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Visual Abstract
IMPORTANCE Acute agitation is common in patients with bipolar disorder and requires urgent [= Editorial page 723

management to relieve distress and to prevent escalation to aggressive behavior.
Supplemental content

OBJECTIVE To evaluate the effect of orally absorbed, sublingual dexmedetomidine, a selective
a,,-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 | or Il disorder
were randomized and 362 completed the study.

INTERVENTIONS Participants were randomized to 3 groups: sublingual dexmedetomidine
180 pg (n = 127), sublingual dexmedetomidine 120 pg (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 pg, -9.0 for sublingual dexmedetomidine
120 pg, and -4.9 for placebo. Least-square mean differences from placebo in the sublingual
dexmedetomidine groups at 2 hours were 5.4 (97.5% Cl, -6.6 to -4.2) for 180 pg and -4.1
(97.5% Cl, 5.3 to -2.9) for 120 pg (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 pg, -1.1[97.5% Cl, -2.0 to -0.2]; P = .007; for
120 pg, -1.0[97.5% Cl, -1.9 to -0.1]; P = .009). Adverse events occurred in 35.7% of patients
taking 180 pg of dexmedetomidine, 34.9% taking 120 pg, and 17.5% taking placebo. The most
common adverse events (=5%) in the respective 180 pg, 120 pg, 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 pg or 180 pg, 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 Author Affiliations: Author

for whom this treatment would be effective and feasible and to better understand the clinical affiliations are listed at the end of this

importance of the observed effect size. article.
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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.! 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%.% 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.*> Symptoms can range
from mild (uneasiness, restlessness) to severe (aggression,
violence) and escalation can occur quickly.!»#-¢ Patients
presenting with agitation require prompt medical attention
to facilitate evaluation and to prevent escalation and injury
to themselves and medical personnel.>:>6
Recent guidance for the management of agitation® recom-
mends patient-centered approaches, in which verbal and non-
verbal deescalation techniques are used and less invasive treat-
ments are preferred when possible.>7-°
When pharmacotherapy is needed, antipsychotics, ben-
zodiazepines, and ketamine are commonly used,'© although
only intramuscular olanzapine and inhaled loxapine are for-
mally indicated for the treatment of agitation associated with
bipolar disorder.>#° The goal of pharmacological treatment
should be to induce calm without oversedation, which can pre-
vent timely assessment and triage.>
Sublingual dexmedetomidine is a rectangular film con-
taining 2 microdeposits of dexmedetomidine hydrochloride.
Dexmedetomidine is an a,-adrenergic receptor agonist ap-
proved in intravenous form for procedural sedation and
anesthesia.! The sublingual film formulation is absorbed orally,
bypassing first-pass metabolism, and achieving higher dex-
medetomidine bioavailability than ingested formulations.'?
This formulation has demonstrated dose-dependent expo-
sure and a plasma half-life between 2 and 3 hours.'® 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
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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 pg, 120 pg, 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 pg
or 120 pg reduced mild to moderate agitation in patients
with bipolar disorder.

sitesin 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 IT 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.'* 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)' 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 pg, sublingual dexmedetomidine 120 pg, or match-
ing placebo film. Randomization was computer generated based
on a permuted block design and stratified by age (<65, =65 years)
with ablock size of 6. Patients, investigators, and study staff were
blinded to the identity of the assigned treatment.
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Table 1. Demographics and Baseline Characteristics

No. (%)
Sublingual dexmedetomidine
180 ug 120 ug Placebo
(n = 126) (n =126) (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)
Other? 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 score®
Mean (SD)° 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-s¢
Mean (SD)“ 4.1(0.7) 4.1(0.5) 4.1(0.6)
Median (range) 4 (2-6) 4 (3-5) 4 (1-6)

Intervention

Patients were instructed on the appropriate method of self-
administering sublingual dexmedetomidine (BXCL501,

Original Investigation Research

Abbreviations: BMI, body mass index,
calculated as weight in kilograms
divided by height in meters squared;
CGI-S, Clinical Global
Impressions-Severity of lliness;

PEC, Positive and Negative Syndrome
Scale-Excited Component.

2 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).

€ 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).

dScores are rated on a 7-point scale,
with a range of responses from 1
(normal) to 7 (among the most
severely ill patients).

