, delusional content, 

delirium, and suicidal ideation, have been reported. These adverse events were found in 0.06% of the 

sample, including a total of 3 deaths due to suicide. However, according to the authors of the report, 

only on the basis of these results, the attribution of suicide to esketamine treatment is difficult, due 

to insufficient consistency [43]. In antithesis to these results, recent evidence indicates that esketamine 

reduces measures of suicidality in people with TRD. Even though, in this case, the same authors 

declared that it is not clear if individuals experience worsening of preexisting suicidality with this 

drug. By using data from the Food and Drug Administration Adverse Event Reporting System 

(FAERS) database they collected data from 2019 to 2023 for reports of suicidal ideation, depression 

suicidal, suicidal behavior, suicidal attempt, and completed suicide in association with esketamine. 

Results showed a higher ROR for suicidal ideation (ROR 7.58, 95% CI 6.34–9.07) and depression sui-

cidal (ROR 14.19, 95% CI 1.80–112.07), but a lower ROR for suicide attempt (ROR 0.57, 95% CI 0.48–

0.67) with esketamine. Limitations of the FAERS database prevented any determination of a causal 

effect between new onset suicidality to esketamine. Consequently, authors concluded that ROR for 

suicide attempt with esketamine could not be interpreted as a direct therapeutic effect [44]. 

A previous study, also using the FAERS database and analyzing data of esketamine-related ad-

verse events from March 2019 to March 2020, estimated the ROR and information component for 

esketamine-related adverse events with ≥ 4 counts. After comparing data with those of the antide-

pressant venlafaxine, safety signals for esketamine were detected for self-injurious ideation and sui-

cidal ideation, but not for completed suicide, and suicide attempt. Authors of the study concluded 

that esketamine may carry a clear potential for serious adverse events, which requires urgent clarifi-

cation [45]. 

More recently, 2 cases of depressive symptom deterioration and suicide ideation in patients 

treated with esketamine for TRD, were reported. The 2 cases initially responded well to intranasal 

esketamine but later deteriorated rapidly, with a worsening of depressive symptoms and suicidal 

ideation. Upon discontinuing esketamine, both patients clinically improved and showed a reduction 

in suicide ideation [46]. As suggested by the investigators publishing these cases, even if the identifi-

cation of paradoxical reactions is difficult in TRD patients with highly resistant responses to treat-

ment and suicidal ideation, it could be relevant to examine the prevalence of this phenomenon with 

the aim to ameliorate the knowledge of the real complications potentially associated with treatment 

with esketamine. 
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In a randomized, double-blind placebo-controlled clinical trial the effects of subclinical doses of 

esketamine on postpartum depression and pain following elective cesarean sections have been inves-

tigated. Based on results the authors concluded that esketamine did not reduce the incidence of post-

partum depression at 14 days postpartum but did significantly lower pain visual analog scale scores 

at 24 hours post-surgery. Moreover, group of women treated experienced temporary increases in 

adverse reactions and sedation shortly after administration [47]. 

Furthermore, a systematic review and meta-analysis of the available data on esketamine efficacy 

against depression and suicidality and on its undesidered effects have been conducted through the 

analysis of 87 articles. Results showed that at weeks 2-4, randomized controlled trials were mostly 

negative or failed, but a weak significant positive effect for depression was detected at weeks 2-4. 

However, the effect size concerning suicidality was not significant at any time point. On the light of 

results, the authors concluded that esketamine’s efficacy as an add-on to antidepressants is modest 

in TRD patients and is absent against suicidality [48]. These aspects need to be considered in light of 

esketamine’s abuse potential and the fact that long-term effects are still not fully known. 

Analysis of sex distribution indicates the adverse reaction “Completed suicide” is signaled more 

frequently for men. Considering differences in the pharmacokinetics and hormonal status in patients 

of different genders, difference in sex distribution observed in our analysis is not surprising. In this 

regard, a recent study, carried out on data from FAERS on signals of adverse reactions to esketamine 

of 2907 females and 1634 males, reported ROR results showing that completed suicide, was more 

common in men. Additionally, other 552 female and 653 male ketamine reports were analyzed with 

a ROR revealing that women were more likely to develop suicidal ideation [21]. 

Comparison of data about suicidality in the present work was performed against the antidepres-

sants fluoxetine and venlafaxine. Analysis, even though strongly influenced by the different time of 

market availability between esketamine and the two drugs fluoxetine and venlafaxine, available for 

several decades while esketamine was authorized by the EMA in 2019 [49], shows a significant in-

crease of risk of suicidality for this last substance. ROR is a disproportionality measure that can be 

used to confirm association between a drug and a certain adverse event. In our analysis association 

between suicidality and esketamine seems to be more strong than the same association with the drugs 

fluoxetine and venlafaxine, with the risk for completed suicide increased 4 times and 5 times in com-

parison to fluoxetine and venlafaxine, respectively. Furthermore, as yet above mentioned, the rate of 

suicidality is already high in TRD patients, and this makes it more difficult to assess how much es-

ketamine might affect a frequency that is already elevated. Moreover, esketamine is a drug with low 

affinity for NMDAR and it can also bind to other targets, such as opioid receptors. For this reason, 

the precise mechanism of action for its antidepressant properties remains debated, as does its poten-

tial for misuse [50]. It is believed that esketamine’s psychoactive effects have a role either in the anti-

depressant effect or in its potential of abuse. Data from pharmacovigilance approach have suggested 

that they are badly experienced by certain individuals patients, while they are desidered by others 

[51]. Finally, an indication of risk of suicidality is emerging, even if the drug esketamine is prescribed 

for individuals affected by depression and naturally exposed to suicide, and it cannot be excluded 

that esketamine is indicated for TRD, a condition even more at risk for suicidality, since, compared 

with other patients with MDD, those with TRD show to do more suicide attempts [52]. Moreover, 

according to other authors, it is very difficult to differentiate between suicidal ideation as part of 

depression intended as disease with respect to suicidal ideation potentially related to lack of esketa-

mine effectiveness, or as a reaction induced by esketamine [53]. 

