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Introduction
Major depressive disorder  (MDD) was 
characterized by depressed mood, lack of 
interest and enjoyment, altered appetite 
and sleep pattern, anxiety, physical 
and mental sluggishness, low energy, 
feeling of worthlessness, and poor 
concentration. It constitutes one of the 
most prevalent  (16%–20%) psychiatric 
disorders worldwide.[1] Conventionally, 
monoaminergic systems  (norepinephrine, 
serotonin, and dopamine) were the focus 
of depression neurobiology, and all the 
current classes of antidepressants target 
these systems. Recent investigations show 
that glutamate plays a crucial role in 
pathophysiology of depression.[2‑4]

Electroconvulsive therapy  (ECT) is the 
fastest and most effective available therapy 
for MDD. It considered in patients who 
do not respond to antidepressant drugs or 
the presence of severe symptoms such as 
suicidal or homicidal thoughts, agitation, 
or stupor.[5] Although ECT is a relatively 
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Abstract
Background: Achieving a rapid onset and durable methods of treatment for major depressive 
disorders is an issue pursuing in psychiatry. This study was designed to assess the therapeutic 
efficacy of intravenous  (IV) ketamine injection in controlling depressive symptoms in 
comparison with electroconvulsive therapy  (ECT) in major depressed disordered patients. 
Materials and Methods: Thirty‑two patients over 18 years of age who were candidates for ECT were 
enrolled in the study. They were allocated into two groups using block design randomization. Sixteen 
patients received IV infusion of 0.5‑mg/kg ketamine and 16  patients underwent a bitemporal ECT. 
To evaluate the changes in depression severity, researchers administered Hamilton Depression Rating 
Scale  (HDRS) at baseline, before each treatment session, and four time points posttreatment  (week 
1 and months 1, 2, and 3). The Wechsler Memory Scale was used to evaluate the cognitive state of 
patients in week 1, month 1, and month 3 of the treatment. Results: The HDRS showed improvement 
in depressive symptoms in both the groups with no statistically significant difference. Cognitive state 
was more favorable  (but not significant) in the ketamine group  (P  >  0.5). Conclusion: Treatment 
with IV ketamine in depressed people has the same antidepressant effects as ECT treatment without 
any memory deficiency.
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safe therapeutic strategy overall, it causes 
significant complications, including 
headache, cognitive impairment, delirium, 
and musculoskeletal pain, leading the 
psychiatrists to look for other safer 
antidepressant agents with rapid‑onset 
response.[6]

Ketamine is a noncompetitive high‑affinity 
N‑methyl‑D‑aspartate receptor antagonist 
that using for general anesthesia, induction 
and clinical studies have shown its 
rapid‑onset antidepressant effect.[7‑9] The 
adverse effects of ketamine, such as 
psychotic or dissociative symptoms, are 
modest and transient in subanesthetic 
dose of 0.5  mg/kg and disappear within 
1–2  h.[10,11] In addition, it reported that its 
antidepressant effect appears in a short 
time  (about 2  h) and lasts for a week or 
longer.[12‑14]

A study comparing the rapid antidepressant 
effects of ketamine and ECT found that the 
effects were comparable for 3  days. This 
suggests that ketamine may be a suitable 
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alternative to ECT because of the rapid antidepressant 
effects.[15]

Data show that there is little documentation in comparing 
the antidepressant effects of ketamine and ECT. We 
designed this clinical trial to compare the speed of 
onset and duration of antidepressant effects of these 
two‑ antidepressant therapies and their side effects.

This study was conducted in 2010–2011 and published in 
2012 in Persian language with an abstract in English.[16] 
It published in English to better serve English speaking 
researchers.

Materials and Methods
In a blinded randomized clinical trial in 2010–2011, by 
reviewing relatively similar studies and general patterns of 
clinical trials, 40 eligible patients with depression admitted 
to the ECT health center of Khorshid Hospital in Isfahan, 
Iran. Eight patients excluded because they were reluctant 
to participate in the study and did not match the inclusion 
criteria. Thirty‑two patients were selected for the study. 
They were allocated randomly in two groups of intervention 
and control using block design randomization method. 
The objectives of the study were explained clearly to the 
participants, and they all signed written consent forms. 
The study was conducted in accordance with the ethical 
guidelines set by the Ethics Committee of the Isfahan 
University of Medical Sciences and registered in the Iranian 
Registry of Clinical Trials Center (IRCT201104092266N2).

