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Abstract

Objective: Electroconvulsive therapy (ECT) is the most effective acute treatment for depression, but its use in younger

patients is rare and heavily regulated in many U.S. states. It is unclear whether age modifies treatment response or tolerability

in adolescents, transitional age youth, and young adults. We examined the effects of ECT on depression and cognition in

patients aged 16–30 years.

Methods: A retrospective cohort study of patients aged 16–30 years receiving ECT between 2011 and 2020 who were

evaluated with the Quick Inventory of Depressive Symptomatology (QIDS), the Behavior and Symptom Identification Scale-

24 (BASIS-24), and the Montreal Cognitive Assessment (MoCA) at baseline and following treatment #10.

Results: Among the 424 patients who met the inclusion criteria, ECT was associated with a decrease in depression symptoms

(DQIDS -6.7; Kruskal–Wallis rank sum test; v2 = 293.37; df = 2; p < 0.0001) and improvement in overall self-reported mental

health status (DBASIS-24 - 0.70; Kruskal–Wallis rank sum test; v2 = 258.5; df = 2; p < 0.0001) during the first 10 treatments,

with a slight reduction in cognition as measured by the MoCA (DMoCA -1.1; Kruskal–Wallis rank sum test; v2 = 33.7; df = 1;

p < 0.0001). Age was not a significant predictor of QIDS, BASIS-24, or MoCA changes.

Conclusions: Among 424 patients aged 16–30 years receiving acute course ECT, age was not a significant predictor of

improvement in depression, change in overall self-reported mental health status, or change in cognition. These results support

the utility of ECT in the treatment of adolescents and young adults.
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Introduction

Timely identification and intervention for adolescent

depression is of extreme importance, given the morbidity as-

sociated with delays in diagnosis and treatment (Lewandowski et al.

2013). In particular, early-onset depression often extends into

adulthood and is associated with high rates of disability, impairment,

and suicidality (Zisook et al. 2007). Furthermore, despite the high

prevalence of adolescent depression, currently available pharmaco-

logical interventions are limited to only two Food and Drug Ad-

ministration (FDA)-approved selective serotonin reuptake inhibitor

medications. Many adolescents with depression go through off-label

trials of multiple antidepressant medications, but the treatment of

resistant depression in adolescents randomized controlled trial of

antidepressant switch plus cognitive behavioral therapy found that

just 54.8% of patients responded to even combined medication and

psychotherapy treatment at 12 weeks, leaving a sizable portion of the

population with residual symptoms and dysfunctions (Brent et al.

2008). While there are no reports of suicides directly caused by

antidepressant medications, the FDA Black Box warning contains

statements of increased risk of suicidal thoughts and behavior in

children, adolescents, and young adults treated with antidepressants,

which often poses challenges in treatment decisions (Cousins and

Goodyer 2015). In addition, adolescents with depression are prone to

activation and manic switches associated with medication inter-

ventions compared with older patients (Baumer et al. 2006; Joseph

et al. 2008). As such, there is a clear need for alternative methods of

treatment for depression in young people.

Since its introduction in 1938, electroconvulsive therapy (ECT)

has been the most effective treatment for affective disorders,
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achieving remission in more than 50% of patients with unipolar or

bipolar illness (Dierckx et al. 2012; Bahji et al. 2019). ECT has a

long history of use in young people, with publications dating back

to 1941 for its use in a 3-year-old with epilepsy (Hemphill and

Walter 1941). By 1943, the first case series of 40 pediatric patients

aged 5–19 years was published in Paris demonstrating particular

efficacy in melancholia and mania (Heuyer and Bour 1943), and a

1947 report of 98 children aged 12 years or younger receiving daily

ECT for ‘‘childhood schizophrenia’’ demonstrated modest im-

provement in symptoms in two thirds of the patients, without evi-

dence of cognitive dysfunction (Bender 1947).

Despite this early favorable literature, the use of ECT in young

people has remained uncommon, and indeed, the 1947 report re-

mains the largest case series of pediatric ECT (Rey and Walter

1997). A 1980 estimate suggested that only 500 patients aged 11–

20 years were treated annually in the United States (Thompson and

Blaine 1987), and a recent analysis of ECT treatments in the United

States found that <1% of patients were younger than 18 years

(Luccarelli et al. 2020a). Adolescent access to ECT is curtailed by

laws in 21 U.S. states (Livingston et al. 2018): for instance, ECT is

banned in all patients younger than 18 years in Ohio, and younger

than 16 years in Colorado and Texas with no exemptions permitted.

