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INTRODUCTION

Vast majority of psychiatric patients who display suicidal 
behavior have major depressive disorder (MDD). Severity 
of depression has thus been associated with more 
suicide attempts. Among the enrolees in the Sequenced 
Treatment Alternatives to Relieve Depression (STAR*D) 
study, 16.5% reported previous suicide attempts.[1]

Suicidal ideation in patients with MDD is a serious and 
emergent clinical condition that mandates immediate 
attention and treatment. A recent study of patients who 
attempted suicide found that 74% said the decision-
making period (i.e., the period between decision and 
attempt) was very short.[2] Though the identification 
of risk factors is key to suicide prevention, one crucial 
factor regards the timing of suicidal behavior.

Numerous studies have found that individuals with 
affective disorders are at greatest risk of death from any 
cause, including suicide, in the first 2 years after their 
diagnosis.[3] More specifically, studies have consistently 
identified the emergency room, the inpatient unit, 
time after discharge, and time after initiating an 
antidepressant as time points where individuals are 
particularly vulnerable to suicidal ideation.[4-7]
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In clinical practice these circumstances offer the 
possibility to intervene quickly and decisively to prevent 
suicidal behavior. Current therapeutic options for severe 
mood disorders are limited by the slow time course 
of	change	in	suicidal	thoughts.	For	instance,	in	major	
depressive disorder (MDD) patients receiving thrice-
weekly electroconvulsive therapy, suicidal thoughts 
persisted in 62% of patients after 1 week of treatment 
and 39% after 2 weeks.[8]	Furthermore,	conventional	
antidepressants may produce slower and less robust 
response in patients with moderate to high suicide risk 
than in nonsuicidal patients.[9]

Various therapeutic interventions to reduce suicide risk 
in serious psychiatric disorders are effective in long-
term suicide prevention - most notably lithium for the 
treatment of bipolar disorder[10] and, to a lesser extent, 
MDD,[11] as well as the atypical antipsychotic clozapine 
in schizophrenia.[12]

Recent evidence suggests that a single subanesthetic 
dose of intravenous (IV) ketamine, a glutamate-
modulating agent, acutely reduces depressive symptoms 
in approximately 70% of MDD patients 24 hours after 
infusion.[13]

Despite advances in psychopharmacology, the acute 
pharmacological management of suicidal risk in MDD 
remains comparatively underinvestigated.[14]

Thus, it appears that agents targeting the glutamatergic 
system may be key to developing a new generation of 
improved treatments for this devastating condition.

In India till date very few studies have corroborated 
such findings, the present study aimed to assess the 
efficacy and sustainability of antisuicidal effects of 
ketamine in subjects with treatment resistant MDD 
(TRD).

MATERIALS AND METHODS

This present study was a single center, prospective, 
4-week, open-label, single-arm pilot study to assess 
the clinical utility and efficacy of single subanesthetic 
infusion of ketamine on suicidal ideation.

Twenty-seven patients aged 18-65 years participated 
in	this	study	between	February	2011	and	November	
2011. Participants fulfilled the criteria for Diagnostic 
and Statistical Manual of Mental Disorders-Text 
Revision (DSM-IV-TR) for MDD (treatment resistant). 
Treatment resistance was defined as two or more failed, 
adequate antidepressant trials in the current episode, 
as determined by the Antidepressant Treatment 
History	Form.[15] DSM-IV-TR diagnoses of MDD were 

established by Structured Clinical Interview for DSM-
IV	Axis	I	Disorders,	Patient	Edition	(SCID-I/P).[16]

Subjects were psychotropic medication-free for 2 
weeks before infusion (4 weeks for fluoxetine); were 
free of substance abuse/dependence for 6 months; 
denied lifetime use of ketamine and phencyclidine 
(PCP); had no lifetime history of psychotic disorder, 
mania, or hypomania; and had no clinically unstable 
medical or neurological conditions. All subjects 
were in good physical health as determined by 
medical history, complete physical examination, 
blood laboratory results, electrocardiogram, chest 
radiography, and urinalysis and toxicology findings. 
Subjects had a negative urine toxicology screen. 
Patients received a complete description of the study, 
and written informed consent was subsequently 
obtained.

The study was approved by the Institutional ethics 
committee and was carried out in psychiatry critical 
care unit of a tertiary teaching hospital having major 
drainage from urban areas and nearby industrial 
townships.

