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Objective: Few studies on electroconvulsive therapy (ECT) investigate
efficacy and safety on depressive adolescents with strong suicidal ideation.
Our study examined adolescents (aged 13—18 years) with major depressive
disorder to explore ECT effectiveness in improving suicidal ideation and
depressive symptoms, as well as its impact on cognitive function.
Methods: This nonrandomized controlled trial enrolled 183 adolescent
patients suffering from major depressive disorder. The ECT group (n = 81)
was treated with antidepressants and 8 rounds of ECT for 2 weeks. The con-
trol group comprised 79 patients treated with antidepressants only. Depres-
sive symptoms, suicidal ideation, and cognitive functions were assessed at
baseline (pre-ECT) and at 2 and 6 weeks post-ECT.

Results: The ECT group showed significant improvements over control in
suicidal ideation from the end of treatment to 6 weeks after (P < 0.001). De-
pressive symptoms also improved (P < 0.001). Patients treated with ECT
demonstrated poorer performance in delayed memory, attention, and lan-
guage, but these impairments were transient. Thus, ECT was generally safe
in adolescent patients with major depressive disorder.

Conclusions: Our findings verified ECT as effective and safe for im-
proving suicidal ideation and depressive symptoms of adolescent patients
with major depressive disorder. In addition, partially impaired cognitive
function recovered gradually after ECT.
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dolescent suicide is a global mental health concern. The World
Health Organization found that suicide is the third leading
cause of death among adolescents aged 15 to 18 years.'! The major-
ity of adolescents with suicidal ideation and suicidal behavior ap-
pear to have major depressive disorder (MDD).>* In China, the
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prevalence of depressive disorders and suicide rates among adoles-
cents are increasing annually.*> A survey showed that the preva-
lence of suicidal ideation among adolescents with depression was
38.2% (625/1635) in China. Moreover, the emergence of suicidal
behavior is among the most common reasons for initiating antide-
pressants in adolescents with MDD.” If left untreated, preadolescent
depressive disorders are likely to persist into adulthood and even
progressively worsen. However, antidepressant efficacy has been
unfavorable for suicidal ideation, as some patients with MDD com-
mit suicide before the medication takes effect.®

For adults with MDD who exhibit severe suicidal ideation
and self-injury attempts, electroconvulsive therapy (ECT) is the
treatment of choice. Its advantages include rapid onset and effi-
cacy, and numerous studies have demonstrated improvement to
depressive disorders with ECT*!® and rapidly relief of suicidal in-
tent."! However, the treatment has some risks, including tempo-
rary and reversible damage to cognitive function.'>!* Memory
impairment is the most prominent adverse effect,'* and some pa-
tients have impaired memory for over 1 year.!> Controversy re-
mains regarding whether ECT produces long-term cognitive dam-
age,'® although most studies show that patients treated with ECT
recover from cognitive impairment after a short period.'”!8

In China, ECT can be applied to individuals from 13 to
70 years old, based on a comprehensive assessment of physical
condition by clinical psychiatrists.'® However, ECT use for ado-
lescent patients in China faces challenges because parents are of-
ten concerned about the procedure's safety. Potential cognitive im-
pairment is one of the major reasons why patients or their families
refuse ECT.? Currently, few controlled studies are available on
adolescent patients with strong suicidal ideation. Typically, effi-
cacy and safety analyses of ECT for adolescents are often con-
founded by multiple psychiatric diagnoses.?' Moreover, sample
size is small, limiting the conclusions that can be drawn.*? There-
fore, our study aimed to observe ECT efficacy in adolescents with
only depressive disorder to evaluate potential effects on their cog-
nitive function.

METHODS

Participants

The study recruited 169 inpatients between December 2017
and September 2021 from Beijing Huilongguan Hospital. All pa-
tients met the following inclusion criteria: complete electronic
medical records, 13 to 18 years old, diagnosed with MDD based
on the Diagnostic and Statistical Manual of Mental Disorders,
Fifih Edition, score 217 in the 17-item Hamilton Depression
Scale (HAMD-17), and score 212 in the Self-rating Idea of Sui-
cide Scale (SIOSS) (26 items). Patients were excluded if they
had organic brain disorder or history of seizure or met the criteria
for any other Diagnostic and Statistical Manual of Mental Disor-
ders, Fifth Edition mental disorders.