In Idaho, Illinois, Kansas, Missouri, and Utah, a court order is

required for ECT in patients aged <18 years, even if the patient and

family consent to treatment. Other states (California, Colorado,

Illinois, Louisiana, Massachusetts, Michigan, Mississippi, New

York, Tennessee, and Virginia) require approval of the State or of

multiple independent physicians before treatment can be initiated

in youth. In contrast, no state bans ECT for patients older than 18

years, and clinical treatment guidelines for patients older than 18

years do not generally differ in recommendations based on the age

of the adult (Committ and Weiner 2001; Weiss et al. 2019).

Some authors have hypothesized that transitional age youth

(TAY), generally defined as the those between the ages of 18 and

24–26 years, have social and neurobiological differences from

adolescents and older adults (Giedd 2008; Wilens and Rosenbaum

2013). As a result, this population may also have a differential

response to ECT. Given these regulatory and possible biological

differences among younger patients, a comprehensive study of

treatments among patients of different ages could guide treatment

referrals and regulations. This study explores whether age modu-

lates the effectiveness and cognitive effects of ECT among patients

aged 16–30 years using the largest retrospective sample of these

patients reported to date.

Methods

Population and setting

This was a single-center retrospective cohort study of patients

aged 16–30 years who received ECT during the study period of

May 2011 through June 2020. Patients were excluded if they lacked

baseline symptom data. If a patient received more than one ECT

course during the study period, only data from the earliest course

were included. Patients were followed for the first 10 treatments,

representing a typical acute course. This retrospective cohort study

was approved by the Partners Healthcare Institutional Review

Board with a waiver of informed consent.

Scales and measurements

As part of routine clinical care, patients receiving ECT are

tracked using multiple self-reported scales. These include the

Quick Inventory of Depressive Symptomatology–Self-Report 16

item scale (QIDS) (Rush et al. 2003), a measure of depressive

symptoms; the Behavior and Symptom Identification Scale-24

(BASIS-24) (Eisen et al. 2006), a measure of overall self-reported

mental health status; and the Montreal Cognitive Assessment

(MoCA) (Nasreddine et al. 2005), a cognitive screening test.

Measurements were obtained before the first treatment and re-

peated following the 5th and 10th treatments for the BASIS-24 and

QIDS and following the 10th treatment for the MoCA. To reduce

practice effects for the MoCA, alternative versions were given for

the initial and follow-up assessment (Costa et al. 2012). Demo-

graphic information was extracted from the BASIS-24, and diag-

nosis at the time of first treatment was determined from the

patient’s records. Sample membership was not limited on the basis

of diagnosis, and patients with major depressive disorder, bipolar

disorder in any phase (manic, mixed, or depressed), or any other

psychiatric diagnosis (including schizophrenia, schizoaffective

disorder, and catatonia) were included.

Treatment procedure

All patients received ECT using a Mecta Spectrum 5000Q

(Tualatin, OR), with individualized seizure threshold determina-

tion at the time of first treatment, as previously reported (Luccarelli

et al. 2020b, 2021a). Subsequent supra-threshold treatments were

given at a default frequency of three times weekly, with dose and

electrode placement modified by the treating psychiatrist based on

clinical judgment (Luccarelli et al. 2021b, 2021c). Methohexital

was the default anesthetic agent, but etomidate, propofol, or keta-

mine could be used at the discretion of the treating psychiatrist or

anesthesiologist. Succinylcholine was used as the muscle relaxant

for all patients.

Statistical analysis

Patients were excluded from the primary analysis if they lacked

follow-up QIDS results following treatment 10 – 2. Comparisons

between the included and excluded groups were made using two-

sided t tests for continuous variables and chi-square tests for

categorical variables. The change in QIDS, BASIS-24, or MoCA

between baseline and treatment #10 was calculated using the

Kruskal–Wallis rank sum test. For the primary analysis, the QIDS,

BASIS-24, or MoCA following treatment #10 was analyzed using

linear regression, with the baseline value for the scale, age, male

sex, diagnosis (major depressive disorder, bipolar affective dis-

order, other), and initial treatment location (inpatient vs. outpa-

tient) as descriptor variables. Analysis was completed using R

(v 4; Vienna, Austria).

Results

A total of 662 patients aged 16–30 years were treated during the

study period, of whom 424 met the inclusion criteria (Table 1);

patients who were excluded were similar in baseline demographics

and symptom severity with those who met the inclusion criteria

(Supplementary Table S1). Among the 424 included patients, 23

(5.4%) were adolescents, 263 (62.0%) were TAY, and 138 (32.5%)

were adults. Demographically, women made up 55.7% of the

sample. The majority of patients (86.8%) self-identified as white,

and 4.2% self-identified as Latino/Latina, although information

about Hispanic ethnicity was not answered by 51.9% of patients.

