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Abstract

Objectives: Electroconvulsive therapy (ECT) is an effective treatment for depressive disorders 

and approved for use in adolescents and adults, but it is unclear whether efficacy or cognitive 

side effect burden differs with age or if effectiveness in usual clinical practice matches that in 

prospective studies. We examined the effects of ECT on depression and cognition in a large 

clinical cohort.

Methods: A retrospective cohort study of patients ages 16 and older receiving ECT between 

2011 and 2020 and 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 after treatment #10.

Results: Among 1,698 patients, ECT was associated with a decrease in depression symptoms 

(QIDS reduction from 17.1±4.9. to 10.1±5.2) and improvement in self-reported mental health 

(BASIS-24 scores improved from 1.92±0.55 to 1.17±0.60). There was a reduction in MoCA scores 

from 25.8±3.1 to 25.4±3.1. In multivariate models, age was not associated with a differential 

QIDS or BASIS-24 response, but older age was associated with a lesser reduction in MoCA.

Conclusion: Among 1,698 patients aged 16 and older, ECT was associated with improvement 

in depression and overall self-reported mental health, with a slight decrease in cognition. 

Age was not associated with changes in efficacy, but older age was associated with a lesser 

cognitive change as measured by the MoCA. These results provide normative data of real-world 

effectiveness of ECT, and add further support to its utility in patients with severe psychiatric 

illness.
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Introduction

Electroconvulsive therapy (ECT) is an effective,1 safe,2,3 and cost-effective4 treatment for 

affective disorders that is effective even in patients with multiple prior medication failures.5,6 

In the United States ECT is used in elderly patients at higher rates than in younger 

individuals;7 however, existing evidence is inconsistent, variably suggesting that older age 

is associated with is a higher8 or equal9,10 response rate to ECT. This uncertainty about 

age dependency extends to the side effect profile of ECT which may differ by age of the 

patient.11 While less structured than trial settings, observational data from clinical practice 

can be analyzed to develop real world evidence applicable to neuropsychiatric disorders and 

treatment side effects which augments existing trail data.12-17

Aims of the study

This study presents a retrospective cohort of patients treated at a single referral center 

reporting the effects of age, sex, diagnosis, and treatment location at the time of first 

treatment (inpatient vs. outpatient) on the effectiveness, cognitive effects, and duration in 

treatment of ECT as a normative contribution to the evolving trial literature.

Methods

Population and setting

This was a single center retrospective cohort study of all patients aged 16 and older 

who received ECT during the study period of May 2011 through March 2020 at a 

freestanding psychiatric referral hospital. Inclusion criterion was the presence of patient-

reported symptom measures prior to the first ECT treatment. All included patients were 

followed until discontinuation of ECT or through the tenth ECT treatment, whichever came 

first. For patients with multiple ECT courses during the study period only data from the 

initial series were included. This retrospective chart review study was approved by the 

Partners Healthcare Institutional Review Board with a waiver of informed consent.

ECT Treatment Procedure

All patients received ECT using a Mecta Spectrum 5000Q (Tualatin, OR). The first session 

consisted of an individualized seizure threshold determination, as previously reported.18,19 

Subsequent treatments were at a default of 6x seizure threshold for right unilateral 

treatments, at a default schedule of three times weekly. Electrode placement and dose were 

then adjusted clinically by the treating psychiatrist based on response, and did not follow a 

prespecified dose escalation procedure.20,21 Methohexital was the default anesthetic agent 

(with weight-based dosing of 1 mg/kg), but etomidate, propofol, or ketamine could be used 

at the discretion of the treating psychiatrist or anesthesiologist. Succinylcholine was used as 

the muscle relaxant for all patients.

Scales and measurements

Patients receiving ECT were tracked using multiple self-reported scales. Depressive 

symptoms was measured using the Quick Inventory of Depressive Symptomatology Self 
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Report 16 item scale (QIDS), with a score range of 0 to 27 with higher scores indicating 

worse depression.22 Overall self-reported mental health status was tracked with the Behavior 

and Symptom Identification Scale-24 (BASIS-24), with a score range of 0-4 with higher 

scores indicating worse mental health.23 Cognition was assessed using the Montreal 

Cognitive Assessment (MoCA), with a score range from 0 to 30 with higher scores 

indicating better cognition.24 Measurements were obtained at baseline before treatment and 

repeated following the fifth and tenth treatments for the BASIS-24 and QIDS and following 

the tenth treatment for the MoCA. Alternative versions of the MoCA were given for the 

initial and follow-up assessment to reduce practice effects that may be caused by repeated 

cognitive assessments.25 Demographic information is based on self-report from the baseline 

BASIS-24 assessment. Diagnosis is the clinical diagnoses recorded at the time of first ECT 

treatment. Patients diagnosed with bipolar disorder included those in any phase of illness 

(depressed, manic, or mixed). Patients with psychotic disorders, schizoaffective disorder, 

catatonia, or any other mental health conditions were classified as “other.”

