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This study is the first randomized controlled trial to test the effects of ketamine in Borderline Personality Disorder (BPD). BPD
remains undertreated in the community and no medication has FDA approval for this indication. People with BPD experience
chronic mood disturbances with depressed mood, suicidal ideation, and severe social difficulties. In this double-blind, randomized
controlled pilot study, we tested the effects of one infusion of ketamine (0.5 mg/kg, n = 10) or the psychoactive comparator drug
midazolam (0.04 mg/kg, n = 12) in adults with BPD. Infusions were well tolerated in both groups. Dissociative symptoms during
infusion were more intense with ketamine than midazolam (t(12.3) = 3.61, p = 0.01), but they resolved by 40 min after infusion in
both groups. Post-infusion adverse events were at the expected low levels in both groups. For our primary outcome measure of
suicidal ideation and our secondary outcome measure of depression, we found numerical reduction but not significant group or
group x timepoint difference (p > 0.05). For our secondary outcome measures of anxiety and BPD symptoms, we did not observe
group or group x timepoint differences. There was a group x timepoint effect for socio-occupational functioning (F(1,20.12) = 5.16,
p =0.03, at Day 14, ketamine group showed more improvement than midazolam group). An exploratory analysis revealed that
improvement in socio-occupational functioning was correlated with improvement in depression in the ketamine group (r(8) = 0.65,
p = 0.04) but not midazolam group (r(9) = 0.41, p = 0.216). This pilot study provides the first randomized controlled evidence of the
effects of antidepressant-dosed ketamine in people with BPD. Our results provide reason for optimism that antidepressant-dosed
ketamine will be well-tolerated in larger studies and may provide clinical benefit for mood symptoms and related impairments in

people with BPD.
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INTRODUCTION
Borderline Personality Disorder (BPD) is a common psychiatric
condition with no FDA-approved treatment [1]. People with BPD
experience profound mood disturbances, suicidal ideation, and
social difficulties, and they comprise up to 40% of high utilizers of
psychiatric services [2]. As many as 10% of people with BPD
complete suicide [3]. Evidence-based psychotherapies (usually
6-12 months long) are the mainstay of treatment for BPD, and
they support improvements in BPD symptoms and psychological
well-being [4, 5]. However, currently available treatments for BPD
leave an unmet need for rapid substantial symptom reduction.
As evidence has grown for the use of ketamine as a rapid-acting
treatment for depression and suicidal ideation [6], and ketamine
treatment has become widely available, anecdotal reports have
suggested benefit for people with BPD [7]. A post-hoc analysis of
ketamine-treated patients with treatment-resistant depression
showed similar decreases in depression and suicidal ideation at
24 h post-infusion in people with high BPD traits compared to
those with low BPD traits [8]. However, no randomized study has
been conducted to test the tolerability or efficacy of ketamine in
people with BPD.

Evidence supports the use of ketamine for treatment-resistant
symptoms of depression [6]. Antidepressant medications have been
far less effective in BPD than in Major Depressive Disorder (MDD),
even in the case of BPD with co-morbid MDD [5]. When ketamine
has been tested for mental health problems other than MDD, results
have been mixed about its ability to improve symptoms other than
depression and suicidal ideation [9-12]. Given that symptoms of
BPD include transient psychotic-like experiences and dissociative
states, both of which can be induced by depression-dosed
ketamine, people with BPD could be at greater risk of poorly
tolerating ketamine. Therefore, it is not clear that the net benefits of
ketamine for other patient groups will extend to those with BPD.
Systematically-collected evidence about the efficacy and safety of
ketamine in this population is needed.

This pilot study’s primary aim was to collect initial evidence of
whether ketamine is well-tolerated in people with BPD and thus a
potential treatment option worth further examination. We conducted
preliminary analyses examining effects of ketamine on suicidal
ideation in people with BPD as the primary outcome of interest, as
well as examining effects of ketamine on mood symptoms, core
symptoms of BPD, and socio-occupational functioning.
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Fig. 1

A

being randomized (12 received midazolam and 10 received ketamine).

To explore these effects of ketamine treatment in BPD, we
conducted a double-blind randomized controlled pilot study.
Adults with BPD and suicidal ideation were randomized to one
intravenous dose of either ketamine or psychoactive comparator
(midazolam) and followed for four weeks. We selected midazolam
as a psychoactive comparator in line with other studies of
ketamine in psychiatric populations [13]. We assessed safety and
tolerability in ten ketamine- and twelve midazolam-treated
participants. We then measured suicidal ideation, mood symp-
toms, BPD symptoms, and socio-occupational functioning.