Diagnostically, the majority of patients (294; 63.9%) were diag-

nosed with major depressive disorder, whereas bipolar disorder
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(87; 20.5%) and other (43; 10.1%) made up the rest of the sample.

Approximately two thirds (271; 63.9%) began ECT as inpatients,

whereas the rest were outpatients at the time of the first treatment.

Right unilateral electrode placement (411; 95.5%) and ultrabrief

pulse width (405; 95.5%) were used for the majority of patients

with the rest receiving bilateral or brief pulse treatments.

At baseline, the mean QIDS score was 17.0 – 4.9, representing

severe depressive symptom burden. Following treatment #5, this

reduced to 11.8 – 5.4, with a further reduction to 10.3 – 5.3 after

treatment #10 (Kruskal–Wallis rank sum test; v2 = 293.37; df = 2;

p < 0.0001), representing continued mild-to-moderate symptoms

(Fig. 1, top). In a multivariable linear model of QIDS score at

treatment #10, regressing on the baseline QIDS, age, sex, diagnosis,

and initial treatment location, only baseline symptom severity was

significantly associated with treatment #10 QIDS (estimate 0.48;

95% confidence interval [CI] 0.38–0.58; p < 0.001). No other

Table 1. Baseline Characteristics of the Cohort

Characteristic n (%)

N 424
Age (mean – SD), years 23.4 – 3.9
Age distribution, years

16–17 23 (5.4)
18–25 263 (62.0)
26–30 138 (32.5)

Sex
Female 236 (55.7)
Male 188 (44.3)

Race
White 368 (86.8)
Native American 3 (0.7)
Asian 28 (6.6)
Black 12 (2.8)
Pacific Islander 0 (0.0)
Other 7 (1.7)
Unknown 6 (1.4)

Ethnicity
Latino/Latina 18 (4.2)
Not Latino/Latina 220 (51.9)
Unknown 186 (43.9)

Employment in past 30 days
Full time 42 (9.9)
Part-time 45 (10.6)
None 269 (63.4)
Unknown 68 (16.0)

Student (yes) 203 (47.9)
On disability (yes) 77 (18.2)
Education

8th Grade or less 1 (0.2)
Some high school 36 (8.5)
High school graduate or equivalent 59 (13.9)
Some college 202 (47.6)
4 Year college graduate 83 (19.6)
Postcollege education 43 (10.1)
Number missing 0 (0.0)

Subjective physical health
Very poor 4 (0.9)
Poor 55 (13.0)
Good 226 (53.3)
Very good 106 (25.0)
Excellent 33 (7.8)
Number missing 0 (0.0)

Location where initially receiving ECT
Inpatient 271 (63.9)
Outpatient 146 (34.4)
Number missing 7 (1.7)

Clinical diagnosis
MDD 294 (69.3)
BPAD 87 (20.5)
Other 43 (10.1)

ECT electrode placement
Unilateral 411 (96.9)
Bilateral 13 (3.1)

ECT pulse width
Ultrabrief pulse (<0.5 ms) 405 (95.5)
Brief pulse (0.5–1 ms) 19 (4.5)

Baseline QIDS (mean – SD) 17.0 – 4.9
Baseline BASIS-24 (mean – SD) 2.00 – 0.57
Baseline MoCA (mean – SD) 26.7 – 2.6

BASIS-24, Behavior and Symptom Identification Scale-24; BPAD,
bipolar affective disorder; ECT, electroconvulsive therapy; MDD, major
depressive disorder; MoCA, Montreal Cognitive Assessment; QIDS,
Quick Inventory of Depressive Symptomatology; SD, standard deviation.

FIG. 1. Box plot of QIDS (top), BASIS-24 (middle), and MoCA
(bottom) scores between treatment #1 and treatment #10. BASIS-
24, Behavior and Symptom Identification Scale-24; MoCA,
Montreal Cognitive Assessment; QIDS, Quick Inventory of De-
pressive Symptomatology.
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variables were significantly associated (Table 2). A scatter plot of

change in QIDS score between treatments #1 and #10 versus patient

age illustrates the lack of univariate association between patient age

and treatment response (Fig. 2, top).

