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Background: Multiple studies have demonstrated antidepressant effects of intravenous (V)
ketamine for unipolar and bipolar treatment-resistant depression (TRD). However, these studies
have not delineated which specific symptoms of depression are more commonly improved by IV
ketamine. Understanding which specific symptoms are more likely to improve with 1V ketamine
may be helpful for setting patient expectations and gauging treatment response.

Methods: Two hundred and twenty-six adults with treatment resistant major depressive disorder
(MDD) and bipolar depression (BD) received repeated doses of IV ketamine at a community -
based clinic. Depressive symptoms (sleep, mood, appetite/weight, concentration, self-criticism,
suicidal ideation, general interest, energy, psychomotor restlessness/agitation) were measured by
the Quick Inventory for Depression-Self-Report 16-1tem (QIDS-SR16) at five timepoints: (1)
baseline, (2) post-infusion 1, (3) post-infusion 2, (4) post-infusion 3, and (5) post-acute
assessment. The data were analyzed using mixed models to determine the effect of repeated 1V
ketamine treatment on each of the nine symptoms. Symptom improvements were categorized as
clinically important if patients exhibited a 30% decrease in symptoms from baseline to the post-
acute assessment.

Results: There was a significant effect of treatment on all symptoms of depression, as measured
by the QIDS-SR16. General interest (41%), mood (38%), energy (37%), Sl (36%), self-criticism
(34%), and concentration (30%) symptoms improved at a clinically important level from
baseline to the post-acute assessment (i.e., point-reduction from baseline to the post-acute
assessment). Psychomotor agitation/restlessness (25%), sleep (25%), and appetite (11%)
symptoms did not meet the criteria for a clinically important symptom reduction at the threshold
of a 30% symptom improvement.

Conclusion: Only general interest, mood, energy, S, self-criticism, and concentration symptoms

improved at both a statistically significant and clinically important level.

Introduction
Current monoamine-based antidepressants fail to provide sufficient symptom relief and

remission for individuals with major depressive disorder (MDD) and bipolar disorder (BD) * 2.
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The Sequenced Treatment Alternatives to Relieve Depression (STAR*D) Study found that only
36% of individuals with depression experience a full remission of depressive symptoms and after
multiple medication trials, approximately 30% of individuals remain symptomatic and do not
experience complete remission 3. In fact, 25% of patients continue to use antidepressants for
more than a decade #°. Individuals who require more antidepressant trials are more likely to
relapse within one year 3. Furthermore, persistent depressive symptoms are the strongest
predictor for relapse of a depressive episode 6. Individuals with treatment-resistant depression
(TRD) experience a significantly longer duration of depressive episodes and greater work
impairment compared to individuals with non-TRD . As such, there is a critical need for fast-

acting and effective antidepressant treatments for individuals with TRD.

Randomized, double-blind, placebo-controlled trials have established the rapid efficacy of
intravenous (1V) ketamine, an N-methyl-D-aspartate receptor antagonist, for patients with TRD
8-13, 14. 15, 16 The effectiveness of repeat-dose 1V ketamine for unipolar and bipolar TRD has
also been established in a real-world setting through large case series from clinics providing off-

label IV ketamine treatment, typically for ultra-refractory cases with significant comorbidities *'.

However, despite top-line efficacy of IV ketamine, the effect of ketamine on specific depressive
symptoms remains ambiguous 8. The Diagnostic and Statistical Manual of Mental Disorders
Fifth Edition (DSM-5; *° outlines nine core symptoms of MDD: (1) depressed mood, (2)
anhedonia, (3) increase or decrease in weight/appetite, (4) insomnia or hypersomnia, (5)
psychomotor agitation or restlessness, (6) fatigue/loss of energy, (7) feelings of worthlessness or
guilt, (8) impairments in thinking, concentration, or decision-making and (9) recurrent thoughts
of death or suicidal ideation (SI). These individual depressive symptoms are distinct from each
other and differ in underlying pathophysiological mechanisms and degree of functional
impairment, and therefore may not uniformly respond to antidepressant treatments 2°. Overall
antidepressant response does not indicate which individual symptoms are alleviated by the
antidepressant 2°. Indeed, as shown by the STAR*D data ®, and replicated in other clinical
samples, symptoms of poor sleep, amotivation, low energy and cognitive dysfunction often
persist with conventional antidepressants, despite achieving remission from other depressive

symptoms (e.g., mood, negative cognitions, suicidal ideations, etc.).
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The mechanism of action of ketamine is distinct from conventional antidepressants, as ketamine
primarily targets the glutamate system, rather than monoamines (e.g., serotonin, norepinephrine,
dopamine). Therefore, depressive symptoms that preferentially improve with ketamine may
differ from conventional antidepressant response symptom trajectories. Moreover, understanding
which specific symptoms are more likely to improve with 1V ketamine may allow for improved
counseling and informed consent for patients considering this novel treatment option, along with

improving the ability to gauge treatment response.

Extant literature has established that I'V ketamine is associated with reduced SI, with one study
reporting sustained reductions in Sl for up to 12 days following infusions 21-23, Anhedonia (lack
of interest or pleasure) has also been found to decrease following 1V ketamine, however the
effect was only maintained for three days post-infusion ?4. Additional research reported
significant treatment effects of IV ketamine on reducing all core symptoms of depression except

for appetite 2.

The current study aims to characterize the specific effects of 1V ketamine in a community clinic
setting by identifying which DSM-5 core symptoms of depression improve with repeat-dose 1V
ketamine treatment, as measured by the Quick Inventory for Depressive Symptomatology Self-
Report 16-l1tem (QIDS-SR6) 6.

Method
Participants

All participants included in this study were patients who were receiving care at the Canadian
Rapid Treatment Center of Excellence (CRTCE) in Mississauga, Ontario, Canada. The CRTCE
is an outpatient clinical and research center that specializes in the administration of off-label 1V
ketamine for adults with unipolar or bipolar TRD, obsessive compulsive disorder (OCD), and

post-traumatic stress disorder (PTSD).

Patients with comorbid psychiatric conditions are eligible for 1V ketamine treatment as long as

they have a primary diagnosis of a mood disorder. All patients must meet Stage 2 Resistance
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criteria or higher (insufficient symptom relief from at least two separate antidepressant trials), as
defined by %7, in order to be eligible for IV ketamine treatment. Available evidence indicates that
ketamine may benefit patients with TRD 282°; however, ketamine is an off-label treatment that is
not approved for any psychiatric indications. The CRTCE follows the best practices for safe and
appropriate ketamine delivery according to the Consensus Statement for the American
Psychiatric Association Council of Research Task Force . Patients must be able to provide
written and verbal informed consent to be eligible for IV ketamine treatment. Patients also

consented to their data being used for research purposes and publication.

Patients are ineligible to receive IV ketamine at the CRTCE if they have dementing disorders,
psychotic disorders, or a current substance use/alcohol use disorder (less than three months of
abstinence), or if they do not have a primary diagnosis of a mood disorder. For patients with
previous psychotic episodes or mood episodes with psychotic features, a minimum of 3 months
since psychotic symptoms were experienced is required to move forward with ketamine

infusions.

A total of 226 adult outpatients with a primary diagnosis of either MDD, BD, post-traumatic
stress disorder (PTSD), or obsessive compulsive disorder (OCD) received 1V ketamine treatment
at the CRTCE between the time of the clinic inception in July 2018 to December 2019.