METHODS

Ethics

This study was conducted according to a protocol reviewed and approved
by the Yale University Human Investigation Committee (protocol #
2000021457). Informed consent was conducted according to standard
procedures, including assessment of capacity to provide consent.

Participants

Participants were recruited from the community via advertisements and
clinical referrals. Inclusion criteria were age 21-60 and having a current
mental health treater, current suicidal ideation, and current Borderline
Personality Disorder (see assessments below). Exclusion criteria included
lifetime diagnosis of psychotic disorder for the participant or for a first-
degree relative, lifetime history of NMDA antagonist (ketamine or
dextromethorphan) or opiate abuse, history of major medical illness,
current acute risk of suicide, current moderate or severe substance use
disorder, and day-of-infusion positive urine test for either drugs of abuse or
pregnancy. We excluded people exposed to ketamine in the past year.
Given evidence suggesting possible synergistic response of lithium and
lamotrigine with ketamine, and possible interference of response with
topiramate [14-17], we also excluded people who were currently taking
topiramate, lithium, or lamotrigine. Medications were held steady for four
weeks prior to treatment and for the duration of the trial.

Participants were initially screened for inclusion/exclusion criteria by
phone, then semi-structured interviews were conducted by trained raters
in person or by videoconference. See Fig. 1 for consort diagram. We used
the SCID-Il personality questionnaire for BPD [18] to screen potential
participants on the phone, and Diagnostic Interview for Personality
Disorders [19] and Diagnostic Interview for BPD Revised [20] at interview to
determine BPD diagnosis for inclusion. The Mini-International Neuropsy-
chiatric Interview [21] was used to determine general psychopathology for
inclusion/exclusion decisions (see co-morbidities in Table 1). Study
enrollment occurred between May 2018 and March 2022.
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ketamine
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+13 lost to follow up

+17 no longer interested in study

+9 dsq comorbid psychiatric condition
(schizophrenia, psychosis,
substance use)

7 no BPD per DIB-R/DIPD

+5 no current treater

+5 unable to comply with study

commitments

+2 dsq comorbid medical condition
(neurological, abnormal liver

levels)

+1 unable to give informed consent

+1 no current suicidal ideation

1 imminent risk of suicide

Consort diagram. Participants were assessed for eligibility through phone screens and baseline procedures, resulting in 22 participants

Medication

Participants were randomized by the Yale Investigational Drug Service
(IDS) to receive either 0.5mg/kg ketamine or 0.04 mg/kg midazolam.
Randomization was done at a 1:1 ketamine to midazolam ratio, with fixed
block size. Medication was prepared by IDS; clinical staff and participants
remained blinded. Medication was delivered over 40 min through an
intravenous line. Blood samples were collected for pharmacokinetic
analyses at 30 and 60 min after initiation of the infusion. Ketamine
(30-min timepoint) and norketamine (60-min timepoint) serum concentra-
tions were measured by the Columbia Biomarkers Core Lab.

Assessment procedures

Baseline measures were collected —7 to —1 days from infusion. Clinical raters
were blinded to infusion medication and to intra-infusion experience. Self-
report questionnaire scales were selected from the common and well-
validated tools used to measure outcomes in recent ketamine trials and
recent BPD trials. Infusion day measures of psychotic-like experience and
dissociation were collected before the infusion was started, then at 20 min
(mid-infusion), 40min (as infusion stopped), and 80 min (40 min after
infusion stop). Outcome measures for adverse events and clinical response
were collected at seven timepoints: Baseline, Hour 1 (60 min after infusion
stop), Day 1, Day 3, Day 7, Day 14, and Day 28 for each of the measures
except for the ZAN-BPD-SRV, which was not measured at Hour 1 and the
SAS-SR which was measured in two-week intervals (Baseline, Day 14, Day 28).

Measures of safety and tolerability

Adverse events. To assess for adverse events, raters asked participants
about their well-being and we specifically queried common side effects of
ketamine at each timepoint.

