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Abstract
Depression and other related psychological disorders have long been researched in hopes to find a more successful treatment. Scientists have come a long way in the development of selective serotonin reuptake inhibitors (SSRI), Serotonin and Norepinephrine Reuptake Inhibitors (SNRI) as well as many talk therapy procedures such as cognitive behavioral therapy (CBT) and dialectical behavioral therapy (DBT). All methods of treatment for this disorder have their limitations including their limited effectiveness, antidepressant side effects, high cost as well as varying efficacy from patient to patient. 















Ketamine Treatment for Depression: A Review of Three Empirical Studies
Depression is a very common and crippling psychological disability that has been difficult to treat for decades, particularly for patients who have not responded to traditional treatments such as antidepressant medications or psychotherapy. However, in recent years, there has been growing interest in the use of ketamine as a potential alternative treatment for depression. In this paper, we review some of the leading studies on the use of ketamine as a treatment for depression, including the small-scale pilot study conducted by Berman et al. (2000), the randomized, double-blind, placebo-controlled trial conducted by Zarate et al. (2006) and, the randomized, double-blind, placebo-controlled trial conducted by Murrough et al. (2013). Overall, we find substantial evidence supporting the potential of ketamine as a treatment for depression, and we argue that further research is needed to better understand its efficacy, safety, and long-term effects.
Method
Robert M. Berman and his colleagues (2000) developed a groundbreaking investigation in 2000 on the dissociative, anesthetic, and rapid efficacy of ketamine as a treatment for depression. These scientists developed a hypothesis for investigating and developing a deeper understanding for the mechanisms involved in a treatment that evokes such rapid and effective means for decreasing the symptoms of depression. 
Participants
Participants were selected on the grounds of a diagnosis of major depressive disorder as defined by the DSM-5 (American Psychiatric Association, 2013) as a mental health condition characterized by persistent feelings of sadness, hopelessness, or loss of interest in activities, as well as many cognitive, and emotional symptoms. These symptoms require a significant amount of distress or impairment in daily functioning and be present for at least two weeks (American Psychiatric Association, 2013). Participants also had to be medication free for at least 7 days prior to the commencement of the study. The participants consisted of 7 individuals ranging in age from 32-63 with 4 women and 3 men.
Design
This study in its investigations on ketamine, Berman (2000) administered 0.5 mg of ketamine or saline (placebo) intravenously during 2 separate 40 min sessions. One week was separated between the participants' saline session and ketamine session. 
Procedure
Researchers used the Hamilton Depression Rating Scale (HDRS) which consists of roughly 25 symptoms of depression in which the administrator must rate on a scale with examples for each interval. It is said that a score below 7 is considered normal and anything above 20 accounts for moderately severe levels of depression. This test was used many times over the course of the study including before the administration and then at intervals of 110 minutes,230 minutes, 4 hours, and 72 hours after administration. 
After the data was collected a repeated measures analysis of variance was computed which can be described by Privitera (2019) in our course text titled Essential statistics for the Behavioral Sciences. He states that a repeated measures design is a design in which a single participant is subjected to 2 treatments and therefore, measured twice.
Results
The outcomes of Berman (2000) investigations on the antidepressant effects of ketamine in depressed patients show promising results. Once analysis of variance was calculated, data supported the hypothesis that ketamine produced “antidepressant-like” effects in patients both rapidly and for an extended period. Ultimately participants showed a significant decrease in depressive symptoms within 4 hours of ketamine administration, with an average decrease of 14 points on the Hamilton Depression Rating Scale (HDRS-25), compared to a mean decrease of 0 points in the saline condition (F (1, 6) = 7.14, p < .05). 
Discussion
Throughout the study, Berman and associates (2000) use many research methods discussed in our text. The use of randomization can be seen in this study as Privitera (2019) discusses, it is critical for a study to follow a random assignment to each condition.
Berman (2000) follows this in that each participant is randomly selected to participate in either the saline administration or the ketamine administration first. In doing so, researchers can better control biases that may predict varying false scores on the HDRS. To further control any false conclusion that could be made in the data, researchers follow a double-blind model. Our course text doesn’t say much on the matter however a double-blind test is a type of method used in a study where neither the participants nor the investigators are aware of the group assignments or treatment allocations, preventing potential biases from influencing the study outcomes (National Cancer Institute, n.d.).
Privitera (2019) educates his readers on many of the methods and statistics that become useful in further knowledge around psychology through research including inferential statistics. Our author explains that inferential statistics are the use of statistics to make inferences on the population, while using a smaller sample.
Berman (2000), in hopes of furthering the public's knowledge on ketamine while simultaneously hypothesizing that if ketamine treatments (shown in this study) do significantly decrease symptoms of depression in the participants, ketamine may also decrease symptoms of depression in all humans struggling with the disorder. 