Demographic information of included participants is presented in Table 1.

Analysis of this data was approved by a community Institutional Review Board and is registered
under NCT04209296 on the clinicaltrials.gov website.

Procedure

A staff psychiatrist at the CRTCE confirmed the primary diagnosis of a mood disorder according
to the DSM-5 1° before patients began 1V ketamine treatment, and staff anesthesiologists
medically approved each patient for ketamine infusions. Most patients were taking adjunctive
medications in addition to IV ketamine; however, patients were required to discontinue
irreversible monoamine oxidase inhibitors (MAQISs) at least two weeks prior to their first

infusion and were prohibited from taking naltrexone during the period of IV ketamine treatment
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31, Additionally, patients were instructed not to take benzodiazepines for at least 12 hours before

each IV ketamine infusion 32.

Patients received four acute ketamine infusions over a period of 7 to 14 days. At infusions 1 and
2, all patients received 0.5mg/kg of ketamine hydrochloride diluted in 0.9% saline solution,
infused over 40-45 minutes. The patient’s body weight was used to determine the total ketamine
dose at each infusion (ideal body weight was used to calculate dose for patients with a body mass
index greater than 35kg/m?). If patients had a suboptimal response to the treatment after infusion
2 (i.e., £20% reduction in QIDS-SRye score) without tolerability difficulties, they were eligible
to receive a dose optimization to 0.75mg/kg for infusions 3 and 4. Patients met with the staff

psychiatrist for the post-acute assessment one week after the fourth infusion.

Depressive symptoms were measured at five timepoints throughout the acute treatment period:
(1) before the first infusion (i.e., baseline) , (2) before the second infusion (i.e., post-infusion 1),
(3) prior to the third infusion (i.e.,post-infusion 2), (4) before the fourth infusion (i.e., post-
infusion 3), and (5) one week post-infusion follow-up (i.e., post-acute assessment). Post-infusion
assessments were completed approximately two days after each infusion. The QIDS-SRiswas the
primary measure used to monitor depressive symptoms. The QIDS-SR1s was administered at the
CRTCE on a tablet device. Data were de-identified and stored on Research Electronic Data
Capture (REDCap; 3334,

After each infusion, patient safety was monitored at the CRTCE clinic for one to two hours. All
patients were escorted home by a responsible adult and were prohibited from driving until the

following day.
Measures

The QIDS-SR16 (Rush et al., 2003) is a patient-administered self-report measure that maps onto
the nine core symptoms of a major depressive episode as defined by the DSM-5 1°. The scale
consists of 16 items that assess the following symptoms: (1) sleep disturbance (including
insomnia and hypersomnia), (2) low mood, (3) appetite/weight, (4) concentration, (5) self-
criticism, (6) suicidal ideation, (7) interest, (8) energy/fatigue, and (9) psychomotor

restlessness/agitation. The scores for the sleep disturbance, appetite/weight, and psychomotor
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restlessness/agitation symptoms were based on the highest score from two or more items which
measured those symptoms, respectively. The other six symptoms were measured by one item
each. Each item was rated on a scale of 0 to 3, with O representing an absence of the symptom

and 3 representing a severe symptom.

Other clinical and self-report measures were collected at each point of care but were not

analyzed in the present study.

Data Analysis

Data were retrospectively analyzed in IBM Statistical Package for the Social Sciences Version
23 (SPSS Inc., Chicago, IL, United States). Mixed models were conducted for each symptom
measured by the QIDS-SR1¢ in order to examine the effect of repeat dose IV ketamine across the
five time points of interest (i.e., baseline, post-infusion 1, post-infusion 2, post-infusion 3, and
the post-acute assessment) on each of the nine core depressive symptoms. Mixed models were
implemented to accommodate for missing data and uneven timing between visits. First-order
autoregressive matrices were used to account for repeated measures, and the data were fit using
Restricted Maximum Likelihood (REML) with an alpha set to 0.05. Follow-up pairwise
comparisons were conducted when there was a significant effect of treatment on the QIDS-SR1s

symptom, and Bonferroni corrections were applied to account for multiple comparisons.

Mean percent change from baseline to the post-acute assessment was also calculated for each
symptom in order to determine which symptoms improved at a clinically important level. While
there is no established minimum clinically important difference for individual QIDS-SR16
symptoms, we defined a clinically important improvement as a 30% or greater symptom

reduction at the population level.
Results

The sample consisted of 226 participants and a total of 994 data points. Post-infusion
assessments that were completed more than four days after the previous infusion were excluded
from the analyses. Post-acute assessments that were completed more than 14 days after infusion

4 were excluded from the analyses. Twenty-two assessments were excluded from the analyses



because they were not completed within this specified time period. Some patients also chose not
to complete the assessments at some time points and others were lost to follow-up (Npaseline = 226;
Npost-infusion 1 = 207; Npost-infusion 2 = 195; Npost-infusion 3 = 200; Npost-acute assessment = 116). Fifty-nine

percent of patients received a dose optimization to 0.75mg/kg for infusions 3 and 4.

Statistically Significant Symptom Improvement

Sleep

Overall, there was a significant effect of treatment on QIDS-SRs sleep scores, F(4, 581) =
4.497,p =.001,np? =.030. There was a significant reduction in QIDS-SRs sleep scores from
baseline to post-infusion 3 (p = .008) and the post-acute assessment (p = .001), and from post-
infusion 1 to the post-acute assessment (p = .018). No other treatment points differed

significantly.

Mood

There was a significant overall effect of treatment on mood, F(4, 588) = 27.155, p <.001, np? =
.156. There was a significant reduction in QIDS-SR1s mood symptoms from baseline to each
subsequent assessment (ps < .001 ), from post-infusion 1 to post-infusion 3 (p <.001 ) and the
post-acute assessment (p <.001 ), from post-infusion 2 to post-infusion 3 (p =.005) and from
post-infusion 2 to the post-acute assessment (p = .027). There were no significant differences in

mood symptoms between any other treatment points.

Appetite

There was a significant overall effect of treatment on appetite, F(4, 586) = 9.999, p <.001, ny? =
.639. There was a significant reduction in appetite symptoms from baseline to each subsequent
treatment point (p < .001; p <.001; p <.001; p =.019). There were no significant differences in

appetite symptoms between any other treatment points.

Concentration
There was a significant overall effect of treatment on concentration, F(4, 583) = 13.537, p <
.001, np?> =.085. There was a significant reduction in concentration symptoms from baseline to

each subsequent treatment point (ps < .001), from post-infusion 1 to post-infusion 3 (p = .028)



and the post-acute assessment (p = .001) and from post-infusion 2 to the post-acute assessment (p

=.007). There were no significant differences between any other treatment points.

Self-Criticism

There was a significant overall effect of treatment on self-criticism, F(4, 586) = 13.922, p <.001,
np? = .087. There was a significant reduction in self-criticism symptoms from baseline to each
subsequent treatment point (ps < .001), from post-infusion 1 to post-infusion 3 and the post-acute
assessment (p < .001; p =.007), and from post-infusion 2 to post-infusion 3 (p =.021). There

were no significant differences between any other treatment points.

