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Introduction: Adolescents frequently seek care in the emergency department (ED) for behavioral health 
emergencies. Due to national shortages in staffing, limited opportunities to begin treatment on site in most 
centers and, thus, the frequent default to elusive inpatient psychiatric beds as a means of stabilization, 
adolescents may spend prolonged amounts of time boarding in the ED, often without treatment. Ketamine 
is a rapid-acting antidepressant with emerging evidence in adults, but data are limited on its effectiveness 
in suicidal youth. We aimed to evaluate the effectiveness of a single dose of intravenous (IV) ketamine on 
depression and suicidality scores compared to placebo in adolescents with treatment-resistant depression 
presenting to the ED with suicidal ideation.

Methods: We conducted a two-arm randomized double-blind placebo controlled trial on a convenience 
sample of adolescents 12–17 years of age with treatment-resistant depression (trialed at least two 
antidepressants for at least four weeks each) who presented to the ED with suicidal ideation requiring 
psychiatric admission. Exclusion criteria included psychosis, substance abuse disorder, intoxication, 
developmental delay, aggressive behavior, and medical contraindications to ketamine. Subjects were 
randomized to receive a single dose of ketamine (0.2 mg/kg IV, maximum 35 mg) or saline placebo over 
two minutes. They completed the Beck Youth Inventory (BYI) and Suicidal Ideation Questionnaire (SIQ) at 
baseline and at 1 hour, 3 hours, 1 day, 3 days, and 7 days post-treatment. We compared groups with the 
Fisher exact and two-sided rank-sum tests. Our primary outcome measure was the proportion of subjects 
with a reduction of ≥ 50% on the BYI and SIQ within 3 hours after treatment.

Results: The 29 subjects (14 placebo, 15 ketamine) did not differ significantly in demographic and clinical 
characteristics. Despite reductions in BYI and SIQ in both groups, the proportions achieving ≥ 50% 
reductions did not differ significantly at 1 hour (SIQ: placebo, 0% vs ketamine 14.3 % [P = .48]; BYI Anxiety 
Inventory: placebo, 0% vs ketamine 21.4% [P = .22]; BYI Depression Inventory: placebo, 0% vs ketamine 
15.4% [P = .22]). Differences at 3 hours were less pronounced. Adverse effects were more frequent in 
the ketamine group, most notably signs of dissociation (7% vs 60%, P = .004), with none after the 1-hour 
observation period.

Conclusion: The ED offers an opportunity to deliver rapid-acting antidepressant treatment for suicidal 
adolescents. Although low-dose ketamine was not associated with greater reductions in depression or 
suicidality than placebo, this study demonstrated feasibility and highlights the need for larger studies 
to determine optimal ketamine dosing, route of administration, and implementation strategies in the ED 
setting. [West J Emerg Med. 2026;XX(X)XXX–XXX.]
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Population Health Research Capsule

What do we already know about this issue?
ED boarding is common for suicidal 
adolescents with limited treatment; ketamine 
shows rapid antidepressant effects in adults, 
but pediatric data are limited.

What was the research question?
Does intravenous (IV) ketamine reduce 
depression and suicidality compared to 
placebo in suicidal adolescents with treatment 
resistant depression in the ED?

What was the major finding of the study? 
A single dose of IV ketamine did not 
significantly decrease depression or suicidality 
compared to placebo within 3 hours in 
depressed adolescents in the ED.

How does this improve population health?
The ED offers an opportunity to deliver rapid-
acting antidepressant treatment for suicidal 
adolescents, which could lower the strain on 
EDs and inpatient psychiatry units.

INTRODUCTION
In the United States, an estimated 3.7 million children and 

adolescents (14.7%) experience depression.1 Adolescents with 
depression are more likely to face mental health challenges in 
adulthood, as well as have poor academic performance, higher 
risk of unemployment, and increased susceptibility to 
substance abuse. The severity of illness has been increasing 
over the past 20 years, leading to suicide being the second 
leading cause of death in the U.S. among individuals 10–24 
years of age.2 Moreover, about one-fourth of adolescents 
report having considered committing suicide over the prior 
year.3 The national youth mental health crisis was further 
exacerbated by the COVID-19 pandemic, when adolescents 
faced school closures, isolation, fear of illness, and decreased 
access to care.2

The emergency department (ED) often serves as a 
recommended primary destination for patients facing a 
behavioral health  emergency, leading to a significant increase 
in ED use.4 Burstein et al reported a doubling of ED visits 
among youth for suicidal ideation and suicide attempts from 
2007–2015.5 Yard et al compared adolescent ED visits for 
suicide attempts before the pandemic to after the onset of the 
pandemic, and described a 31% increase in 2020 compared to 
2019, and a 39% increase in 2021 compared to 2019, with a 
more pronounced increase among females.6 As EDs continue 
to receive a growing volume of behavioral health emergencies, 
there remains a critical need for timely, EDbased interventions 
for imminently suicidal adolescents. While multiple systemic 
factors can contribute to prolonged ED length of stay 
(“boarding”), a central challenge is the limited availability of 
rapid, targeted treatments for acute suicidality in the 
emergency setting. Current ED management of suicidal 
patients focuses on safety assessment, observation, and 
disposition planning, rather than targeted treatment of suicidal 
ideation. Because the ED is often the only unavoidable access 
point for youth, developing effective acute treatments has the 
potential to reduce symptom severity during the ED stay and 
improve the care trajectory for these patients.

