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Abstract

Objectives—We examined the feasibility of a high-dose, 96-hour infusion of ketamine in
treatment-resistant depression.

Methods—Ten participants were randomized to receive a 96-hour ketamine infusion, titrated as
tolerated to a target rate of 0.6mg/kg/hour, while 10 received a 40-minute ketamine infusion
(0.5mg/kg). Both groups received clonidine, titrated to a maximum of 0.6mg orally daily, during
the infusion to mitigate side effects of ketamine. Participants were followed for eight weeks to
examine potential antidepressant effects.

Results—All 20 participants completed the infusion. Most participants tolerated the infusion
well, with minimal psychotomimetic symptoms or blood pressure elevation despite achieving high
ketamine concentrations (mean 424ng/ml for 96-hour arm, 156ng/ml for 40-minute arm). There
was no rebound hypertension upon discontinuing clonidine. Rapid and sustained improvement in
depressive symptoms was observed in both study groups. Higher ketamine concentration was
associated with sustained antidepressant response, and was not with greater psychotomimetic side
effects, in the 96-hour arm.

Conclusions—This study provides evidence for the feasibility of prolonged ketamine infusions
in treatment-resistant depression. Co-administration of clonidine appeared to mitigate ketamine's
psychotomimetic effects. Further study is required to investigate the extent to which prolonged
ketamine infusions could provide both rapid and sustained improvements in treatment-resistant
depression.

Clinicaltrials.gov identifier NCT01179009

Introduction

Approximately 15-30% of individuals with depression have a severe form that is resistant to
standard antidepressant treatments (Trevino et al., 2014), leading to extended suffering,
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excess health care costs, and elevated risk of suicide (Mrazek et al., 2014; Petersen et al.,
2004). Ketamine is an anesthetic drug with N-methyl-D-aspartate (NMDA) glutamate
receptor antagonist activity, which may provide a novel antidepressant mechanism (Li et al.,
2010). Accordingly, research groups have tested the antidepressant effects of a brief infusion
of ketamine in both unipolar (Berman et al., 2000; Murrough et al., 2013; Zarate et al.,
2006) and bipolar depression (Diazgranados et al., 2010), finding a significant reduction in
depressive symptoms lasting approximately one week using 0.5mg/kg ketamine infused over
40- minutes. This focus on brief, low-dose infusions (Lai et al., 2014) stems from ketamine's
propensity to have significant neuropsychiatric side effects, including dissociation,
confusion, and even overt psychosis (Morgan et al., 2004). The psychotomimetic effects are
highly correlated with plasma ketamine concentrations (Bowdle et al., 1998; Newcomer et
al., 1999). In addition to psychotomimetic side effects, a safety concern with ketamine is
sympathomimetic effects, including increased blood pressure (Luckenbaugh et al., 2014). To
provide a more sustained antidepressant effect while mitigating these safety concerns, serial
brief infusions have been proposed (Liebrenz et al., 2009; Rasmussen et al., 2013).

By contrast, groups studying ketamine for chronic pain have tested prolonged, high-dose
ketamine infusions of 4-14 days to provide sustained pain relief (Niesters et al., 2014). The
rationale is that a prolonged blockade of NMDA receptors causes long-term changes in
signal transduction leading to sustained clinical improvement (Farber et al., 1995;
Sigtermans et al., 2009). To reduce or prevent side effects with ketamine, especially
psychotomimetic and sympathomimetic effects, many such studies co-administered the
alpha-2 agonist clonidine (Handa et al., 2000; Nitta et al., 2013; Schwartzman et al., 2009;
Sigtermans et al., 2009). The basis for alpha-2 agonist co-administration stems from
preclinical research on ketamine and other NMDA antagonists (Farber et al., 1995) showing
that the cholinergic pathway arising out of the basal forebrain, as well as glutamatergic
pathways arising out of the thalamus, become hyperactive with systemic NMDA blockade
via loss of GABAergic inhibition (see Figure in appendix for depiction of the neurocircuitry
of ketamine's effects). These two excitatory pathways converge on the same downstream
corticolimbic neurons, thus hyperactivating them and leading to cognitive deficits and
complex behavioral effects (Farber, 2003; Newcomer et al., 1999). Alpha-2 agonist co-
administration dampens the cholinergic pathway (Farber et al., 2002), relieving some of the
excessive stimulation of the downstream corticolimbic neurons, thereby reducing pathologic
effects of NMDA antagonists (Jevtovic-Todorovic et al., 1998; Newcomer et al., 1998).
Thus, clonidine co-administration may allow for prolonged ketamine infusions for
treatment-resistant depression.

