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IMPORTANCE Acute agitation is common in patients with bipolar disorder and requires urgent
management to relieve distress and to prevent escalation to aggressive behavior.

OBJECTIVE To evaluate the effect of orally absorbed, sublingual dexmedetomidine, a selective
α2A-adrenergic receptor agonist on symptoms of acute agitation in patients with bipolar
disorder.

DESIGN, SETTING, AND PARTICIPANTS Phase 3, randomized, double-blind, placebo-controlled
trial conducted in 15 sites in the US with enrollment between February 24, 2020, and April 27,
2020, and final follow-up on May 21, 2020. A total of 380 adults with bipolar I or II disorder
were randomized and 362 completed the study.

INTERVENTIONS Participants were randomized to 3 groups: sublingual dexmedetomidine
180 μg (n = 127), sublingual dexmedetomidine 120 μg (n = 127), or placebo (n = 126).

MAIN OUTCOMES AND MEASURES The primary efficacy end point was the mean change from
baseline at 2 hours for the Positive and Negative Syndrome Scale-Excited Component (PEC)
total score. The range of possible total scores is 5 (absence of agitation) to 35 (extremely
severe). The secondary end point was the earliest time of a statistically significant change in
PEC total score from baseline for the drug vs placebo. On the primary efficacy end point, to
account for multiplicity associated with comparing 2 sublingual dexmedetomidine doses with
placebo, the 2-sided significance level for each dose vs placebo was set at .025.

RESULTS Of 380 patients randomized (mean age, 45.6 years; 54.8% women; and 56.1%
Black individuals), 378 (99.5%) self-administered the study medication and completed the
study. Baseline agitation was mild to moderate, with an overall mean PEC total score of 18.0.
Two hours after taking the medication, the mean changes from baseline in PEC total score
were −10.4 for sublingual dexmedetomidine 180 μg, −9.0 for sublingual dexmedetomidine
120 μg, and −4.9 for placebo. Least-square mean differences from placebo in the sublingual
dexmedetomidine groups at 2 hours were −5.4 (97.5% CI, −6.6 to −4.2) for 180 μg and −4.1
(97.5% CI, −5.3 to −2.9) for 120 μg (both doses P < .001 vs placebo). Treatment effects began
20 minutes after taking the medication among patients in the sublingual dexmedetomidine
groups (least-square mean difference for 180 μg, −1.1 [97.5% CI, −2.0 to −0.2]; P = .007; for
120 μg, −1.0 [97.5% CI, −1.9 to −0.1]; P = .009). Adverse events occurred in 35.7% of patients
taking 180 μg of dexmedetomidine, 34.9% taking 120 μg, and 17.5% taking placebo. The most
common adverse events (�5%) in the respective 180 μg, 120 μg, and placebo groups were
somnolence (21.4% and 20.6% vs 4.8%); dry mouth (4.8% and 7.1% vs 0.8%); hypotension
(6.3% and 4.8% vs 0%); and dizziness (5.6% and 5.6% vs 0.8%).

CONCLUSIONS AND RELEVANCE Among patients with mild to moderate agitation associated
with bipolar disorder, treatment with a sublingual film formulation of dexmedetomidine
120 μg or 180 μg, compared with placebo, resulted in significantly greater reduction in the
agitation score at 2 hours. Further research is needed to understand the spectrum of patients
for whom this treatment would be effective and feasible and to better understand the clinical
importance of the observed effect size.
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P atients with acute agitation are commonly encoun-
tered by physicians and other health care personnel
across disciplines and settings. Agitation is character-

ized by a range of motor, emotional, behavioral, and ide-
ational symptoms and can be associated with neurological,
psychiatric, and general medical conditions.1 A prospective
observational study in an urban trauma center that screened
more than 43 000 patients found a prevalence of agitation in
the emergency department of 2.6%.2 According to the
National Hospital Ambulatory Medical Care Survey, there
were an estimated 215 000 emergency department visits for
bipolar disorder in 2018 and episodes of agitation associated
with bipolar disorder are common.3 Symptoms can range
from mild (uneasiness, restlessness) to severe (aggression,
violence) and escalation can occur quickly.1,4-6 Patients
presenting with agitation require prompt medical attention
to facilitate evaluation and to prevent escalation and injury
to themselves and medical personnel.1,3,5,6

Recent guidance for the management of agitation6 recom-
mends patient-centered approaches, in which verbal and non-
verbal deescalation techniques are used and less invasive treat-
ments are preferred when possible.3,7-9

When pharmacotherapy is needed, antipsychotics, ben-
zodiazepines, and ketamine are commonly used,10 although
only intramuscular olanzapine and inhaled loxapine are for-
mally indicated for the treatment of agitation associated with
bipolar disorder.3,8,9 The goal of pharmacological treatment
should be to induce calm without oversedation, which can pre-
vent timely assessment and triage.3

Sublingual dexmedetomidine is a rectangular film con-
taining 2 microdeposits of dexmedetomidine hydrochloride.
Dexmedetomidine is an α2-adrenergic receptor agonist ap-
proved in intravenous form for procedural sedation and
anesthesia.11 The sublingual film formulation is absorbed orally,
bypassing first-pass metabolism, and achieving higher dex-
medetomidine bioavailability than ingested formulations.12

This formulation has demonstrated dose-dependent expo-
sure and a plasma half-life between 2 and 3 hours.13 The ob-
jective of this study was to determine if a single dose of sub-
lingual dexmedetomidine reduces symptoms of acute agitation
associated with bipolar disorder.