Sl

There was a significant overall effect of treatment on SI, F(4, 590) = 18.130, p <.001, np? =
.109. SI symptoms significantly decreased from baseline to each subsequent treatment point (ps
<.001), from post-infusion 1 to post-infusion 3 and the post-acute assessment (p < .001; p =
.049), and from post-infusion 2 to post-infusion 3 (p = .005). There were no significant

differences between any other treatment points.

General Interest

There was a significant overall effect of treatment on general interest, F(4, 594) =17.554, p <
001, np? =.106. General interest symptoms significantly decreased from baseline to each
subsequent treatment point (ps <.001), from post-infusion 1 to post-infusion 3 and the post-acute
assessment (p =.003; p <.001), and from post-infusion 2 to the post-acute assessment (p = .008).

There were no significant differences between any other treatment points.

Energy

There was a significant overall effect of treatment on general interest, F(4, 591) =20.015, p <
001, np? =.119. General interest symptoms significantly decreased from baseline to each
subsequent assessment point (ps < .001), from post-infusion 1 to post-infusion 3 and the post-
acute assessment (p = .004; p <.001), and from post-infusion 2 to the post-acute assessment (p =

.007). There were no significant differences between any other treatment points.



Psychomotor Agitation/Restlessness

There was a significant overall effect of treatment on general interest, F(4, 588) =10.011, p <
001, np? =.064. Psychomotor symptoms significantly decreased from baseline to each
subsequent assessment point (ps < .001), but there were no significant differences in symptoms

between any other treatment points.

Clinically Important Symptom Improvement

General interest (41%), mood (38%), energy (37%), Sl (36%), self-criticism (34%), and
concentration (30%) symptoms improved at a clinically important level from baseline to the
post-acute assessment (i.e., point-reduction from baseline to the post-acute assessment).
Psychomotor agitation/restlessness (25%), sleep (25%), and appetite (11%) symptoms did not
meet the criteria for a clinically important symptom reduction at the threshold of a 30% symptom
improvement. The frequency of patients who reported no change or a 1-, 2-, or 3-point change in

each symptom from baseline to the post-acute assessment is reported in Table 2.

Discussion
The primary objective of this study was to examine which specific symptoms of depression
improved with repeat-dose 1V ketamine treatment. While the results showed significant
improvement in all symptoms, not all of these improvements were clinically significant. We
found that general interest, mood, energy, SlI, self-criticism, and concentration symptoms
improved at both a statistically significant and clinically important level with IV ketamine
treatment. Psychomotor agitation/restlessness, sleep, and appetite symptoms did not improve at a
clinically important level from baseline to the post-acute assessment (i.e., on average, patients
did not show a 30% or greater decrease in symptoms). Patients receiving IV ketamine reported
improvements in symptoms of depression that are typically less responsive to monoamine-based
antidepressants (i.e., general interest, reduced activity, and concentration/decision-making),
which presents 1V ketamine as a novel and beneficial treatment option for patients with these

symptoms 3,
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The finding that repeat-dose 1V ketamine was related to significant improvements in mood
supports multiple extant studies which have established the antidepressant effects of ketamine
91317 Improved general interest with repeated ketamine infusions is in keeping with previous
placebo-controlled research, which has found that a single dose of IV ketamine correlates with
sustained improvement in anhedonic symptoms in patients with bipolar TRD 24. Furthermore,
medications with procognitive effects may also facilitate reward processing via the glutamate
system (i.e., hedonic effects), which supports the present finding that patients experienced both

clinically important improvements in concentration and general interest symptoms 36:37,

The orbitofrontal cortex (OFC) may also be a critical region of interest that is targeted by 1V
ketamine, specifically improving anhedonia and self-criticism symptoms. This is further
supported by imaging studies that have reported decreased regional metabolism in prefrontal
networks associated with depressive symptoms 4242, Notably, one study reported significant
normalization of subgenual cingulate (CG25) activity in 14 MDD patients following IV ketamine
infusions % This region has been strongly associated with core symptoms of depression (i.e.,
emotional regulation and reward anticipation) and stereotactic targeting of CG25 with
neurostimulation has produced a similar rapid resolution of depressive symptoms 4344, The
OFC also plays a role in social cognition, negative thought patterns, and self-criticism 447, [V
ketamine may thereby improve self-criticism symptoms by acting on the OFC, however the exact

mechanism of action is unknown.

Furthermore, the findings indicated that mood, concentration, self-criticism, suicidal ideation,
general interest, and energy symptoms significantly improve with repeated infusions, which
suggests that repeated infusions are beneficial for specific symptom reduction. However, patient-
reported symptoms did not significantly improve on any of these six core symptoms between
post-infusion 3 and the post-acute assessment. It can be conjectured that either patient response
to treatment reaches a plateau following infusion 3, or that symptoms do in fact continue to
significantly improve within 1-2 days following infusion 4, but the effects are not sustained until
the post-acute assessment which occurs one week after the fourth infusion. Extant literature has

reported that repeated doses of IV ketamine produce sustained effects lasting from a few days
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post-infusion to up to one-week post-infusion, with a high degree of variability amongst patients
48

Psychomotor agitation/restlessness symptoms significantly improved from baseline to all
treatment points, but there were no significant changes between any other treatment points,
although symptoms did continue to decrease. This suggests that psychomotor
agitation/restlessness symptoms only improve after the first infusion, and the function of the
remaining 3 acute infusions is to maintain that effect, as opposed to further reducing symptoms.
In clinical practice, this would suggest that depressed patients who present with psychomotor
agitation/restlessness as a principle concern may only require one ketamine infusion in order to
see a significant symptom reduction in the acute treatment period, and that subsequent infusions
are for the purpose of maintaining the effect. While previous literature has found that 1V
ketamine is associated with a rapid improvement in psychomotor agitation symptoms, which has
been found to be sustained for two days post-infusion 4°, randomized controlled trials are needed
to further explore whether repeated-dose ketamine infusions significantly improve symptoms, or

whether a single ketamine infusion is sufficient.

The limitations of this study must be considered when interpreting the findings. Since the present
study collected data from a real-world sample of patients receiving treatment at a community
clinic, there was no control group to act as a comparison. Therefore, we cannot conclude that
repeat-dose 1V ketamine treatment caused the symptom improvements, only that they were
associated with one another. Additionally, while all four acute infusions occurred within 14 days,
the variance in time between each infusion differed depending on clinic and patient scheduling
availability, thereby leading to differences in timing between each measure of depressive
symptoms. Similarly, there was no assessment completed immediately after the fourth infusion,
only one-week later; thus, it is unclear whether the post-acute assessment measures response to
the fourth infusion or if it is a measure of sustained symptom relief one week after the fourth
infusion. This poses a challenge in discerning whether four ketamine infusions provide
significantly greater benefit than three ketamine infusions during the acute treatment period.
Finally, the use of the QIDS-SR1¢ as the primary outcome measure limits the generalizability of

these findings. For feasibility purposes and in order to limit the burden on patients, only quick
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self-report scales were administered. Therefore, the findings presented in this study were not
confirmed by structured clinical interviews. Additionally, the QIDS-SRss is a condensed scale,
and many of the symptoms analysed in the present study are measured by only a single item.
Further research is needed using more rigorous and multi-faceted measures of each depression

symptom in order to further support the findings presented herein.