Dissociative experiences during infusion. To measure psychotomimetic and
dissociative experiences during infusion, we used two scales: The Brief
Psychiatric Rating Scale (BPRS) Positive Symptom subscale and the
Clinician Administered Dissociative State Scale (CADSS). The BPRS Positive
Symptom subscale has four items from the full BPRS (Unusual Thought
Content, Conceptual Disorganization, Hallucinations, and Grandiosity) with
subscale range 4 to 28 [22]. The CADSS has 23 items scored on a Likert
scale from 0 to 4, increasing with symptom severity, and the full scale
range is 0 to 92. [23].

Clinical assessments

Suicidal ideation. For suicidal ideation, we collected one measure with
enough range to detect even subtle baseline ideation and also subsequent
change: the Beck Scale for Suicide Ideation (BSS, 19 items, each scored on a
4-point Likert scale with full scale range 0-57 [24]).

Neuropsychopharmacology
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Table 1. Participant characteristics.
Midazolam
(n=12)

Age in years

mean (SD) 35.1 (11.4)
[range] [21-56]
Gender (n)

Female 10

Male 2

Race (n)

Asian 1

Arab 0

White 10
Hispanic 1
Education in years:

mean (SD) 16.3 (2.73)
[range] [13-24]
Missing 0

Baseline comorbidities (n)

Major Depressive Disorder 5
Post-Traumatic Stress Disorder 4

Anxiety disorders 9

Mild Substance Use Disorder 3

Bipolar Disorder 2

Baseline symptom severity (mean (SD))

BSS 7.7 (5.80)
BDI 30.8 (13.07)
ZAN-BPD-SRV 14.3 (7.11)
BAI 21.8 (13.23)
SAS-SR 4.3 (0.59)

Ketamine
(n=10) test statistic p
32.1 (10.4) t(19) = 0.60 0.56
[22-57]

P=1
2
0 P=1
1
9
0
15.0 (2.74) t(17.4) =1.04 0.32
[12-21]
1
5 P=0.84
3 P=1.32
7 P=1.14
3 P=0.88
1 P=194
11.5 (7.86) t(16.9) = 1.31 0.21
34.9 (11.02) t(18.9) = 1.02 0.32
15.4 (6.19) t(18.9) = 0.54 0.6
21.7 (9.15) t(19.4) = 0.01 0.99
2.8 (0.50) t(20) = 0.52 0.61

Anxiety disorders includes Social Anxiety Disorder, Generalized Anxiety Disorder, Panic Disorder, Obsessive-Compulsive Disorder, and Agoraphobia. Some
participants had multiple comorbidities. Symptom scales included the Beck Depression Inventory (BDI), Self-report version of the Zanarini Rating Scale for
Borderline Personality Disorder (ZAN-BPD-SRV), Beck Scale for Suicide Ideation (BSS), Beck Anxiety Inventory (BAI), and Social Adjustment Scale Self-Report
(SAS-SR). For continuous variables, we compared groups with t-tests and show test statistic t and p-value. For categorical variables, we compared frequencies

with Fisher’s exact tests and show odds-ratio P.

Depression. For depression, we collected the Beck Depression Inventory
(BDI) [25]. This 21-item self-report questionnaire scores each item on a
4-point Likert scale where higher scores indicate more depressive
symptoms. It can detect a wide range of symptom levels (scores 0-63)
and is sensitive to change.

Anxiety symptoms. To measure current anxiety, we used the Beck Anxiety
Inventory, which has 21 items scored on a four point Likert for symptom
intensity (scale range 0-63) [26].

BPD symptoms. To measure current BPD symptom severity, we used the
Zanarini Scale for Borderline Personality Disorder self-report version,
which has 9 items scored on a five point Likert for symptom intensity
(ZAN-BPD-SRV, total scale range 0-36) [27]. The items correspond to
DSM criteria.

Socio-occupational ~ functioning. To measure problems with socio-
occupational functioning, we collected Baseline, Day 14, and Day 28
reports on the Social Adjustment Scale - Self Report (SAS-SR) about the
previous two weeks' experience [28]. This scale includes 24 items, with

Neuropsychopharmacology

branching logic (yes/no questions lead to Likert scales with 5- and 6-point
Likert scales). Total scale range is 0-125 and higher scores indicate more
socio-occupational problems.

Statistical approach and preregistration

This study was pre-registered on ClinicalTrials.gov (ldentifier:
NCT03395314). The analyses here are exploratory, fitting our pilot study
and small final sample size. Statistics were implemented in R; code is
available upon request.