Methods
This study was conducted in accordance with the principles of
the Guidelines for Good Clinical Practice, the Declaration of
Helsinki, and all applicable local regulations. The protocol was
approved by independent ethics committees and/or institu-
tional review boards at each study center and by a central in-
stitutional review board (Advarra Inc). Participants provided
written informed consent before any study procedures were un-
dertaken. The study protocol is available in Supplement 1 and
the statistical analysis plan is available in Supplement 2.

Study Design
This randomized, double-blind, placebo-controlled study,
which was conducted between February and May 2020 at 15

sites in the US (eTable 2 in Supplement 3), evaluated the safety
and efficacy of sublingual dexmedetomidine in the treat-
ment of acute agitation in adults with bipolar disorder. The
study included a screening visit, treatment visit (day 1),
follow-up visit (day 2), discharge (day 3), and end of study visit
(day 7). Patients were confined to a clinical research setting or
hospitalized under medical supervision while undergoing
screening procedures, and they had to remain in the clinical
unit until at least the morning of day 3.

Patient Population
Patients aged 18 through 75 years were eligible if they had acute
agitation associated with bipolar I or II disorder (Diagnostic and
Statistical Manual of Mental Disorders [Fifth Edition]), regard-
less of polarity (manic, mixed features, or depressed). The Mini-
International Neuropsychiatric Interview was administered at
screening.14 Patients were identified in outpatient clinics; men-
tal health, psychiatric, or medical emergency services includ-
ing medical or psychiatric observation units; or as patients newly
admitted to a hospital setting for acute agitation or already hos-
pitalized for chronic underlying conditions. Patients had a total
score of 14 or higher on the 5 items of the Positive and Negative
Syndrome Scale (PANSS) excited component (PEC)15 scale at
screening and baseline, and a score of 4 or higher on at least 1
of the 5 PEC items at baseline. Detailed eligibility criteria are
available in the study protocol (Supplement 1).

During intake, participants self-reported race from among
fixed categories (African American or Black, American Indian
or Alaska Native, Asian, Native Hawaiian or Pacific Islander,
White, other, or multiple) and ethnicity from fixed catego-
ries (Hispanic or Latino and not Hispanic or Latino). Self-
identified race and ethnicity are included in Table 1, along with
age, sex, and other characteristics of the study sample to in-
form the assessment of generalizability of the results.

Randomization and Blinding
Patients were randomized (1:1:1) to sublingual dexmedetomi-
dine 180 μg, sublingual dexmedetomidine 120 μg, or match-
ing placebo film. Randomization was computer generated based
on a permuted block design and stratified by age (<65, ≥65 years)
with a block size of 6. Patients, investigators, and study staff were
blinded to the identity of the assigned treatment.

Key Points
Question Is sublingual dexmedetomidine effective in treating
acute agitation associated with bipolar disorder?

Findings In this randomized clinical trial that included 380 adults
with bipolar disorder and mild to moderate agitation, treatment
with sublingual dexmedetomidine 180 μg, 120 μg, or placebo
resulted in a mean change in the Positive and Negative Syndrome
Scale-Excited Component (PEC) total score at 2 hours after
treatment of −10.4, −9.0, and −4.9, respectively (possible PEC total
score range, 5-35). The differences between each dose and
placebo were statistically significant.

Meaning Sublingual dexmedetomidine at a dose of 180 μg
or 120 μg reduced mild to moderate agitation in patients
with bipolar disorder.
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Intervention
Patients were instructed on the appropriate method of self-
administering sublingual dexmedetomidine (BXCL501,
BioXcel Therapeutics). The study drug was self-administered
under the supervision of a staff member. In the event of per-
sistent or recurrent agitation, a repeat dose of 90 μg or 60 μg
could be given 2 hours after the first dose, at the investiga-
tors’ discretion, if the change from baseline on the PEC scale
was less than 40% and if there were no safety concerns

(eg, blood pressure drop or sedation). The maximum number
of repeat doses per patient was 2 during the 12 hours after the
first dose.

