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Abstract

Objective: Electroconvulsive therapy (ECT) devices are classified as class II (moderate risk) 

for the treatment of depressive disorders and catatonia in patients aged 13 and older, but it is 

unknown how often the treatment is utilized by child and adolescent patients. The aim of this 

study was to examine the demographics of child and adolescent hospitalizations involving ECT, 

the medical and psychiatric comorbidities of these hospitalizations, and the overall number of 

treatments administered per hospitalization.

Method: The 2019 Kids’ Inpatient Database, a national sample of pediatric discharges from 

3,998 acute care hospitals, was analyzed for hospitalizations involving patients aged 19 and 

younger receiving ECT based on inpatient procedural codes.

Results: 315 (95% confidence interval 275 to 354) discharges among child and adolescent 

patients, or 0.03% of youth hospitalizations, involved the administration of ECT in the KID 

in 2019. Hospitalizations in the Northeast, those involving patients residing in ZIP codes 

in the top income quartile, and those for commercially insured patients had higher odds of 

ECT administration. Primary discharge diagnoses among ECT recipients were major depressive 

disorder (143; 46.4%), schizophrenia and other psychotic disorders (71; 23.1%) and bipolar 

disorder (59; 19.2%). In total 153 (48.6%) of ECT recipients had a coded diagnosis of suicidal 

ideation. Hospitalizations involved a median of 2 (IQR 1 to 5) ECT treatments before discharge.
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Conclusions: ECT is rarely utilized in the inpatient treatment of child and adolescent patients, 

but is most often administered to patients with mood and psychotic disorders. Commercial 

insurance and higher income were associated with higher odds of ECT administration, suggesting 

that access to care may be limited.
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electroconvulsive therapy; depressive disorders; cohort studies; adolescent psychiatry; real world 
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Introduction

Electroconvulsive therapy (ECT) is an evidence-based treatment in young people, with more 

than 80 years of clinical utilization [1] and clinical guidelines recommending its use in 

severe pediatric mood disorders and catatonia [2]. Consistent with these recommendations, 

recent evidence suggests that the efficacy and tolerability of ECT in adolescents is equal 

to that in adults [3], with the largest individual case series of ECT in patients age 18 

and younger finding a response rate of 77% among 107 youth with predominantly mood 

disorders [4].

While ECT utilization is not tracked uniformly on a national level in the United States, a 

1980 estimate based on survey data from inpatient psychiatric facilities suggested only 500 

patients age 11–20 were treated with ECT annually, or 1.5% of the total patients in the 

sample [5]. More recently an analysis of treatment data from 3 states representing 16.5% 

of the US population found 269 individuals younger than 18 who received ECT in any 

treatment setting over a variable date range of 10–17 years per state, representing 0.4% of 

the patients treated in those states [6]. A further analysis of nationally-representative data 

from community hospitals in the US from 2002 to 2017 found 2,005 hospital discharges 

among patients aged 18 and younger in which ECT was utilized, or approximately 125 

patients per year [7].

Prior studies of pediatric ECT are limited in data source, relying on survey data with 

imperfect response rates [5], utilizing a subset of US states [6], or focusing on a data 

source with relatively low (20%) sampling of discharges [7]. Data from a large nationally 

representative source would allow for better characterization of ECT as it is delivered 

in ordinary clinical practice, and could point to potential gaps in treatment delivery for 

pediatric patients. Moreover, such data could provide a starting point for future prospective 

work, and understanding the present use of ECT is a starting point for potential practice 

improvement. This study characterizes the demographics of child and adolescent ECT 

recipients and their medical and psychiatric diagnoses using a nationally representative 

sample of discharges from community hospitals in the United States.

