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Abstract

Rapid reduction of suicidal thoughts is critical for treating suicidal patients. Clinical trials
evaluating these treatments require appropriate measurement. Key methodological issues include:
1) the use of single or multi-item assessments, and 2) evaluating whether suicidal ideation
measures can track rapid change over time. The current study presents data from two randomized,
placebo-controlled, crossover clinical trials evaluating ketamine in individuals with treatment-
resistant depression (n=60). Participants were assessed for suicidal thoughts using the Hamilton
Depression Rating Scale (HAM-D), Montgomery-Asberg Depression Rating Scale (MADRYS),
Beck Depression Inventory (BDI), and Scale for Suicidal Ideation (SSI) at eight time points over
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three days. Assessments were compared using correlational analyses and effect sizes at 230
minutes and three days after ketamine infusion. Linear mixed models evaluated change in ideation
across all time points. The HAM-D and MADRS suicide items demonstrated correlations of r > .
80 with the first five items of the SSI (SSI5). On linear mixed models, an effect for ketamine was
found for the HAM-D, MADRS, BDI items, and SSI5 (p<.001), but not for the full SSI (p=.88),
which suggests a limited ability to assess change over time in patients with low levels of suicidal
thoughts. Taken together, the results suggest that repeated suicidal assessments over minutes to
days appear to detect improvement in suicidal thoughts after ketamine infusion compared to
placebo. The MADRS suicide item, BDI suicide item, and SSI5 may be particularly sensitive to
rapid changes in suicidal thoughts.
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Introduction

Recent research with rapid-acting antidepressants, such as the N-methyl-D-aspartate
(NMDA) receptor antagonist ketamine, has shown that such agents are capable of reducing
depressive symptoms within hours rather than weeks, as seen with traditional
antidepressants (Zarate et al., 2012, Zarate et al., 2006). A burgeoning area of interest is the
potential reduction in suicidal thoughts after such treatment, given that ketamine has been
associated with decreased suicidal thoughts within two hours of administration
(DiazGranados et al., 2010a, Larkin and Beautrais, 2011, Price et al., 2014, Zarate, Brutsche,
2012). Because just one medication (clozapine) is FDA-approved for suicide risk (and,
indeed, clozapine is only indicated for individuals with schizophrenia and is not considered
to be rapid-acting), effective treatments for suicidal thoughts are urgently needed. Notably,
the development of fast-acting interventions for individuals at risk for suicide was recently
highlighted by the US National Action Alliance for Suicide Prevention as a critical research
priority (National Action Alliance for Suicide Prevention: Research Prioritization Task
Force, 2014).

Because rapid-acting antidepressants such as ketamine are evaluated for their potential
efficacy in alleviating suicidal thoughts, appropriate assessment and measurement of
changes in suicide risk will be needed. Suicide measurements range from lifetime
comprehensive evaluations of suicide risk factors to single items from a depression
assessment (Brown, 2002, Goldston, 2000). In contrast to the way such assessments are
typically administered for conventional antidepressant agents, rapid-acting treatments
require repeated assessments over hours to days. Such a study design raises several
questions about assessment. First, which type of assessment should be used? In the interest
of time, would it be adequate to rely on a single item from a depression scale to assess
suicide risk rather than a longer suicide-specific assessment (Desseilles et al., 2012)?
Second, are current suicide assessments sensitive to change over relatively short time
periods? For instance, in such evaluations, does repeated questioning about suicide over the
course of a single day impact the validity of patient responses? These questions underscore
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the importance of evaluating the psychometrics of repeated suicide assessment instruments,
both in direct comparisons as well as tracking responses over time.

Our ketamine clinical trials focused on evaluating ketamine’s antidepressant effects as the
primary outcome; nevertheless, these trials also assessed suicidal thoughts using a number of
different methods, including single items from the clinician-administered Hamilton
Depression Rating Scale (HAM-D) (Hamilton, 1960), the Montgomery-Asberg Depression
Rating Scale (MADRS) (Montgomery and Asberg, 1979), and the self-reported Beck
Depression Inventory (BDI) (Beck et al., 1961), as well as a suicide-specific measure, the
Scale for Suicide Ideation (SSI) (Beck et al., 1979). Over the course of several placebo-
controlled clinical trials, these measures have been administered repeatedly within minutes,
hours, and days after ketamine infusion. The variety of measures administered at each time
point facilitates the comparison of correlations and correlated change between single items
and longer versions of suicide assessments. In addition, data from double-blind, crossover,
placebo-controlled studies permit us to investigate how responses to these suicide
assessments may change over time. Such analyses can guide the design and interpretation of
studies evaluating the potential efficacy of ketamine—among other rapid-acting
antidepressants—as an anti-suicidal agent.