Outcomes
The primary efficacy end point was the absolute change from
baseline in the PEC total score at 2 hours after taking the medi-
cation. The PEC comprises 5 items associated with agitation—
poor impulse control, tension, hostility, uncooperativeness,

Table 1. Demographics and Baseline Characteristics

No. (%)

Sublingual dexmedetomidine
Placebo
(n = 126)

180 μg
(n = 126)

120 μg
(n = 126)

Age, y

Mean (SD) 45.9 (11.3) 46.1 (11.5) 44.8 (12.1)

Median (range) 47 (18-69) 49 (19-70) 48 (18-67)

Women 67 (53.2) 67 (53.2) 73 (57.9)

Men 59 (46.8) 59 (46.8) 53 (42.1)

Race

Asian 1 (0.8) 0 2 (1.6)

Black or African American 72 (57.1) 68 (54.0) 72 (57.1)

Multiple 3 (2.4) 1 (0.8) 1 (0.8)

White 49 (38.9) 56 (44.4) 50 (39.7)

Othera 1. (0.8) 1 (0.8) 1 (0.8)

Hispanic or Latino 15 (11.9) 12 (9.5) 11 (8.7)

Body weight, kg

Mean (SD) 96.8 (26.0) 91.8 (25.9) 92.0 (20.7)

Median (range) 93.8 (54.8-200.1) 87.6 (49.9-274.0) 90.7 (48.0-150.8)

BMI

Mean (SD) 33.3 (8.7) 31.6 (8.0) 32.5 (7.4)

Median (range) 31.7 (19.0-66.9) 29.8 (18.0-78.4) 31.8 (16.8-59.6)

Diagnosis

Mania 59 (46.8) 58 (46.0) 63 (50.0)

Depressed 28 (22.2) 20 (15.9) 26 (20.6)

Mixed episodes 30 (23.8) 27 (21.4) 22 (17.5)

Hypomania 5 (4.0) 14 (11.1) 10 (7.9)

Unspecified 4 (3.2) 7 (5.6) 5 (4.0)

Current agitation episode, d

Mean (SD) 25.1 (74.3) 21.8 (31.3) 15.7 (21.8)

Median (range) 9 (1-730) 7 (1-192) 7 (1-132)

No. of hospitalizations

Mean (SD) 2.8 (4.4) 3.5 (4.7) 2.8 (3.7)

Median (range) 1 (0-20) 2 (0-22) 2 (0-20)

Hours of sleep/night this wk

Mean (SD) 5.1 (1.5) 5.3 (1.6) 5.1 (1.5)

Median (range) 5 (1-9) 5 (2-10) 5 (1-10)

Current smoker 78 (61.9) 97 (77.0) 83 (65.9)

PEC scoreb

Mean (SD)c 18.0 (3.0) 18.0 (2.7) 17.9 (2.9)

Median (range) 17.5 (14-28) 17.0 (14-27) 17.0 (14-30)

CGI-Sd

Mean (SD)c 4.1 (0.7) 4.1 (0.5) 4.1 (0.6)

Median (range) 4 (2-6) 4 (3-5) 4 (1-6)

Abbreviations: BMI, body mass index,
calculated as weight in kilograms
divided by height in meters squared;
CGI-S, Clinical Global
Impressions–Severity of Illness;
PEC, Positive and Negative Syndrome
Scale-Excited Component.
a Participants self-identified race and

ethnicity. No participant identified
themselves as American Indian or
Alaska Native, Native Hawaiian, or
Other Pacific Islander. A participant
could select the category “other” if
none of the other categories was
appropriate.

b Comprises 5 items with a range of 5
(absence of agitation) to 35
(extremely severe).

c The mean baseline PEC score in
these data corresponds to
the CGI-S score of moderately ill.
A moderately ill individual would
have PEC subscale items of
moderate severity (poor impulse
control, tension, hostility,
uncooperativeness, and
excitement).

d Scores are rated on a 7-point scale,
with a range of responses from 1
(normal) to 7 (among the most
severely ill patients).
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and excitement—with each item rated from 1 (minimum) to 7
(maximum). The PEC total score is the sum of these 5 items
and ranges from 5 (absence of agitation) to 35 (extremely se-
vere). The PEC was administered at screening, within 15 min-
utes of administering the dose and at 10, 20, 30, 45 minutes,
and 1, 1.5, 2, 4, 6, 8, and 24 hours after taking the dose; 6 and
24 hours after taking the dose, the PEC was given before the
Positive and Negative Syndrome Scale interview. The PEC was
done prior to any other assessments.

The secondary end point was the earliest time at which the
absolute change from baseline in the PEC total score statisti-
cally significantly separated from placebo.

There were several prospectively defined exploratory
end points. Overall clinical improvement after treatment was
evaluated at 30 minutes, 1, 2, and 4 hours after taking the
dose using the Clinical Global Impression–Improvement
(CGI-I)9 scale, with possible scores ranging from 1 (very much
improved) to 7 (very much worse). Overall agitation and
sedation were assessed before (within 15 minutes of dosing),
and at 2, 4, and 8 hours after using the Agitation-Calmness
Evaluation Scale (ACES), a single-item rating scale where 1
indicates marked agitation and 9, unarousable. The change
from baseline in total PEC score from 10 minutes through 24
hours after dosing and PEC response rate, defined as a 40%
or more reduction in total score from 10 minutes through 2
hours after dosing were assessed. The percent change from
baseline was calculated as 100 times the change from pre-
dose score divided by (baseline −5); by subtracting 5 from the
item scores, a score of 0 was associated with values of
“not present.” The choice of a 40% or more change in PEC
from baseline to define response was based on an external
validation of the PEC,15 which found that a change in PEC
of 38% corresponded to a CGI-I rating of “much improved.”
The CGI-I response rate, defined as a score of 1 (very much
improved) or 2 (much improved) 2 hours after dosing, was
evaluated with the CGI-I scale. Time to rescue medication
from baseline through 24 hours and the number of patients
requiring rescue medication from 4 to 24 hours after taking
the medication were used to assess patient need for rescue
medication. The change from baseline for PEC total score at
4, 6, 8, and 24 hours was used to evaluate the duration of
calming effect.