Methods

Data Source

This study utilized the 2019 version of the Kids’ Inpatient Database (KID). The KID is 

produced every three years (most recently in 2019) by the Healthcare Cost and Utilization 
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Project (HCUP) of the Agency for Healthcare Research and Quality. The KID provides 

administrative data on pediatric hospitalizations in the United States. The KID is generated 

based on billing records from 3,998 non-federal community hospitals in 49 states, with data 

reported from all payment sources (including government and commercial insurances). This 

is a subset of the overall 6,090 hospitals, and 5,141 community hospitals in the United 

States (based on 2019 American Hospital Association data) [8]. Non-newborn discharges 

from these KID hospitals are then sampled at a depth of 80% without replacement. In 

order to extrapolate from the sampled hospitals within the KID to the broader universe of 

overall hospitals, sampled hospitals are stratified on the basis of ownership/control, bed size, 

teaching status, rural/urban location, U.S. region, and a stratum for freestanding children’s 

hospitals. The overall number of discharges among KID sample hospitals is then compared 

to the number of pediatric discharges among overall hospitals, and a weight factor applied to 

KID hospitalizations by strata to extrapolate to non-sampled hospitals.

Data Elements

KID data elements include patient age, sex, race, as well as the population of the patient’s 

county of residence and income quartile of the ZIP code in which the patient resides. 

Additionally, the KID provides data on the region of the hospital in question, whether the 

hospitalization involved an interfacility transfer at admission or discharge, primary payment 

source, hospital length of stay, and total hospital charges. The KID likewise includes 

information on up to 40 discharge diagnoses and up to 25 procedures performed during 

hospitalization.

Selection of Hospitalizations Involving ECT

Hospitalizations were identified based on the Procedure Coding System from the 

International Statistical Classification of Diseases, Tenth Revision, Clinical Modification 
(ICD-10-CM/PCS). ECT was defined by the codes GZB0ZZZ (ECT, unilateral-single 

seizure), GZB1ZZZ (unilateral-multiple seizures), GZB2ZZZ (ECT bilateral-single seizure), 

GZB3ZZZ (ECT bilateral-multiple seizures), and GZB4ZZZ (other ECT). Consistent with 

the World Health Organization definition of childhood and adolescence, hospitalizations 

were included in the analysis if they involved patients aged 19 or younger at time of 

admission and who received at least one ECT procedure during hospitalization. Primary 

diagnoses and comorbidities were identified from the discharge diagnoses, and classified 

according to the Pediatric Clinical Classification System (PECCS) [9], which groups the 

72,446 ICD-10-CM diagnosis codes into 834 clinically distinctive categories for pediatric 

medical conditions.

Statistical Analysis

As the KID uses a survey design, this produces variance around all reported values for both 

continuous and categorical variables, which are listed with their respective 95% confidence 

intervals (CI). As a result of this, and the non-normal distribution of length of stay and 

total hospital charges, these values are reported as medians with interquartile range (IQR). 

All analyses were conducted on data weighted according to the appropriate KID discharge 

weight to obtain national estimates. In the primary statistical model, a logistic regression 

accounting for the survey design of the KID was conducted among hospitalizations for 
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patients aged 19 and younger and admitted for a primary mental health or substance abuse 

diagnosis, as classified by the KID (I10_SERVICELINE = 2). In this model, the binary 

outcome of receipt of ECT (yes/no) was the dependent variable, with hospitalizations not 

involving the use of ECT as the reference category. Based on consensus of expert clinicians, 

independent variables were chosen from among KID data fields. For this model age (as 

a continuous variable), sex (male/female), admission type (elective/non-elective), hospital 

region (Northeast/Midwest/South/West), household income quartile of the patient’s ZIP 

code (1st/2nd/3rd/4th), race (Black, Hispanic, Asian or Pacific Islander/Other/white), and 

primary payor (Medicaid/other/commercial insurance) were the independent variables. As 

age itself has been associated with ECT access in adults in a non-linear way [10], as a 

sensitivity model the analysis was repeated with patient age replaced with the Z score 

of age. Results in this sensitivity model did not differ (data not shown). Analyses were 

conducted using SPSS (version 29; IBM Software, Inc, Armonk, NY). As the KID is a 

de-identified dataset this study was determined to be Not Human Subjects Research by the 

MassGeneral Brigham Institutional Review Board. This study is reported in accordance with 

the REporting of studies Conducted using Observational Routinely-collected health Data 

(RECORD) statement [11].