For between-group comparison testing randomization effects, we used
Students’ t-tests; for those comparing treatment effects with likely
differences in population variances, we used Welch’s t-test. At baseline,
there were no significant group differences in age, gender, race, education,
or baseline clinical variables (Table 1).

Linear mixed models with random effect of individual and control for
baseline value were used to test for ketamine vs. midazolam impacts on
clinical scores from Baseline through the two weeks after infusion when
symptoms reductions were expected. We tested for potential group x
timepoint effects on suicidal ideation (BSS), depression (BDI), anxiety (BAI),
BPD symptoms (ZAN-BPD-SRV), and socio-occupational functioning (SAS-SR).

SPRINGER NATURE
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Table 2. Adverse events.

Baseline 1HR

Ketamine, n=10

Vivid dreams

Dream-like visions
Blurry/double vision

Jerky muscle movements
Nausea or vomiting

Diarrhea
Hallucinations/Misperceptions
Larynogspasm
Other—Headaches
Other—Fatigue/Unsteadiness
Other—Increased thirst

- O O O N O O W = N O O
- O O - O O o N = O O O

Other—Body pain

Midazolam, n =12

Vivid dreams

Dream-like visions
Blurry/double vision

Jerky muscle movements
Nausea or vomiting

Diarrhea
Hallucinations/Misperceptions
Larynogspasm

Other - Headaches

Other - Fatigue/Unsteadiness

O = O O O O N O = N WU
O N = O O O = = = O =

Other - Increased thirst
Other - Body pain 0 0

D1 D3 D7 D14 D28
3 4 () 6

0 0 0 0
2 1 3 2 1
2 1 3 2 1
0 4 2 3 1
0 0 1 0 0
1 0 0 0 0
0 0 0 0 0
0 0 1 0 0
2 0 0 0 0
1 0 0 0 0
1 1 0 0 0
2 4 1 4 1
0 0 0 0 0
1 1 0 0 0
1 0 0 0 0
3 2 2 1 1
0 1 2 1 2
0 0 0 0 0
0 0 0 0 0
2 1 2 1 1
3 1 0 0 0
0 0 0 0 0
0 0 0 0 0

Adverse event frequencies before (Baseline), just after (1 hr post-infusion), and after medication infusion on Days 1, 3, 7, 14, and 28.

For the clinical outcomes (BSS, BDI, BAl, and ZAN-BPD-SRV), the analyses
included symptoms at Baseline, Day 1, Day 3, Day 7, and Day 14. For socio-
occupational functioning, the model tested Baseline compared to Day 14.
These models were implemented using the Ime4 package functions Imer and
anova (to summarize main and interaction effects of Imer models) in R. Effect
sizes were computed from these data. We ran one model per outcome
measure as follows, where “clinical_score” was replaced with BSS, BDI, BAI,
ZAN-BPD-SRV, or SAS for each model respectively.

clinical score ~ group * timepoint + baseline_clinical score + (1|ID)

The linear mixed models included all the available data (12 midazolam
and 10 ketamine participants). Some data were missing for each of the
clinical scales (BSS, BDI, BAI, ZAN-BPD-SRV, SAS-SR): Day 1, one midazolam
participant; Day 3, two midazolam participants. For BAI, data were missing
from one additional midazolam participant at Day 3. For SAS-SR, data from
one midazolam participant was missing at Day 14.

In an exploratory analysis, we computed the Pearson correlation
between BDI and SAS-SR Baseline to Day 14 change scores.

RESULTS

Twenty-two participants were randomized. The ketamine (n = 10)
and midazolam (n = 12) groups did not differ significantly on age,
race, years of education, depression severity, or BPD severity
(details in Methods, Table 1). Participants were predominantly
white and female. Baseline depression severity scores were in the
severe depression range [29]. Baseline suicidal ideation severity
scores were in line with current ideators in previous studies using
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this scale [30]. Baseline BPD severity scores were in the range of
those with severe impairment [31].

People with BPD tolerated the infusions well with no serious
adverse events and similar low frequencies of expected adverse
events in both groups (Table 2). Two participants in the study,
both in the ketamine group, experienced acute distress and
suicidal ideation in the fourth week after infusion leading to acute
psychiatric evaluation. One was discharged after overnight
evaluation in the emergency department; the other received
further ketamine infusions as part of inpatient treatment.