Material and Methods

Participants

Data in the present study were drawn from two randomized, crossover, placebo-controlled
trials evaluating the efficacy of ketamine in the treatment of depression (both treatment-
resistant major depressive disorder (MDD) and bipolar I or Il (BD) depression); results of
these studies have been published elsewhere (Diazgranados et al., 2010b, Ibrahim et al.,
2012, Zarate, Brutsche, 2012, Zarate, Singh, 2006). Participants were admitted to the
Experimental Therapeutics and Pathophysiology Branch of the NIMH as inpatients. Written
informed consent was obtained from all patients in accordance with the NIH Combined
Neuroscience (CNS) Institutional Review Board. Diagnoses of MDD and BD were
confirmed by Structured Clinical Interview for Axis | Diagnostic and Statistical Manual
(DSM)-IV-TR Disorders, patient version (SCID-1/P) (First et al., 2001). Patients were rated
as experiencing a major depressive episode with moderate to severe levels of severity
(objectively defined as = 18 on the 17-item HAM-D (Zarate, Singh, 2006), or = 20 or = 22
on the MADRS (Diazgranados, Ibrahim, 2010b, Zarate, Brutsche, 2012)) at the time of
screening and before each infusion. Participants ages 18-65 years currently experiencing a
depressive episode without psychotic features, and with no diagnosis of substance use within
the three months prior to consent (with the exception of nicotine or caffeine) were eligible
for participation.

As part of these placebo-controlled trials, ketamine hydrochloride (0.5 mg/kg) was
administered intravenously over 40 minutes. Saline infusion was administered as a placebo.
As part of the clinical trial protocol, all participants were required to be medication-free for
at least two weeks before ketamine infusion (five weeks for fluoxetine), with the exception
of BD patients who were maintained on therapeutic doses of either lithium or valproate.
Participants could be excluded in one of the trials if they had acute suicidal thoughts
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(defined by a score of over 4 on item 10 of the MADRS or by clinical judgment) at time of
consent; this means that acutely suicidal patients were not consented into the study and then
withdrawn from their medications. In addition, participants whose suicidal thoughts
increased over the course of the medication taper or clinical trial were not systematically
excluded from study participation. It should be noted that one patient was withdrawn from
the study during the time period under analysis due to both worsening depression and
suicidal thoughts.

Measurements

The assessment instruments used in the present study included the HAM-D, MADRS, BDI,
and SSI. The HAM-D is a 17-item clinician-administered measure of depression severity
(Hamilton, 1960). It includes one item assessing suicide risk, which is rated on a scale of 0
(“absent™) to 4 (“attempts at suicide”). The MADRS is a 10-item clinician-administered
measure of depression severity (Montgomery and Asberg, 1979). The MADRS includes one
item assessing suicide risk, which is rated on a scale of 0 (“enjoys life or takes it as it
comes”) to 6 (“explicit plans for suicide when there is an opportunity; active preparations
for suicide™). Odd-numbered ratings are not given specific definitions. The BDI is a widely
used 21-item self-report measure of depression severity (Beck, Ward, 1961). It includes one
item assessing suicidal thoughts on a scale from 0 (“I don’t have any thoughts of killing
myself”) to 3 (“I would kill myself if I had the chance”). Finally, the SSI is a 19-item,
clinician-administered assessment of suicidal thoughts (Beck, Kovacs, 1979). The first five
items assess wish to live, wish to die, reasons for living or dying, desire to make an active
suicide attempt, and passive suicidal thoughts. If the patient gives a positive response on the
last two items, then the remaining 14 items are administered. These items include
characteristics of suicidal thoughts, potential attempts, and any preparation towards making
an actual attempt. For the purposes of this analysis, scores from the first five SSI items
(SSI5) and all SSI items (SSITotal) were included as potential measures of suicidal
thoughts.

Timing of Measurements

Assessments were administered 60 minutes before ketamine infusion. During this
assessment, patients were asked to report their symptoms during the last 24 hours. Post-
infusion assessments occurred at 40, 80, 120, and 230 minutes and at Days 1, 2, and 3. At
each of these assessments, patients were asked to report their symptoms since the last
assessment (i.e. at the 230-minute assessment, patients reported on their symptoms for the
last two hours; at the Day 3 assessment, they described symptoms for the last 24 hours).