Patients were kept under continuous observation by 
psychiatrists during the entire study period. Patients 
were admitted to hospital and received a single infusion 
racemic ketamine hydrochloride (0.5 mg/kg diluted in 
0.9% saline, administered over 40 minutes) by IV pump 
by an anesthesiologist and kept under continuous cardio 
respiratory monitoring. Subjects were rated 60 minutes 
prior to the infusion (baseline) and at 40, 80, 120, 
and 230 minutes, as well as 1 and 2 days postinfusion. 
Rating scales included the 17-item Hamilton Rating 
Scale for Depression (HDRS),[17] HDRS-suicidality 
item (HDRS-SI), the Scale for Suicidal Ideation  
(SSI).[18] Previous studies have identified a cut-off score 
>3 as indicating significant suicidal ideation on the 
SSI; and without significant suicidal ideation (SSI <4) 
at baseline.[19] Brief Psychiatric Rating Scale (BPRS; 
a positive-symptom subscale), which was used.[20] All 
items on each scale were used. There were no dropouts 
from the study.

RESULTS

Data were described using the Statistical Package 
for Social Sciences version 15 (SPSS Inc., Chicago, 
IL, USA). Significant effects were examined with 
simple	 effect	 tests.	Within	 group	 analysis	 of	 change	
of HDRS scores and SSI over time was compared to 
baseline using repeated measures analysis of variance 
(ANOVA). Post hoc comparisons were performed using 
the Bonferroni adjustment for multiple comparisons. 
Significance was evaluated at P<0.05.
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Table 1 describes the demographic and clinical 
characteristics of the subjects participating in the 
study. The overall sample (n=27) had a mean±SD 
age of 49.44±8.10 years. The sample had 14 women 
and 13 men, with a mean body weight of 63.44 kg; 
30.8% had a lifetime diagnosis of substance abuse 
or dependence. The mean±SD length of illness was 
24.22±10.81 years, and the mean±SD of current 
depressive episode was 23.6±21.5 months. The mean 
number	of	previous	depressive	episodes	was	6.5.	Five	
patients had previously received electroconvulsive 
therapy. All subjects had adequate antidepressant trials 
for the current major depressive episode.

To study the effect of ketamine on suicidal ideation (SSI 
scores) the repeated measures analysis of variance with 
Huynh-Feldt	correction	was	applied	as	the	sphericity	
assumption was not met. The ketamine infusion was 
effective in reducing the SSI scores, and the main 
effect	of	 time	measurement	was	significant,	F	 (1.29,	
33.58)=17.29, P<0.001, partial eta squared=0.4. 
Mean±SD scores declined by four points from baseline 
(4.85± 5.37) to 40 minutes postinfusion (0.78±1.48; 
P=0.001). The change remained significant from 
minute 40 to minute 230 postinfusion at each time 
point. The maximum change was detected at 40 
minutes (0.78±1.48; P=0.001), with more than 80% 
change over baseline. The change was not significant 
from day 1 onward, with scores approaching baseline 
by day 2 (4.41±4.8; P=0.534).	Figure	1	depicts	the	
change in mean SSI scores over time.

Figure	 2	 shows	 the	 change	 in	HDRS-SI	 (suicide-	
subscale) scores over time. There was significant 
improvement	 following	 ketamine	 infusion	 F	 (1.97,	
51.09)=15.57, P<0.001 partial eta squared=0.38. Post 
hoc results reveal that the change was significant from 
40 minutes to 230 minutes postinfusion. Compared 
to baseline scores (1.37±1.33) maximum reduction 
in scores was at 40 minutes (0.41±0.57, P=0.001) 
with more than 70% reduction. The change was not 
significant from day 1 onward.

The ketamine infusion was effective in reducing the 
HDRS scores, and the main effect of time measurement 
was significant F (2.14, 55.69)=124.65; P<0.001, 
partial eta squared=0.83. Mean±SD HDRS scores 
declined by 6 points from baseline (22.96±1.2) to 
80 minutes postinfusion (17.5±5.34) (P<0.01). The 
change remained significant from minute 80 to day 
2 postinfusion at each time point. The maximum 
change was detected at 230 minutes (12.41±3.38; P< 
0.001), with more than 45% change over baseline. The 
change remained significant up to day 2 (15.6±4.64; 
P<0.001).	Figure	3	depicts	the	change	in	mean	HDRS	
scores over time.

Figure	4	shows	the	change	in	BPRS	(a	positive-symptom	
subscale) scores over time. Post hoc results reveal that the 
change was significant only at 40 minutes postinfusion 
compared with baseline scores (P<0.001) and was not 
statistically significant any time after that.

Adverse effects such as elevated blood pressure, euphoria, 
headache, increased thirst, and dizziness occurring with 
ketamine administration ceased within 60 minutes. No 
serious adverse events occurred during the study.

Table 1: Sociodemographic and clinical characteristics of 
the patients
Characteristics Mean Standard deviation
Age (years) 49.44 8.10
Body weight (kg) 63.44 8.76
No. of previous episodes 6.52 3.786
Length of current episodes (months) 23.59 21.502
Total length of illness (years) 24.22 10.814

(n=27)

Figure 1: The change in the mean SSI score scores over time, †P<0.01, 
‡P<0.001
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Figure 2: The change in the mean HDRS SI scores over time, †P<0.01, 
‡P<0.001
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DISCUSSION

The most important finding of this open-label study 
conducted in Indian subjects was that that a single 
low dose of IV ketamine has speedy effects on suicidal 
cognition in TRD. This study found that ketamine 
induced a rapid and dramatic response in ameliorating 
suicidal ideation in the context of MDD, which was 
statistically significant from minute 40 to minute 230 
postinfusion but was relatively ill-sustained, with score 
change not being statistically significant from day 1 
onward compared with baseline scores.