This nonrandomized controlled study began with 183 adoles-
cents, separated into 95 patients in the ECT group and 88 patients in
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the control group. Nine patients in the ECT group stopped treat-
ment halfway (1 patient developed a skin allergy from the oxygen
mask, 1 patient refused treatment because of headaches, 7 patients
were against advice discharge), whereas 5 patients dropped out dur-
ing post-ECT follow-up because of personal reasons (for 3 of the
patients, we were unable to reach them after calling several times;
1 patient changed their phone number and it became an empty
number; 1 patient did not give a clear reason, but refused to be
followed up face-to-face). Among controls, personal reasons (3
patients were dissatisfied with the efficacy and refused to follow
up; 5 patients could not be reached after repeated calls; 1 patient
was seen in another hospital because of the COVID-19 pandemic
and refused to follow up) led to 9 patients dropping out. The fi-
nal study thus involved 81 patients in the ECT group and 79 in
the control group.

The study design was approved by the ethics committee of
Beijing Huilongguan Hospital. Legal guardians and all partici-
pants gave written informed consent.

Treatment Process and ECT Intervention

Both groups were routinely treated with antidepressants, spe-
cifically selective serotonin reuptake inhibitors (eg, fluoxetine, ser-
traline, escitalopram oxalate, and fluvoxamine). Drug doses were
converted into fluoxetine equivalent dosage.>> Dosage was within
the range of 10 to 30 mg fluoxetine equivalent, in line with routine
therapy.

In addition to conventional antidepressants, the ECT group
was treated with 8 rounds of ECT for 2 weeks. During the first
week, ECT was applied daily, 5 times in succession; during the
second week, ECT was applied 3 times every other day.>* An an-
esthesiologist performed physical evaluations before ECT. Propofol
(1 mg/kg) and succinylcholine (0.5 mg/kg) were given for anesthe-
sia and muscle relaxation, respectively. A mask airbag was used for
artificial respiration. The intensity of ECTwas determined based on
two-thirds of patients' age.® After observing limb fasciculations,
electrodes were placed on the bilateral temporal lobes, using a
MECTA spectrum M5000Q (MECTA Corp, Tualatin, Oregon).
The ECT parameters were as follows: maximum charge delivered,
504 mC; output current, 0.9 A; frequency, 10 to 70 Hz; pulse
width, 1.0 ms; maximum stimulus duration, 8 seconds.2® After
each ECT session, the patient was brought to the resuscitation
room for close monitoring of adverse reactions, such as dizziness,
headache, salivation, nausea, and vomiting.

Assessment

Primary Outcomes

Suicide ideation and depressive symptoms: Treatment re-
sponse was assessed by experienced psychiatrists using SIOSS
and HAMD-17.

Secondary Outcomes

Cognitive function: The Repeatable Battery for the Assess-
ment of Neuropsychological Status (RBANS) was used to measure
cognitive function.?” This questionnaire is a brief neurocognitive
test routinely used in clinical settings to provide measures of atten-
tion, memory, language, and visuospatial/constructional skills.

Before study initiation, 2 psychiatrists simultaneously attended
a consistency training session; they maintained an intraclass correla-
tion coefficient of >0.85 after training. The SIOSS, HAMD-17, and
RBANS scores were obtained at baseline (pre-ECT) and post-ECT
(2 and 6 weeks after treatment). Adverse reactions were recorded
at the same time.

© 2023 The Author(s). Published by Wolters Kluwer Health, Inc.

Sample Size

Researchers hypothesized an initial medium effect size of
0.47, similar to ECT efficacy in previous adult depression stud-
ies.® Effect size calculation followed prior research.?® Each group
required a minimum sample size of 85, with statistical power of
80%, significance level of 5%, and allowing for a 15% dropout
rate. The ECT and control groups had 81 and 79 participants, re-
spectively. These individuals successfully completed pre-ECT
and post-ECT evaluations.

Statistical Analysis

Statistical analyses were conducted in SPSS version 25.0
(IBM Corp, Armonk, NY), on the basis of the per-protocol prin-
ciple. Continuous variables were analyzed with 7 tests, whereas
categorical variables were analyzed with X? test or Fisher exact
test. The generalized estimation equation was used to analyze re-
peated measurements of SIOSS, HAMD-17, and RBANS scores
at different times. Multiple comparisons were addressed with
Bonferroni corrections.