Accordingly, we carried out a pilot randomized controlled trial in which we compared a 96-
hour ketamine infusion against a 40-minute ketamine infusion. In this study, all subjects also
received clonidine, an alpha-2 agonist, to minimize side effects of ketamine. The primary
goal was demonstrating the feasibility of this research, so our focus was on safety and
tolerability. We examined the rates, types, and severity of cognitive and behavioral side
effects commonly seen with ketamine, with a focus on psychotomimetic side effects, as well
as blood pressure changes during the infusion. We predicted that clonidine would mitigate
these psychotomimetic and sympathomimetic side effects without interrupting ketamine's
antidepressant effects. We further hypothesized that both groups would show rapid
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antidepressant effects but only the 96-hour treated group would show sustained
antidepressant effects. We also explored whether side effects and sustained antidepressant
effects were related to ketamine concentration.

Materials and Methods

We enrolled adults aged 18-65 with major depressive disorder, diagnosed by the Diagnostic
Interview for Genetic Studies (DIGS) (Nurnberger et al., 1994), with confirmatory clinical
evaluation carried out by study psychiatrists, and Montgomery-Asberg Depression Rating
Scale (MADRS) (Montgomery and Asberg, 1979) score =22 indicating at least moderate
severity. We defined treatment resistance in the current episode as retrospective non-
responsive to at least two adequate trials of antidepressant medications in terms of dose and
duration, as assessed by clinician assessment, consistent with published methods (Petersen et
al., 2005). Exclusion criteria included bipolar disorder, lifetime psychotic disorder,
substance abuse/dependence, and medical instability. Medication-related exclusions included
dopamine agonists, antagonists or reuptake inhibitors (other than aripiprazole at doses up to
5mg daily); centrally acting pro- or anti-cholinergics; or benzodiazepines or other GABA-
acting agents, based on hypotheses regarding NMDA receptor mechanisms (Farber, 2003).
Continued use of selective serotonin reuptake inhibitors and serotonin-norepinephrine
reuptake inhibitors was allowed if the dose was kept constant for at least six weeks leading
up to the infusion. The university's institutional review board approved the study, and all
participants gave written informed consent prior to any study procedures.

All study participants were started on clonidine 0.1mg orally twice daily, approximately
seven-days prior to the infusion. Then, they were admitted for a five-day (four-night) stay at
the Washington University Clinical Research Unit (see appendix for details on admission
procedures). Participants were randomized 1:1 to receive a 96-hour infusion that contained
either (a) ketamine for the entire 96- hours or (b) saline only for the first 95-hours and 20-
minutes, followed by 0.5mg/kg ketamine for the final 40-minutes. Participants randomized
to 96-hour ketamine started at 0.15mg/kg/hour, with increases as tolerated twice daily until a
target infusion rate of 0.6mg/kg/hour was achieved. The uptitration strategy and target
infusion rate were based prior ketamine research suggesting that this would achieve a plasma
level of 400ng/ml (Newcomer et al., 1999) (Goldberg et al., 2011; Schwartzman et al., 2009;
Sigtermans et al., 2009; Webster and Walker, 2006). Based on preclinical and clinical data it
was estimated that this plasma level would result in approximately 50% blockade of NMDA
receptors (Emnett et al., 2013; Hartvig et al., 1995). Clonidine was increased in both groups
as tolerated to 0.2mg orally twice daily starting on the evening of day 1 of the infusion, and
then 0.3mg twice daily starting on the evening of day 2. Ketamine and clonidine were
stopped on the morning of day 5. Participants were discharged four hours post-infusion, with
the exception that the first nine stayed an additional 24-hours so that we could examine
rebound hypertension from clonidine discontinuation. Participants and staff were blinded to
treatment assignment; the research pharmacy prepared unlabeled, identical-appearing bags
of saline and ketamine for each subject. The study statistician generated the random
allocation sequence. The trial was stopped after N=20 randomized, which was
predetermined based on feasibility goals.
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We assessed cognitive and behavioral side effects of the ketamine infusion in two ways.
First, participants were assessed daily with the Brief Psychiatric Rating Scale (Flemenbaum
and Zimmermann, 1973) four-item positive symptom subscale (BPRS+; scale range 4-28,
higher scores indicate greater psychotic symptoms; items are Conceptual Disorganization,
Suspiciousness, Hallucinatory Behavior, and Unusual Thought Content), as a scale of
psychotomimetic symptoms. Second, participants were assessed with the clinician-
administered Clinical and Adverse Events Checklist of 20 ketamine side effects using a 5-
point Likert scale (where 0 = symptom absent, 1= minimal, 2= mild, 3 = moderate, 4=
severe) (Newcomer et al., 1999), up to four times daily, to measure psychotomimetic
symptoms, cognitive symptoms, other behavioral symptoms, and physical symptoms. Vital
signs were measured via continuous ECG monitoring as well as blood pressure monitoring
hourly for 4 hours after initiation and dose increases of ketamine; blood pressure was also
measured every 8 hours (full description of unit orders and procedures is available from the
first author).