(eg, blood pressure drop or sedation). The maximum number

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 pg or 60 g
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

jama.com
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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,

of repeat doses per patient was 2 during the 12 hours after the
first dose.
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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)° 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 O 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,' 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 Scale'® was adminis-
tered at screening, baseline, 24 hours, and discharge.

JAMA February 22,2022 Volume 327, Number 8
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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.!” 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.'® 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 x visit interaction term, age stratum, study site (as a
fixed effect), and treatment group x 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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Figure 1. Recruitment, Randomization, and Follow-up of Patients®

459 Patients with biopolar disorder
were assessed for eligibility

79 Excluded

2 Other

62 Did not meet inclusion criteria
13 Declined participation
2 Principal investigator discretion

~

380 Randomized

-

127 Randomized to receive 180 pg of
dexmedtomidine
126 Received treatment as randomized®
1 Did not receive treatment as randomized

127 Randomized to receive 120 pg of
dexmedtomidine

126 Received treatment as randomized®
1 Did not receive treatment as randomized

126 Randomized to receive placebo
126 Received placebo as randomizedd

!

v

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

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

120 Completed double-blind treatment
6 Did not complete treatment
(withdrew)

v

126 Included in the primary analysis

126 Included in the safety analysis

126 Included in the primary analysis
126 Included in the safety analysis

126 Included in the primary analysis

126 Included in the safety analysis

@ 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 pg and
120 pg groups did not receive a dose of medication, but all other discontinuations
occurred after dosing and primary and secondary end point assessments.

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

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

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

€ Due to acute agitation on day 7 that was judged to be unrelated to study drug.

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 ng
[n = 127], sublingual dexmedetomidine 120 pg [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 0f 126) of patients in the sub-
lingual dexmedetomidine 180 pg group, 23.8% (30 0f 126) pa-
tients in the sublingual dexmedetomidine 120 pg 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 ng group and 2 (1.6%) in both of the sublingual dex-
medetomidine 120 pg and placebo groups.

jama.com

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-ug 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 pg [n = 3], sublingual dexmedeto-
midine 120 pg [n = 3], and placebo [n = 2]). Concomitant
medications and enrollment by study site are presented in
eTable 1and 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 pg, -9.0 (5.3) for sublingual dexmedeto-
midine 120 pg, 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
pgand -4.1(97.5% CI, -5.3to -2.9; P < .001) for sublingual dex-
medetomidine 120 pg. 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.
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Figure 2. Mean Change From Baseline in the Positive and Negative Syndrome Scale-Excited Component
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Secondary End Points

Treatment effects were first observed 20 minutes after pa-
tients were treated with sublingual dexmedetomidine 180 ug
(least-squares mean difference, -1.1 [97.5% CI, -2.0 to -0.2];
P =.007) and sublingual dexmedetomidine 120 pg (least-
squares mean difference, -1.0 [97.5% CI, -1.9to -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 areduction of at least 40% from baseline, was 90.5%
with sublingual dexmedetomidine 180 pgand 77.0% with sub-
lingual dexmedetomidine 120 pg, 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-ug dose group and to 2.2 (95% CI, 2.03-2.43) for the
120-ng dose group. The mean 2-hour scores were 1.6 (95% CI,
1.40-1.71) for the 180-pg dose group and 1.9 (95% CI, 1.73-
2.13) for the 120-ng dose group. The mean 4-hour scores were
1.5 (95% CI, 1.36-1.65) for the 180-ng dose group and 1.8 (95%
CI, 1.6-1.96) for the 120-ug 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 pg; 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 pg; 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).

JAMA February 22,2022 Volume 327, Number 8

The mean ACES scores 2 hours after taking sublingual dex-
medetomidine were 5.6 (95% CI, 5.34-5.95) for the 180-pig dose
group, 5.0 (95% CI, 4.71-5.39) for the 120-pg 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-ug
sublingual dexmedetomidine dose were 85.7% at 2 hours,
87.8% at 4 hours, and 74.8% at 8 hours; for the 120-pg 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 pg and 120 pg 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 180-11g
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Table 2. Exploratory Efficacy End Points for Positive and Negative Syndrome Scale-Excited Component,
Clinical Global Impressions-Improvement, and Acceptability