Other assessments included spontaneously reported
adverse events; clinical laboratory tests (chemistry, hema-
tology, urinalysis); electrocardiogram (ECG); pulse oxim-
etry; and vital signs (systolic blood pressure [SBP], diastolic
blood pressure [DBP], and heart rate). All ECG measure-
ments were evaluated for abnormality by machine-derived
algorithms and overread by blinded cardiologists. The crite-
ria for ECG abnormality are included in eTable 3 of Supple-
ment 3. All adverse events were characterized by type,
severity, seriousness, and relationship to treatment and
coded by preferred term and system organ class using the
Medical Dictionary for Regulatory Activities, version 23.0.
A buccal examination was performed 30 minutes and 2, 4,
and 24 hours after taking the medication for local irritation.
The Columbia-Suicide Severity Rating Scale16 was adminis-
tered at screening, baseline, 24 hours, and discharge.

Sample Size Calculation
The sample size for this study was estimated using informa-
tion from the phase 1b clinical trial of sublingual dexmedeto-
midine (BXCL501-102) regarding the standard deviation of
the change from baseline in the PEC score and the expected
magnitude of this difference.17 For a 2-sided significance
level of .025 and a randomization ratio of 1:1:1, 125 patients
per treatment group were needed to provide 90% statistical
power for the sublingual dexmedetomidine–placebo pairwise
comparison on the primary efficacy end point, of a difference
of 2 or more in the change from baseline in the PEC total
score (Supplement 2).17

Statistical Analysis
For the efficacy analysis, the null and alternate hypotheses were
tested using a mixed-model repeated measures.18 On the pri-
mary efficacy end point, to account for multiplicity associ-
ated with comparing 2 sublingual dexmedetomidine doses with
placebo, the 2-sided significance level for each dose vs pla-
cebo was determined using the Bonferroni correction and set
at .025. The outcome variable for the mixed-model repeated
measures was the change from baseline in the PEC score at 10,
20, 30, 45, 60, 90, and 120 minutes after taking the medica-
tion. Covariates were treatment group, baseline PEC, visit, base-
line PEC × visit interaction term, age stratum, study site (as a
fixed effect), and treatment group × visit interaction term.
A post hoc analysis of the primary efficacy end point was also
conducted with site as a random effect. The difference in the
mean change from baseline in each sublingual dexmedetomi-
dine group relative to placebo, as well as the significance lev-
els associated with the null hypotheses, were obtained from
differences in least-squares means at each time point.

To control for multiple comparisons on secondary end
points and assess the onset of treatment effect, a hierarchical
testing procedure and a prespecified sequence of compari-
sons was used; starting at 90 minutes after dosing, each ear-
lier end point was tested in succession until a comparison with
placebo failed to achieve statistical significance at the .025
level. According to the gatekeeping rules of the hierarchy, no
tests were performed on end points following a comparison
that failed to demonstrate a treatment effect.

The study was not designed with sufficient power to assess
safety end points; adverse events were analyzed for all patients
who received a dose of the study drug and data were analyzed
according to participant randomization group.

Exploratory outcomes were analyzed using a variety of tech-
niques depending on the outcome and including 2-sample
t tests, Fisher exact test, and Kaplan-Meier curves for time-to-
event outcomes and descriptive methods, such as box plots,
frequency distributions, and shift tables. Because of the poten-
tial for type I error due to multiple comparisons, findings for
exploratory end points should be interpreted as exploratory.

A sensitivity analysis was conducted to assess the effect
of any missing data. Control-based, multiple imputation was
used to impute missing values based on the placebo group ex-
perience. Participants with missing data were considered non-
responders. There were no missing values in the primary or
secondary outcome data. For efficacy analyses, all values
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collected after the use of rescue treatment or withdrawal from
the study were censored and considered nonresponders.

Data were analyzed with SAS/STAT software, version 9.4
(SAS Institute Inc).