To measure within-infusion depressive symptoms, participants were assessed daily with a
24-hour version of the MADRS which was modified from a published structured interview
(Williams and Kobak, 2008). The 24-hour MADRS was also conducted on post-infusion day
1, as was the Clinical Global Impressions Improvement scale (CGI-1)(Guy, 2000) to
examine rapid antidepressant effects (note that the clinicaltrials.gov entry for this study
erroneously listed the Hamilton Depression Rating Scale as the outcome measure; this was
corrected in 2014). Because of concerns about prolonged infusion-induced hepatitis
(Niesters et al., 2014), we also examined liver enzyme levels at the end of the infusion. All
participants were assessed at 2, 4, 6, and 8-weeks post-infusion by phone with the MADRS
and CGlI-I (standard versions encompassing the previous 7 days). These assessments were
carried out by a blinded rater who was unaware of the study design, did not do any other
assessments, and had no contact with participants during the infusion; nevertheless, this
individual guessed correctly in 17/20 cases.

Venous blood was obtained daily, centrifuged, plasma stored at —20°C, and later assayed for
enantiomeric (i.e., R- and S-) ketamine and active metabolite (norketamine) concentrations
at 10am on days 2-5 for the 96-hour group, and at 10am on day 5 (at the end of the infusion)
for the 40-minute group. R- and S-ketamine and R- and S-norketamine were determined by
HPLC-tandem mass spectrometry using a previously published method (Moaddel et al.,
2010).

Statistical Analyses

Spearman correlations were used to explore the relationship between primary outcome
variables and additional variables of interest. An Analysis of Variance (ANOVA) model was
employed to explore the effects of treatment status on the primary outcome variables while
linear regression was used when both the independent and dependent variables were
continuous. In exploring the differences between the 40-minute infusion and the 96-hour
infusion across categorical variables, Fisher's Exact tests and Chi-Square tests were
employed. All analyses were performed using SPSS V. 22. The a value was set at 0.05; two-
tailed tests were run.
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From 2012-2014, we recruited 22 participants via referrals and clinicaltrials.gov; one
withdrew consent prior to the infusion, and one was found to be ineligible (in remission
from depression) at the start of the infusion, leaving 20 eligible participants. All 20
individuals completed the infusions and were included in the analyses (appendix shows
participant flow from screening through treatment and follow-up). Of the 10 who received
the 96-hour ketamine arm, the mean final dose was 0.52mg/kg/hour (SD=0.14); two
participants could not tolerate the target infusion rate, and their final dose was <0.45mg/kg/
hour. Table 1 shows the baseline characteristics, infusion data, and final R- and S-ketamine
and norketamine concentrations measured at the end of the infusion. R- and S-ketamine
concentrations were very highly correlated (r=0.998, p<0.001) as were R- and S-
norketamine concentrations (r=0.98, p<0.001). As the table shows, participants had a high
degree of chronicity of depression and high number of previous treatment failures, similar to
other clinical trials of ketamine for treatment-resistant depression (e.g., Murrough et al,
2013).

During post-infusion follow-up, one individual (from the 40-minute arm) was removed from
the study before week 6 because she received ECT and her remaining data points were
imputed; the remaining 19 completed all eight weeks of follow-up. Both groups
demonstrated rapid antidepressant effects, as measured by the CGI-I on post-infusion day 1:
7/10 in each arm had had a score in the much or very much improved range. Additionally,
both arms showed sustained reduction in depressive symptoms compared to baseline, with
no difference between arms in MADRS changes (Figure 1), and 4/10 having a CGI-I of 1-2
at week 8 in the 96-hour arm vs. 2/10 in the 40-minute arm. When we examined results in
terms of response (=50% reduction in MADRS), 4/10 in the 96-hour group and 2/10 in the
40-minute group were responders at week 2; of these, 2/10 in the 96-hour group and 1/10 in
the 40-minute group maintained response out to week 8.