No. (%)
Sublingual dexmedetomidine
180 ug 120 ug Placebo
(n=126) (n=126) (n =126)
PEC responders®
20 min 29 (23.0) 26 (20.6) 16 (12.7)
Difference (95% Cl)° 10.3 (0.2 t0 20.5) 7.9(-2.0t017.9)
P value® .048 .13
30 min 47 (37.3) 48 (38.1) 28(22.2)
Difference (95% Cl)° 15.1(3.2t027.0) 15.9(3.9t027.8)
P value® .01 .009
45 min 72 (57.1) 68 (54.0) 36(28.6)
Difference (95% Cl)° 28.6(16.1t041.1) 25.4(12.9t037.9)
P value© <.001 <.001
60 min 92 (73.0) 85 (67.5) 47 (37.3)
Difference (95% Cl)° 35.7 (23.5t048.0) 30.2(17.6t042.7)
P value© <.001 <.001
90 min 107 (84.9) 90 (71.4) 52(41.3)
Difference (95% Cl)° 43.7 (32.2t0 55.1) 30.2(17.7 to 42.6)
P value® <.001 <.001
120 min 114 (90.5) 97 (77.0) 58 (46.0)
Difference (95% Cl)° 44.4(33.6t055.3) 31.0(18.8t043.1)
P value© <.001 <.001 Abbreviations: CGI-I, Clinical Global
CGI-I responders¢ Impressions-Improvement with
. possible scores ranging from 1 (very
30 min much improved) to 7 (very much
No./total (%) 37/125(29.6) 38/126 (30.2) 24 (19.0) worse); PEC, Positive and Negative
Difference (95% CI)P 10.6 (~0.8 t0 21.9) 11.1(-0.2 t0 22.5) Syndrome Scale-Excited Component,
. comprising 5 items with a range of 5
Pvalue 06 06 (absence of agitation) to 35
1h 89 (70.6) 75 (59.5) 37(29.4) (extremely severe).
Difference (95% CI)° 41.3(29.2t053.3) 30.2(17.7t0 42.6) 2 Defined by 40% or higher reduction
PualieE <001 <001 from the baseline score.
b
2h 109 (86.5) 88 (69.8) 48 (38.1) Difference (percentage,

Difference (95% Cl)°
P value©

4h
No./total (%)
Difference (95% Cl)°

P value®

48.4 (37.3t059.6)
<.001

103/114 (90.4)
33.8(20.3 0 47.3)
<.001

31.7 (19.3t0 44.2)
<.001

82/108 (75.9)
19.3(4.5t034.2)
.007

43/76 (56.6)

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

€ Pvalue based on a Fisher exact test.

9 Defined by a score of 1(very much
improved) or 2 (much improved).

¢ Defined by an Agitation-Calmness

Resolution of agitation® Evaluation Scale (ACES) score of 4
2h 108 (85.7) 89 (70.6) 47 (37.3) or higher. ACES is a single-item
) measure for which 1indicates
4 h, No./total (%) 101/115 (87.8) 82/108 (75.9) 43/76 (56.6) marked agitation and 9,
8 h, No./total (%) 92/123 (74.8) 74/116 (63.8) 50/118 (42.4) unarousable.
Overall acceptance® 101 (80.2) 100 (79.4) 100 (79.4) f Based on responses to 5-item scale
Flavorf that included strongly agree, agree,
- neither agree nor disagree, disagree,
Liked 82 (65.1) 75 (59.6) 80 (63.5) and strongly disagree taken
Neutralf 25(19.8) 44 (34.9) 39(31.0) 20 minutes after dosing.
Satisfied with time to dissolved 108 (87.8) 112 (90.3) 113 (93.4) & Based on yes or no responses
No unpleasant smell" 125(99.2) 125(99.2) 126 (100.0) 20 minutes after dosing.
h
No unpleasant aftertaste” 107 (84.9) 116 (92.1) 119 (94.4) Based on yes or no responses

20 minutes after dosing.

dose group, 1 of which was considered clinically meaningful, ered clinically meaningful and 1in the 120-pg dose group that
and 2 in the 120-ug dose group, both of which were consid- was considered clinically meaningful, 1 case of sinus brady-
ered clinically meaningful. Sinus bradycardia was reported for =~ cardia was reported that was considered clinically meaning-
2 patients in the 180-ug dose group, 1 of which was consid-  ful. Based on examination by an external cardiologist, 4 of 5
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Table 3. Incidence of Adverse Events Occurring in at Least 2% of Patients (Safety Population)®

Patients, No. (%)

Sublingual dexmedetomidine

180 ug 120 g Placebo
(n = 126) (n = 126) (n = 126)
Serious adverse event 0 1(0.8)° 0
Any treatment-emergent adverse event 45 (35.7) 44 (34.9) 22(17.5)
Any treatment-related adverse event® 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

2 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.