Results
Participants
From February 24, 2020, to April 27, 2020, 380 patients were
enrolled at 15 hospitals and research units in the US. Of the 380
patients randomized (sublingual dexmedetomidine 180 μg
[n = 127], sublingual dexmedetomidine 120 μg [n = 127], pla-
cebo [n = 126]), 362 (95.3%) completed the study (Figure 1).
One patient in each of the sublingual dexmedetomidine groups
was randomized in error and did not receive study drug, leav-
ing 378 efficacy-evaluable patients. Sixteen patients (4.7%) dis-
continued the study for voluntary withdrawal, adverse events,
or loss to follow-up. The majority of patients received 1 dose
of the study medication; 10.3% (13 of 126) of patients in the sub-
lingual dexmedetomidine 180 μg group, 23.8% (30 of 126) pa-
tients in the sublingual dexmedetomidine 120 μg group, and
46.0% (58 of 126) of patients in the placebo group received at
least 2 doses. Rescue medication for persistent agitation was
required in 3 patients (2.4%) in the sublingual dexmedetomi-
dine 180 μg group and 2 (1.6%) in both of the sublingual dex-
medetomidine 120 μg and placebo groups.

Baseline characteristics were comparable between treat-
ment groups, except for a higher number of agitation days ex-
perienced by patients assigned to the sublingual dexmedeto-
midine 180-μg group (Table 1). The study population had a
mean (SD) age of 45.6 (11.6) years, 54.8% identified as women,
and 56.1% identified as Black or African American individu-
als. The mean (SD) body mass index was 32.5 (8.0), calcu-
lated as weight in kilograms divided by height in meters
squared. At screening, 47.6% of patients were diagnosed with
mania, 20.9% with mixed episodes, and 19.6% with de-
pressed mood. Eight patients were 65 years or older (sublin-
gual dexmedetomidine 180 μg [n = 3], sublingual dexmedeto-
midine 120 μg [n = 3], and placebo [n = 2]). Concomitant
medications and enrollment by study site are presented in
eTable 1 and 2 in Supplement 3.

Primary End Point
The mean (SD) changes from baseline in PEC total score 2 hours
after taking the medication were −10.4 (4.4) for sublingual dex-
medetomidine 180 μg, −9.0 (5.3) for sublingual dexmedeto-
midine 120 μg, and −4.9 (4.7) for placebo (Figure 2). The least-
squares mean differences from placebo were −5.4 (97.5% CI,
−6.6 to −4.2; P < .001) for sublingual dexmedetomidine 180
μg and −4.1 (97.5% CI, −5.3 to −2.9; P < .001) for sublingual dex-
medetomidine 120 μg. Results of a post hoc analysis of the pri-
mary end point with site as a random effect are presented in
eTable 5 in Supplement 3.

Figure 1. Recruitment, Randomization, and Follow-up of Patientsa

459 Patients with biopolar disorder
were assessed for eligibility

79 Excluded
62 Did not meet inclusion criteria

2 Other

13 Declined participation
2 Principal investigator discretion 

380 Randomized

127 Randomized to receive 120 μg of
dexmedtomidine 
126 Received treatment as randomizedc

1 Did not receive treatment as randomized

126 Included in the primary analysis 

126 Included in the safety analysis

119 Completed double-blind treatment
7 Did not complete treatment
3 Withdrew
3 Lost to follow-up
1 Adverse evente

127 Randomized to receive 180 μg of
dexmedtomidine 
126 Received treatment as randomizedb

1 Did not receive treatment as randomized

126 Included in the primary analysis 

126 Included in the safety analysis

123 Completed double-blind treatment
3 Did not complete treatment
2 Withdrew
1 Lost to follow-up

126 Randomized to receive placebo
126 Received placebo as randomizedd

126 Included in the primary analysis 

126 Included in the safety analysis

120 Completed double-blind treatment
6 Did not complete treatment

(withdrew)

a This was a single-dose study, and the safety, full analysis, and per-protocol data
sets all contained 378 patients—126 in each group. There were no missing data for
the primary or secondary outcome measures. One patient each from 180 μg and
120 μg groups did not receive a dose of medication, but all other discontinuations
occurred after dosing and primary and secondary end point assessments.

b One hundred thirteen patients (89.7%) received only 1 dose; 5 (4%), 2 doses;
and 8 (6.3%), 3 doses.

c Ninety-six patients (76.2%) received only 1 dose; 18 (14.7%), 2 doses; and 12
(9.5%), 3 doses.

d Sixty-eight patients (54%) received only 1 dose; 29 (23.0%), 2 doses; and 29
(23%), 3 doses.

e Due to acute agitation on day 7 that was judged to be unrelated to study drug.
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Secondary End Points
Treatment effects were first observed 20 minutes after pa-
tients were treated with sublingual dexmedetomidine 180 μg
(least-squares mean difference, −1.1 [97.5% CI, −2.0 to −0.2];
P = .007) and sublingual dexmedetomidine 120 μg (least-
squares mean difference, −1.0 [97.5% CI, −1.9 to −0.1]; P = .009).
As shown in Figure 2, patients in both sublingual dexmedeto-
midine treatment groups showed greater improvements in the
PEC total score than did patients in the placebo group at all sub-
sequent time points through 90 minutes after treatment.