In summary, this study found that repeat-dose 1V ketamine in a real-world community clinic was
associated with both statistically significant and clinically important reductions in general
interest, mood, energy, Sl, self-criticism, and concentration symptoms. Psychomotor
agitation/restlessness, appetite, and sleep symptoms did not improve at a clinically important
level with repeated ketamine infusions. This study contributes to the current literature which
proposes that IV ketamine is an effective treatment option for patients with TRD who have not
experienced symptom relief from typical monoamine-based antidepressants. Given the
expenditure of resources and financial cost associated with repeat-dose 1V ketamine, the above
findings should be considered when counseling patients who are contemplating 1V ketamine

treatment.

Table 1. Demographic information of patients included in the analyses.



Demographic N=226

Sex
Male, n (%) 100 (44)
Female, n (%) 126 (56)
Age, M (SD) 46 (14.38)
Age range (min, max) (18, 82)
Primary Diagnosis
MDD, n (%) 171 (76)
BD, n (%) 31(14)
PTSD, n (%) 6 (3)
OCD, n (%) 4(2)
Other, n (%) 14 (6)

Table 2. Frequency of patients who experienced an increase (i.e., worsening), decrease (i.e.,

improvement), or no change in symptoms from baseline to the post-acute assessment (n = 91).



Symptom Worsening Symptom Improvement
(i.e., increase in symptoms) (i.e., decrease in symptoms)
3-point 2-point  l-point | No l-point  2-point  3-point
increase  increase increase | change | decrease decrease decrease
m (%a) m (%a) n (%) ni%) | ni{%) A (%) M (%)
Sleep 0{0) ] 910y 53(58) | 26(29) 3 (3) 0{0)
Mood 0{0) 1(1) 5(5) 270300 | 28 (31) 2629y 4(4)
Appetite (n=90) 0{0) T(8) 12(13) [37(40) | 17{19) 14{l6) 3(3)
Concentration 0{0) 1(1) g% 33(36) | 40(44)  T(8) 2(2)
Self-Criticism 0{0) 1(1) 5(5) 36400 | 29(32)  12(13) B(®
| 0{0) 00y 33 47(52) | 31 (34) B(®) 2(2)
General Interest 1(1) 1(1) 4(4) 31(34) | 24 (26) 18200 12(13)
Energy 00y 00y 2(2) 37(41) | 35(38) 10011y  T(8)
Psychomotor 00y 1(1) 6T 47(52) | 26 (29 9(10) 2(2)
Symptoms/ Agitation

Table 3. Means and Standard Errors of each QIDS-SR1s Symptom at each assessment point*.



Domain Mean SE
Sleep
Baseline 257 0.046
Post-infusion 1 248 0.054
Post-infusion 2 243 0.057
Post-infusion 3 227 0.067
Post-acute assessment 228 0.085
Mood
Baseline 242 0.060
Post-infusion 1 1.96 0.072
Post-infusion 2 1.81 0.077
Post-infusion 3 1.60 0083
Post-acute assessment 1.51 0.100
AppetiteWeight
Baseline 1.52 0.073
Post-infusion 1 1.15 0078
Post-infusion 2 1.13 0.078
Post-infusion 3 1.03 0.077
Post-acute assessment 1.15 0.100
Concentration
Baseline 2.03 0.054
Post-infusion 1 1.75 0.061
Post-infusion 2 1.70 0.064
Post-infusion 3 1.56 0.065
Post-acute assessment 1.43 0082
Self-Criticism
Baseline 218 0.074
Post-infusion 1 1.83 0.086
Post-infusion 2 1.69 0.086
Post-infusion 3 1.46 0.096
Post-acute assessment 1.44 0.114
Suicidal Ideation
Baseline 1.59 0.070
Post-infusion 1 1.24 0.075
Post-infusion 2 1.14 0.075
Post-infusion 3 0.97 0.081
Post-acute assessment 1.02 0.100
General Interest
Baseline 235 0.065
Post-infusion 1 1.97 0.085
Post-infusion 2 1.78 0.087
Post-infusion 3 1.65 0.092
Post-acute assessment 1.39 0118
Energy
Baseline 220 0.058
Post-infusion 1 1.82 0.075



Post-infusion 2 1.69 0.080

Post-infusion 3 1.52 0.081
Post-acute assessment 1.39 0.095
Psychomotor
Restlessness/ Apitation
Baseline 1.71 0.066
Post-infusion 1 146 0.072
Post-infusion 2 1.31 0.072
Post-infusion 3 1.28 0.078
Post-acute assessment 1.29 0088

Figure 1. Mean (£SE) changes in QIDS-SR1s Symptoms across treatment points.
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Symptom
- Sleep

== Mood

== AppetiteVaight

=&~ Concentration

=8= Saif-Criticism

=% Suicidal Ideation

=== (General intarast

—— Enarg]r

== Paychomotor Restlesaness/Agitation

Mean QIDS-SR(16) Score

B-aaéillna Pcat—lnlrusil:ln 1 Fi:-st—lniusnn 2 Fi:-st—lniusnn 3 F*l:-51—.ﬁ.-:uta
Treatment Point

References

1. Gaynes BN, Warden D, Trivedi MH, Wisniewski SR, Fava M, Rush AJ. What did STAR*


http://paperpile.com/b/hoLS5F/nlBo

10.

11.

12.

D teach us? Results from a large-scale, practical, clinical trial for patients with depression.
Psychiatr Serv. 2009;60(11):1439-1445.
https://ps.psychiatryonline.org/doi/abs/10.1176/ps.2009.60.11.1439.

Gitlin M. Treatment-resistant bipolar disorder. Mol Psychiatry. 2006;11(3):227-240.
doi:10.1038/sj.mp.4001793

Rush AJ, Trivedi MH, Wisniewski SR, et al. Acute and longer-term outcomes in depressed
outpatients requiring one or several treatment steps: a STAR* D report. Am J Psychiatry.
2006;163(11):1905-1917.
https://ajp.psychiatryonline.org/doi/abs/10.1176/ajp.2006.163.11.1905.

Katz MM, Tekell JL, Bowden CL, et al. Onset and early behavioral effects of
pharmacologically different antidepressants and placebo in depression.
Neuropsychopharmacology. 2004;29(3):566-579. doi:10.1038/sj.npp.1300341

Pratt LA, Brody DJ, Gu Q. Antidepressant Use among Persons Aged 12 and Over: United
States, 2011-2014. NCHS Data Brief. Number 283. National Center for Health Statistics.
2017. https://eric.ed.gov/?id=ED575709.

Nierenberg AA, Husain MM, Trivedi MH, et al. Residual symptoms after remission of
major depressive disorder with citalopram and risk of relapse: a STAR*D report.
Psychological Medicine. 2010;40(1):41-50. doi:10.1017/s0033291709006011

Rizvi SJ, Grima E, Tan M, et al. Treatment-resistant depression in primary care across
Canada. Can J Psychiatry. 2014;59(7):349-357. doi:10.1177/070674371405900702

Berman RM, Cappiello A, Anand A, et al. Antidepressant effects of ketamine in depressed
patients. Biol Psychiatry. 2000;47(4):351-354. doi:10.1016/s0006-3223(99)00230-9

Coyle CM, Laws KR. The use of ketamine as an antidepressant: a systematic review and
meta-analysis. Human Psychopharmacology: Clinical and Experimental. 2015;30(3):152-
163.
https://onlinelibrary.wiley.com/doi/abs/10.1002/hup.2475?casa_token=BD3UQmDhb9cAA
AAA:pPQIJHRErFBR4VGeZfANVIKvWmMBgHMOTT4C7r3VnMjjMT 7zxNUFVOLSES62
9Dos-xqOJiemErX-LD_PE.