RESULTS

Overview of Participant Flow

A total of 160 adolescent patients (ECT, n = 81; control,
n = 79) were assessed for eligibility (Fig. 1). A total of 14 partic-
ipants (14.7%) in the ECT group and 9 (10.23%) in the control
group withdrew from the study. Dropout rates did not differ be-
tween the 2 groups at 6 weeks posttreatment ( P = 0.358).

Demographics and Baseline Characteristics

The ECT and control groups did not differ significantly in
age, gender, family history, education, length of illness, number
of prior hospitalizations, number of prior psychotropic trials, or
fluoxetine equivalent dosage (Table 1). They also did not differ
in baseline SIOSS, HAMD-17, and RBANS scores (all P> 0.05).

Suicide Ideation and Depressive Symptoms

Table 2 shows changes in SIOSS and HAMD-17 scores from
baseline to the end of follow-up among control and ECT patients.
We found significant time x group effects in both scores (all
P <0.001) at post-ECT, week 2, and week 6 (Table 2). Post hoc tests
revealed significant main effects of time and group in SIOSS and
HAMD-17 scores (all P <0.001). Compared with the control group,
SIOSS and HAMD-17 scores were significantly lower at post-ECT,
week 2, and week 6 (all P <0.001) in the ECT group (Fig. 2).

Cognitive Function (RBANS)

Table 3 shows changes in cognitive function (RBANS) of the
ECT and control groups over 10 weeks. Between-group compari-
sons revealed time x group effects for delayed memory, language,
and attention (all P < 0.001), but not for immediate memory and
visuospatial/constructional skills. The ECT group had significantly
lower delayed memory scores than the control group at post-ECT,
week 2, and week 6 (all P <0.001). Attention and language scores
were significantly lower in ECT patients than in control at 2 weeks
post-ECT (P = 0.009, P = 0.002, respectively). However, the 2
groups did not differ significantly at week 6 (P = 0.25, P = 0.27,
respectively).

Adverse Effects of ECT

No serious adverse events occurred during the trial, and ad-
verse effects did not differ between the 2 groups. In the ECT
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FIGURE 1. Patient flowchart. ful color

group, 1 patient experienced headache and discomfort (1.2%),
whereas 2 patients had jaw tension (2.4%) after the procedure.
They were cared for through symptomatic treatment or clinical
observation. These minor adverse effects eventually resolved.

DISCUSSION

This study successfully evaluated ECT efficacy and effects
on cognitive function in adolescents with MDD and suicidal ide-
ation. Our research had the advantage of enrolling only patients
with depression and no other diseases, in contrast with prior stud-
ies, while also maintaining a sufficiently large sample size. We
found that ECT lowered suicidal ideation and depressive symp-
toms relative to controls. While ECT patients presented deficits
in delayed memory, attention, and language, these negative ad-
verse effects gradually disappeared after treatment.

This study provided convincing evidence that ECT is effective
for adolescents with depression and suicidal ideation, consistent
with previous literature. A retrospective analysis of 29 adolescent
patients (<18 years; 13 with depressive disorders, 6 with catato-
nia, and 8 with schizophrenia) treated with ECT at 3 German re-
search centers®® found that ECT improved outcomes in those
who did not respond well to drugs. Moreover, ECT had no serious

168 | www.ectjournal.com

adverse effects. Another study of 62 adolescent patients with psy-
chiatric disorders in Turkey>® also demonstrated that ECT is an ef-
fective and safe treatment, although comorbidity may reduce
treatment response. Other retrospective studies have corroborated
the conclusion that ECT reduces suicidal ideation and behavior,
while improving overall functioning in adolescent patients.>' Fi-
nally, a recent meta-analysis evaluated findings using objective
scales such as Hamilton or Baker depression scales and found that
depressive symptoms in adolescents improved significantly after
ECT, with an average HAMD change rate of 63.5%.>? This study
confirmed the effectiveness of ECT in alleviating suicidal ideation
in Chinese adolescents with MDD. Therefore, we believe that, in
adolescent patients with severe suicidal ideation and a high risk of
suicidal behavior, ECT should be considered as the first treatment
option.