Unfortunately, severe youth depression is often refractory 
to current first-line treatments, including psychotherapy and 
pharmacotherapy with selective serotonin reuptake inhibitors 
(SSRI). There are only two SSRIs approved by the U,S. Food 
and Drug Administration for depression in youth, and roughly 
40% of adolescents with depression fail to respond to initial 
treatment.7 Even among those who respond to medications, 
onset of antidepressant effect often takes several weeks. 
Ketamine, a rapid-acting N-methyl-D-aspartate receptor 
antagonist, has emerged as a promising intervention for rapid 
reduction of depressive symptoms and suicidal ideation. 
Ketamine acts by increasing the activity of glutamate, an 
excitatory neurotransmitter, in the frontal cortex. Ketamine 
also increases brain-derived neurotrophic factor, which 
stimulates synaptogenesis.8 Numerous studies over the past 20 

years have demonstrated that ketamine at subdissociative 
doses has rapid and sustained antidepressant and antisuicidal 
effects in adults with mood disorders.9-13 

There have been limited studies on ketamine use for 
depression in adolescents, but they did find ketamine to be 
safe and effective for reducing depression and suicidality.14-23 
While there is extensive data on the safety and efficacy of 
ketamine for procedural sedation and analgesia in adult and 
pediatric EDs,24 there is limited research on its use for mental 
health indications in this setting. Although ketamine 0.2 mg/
kg intravenous (IV) reduces symptoms of depression and 
suicidality in the adult ED setting,25-28 no data exist on the 
effectiveness of ketamine for acute depression and suicidal 
ideation in the pediatric ED setting. Therefore, we sought to 
evaluate the efficacy and safety of ketamine in adolescents 
with acute suicidal ideation. We hypothesized that among 
adolescents with treatment-resistant depression presenting to 
the ED with suicidal ideation, a significantly greater 
proportion would have reductions of ≥ 50% on both the Beck 
Youth Inventory Questionnaire (BYI) and the Suicidal 
Ideation Questionnaire (SIQ/SIQ Jr)—measures of depression 
and suicidality, respectively—within three hours after a single 
subdissociative dose of ketamine 0.2 mg/kg IV than after 
placebo.
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METHODS
Study Design

We conducted a two-arm, prospective, randomized 
double-blinded, placebo-controlled trial comparing ketamine 
to normal saline placebo. The study followed the Consolidated 
Standards of Reporting Trials (CONSORT) guidelines and 
was approved by the institutional review board of the 
University of California, San Diego (UCSD) and Rady 
Children’s Hospital Research.29 The study was registered 
under clinicaltrials.gov ID NCT05217706 and was exempt 
from an investigational new drug application.

Study Setting and Population
Rady Children’s Hospital San Diego, an academic 

medical center affiliated with UCSD, serves as the region’s 
sole tertiary children’s hospital. The 63-bed pediatric ED has 
approximately 100,000 annual visits, 15% of which are by 
adolescents and 4% with behavioral health complaints. All 
patients with behavioral health complaints undergo evaluation 
by an emergency physician and social worker. They also 
complete a Patient Health Questionnaire-9 (PHQ-9), which 
consists of nine items to measure the severity of depression at 
a given time point. Scores 5-9 indicate mild depression, 10-14 
moderate depression, 15-19 moderately severe depression, and 
≥ 20 indicates severe depression.

Subject Enrollment
Adolescents 12–17 years of age were eligible to 

participate in the study if they presented to the ED with a chief 
complaint of suicidal ideation or suicide attempt, had  
treatment-resistant depression, and required inpatient 
psychiatric care on the basis of involuntary hold or parental 
voluntary admission. Treatment-resistant depression was 
defined as having trialed two antidepressant medications for at 
least four weeks each without improvement.30 Exclusion 
criteria included the following: non-English speaking; history 
of a primary psychotic disorder; current psychotic episode; no 
parent/guardian to provide consent; a history of substance use 
disorder in the prior six months; acute intoxication; homicidal 
ideation or aggressive behavior; current use of medication that 
could interact with ketamine due to its effect on N-methyl-D-
aspartate receptors (lithium, lamotrigine, dextromethorphan, 
methadone); autism spectrum disorder; developmental delay 
or intellectual disability; uncontrolled hypertension or 
hemodynamically significant cardiovascular disease (coronary 
artery disease, heart failure); pregnancy or breastfeeding; and 
allergy or prior adverse reaction to ketamine. All subjects 
continued their current medications throughout the trial. 

	 Eligible patients were identified from the ED 
electronic tracking board and chart review. Research team 
members approached eligible patients and their families, 
explained the study, and obtained written consent from the 
parent/guardian and assent from the adolescent. If the parent/

guardian was not present, he/she could provide verbal consent 
by phone and written consent electronically. Participants were 
then randomized to receive placebo or ketamine by the 
investigational drug pharmacist. The patient, family members, 
care team, and research team were blinded to group allocation.

Measures
Depression and suicidality were measured using the BYI 

and SIQ (or SIQ–Junior, as appropriate). The BYI is a self-
report scale to assess symptoms of depression, with five 
subscales: Depression Inventory; Anxiety Inventory (BAI-Y); 
Self-Concept Inventory (BSCI-Y); Anger Inventory; and 
Disruptive Inventory. Total scores range from 0–100 with 
scores > 69 associated with severe depression.31 A higher 
self-concept score is associated with lower risk of depression. 
The SIQ is a validated self-report measure to assess severity 
and frequency of suicidal thoughts. It consists of 30 items and 
is appropriate for students in grades 10–12. Scores range from 
0–120, with scores > 41 associated with increased risk of 
suicide attempt in the following six months. The SIQ–JR 
consists of 15 items and is designed for students in grades 
7–9. Scores range from 0–60, with scores > 31 associated with 
increased risk of suicide attempt in the following six months.32 

These measures were selected because they were self-
administered and did not require trained mental health 
professionals for completion. The BYI and SIQ were done at 
baseline and at 1 hour, 3 hours, 1 day, 3 days, and 7 days after 
treatment. Our primary outcome was the occurrence of 
reductions of ≥ 50% in both the BYI and SIQ/SIQ–JR at three 
hours after treatment. We recorded the occurrence of 
reductions of ≥ 50% in the scores at all other time points, as 
consistent with other studies on depression.21,23 To assess 
active suicidality, we also included a written yes/no question 
to the SIQ at all time points. If the subject was in the ED or 
our inpatient psychiatric facility, the questionnaires were 
completed in person. If the subject was transferred or 
discharged, contact was made via telephone by a member of 
the research team to complete the questionnaire. Participants 
were compensated with a $20 gift card after study completion.