Method
Zarate et al. (2006) also discusses inferential statistics in looking at a similar study as Berman (2000). In A Randomized Trial of an N-methyl-D-aspartate Antagonist in Treatment-Resistant Major Depression, Zarate and his colleagues look at the effects a single dose of ketamine has on a patient with treatment resistant major depressive disorder. Voineskos et al., (2020) describe treatment resistant depression or TRD as changes in the symptoms of major depressive disorder that are consistent and fail to decrease after 2 or more trials with SSRIs or SNRIs. 
	With that definition in mind, it's very important for researchers to find fast and effective means for treating such a terrifying disorder. After looking at our previous study, it's safe to say that Ketamine may be the answer however, Zarate’s 2006 study, takes a closer look in determining the significance of such a hypothesis. 
Participants
As we will see throughout the unraveling of these studies, researchers follow very similar methods of research to follow the guidelines provided by the scientific method. In this study, the use of the Hamilton Depression Rating Scale was used to screen patients/participants. Participants were invited via their inpatient psychiatric hospitals, doctor referrals, ads, and many other public sources. These final individuals selected for testing among the applicants were aged 18-65 who had been diagnosed (using the DSM-IV) with recurrent major depressive disorder. The Antidepressant Treatment History form was used to screen patients to ensure that only those who had “resistant” symptoms or had tried and failed with at least two antidepressant drugs in the past, were qualified. The HDS was used both as a screener and as a baseline and those who scored an 18 or higher were then further considered for participation.
Once participants were selected, after undergoing many of the various screening methods above, health and wellness testing was used beforehand to ensure the safety and wellbeing of the participants. Once deemed healthy and free from drugs and or substances, testing commenced.
Procedure
	From November 2004 - September 2005, a randomized, placebo controlled, and double-blind testing insued. Following the previous study, Zarate (2006) used a dosage of .5 mg, intravenously or a placebo during two separate sessions with a minimum of one week between each. The researchers ended up following a more detailed post infusion schedule to study the length of efficacy of the infusion. They tested levels of depression at intervals ranging from 40 minutes to 7 days post infusion. 
	Of the methods used in Zarate’s study, the Structured Clinical Interview Axis 1 (DSM IV disorders patient version) Hamilton Depression Rating Scale and the Antidepressant Treatment History form were all used in screening. To assess depressive symptoms throughout the course of the study, the BDI (Beck Depression Inventory), BPRS (Brief Psychiatric Rating Scale), the Positive Symptoms Subscale, The YMRS (Young Mania Rating Scale) and the Visual Analog Scale were all used in comparing the saline treatment and the ketamine treatment. These tests were again, conducted 1 hour before administration and again at 40 minutes, 80 minutes, 110 minutes, 230 minutes and 1, 2, 3 days post treatment and finally, 1 week after the administration. 


Results 
The study's primary findings, calculated through a linear mixed model ANOVA revealed that, in comparison to the placebo, ketamine led to a significant reduction in depression symptoms (FA (1,203) = 58.24; p < .001) (FB (8,203) = 9.48; p < .001) (FA x B  (1, 203) = 4.15; p < .001). The improvement in symptoms was observed as early as 40 minutes following administration and persisted for up to 7 days.
	Zarate et al. (2006) used a range of statistical tests to better summarize our hypothesis. He tells us that the test used to calculate the significance way a type of analysis of variance used when groups may have varying effects that can be predicted as well as unpredicted. Researchers also used McNemar tests which, is described by Sundjaja et al. (2022) as a test in which one can analyze paired data. We can see the necessity of this test as; the paired data includes a placebo and an active drug treatment. 
Discussion
	Overall, this study conducted by Zarate and his colleagues in 2006 does a great job at accurately researching the strength and duration of effects that ketamine has on depression symptoms. The statistical report above demonstrates that one singular dose (.5 mg) of ketamine significantly reduced symptoms of depression in those diagnosed with major depressive disorder. The conclusions made in the article also indicate that these effects can last up to a week after the initial injection. Concluded in the table provided in the article, on average, symptoms of depression were at their lowest 3 days after the ketamine infusion. In terms of the onset of symptoms depreciation, the study found that overall, symptoms began decreasing roughly 40 minuets after infusion.
Privitera (2019) discusses many of the tests used in the study by Zarate (2006). Along with the specific statistical methods, our texts author also illustrates the means in which patients were selected. He begins our text outlining the need for randomicity which, is used in this study as it was both double blind and randomly assigned (order of placebo/ketamine). 
	Moreover, another method we learn throughout this course is that of the experimental method. Of these guidelines, our author states the need for a control group. A control group is especially important when testing efficacy of drugs and even more important when testing participants with mental health disorders. Zarate (2019) uses a placebo in his methodology as well as ensure that every participant is without any other drugs for at least 7 days. If a patient were to have been on an SSRI or other medication, the outcomes would be unmeasurable as we won’t be able to ensure we don’t wrongfully attribute their outcomes for that of ketamine.  