© 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.

cases of bradycardia were rated as mild and 1as moderate and
all cases of sinus bradycardia were rated as mild.

Two hours after treatment with sublingual dexmedetomi-
dine, patients in the 180-ug dose group had a mean (SD) de-
crease in SBP from baseline for 1 minute of standing of
-18.1mm 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-pg
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-pg group and 2 patients in
the 120-ug group at 30 minutes but at no other time points.

|
Discussion

In this multicenter, double-blind, randomized, clinical trial,
a single 180-pg or 120-ug 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.

JAMA February 22,2022 Volume 327, Number 8

This study involved individuals with bipolar disorder because
such patients are at elevated risk of acute agitation, during manic,
depressed, or mixed mood states, all of which were included in
this study.! For example, a European survey* 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. Amoderately 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.® When pharmacotherapy is
necessary, the goal is to calm rather than sedate!'®-2° 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.>°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
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tomoderate agitation based on their baseline PEC score, the level
of cooperation required to administer a medication sublin-

Original Investigation Research

Conclusions

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.

ARTICLE INFORMATION
Accepted for Publication: January 18, 2022.

Author Affiliations: Kansas University School of
Medicine-Wichita, Wichita (Preskorn); Department
of Psychiatry, University of California-Riverside
School of Medicine, Riverside (Zeller); Department
of Psychiatry and Behavioral Sciences, New York
Medical College, Valhalla (Citrome); Jupiter Point
Pharma Consulting, LLC, Groton, Connecticut
(Finman); Department of Psychiatry, Icahn School
of Medicine at Mount Sinai, New York, New York
(Goldberg); Massachusetts General Hospital and
Harvard Medical School, Boston (Fava); Segal Trials,
Ft Lauderdale, Florida (Kakar); BioXcel
Therapeutics, New Haven, Connecticut (De Vivo,
Yocca, Risinger).

Author Contributions: Dr Preskorn had full access
to all of the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.

Concept and design: Preskorn, Zeller, Kakar, Yocca,
Risinger.

Acquisition, analysis, or interpretation of data: All
authors.

Drdfting of the manuscript: Preskorn, Zeller, Kakar,
De Vivo, Yocca, Risinger.

Critical revision of the manuscript for important
intellectual content: All authors.

Statistical analysis: Preskorn, Zeller, Finman,
Risinger.

Obtained funding: Yocca, Risinger.

Administrative, technical, or material support:
Preskorn, Risinger.

Supervision: Preskorn, Zeller, Goldberg, De Vivo,
Yocca, Risinger.

Conflict of Interest Disclosures: Dr Preskorn
reported receiving consulting fees from BioXcel
Therapeutics Inc; receiving research grants from,
serving as a consultant for, on advisory boards of,
and on the speakers bureau of Alkermes, BioXcel
Therapeutics, Eisai, Janssen, Novartis, Otsuka,
Sunovion, and Usona Institute. Dr Zeller reported
receiving personal fees from BioXcel Therapeutics
outside the submitted work. Dr Citrome reported
receiving fees for serving as the chair of the drug
monitoring committee of BioXcel for this study;
serving as a consultant for BioXcel for work outside
this study and from AbbVie, Acadia, Alkermes,
Allergan, Angelini, Astellas, Avanir, Axsome,
Boehringer Ingelheim, Cadent Therapeutics, Eisai,
Impel, Intra-Cellular Therapies, Janssen, Karuna,
Lundbeck, Luye, Lyndra, Medavante-ProPhase,
Merck, Neurocrine, Noven, Osmotica, Otsuka, Ovid,
Relmada, Sage, Sunovion, Takeda, Teva, and the
University of Arizona; serving as a speaker for
AbbVie, Acadia, Alkermes, Allergan, Angelini, Eisai,

jama.com

Intra-Cellular Therapies, Janssen, Lundbeck,
Neurocrine, Noven, Otsuka, Sunovion, Takeda, and
Teva; participating in continuing medical education
activities organized by Medscape, the North
American Center for Continuing Medical Education,
Neuroscience Education Institute, and Vindico;
owning stocks in Bristol Myers Squibb, Eli Lilly,
Johnson & Johnson, Merck, and Pfizer; serving as
editor-in-chief of the International Journal of Clinical
Practice through 2019; serving as a reviewer for
UpToDate and Springer Healthcare; and being a
topic editor for Psychiatry, Clinical Therapeutics.