Intra-infusion dissociative symptoms were transient in both groups
(Fig. 2A) and did not correlate with peak change in depressive
symptoms (Fig. 2B). We found significantly greater CADSS score at
20 min in the ketamine versus midazolam group (t(12.3)=3.61,
p=0.01). The six ketamine-group participants with history of
dissociative experiences had higher mid-infusion dissociative (CADSS,
2(C) and positive psychotic symptom (BPRS positive, 2D) scale scores
than the four ketamine-group participants without history of dissocia-
tion. However, these effects were transient: ketamine group partici-
pants with history of dissociative symptoms did not experience more
prolonged dissociative experiences after ketamine infusion (Fig. 2C, D).

For the primary clinical outcome of suicidal ideation, we
observed a numerical but not significant effect of group x
timepoint, where mean post-infusion scores decreased more in
the ketamine than midazolam group from Baseline to post-
infusion timepoints (Fig. 3A). BSS scores decreased in both groups
after infusion (main effect of timepoint, F(4, 78.28)=9.30,

Neuropsychopharmacology
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sociative symptoms were transient in both groups (A) and did not
correlate with peak change in depressive symptoms (B). Ketamine-
group participants with history of dissociative symptoms experi-
enced more intense but not more prolonged dissociative experi-
ences during the infusion (C CADSS total score) or positive
symptoms of psychosis (D BPRS positive symptom scale). For
A, C, and D, error bars represent standard error of the mean. For
B, shaded regions represent 95% confidence intervals. Abbrevia-
tions: Clinician-Administered Dissociative States Scale (CADSS),
minutes (min), Beck Depression Inventory (BDI), Day 3 timepoint
(D3), Brief Psychiatric Rating Scale Positive Symptom subscale (BPRS
Positive Sx).

p <0.001), but there was not a statistically significant effect of
group (F(1, 19.18)=0.14, p=0.71) or group x timepoint (F(6,
116.46) =0.65, p=0.69, 75,=0.03). While not significant,
the timepoint at Day 1 had the greatest magnitude of group
effect on change in suicidal ideation from baseline, with greater
change for ketamine group (t(135.79) =1.24, p=0.22, Cohen'’s
d=0.020794). Seven participants (two ketamine and five mid-
azolam) had very low Baseline suicidal ideation severity scores
(BSS less than 4). Sensitivity analysis after removing these
participants did not change the results.

For the secondary clinical outcome measures of depression,
anxiety, and BPD symptoms, we also observed significant
post-infusion decreases in symptoms (main effect of timepoint)
for each measure (Fig. 3, BDI: F(4, 77.91) = 36.93, p < 0.001; BAI: F(4,
74.03) =26.56, p<0.001; ZAN-BPD-SRV F(4, 78.13)=27.23,
p <0.001). For depression (Fig. 3B), we found a numerical but not
statistically significant effect of group by timepoint where BDI
scores decreased more in the ketamine than midazolam group from
before to after infusion but there was no significant effect of group
or group x timepoint (F(6,116.10) = 0.47, p = 0.83, 57, = 0.02). While
not significant, the timepoint at Day 3 had the greatest magnitude

Neuropsychopharmacology
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of group effect on change in depression severity from baseline, with
greater change for ketamine group (t(18.15)=0.41, p=0.69,
Cohen'’s d = 0.18). For anxiety (Fig. 3C) and BPD symptoms (Fig. 3D),
we did not observe group or group x timepoint differences.

For socio-occupational functioning (Fig. 3E), we observed a
significant group x timepoint effect (F(1,20.12) =5.16, p =0.03,
1p=0.20) in addition to main effects of group (F(1, 19.07) = 5.03,
p = 0.04) and timepoint (F(1, 20.12) = 22.07, p < 0.001). The groups
differed significantly at Day 14 (t(18.98) = 1.72, p =0.10, Cohen'’s
d =0.18). Furthermore, the observed post-infusion improvement
in socio-occupational function was significantly correlated with
reductions in depression at two weeks after infusion in the
ketamine group (r(8) = 0.65, p =0.04) but not midazolam group
(r(9)=0.41, p=0.216) (Fig. 3F).