Exploratory End Points
The percentage of participants with a PEC response at 2 hours,
defined by a reduction of at least 40% from baseline, was 90.5%
with sublingual dexmedetomidine 180 μg and 77.0% with sub-
lingual dexmedetomidine 120 μg, and 46.0% with placebo
(Table 2 and eFigure 1 in Supplement 3).

One hour after taking sublingual dexmedetomidine, CGI
ratings improved to a mean score of 2.0 (95% CI, 1.8-2.20) for
the 180-μg dose group and to 2.2 (95% CI, 2.03-2.43) for the
120-μg dose group. The mean 2-hour scores were 1.6 (95% CI,
1.40-1.71) for the 180-μg dose group and 1.9 (95% CI, 1.73-
2.13) for the 120-μg dose group. The mean 4-hour scores were
1.5 (95% CI, 1.36-1.65) for the 180-μg dose group and 1.8 (95%
CI, 1.6-1.96) for the 120-μg dose group (eTable 4 and eFig-
ure 2 in Supplement 3). The mean CGI-I values for placebo
were 3.0 (95% CI, 2.79-3.18) at 1 hour, 2.8 (95% CI, 2.62-3.04)
at 2 hours, and 2.3 (95% CI, 2.04-2.57) at 4 hours. The per-
centage of participants with a CGI-I response, defined by a
score of 1 (very much improved) or 2 (much improved), was
29.6% at 30 minutes, 70.6% at 1 hour, 86.5% at 2 hours,
and 90.4% at 4 hours with sublingual dexmedetomidine
180 μg; 30.2% at 30 minutes, 59.5% at 1 hour, 69.8% at 2
hours, and 75.9% at 4 hours with sublingual dexmedetomi-
dine 120 μg; and 19.0% at 30 minutes, 29.4% at 1 hour, 38.1%
at 2 hours, and 56.6% at 4 hours with placebo (Table 2 and
eFigure 3 in Supplement 3).

The mean ACES scores 2 hours after taking sublingual dex-
medetomidine were 5.6 (95% CI, 5.34-5.95) for the 180-μg dose
group, 5.0 (95% CI, 4.71-5.39) for the 120-μg dose group, and
3.3 (95% CI, 3.05-3.57) for the placebo group. Mean ACES scores
remained at 4 (normal behavior) or higher at 4 and 8 hours in
both sublingual dexmedetomidine groups (eTable 4 in Supple-
ment 3). The percentage of participants with resolution of agi-
tation on the ACES score, defined by 4 or higher for the 180-μg
sublingual dexmedetomidine dose were 85.7% at 2 hours,
87.8% at 4 hours, and 74.8% at 8 hours; for the 120-μg dose
group, 70.6% at 2 hours, 75.9% at 4 hours, and 63.8% at 8 hours;
and for the placebo group, 37.3% at 2 hours, 56.6% at 4 hours,
and 42.4% at 8 hours for placebo (Table 2 and eFigure 4 in
Supplement 3).

Participant ratings of medication acceptability at 20 min-
utes after taking the medication (flavor, odor, dissolve time, and
overall acceptance) were positive across all groups (Table 2).

Adverse Events
The incidence of adverse events with sublingual dexmedeto-
midine 180 μg and 120 μg was 35.7% and 34.9%, respectively,
and 17.5% with placebo (Table 3). No treatment–related seri-
ous or severe adverse events were reported. The most com-
mon adverse events with sublingual dexmedetomidine were
somnolence, dry mouth, hypotension, and dizziness. Of 53
patients reporting somnolence with sublingual dexmedeto-
midine, the adverse event was mild in 64% and moderate in
36%, as judged by the investigator. One patient in the each of
the sublingual dexmedetomidine groups reported suicidal
ideation that lasted for 1 day, both of whom completed the
study; no patient in the placebo group experienced this
adverse event. No clinically meaningful changes in labora-
tory values were observed.

The proportion of patients who experienced hypoten-
sion, orthostatic hypotension, or bradycardia was compa-
rable between both sublingual dexmedetomidine groups
(Table 3). Bradycardia was reported for 3 patients in the 180-μg

Figure 2. Mean Change From Baseline in the Positive and Negative Syndrome Scale-Excited Component
Total Score Through 2 Hours
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dose group, 1 of which was considered clinically meaningful,
and 2 in the 120-μg dose group, both of which were consid-
ered clinically meaningful. Sinus bradycardia was reported for
2 patients in the 180-μg dose group, 1 of which was consid-

ered clinically meaningful and 1 in the 120-μg dose group that
was considered clinically meaningful, 1 case of sinus brady-
cardia was reported that was considered clinically meaning-
ful. Based on examination by an external cardiologist, 4 of 5

Table 2. Exploratory Efficacy End Points for Positive and Negative Syndrome Scale-Excited Component,
Clinical Global Impressions–Improvement, and Acceptability

No. (%)

Sublingual dexmedetomidine
Placebo
(n = 126)

180 μg
(n = 126)

120 μg
(n = 126)

PEC respondersa

20 min 29 (23.0) 26 (20.6) 16 (12.7)

Difference (95% CI)b 10.3 (0.2 to 20.5) 7.9 (−2.0 to 17.9)