Dr Finman reported receiving personal fees from
Cognitive Research Corporation for statistical
consulting on this study and for statistical
consulting for other studies outside the submitted
work. Dr Goldberg reported serving on the
speakers bureau of Allergan, Intracellular Therapies,
and Sunovion; serving as a consultant for BioXcel,
Lundbeck, and Otsuka; receiving fees for serving on
the drug monitoring committee for this study and
serving as a consultant outside the submitted work
for BioXcel; and receiving royalties from American
Psychiatric Publishing and Cambridge University
Press. Dr Fava reported receiving research support
from Abbott Laboratories, Acadia, Alkermes,
American Cyanamid, Aspect Medical Systems,
AstraZeneca, Avanir, Axsome, Biohaven,
BioResearch, BrainCells Inc, Bristol Myers Squibb,
CeNeRx BioPharma, Cephalon, Cerecor, Clarus
Funds, Clintara, Covance, Covidien, Eli Lilly, EnVivo,
Euthymics Bioscience, Forest Pharmaceuticals,
FORUM Pharmaceuticals, Ganeden Biotech,
GlaxoSmithKline, Harvard Clinical Research
Institute, Hoffman-LaRoche, Icon Clinical Research,
i3 Innovus/Ingenix, Janssen, Jed Foundation,
Johnson & Johnson, Lichtwer Pharma GmbH,
Lorex, Lundbeck, Marinus, MedAvante, Methylation
Science, National Alliance for Research on
Schizophrenia & Depression, National Center for
Complementary and Alternative Medicine, National
Coordinating Center for Integrated Medicine,
National Institute of Drug Abuse, National Institute
of Mental Health, Neuralstem, NeuroRx Novartis
AG, Organon, Otsuka, PamLab, Pfizer,
Pharmacia-Upjohn, Pharmaceutical Research
Associates, Pharmavite, PharmoRx Therapeutics,
Photothera, Reckitt Benckiser, Roche, RCT Logic
(formerly Clinical Trials Solutions), Sanofi-Aventis
US, Shire, Solvay, Stanley Medical Research
Institute, Synthelabo, Taisho, Takeda, Tal Medical,
VistaGen, and Wyeth-Ayerst; serving on the
advisory board of or as a consultant to Abbott,
Acadia, Affectis, Alkermes, Amarin, Aspect Medical
Systems, AstraZeneca, Auspex, Avanir, Axsome
Therapeutics, Bayer, Best Practice Project
Management, Biogen, BioXcel Therapeutics,
BioMarin, Biovail, Boehringer Ingelheim, Boston

Among patients with mild to moderate agitation associated
with bipolar disorder, treatment with an investigational sub-
lingual film formulation of dexmedetomidine 180 pg or 120 pg,
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.