Different from previous studies, we also took the clinical re-
ality of clinical work into account that the addition of ECT would
more quickly reduce suicidal ideation and depressive symptoms in
adolescent patients compared with antidepressants alone. Because
antidepressants act by decreasing receptor sensitivity and reducing
the number of receptors,33 there exists a certain clinical lag effect™
and a slow onset of effect on strong suicidal ideation. In parallel, the
increased risk of suicidal ideation and behavior in adolescents is

© 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 1. Demographics and Characteristics at the Baseline

ECT Group Control Group
Characteristics N=381 N=79 tx* P
Age, mean (SD), y 1523 +0.19 14.87 £ 0.18 1.37 0.17
Gender, n (%) 1.13 0.29
Male 14 (17.28) 9(11.39)
Female 67 (82.72) 70 (88.61)
Family history 0.18 0.68
Positive 11 (13.58) 9(11.39)
Negative 70 (86.42) 70 (88.61)
Education, mean (SD), y 823+ 1.70 7.87 £ 1.63 1.37 0.17
Length of illness, mean (SD), m 2298 +17.50 21.25 +18.19 0.61 0.54
No. prior hospitalizations, mean (SD) 1.63 +£1.33 1.34+0.75 1.69 0.09
No. prior psychotropic trials, mean (SD) 1.25+0.56 1.13 +£0.61 1.30 0.19
Fluoxetine dosage, mean (SD), mg 36.07 £ 1.98 36.07 £ 1.98 -0.77 0.44
HAMD-17 scores, mean (SD) 24.59 £4.56 23.48 +3.66 1.70 0.09
SIOSS scores, mean (SD) 18.57 £2.85 18.97 £ 3.03 —0.88 0.38
RBANS scores, mean (SD)
Immediate memory 75.67 +12.18 74.25 +16.28 0.62 0.54
Delayed memory 66.56 £ 15.92 69.14 £ 20.45 -0.89 0.38
Language 78.30 +20.36 82.61 +17.27 —145 0.15
Attention 90.09 £ 19.07 87.37 £ 17.90 0.93 0.35
Visuospatial/constructional 90.38 £ 15.87 91.27 £ 16.10 —0.35 0.73
Adverse reactions 0.89 0.35
No adverse reactions 70 72
Mid degree* 11 7
Severe degreef 0 0

*Patients are tolerant to dizziness, headache, salivation, nausea, or vomiting.

fPatients are unbearable with dizziness, headache, salivation, nausea, or vomiting.

associated with the use of antidepressant medications,* >’ which
may increase the emergence of suicidal behavior. Our study sug-
gests that the combination of ECT treatment with antidepressant
medication will more rapidly alleviate suicidal ideation in adoles-
cent patients, which provides an extra evidence for ECT as the pre-
ferred treatment option in adolescent patients with MDD.

Importantly, we found that ECT resulted in sustained improve-
ment of adolescent depression and suicidal ideation, with positive
effects lasting for at least 6 weeks after ending treatment. This con-
clusion is in contrast with most prior research on ECT, which
tended to find only a brief mitigation of suicidal ideation in patients
with depressive disorders.*® Nevertheless, our follow-up period was

TABLE 2. HAMD-17 and SIOSS Scores at Each Visit in the ECT and Control Groups

ECT Group Control Group
Mean + SD Mean + SD Time Wald x> (P) Group Wald x” (P) Time x Group Wald x> (P)
SIOSS 2993.71 (<0.001) 99.30 (<0.001) 46.54 (<0.001)
Pre-ECT 18.57 +2.85 18.97 +3.03
Post-ECT 10.93 +3.52 15.51 +2.98
2 wk 8.02+2.79 11.11 +2.18
6 wk 3.70 + 1.96 6.44 +1.78
HAMD-17 4070.08 (<0.001) 28.64 (<0.001) 112.27 (<0.001)
Pre-ECT 2459 +4.56 23.48 +3.66
Post-ECT 1325+ 4.32 1542 +3.11
2 wk 6.20 +£1.95 10.10 +2.05
6 wk 3.62+£2.04 4.68 +2.01

Bold value means group * time P < 0.05.