Statistical Analysis

Comparison of single- and multi-item suicide assessments—This analysis
focused on the 230-minute and Day 3 assessment time points in order to capture one brief
and one more distal time point in relation to a range of time points after ketamine infusion.
The 230-minute time point is often used in ketamine analyses because it assesses the short-
term effects of ketamine infusion after psychotomimetic effects have dissipated (Niciu et al.,
2014, Zarate, Singh, 2006). The Day 3 assessment was used because it was further removed
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from the time of ketamine infusion. The presence or absence of baseline suicidal ideation
was determined using the literature on appropriate cut-off scores (Brown, 2002, Weitz et al.,
2014). A score of 1 or more on the HAM-D suicide item, 1 or more on the BDI suicide item,
2 or more on the MADRS suicide item, or 2 or more on the SSITotal or SSI5 were
considered to be “any suicidal ideation” (as compared to acute suicidal ideation, which
commonly requires higher cutoff scores). Pearson correlations of scales at static points were
conducted to assess convergent validity.

Change in ideation across time—Pearson correlations of absolute change from
baseline to 230 minutes and Day 3 after ketamine infusion were performed to assess
sensitivity to change. Linear mixed models were used to evaluate changes in suicidal
ideation across the seven time points after infusion. Included in the model were time and
intervention status as fixed within-subjects factors, as well as a fixed intercept and the
interaction between drug and time. Linear mixed models were limited to participants who
reported any ideation at baseline on that specific measure (i.e. the HAM-D model included
participants who scored 1 or more on the HAM-D suicide item at baseline) and also
controlled for baseline suicidal ideation. A compound symmetry covariance structure and
restricted maximum likelihood estimates were used. Cohen’s d effect sizes of the difference
in ideation scores at 230 minutes and Day 3 between ketamine and placebo were calculated.
Due to the use of linear mixed models, all figures include estimated marginal means and
standard errors of these mean estimates. As a post-hoc analysis, the first timepoint at which
suicidal ideation response to ketamine was determined to be significantly different from
placebo was evaluated. IBM SPSS version 21 was used for statistical analyses and
significance was considered at p<.05, two-tailed.

Sixty participants were included in the analysis, 23 with MDD and 37 with BD. Of the
sample, 37 were female (62%) with a mean age of 41.6 years (SD = 11.3). Lifetime suicide
attempts were reported by 48% (n = 28) of the sample and 18% (n = 11) reported more than
one lifetime suicide attempt. The average length of illness was 25.3 years (SD= 11.4).
Differences between measures and the frequency of suicidal thoughts at baseline are
presented in Table 1.

Correlations between each of the suicide assessments at 230 minutes and Day 3 are
presented in Table 2. All correlations had r>.60, and correlations between the HAM-D
suicide item, MADRS suicide item, and SSI5 were r>.80. The BDI and SSITotal
demonstrated lower correlations overall.

Correlations of change from baseline between each of the suicide assessments are presented

in Table 3. All correlations had r>.40. The strongest correlation across both time points was

between the SSI5 and the BDI; correlations between the BDI and other single item measures
were lower.

Results from the linear mixed models are presented in Table 4. All analyses, with the
exception of SSITotal, demonstrated significant drug effects of ketamine on suicidal
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thoughts (p < .01). Figures 1A through 1E depict the change in ideation scores over time
using each measure. Across 230 minutes and Day 3, the strongest effect sizes were
demonstrated by the MADRS item, the BDI item, and the SSI5; taken together, these results
suggest sensitivity to change. As a post-hoc analysis, the first time point of significant
difference between ketamine and placebo was 40 minutes for all assessments (p < .05). It
should be noted that, due to concerns about the potential psychotomimetic effects of
ketamine at the 40-minute time point, the 80-minute time point was also evaluated. All
assessments, with the exception of SSITotal, demonstrated a significant difference between
ketamine and placebo at the 80-minute time point.

Because results from the SSITotal differed dramatically from results with the other items, an
outlier analysis was conducted. One participant had a very high score on the SSITotal (score
> 20) and was considered to be an “extreme” outlier (interquartile range*3). When the linear
mixed model was run excluding this participant, results remained non-significant [drug
effect: F(1,314) = 2.02, p = .14; interaction: F(6, 285) = 1.15, p = .33].

Discussion

This study evaluated the repeated assessment of several measures of suicidal ideation across
three days post-ketamine infusion. In a sample of treatment-resistant depressed patients with
either MDD or BD who received ketamine, we found that the HAM-D and MADRS suicide
items were strongly correlated with the SSI5. The SSI5, MADRS item, and BDI item
demonstrated particular sensitivity to rapid change as demonstrated by moderate effect sizes.
In contrast, the longer version of the SSI (SSITotal) was not as sensitive to rapid changes in
suicidal thoughts.