Method
Participants
The third and final investigation is the groundbreaking study by Murrough et al. (2013) where Murrough and his associates aimed to investigate the potential of ketamine as an effective treatment for patients suffering from treatment-resistant major depression. The study found similar positive effects as the two studies discussed above; however, scientists give a more detailed look into these findings through a slightly more concrete methodology. 
Design
The methodology of this study follows the scientific method through random sampling and control. Researchers selected participants on similar means as the Zarate (2006) and Berman (2000) study in that they focused solely on those diagnosed with major depressive disorder and are considered treatment resistant. These individuals being studied were recruited to participate from two medical centers aged 18-65, failed at least 2 antidepressant treatments, and did not have any psychosis or diagnosis of bipolar disorder as well as substance abuse problems.
Procedure
Murrough et al. (2013) designed a study in which the 55 participants were randomly assigned to receive an intravenous dose of .5 mg of either ketamine or midazolam which is used as our control/placebo. Participants were then assessed using the Montgomery-Asberg Depression Rating Scale (MADRS) and the Quick Inventory of Depressive Symptomatology, Self-Report (QIDS-SR) before administration, at 24 hours post infusion, 72 hours post infusion and one week after infusion. 
To find these results Murrough et al. (2013) ran an independent t test to compare the ketamine group and the placebo group. To study the changes in the scores on the MADRS and QIDS-SR tests a linear mixed model was conducted. As with the previous study, Mcnemars test was used to measure the duration of effects. Researchers continued their understanding on the effects of ketamine through use of a chi-squared test and Pearson's correlation coefficient.
Results
	Murrough et al. (2013) study found that ketamine was significantly more effective than midazolam (placebo) in reducing depressive symptoms, measured by the MADRS and QIDS-SR during each assessment period. A Cohens d was calculated and showed the effect size for the drug difference was large (d = 0.96) at 24 hours and moderate to large (d = 0.68) at 72 hours. The response rate for ketamine was 64% at 24 hours, 55% at 72 hours, and 47% at 7 days. The midazolam group had a response rate of 28% at 24 hours, 26% at 72 hours, and 13% at 7 days. Adverse side effects were more common in the ketamine group but were considered mild to moderate and short-lived. Overall, the study provides evidence for the rapid and robust antidepressant effects of ketamine in patients with treatment-resistant major depressive disorder.
Discussion
To summarize the statistical output of this study, like the ones before it, a single subanesthetic dose of ketamine showed significant antidepressant effects in patients with treatment-resistant major depressive disorder. The ketamine group showed significant reductions in depression scores within 24 hours of treatment, with effects lasting if 7 days, and had higher response and remission rates compared to the placebo group. The treatment was well-tolerated, but further research is needed to examine the long-term efficacy and safety of ketamine as a treatment for symptoms of depression. 
Murrough et al. (2013) and Privitera (2019) discuss many of the same topics throughout both the study and our course text. Many of these involve the type of tests enacted as well as the means to go about calculating them. We see the use of chi-squared testing, Pearson’s correlation coefficient, independent t tests and others. Murrough and his colleagues do a great job at following some of the guidelines for hypothesis testing as we can see through the confidence and strength of the analysis. 
In this review of some of the leading studies on the use of ketamine as a treatment for depression we find substantial evidence for a continuation in research for this treatment. The first study, conducted by Berman et al. (2000), was a small-scale pilot study that found that a single intravenous dose of .5 mg of ketamine could rapidly reduce symptoms of depression in patients who had failed to see any positive changes in their symptoms after 2 trials of antidepressants. The second study, conducted by Zarate et al. (2006), was a randomized, double-blind, placebo-controlled trial that replicated Berman's findings and found that ketamine produced a rapid and robust antidepressant effect that lasted for up to a week in some patients. The third study, conducted by Murrough et al. (2013), was a randomized, double-blind, placebo-controlled trial that again, supported the antidepressant effects of ketamine in patients with treatment-resistant depression
Overall, these studies suggest that ketamine may have significant benefits as a treatment for depression, particularly for patients who have not responded to traditional treatments such as SSRI’s, SNRI’s or CBT.
While the results of these studies are promising, there is still much that is unknown about the efficacy, safety, and long-term effects of ketamine as a treatment for depression. Further research is needed to better understand how the drug works, who is most likely to benefit from it, social stigmatization, cost and what the potential risks and side effects may be. More research is needed to determine the optimal dosing regimen for ketamine, as well as the long-term effects of repeated ketamine treatments. There are also concerns about the potential for abuse or addiction, particularly given that ketamine is a Schedule III controlled substance in the United States.
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