Study Procedures
The investigational drug services pharmacy provided 

either ketamine 0.2 mg/kg (minimum 10 mg, maximum 35 
mg) or normal saline in a volume-matched syringe, based 
upon a predetermined randomization scheme known only to 
the pharmacy staff. We chose the ketamine dose based on the 
effectiveness of 0.2 mg/kg in adult ED patients.25-28 A sedation-
credentialed emergency physician ordered the study drug 
(titled “investigational ketamine or placebo,” and a nurse 
administered the medication over two minutes with a study 
team member present. The nurse monitored subjects, 
recording heart rate, respiratory rate, blood pressure and 
oxyhemoglobin saturation at baseline and at five minutes and 
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one hour after administration. Adverse events were monitored 
by the enrolling member of the study team (physician or 
medical student) and managed by the patient’s treating 
physician. After the one-hour monitoring period, the subjects 
resumed standard ED and psychiatric care. Standard care in 
our ED of suicidal patients included close monitoring by a 
behavioral health assistant outside the room with the patient 
door open and frequent reassessments by nursing. The 
patient’s nurse and emergency physician verified all home 
medications. There was also a social worker assessment every 
12 hours and consultation with a psychiatrist for patients who 
were in the ED over 24 hours. Patients did not receive 
psychotherapy or initiate new psychotropic medications while 
in the ED.

Sample Size	
We calculated our sample size based on the precision of 

the measured effect size; 15 per group would allow us to 
demonstrate a difference in proportions achieving adequate 
response (≥ 50% reduction from baseline) of 0.6 between 
groups (12/15 in ketamine group versus 3/15 in placebo 
group), with a 95% confidence interval of 0.24–0.78.21

Statistical Analyses
We summarized demographic characteristics of the study 

population using descriptive statistics. We conducted 
subanalyses of response rates and scores on high-severity 
subsets with baseline SIQ scores > 41 or SIQ–JR scores > 31 
and baseline Beck Depression Inventory scores > 29. We 
omitted from analyses specific time points in which any 
subjects had missing values. We analyzed data using STATA 
18 (StataCorp LLC, College Station, TX) and compared 
ketamine and placebo groups using the Fisher exact test for 
categorical data and the Wilcoxon rank-sum test for 
continuous data.

RESULTS
During the study enrollment period from March 2022–

December 2023, we screened 1,228 patients 12–17 years of 
age who presented to the ED with any behavioral chief 
complaint (CONSORT diagram, Figure 1). Of the 74 eligible 
patients, 16 were not approached due to patient sleeping or 
inadequate staffing, and 28 declined enrollment. The most 
common reasons for declining included parental concerns 
regarding insufficient data on ketamine in adolescents and 
adolescents’ refusal of IV placement. Of the 30 patients 
enrolled, 15 (50%) were randomized to the control group, and 
15 (50%) were randomized to the intervention group. One 
participant in the placebo group did not meet the definition of 
treatment-resistant depression and was removed from analysis. 
Twelve subjects completed all study procedures and all 
scheduled questionnaires. The remainder had ≥ 1 missing BIY 
or SIQ score during the 7-day follow-up period after 

discharge. Of the enrolled subjects, 21 were transferred to 
inpatient psychiatric facilities, 6 were admitted to our crisis 
stabilization unit for 1-2 days, and 2 were discharged from the 
ED after crisis stabilization. There was no significant 
difference in disposition between the two groups. Median ED 
length of stay was two days.

Approximately two-thirds of enrollees were female, and 
one-fourth identified as non-binary (Table 1). This sex 
distribution was like that of all suicidal patients in the ED 
during the study period, which was 66% female. 
Approximately three-fourths of enrollees were White, and 
one-third were Hispanic. During the study period, about half 
of all suicidal patients in the ED were White and one-fourth 
were Hispanic. While all subjects had  treatment-resistant 
depression, they often had comorbid psychiatric diagnoses, 
 most commonly anxiety (66%). All subjects reported having 
trialed SSRIs. Subjects who received ketamine were 
significantly more likely to be currently taking aripiprazole (P 
= .03) and multiple medications (P = .05) than controls. There 
were no significant differences in median PHQ-9 scores, 
baseline BYI and SIQ scores between groups. Although not 
statistically significant, subjects who received ketamine were 
two times more likely to have a severe baseline PHQ-9 score 
than in the control group. There were no significant 
differences in medical comorbidities, which included type 1 
diabetes mellitus, severe eczema, abnormal uterine bleeding, 
asthma, celiac disease, and migraines.

There were decreases from baseline in BDI-Y, BAI-Y, and 
SIQ scores and increases in BSCI-Y scores in both groups 
(Figures 2 and 3). However, none represented statistically 
significant differences between groups. Seven subjects of 15 in 
the ketamine group (47%) and four (29%) of the 14 in the 

Figure 1. Consolidated Standards of Reporting Trials diagram 
depicting study enrollment for a randomized controlled trial 
comparing low-dose ketamine to placebo for adolescents presenting 
to the emergency department with suicidal ideation. This diagram 
outlines patient screening, enrollment, randomization, allocation, and 
follow-up.
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Table 1. Baseline demographic and clinical characteristics of participants randomized to low-dose ketamine or placebo in a randomized 
controlled trial of adolescents presenting to the emergency department with suicidal ideation.