Baseline BASIS-24 for the sample was 2.00 – 0.57, reducing to

1.48 – 0.63 after treatment #5 and further reducing to 1.30 – 0.60

after treatment #10 (Kruskal–Wallis rank sum test; v2 = 258.5;

df = 2; p < 0.0001; Fig. 1, middle). In a multivariable linear model

of BASIS-24 score at treatment #10, regressing on the baseline

BASIS-24, age, sex, diagnosis, and initial treatment location, only

baseline BASIS-24 score was significantly associated with the

follow-up score (estimate 0.48; 95% CI 0.39–0.57; p < 0.001). No

other variables were significantly associated (Supplementary

Table S2). A scatter plot of change in BASIS-24 score between

treatments #1 and #10 versus patient age illustrates the lack of

univariate association between patient age and treatment response

(Fig. 2, middle).

Baseline MoCA for the sample was 26.7 – 2.6, with a reduction

to 25.6 – 3.0 after treatment #10 (Kruskal–Wallis rank sum test;

v2 = 33.7; df = 1; p < 0.0001; Fig. 1, bottom). In a multivariable

linear model of MoCA score at treatment #10, regressing on the

baseline MoCA, age, sex, diagnosis, and initial treatment location,

only baseline MoCA score was significantly associated with

follow-up MoCA (estimate 0.6; 95% CI 0.5–0.71; p < 0.001); no

other variables were significantly associated (Table 3). A scatter

plot of change in MoCA score between treatments #1 and #10

versus patient age illustrates the lack of univariate association be-

tween patient age and treatment response (Fig. 2, bottom).

Discussion

In this large single-center sample of 424 adolescents, TAY, and

young adults aged 16–30 years receiving 10 ECT treatments, pa-

tients had an improvement in depression symptoms from severe

range to mild-to-moderate range. This was accompanied by an

improvement in overall self-reported mental health on the BASIS-

24, and a mean MoCA reduction of one point. Age was not a

significant predictor of improvement in depression, change in

overall self-reported mental health status, or change in cognition.

ECT has been demonstrated to be an effective treatment for

depressive symptoms across the age range, with one study finding

equal response for patients aged 18–45, 46–64, and 65+ years

(Socci et al. 2018). In younger patients specifically, a prior analysis

of treatment response on the BASIS-24 in 190 adolescents and

TAY over the first 5 ECT treatments likewise found improvements

over the first five treatments, an effect modulated by the presence or

absence of baseline substance use disorder (Benson et al. 2019).

This is consistent with prior smaller case series (Ghaziuddin et al.

2012; Puffer et al. 2016; Karayagmurlu et al. 2020) and present

American practice guidelines (Ghaziuddin et al. 2004), which

confirm the utility and overall tolerability of ECT in young people.

Our study is the first to look specifically at the potential modulating

effect of age among younger patients and finds no such effect on

efficacy.

Table 2. Linear Regression of Quick Inventory

of Depressive Symptomatology (QIDS) Score

at Treatment #10, on the Baseline QIDS, Sex, Age,

Diagnosis, and Initial Treatment Location

Predictor Estimate CI p

Baseline QIDS 0.48 0.38 to 0.58 <0.001
Sex (male) -0.77 -1.73 to 0.19 0.113
Age 0.01 -0.11 to 0.13 0.823
Diagnosis

MDD 0.55 -1.03 to 2.13 0.494
BPAD -0.17 -1.94 to 1.60 0.848

Location (outpatient) 0.64 -0.33 to 1.60 0.194

Bold values are significant at a threshold of p < 0.05.
BPAD, bipolar affective disorder; CI, confidence interval; MDD, major

depressive disorder; QIDS, Quick Inventory of Depressive Symptomatology.

FIG. 2. Scatter plot of change in QIDS (top), BASIS-24 (middle),
and MoCA (bottom) scores between treatment #1 and treatment
#10 versus the age of the patient. BASIS-24, Behavior and Symptom
Identification Scale-24; MoCA, Montreal Cognitive Assessment;
QIDS, Quick Inventory of Depressive Symptomatology.
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In addition to efficacy, our study tracks cognitive outcomes of

acute course ECT and again found that age did not modulate changes

in MoCA. The MoCA has been studied specifically in ECT and has

been found to be more sensitive than the Mini-Mental State Ex-

amination for detecting subtle cognitive impairments (Moirand et al.