With regard to which type of assessment of suicidal ideation should be used, our findings
suggest that single-item and multi-item measures appear to yield comparable assessments.
Correlations demonstrated adequate agreement, particularly when comparing the HAM-D
and MADRS suicide items and the SSI5 (r’s > .80). It should be noted that, in contrast to the
HAM-D, MADRS, and SSI, the BDI is a self-reported measure, which may have led to
differences across the measures. In addition, when comparing correlations between the
single items, the SSITotal, and the SSI5, the SSITotal demonstrated reduced agreement. It is
possible that the differing administration of the SSI (some patients are administered five
items and some 19, depending on their level of severity) may have introduced unwanted
variability into the correlations, effect sizes, and linear mixed models. Nevertheless, results
suggest that the HAM-D and MADRS suicide items may have convergent validity with
other clinician-administered measures in samples of depressed patients with relatively low
levels of suicidal thoughts.

To address the second question posed by this analysis, we used repeated assessments
capable of capturing changes in suicidal ideation over a short period of time. As
demonstrated by the results from linear mixed models, the trajectory of suicide symptoms
over the course of three days differed significantly from the trajectory on placebo for most
scales. The MADRS, BDI, and SSI5 also detected a “small to moderate” effect for ketamine
on suicidal ideation at 230 minutes and Day 3 post-infusion, as demonstrated by the Cohen’s
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d between drug and placebo. Again, the linear mixed model using SSITotal as the outcome
measure found no significant drug effect (p = .88), which may have been due to the
increased variability introduced by using the extra items. In contrast, the SSI5 was sensitive
to rapid changes in suicidal thoughts over a short period of time. The time point at which a
difference between ketamine and placebo was detected was 40 minutes for all measures,
although this difference was not found at 80 minutes for the SSI1Total. The 40-minute time
point is clinically significant because ketamine’s dissociative effects may not have
dissipated at this time point, which may limit the validity of patient response; this, in turn,
led to our decision to focus on the 230-minute time point assessment for correlations and
effect sizes. It is important to note that despite the repeated suicide assessment, we found no
evidence of a iatrogenic increase in suicidal symptoms, which is consistent with other
findings in the literature (Crawford et al., 2011, Gould et al., 2005, Mathias et al., 2012). In
addition, overall suicidal ideation was reduced in the drug condition when compared to the
placebo arm, suggesting that this improvement was not simply due to repeated assessments.

The most significant limitation of this post-hoc analysis is that patients were selected as part
of a clinical trial for treatment-resistant depression and not for acute suicide risk. Further
studies of patients selected for suicidal thoughts, with and without depressive symptoms, are
indicated. Such investigations may also benefit from additional suicide-specific
measurements such as the Suicide Status Form (SSF) (Jobes et al., 2004) or the Columbia
Suicide Severity Rating Scale (C-SSRS) (Posner et al., 2011) in addition to those reported
here. Moreover, the present study used several timeframes across the three days of
assessment, which means that the assessment at the 230-minute time point is not directly
comparable with the Day 3 time point. Similar analyses that lasted for seven days post-
ketamine infusion also repeatedly assessed depressive symptoms (Luckenbaugh et al.,
2014), although this time frame was not consistently available with the current dataset.
Lastly, it is important to highlight that all suicidal thoughts were reported by the patient. No
implicit measures (Nock et al., 2010) or suicide biomarkers were tracked over the same time
period in this sample. Indeed, the lack of validated suicide biomarkers is a significant
obstacle to suicide research (Lee and Kim, 2011), and suicidal thoughts, while clinically
significant, are only a proxy for suicide risk (Klonsky and May, 2014). As research expands
into the phenomenology and neurobiology of treatment for suicide, further understanding of
suicidal ideation measures and implicit/neurobiological measures will be needed.

Conclusions

With the advent of rapid-acting interventions for suicide risk, instruments that can be
quickly administered but are sensitive enough to detect rapid changes in suicidal thoughts
over time will be critical. While single items from depression scales may correlate with
longer suicide assessment measures, the results of the current investigation suggest that the
MADRS suicide item, the BDI suicide item, and the first five items of the SSI may be
particularly suited to assessing rapid changes in suicidal thoughts.
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Figure 1A-E. Linear mixed models demonstrating the effects of ketamine on suicidal
ideation compared to placebo by item or assessment. In order to compare across measures,
all data were plotted across a y-axis of approximately three standard deviations of the data.
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