  Placebo group (n = 14) Ketamine group (n = 15) P
Gender Identity, n (%)     .13
	 Female
 	 Transgender male
 	 Nonbinary
 	 Male

8 (57.1)
1 (7.1)

5 (35.7)
0 (0)

10 (66.7)
0 (0)

2 (13.3)
3 (20.0)

Age, yr., median (IQR) 15 (14, 16) 16 (15, 16) .36
Ethnicity, Hispanic, n (%)
Race, n (%)

 
6 (42.9) 3 (20.0)

.24
1.00

	 White
 	 Asian

11 (78.6)
1 (7.1)

12 (80.0)
2 (13.3)

 	 Mixed
	 Declined to answer

1 (7.1)
1 (7.1)

1 (6.7)
0 (0)

Chronic health issues*  4 (28.6) 1 (6.7) .17
Mental health diagnoses, n (%)
 	 Anxiety
 	 Other1

 	 ADHD
 	 Eating disorder
 Trial medications, n (%)
	 SSRI
	 SNRI	 Other
 Current medications, n (%)
	 Aripiprazole
	 Fluoxetine
	 Escitalopram
	 Multiple
 Other
	 None
 Baseline scores, median (IQR)
	 PHQ-9
 	 SIQ
 	 BSCI-Y
	 BAI-Y
	 BDI-Y
Disposition, n (%) 

       Transferred to inpatient psychiatric facility
       Admitted crisis stabilization unit 1-2 days
       Discharged after crisis
       Admitted to crisis stabilization unit for 1-2 days 

10 (71.4)
4 (28.6)
3 (21.4)
2 (14.3)

14 (100)
5 (35.7)
1 (7.1)
1 (7.1)

3 (21.4)
4 (28.6)
2 (14.3)
7 (70.0)

0 (0)

18 (16-23)
120 (75-138)
21.5 (19-25)
32 (30-41)
42 (33-44)

11 (78.6)
3 (21.4)

0

9 (60.0)
9 (60.0)
4 (26.7)
6 (40.0)

15 (100)
1 (6.7)

8 (53.3)
8 (53.3)
4 (26.7)
5 (33.3)
8 (53.3)
6 (40.0)
2 (13.3)

22 (18-24)
129 (88-144)

20 (13-30)
38 (30-43)

40.5 (34-52)

10 (66.7)
3 (20.0)
2 (13.3)

 
.70
.14

1.00
.22

.07

.02

.02
1.00
1.00
.05
.72
.48

.32.53
.71
.43

1.00
.57

* Placebo patients: 1 with severe eczema; 1 with abnormal uterine bleeding; 1 with asthma, celiac, endometriosis; and 1 with migraines. 
One ketamine patient had type 1 diabetes. 
1 Other includes post-traumatic stress disorder (placebo group: 2, ketamine group: 3), obsessive-compulsive disorder (placebo group: 
0, ketamine group: 2), personality disorder (placebo group: 1, ketamine group: 1), oppositional defiant disorder (placebo group: 1, 
ketamine group: 1).
ADHD, attention-deficit/hyperactivity disorder; BAI-Y, Beck Anxiety Inventory; BDI-Y, Beck Depression Inventory; BSCI-Y, Beck Self-
Concept Inventory; IQR, interquartile range; PHQ-9, Patient Health Questionnaire-9; SSRI, selective serotonin reuptake inhibitor; SNRI, 
serotonin-norepinephrine reuptake inhibitor; SIQ, Suicidal Ideation Questionnaire; yr, years.

placebo group had ≥ 50% reduction in score on at least one 
follow-up measurement. However, there was no statistically 
significant difference in the proportions with ≥ 50% reduction 
in scores (Table 2). The ketamine group included all four 
patients who experienced score reduction of ≥ 50% within 

three hours, which occurred in various combinations: 1 SIQ 
only (1); 1 BDI and BAI (1); BDI, BAI, and BSCI (1); and 
SIQ, BDI, and BAI (1). Of the seven subjects in the ketamine 
group with score reductions at any timepoints, four were 
within 1 hour, 1 within 1 day, and 2 within 3 days; 6 of 7 had 



Western Journal of Emergency Medicine	 6	 Articles in Press

IV Ketamine for Depressed and Suicidal Adolescents in the ED	 Vayngortin et al.

sustained decrease at 7 days. Of the four subjects with score 
reductions in the placebo group, three were within 1 day and 
were sustained for 7 days, and 1 was at 7 days. Presence of 
active suicidality, elicited from 21 (72.4%) of subjects, did not 
significantly differ between groups at any time points.

	 Vital sign changes after administration of treatment 
differed little between groups, with only a significant 
difference in heart rate change in the ketamine group at five 
minutes compared to the placebo group ( P = .004) (Table 3). 
All vital signs were normal at one hour. Self-reported adverse 
effects were more common in the ketamine group than the 
control group (P < .001) (Table 4). Nine (60%) in the 
ketamine group reported sensations compatible with 
ketamine’s known dissociative effect and reported feeling 
“weird” or “out of it” compared to one in the placebo group 
(7%, P = .004). Dizziness occurred in five participants (33%) 
in the ketamine group compared to none in the placebo group 
(P = .03). One subject in the ketamine group experienced a 
serious adverse event, consisting of altered mental status and 
abnormal jerking movements. She was treated with one dose 
of lorazepam by the clinical care team. There were no vital 
sign changes during this event, and the team documented a 
suspected psychogenic non-epileptic event. None of the 
patients required physical or chemical restraints while in the 
ED. No self-reported effects persisted beyond the one-hour 
observation period.