Several therapeutic interventions to reduce suicide 
risk in major psychiatric disorders are effective in 
long-term suicide prevention, most notably lithium 
for the treatment of bipolar disorder[10] and, to a lesser 
extent, MDD.[11]	With	 regard	 to	 second-generation	
antipsychotic drugs, a recent controlled study found 
that risperidone compared to placebo significantly 
reduced suicidal ideation in patients with MDD; 
however the effects of risperidone augmentation were 
apparent at 2 weeks posttreatment.[21]

The slow onset of action of antidepressants has 
prompted considering the use of electroconvulsive 

therapy	 (ECT)	 for	 severely	 depressed	 patients,	 as	 a	
treatment modality for suicidal ideation.[22]

Comparing our results with the findings of DiazGranados 
et al.[23] we confirmed the rapid antisuicidal effect of 
ketamine, the longer follow-up period; use of HDRS-SI 
subscale in this study allowed us to obtain additional 
information regarding time of onset, course of response, 
and degree of improvement, enhancing the strength of 
this study. Compared to the previous study we found 
similar	 onset	 of	 decline	 in	 SSI	 scores.	We	 detected	
robust improvement in HDRS-SI scores, at 40 minutes 
with more than 70% change over baseline. Decline in 
both SSI and HDRS-SI scores remained significant up 
to 230 minutes postinfusion.

While	comparing	our	results	with	the	findings	of	Zarate	
et al.,[24] we corroborated the rapid antidepressant 
effect of ketamine. Compared with the previous study, 
our study detected an earlier onset of antidepressant 
response (80 minutes vs. 110 minutes), significant 
change in HDRS scores from baseline sustained for a 
shorter period.

Early	 preclinical	 studies	 postulated	 that	 ketamine’s	
mechanism of action is initially mediated by NMDA 
antagonism but subsequently involves enhanced 
throughput of a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA). Recent studies 
suggest that ketamine probably acts by disinhibiting 
GABAergic inputs and thereby accentuating the 
firing rate of glutamatergic neurons, increasing the 
presynaptic release of glutamate, and resulting in 
increased extracellular levels of glutamate. This 
increased glutamate release preferentially favors AMPA 
receptors over NMDA receptors, because the latter 
are blocked by ketamine; the net effect of ketamine’s 
antidepressant effect on a cellular level is thus an 
enhanced glutamatergic throughput of AMPA relative 
to NMDA.[25,26]

The real strength of this study rests in documenting the 
rapid, albeit short-lived, antidepressant and antisuicidal 
effect of ketamine in an Indian subpopulation with 
TRD, highlighting the aspect that improvement 
associated with ketamine infusion reflects a lessening 
of core depressive symptomatology and is disconnected 
from ketamine-induced euphoria and psychotomimetic 
symptoms	[Figure	4]	and	that	ketamine	exerts	its	effects	
remarkably, considering its short half-life,[27] which 
might be useful clinically.

Our preliminary results need to be interpreted with 
caution given the small group size and the open-label 
nature of the study. Nevertheless, the significant and 
often quick response seen in some individuals who were 

Figure 3: The change in the mean HDRS scores over time, †P<0.01, 
‡P<0.001
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Figure 4: The change in the mean BPRS scores over time, ‡P<0.001
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refractory to many traditional antidepressants suggests 
that directly modulating the glutamatergic system may 
ultimately be effective in treating suicidal ideation. It 
is important to note that the improvement in suicidal 
ideation observed here occurred in the context of severe 
depression.

However, several limitations do exist and the results of 
this preliminary study should be interpreted cautiously; 
as the sample size was small, there was no placebo arm. 
The results might not be generalized to all populations 
as all patients do not respond to ketamine the same way. 
Blood levels of ketamine or its metabolites were not 
collected; differences in drug metabolism could have 
contributed	in	part	to	the	findings.	Whether	ketamine	
rapidly reduces suicidal ideation in patients with a 
diagnosis other than MDD is unknown.

The speedy onset and robust improvement we observed 
suggests that IV ketamine, administered in the hospital 
setting with appropriate safety monitoring, may offer 
an attractive intervention for acutely suicidal depressed 
patients. These findings highlight the possibility 
of quick intervention strategies to prevent suicidal 
behavior, which could have enormous public health 
impact. However further in-depth relapse prevention 
strategies[28] or newer therapeutic protocols for sustained 
antisuicidal effects need to be explored.
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