Pharmaceuticals, BrainCells, Bristol Myers Squibb,
CeNeRx BioPharma, Cephalon, Cerecor, CNS
Response, Compellis, Cypress Pharmaceutical,
DiagnoSearch Life Sciences, Dinippon Sumitomo,
Dov Pharmaceuticals, Edgemont Pharmaceuticals,
Eisai, Eli Lilly, EnVivo, ePharmaSolutions, EPIX
Pharmaceuticals, Euthymics Bioscience,
Fabre-Kramer Pharmaceuticals, Forest
Pharmaceuticals, FORUM Pharmaceuticals,
GenOmind, GlaxoSmithKline, Grunenthal GmbH,
Indivior, i3 Innovus/Ingenis, Intracellular, Janssen,
Jazz Pharmaceuticals, Johnson & Johnson, Knoll
Pharmaceuticals, Labopharm Inc, Lorex, Lundbeck,
Marinus, MedAvante, Merck, MSI Methylation
Sciences, Naurex, Navitor Pharmaceuticals, Nestle
Health Sciences, Neuralstem, Neuronetics,
NextWave Pharmaceuticals, Novartis, Nutrition 21,
Orexigen, Organon, Osmotica, Otsuka, Pamlab,
Pfizer, PharmaStar, Pharmavite, PharmoRx, Praxis
Precision Medicines, Precision Human
Biolaboratory, Prexa, PPD, Purdue Pharma,
Puretech Ventures, PsychoGenics, Psylin
Neurosciences, RCT Logic (formerly Clinical Trials
Solutions), Relmada Therapeutics, Rexahn
Pharmaceuticals, Ridge Diagnostics, Roche,
Sanofi-Aventis, Sensoritum, Sepracor, Servier
Laboratories, Schering-Plough, Shenox, Solvay,
Somaxon, Somerset Pharmaceuticals, Sunovion,
Supernus, Synthelabo, Taisho , Takeda, Tal Medical,
Tetragenex, Teva, TransForm Pharmaceuticals,
Transcept Pharmaceuticals, Usona Institute, Vanda,
Versant Venture Management, and VistaGen; being
a speaker for or publishing with Adamed Co,
Advanced Meeting Partners, American Psychiatric
Association, American Society of Clinical
Psychopharmacology, AstraZeneca, Belvoir Media
Group, Boehringer Ingelheim GmbH, Bristol Myers
Squibb, Cephalon, the CME Institute of the
Physicians Postgraduate Press, Eli Lilly, Forest
Pharmaceuticals, GlaxoSmithKline, Imedex,
Massachusettes General Hospital (MGH) Psychiatry
Academy/Primedia, MGH Psychiatry Academy/
Reed Elsevier, Novartis, Organon, Pfizer,
PharmaStar, United BioSource, and Wyeth-Ayerst;
having stock or equity in Compellis, PsyBrain, and
Sensorium Therapeutics; having a patent for
Sequential Parallel Comparison Design, licensed by
MGH to PPD and an application pending for a
combination of ketamine plus scopolamine in major
depressive disorder, licensed by MGH to Biohaven;
and patents for pharmacogenomics of Depression
Treatment with Folate. Dr Kakar reported being the
principal investigator for the sublingual
dexmedetomidine clinical research program and
having served as a consultant for Neurocrine
Biosciences, Alkermes, and Otsuka. Dr De Vivo
reported being an employee of and having a patent
pending with BioXcel Therapeutics. Dr Risinger

JAMA February 22,2022 Volume 327, Number 8

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a North Dakota State University User on 03/29/2023

735


http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.0799

736

Research Original Investigation

reported being an employee of BioXcel
Therapeutics and having pending patents issued to
BioXcel for sublingual dexmedetomidine. No other
disclosures were reported.

Funding/Support: This study was funded by
BioXcel Therapeutics Inc.

Role of the Funder/Sponsor: BioXcel Therapeutics
designed the trial, developed the protocol, and with
WCG Statistics Collaborative, Washington, DC,
developed the statistical analysis plan. Data
collection, site monitoring, and data management
were performed by Cognitive Research
Corporation. The sponsor had no access to the
database or randomization code until finalization of
the database. BioXcel Therapeutics reviewed the
manuscript prior to submission and funded editorial
assistance, but could not mandate revision, control
the decision where to submit the manuscript, or
prevent publication.

Data Sharing Statement: See Supplement 4.

Additional Contributions: We thank Richard S.
Perry, PharmD, Heather Robison, MMP, Christopher
Caiazza, Colin Watson, PhD, and Alix Bennett, PhD,
for their editorial assistance of in the development
of this manuscript, which was supported by BioXcel
Therapeutics. Lisa Weissfeld, PhD, WCG Statistics
Collaborative, developed the statistical analysis
plan. James Zhou, PhD, Cognitive Research
Corporation, wrote the SAS/STAT software
programming. All were compensated for their role
in this study or the preparation of the manuscript.