DISCUSSION
This is the first study, to our knowledge, to examine the 

use of ketamine for depression and suicidal ideation in 
adolescents in the pediatric ED setting. There were decreases 
from baseline in BDI-Y, BAI-Y, and SIQ scores and increases 
in BSCI-Y scores in both groups (Figures 2 and 3). However, 
none represented statistically significant differences between 
groups. Patients who received a placebo also experienced 

Figure 2. Percentage change in Suicidal Ideation Questionnaire 
(SIQ) scores among adolescents receiving low-dose ketamine vs 
placebo in the emergency department. The figure depicts mean 
percentage change from baseline SIQ scores at each assessment 
point, with error bars representing standard error (n = number of 
subjects).
SIQ, Suicidal Ideation Questionnaire.

Figure 3. Percentage change in Beck Inventory Sub-Scores 
among adolescents receiving low-dose ketamine vs placebo in 
the emergency department. The figure depicts mean percentage 
change from baseline Beck Inventory scores at each assessment 
point, with error bars representing standard error.
Top: Beck Self-Concept Inventory (BSCI-Y); Middle: Beck 
Depression Inventory (BDI-Y); Bottom: Beck Anxiety Inventory 
(BAI-Y).

improvement in scores, likely due to support from staff and 
follow-up psychiatric care.

Most patients did not experience serious adverse effects. 
The most common adverse effects reported by subjects 
receiving ketamine were consistent with mild dissociative 
symptoms. While dissociation may be psychologically 
distressing, especially if patients are unprepared, it may be 
important to ketamine’s effectiveness for depression. 
Luckenbaugh et al found that the dissociative effect of 
ketamine is correlated to its antidepressant properties.33 This 
may be due to ketamine’s disruption of the “default mode 
network,” a group of structures in the brain that controls one’s 
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sense of self, ego, and repetitive thinking, and plays a role in 
depression. It is important for clinicians to be aware of this 
dissociative effect and to reassure patients that it is transient 
and expected.

Prior studies conducted in inpatient and outpatient 
psychiatric settings typically reported a dosing protocol with 
an infusion of 0.5 mg/kg IV given over 40 minutes.9-13 

However, three studies in adult ED settings (two randomized 
controlled trials [RCT] and one open label) demonstrated that 
a single dose of ketamine 0.2 mg/kg IV given over 2-5 
minutes provided rapid and transient relief of depressive 
symptoms and suicidality within hours.25-27 In the RCT by 
Domany et al, 88% of the ketamine group had resolved 

Table 2. Number of adolescents demonstrating a significant 
reduction in suicidal ideation after receiving low-dose ketamine vs 
placebo in the emergency department at various time points.

  Placebo group Ketamine group 
P 

value
Reduction by > 
50% in SIQ 
	 1 hour 
	 3 hours
	 1 day 
	 3 days 
	 7 days 

0/14 (0)
0/111 (0)

1/14 (7.1) 
2/14 (14.3)
2/122 (16.7)

2/141 (14.3)
2/141 (14.3)
2/142 (14.3)
3/132 (23.1)
2/142 (14.3)

.48

.49
1.00
.65

1.00

Reduction by > 
50% in BAI-Y
	 1 hour 
	 3 hours 
	 1 day 
	 3 days 
	 7 days

0/14 (0)
0/111 (0)
0/14 (0)

1/14 (7.1)
1/122 (8.3)

3/141 (21.4)
0/141 (0)

2/142 (14.3)
0/122 (0)

1/132,3 (7.7)

 
.22
-

.48
1.00
1.00

Reduction by > 
50% in BDI-Y 
	 1 hour 
	 3 hours
	 1 day 
	 3 days 
	 7 days 

0/14 (0)
0/111 (0)

2/14 (14.3)
1/14 (7.1)
1/122 (8.3)

2/131 (15.4)
0/131 (0)

2/132 (15.4)
3/122 (25)

2/122,3 (16.7)

.22
-

1.00
.31

1.00

Active suicidality4

       Baseline
	 1 hour 
	 3 hours
	 1 day 
	 3 days 
	 7 days 

7/12 (63.7)
6/12 (50.0)
1/9 (11.1)

3/10 (30.0)
2/12 (16.7)
1/12 (8.3)

5/7 (71.4)
2/8 (25.0)
2/7 (28.6)
5/8 (62.5)
1/6 (16.7)
1/7 (14.3)

1.00
.37
.55
.34

1.00
1.00

Data are given as n/N (%).
1 Data missing for patients who were sleeping
2 Data missing for patients who were unable to be reached.
3 One patient completed the Suicidal Ideation Questionnaire but 
not the Beck Depression Inventory at day 7.
4 Data collected for 9 ketamine and 12 placebo patients.
BAI-Y, Beck Anxiety Inventory; BDI-Y, Beck Depression Inventory; 
SIQ, Suicidal Ideation Questionnaire.

suicidal ideation within 90 minutes of infusion.25 We selected a 
low dose of ketamine at 0.2 mg/kg IV given over 2 minutes 
based on these studies and our institutional sedation protocol. 
Additionally, this dosing regimen was more feasible than a 
40-minute infusion in the fast-paced ED setting.

Similar dosing was previously reported in an RCT in 
adolescents by Zhou et al, although repeated doses of 0.25 mg/
kg were able to be used because the study took place in an 
inpatient setting.22 An RCT by Dwyer et al comparing 0.5 mg/
kg IV ketamine to midazolam,21 and an open-label study by 
Cullen et al using 0.5 mg/kg IV ketamine both demonstrated 
reduction in depression scores in adolescents.23 While these 
studies and our study included patients with treatment-
resistant depression who had already trialed at least 1–2 
antidepressants, Lineham et al examined predictors of 
ketamine response in adolescents with depression and found 
that subjects who had fewer medication trials were more likely 
to respond to ketamine.34 Further studies are needed to 
determine the optimal dosing, frequency, and route of 
ketamine for adolescents, as well as to identify which patients 
are more likely to respond.