Side effects (Table 2) were common in the 96-hour ketamine arm but were generally mild in
intensity and tended to decline during days 4-5 even as the ketamine concentration stayed
constant. With regard to psychotomimetic symptoms, a minority of patients showed transient
hallucinatory experiences or transient delusional or unusual thoughts. Overall the BPRS+
score stayed near its minimal score of 4 throughout the infusion in both arms (Figure 2). As
the figure shows, a small increase in BPRS+ scores in the 96-hour ketamine arm, in days
2-3, subsided as the infusion continued; while in the 40-minute ketamine arm, there was a
transient increase attributable to the 40-minutes of ketamine at the end of the infusion.

We performed an exploratory analysis examining the relationship of ketamine exposure with
sustained antidepressant effects and psychotomimetic side effects (Table 3). It shows that
higher ketamine concentrations were associated with better sustained antidepressant
response, but not higher side effects, in the 96-hour arm. Ketamine and norketamine
concentrations were not correlated with sustained response nor with higher levels of
psychotomimetic side effects in the 40-minute arm.
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Ketamine with clonidine co-administration had a statistically but not clinically significant
effect on blood pressure, characterized by lowered systolic and diastolic blood pressure
(figure in appendix). No participant suffered from symptomatic orthostatic hypotension or
had other adverse effects attributable to clonidine. Additionally, we saw no rebound
hypertension after clonidine was stopped (figure in appendix).

Liver enzyme changes from pre- to post-infusion were: AST (SGOT) -2.3 (SD 3.7) in the
96-hour group vs. —0.2 (SD 4.8) in the 40-minute group, with no participants in either group
moving from a normal to elevated range; ALT (SGPT) was —4.0 (SD 4.6) in the 96-hour
group vs. 2.0 (SD 9.9) in the 40-minute group, with one participant (in the 40-minute group)
moving from normal to elevated (26 to 53).

Discussion

This feasibility study examined a 96-hour, high-dose ketamine infusion in treatment-
resistant depression, with co-administered clonidine to mitigate ketamine's psychotomimetic
side effects. We demonstrated feasibility in terms of adequate recruitment and retention of
participants and adherence to the protocol (Leon et al., 2011), as well as good safety and
tolerability for both ketamine and clonidine. We did not demonstrate a statistically
significant difference in antidepressant treatment response between 96-hour and 40-minute
ketamine; however, this pilot study was not powered to detect such differences.

With respect to tolerability and safety, we focused on psychotomimetic side effects, which
we posited would be reduced by co-administered clonidine, and blood pressure changes,
which could be affected either by ketamine's sympathomimetic effects or by clonidine.
Psychotomimetic effects were infrequent, mild, transient, and uncorrelated with ketamine
concentration. From this we infer that clonidine co-administration may have mitigated
ketamine's psychotomimetic effects, because such side effects are expected to reliably occur
at the relatively high ketamine concentrations reached in the 96-hour group (Bowdle et al.,
1998; Newcomer et al., 1999). However, we did not formally test this hypothesis by
randomization to a 96-hour ketamine infusion without clonidine. Additionally, modest but
clinically insignificant blood pressure reduction was seen during the infusion, which is
attributable to the use of clonidine. Upon stopping clonidine and ketamine, no rebound
hypertension occurred which is in contrast to findings with clonidine in hypertension (Neusy
and Lowenstein, 1989). Other side effects were typically mild, and all were transient. No
liver toxicity was seen.