© 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 2. The SIOSS and HAMD-17 scores at each visit. Single asterisk (*) indicates a significant effect when compared with the control group
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still relatively short at 6 weeks, and indeed, few studies have inves-
tigated long-term remission of suicidal ideation in patients treated
with ECT. What little available data we have suggest an approxi-
mately 40% relapse rate at 6 months post-ECT, and recurrence rate
at 1 year reached as high as 50% to 60%.3%*° Therefore, evaluating
the long-term efficacy of ECT through prolonged follow-up is a fu-
ture aim of research on applying this treatment to MDD.
Short-term impairment in cognitive function after ECT is
currently an accepted result for adults,'? but whether those effects
are long-term remains controversial.!®*' Unsurprisingly, the debate

is even stronger for adolescent patients, given the comparative lack
of research. Therefore, here we evaluated post-ECT cognitive func-
tion of adolescent patients at 4 time points. Our data indicate that
although delayed memory, attention, and language scores all de-
creased significantly, the measures gradually returned to baseline
levels. Hence, the cognitive adverse effects of ECT seem to be mild
and transient, corresponding to previous studies.'>#>%

We did not find significant differences in the dropout rate be-
tween groups, indicating that adolescents had high tolerance to
ECT.!7?? Finally, although we observed mild negative adverse

TABLE 3. RBANS Subscale Scores at Each Visit in the ECT and Control Groups

ECT Group  Control Group
Mean + SD Mean + SD Time Wald x*> (P) Group Wald x> (P) Time x Group Wald x” (P)
Immediate memory 108.69 (<0.001) 4.17 (0.041) 7.86 (0.049)
Pre-ECT 75.67+12.18 7425+ 16.28
Post-ECT 7027 +11.60  75.86 + 12.04
2 wk 7442 +11.94  77.67 + 881
6 wk 83.81 +10.35  8525+13.26
Delayed memory 138.85 (<0.001) 13.26 (<0.001) 46.51 (<0.001)
Pre-ECT 66.56 £ 1592  69.14 +20.45
Post-ECT 60.35+17.18  70.49 + 19.10
2 wk 6323+ 1587  74.62+1794
6 wk 68.46 + 11.31 74.67 £ 12.15
Language 26.66 (<0.001) 24.23 (<0.001) 21.64 (<0.001)
Pre-ECT 7830 +20.36  82.61 +17.27
Post-ECT 70.59 £ 14.63  84.82+12.96
2 wk 76.88 +18.24  84.92 + 1547
6 wk 8333 +12.12  85.66 + 14.63
Attention 61.97 (<0.001) 7.89 (0.005) 23.52 (<0.001)
Pre-ECT 90.09 +19.07 8737+ 1791
Post-ECT 79.44 +13.13 8834 +12.47
2 wk 83.83+17.78  90.78 + 15.89
6 wk 91.72 +9.86 93.97 + 14.95
Visuospatial/constructional 9.20 (0.027) 0.16 (0.685) 1.42 (0.701)
Pre-ECT 90.38 £ 1587  91.27 £16.10
Post-ECT 93.16 +10.71 9241 +13.86
2 wk 9398 +12.65 92.78 + 14.57
6 wk 94.40 £10.92 9320+ 11.59

Bold value means statistically significant differences after Bonferroni correction: group * time P < 0.05/5 = 0.01.
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effects after ECT, they were not the cause of participant with-
drawal. Thus, overall acceptance of ECT was high, and adverse ef-
fects were negligible. Despite its overall safety, ECT is often misun-
derstood as electric shock treatment, leading to refusal from many
parents and guardians. Therefore, we recommend popularizing
ECT based on empirical evidence.

Limitations

Our study has several limitations. First, we did not have a
healthy control group, meaning we could not determine whether
cognitive function improved to normal levels. Second, we mea-
sured only changes to cognitive function before and after ECT,
but not during the treatment period. Therefore, we were unable
to observe dynamic changes in cognitive function while ECT
was occurring. Third, our follow-up was short, limiting conclu-
sions on longer-term efficacy and cognitive effects of ECT. In fu-
ture studies, we aim to address all of these shortcomings.

CONCLUSIONS

Ours is among the very few studies that investigated ECT
safety and its effectiveness in mitigating suicidal ideation of ado-
lescent patients with MDD. We can also conclude that any partial
impairment of cognitive function is temporary and that ECT is
generally tolerated by adolescents. Although experimental improve-
ments are necessary to address limitations and verify broader ap-
plicability, our findings suggest that ECT is a viable method for
treating adolescent depression. Increasing its clinical use may
contribute to lowering teenage suicide rates.
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