Another important aspect contributing to the effectiveness 
of ketamine and other psychedelics is the concept of “set and 
setting.” Set refers to the patient’s mindset and emotional state 
prior to treatment, and setting refers to the environment in 
which treatment occurs.35 Qualitative studies have found that 
set and setting were influential to the ketamine experience, and 
that a safe, calm, supportive environment is vital.36,37 Patients 
have reported feelings of awe, connectedness, altered 
perception of time and space, physical sensations, and ego 
dissolution. This may be distressing if patients are not 
properly counseled and prepared. While we did follow a script 
on counseling patients on expected effects, it is challenging to 
create a calm environment in an often chaotic ED. Studies on 
Emergency Psychiatric Assessment, Treatment, and Healing 
(EmPATH) units have shown that a designated calm, clinical 
space for patients experiencing behavioral health crisis can 
decrease boarding times and need for inpatient psychiatric 
hospitalization.38-40 Although creating such an environment 
within a traditionally chaotic ED can be challenging, future 
studies may evaluate pragmatic strategies such as noise-
canceling headphones, music, or eye masks to reduce sensory 
overload, or assess ketamine administration within EmPATH 
units to determine whether environmental modification further 
improve treatment response and patient-centered outcomes.

LIMITATIONS
The study had several limitations. Our sample size, based 

on an assumption of 50% reduction in scores, limited our 
ability to detect smaller differences. Larger trials powered to 
detect smaller effect sizes may reveal clinically important 
reductions in measures of depression and suicidal ideation. 
Because the study was conducted at a single site, a busy urban 
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children’s hospital, our results may not be generalizable to all 
settings. There were more females than males enrolled, 
mirroring the gender distribution of suicidal patients seen in 
our ED. Due to the high volume of the ED, staffing limitations 
as well as bed availability created occasional challenges with 
enrollment. Members of the study team recruited patients 
when available, including during business hours and while on 
clinical shifts. Patients with behavioral health complaints often 
presented to the ED at night, and missed enrollments could 
have led to selection bias. However, many eligible patients 
remained in the ED and were available for recruitment in the 
morning. We also omitted scheduled study procedures when 
enrollees were sleeping during night shifts. Although missing 
data decreased the study’s power to detect differences, we 
prioritized patient comfort and avoided the confounding that 
could have resulted from the completion of study instruments 
by subjects awakened overnight. 

We chose the most restrictive definition of treatment-
resistant depression (trialed two anti-depressants) based on 
prior literature, which limited our eligible patients. However, 
this entry criterion was selected for patients with the highest 

severity of depression and who needed treatment most. Study 
instruments were only available in English, which excluded 
non-English speaking patients. We decided to use self-
administered scales to facilitate data collection in the busy ED 
setting. Use of the SIQ was a major limitation, because it 
asked how subjects felt over the past 30 days, aiming to 
capture subjectivity of their sense of the last month rather than 
capturing how they felt at that moment. Thus, this scale may 
have been less useful for dynamic changes during the ED stay. 

While we used validated instruments, they were not 
originally designed to capture hour-to-hour changes in mood 
and suicidal ideation. This may have limited the ability to 
detect short-term changes during the ED stay, and this should 
be considered when interpreting the results. Although the 
study was blinded, due to the self-reported physiologic effects 
of ketamine, both subjects and clinicians could have suspected 
which substance the subject had received. Subjects were 
followed for seven days, and some were lost to follow-up. 
Responses to BYI and SIQ at any time after the one hour 
monitored period may have been influenced by external 
factors other than the study agent, such as psychiatric care and 
hospital or home environment. Longer studies are needed to 
determine the duration of the effects of ketamine.

CONCLUSION
Despite its effectiveness in the treatment of acute 

depression and suicidality in the adult ED setting, we found no 
significant differences in depression and suicidality scores 
between adolescent ED patients receiving a single dose of 0.2 
mg/kg IV ketamine and those receiving placebo. Larger 
studies may reveal a clinically useful effect size and determine 
an optimal route and dosing for effectiveness of ketamine 
treatment in adolescents in the ED setting. If future research 
demonstrates its ability to lessen acute symptoms of 
adolescent depression and suicidality in the ED setting, 
ketamine could impact the adolescent mental health crisis by 

Table 3. Median vital sign changes among adolescents receiving low-dose ketamine versus placebo in the emergency department.

  Placebo (median, IQR) Ketamine (median, IQR) P value
Baseline
	 Heart Rate (bpm)
	 Systolic blood pressure (mm Hg)
	 Diastolic blood pressure (mm Hg)
5-minute vitals change
	 Heart Rate (bpm)
	 Systolic blood pressure (mm Hg)
	 Diastolic blood pressure (mm Hg)
1-hour vitals change
	 Heart Rate (bpm)
	 Systolic blood pressure (mm Hg)
	 Diastolic blood pressure (mm Hg)

 
78 (72-92)

115 (104-123)
66 (59-74)

5 (-7, 0)
0.5 (-10, 6)
0 (-2, 4.5)

5.5 (-3, 7)
-2.5 (-4, 7)
1.5 (-2, 8)

 
76.5 (65-83)

117 (110-126)
64.5 (58-66)

5 (-1, 8)
5.5 (1, 11)
8 (0, 16)

2 (1, 4)
-2 (-5, 4)
-1 (-7, 6)

.35

.45

.25

.004
.14
.09

.68

.64

.31
bpm, beats per minute; IQR, interquartile range.