With respect to antidepressant effects, we found rapid and sustained responses in this study,
with no significant differences between the 96-hour and 40-minute ketamine groups in this
small sample. Specifically, there was no difference in terms of either rapid reduction of
depression (which was present in 70% of both study arms, similar to prior findings of brief
ketamine infusions in depression), nor in sustained reduction of depression (seen in 40% of
96-hour participants and 20% of 40-minute participants). It remains unknown whether there
is a superior therapeutic efficacy of prolonged ketamine infusions. We used racemic
ketamine, and we examined S- vs. R- ketamine concentrations and their active metabolites
(S- and R-norketamine), similar to a prior study in depression (Zarate et al., 2012). We
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found a significant relationship between ketamine concentration and sustained response in
the 96-hour ketamine group, suggesting that a prolonged ketamine infusion must also reach
high concentrations to provide sustained antidepressant benefits. A similar finding has been
reported in the chronic pain literature (Goldberg et al., 2011). The lack of a correlation of R-
norketamine and response in the 96-hour group would be consistent with this agent's lower
affinity for the NMDA receptor and is relatively lower concentration in the subjects. It is
unknown whether racemic or S-ketamine is superior for depression (Paul et al., 2009).
However, if blockade of NMDA receptors is the mechanism of action for both the
antidepressant response as well as the psychotomimetic side effects, then both would be
expected to have similar effects once the amount of NMDA receptor blockade is equalized.
Future research would have to demonstrate that prolonged and/or higher-dose infusions
provide a clear benefit over brief infusions, to justify their use in a clinical setting.

The ability of ketamine to produce an antidepressant response in subjects co-administered
clonidine suggests that cholinergic hyperactivity (which is suppressed by alpha-2
antagonists) is not necessary for an antidepressant response. This is arguably similar to
previous research showing that antidepressant effects of brief ketamine infusions are not
correlated with psychotomimetic effects (Luckenbaugh et al., 2014). Since blockade of
NMDA receptors also produces hyperactivity in glutamatergic pathways that putatively
project onto non-NMDA receptors in corticolimbic brain regions (Duman and Aghajanian,
2012; Farber, 2003) and alpha-2 agonists are not expected to normalize this excessive
activity (Farber et al., 2002; Jevtovic-Todorovic et al., 1998), our findings would be
consistent with the proposal that activation of non-NMDA receptors may be the necessary
mechanism for NMDA antagonists' antidepressant effects (Akinfiresoye and Tizabi, 2013;
Dwyer and Duman, 2013) (See Figure in Appendix). We also note that clonidine's
cholinergic-dampening effect in the ketamine-disinhibited circuit (depicted in the figure in
the appendix) bears some resemblance to the anticholinergic scopolamine. Scopolamine has
been demonstrated to show rapid antidepressant effects (Drevets and Furey, 2010; Furey and
Drevets, 2006); conceivably the combination of ketamine and clonidine is having additive
antidepressant effects. We speculate as well that a combination of ketamine and scopolamine
might have both additive antidepressant effects and reduced side effects compared with
ketamine alone.

Strengths of this study were the use of a randomized controlled design to compare the 96-
hour infusion to the more standard 40-minute ketamine infusion, and masking of ketamine
so that participants and raters were blinded to randomization assignment. However, it should
be mentioned that the better-than-average treatment guessing by the rater (guessing
corrected 17/20 treatment assignments), together with the tendency for ketamine to cause
some cognitive and behavioral changes even when psychotomimetic side effects are
minimized, suggests incomplete blinding. Future studies could minimize this potential
unblinding risk by masking participants as to the timing and dosing of ketamine
administration, or using a placebo with cognitive and behavioral side effects (such as a
benzodiazepine) similar to Murrough et al (2013).

In terms of limitations, this was a pilot study carried out mainly to test the feasibility of the
methods, and it has limited statistical power due to small sample size. Future research needs
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to determine the extent to which sustained antidepressant response is achievable with
prolonged, high-dose ketamine, and to characterize the optimal parameters of ketamine
infusion, including dose and duration, dosing of clonidine, and participant selection. Such
research would likely require a better understanding of the mechanism of effects of
prolonged ketamine infusions on depression-related neurocircuitry (Li et al., 2010), and
biosignatures of response (Naughton et al., 2014). Other limitations were the lack of a scale
specifically measuring dissociative symptoms, which prevents us from comparing these side
effects to other studies which did use such scales; and, the allowance of co-occurring
antidepressant use, which could result in increased heterogeneity of response unrelated to
the study medication. As well, final clonidine dose was higher in the 96-hour ketamine
group than the 40-minute group; this was likely because the prolonged ketamine infusion
provided some sympathetic effects allowing for higher clonidine dosing without inducing
hypotension. Also, it was an ethnically homogeneous sample.