Results

In the 2019 KID, 315 (95% confidence interval 275 to 354) discharges among children 

and adolescents involved the administration of ECT. ECT usage increased with age, 

with only 13 hospitalizations involving ECT patients aged under 14 (Figure 1). In total 

138 hospitalizations were for patients younger than age 18 at time of admission. Full 

demographic information for hospitalizations involving ECT are given in Table 1. In total 

there were 1,049,655 overall hospitalizations for patients aged 10 to 19 in the KID, meaning 

that the proportion of youth hospitalizations involving the administration of ECT was 

0.03%. ECT was initiated a median of 6.9 days (IQR 3 to 14 days) into hospitalization, 

and hospitalizations involved a median of 2 (IQR 1 to 5) ECT treatments before discharge. 

Total hospital length of stay was a median of 20 days (IQR 11.9 to 37.8 days), with a median 

total hospital charge of $88,778 ($49,571 to $181,860).

In order to explore demographic factors associated with ECT receipt, a logistic regression 

on the outcome of receiving ECT among hospitalizations involving a principal mental health 

or substance abuse diagnosis was performed, adjusting for age, sex, admission type (elective 

vs. non-elective), hospital region, household income quartile of the patient’s ZIP code, race, 

and primary payor. In this model, older age (aOR 1.46; 95% CI: 1.35 to 1.58), Northeast 

region (aOR 2.12; 95% CI: 1.13 to 3.98), Asian or Pacific Islander race (aOR 2.28; 95% CI: 

1.26 to 4.13), and commercial insurance (aOR 1.70; 95% CI: 1.26 to 2.31) were associated 

with higher odds of ECT receipt. In contrast, non-elective admission (aOR 0.60; 95% CI: 

0.40 to 0.90) and lowest income quartile (aOR 0.32; 95% CI: 0.20 to 0.52) or 2nd income 

quartile (aOR 0.51; 95% CI: 0.35 to 0.76) were associated with lower odds of ECT receipt, 

while sex was not significantly associated (Table 2).

The most frequent PECCS primary discharge diagnosis category for hospitalizations 

involving ECT was major depressive disorder (143; 46.4%), with schizophrenia and other 
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psychotic disorders (71; 23.1%) and bipolar disorder (59; 19.2%) as the next most common 

diagnoses (Table 3; Table S1). The remainder of hospitalizations (35; 11.1%) had a variety 

of other diagnoses, none of which were individually diagnosed in more than 5 discharges. In 

total 200 hospitalizations (63.5%) had a primary discharge diagnosis of unipolar depression, 

bipolar depression, or catatonia (which is counted within the psychotic disorders PECCS 

category).

Expanding the list of diagnoses to all primary and secondary diagnoses reveals a large 

range of psychiatric, neurologic, and medical comorbidities (Table S2 and S3). Suicidal 

ideation (153; 48.6%) and personal history of self-harm (83; 26.3%) were the most common 

secondary diagnoses. Anxiety disorders were next most frequent overall, with a total of 

166 diagnoses made for conditions including unspecified anxiety disorder (77; 24.4%), 

generalized anxiety disorder (51, 16.2%), post-traumatic stress disorder (40; 12.7%), and 

obsessive-compulsive disorder (32; 10.2%). Autistic disorder was diagnosed in 34 (10.8%). 

A total of 31 patients (9.8%) had physical restraints applied during hospitalization. Grouping 

secondary diagnoses into PECCS categories reveals common medical comorbidities in 

hospitalizations involving ECT (Table S2). These include constipation (45; 14.3%), cardiac 

dysrhythmias (42; 13.3%), sleep disturbances (41; 13.0%), asthma (37; 11.7%), and obesity 

(36; 11.4%). An additional 24.1% (76) were diagnosed with substance-related disorders, 

11.7% (37) were diagnosed with personality disorders, and 9.5% (30) with developmental 

disorders.

Discussion

This analysis of the KID, the largest all-payor database of pediatric hospitalizations in 

the United States, found that ECT remains a rare procedure in child and adolescent 

hospitalizations, with just 315 discharges in 2019 involving ECT, or 0.03% of the 1,049,655 

overall hospitalizations for patients aged 10 to 19. This is comparable to the number of 

patients aged 11–20 treated with ECT in 1980 in inpatient psychiatric hospitals alone [5], 

despite the US population growing by 46% in the intervening 40 years.