REFERENCES

1. Pompili M, Ducci G, Galluzzo A, Rosso G,
Palumbo C, De Berardis D. The management of
psychomotor agitation associated with
schizophrenia or bipolar disorder: a brief review. Int
J Environ Res Public Health. 2021;18(8):4368. doi:
10.3390/ijerph18084368

2. Miner JR, Klein LR, Cole JB, Driver BE, Moore JC,
Ho JD. The characteristics and prevalence of
agitation in an urban county emergency
department. Ann Emerg Med. 2018;72(4):361-370.
doi:10.1016/j.annemergmed.2018.06.001

3. Garriga M, Pacchiarotti |, Kasper S, et al.
Assessment and management of agitation in
psychiatry: expert consensus. World J Biol Psychiatry.
2016;17(2):86-128. doi:10.3109/15622975.2015.
1132007

4. Roberts J, Gracia Canales A, Blanthorn-Hazell S,
Craciun Boldeanu A, Judge D. Characterizing the
experience of agitation in patients with bipolar
disorder and schizophrenia. BMC Psychiatry. 2018;
18(1):104. doi:10.1186/512888-018-1673-3

5. Zeller SL, Citrome L. Managing agitation
associated with schizophrenia and bipolar disorder

JAMA February 22,2022 Volume 327, Number 8

Effect of Sublingual Dexmedetomidine vs Placebo on Acute Agitation in Bipolar Disorder

in the emergency setting. West J Emerg Med. 2016;
17(2):165-172. doi:10.5811/westjem.2015.12.28763

6. Holloman GH Jr, Zeller SL. Overview of project
BETA: Best Practices in Evaluation and Treatment of
Agitation. West J Emerg Med. 2012;13(1):1-2. doi:10.
5811/westjem.2011.9.6865

7. Richmond JS, Berlin JS, Fishkind AB, et al. Verbal
de-escalation of the agitated patient: consensus
statement of the American Association for
Emergency Psychiatry project BETA de-escalation
workgroup. West J Emerg Med. 2012;13(1):17-25.
doi:10.5811/westjem.2011.9.6864

8. Patel MX, Sethi FN, Barnes TR, et al. Joint BAP
NAPICU evidence-based consensus guidelines for
the clinical management of acute disturbance:
de-escalation and rapid tranquillisation.

J Psychopharmacol. 2018;32(6):601-640. doi:10.1177/
0269881118776738

9. Martinez-Raga J, Amore M, Di Sciascio G, et al.
1st International Experts’ Meeting on Agitation:
conclusions regarding the current and ideal
management paradigm of agitation. Front Psychiatry.
2018;9:54. doi:10.3389/fpsyt.2018.00054

10. Kim HK, Leonard JB, Corwell BN, Connors NJ.
Safety and efficacy of pharmacologic agents used
for rapid tranquilization of emergency department
patients with acute agitation or excited delirium.
Expert Opin Drug Saf. 2021;20(2):123-138. doi:10.
1080/14740338.2021.1865911

11. Zhou LJ, Fang XZ, Gao J, Zhangm Y, Tao LJ.
Safety and efficacy of dexmedetomidine as a
sedative agent for performing awake intubation:
ameta-analysis. Am J Ther. 2016;23(6):e1788-e1800.
doi:10.1097/MJT.0000000000000319

12. Yocca F, DeVivo M, Seth S, Sharma S.
Dexmedetomidine—highly favorable
pharmacokinetic and pharmacological features for
a CNS therapeutic drug. Poster presented: at the
58th Annual meeting of the American College of
Neuropsychopharmacology; December 8-11, 2019;
Orlando, FL.

13. Adedoyin A, Preskorn S, Lathia CD.
Pharmacokinetics of dexmedetomidine after a
single sublingual dose of BXCL501in patients with
agitation associated with schizophrenia. Poster
presented at: the 23rd Annual Conference of the
International Society for Bipolar Disorders (517);
May 13-15, 2021. Accessed May 27, 2021.

14. Sheehan DV, Lecrubier Y, Harnett Sheehan K,

et al. The validity of the Mini International
Neuropsychiatric Interview (MINI) according to the
SCID-P and its reliability. European Psychiatry. 1997;
12(5):232-241. doi:10.1016/50924-9338(97)83297-X

15. Montoya A, Valladares A, Lizdn L, San L,
Escobar R, Paz S. Validation of the Excited
Component of the Positive and Negative Syndrome

Scale (PANSS-EC) in a naturalistic sample of 278
patients with acute psychosis and agitationin a
psychiatric emergency room. Health Qual Life
Outcomes. 2011;9:18. doi:10.1186/1477-7525-9-18

16. Posner K, Brown GK, Stanley B, et al. The
Columbia-Suicide Severity Rating Scale: initial
validity and internal consistency findings from three
multisite studies with adolescents and adults. Am J
Psychiatry. 2011;168(12):1266-1277. doi:10.1176/
appi.ajp.2011.10111704

17. Preskorn S, Risinger R, Kakar R, Ereshefsky L,
Yocca F. Double-blind, placebo-controlled, single
ascending dose, study to determine the efficacy,
safety, and pharmacokinetics of a BXCL 501
(sublingual dexmedetomidine) in agitation
associated with schizophrenia or related disorders
(M72). Neuropsychopharmacology. 2019;44(1):78-
229.