Inclusion criteria were being 19–59  years old, having no 
history of psychosis, having no drug abuse in the past 
3  months, not being pregnant or breastfeeding, having 
no serious physical conditions including liver, kidney, 
digestive, respiratory, cardiovascular, endocrine, neurologic, 
or hematologic diseases  (based on medical counseling 
and paraclinical assessments), and not having untreated 
hypothyroidism.

Exclusion criteria were having delirium following ketamine 
injection or unwillingness to continue participating in the 
study.

Before the start of the intervention, a trained psychiatry 
resident evaluated the baseline depression severity and 
memory function in both the groups using a structured 
interview based on the Hamilton Depression Rating 
Scale (HDRS) and the Wechsler Memory Scale (WMS).

The ECT group received an intravenous  (IV) injection of 
thiopental 3  mg/kg, for induction of general anesthesia, 
along with atropine 0.25  mg and succinylcholine 20  mg. 
Then, ECT was performed through the placement of 
bitemporal electrodes, and 20–100 joules of electric 
energy was applied  (based on the patient response) using 
a Thymatron® DGx machine to induce generalized tonic–
clonic seizures for at least 25 s. The participants’ vital signs 
were monitored throughout the procedure. The ketamine 

group received ketamine hydrochloride produced by 
Rotexmedica, 0.5  mg/kg in 50 cc of normal saline infused 
over 40 min through an IV pump or a microdrip set, while 
their electrocardiogram and blood pressure and oxygen 
saturation monitored constantly. Patients in both the groups 
were under the prescription of ECT or ketamine twice a 
week up to the complete remission of depressive symptoms.

To evaluate the changes in depression severity, researchers 
administered HDRS at baseline, before each treatment 
session, and four time points post treatment  (week 1 and 
months 1, 2, and 3). The changes in memory functions of 
patients were evaluated using WMS at baseline, 1  week, 
and 1  month after the last treatment session. The ECT or 
ketamine complications evaluated before each treatment 
session using a checklist of ketamine and ECT side effects 
respectively extracted by the authors. The patients and 
evaluator were blinded to the method of treatment.

All patients referred back to the referring physicians for 
treatment follow‑ups, and subsequent evaluations regarding 
the depressive sign and symptoms were done through 
telephone calls using HDRS.

The collected data were analyzed with SPSS version  18 
software  (Chicago: SPSS Inc. IBM Corp). The results of 
quantitative variables were reported as mean  ±  standard 
deviation and the qualitative variables were presented as 
frequency (percentage). The changes in depression severity 
and memory function scores were analyzed with the 
repeated measures ANOVA test. We used the Chi‑square 
test to compare the frequency of complications between the 
study groups. The significance level for the tests was 0.05.

Results
Thirty‑two patients were enrolled in the study and assigned 
to two equal groups; however, only 12 in the ECT group 
and 10 in the ketamine group completed the trial [Figure 1].

The mean age of the participants in the ECT group was 
36.4  ±  14.1  years and that of the ketamine group was 
41.7 ± 12.9. There was no significant difference between the 
two groups in age  (P > 0.05). Females constituted 36% of 
all the participants, and there was no significant difference 
in terms of gender composition of the groups (ECT: n = 5, 
33.3%; ketamine: n = 4, 40%; P > 0.5).

Table  1 presents the mean scores for HDRS and WMS at 
baseline, during the treatment, and follow‑up. There was no 
significant difference between the two groups at different 
stages.

Table  2 shows the mean frequencies of the side effects 
reported by the patients during the treatment for depression 
with ECT or IV ketamine.

One case of extended seizure occurred in the ECT group, 
and nystagmus and increased respiration and heart rate, 
1 case each, occurred in the group receiving IV ketamine.
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Discussion
The present study aimed to compare the efficacy 
of ECT versus IV ketamine infusion for controlling 
depressive symptoms in patients who were candidates 
for ECT. The comparison of HDRS score changes in the 
groups  [Table  1] suggests that the reduction in depression 
scores was more rapid in the ketamine group than in the 

ECT group, although it gradually returned to baseline 
values within 3  months after cessation of the therapy. It 
shows that antidepressant effect of IV ketamine appears 
rapidly compared to ECT, but it had less durability. This 
means that the repeated dose of ketamine may be needed. 
Ghasemi et  al. compared the antidepressant effects of 
IV ketamine and ECT; however, they followed the study 

Assessed for eligibility (n = 40)

Not included (n = 8)
•Not meeting inclusion criteria
 (n = 3)
•Declined to participate (n = 5)

Randomized (n = 32)