Daly EJ, Trivedi MH, Janik A, et al. Efficacy of esketamine nasal spray plus oral
antidepressant treatment for relapse prevention in patients with treatment-resistant
depression: a randomized clinical trial. JAMA Psychiatry. 2019;76(9):893-903.
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2735111.

Kraus C, Rabl U, Vanicek T, et al. Administration of ketamine for unipolar and bipolar
depression. Int J Psychiatry Clin Pract. 2017;21(1):2-12.
doi:10.1080/13651501.2016.1254802

Newport DJ, Schatzberg AF, Nemeroff CB. WHITHER KETAMINE AS AN
ANTIDEPRESSANT: PANACEA OR TOXIN? Depress Anxiety. 2016;33(8):685-688.


http://paperpile.com/b/hoLS5F/nlBo
http://paperpile.com/b/hoLS5F/nlBo
http://paperpile.com/b/hoLS5F/nlBo
http://paperpile.com/b/hoLS5F/nlBo
https://ps.psychiatryonline.org/doi/abs/10.1176/ps.2009.60.11.1439
https://ps.psychiatryonline.org/doi/abs/10.1176/ps.2009.60.11.1439
http://paperpile.com/b/hoLS5F/AplR
http://paperpile.com/b/hoLS5F/AplR
http://paperpile.com/b/hoLS5F/AplR
http://paperpile.com/b/hoLS5F/AplR
http://dx.doi.org/10.1038/sj.mp.4001793
http://paperpile.com/b/hoLS5F/b4dn
http://paperpile.com/b/hoLS5F/b4dn
http://paperpile.com/b/hoLS5F/b4dn
http://paperpile.com/b/hoLS5F/b4dn
http://paperpile.com/b/hoLS5F/b4dn
http://paperpile.com/b/hoLS5F/b4dn
https://ajp.psychiatryonline.org/doi/abs/10.1176/ajp.2006.163.11.1905
https://ajp.psychiatryonline.org/doi/abs/10.1176/ajp.2006.163.11.1905
http://paperpile.com/b/hoLS5F/zKJo
http://paperpile.com/b/hoLS5F/zKJo
http://paperpile.com/b/hoLS5F/zKJo
http://paperpile.com/b/hoLS5F/zKJo
http://dx.doi.org/10.1038/sj.npp.1300341
http://paperpile.com/b/hoLS5F/9ybQ
http://paperpile.com/b/hoLS5F/9ybQ
http://paperpile.com/b/hoLS5F/9ybQ
http://paperpile.com/b/hoLS5F/9ybQ
http://paperpile.com/b/hoLS5F/9ybQ
http://paperpile.com/b/hoLS5F/9ybQ
http://paperpile.com/b/hoLS5F/9ybQ
http://paperpile.com/b/hoLS5F/evHa
http://paperpile.com/b/hoLS5F/evHa
http://paperpile.com/b/hoLS5F/evHa
http://paperpile.com/b/hoLS5F/evHa
http://dx.doi.org/10.1017/s0033291709006011
http://paperpile.com/b/hoLS5F/CvxR
http://paperpile.com/b/hoLS5F/CvxR
http://paperpile.com/b/hoLS5F/CvxR
http://paperpile.com/b/hoLS5F/CvxR
http://dx.doi.org/10.1177/070674371405900702
http://paperpile.com/b/hoLS5F/4TMy
http://paperpile.com/b/hoLS5F/4TMy
http://paperpile.com/b/hoLS5F/4TMy
http://paperpile.com/b/hoLS5F/4TMy
http://dx.doi.org/10.1016/s0006-3223(99)00230-9
http://paperpile.com/b/hoLS5F/WlQq
http://paperpile.com/b/hoLS5F/WlQq
http://paperpile.com/b/hoLS5F/WlQq
http://paperpile.com/b/hoLS5F/WlQq
http://paperpile.com/b/hoLS5F/WlQq
http://paperpile.com/b/hoLS5F/WlQq
https://onlinelibrary.wiley.com/doi/abs/10.1002/hup.2475?casa_token=BD3UQmDhb9cAAAAA:pQ9dHRErFBR4VGeZfAnV9KvwmBqHmOTT4C7r3VnMjjMT7zxNUFV0LSES6z9Dos-xqOJiemErX-LD_PE
https://onlinelibrary.wiley.com/doi/abs/10.1002/hup.2475?casa_token=BD3UQmDhb9cAAAAA:pQ9dHRErFBR4VGeZfAnV9KvwmBqHmOTT4C7r3VnMjjMT7zxNUFV0LSES6z9Dos-xqOJiemErX-LD_PE
https://onlinelibrary.wiley.com/doi/abs/10.1002/hup.2475?casa_token=BD3UQmDhb9cAAAAA:pQ9dHRErFBR4VGeZfAnV9KvwmBqHmOTT4C7r3VnMjjMT7zxNUFV0LSES6z9Dos-xqOJiemErX-LD_PE
https://onlinelibrary.wiley.com/doi/abs/10.1002/hup.2475?casa_token=BD3UQmDhb9cAAAAA:pQ9dHRErFBR4VGeZfAnV9KvwmBqHmOTT4C7r3VnMjjMT7zxNUFV0LSES6z9Dos-xqOJiemErX-LD_PE
http://paperpile.com/b/hoLS5F/nMaa
http://paperpile.com/b/hoLS5F/nMaa
http://paperpile.com/b/hoLS5F/nMaa
http://paperpile.com/b/hoLS5F/nMaa
http://paperpile.com/b/hoLS5F/nMaa
http://paperpile.com/b/hoLS5F/nMaa
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2735111
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2735111
http://paperpile.com/b/hoLS5F/oHVi
http://paperpile.com/b/hoLS5F/oHVi
http://paperpile.com/b/hoLS5F/oHVi
http://paperpile.com/b/hoLS5F/oHVi
http://paperpile.com/b/hoLS5F/oHVi
http://paperpile.com/b/hoLS5F/oHVi
http://paperpile.com/b/hoLS5F/EYg2
http://paperpile.com/b/hoLS5F/EYg2
http://paperpile.com/b/hoLS5F/EYg2
http://paperpile.com/b/hoLS5F/EYg2

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

doi:10.1002/da.22535

Phillips JL, Norris S, Talbot J, et al. Single, Repeated, and Maintenance Ketamine Infusions
for Treatment-Resistant Depression: A Randomized Controlled Trial. Am J Psychiatry.
2019;176(5):401-409. doi:10.1176/appi.ajp.2018.18070834

Popova V, Daly EJ, Trivedi M, et al. Randomized, double-blind study of flexibly-dosed
intranasal esketamine plus oral antidepressant vs. active control in treatment-resistant
depression. European Neuropsychopharmacology. 2019;29:S35-S36.
doi:10.1016/j.euroneuro.2018.11.1005

Singh JB, Fedgchin M, Daly EJ, et al. A Double-Blind, Randomized, Placebo-Controlled,
Dose-Frequency Study of Intravenous Ketamine in Patients With Treatment-Resistant
Depression. Am J Psychiatry. 2016;173(8):816-826. doi:10.1176/appi.ajp.2016.16010037

Wilkinson ST, Ballard ED, Bloch MH, et al. The Effect of a Single Dose of Intravenous
Ketamine on Suicidal Ideation: A Systematic Review and Individual Participant Data Meta-
Analysis. Am J Psychiatry. 2018;175(2):150-158. doi:10.1176/appi.ajp.2017.17040472

Feifel D, Malcolm B, Boggie D, Lee K. Low-dose ketamine for treatment resistant
depression in an academic clinical practice setting. J Affect Disord. 2017;221:283-288.
doi:10.1016/j.jad.2017.06.043

Insel T, Cuthbert B, Garvey M, et al. Research domain criteria (RDoC): toward a new
classification framework for research on mental disorders. Am J Psychiatry.
2010;167(7):748-751. doi:10.1176/appi.ajp.2010.09091379

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders
(DSM-5®). American Psychiatric Pub; 2013.
https://play.google.com/store/books/details?id=-JivBAAAQBAJ.