In total 21 states have legal restrictions of various kinds on the use of ECT in those 

younger than 18 [12]. Consistent with this variation in legal restriction, there is significant 

regional variation in ECT utilization, with fewer hospitalizations in the western United 

States involving ECT treatment relative to those in the Northeast, consistent with patterns 

observed among adult patients [13]. Additionally, wealthier home ZIP code and commercial 

insurance were both associated with higher odds of receiving ECT. This observation is 

difficult to interpret as wealth is heterogeneously distributed over states, but nevertheless the 

impact of socioeconomic status on access to ECT warrant further investigation in the context 

of appropriate control for state level factors. Moreover, socioeconomic status may influence 

not only access to treatment, but also patient understanding of ECT and willingness to 

consent, which requires further study [14,15].

Hospitalizations involving ECT were costly, with a median total hospital charge of 

$88,778 ($49,571 to $181,860). This is more than fivefold more expensive than the mean 

hospitalization for appendicitis with peritonitis ($16,043) and comparable to the cost of 
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hospitalizations for the repair of tetralogy of Fallot ($91,978) [16]. As a result, further 

research that might reduce the cost of hospitalizations involving ECT, for instance reducing 

the time between admission and administration of first ECT [17], has the potential for 

substantial healthcare cost savings.

Two large prospective trials of ECT for the treatment of major depressive disorder in 

adults have found that the mean number of treatments required to reach remission is 7.3 

[18,19]. While there have been no prospective randomized studies of ECT use in children 

and adolescents, hospitalizations in this sample involved a median of 2 ECT treatments 

during (IQR 1–5), which is unlikely to be sufficient to achieve remission. Indeed, the 

largest retrospective study of pediatric ECT found a mean of 10.5 administered treatments 

[4]. It is possible that patients continued their treatments as outpatients following the 

index hospitalization (which would not be captured in the KID), or likewise that some 

of the 33 patients transferred to other facilities following their hospitalization continued 

treatment in the new facility, but this information is not captured in the KID. Alternatively, 

if treating physicians failed to code for an accurate number of ECT session this analysis 

would likewise be confounded. Alternatively, this may represent insufficient treatment 

of pediatric patients with ECT. The accuracy of ECT billing codes in the KID has not 

been independently verified using other records (e.g. clinical notes), so we are unable to 

differentiate among the many possibilities for the low number of observed treatments. The 

adequacy of inpatient ECT delivery for child and adolescent patients thus requires further 

study.

Diagnostically most hospitalizations for ECT involved a diagnosis of a mood disorder, 

with psychotic disorders and other diagnoses occurring less frequently. ECT devices have 

been classified as Class II (moderate risk) by the FDA for the treatment of depressive 

disorders (unipolar or bipolar) and catatonia in patients aged 13 or older, and in total 

200 hospitalizations (63.5%) had primary diagnoses that are consistent with FDA labeling 

instructions. Of the remainder, diagnoses included psychotic disorders, and manic or mixed 

bipolar disorder. Some hospitalizations had primary neurologic or developmental diagnoses 

including encephalitis, autism, and intractable epilepsy for which there is some evidence for 

ECT, but none of these was the primary discharge diagnosis in more than 5 patients in 2019.

Analysis of secondary diagnoses shows the diverse medical and psychiatric comorbidities 

among hospitalizations involving ECT. Nearly half of the sample had suicidal ideation at 

the time when ECT was conducted, with an additional quarter codes as having a personal 

history of self-harm. Suicidal ideation is a marker for severe and life-threatening disease, 

and is thus considered an indication for ECT treatment [20]. As there is no evidence for the 

pharmacologic treatment of suicidal ideation [21] or self-harm behaviors [22] this patient 

group presents a therapeutic dilemma. Although we do not know of any evidence for ECT 

as a treatment of suicidal ideation in children or adolescents, adult data suggest that ECT 

has efficacy for the reduction of suicidal ideation [23,24]. As such it possible the uses 

of ECT may be weighted toward suicidal adolescents, who make up a significant fraction 

of ECT recipients in the sample. Among other comorbidities, both autism (34; 10.8%) 

and developmental disorders (30; 9.5%) were common. ECT has demonstrated efficacy in 

self-injurious behaviors and catatonia in patients with autism and intellectual delay [25,26], 
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which may contribute to the prevalence of these patients among ECT recipients. As prior 

evidence suggests that catatonia is underrecognized in individuals with intellectual delay 

[27], and overall is rarely recognized in the inpatient setting in children [28], there may be 

additional hospitalized children who may benefit from ECT administration.