Table 4. Self-reported adverse effects among suicidal 
adolescents receiving low-dose ketamine vs placebo in the 
emergency department.

  Placebo Ketamine P value
Adverse effects, n (%)
None
Dissociation
Drowsiness
Dizziness
Nausea/Vomiting
Other1

 
10 (71.4)
1 (7.1)
2 (14.3) 
0 (0)
1 (7.1)
1 (7.1)

 
1 (6.7)
9 (60.0) 
4 (26.7)
5 (33.3)
5 (33.3)
6 (40.0)

 
< .001
.004
.65
.03
.10
.80

1Other effects include nystagmus, visual hallucinations, headache, 
and anxiety.
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lowering the strain on EDs and inpatient psychiatry units.

ACKNOWLEDGMENTS
The authors would like to express gratitude to Scott 

Herskovitz, MD; Michael Gardiner, MD; Elise Zimmerman, 
MD; and Rady Children’s Hospital research assistants for 
screening patients for enrollment.

Address for Correspondence: Tatyana Vayngortin, MD, Rady 
Children’s Hospital San Diego, Department of Pediatrics, 3020 
Children’s Way, MC 5075, San Diego, CA 92123. Email: 
tvayngortin@health.ucsd.edu.

Conflicts of Interest: By the WestJEM article submission 
agreement, all authors are required to disclose all affiliations, 
funding sources and financial or management relationships that 
could be perceived as potential sources of bias. No author has 
professional or financial relationships with any companies that 
are relevant to this study. This study was funded by the UCSD 
Academy of Clinician Scholars $10,000 grant. There are no other 
conflicts of interest or sources of funding to declare.

Copyright: © 2026 Vayngortin et al. This is an open access article 
distributed in accordance with the terms of the Creative Commons 
Attribution (CC BY 4.0) License. See: http://creativecommons.org/
licenses/by/4.0/

REFERENCES
1.	 Substance Abuse and Mental Health Services Administration. Key 

Substance Use and Mental Health Indicators in the United States: 
results from the 2021 National Survey on Drug Use and Health (HHS 
Publication No. PEP22-07-01-005, NSDUH Series H-57). 2022. 
Available at: https://www.samhsa.gov/data/sites/default/files/reports/
rpt39443/2021NSDUHFFRRev010323.pdf. Accessed October 14, 
2024.

2.	 Hill RM, Rufino K, Kurian S, et al. Suicide ideation and attempts in a 
pediatric emergency department before and during COVID-19. 
Pediatrics. 2021;147(3):e2020029280.

3.	 Gaylor EM, Krause KH, Welder LE, et al. Suicidal thoughts and 
behaviors among high school students—youth risk behavior survey, 
United States, 2021. Morb Mortal Wkly Rep Suppl. 2023;72(1):45-54.

4.	 Cutler GJ, Rodean J, Zima BT, et al. Trends in pediatric emergency 
department visits for mental health conditions and disposition by 
presence of a psychiatric unit. Acad Pediatr. 2019;19(8):948-955.

5.	 Burstein B, Agostino H, Greenfield B. Suicidal attempts and ideation 
among children and adolescents in US emergency departments, 
2007-2015. JAMA Pediatrics. 2019;173(6):598-600.

6.	 Yard E, Radhakrishnan L, Ballesteros MF, et al. Emergency 
department visits for suspected suicide attempts among persons 
aged 12-25 years before and during the COVID-19 pandemic - 
United States, January 2019-May 2021. Morb Mortal Wkly Rep. 
2021;70(24):888-894.

7.	 Kennard BD, Silva SG, Tonev S, et al. Remission and recovery in the 
Treatment for Adolescents with Depression Study (TADS): acute and 
long-term outcomes. J Am Acad Child Adolesc Psychiatry. 
2009;48(2):186-195.

8.	 Abdallah CG, Adams TG, Kelmendi B, et al. Ketamine’s mechanism 
of action: a path to rapid-acting antidepressants. Depress Anxiety. 
2016;33(8):689-697.

9.	 Nikolin S, Rodgers A, Schwaab A, et al. Ketamine for the treatment of 
major depression: a systematic review and meta-analysis. 
EClinicalMedicine. 2023;62:102127.

10.	 Marcantoni WS, Akoumba BS, Wassef M, et al. A systematic review 
and meta-analysis of the efficacy of intravenous ketamine infusion for 
treatment resistant depression: January 2009 - January 2019. J 
Affect Disord. 2020;277:831-841.

11.	 Nunez NA, Joseph B, Kumar R, et al. An update on the efficacy of 
single and serial intravenous ketamine infusions and esketamine for 
bipolar depression: a systematic review and meta-analysis. Brain Sci. 
2023;13(12):1672.

12.	 Wilkinson ST, Ballard ED, Bloch MH, et al. The effect of a single dose 
of intravenous ketamine on suicidal ideation: a systematic review and 
individual participant data meta-analysis. Am J Psychiatry. 
2018;175(2):150-158.

13.	 Abbar M, Demattei C, El-Hage W, et al. Ketamine for the acute 
treatment of severe suicidal ideation: double blind, randomised 
placebo controlled trial. BMJ. 2022;376:e067194.

14.	 Amerio A, Venturini E, Capanna M, et al. Exploring the effects of 
pharmacological treatments on suicidality in children and 
adolescents: a structured review of the literature and narrative 
synthesis. EClinicalMedicine. 2026;91:103748.

15.	 Magalhães IPA, Lopes DN, Amato I, et al. Ketamine for major 
depression in adolescents: a systematic review and meta-analysis of 
efficacy and safety. Int Rev Psychiatry. 2025;37(6-7);731-740.

16.	 Fountoulakis KN, Tatsiopoulou P, Saitis A, et al. Ketamine/esketamine 
treatment for resistant depression in children and adolescents: a PRISMA 
systematic review. Eur Child Adolesc Psychiatry. 2026;35,385-395.