Despite these limitations, we posit that prolonged high-dose ketamine infusions could be
developed as another treatment option for some treatment-resistant cases. Moreover, this line
of research makes the cases that alpha-2 agonist co-administration could improve the
tolerability of NMDA-receptor antagonists, allowing for a greater range of dosing.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Montgomery-Asberg Depression Rating Scale (MADRS) scor e changes with 96-hour
vs. 40-minute ketamine infusion during eight weeks of post-infusion follow-up

There were no significant differences (at p<0.05) between study arms. Means + standard
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Figure 2. Brief-Psychiatric Rating Scale-positive subscale (BPRS+) changes during the 96-hour

infusion

The two groups differed significantly (at p<0.05) in BPRS+ scores at day 3 (96hr arm > 40
min arm, p=0.007) and day 5 30-min post-infusion (40 min arm > 96hr arm, p=0.02). Means
+ standard error are shown.
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Table 1

Characteristics of the 96-hour and 40-minute ketamine study arms

40-Min 96-Hr
Tot(aNJ _Saérg)ple Infusion Infusion Test Value P
B (n=10) (n=10)
F[1,19] =
Age (mean years, SD) 44.6 (13.1) 46.6 (12.8) 42.5(13.8) 0.47 0.50
Gender n,%) | 1 1 | - * 0.63
Male 6 (30) 2 (20) 4 (40)
Female 14 (70) 8 (80) 6 (60)
Race(n,%) (1 1 | * 1.00
Caucasian 19 (95) 10 (100) 9 (90)
Asian 1(5) 0(0) 1(10)
Family History of alcoholism (n, %) ¥2(2.40) 0.30
Yes 10 (50) 4 (40) 6 (60)
No 9 (45) 6 (60) 3(30)
Unknown 1(5) 0 (0) 1(10)
CGlI - Severity of Illness(n, %) x?(2.00) 0.37
Moderately Il 1(5) 1 (10) 0(0)
Markedly 1l 18 (90) 9 (90) 9 (90)
Severely 11 1(5) 0(0) 1(10)
Lifetime Major Depressive Episodes * 0.65
wmww 9 0 A0 N T ’
Single 8 (40) 5 (50.0) 3(30.0)
Recurrent 12 (60) 5 (50.0) 7 (70.0)
Ageof First Major Depressive F[1,19] =
Episode (mean years, SD) 20.1(6.0) 22.0 (5.4) 18.2 (6.1) 215 0.16
Duration of Current Episode (mean F[1,19] =
years, SD) 12.7 (11.4) 16.6 (12.8) 8.7 (8.6) 261 0.12
Number of Antidepressant Trials . 3 18.4 (12- F[1,19] =
(mean, range) 17.6 (7->31) | 16.8 (7->23) >31) 053 0.48
) I 5SSRI, 3 3SSRI, 2
Current Antidepressant Medications n/a SNRI, 1 SNRI, 1 nla n/a
(during infusion) > aripiprazole | aripiprazole
Baseline Total MADRS Score (mean, 33.0 (4.9) 340 (3.8) 319 (5.9) F[1,19] = 035
SD) 0.90
F[1,19] =
Baseline HAM-D Score (mean, SD) 219(41) 216(28) | 221(53) 0.07 0.80
Max. Daily Clonidine Dose (mg) F[1,19] =
(mean, SD) 0.40 (0.12) 0.33(0.12) 0.46 (0.08) 825 0.01
Day 5 Ketamine Concentrations
(ng/mL) (mean, SD)
F[1,19] =
Total (S+R) Ketamine nla 156 (43) 424 (178) 214 <0.0001
F[1,19] =
SKetamine nla 77 (21) 203 (86) 20.8 <0.0001
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40-Min 96-Hr
TOt&I §a218)ple Infusion Infusion Test Value P
- (n=10) (n=10)

F[1,19] =
R-K etamine n/a 79 (21) 221 (93) 290 <0.0001

F[1,19] =
S-Norketamine n/a 16 (5) 135 (55) 470 <0.0001

F[1,19] =
R-Norketamine n/a 18(6) 160 (73) 377 <0.0001

*
Performed using a Fisher's Exact Test

Ak
SSRI=selective serotonin reuptake inhibitor, SNRI=serotonin-norephinephrine reuptake inhibitor. SSRIs, SNRIs, and aripiprazole (up to 5mg

daily) were allowed to be continued during the infusion.
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Side effects during the 96-hour infusion

Table 2

Symptom

#reporting side effect (and highest level of severity)