P valuec .048 .13

30 min 47 (37.3) 48 (38.1) 28 (22.2)

Difference (95% CI)b 15.1 (3.2 to 27.0) 15.9 (3.9 to 27.8)

P valuec .01 .009

45 min 72 (57.1) 68 (54.0) 36 (28.6)

Difference (95% CI)b 28.6 (16.1 to 41.1) 25.4 (12.9 to 37.9)

P valuec <.001 <.001

60 min 92 (73.0) 85 (67.5) 47 (37.3)

Difference (95% CI)b 35.7 (23.5 to 48.0) 30.2 (17.6 to 42.7)

P valuec <.001 <.001

90 min 107 (84.9) 90 (71.4) 52 (41.3)

Difference (95% CI)b 43.7 (32.2 to 55.1) 30.2 (17.7 to 42.6)

P valuec <.001 <.001

120 min 114 (90.5) 97 (77.0) 58 (46.0)

Difference (95% CI)b 44.4 (33.6 to 55.3) 31.0 (18.8 to 43.1)

P valuec <.001 <.001

CGI-I respondersd

30 min

No./total (%) 37/125 (29.6) 38/126 (30.2) 24 (19.0)

Difference (95% CI)b 10.6 (−0.8 to 21.9) 11.1 (−0.2 to 22.5)

P valuec .06 .06

1 h 89 (70.6) 75 (59.5) 37 (29.4)

Difference (95% CI)b 41.3 (29.2 to 53.3) 30.2 (17.7 to 42.6)

P valuec <.001 <.001

2 h 109 (86.5) 88 (69.8) 48 (38.1)

Difference (95% CI)b 48.4 (37.3 to 59.6) 31.7 (19.3 to 44.2)

P valuec <.001 <.001

4 h

No./total (%) 103/114 (90.4) 82/108 (75.9) 43/76 (56.6)

Difference (95% CI)b 33.8 (20.3 to 47.3) 19.3 (4.5 to 34.2)

P valuec <.001 .007

Resolution of agitatione

2 h 108 (85.7) 89 (70.6) 47 (37.3)

4 h, No./total (%) 101/115 (87.8) 82/108 (75.9) 43/76 (56.6)

8 h, No./total (%) 92/123 (74.8) 74/116 (63.8) 50/118 (42.4)

Overall acceptancef 101 (80.2) 100 (79.4) 100 (79.4)

Flavorf

Liked 82 (65.1) 75 (59.6) 80 (63.5)

Neutralf 25 (19.8) 44 (34.9) 39 (31.0)

Satisfied with time to dissolveg 108 (87.8) 112 (90.3) 113 (93.4)

No unpleasant smellh 125 (99.2) 125 (99.2) 126 (100.0)

No unpleasant aftertasteh 107 (84.9) 116 (92.1) 119 (94.4)

Abbreviations: CGI-I, Clinical Global
Impressions–Improvement with
possible scores ranging from 1 (very
much improved) to 7 (very much
worse); PEC, Positive and Negative
Syndrome Scale-Excited Component,
comprising 5 items with a range of 5
(absence of agitation) to 35
(extremely severe).
a Defined by 40% or higher reduction

from the baseline score.
b Difference (percentage,

dexmedetomidine vs placebo) and
associated 2-sided 95% CI based on
the Wald method with a continuity
correction.

c P value based on a Fisher exact test.
d Defined by a score of 1 (very much

improved) or 2 (much improved).
e Defined by an Agitation-Calmness

Evaluation Scale (ACES) score of 4
or higher. ACES is a single-item
measure for which 1 indicates
marked agitation and 9,
unarousable.

f Based on responses to 5-item scale
that included strongly agree, agree,
neither agree nor disagree, disagree,
and strongly disagree taken
20 minutes after dosing.

g Based on yes or no responses
20 minutes after dosing.

h Based on yes or no responses
20 minutes after dosing.
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cases of bradycardia were rated as mild and 1 as moderate and
all cases of sinus bradycardia were rated as mild.

Two hours after treatment with sublingual dexmedetomi-
dine, patients in the 180-μg dose group had a mean (SD) de-
crease in SBP from baseline for 1 minute of standing of
−18.1 mm Hg (16.3 mm Hg), in DBP of −11.5 mm Hg (11.1 mm Hg);
and in heart rate of −9.2 bpm (11.7 bpm); patients in the 120-μg
dose group had a mean (SD) decrease in SBP of −14.8 mm Hg
(15.6 mm Hg), in DBP of −8.8 mm Hg (11.0 mm Hg), and in heart
rate of −7.9 bpm (13.0 bpm).

No clinically important mean changes from baseline at 2
hours or 24 hours after treatment were observed for PR inter-
val, QRS duration, and QTcF. No patients experienced an ad-
verse event related to ECG parameters or had a clinically sig-
nificant abnormal ECG result at screening or at 2 or 24 hours
after treatment. Local buccal irritation, assessed at 30 min-
utes and 2, 4, and 24 hours, was reported in 1 patient in the
sublingual dexmedetomidine 180-μg group and 2 patients in
the 120-μg group at 30 minutes but at no other time points.