17.	 Kim S, Rush BS, Rice TR. A systematic review of therapeutic 
ketamine use in children and adolescents with treatment-resistant 
mood disorders. Eur Child Adolesc Psychiatry. 2021;30:1485-1501.

18.	 Hughes B, Mirza S, Ponamala M, et al. Exploring the therapeutic 
potential of ketamine and psilocybin in comparison to current 
treatment regimens for treatment-resistant depression, mood 
disorders, and post-traumatic stress disorder in the pediatric 
population: a narrative review. Cureus. 2025;17(8):e90425.

19.	 Pardossi S, Fagiolini A, Scheggi S, et al. A systematic review on 
ketamine and esketamine for treatment-resistant depression and 
suicidality in adolescents: a new hope? Children (Basel). 
2024;11(7):801.

20.	 Bruton A, Wesemann DG, Machingo TA, et al. Ketamine for mood 
disorders, anxiety, and suicidality in children and adolescents: a 
systematic review. Eur Child Adolesc Psychiatry. 2025;34(1):141-157.

21.	 Dwyer JB, Landeros-Weisenberger A, Johnson JA, et al. Efficacy of 



Western Journal of Emergency Medicine	 10	 Articles in Press

IV Ketamine for Depressed and Suicidal Adolescents in the ED	 Vayngortin et al.

intravenous ketamine in adolescent treatment-resistant depression: a 
randomized midazolam-controlled trial. Am J Psychiatry. 
2021;178(4):352-362.

22.	 Zhou Y, Lan X, Wang C, et al. Effect of repeated intravenous 
esketamine on adolescents with major depressive disorder and 
suicidal ideation: a randomized active-placebo-controlled trial. J Am 
Acad Child Adolesc Psychiatry. 2024;63(5):507-518.

23.	 Cullen KR, Amatya P, Roback MG, et al. Intravenous ketamine for 
adolescents with treatment-resistant depression: an open-label study. 
J Child Adolesc Psychopharmacol. 2018;28(7):437-444.

24.	 Mistry RB, Nahata MC. Ketamine for conscious sedation in pediatric 
emergency care. Pharmacotherapy. 2005;25(8):1104-1111.

25.	 Domany Y, Shelton RC, McCullumsmith CB. Ketamine for acute 
suicidal ideation. An emergency department intervention: a 
randomized, double-blind, placebo-controlled, proof-of-concept trial. 
Depress Anxiety. 2020;37(3):224-233.

26.	 Kashani P, Yousefian S, Amini A, et al. The effect of intravenous 
ketamine in suicidal ideation of emergency department patients. 
Emerg (Tehran). 2014;2(1):36-39.

27.	 Burger J, Capobianco M, Lovern R, et al. A double-blinded, 
randomized, placebo-controlled sub-dissociative dose ketamine pilot 
study in the treatment of acute depression and suicidality in a military 
emergency department setting. Mil Med. 2016;181(10):1195-1199.

28.	 Maguire L, Bullard T, Papa L. Ketamine for acute suicidality in the 
emergency department: a systematic review. Am J Emerg Med. 
2021;43:54-58.

29.	 Hopewell S, Chan AW, Collins GS, et al. CONSORT 2025 statement: 
updated guideline for reporting randomized trials. BMJ. 
2025;389:e081123.

30.	 Ng CH, Kato T, Han C, et al. Definition of treatment-resistant depression 
- Asia Pacific perspectives. J Affect Disord. 2019;245:626-636.

31.	 Measure profile: Beck Youth Inventories. 2012. Available at: https://
www.corc.uk.net/outcome-measures-guidance/directory-of-outcome-
measures/beck-youth-inventory-byi/. Accessed Aug 28, 2024. 

32.	 Reynolds WM. Suicidal Ideation Questionnaire: Professional Manual. 
Lutz, FL: Psychological Assessment Resources; 1988.

33.	 Luckenbaugh DA, Niciu MJ, Ionescu DF, et al.. Do the dissociative 
side effects of ketamine mediate its antidepressant effects? J Affect 
Disord. 2014;159:56-61.

34.	 Lineham A, Avila-Quintero VJ, Bloch MH, et al. Exploring predictors 
of ketamine response in adolescent treatment-resistant depression. J 
Child Adolesc Psychopharmacol. 2024;34(2):73-79.

35.	 Hartogsohn I. Constructing drug effects: a history of set and setting. 
Drug Sci Policy Law. 2017;3:1-17.

36.	 Mollaahmetoglu O, Keeler J, Ashbullby K, et al. “This is something 
that changed my life”: a qualitative study of patients’ experiences in a 
clinical trial of ketamine treatment for alcohol use disorders. Front 
Psychiatry. 2021;12:695335.

37.	 Griffiths C, Walker K, Reid I, et al. A qualitative study of patients’ 
experience of ketamine treatment for depression: the ‘ketamine and 
me’ project. J Affect Disord Rep. 2021;4:100079.

38.	 Kim AK, Vakkalanka JP, Van Heukelom P, et al. Emergency 
psychiatric assessment, treatment, and healing (EmPATH) unit 
decreases hospital admission for patients presenting with suicidal 
ideation in rural America. Acad Emerg Med. 2022;29(2):142-149.

39.	 Parwani V, Tinloy B, Ulrich A, et al. Opening of psychiatric 
observation unit eases boarding crisis. Acad Emerg Med. 
2018;25(4):456-460.

40.	 Zeller S, Calma N, Stone A. Effect of a regional dedicated psychiatric 
emergency service on boarding and hospitalization of psychiatric 
patients in area emergency departments. West J Emerg Med. 
2014;15(1):1-6.