18. Gueorguieva R, Krystal JH. Move over ANOVA:
progress in analyzing repeated-measures data and
its reflection in papers published in the Archives of
General Psychiatry. Arch Gen Psychiatry. 2004;61
(3):310-317. doi:10.1001/archpsyc.61.3.310

19. Battaglia J. Pharmacological management
of acute agitation. Drugs. 2005;65(9):1207-1222.
doi:10.2165/00003495-200565090-00003

20. Wilson MP, Pepper D, Currier GW,

Holloman GH Jr, Feifel D. The psychopharmacology
of agitation: consensus statement of the American
Association for Emergency Psychiatry project BETA
psychopharmacology workgroup. West J Emerg Med.
2012;13(1):26-34. doi:10.5811/westjem.2011.9.6866

21. Ward K, Citrome L. The treatment of acute
agitation associated with schizophrenia or bipolar
disorder: investigational drugs in early stages of
their clinical development, and their clinical context
and potential place in therapy. Expert Opin Investig
Drugs. 2020;29(3):245-257. doi:10.1080/
13543784.2020.1727884

22. Hankin CS, Bronstone A, Koran LM. Agitation in
the inpatient psychiatric setting: a review of clinical
presentation, burden, and treatment. J Psychiatr
Pract. 2011;17(3):170-185. doi:10.1097/01.pra.
0000398410.21374.7d

23. Bak M, Weltens I, Bervoets C, et al. The
pharmacological management of agitated and
aggressive behaviour: a systematic review and
meta-analysis. Eur Psychiatry. 2019;57:78-100. doi:
10.1016/j.eurpsy.2019.01.014

24. Roppolo LP, Morris DW, Khan F, et al. Improving
the management of acutely agitated patients in the
emergency department through implementation of
project BETA (Best Practices in the Evaluation and
Treatment of Agitation). J Am Coll Emerg Physicians
Open. 2020;1(5):898-907. doi:10.1002/emp2.12138

jama.com

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a North Dakota State University User on 03/29/2023


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.0799?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.0799
https://dx.doi.org/10.3390/ijerph18084368
https://dx.doi.org/10.1016/j.annemergmed.2018.06.001
https://dx.doi.org/10.3109/15622975.2015.1132007
https://dx.doi.org/10.3109/15622975.2015.1132007
https://dx.doi.org/10.1186/s12888-018-1673-3
https://dx.doi.org/10.5811/westjem.2015.12.28763
https://dx.doi.org/10.5811/westjem.2011.9.6865
https://dx.doi.org/10.5811/westjem.2011.9.6865
https://dx.doi.org/10.5811/westjem.2011.9.6864
https://dx.doi.org/10.1177/0269881118776738
https://dx.doi.org/10.1177/0269881118776738
https://dx.doi.org/10.3389/fpsyt.2018.00054
https://dx.doi.org/10.1080/14740338.2021.1865911
https://dx.doi.org/10.1080/14740338.2021.1865911
https://dx.doi.org/10.1097/MJT.0000000000000319
https://dx.doi.org/10.1016/S0924-9338(97)83297-X
https://dx.doi.org/10.1186/1477-7525-9-18
https://dx.doi.org/10.1176/appi.ajp.2011.10111704
https://dx.doi.org/10.1176/appi.ajp.2011.10111704
https://jamanetwork.com/journals/jama/fullarticle/10.1001/archpsyc.61.3.310?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.0799
https://dx.doi.org/10.2165/00003495-200565090-00003
https://dx.doi.org/10.5811/westjem.2011.9.6866
https://dx.doi.org/10.1080/13543784.2020.1727884
https://dx.doi.org/10.1080/13543784.2020.1727884
https://dx.doi.org/10.1097/01.pra.0000398410.21374.7d
https://dx.doi.org/10.1097/01.pra.0000398410.21374.7d
https://dx.doi.org/10.1016/j.eurpsy.2019.01.014
https://dx.doi.org/10.1002/emp2.12138
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.0799