Physical restraints were applied to 31 patients (9.8%) receiving ECT, a rate far higher than 

the 0.1% physical restraint rate recently reported for pediatric patients in the emergency 

department [29]. The practice of physical restraints in children, while sometimes medically 

necessary [30], is traumatic for the child, and rates of restraint use have been found to vary 

significantly with race and ethnicity [29]. While the KID does not include information about 

indication for physical restraints, this high rate of restraint utilization is another marker of 

the severe illness among ECT recipients.

Strengths and limitations of this study are largely those of the KID and observational 

administrative claims data more broadly. As observational claims data go the KID is 

particularly strong as it is the largest inpatient database of pediatric hospitalizations in the 

United States and designed to be nationally representative. Further, because the KID sample 

includes 80% of pediatric discharges from 3,998 hospitals in 49 states, it increases the 

likelihood of capturing rare events including comorbidities, complications, and indications. 

This builds on prior work exploring pediatric ECT using the nationwide inpatient sample 

[7], which has 20% coverage of pediatric hospital discharges. As a result, the demographics 

and diagnoses reported here provides a comprehensive description of child and adolescent 

ECT as its practice in acute care hospitals.

Limitations of observational administrative design claims data are well described and apply 

here [31,32]. Information about ECT use is based on discharge billing codes, and so any 

errors in coding would reduce the accuracy of the sample [33]. Likewise, as billing codes 

only capture discharge diagnoses, they do not specifically indicate the diagnosis that was the 

primary indication for ECT. Furthermore as the KID counts discharges and not individual 

patients, if a single patient is admitted multiple times for ECT or receives ECT at more than 

one facility as a result of a transfer, that patient may appear more than once in the database. 

This further means that we are unable to assess whether ECT is associated with changes 

in rehospitalization or total health expenditure for an individual. Finally, the KID does not 

include rehabilitation hospitals and freestanding psychiatric facilities, and so would not have 

information about ECT performed in those settings or outpatient ECT at any facilities. It is 

not known what fraction of ECT is performed in these settings, and so these results do not 

allow for determination of the overall number of child and adolescent patients treated with 

ECT nationally.

Conclusion

ECT is a rarely utilized procedure among children and adolescents hospitalized, with 315 

discharges (95% confidence interval 275 to 354) utilizing ECT in 2019, representing 0.03% 

of the 1,049,655 overall hospitalizations for patients aged 10 to 19. Primary diagnoses for 

ECT hospitalizations were mood and psychotic disorders, and patients also suffered from 

significant medical and psychiatric comorbidities. Commercial insurance and higher income 
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were associated with higher odds of ECT administration, which invites further study of 

potential socioeconomic barriers to treatment.
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Figure 1: 
age distribution of child and adolescent patients receiving ECT
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Table 1:

demographics of patients aged 19 and younger receiving ECT

95% CI 95% CI

N Lower Upper % Lower Upper

Overall sample 315 275 354

Age (yrs; mean, SD) 17.2 ± 2.0

Male Sex 145 119 170 46.0% 40.5% 51.5%

Race

 White 191 165 216 60.6% 57.8% 69.9%

 Black 34 22 46 10.9% 8.1% 16.1%

 Hispanic 33 22 43 10.3% 8.0% 14.7%

 Asian or Pacific Islander 20 9 31 6.3% 4.0% 10.9%

 Other 20 0 0 6.3% 3.4% 13.5%

Hospital Region

 Northeast 112 78 146 35.7% 28.7% 43.3%

 Midwest 99 82 117 31.6% 26.5% 37.1%

 South 66 60 72 20.9% 18.0% 24.1%

 West 37 28 47 11.9% 9.2% 15.2%

Population of County of Residence

 Central metro county >1 million 109 85 133 34.7% 29.5% 40.4%

 Fringe metro county >1 million 88 64 111 27.8% 22.5% 33.9%

 Metro Area 250,000–999,999 64 48 80 20.3% 15.7% 25.9%

 Metro Area 50,000–249,000 22 13 32 7.1% 4.6% 10.8%

 Micropolitan 20 12 27 6.2% 4.2% 9.2%

 Non-core county 12 6 18 3.8% 2.2% 6.5%

Household Income Quartile for Pt ZIP Code

 1 42 30 55 13.4% 9.9% 18.0%

 2 60 47 73 19.1% 15.1% 23.8%

 3 93 71 114 29.5% 24.5% 35.0%

 4 119 93 146 38.0% 32.6% 43.6%

Discharge Quarter

 Jan-Mar 78 61 94 24.7% 20.1% 29.8%

 Apr-Jun 86 65 107 27.4% 22.4% 32.9%

 Jul-Sep 71 54 89 22.7% 18.1% 28.0%

 Oct-Dec 80 60 99 25.3% 20.6% 30.7%

Admission Type

 Elective 50 35 65 15.8% 11.7% 21.0%

 Non-Elective 265 226 304 84.2% 79.0% 88.3%

Primary Payor

 Medicaid 97 77 117 30.8% 25.9% 36.2%

 Commercial Insurance 201 168 234 64.0% 58.4% 69.3%

 Other 17 6 26 5.1% 2.9% 10.2%
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95% CI 95% CI

N Lower Upper % Lower Upper

Admission Status

 Not Transferred In 200 166 235 63.7% 58.4% 69.7%

 Transferred from Acute Care Hospital 70 53 87 22.3% 18.0% 27.8%

 Transferred from Another Facility 41 28 54 13.1% 9.5% 18.1%

Patient Disposition

 Discharged 281 241 321 89.4% 84.9% 92.7%

 Transferred to Another Facility 33 17 50 10.8% 6.4% 17.6%

# of treatments (median, IQR) 2 (1–5)

time to 1st ECT (days; mean, SD) 6.9 (3, 14)

Hospital Length of Stay (median, IQR) 20.0 (11.9 to 37.8)

Total Charges (median, IQR) $88,778 ($49,571 to $181,860)
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Table 2:

logistic regression of the binary outcome of receipt of ECT (yes/no) was the dependent variable, with age, sex, 

admission type (elective vs. non-elective), hospital region, household income quartile of the patient’s ZIP 

code, race, and primary payor as independent variables.

Parameter aOR 95% Confidence Interval

Lower Upper

Age 1.46 1.35 1.58

Sex

 Male 1.26 0.95 1.67

 Female 1.00 . .

Admission Type

 Non-Elective 0.60 0.40 0.90

 Elective 1.00 . .

Hospital Region

 Northeast 2.12 1.13 3.98

 Midwest 1.33 0.76 2.35

 South 0.71 0.39 1.29

 West 1.00 . .

Household Income Quartile for Pt ZIP Code

 1 0.32 0.20 0.52

 2 0.51 0.35 0.76

 3 0.81 0.58 1.13

 4 1.00 . .

Race

 Black 0.78 0.48 1.25

 Hispanic 0.98 0.62 1.56

 Asian or Pacific Islander 2.28 1.26 4.13

 Other 1.04 0.56 1.93

 White 1.00 . .

Primary Payor

 Commercial Insurance 1.70 1.26 2.31

 Other 0.26 0.06 1.09

 Medicaid 1.00 . .
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Table 3:

primary discharge diagnoses for patients receiving ECT, based on PECCS categories. The category of “bipolar 

disorder” includes depressed, mixed, and manic diagnoses.

PECCS Category n % Description

657003 143 46.4 Major depressive disorder

659000 71 23.1 Schizophrenia and other psychotic disorders

657002 59 19.2 Bipolar disorder

Other PECCS categories 35 11.1 Various
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