In an exploratory analysis, we found that ketamine and
norketamine levels were quite variable across ketamine-infused
participants, and we did not observe a linear relationship between
serum drug levels and change in depressive symptoms (Supple-
mentary Fig. 1, for the correlation between ketamine level and
Day 3 BDI score, r(8) = 0.01, p = 0.99; for the relationship between
norketamine at the 60 min timepoint and Day 3 BDI score,
r(8)=0.31, p=0.38).

DISCUSSION

This pilot study provides the first prospective randomized and
controlled evidence supporting the use of ketamine in people
with BPD.

We found that ketamine was well-tolerated. Adverse events
were similar in the two groups with no serious events on infusion
day or in the two weeks after infusion. The two people in the
ketamine group who experienced acute psychiatric distress during
the study did not have this occur until week four after infusion,
suggesting that these events may relate more closely to
psychological effects of study termination than to pharmacologic
effects of the medication. Consistent with others’ results in
patients with treatment-resistant MDD (TRD, [32]), history of
dissociation in this study was associated with stronger intra-
infusion dissociation in this cohort of people with BPD but all
participants experienced rapid resolution of dissociative symp-
toms. Patients with history of dissociation may expect stronger
intra-infusion dissociative experience but can also expect the
ketamine-induced dissociation to fully and rapidly resolve after
infusion. This is of particular importance given that for people with
BPD, efforts to resolve enduring dissociative symptoms can
lead to self-harm [33], and acute dissociation may interfere with
emotional learning [34] and psychotherapy treatment response
[35-37]. Taken together, our results and the literature provide
preliminary evidence that ketamine is safe and tolerable in
people with BPD. As intense fluctuating distress and suicidal
ideation are common in people with BPD [38], any research and
clinical work should include safety planning for times when these
symptoms intensify that provides support without over-reaction
to these expected events.

Ketamine led to a numerical but not statistically significant
decrease in both suicidal ideation and depression that was greater
in the ketamine than midazolam group. These results are exciting
for a pilot study: novel treatments are needed that can work alone
and in concert with BPD psychotherapy [39]. Further study is
needed in larger cohorts powered to detect ketamine-specific
effects of small-medium size (as observed here). While the effect
sizes we report here should not be overly interpreted given the
low powered sample and lack of significance, these estimates can
provide initial guidance for clearly-needed larger follow-up studies
examining ketamine as a treatment for BPD.

BPD symptoms and anxiety improved in both groups with no
significant difference between ketamine and psychoactive com-
parator. We measured BPD symptoms here with the ZAN-BPD-SRV

SPRINGER NATURE
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Fig.3 Change in clinical symptoms and socio-occupational functioning. Change from baseline in suicidal ideation (BSS score), A depression
(BDI score), B anxiety (BAl score), C BPD symptoms (ZAN-BPD-SRV), D, and socio-occupational functioning (SAS-SR score, E) from before (BL) to
each timepoint after infusion. Error bars represent standard error of the mean. In F, we show correlation between socio-occupational
functioning at Day 14 (when group difference was observed) and depression score. Shaded areas represent 95% confidence intervals. For all
panels, solid black lines with solid dots indicate ketamine group results, and dashed line with open triangles indicate midazolam group
results. Abbreviations: Beck Scale for Suicide Ideation (BSS), Beck Depression Inventory (BDI), Beck Anxiety Inventory (BAl), Zanarini Scale for
Borderline Personality Disorder Self Report Version (ZAN_BPD_SRV), Borderline Personality Disorder (BPD), Social Adjustment Scale-Self
Report (SAS-SR), Baseline (BL), 1 h (1HR), Day 1 (D1), Day 3 (D3), Day 7 (D7), Day 14 (D14), Day 28 (D28).

self-report questionnaire, which measures the recent intensity of
each of the DSM5 BPD criteria. The lack of observed effect could
reflect a slower pace of change for some of the BPD-specific
criteria, like unstable identity, and change in BPD symptoms might
be more likely with repeated ketamine infusions and/or longer
follow-up period. Also, these results are similar to those from some
studies in populations beyond TRD such as PTSD and OCD where
ketamine was found to have transdiagnostic efficacy to reduce
depressive and suicidal symptoms, but was less effective for
disorder-specific symptoms [9, 10] (though data are mixed, and
some studies have found benefit of ketamine for PTSD symptoms
[11, 40]).