Fried EI, Nesse RM. Depression is not a consistent syndrome: An investigation of unique
symptom patterns in the STAR*D study. J Affect Disord. 2015;172:96-102.
doi:10.1016/j.jad.2014.10.010

Howland RH. Ketamine for the Treatment of Depression. Journal of Psychosocial Nursing
and Mental Health Services. 2013;51(1):11-14. doi:10.3928/02793695-20121219-01

Ballard ED, lonescu DF, Vande Voort JL, et al. Improvement in suicidal ideation after
ketamine infusion: relationship to reductions in depression and anxiety. J Psychiatr Res.
2014;58:161-166. doi:10.1016/j.jpsychires.2014.07.027

Reinstatler L, Youssef NA. Ketamine as a potential treatment for suicidal ideation: a
systematic review of the literature. Drugs R D. 2015;15(1):37-43. d0i:10.1007/s40268-015-
0081-0

Lally N, Nugent AC, Luckenbaugh DA, Ameli R, Roiser JP, Zarate CA. Anti-anhedonic
effect of ketamine and its neural correlates in treatment-resistant bipolar depression. Transl


http://paperpile.com/b/hoLS5F/EYg2
http://paperpile.com/b/hoLS5F/EYg2
http://paperpile.com/b/hoLS5F/BRQ2
http://paperpile.com/b/hoLS5F/BRQ2
http://paperpile.com/b/hoLS5F/BRQ2
http://paperpile.com/b/hoLS5F/BRQ2
http://paperpile.com/b/hoLS5F/BRQ2
http://paperpile.com/b/hoLS5F/BRQ2
http://paperpile.com/b/hoLS5F/8DAI
http://paperpile.com/b/hoLS5F/8DAI
http://paperpile.com/b/hoLS5F/8DAI
http://paperpile.com/b/hoLS5F/8DAI
http://paperpile.com/b/hoLS5F/8DAI
http://paperpile.com/b/hoLS5F/8DAI
http://dx.doi.org/10.1016/j.euroneuro.2018.11.1005
http://paperpile.com/b/hoLS5F/1xih
http://paperpile.com/b/hoLS5F/1xih
http://paperpile.com/b/hoLS5F/1xih
http://paperpile.com/b/hoLS5F/1xih
http://paperpile.com/b/hoLS5F/1xih
http://paperpile.com/b/hoLS5F/1xih
http://paperpile.com/b/hoLS5F/IMom
http://paperpile.com/b/hoLS5F/IMom
http://paperpile.com/b/hoLS5F/IMom
http://paperpile.com/b/hoLS5F/IMom
http://paperpile.com/b/hoLS5F/IMom
http://paperpile.com/b/hoLS5F/IMom
http://paperpile.com/b/hoLS5F/nxsD
http://paperpile.com/b/hoLS5F/nxsD
http://paperpile.com/b/hoLS5F/nxsD
http://paperpile.com/b/hoLS5F/nxsD
http://paperpile.com/b/hoLS5F/nxsD
http://paperpile.com/b/hoLS5F/nxsD
http://paperpile.com/b/hoLS5F/xVhR
http://paperpile.com/b/hoLS5F/xVhR
http://paperpile.com/b/hoLS5F/xVhR
http://paperpile.com/b/hoLS5F/xVhR
http://paperpile.com/b/hoLS5F/xVhR
http://paperpile.com/b/hoLS5F/xVhR
http://paperpile.com/b/hoLS5F/2fla
http://paperpile.com/b/hoLS5F/2fla
http://paperpile.com/b/hoLS5F/2fla
http://paperpile.com/b/hoLS5F/2fla
https://play.google.com/store/books/details?id=-JivBAAAQBAJ
https://play.google.com/store/books/details?id=-JivBAAAQBAJ
http://paperpile.com/b/hoLS5F/7GGK
http://paperpile.com/b/hoLS5F/7GGK
http://paperpile.com/b/hoLS5F/7GGK
http://paperpile.com/b/hoLS5F/7GGK
http://paperpile.com/b/hoLS5F/7GGK
http://paperpile.com/b/hoLS5F/7GGK
http://paperpile.com/b/hoLS5F/z8NH
http://paperpile.com/b/hoLS5F/z8NH
http://paperpile.com/b/hoLS5F/z8NH
http://paperpile.com/b/hoLS5F/z8NH
http://dx.doi.org/10.3928/02793695-20121219-01
http://paperpile.com/b/hoLS5F/mLnU
http://paperpile.com/b/hoLS5F/mLnU
http://paperpile.com/b/hoLS5F/mLnU
http://paperpile.com/b/hoLS5F/mLnU
http://paperpile.com/b/hoLS5F/mLnU
http://paperpile.com/b/hoLS5F/mLnU
http://paperpile.com/b/hoLS5F/h5cx
http://paperpile.com/b/hoLS5F/h5cx
http://paperpile.com/b/hoLS5F/h5cx
http://paperpile.com/b/hoLS5F/h5cx
http://dx.doi.org/10.1007/s40268-015-0081-0
http://dx.doi.org/10.1007/s40268-015-0081-0
http://paperpile.com/b/hoLS5F/AV4S
http://paperpile.com/b/hoLS5F/AV4S
http://paperpile.com/b/hoLS5F/AV4S

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Psychiatry. 2014;4:e469. doi:10.1038/tp.2014.105

Ballard ED, Yarrington JS, Farmer CA, et al. Parsing the heterogeneity of depression: An
exploratory factor analysis across commonly used depression rating scales. J Affect Disord.
2018;231:51-57. doi:10.1016/j.jad.2018.01.027

Rush AJ, Trivedi MH, Ibrahim HM, et al. The 16-Item quick inventory of depressive
symptomatology (QIDS), clinician rating (QIDS-C), and self-report (QIDS-SR): a
psychometric evaluation in patients with chronic major depression. Biol Psychiatry.
2003;54(5):573-583. doi:10.1016/S0006-3223(02)01866-8

Thase ME, Rush AJ. When at first you don’t succeed: sequential strategies for
antidepressant nonresponders. J Clin Psychiatry. 1997;58 Suppl 13:23-29.
https://www.ncbi.nlm.nih.gov/pubmed/9402916.

Kennedy SH, Lam RW, Mclintyre RS, et al. Canadian Network for Mood and Anxiety
Treatments (CANMAT) 2016 clinical guidelines for the management of adults with major
depressive disorder: section 3. Pharmacological treatments. The Canadian Journal of
Psychiatry. 2016;61(9):540-560.
https://journals.sagepub.com/doi/abs/10.1177/0706743716659417.