The results of this study need to be interpreted with carefulness due to the known limitations of 

pharmacovigilance research conducted by using datasystem of spontaneous signals for drugs ad-

verse reactions. These limitations include the lack of denominator, quality of information, uncertain-

tity of causal relationship. However, analysis of data on adverse reactions to esketamine in treatment-

resistant depression present on EudraVigilance points towards the need for greater attention in the 

prescription of esketamine in depressed subjects. In particular, because of the significant risk of in-

crease of suicidality that could derive from the use of this drug is of particular concern. In this regard, 

as well as regulatory agencies recommend, patients with a history of suicide-related events or those 

exhibiting a significant degree of suicidal ideation prior to begin treatment, should receive a more 

careful monitoring during treatment. 

4. Materials and Methods 
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EudraVigilance is a database containing suspected adverse reactions (SARs) related to medicines 

authorised for the market or currently undergoing clinical trials in the European Union (EU). In this 

data system, SARs are traceable in individual cases (Individual Cases Safety Reports; ICSRs) signaled 

by national drug regulatory authorities in the EU or by marketing authorisation holders. 

In this study, we analysed ICSRs reporting SARs that occurred in patients to whom esketamine 

was prescribed, signaled by healthcare professionals from 1 January 2019 to 24 November 2024. It is 

noteworthy that EudraVigilance collects reports of “suspected” adverse reactions, meaning un-

wanted medical events that have been observed following the use of a medicine, but which are not 

necessarily related to or caused by the medicine itself [54]. For this research, the public version of the 

EudraVigilance database was used and only reports from the European Economic Area and the 

United Kingdom (UK) were evaluated. For all cases, information was provided on patient character-

istics (age group and sex), type of adverse reaction (often more than one for each ICSR), qualification 

of the primary source. The terms “sex” and “gender” are used interchangeably here because only the 

field containing the term “sex” is available in EudraVigilance, consequently the information collected 

refers to biological sex. Regarding the data selection criteria, ICSRs reporting SARs were selected 

based on the Medical Dictionary for Regulatory Activities (MedDRA). MedDRA is an international 

standardized and clinically validated medical terminology used by regulatory authorities and the 

biopharmaceutical industry. It is used to code cases of adverse effects in pharmacovigilance databases 

and to facilitate searches in the databases on adverse drug reactions. Single adverse reactions were 

described using the so-called “Preferred terms” (PT) listed in MedDRA. A PT is a distinct descriptor 

(single medical concept) for an adverse symptom or sign. Two or more PTs with overlapping clinical 

meaning were aggregated to avoid unnecessary duplicate PTs with the same connotation. MedDRA 

has a hierarchy of terms to describe adverse reactions. Adverse reactions are grouped under the terms 

of the SOC (System Organ Classification) level in the MedDRA hierarchy such as musculoskeletal 

and connective tissue disorders, vascular disorders, etc. The SOC system organ classification is the 

highest level of the hierarchy that captures the broadest concept useful for retrieving data [55]. 

Data were analyzed by aggregating the PTs of individual reports to a higher level of the 

MedDRA hierarchy by merging individual serious SARs in the SOC level (e.g., nausea and vomiting 

classified in the same group as Gastrointestinal Symptoms). Only reports classified as serious were 

analyzed. In accordance with the E2D guidelines of the International Council for Harmonization, 

ICSRs are classified as serious if they are life-threatening, have resulted in death, have resulted in/pro-

longed hospitalization or disability, are related to a congenital anomaly/birth defect or other medi-

cally important condition. Adequate stratification of signals by sex groups was performed to avoid 

biases caused by confounding effects and to analyze these two variables separately. Duplicate and 

incomplete ICSRs were excluded from the analysis. A descriptive statistical analysis and a dispro-

portionality analysis based on the reporting odds ratio (ROR) were then performed. The ROR is used 

here to establish the strength of disproportionality. ROR equal to 1 indicates the absence of a signal; 

conversely, ROR greater than 1 indicates a signal and the existence of an association. The higher the 

ROR, the stronger the association. The ROR is statistically significant when the lower limit of its 95% 

CI is greater than 1 [56,57]. The Proportional Reporting Ratio (PRR) is a statistical disproportionality 

measure that compares the proportion of a specified adverse drug event for a substance of interest to 

the proportion of the same adverse event in other drugs in a database. The value 1.0 of PRR implies 

a minor statistical association between the event and the drug [58]. All statistical analyses were com-

pleted using SPSS statistical software, version 29.0 (SPSS, IBM, Armonk, NY, USA). 
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