There are several factors that likely contributed to the observed
results. The high level of inter-individual variance (see individual
trajectories in Supplementary Fig. 2) precludes identification of
between-group differences in this small sample. Higher frequency
of intra-individual variance in symptoms in BPD may also
contribute [41, 42]; future work could benefit from high density
sampling methods such as daily diaries or ecologic momentary
assessment [41, 43], as well as assessment over a longer baseline
period to more reliably capture pre-treatment symptom levels.
Floor effects may also have influenced results: participants in the
study were outpatients with relatively low levels of baseline
suicidality, such that both groups had marked reductions in
suicidal ideation during study participation to the point of many
reporting no ideation at all for several of the timepoints. Also, non-
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pharmacologic effects of study participation may have promoted
significant enduring symptom reduction in both groups that
obscured between-group effects of drug. A recent review of 10
intravenous ketamine studies found a stronger impact of placebo
response on suicidal ideation compared to other study outcomes
[44]. This effect was exaggerated for midazolam-placebo com-
pared to saline-placebo trials. Several aspects of placebo response
may be especially relevant for our study. Clinical contact may be
particularly impactful in BPD [45, 46]: this study involved seven
meetings in five weeks with a pair of supportive interested clinical
raters. Data from body ownership illusion tasks (e.g., rubber hand
illusion) suggest that people with BPD may be more suggestible in
some settings [47]. One observation in this study that fits with the
effect of suggestion is that ketamine-induced dissociative
experiences peaked at the 20 min timepoint, when only half
the medication had been delivered, and decreased markedly by
the 40 min timepoint, just after the infusion stopped. Others have
observed something similar over the course of multiple-infusion
series’, where participants had decreased intensity of dissociative
experiences with each infusion, suggesting that ketamine
tolerance or changes in expectancy may influence the ketamine-
related changes in mental states [48, 49]. Future work on
ketamine response in BPD should consider and try to limit these
non-pharmacologic contributions; designs that evoke less change
in the control group may be better able to reveal any ketamine-
specific effects.
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Despite the above considerations, socio-occupational function-
ing improved more in the ketamine than midazolam group, with
the degree of improvement strongly correlated with improvement
in depression symptoms. An important question for any proposed
BPD treatment is how much it can help to support meaningful
recovery. The natural history of BPD is to experience decreasing
numbers of symptoms over time, but social and occupational
recovery are less frequent [50, 51]. For BPD, the potential for a
medication to not only provide short-term symptom relief, but to
also improve social functioning, would be particularly exciting.

Our findings and the available literature suggest that a larger
multi-dose study would be useful to better characterize the effects
of ketamine in people with BPD. In depression [52] and PTSD [10],
a single sub-anaesthetic dose of intravenous ketamine provides
transient relief from depressive symptoms and suicidality.
Symptomatic improvements last two to fourteen days in ketamine
responders with Major Depressive Disorder and repeat dosing
schedules increase both the fraction of responders and the
duration of the effect in those patients [53]. Repeat dosing could
be a path to improvement in core BPD symptoms in addition to
effects on suicidality and depression.

Interpretation of the results of our study with respect to current
clinical ketamine practice is limited by our small sample size and
our single-dose protocol. A better-powered study would help to
understand if we may have under-estimated effects (regression to
the mean could have reduced apparent group differences as our
randomly assigned ketamine group had higher baseline symp-
toms). The gender and ethnic makeup of this pilot sample size is a
limitation for generalizability, and recruitment of a diverse sample
should be an aim for future studies. Careful consideration of how
to ensure adequate support for study participants while evoking
less placebo response would also be important to understand
drug-specific effects, though our results may suggest medication/
psychotherapy combination approaches to be an especially
important direction.

The rapidly increasing uptake of ketamine as an intervention for
suicide and depression means that patients with BPD are likely
currently receiving ketamine and do not have clear data to guide
decision-making. At the same time, all too often researchers and
providers are hesitant to explicitly study or treat BPD given the
perception of these individuals as difficult and risky to work with.
Thus, initial findings of no serious adverse events and no enduring
dissociation will hopefully facilitate needed larger investigation of
ketamine in BPD. In conclusion, this first randomized double-blind
placebo-controlled clinical trial of ketamine for adults with BPD
provides initial safety data and suggests that ketamine may help
to improve depressive symptoms and promote functional
recovery in this underserved clinical group.
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