2018). Our results indicate an*1 point reduction in the mean MoCA

score over the first 10 treatments of ECT. Of note, as the ECT in this

study was given three times weekly, with the MoCA administered

immediately before the 10th treatment, on average patients were

tested 48, or at most 72 hours, after their previous treatment. Sys-

tematic study of ECT neurocognitive effects find that most delete-

rious effects last up to 3 days (Semkovska and McLoughlin 2010;

Landry et al. 2020), so it is possible that these negative MoCA

changes would be reduced or eliminated with a longer follow-up

interval, and indeed, multiple case series of adolescent patients tested

months to years after ECT have demonstrated no adverse cognitive

changes (Cohen et al. 2000; Ghaziuddin et al. 2000; de la Serna et al.

2011). Moreover, the observed change of 1.1 points is below the

minimal clinically important difference in MoCA that has been

calculated in adult stroke patients of 1.22–2.15 (Tan et al. 2017; Wu

et al. 2019), although the magnitude of clinically noticeable change

has not been studied in younger patients. Notably, despite their

young age patients at baseline had lower MoCA scores than the

general population (Nasreddine et al. 2005), an effect may be related

to cognitive impairment from depression (Vieira et al. 2021).

Limitations

As this is a retrospective observational study without control

group, we are unable to explore the potential responsiveness of this

sample to alternative treatment options or no treatment at all.

Moreover, as ECT patients remained under the care of their primary

psychopharmacologist, we are unable to assess the effects of pos-

sible concurrent medications or medication changes. Additionally,

our study assessed diagnosis based on self-reported patient mea-

sures as well as primary clinical diagnosis, which may hinder

comparisons to studies using structured clinical interviews but

better represents ordinary clinical practices. Furthermore, patients

were excluded from the cohort if baseline and follow-up survey

responses were not complete, resulting in the exclusion of 36% of

patients treated during the study period. While these excluded pa-

tients did not differ significantly from included patients in most

baseline demographics, patients who were unable to complete these

metric due to increased symptom burden or physical or cognitive

limitations may have been excluded at a greater rate, potentially

hindering analysis of those patients with the most severe illness.

Reassuringly, in a large sample of 1793 patients of all ages initially

receiving right unilateral ultrabrief pulse ECT at our study site,

33.1% discontinued ECT by treatment #10, a rate similar to ob-

served in this sample (Luccarelli et al. 2021b). Moreover, our

sample predominantly (96.9%) utilized right unilateral electrode

placement at treatment #1, and we are unable to consistently track

changes in electrode placement during treatment, so we are unable

to assess for a possible difference in efficacy or side effects of

unilateral or bilateral treatments, or to assess if these may differ

based on age. This is likewise true for pulse width, as most initial

treatments utilized ultrabrief pulse stimuli and we likewise are

unable to assess for pulse width changes during the acute course.

Prior studies of ECT administration in the United States have

highlighted disparities in ECT utilization (Williams et al. 2017;

Luccarelli et al. 2020a), with white patients being treated at far

higher rates than patients of other races. This disparity is likewise

present in our predominantly white and non-Hispanic sample, and

so generalizability of the findings to other sociodemographic

populations is unclear. Furthermore, the QIDS is primarily a metric

of depression symptoms, and its use in patients with alternative

diagnoses (e.g., bipolar manic state or primary psychotic illness) is

less studied, although this limitation is not present for the BASIS-

24 results. Likewise as cognitive outcomes are assessed only

following treatment #10, we are unable to assess the long-term

cognitive impacts of ECT and whether these differ by age. As our

sample was limited to patients completing a first course of ECT, we

cannot assess for possible cumulative cognitive effects that could

occur with repeated treatment courses.

Conclusions

In conclusion, among 424 adolescents, TAY, and young adults

aged 16–30 years receiving acute course ECT, treatment is associ-

ated with improved depression symptoms and overall self-reported

mental health with a slight negative effect on cognition that is likely

below the minimally clinically important change as measured by the

MoCA. Age did not modulate effectiveness or cognitive effects of

treatment. These results do not support the notion that ECT in ado-

lescents is less effective or less safe than in young adults, and call into

question the different regulatory treatment of ECT among patients

aged 16–30 years. Treatment of adolescent depression with ECT

may provide an effective and alternative approach to mitigating the

adverse consequences associated with early-onset depression.

Clinical Significance

This is the largest retrospective cohort of adolescents, TAY, and

young adults receiving ECT yet reported. Among 424 patients aged

16–30 years, ECT treatment is associated with improved depres-

sion symptoms and overall self-reported mental health. Treatment

was associated with a slight negative effect on cognition that is

likely below the minimally clinically important change as mea-

sured by the MoCA. Age itself did not modulate any of these

treatment effects. These results do not support the notion that ECT

in adolescents is less effective or less safe than in young adults, and

call into question the different regulatory treatment of ECT among

patients aged 16–30 years.
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