Mclintyre RS, Suppes T, Tandon R, Ostacher M. Florida Best Practice Psychotherapeutic
Medication Guidelines for Adults With Major Depressive Disorder. The Journal of Clinical
Psychiatry. 2017;78(06):703-713. doi:10.4088/jcp.16¢s10885

Sanacora G, Frye MA, McDonald W, et al. A Consensus Statement on the Use of Ketamine
in the Treatment of Mood Disorders. JAMA Psychiatry. 2017;74(4):399-405.
doi:10.1001/jamapsychiatry.2017.0080

Williams NR, Heifets BD, Blasey C, et al. Attenuation of Antidepressant Effects of
Ketamine by Opioid Receptor Antagonism. Am J Psychiatry. 2018;175(12):1205-1215.
doi:10.1176/appi.ajp.2018.18020138

Frye MA, Blier P, Tye SJ. Concomitant benzodiazepine use attenuates ketamine response:
implications for large scale study design and clinical development. J Clin
Psychopharmacol. 2015;35(3):334-336. doi:10.1097/JCP.0000000000000316

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data
capture (REDCap)—A metadata-driven methodology and workflow process for providing
translational research informatics support. Journal of Biomedical Informatics.
2009;42(2):377-381. doi:10.1016/j.jbi.2008.08.010

Harris PA, Taylor R, Minor BL, et al. The REDCap consortium: Building an international
community of software platform partners. Journal of Biomedical Informatics.
2019;95:103208. doi:10.1016/j.jbi.2019.103208

Uher R, Perlis RH, Henigsberg N, et al. Depression symptom dimensions as predictors of
antidepressant treatment outcome: replicable evidence for interest-activity symptoms.


http://paperpile.com/b/hoLS5F/AV4S
http://paperpile.com/b/hoLS5F/AV4S
http://dx.doi.org/10.1038/tp.2014.105
http://paperpile.com/b/hoLS5F/fi6t
http://paperpile.com/b/hoLS5F/fi6t
http://paperpile.com/b/hoLS5F/fi6t
http://paperpile.com/b/hoLS5F/fi6t
http://paperpile.com/b/hoLS5F/fi6t
http://paperpile.com/b/hoLS5F/fi6t
http://paperpile.com/b/hoLS5F/t8MP
http://paperpile.com/b/hoLS5F/t8MP
http://paperpile.com/b/hoLS5F/t8MP
http://paperpile.com/b/hoLS5F/t8MP
http://paperpile.com/b/hoLS5F/t8MP
http://paperpile.com/b/hoLS5F/t8MP
http://dx.doi.org/10.1016/S0006-3223(02)01866-8
http://paperpile.com/b/hoLS5F/xF5j
http://paperpile.com/b/hoLS5F/xF5j
http://paperpile.com/b/hoLS5F/xF5j
http://paperpile.com/b/hoLS5F/xF5j
https://www.ncbi.nlm.nih.gov/pubmed/9402916
https://www.ncbi.nlm.nih.gov/pubmed/9402916
http://paperpile.com/b/hoLS5F/Mmpx
http://paperpile.com/b/hoLS5F/Mmpx
http://paperpile.com/b/hoLS5F/Mmpx
http://paperpile.com/b/hoLS5F/Mmpx
http://paperpile.com/b/hoLS5F/Mmpx
http://paperpile.com/b/hoLS5F/Mmpx
https://journals.sagepub.com/doi/abs/10.1177/0706743716659417
https://journals.sagepub.com/doi/abs/10.1177/0706743716659417
http://paperpile.com/b/hoLS5F/JQfZ
http://paperpile.com/b/hoLS5F/JQfZ
http://paperpile.com/b/hoLS5F/JQfZ
http://paperpile.com/b/hoLS5F/JQfZ
http://paperpile.com/b/hoLS5F/JQfZ
http://paperpile.com/b/hoLS5F/JQfZ
http://paperpile.com/b/hoLS5F/a4N0
http://paperpile.com/b/hoLS5F/a4N0
http://paperpile.com/b/hoLS5F/a4N0
http://paperpile.com/b/hoLS5F/a4N0
http://paperpile.com/b/hoLS5F/a4N0
http://paperpile.com/b/hoLS5F/a4N0
http://paperpile.com/b/hoLS5F/8fAV
http://paperpile.com/b/hoLS5F/8fAV
http://paperpile.com/b/hoLS5F/8fAV
http://paperpile.com/b/hoLS5F/8fAV
http://paperpile.com/b/hoLS5F/8fAV
http://paperpile.com/b/hoLS5F/8fAV
http://paperpile.com/b/hoLS5F/LcV5
http://paperpile.com/b/hoLS5F/LcV5
http://paperpile.com/b/hoLS5F/LcV5
http://paperpile.com/b/hoLS5F/LcV5
http://paperpile.com/b/hoLS5F/LcV5
http://paperpile.com/b/hoLS5F/LcV5
http://paperpile.com/b/hoLS5F/HyIh
http://paperpile.com/b/hoLS5F/HyIh
http://paperpile.com/b/hoLS5F/HyIh
http://paperpile.com/b/hoLS5F/HyIh
http://paperpile.com/b/hoLS5F/HyIh
http://paperpile.com/b/hoLS5F/HyIh
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://paperpile.com/b/hoLS5F/xrrU
http://paperpile.com/b/hoLS5F/xrrU
http://paperpile.com/b/hoLS5F/xrrU
http://paperpile.com/b/hoLS5F/xrrU
http://paperpile.com/b/hoLS5F/xrrU
http://paperpile.com/b/hoLS5F/xrrU
http://paperpile.com/b/hoLS5F/yjJq
http://paperpile.com/b/hoLS5F/yjJq

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Psychol Med. 2012;42(5):967-980. doi:10.1017/S0033291711001905

Subramaniapillai M, Mansur RB, Zuckerman H, et al. Association between cognitive
function and performance on effort based decision making in patients with major depressive
disorder treated with Vortioxetine. Compr Psychiatry. 2019;94:152113.
doi:10.1016/j.comppsych.2019.07.006

Pehrson AL, Sanchez C. Serotonergic modulation of glutamate neurotransmission as a
strategy for treating depression and cognitive dysfunction. CNS Spectr. 2014;19(2):121-133.
d0i:10.1017/S1092852913000540

Faure A, Richard JM, Berridge KC. Desire and dread from the nucleus accumbens: cortical
glutamate and subcortical GABA differentially generate motivation and hedonic impact in
the rat. PL0S One. 2010;5(6):11223. doi:10.1371/journal.pone.0011223

Zanos P, Gould TD. Mechanisms of ketamine action as an antidepressant. Mol Psychiatry.
2018;23(4):801-811. doi:10.1038/mp.2017.255

Carlson PJ, Diazgranados N, Nugent AC, et al. Neural Correlates of Rapid Antidepressant
Response to Ketamine in Treatment-Resistant Unipolar Depression: A Preliminary Positron
Emission Tomography Study. Biological Psychiatry. 2013;73(12):1213-1221.
doi:10.1016/j.biopsych.2013.02.008

Morris LS, Costi S, Tan A, Stern ER, Charney DS, Murrough JW. Ketamine normalizes
subgenual cingulate cortex hyper-activity in depression. Neuropsychopharmacology. 2020.
doi:10.1038/s41386-019-0591-5

Murrough JW, Collins KA, Fields J, et al. Regulation of neural responses to emotion
perception by ketamine in individuals with treatment-resistant major depressive disorder.
Translational Psychiatry. 2015;5(2):e509-e509. doi:10.1038/tp.2015.10

Lozano AM, Mayberg HS, Giacobbe P, Hamani C, Craddock RC, Kennedy SH. Subcallosal
cingulate gyrus deep brain stimulation for treatment-resistant depression. Biol Psychiatry.
2008;64(6):461-467. doi:10.1016/j.biopsych.2008.05.034

Mayberg HS, Lozano AM, Voon V, et al. Deep brain stimulation for treatment-resistant
depression. Neuron. 2005;45(5):651-660. doi:10.1016/j.neuron.2005.02.014

Cicerone KD, Tanenbaum LN. Disturbance of social cognition after traumatic orbitofrontal
brain injury. Arch Clin Neuropsychol. 1997;12(2):173-188.
https://www.ncbi.nlm.nih.gov/pubmed/14588429.