96-hr ketaminearm

40-min ketaminearm

Psychotomimetic

Visual distortions and
hallucinations *

Unusual thoughts and

7/10 (2 minimal, 1 mild, 4
moderate)

7/10 (3 minimal, 2 mild, 2

4/10 (4 mild)

5/10 (1 minimal, 3 mild, 1 moderate)

delusions ™™ moderate)
Confusion
Incoherent 2/10 (2 moderate) 1/10 (1 mild)

Disorientation
Decreased

Concentration/Memory Loss

3/10 (3 minimal)

10/10 (1 minimal, 2 mild, 4
moderate, 3 severe)

2/10 (2 minimal)

10/10 (4 mild, 6 moderate)

Other Behavioral

Restlessness

Anxiety

Palpitations

Insomnia

Involuntary Movements

10/10 (2 mild, 5 moderate, 3
severe)

10/10 (1 mild, 5 moderate, 4
severe)

3/10 (1 minimal, 1 mild, 1
moderate)

9/10 (2 mild, 4 moderate, 3
severe)

1/10 (1 minimal)

8/10 (3 mild, 5 moderate)

10/10 (1 mild, 7 moderate, 2 severe)

4/10 (3 minimal, 1 mild)

8/10 (1 mild, 7 moderate)

3/10 (2 minimal, 1 mild)

Physiological

Headache

Dizziness

Nausea

\Vomiting

Diplopia

Sedation

Nystagmus

Hypersalivation

Erythema/Rash

9/10 (1 minimal, 5 mild, 2
moderate, 1 severe)

9/10 (1 minimal, 3 mild, 4
moderate, 1 severe)

6/10 (1 mild, 5 moderate)
1/10 (1 moderate)

3/10 (1 minimal, 1 mild, 1
moderate)

9/10 (1 mild, 6 moderate, 2
severe)

9/10 (5 mild, 4 moderate)
0/10

5/10 (3 minimal, 1 mild, 1
moderate)

8/10 (2 mild, 5 moderate, 1 severe)

9/10 (1 minimal, 3 mild, 5 moderate)

7/10 (2 mild, 4 moderate, 1 severe)
1/10 (1 moderate)

4/10 (1 minimal, 1 mild, 2 moderate)

9/10 (4 mild, 3 moderate, 2 severe)

6/10 (3 mild, 3 moderate)
2/10 (1 mild, 1 moderate)

4/10 (4 minimal)

Page 16

Note: Symptoms were measured 4 times daily using the Brief Psychiatric Rating Scale (Flemenbaum and Zimmerman, 1973) and the Clinical and

reported.
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*

Moderate symptoms in 4 participants were: reported closing eyes and seeing images such as Jesus and a bear in curtains, knew it was not real;
seeing images of cathedral ceiling; seeing visual patterns (like modernistic painting) when eyes closed; and seeing lights when eyes closed. All
were transient.

Ak
Moderate symptoms in 3 participants were: suspicious they were moved to another room (40-minute arm); delusion that nurses was

inappropriately observing and hurting them (96-hour arm), and felt that “a force” was pulling on their bed (96-hour arm). All were transient,
although the delusion about nurses led the patient to ask for the infusion to be stopped temporarily.
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Table 3
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Correlations of ketamine concentrations with post-infusion antidepressant response and with psychotomimetic
symptoms during the infusion

Outcome

Sustained (week 8) response

Psychotomimetic effects
MADRS (Highest BPRS+ score during infusion)
CGl-l change from
baseline
S-ketamine concentration |
96-hour arm 070" 075™ -0.22
40-minute arm 0.11 0.17 -0.49
R-ketamine concentration |
96-hour arm 070" 075~ -0.22
40-minute arm 0.11 0.17 -0.49
S-norketamine concentration |
96-hour arm 0.62 065~ -0.06
40-minute arm 0.44 0.47 -0.78"
R-norketamine concentration |
96-hour arm 0.25 0.31 -0.28
40-minute arm 0.17 0.19 077"

Note: spearman correlations were run. spearman correlation coefficient (p) is reported. For CGI-1 and MADRS change, a significant positive
correlation indicates that higher concentration was associated with higher better response; for BPRS+ change, a significant negative correlation
indicates that lower concentration is associated with greater psychotomimetic effects. Ketamine concentrations in the 96-hour arm were steady-state
concentrations (average of days 3-5), while concentrations in the 40-minute arm were at the end of the infusion.

*
indicates p<0.05
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