Allocated to ECT (n = 16)
•Received allocated intervention (n = 15)
•did not receive allocated intervention
 (extended seizure) (n = 1)

Allocated to Ketamine infusion (n = 16)
•Received allocated intervention (n = 16)
•Did not receive allocated intervention
 (n = 0)

Lost to follow-up (The patient's
unwillingness to continue to participate
in the study) (n = 3)

Lost to follow-up (The patient's
unwillingness to continue to
participate in the study) (n = 6)

Analyzed (n = 12) 
•Excluded from analysis (give reasons)
 (n = 0)

Analyzed (n = 10) 
•Excluded from analysis (give reasons)
 (n = 0)

Analysis

Follow-Up

Allocation

Enrollment

Figure 1: CONSORT 2010 flow diagram of selection, allocation, and follow‑up of studied patients with depression treated with electroconvulsive therapy 
and intravenous ketamine

Table 1: The results of Hamilton and Wechsler’ Memory Scales in 22 patients with depression by two methods of 
electroconvulsive therapy and intravenous ketamine in various stages of treatment and follow‑up

Follow‑up time Results
Hamilton scale Wechsler Memory Scale†

ECT group Ketamine group P* ECT group Ketamine group P*
Before therapy 26.1±3.8 24.6±2.4 0.3 50.3±8.8 42.9±8.2 0.8
Session 1 therapy 24.5±4.2 20.9±2.4 0.6 ‑ ‑
Session 2 therapy 23.4±4.4 19.1±3.9 0.5 ‑ ‑
Session 3 therapy 21.9±3.5 17.9±3.1 0.8 ‑ ‑
Session 4 therapy 19±2.2 17.3±3.3 0.4 ‑ ‑
Session 5 therapy 16.6±2.6 16.8±4.4 0.3 ‑ ‑
Session 6 therapy 14.7±3.3 16.4±4.1 0.6 ‑ ‑
1‑week later 13.6±3.1 16.9±3.3 0.5 47±8.9 50.4±8.4 0.5
1‑month later 12.9±2.6 19.4±1.5 0.3 47.8±9.5 49.8±9.9 0.3
2‑months later 12.5±2.9 21.1±1.6 0.1 ‑ ‑
3‑months later 13.9±2.9 22.6±1.8 0.4 ‑ ‑
The results reported as mean±1SD. *P‑values computed by GLM repeated measures of ANOVA, †Wechsler Memory Scale evaluated in the patients 
before therapy, 1 week after and 1 month after therapy. ECT: Electroconvulsive therapy, SD: Standard deviation, GLM: General linear model
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participants only for 3  days, which do not seem to be 
enough for drawing a firm conclusion.[15]

A number of side effects occurred in the patients who 
received ketamine treatment. These included blurry vision, 
vertigo, diplopia, numbness on one side of the body, and 
depersonalization. It is also possible that other side effects, 
such as positive psychotic symptoms, might have appeared 
transiently or with modest severity; therefore, they were 
overlooked by the researchers.

Patients in the ECT group also experienced complications 
including headache and muscle and bone pain, which were 
significant and were unique to this mode of treatment.

The conclusion is that ketamine would be a suitable 
alternative to ECT for inducing rapid symptom relief in 
patients with severe depression symptoms who need urgent 
psychiatric care.

Memory function, as measured with the scores on WMS, 
displayed a decreasing pattern in the ECT group. The 
mean WMS scores in various time points were higher in 
the ketamine group compared with the ECT group. These 
differences, although not statistically significant, might 
bear clinical significance and show that ketamine infusion 
not only did not have adverse effects on memory  (a 
major concern in ECT) but also had a protective effect on 
memory.

The results of the comparison of side effects of the two 
intervention methods in Table  2 showed that headache; 
muscle pain, and joint pain in ECT group were significantly 
more than ketamine group, while blurry vision, vertigo, 
double vision, half body numbness, and depersonalization 
were more common in ketamine group compared to ECT 
group.

Further research should aim to determine the long‑term 
efficacy of ketamine, examine the effects of repeated 
doses, and evaluate the efficacy of other routs of drug 
administration in patients with various degrees of 

depression. Larger samples are needed to get results that 
are more reliable and draw definitive conclusions.

Conclusion
The treatment with IV ketamine in depressed people has 
the same antidepressant effects as the treatment with ECT, 
with the added benefit that it may also have a protective 
effect on memory.

Limitations

The main limitation of this study was the small number 
of patients; we are going to repeat the study with a larger 
number of participants.
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