Discussion
In this multicenter, double-blind, randomized, clinical trial,
a single 180-μg or 120-μg dose of sublingual dexmedetomi-
dine reduced the severity of agitation in participants with mild
to moderate agitation associated with bipolar I or II disorder
after self-administering the medication. Sublingual dexme-
detomidine produced improvement on the primary end point
of change in PEC score at 2 hours compared with placebo and
treatment effects began as early as 20 minutes for both doses.

Thisstudyinvolvedindividualswithbipolardisorderbecause
such patients are at elevated risk of acute agitation, during manic,
depressed, or mixed mood states, all of which were included in
this study.1 For example, a European survey4 of 583 individuals
with bipolar disorder or schizophrenia reported that respondents
had on average 2.7 episodes of agitation requiring hospital trips
in the prior 12 months. The mean baseline PEC score in these data
corresponds to the CGI–Severity of Illness score of moderately
ill. A moderately ill individual in this study would have PEC sub-
scale items of moderate severity (poor impulse control, tension,
hostility, uncooperativeness, and excitement).

Verbal and nonverbal deescalation strategies are the pre-
ferred first-line treatment to reduce agitation in a collabora-
tive and noncoercive manner.6 When pharmacotherapy is
necessary, the goal is to calm rather than sedate19,20 so that as-
sessment can proceed safely for patient and physician. Cur-
rently available treatments for acute agitation associated with
bipolar disorder include oral, parenteral, and inhaled
medications.5,9,21-24 However, none of these is a panacea, and
each has limitations. Based on this study, self-administered dex-
medetomidine may be an additional option for patients with bi-
polar disorder who are mildly to moderately agitated with an
onset of effect beginning within 20 minutes. Although in this
study, dexmedetomidine did not cause extrapyramidal ad-
verse effects, unarousable sedation, or QTc prolongation, the
study was not powered to assess these end points.

Limitations
This study has several limitations. First, it assessed efficacy and
tolerability of sublingual dexmedetomidine following only a
single episode of agitation. Second, because patients had mild

Table 3. Incidence of Adverse Events Occurring in at Least 2% of Patients (Safety Population)a

Patients, No. (%)

Sublingual dexmedetomidine
Placebo
(n = 126)

180 μg
(n = 126)

120 μg
(n = 126)

Serious adverse event 0 1 (0.8)b 0

Any treatment-emergent adverse event 45 (35.7) 44 (34.9) 22 (17.5)

Any treatment-related adverse eventc 39 (31.0) 41 (32.5) 15 (11.9)

Discontinuation for adverse event 0 1 (0.8) 0

Somnolence 27 (21.4) 26 (20.6) 6 (4.8)

Hypotension 8 (6.3) 6 (4.8) 0

Dizziness 7 (5.6) 7 (5.6) 1 (0.8)

Dry mouth 6 (4.8) 9 (7.1) 1 (0.8)

Orthostatic hypotension 6 (4.8) 5 (4.0) 1 (0.8)

Hypoesthesia oral 5 (4.0) 2 (1.6) 1 (0 .8)

Nausea 5 (4.0) 3 (2.4) 3 (2.4)

Bradycardia 3 (2.4) 2 (1.6) 0

Paresthesia oral 3 (2.4) 2 (1.6) 0
a Each adverse event reported was assessed by the investigator for severity

(mild, moderate, severe) and relationship to study drug (not related, unlikely
or remotely related, possibly related, probably related, definitely related).

b Judged by investigator to be unrelated to study drug.
c Adverse events, clinical laboratory tests, electrocardiogram with rhythm strip,

pulse oximetry, and vital signs were monitored for tolerability assessment. All

observed and volunteered. Adverse events were recorded. The relationship of
adverse events to the study drug were graded as not related, unlikely or
remotely related, possibly related, probably related or definitely related by the
investigators. Vital signs including systolic blood pressure, diastolic blood
pressure, and heart rate were monitored.
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to moderate agitation based on their baseline PEC score, the level
of cooperation required to administer a medication sublin-
gually limits the generalizability of these results to patients who
are able or willing to self-administer this treatment. Third, par-
ticipants were excluded for acute alcohol intoxication, but it was
not possible to determine if drug or alcohol withdrawal con-
tributed to agitation. Fourth, there is no consensus on the change
in PEC score that represents the minimal clinically important
difference. Fifth, a large placebo effect was observed in the trial
supporting the recommended use of nonpharmacological tech-
niques as part of the management of agitation.

Conclusions

Among patients with mild to moderate agitation associated
with bipolar disorder, treatment with an investigational sub-
lingual film formulation of dexmedetomidine 180 μg or 120 μg,
compared with placebo, resulted in significantly greater re-
duction in the agitation score at 2 hours. Further research is
needed to understand the spectrum of patients for whom this
treatment would be effective and feasible and to better un-
derstand the clinical importance of the observed effect size.
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