Longe O, Maratos FA, Gilbert P, et al. Having a word with yourself: neural correlates of
self-criticism and self-reassurance. Neuroimage. 2010;49(2):1849-1856.
doi:10.1016/j.neuroimage.2009.09.019

Quirk MC, Sosulski DL, Feierstein CE, Uchida N, Mainen ZF. A defined network of fast-
spiking interneurons in orbitofrontal cortex: responses to behavioral contingencies and


http://paperpile.com/b/hoLS5F/yjJq
http://paperpile.com/b/hoLS5F/yjJq
http://dx.doi.org/10.1017/S0033291711001905
http://paperpile.com/b/hoLS5F/80Yw
http://paperpile.com/b/hoLS5F/80Yw
http://paperpile.com/b/hoLS5F/80Yw
http://paperpile.com/b/hoLS5F/80Yw
http://paperpile.com/b/hoLS5F/80Yw
http://paperpile.com/b/hoLS5F/80Yw
http://dx.doi.org/10.1016/j.comppsych.2019.07.006
http://paperpile.com/b/hoLS5F/xFTD
http://paperpile.com/b/hoLS5F/xFTD
http://paperpile.com/b/hoLS5F/xFTD
http://paperpile.com/b/hoLS5F/xFTD
http://paperpile.com/b/hoLS5F/xFTD
http://paperpile.com/b/hoLS5F/xFTD
http://paperpile.com/b/hoLS5F/R4TY
http://paperpile.com/b/hoLS5F/R4TY
http://paperpile.com/b/hoLS5F/R4TY
http://paperpile.com/b/hoLS5F/R4TY
http://paperpile.com/b/hoLS5F/R4TY
http://paperpile.com/b/hoLS5F/R4TY
http://paperpile.com/b/hoLS5F/Mreg
http://paperpile.com/b/hoLS5F/Mreg
http://paperpile.com/b/hoLS5F/Mreg
http://paperpile.com/b/hoLS5F/Mreg
http://dx.doi.org/10.1038/mp.2017.255
http://paperpile.com/b/hoLS5F/24l1
http://paperpile.com/b/hoLS5F/24l1
http://paperpile.com/b/hoLS5F/24l1
http://paperpile.com/b/hoLS5F/24l1
http://paperpile.com/b/hoLS5F/24l1
http://paperpile.com/b/hoLS5F/24l1
http://dx.doi.org/10.1016/j.biopsych.2013.02.008
http://paperpile.com/b/hoLS5F/ewfw
http://paperpile.com/b/hoLS5F/ewfw
http://paperpile.com/b/hoLS5F/ewfw
http://paperpile.com/b/hoLS5F/ewfw
http://paperpile.com/b/hoLS5F/ewfw
http://paperpile.com/b/hoLS5F/ewfw
http://paperpile.com/b/hoLS5F/y06u
http://paperpile.com/b/hoLS5F/y06u
http://paperpile.com/b/hoLS5F/y06u
http://paperpile.com/b/hoLS5F/y06u
http://dx.doi.org/10.1038/tp.2015.10
http://paperpile.com/b/hoLS5F/2l1J
http://paperpile.com/b/hoLS5F/2l1J
http://paperpile.com/b/hoLS5F/2l1J
http://paperpile.com/b/hoLS5F/2l1J
http://paperpile.com/b/hoLS5F/2l1J
http://paperpile.com/b/hoLS5F/2l1J
http://paperpile.com/b/hoLS5F/DlSL
http://paperpile.com/b/hoLS5F/DlSL
http://paperpile.com/b/hoLS5F/DlSL
http://paperpile.com/b/hoLS5F/DlSL
http://dx.doi.org/10.1016/j.neuron.2005.02.014
http://paperpile.com/b/hoLS5F/OXJZ
http://paperpile.com/b/hoLS5F/OXJZ
http://paperpile.com/b/hoLS5F/OXJZ
http://paperpile.com/b/hoLS5F/OXJZ
https://www.ncbi.nlm.nih.gov/pubmed/14588429
https://www.ncbi.nlm.nih.gov/pubmed/14588429
http://paperpile.com/b/hoLS5F/uwcN
http://paperpile.com/b/hoLS5F/uwcN
http://paperpile.com/b/hoLS5F/uwcN
http://paperpile.com/b/hoLS5F/uwcN
http://paperpile.com/b/hoLS5F/uwcN
http://paperpile.com/b/hoLS5F/uwcN
http://paperpile.com/b/hoLS5F/joJe
http://paperpile.com/b/hoLS5F/joJe

48.

49.

ketamine administration. Front Syst Neurosci. 2009;3:13.
https://www.frontiersin.org/articles/10.3389/neuro0.06.013.2009.

Murrough JW, Perez AM, Pillemer S, et al. Rapid and longer-term antidepressant effects of
repeated ketamine infusions in treatment-resistant major depression. Biol Psychiatry.
2013;74(4):250-256. doi:10.1016/j.biopsych.2012.06.022

Goforth HW, Holsinger T. Rapid Relief of Severe Major Depressive Disorder by Use of
Preoperative Ketamine and Electroconvulsive Therapy. The Journal of ECT. 2007;23(1):23-
25. d0i:10.1097/01.yct.0000263257.44539.23


http://paperpile.com/b/hoLS5F/joJe
http://paperpile.com/b/hoLS5F/joJe
http://paperpile.com/b/hoLS5F/joJe
http://paperpile.com/b/hoLS5F/joJe
https://www.frontiersin.org/articles/10.3389/neuro.06.013.2009
https://www.frontiersin.org/articles/10.3389/neuro.06.013.2009
http://paperpile.com/b/hoLS5F/Su6J
http://paperpile.com/b/hoLS5F/Su6J
http://paperpile.com/b/hoLS5F/Su6J
http://paperpile.com/b/hoLS5F/Su6J
http://paperpile.com/b/hoLS5F/Su6J
http://paperpile.com/b/hoLS5F/Su6J
http://paperpile.com/b/hoLS5F/gaFs
http://paperpile.com/b/hoLS5F/gaFs
http://paperpile.com/b/hoLS5F/gaFs
http://paperpile.com/b/hoLS5F/gaFs
http://paperpile.com/b/hoLS5F/gaFs
http://paperpile.com/b/hoLS5F/gaFs