Statistical Analysis

Patients were excluded from the primary analysis if they lacked follow-up QIDS results 

following treatment 10±2. This time point was chosen because it was the first point 

following baseline when data for all scales (QIDS, BASIS-24, and MoCA) was available 

and because it represents a typical acute course length.20,21 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 change in QIDS, BASIS-24, or MoCA between baseline 

and treatment #10 was analyzed using linear regression adjusting for age, sex, diagnosis 

(major depressive disorder, bipolar affective disorder, other), and location at the time of 

first treatment (inpatient vs. outpatient). The binary outcome of continuing ECT through 

follow-up assessment at treatment 10±2 was assessed using logistic regression, with age, 

sex, diagnosis (major depressive disorder, bipolar affective disorder, other), location at 

the time of first treatment (inpatient vs. outpatient), baseline QIDS, baseline MoCA, and 

baseline BASIS-24 as descriptors. Analysis were completed using R (v 4, Vienna, Austria).

Results

During the study period 2,659 patients began ECT and reported baseline symptom scales, 

including 286 patients who received more than one treatment series during the study 

period. A total of 1,698 patients (63.9%) met criteria for the primary analysis by having 

repeat QIDS results at treatment 10±2. Included and excluded patients were similar in 

age and sex, but a higher proportion of excluded patients began treatment as inpatients 

and excluded patients were more likely to be diagnosed with conditions other than MDD 

(Table S1). Among the 1,698 included patients, mean age was 45.7 ± 16.9 years, and 720 

(42.4%) were male (Table 1). Demographically, 1,559 (91.8%) self-identified as White, 

while 50 (2.9%) identified as Asian and 30 (1.8%) as Black. Approximately two thirds 

of patients (1,109; 65.3%) began ECT as inpatients, while the rest started treatment as 

outpatients. Diagnostically, MDD (1,271; 74.9%) was the principle diagnosis, with BPAD 

Luccarelli et al. Page 3

Acta Psychiatr Scand. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(342; 20.1%) and other (85; 5%) for the remainder of patients. Initial ECT treatments 

utilized predominantly right unilateral ultrabrief pulse stimuli (RUL-UBP; 1,568; 92.3%), 

with right unilateral brief pulse (RUL-BP; 74; 4.4%) and bilateral placement (65; 3.3%) for 

the remainder. There was an association between the ECT parameters utilized and the age of 

the patient, with patients aged ≥ 50 utilizing RUL-UBP at a lower rate (667 of 735 patients; 

90.7%) than patients younger than 50 (901 of 963 patients, 93.6%) (χ2(1, N=1,698)=4.67, 

p=0.031).

Patients began ECT with severe-range depression, with baseline QIDS of 17.1±4.9. Over 

the course of treatment there was a reduction in QIDS to 11.4±5.4 following treatment 

#5 and 10.1±5.2 at treatment #10 (Kruskal-Wallis rank sum test; χ2 =1312.6, df=2, p < 

0.0001) (Figure 1, top). In a linear model of the change in QIDS from baseline to treatment 

#10 with sex, diagnosis, and initial treatment location as descriptor variables, age was not 

significantly associated with change in QIDS. A diagnosis of MDD was associated with 

a greater improvement in QIDS (estimate 1.42; 95% CI 0.18 to 2.66; p=0.025), while 

beginning treatment as an outpatient was associated with less improvement (estimate −1.51; 

95% CI −2.07 to −0.95; p<0.001) (Table 2). The rate of remission from depression (defined 

as QIDS < 6) following treatment #10 was 21.0% among those patients who had QIDS data 

at that point. If all those who exited treatment prior to #10 are assumed to have remitted 

prior to exit, the remission rate among all those initiating treatment was 49.9%. If, instead, 

all those who exited treatment prior to #10 are assumed to have exited without achieving 

remission the remission rate among all those initiating treatment was 13.3%. Treatments 

beyond #10 and any associated response were not considered.

Overall self-reported mental health was assessed with the BASIS-24, with baseline scores 

of 1.92±0.55. There was improvement by treatment #5 (1.33±0.61) and treatment #10 

(1.17±0.60) (Kruskal-Wallis rank sum test; χ2 =1222.7, df=2, p < 0.0001) (Figure 1, 

middle). In a linear model of the change in BASIS-24 from baseline to treatment #10 

with sex, diagnosis, and initial treatment location as descriptor variables, age was not 

significantly associated with change in BASIS-24. In contrast, male sex (estimate −0.07; 

95% CI −0.13 to −0.01; p=0.018) and beginning treatment as an outpatient (estimate −0.16; 

95% CI −0.22 to −0.10; p<0.001) were associated with less improvement in BASIS-24 

(Table 3).

Cognition was assessed using the MoCA. At baseline patients had normal-range cognition, 

with a mean of 25.8±3.1, which reduced to 25.4±3.1 after treatment #10 (Kruskal-Wallis 

rank sum test; χ2 =21.3, df=1, p < 0.0001) (Figure 1, bottom). In a linear model of the 

change in MoCA from baseline to treatment #10 with sex, diagnosis, and initial treatment 

location as descriptor variables, increasing age was associated with a smaller decline in 

MoCA (estimate −0.03; 95% CI −0.03 to −0.02; p<0.001), while other variables were not 

significantly associated (Table 4).

In a logistic model of the binary outcome of continuing in ECT through treatment #10 vs. 

discontinuing prior to this point, a higher initial MoCA score, higher initial QIDS score, 

a diagnosis of MDD, and beginning treatment as an outpatient were all associated with a 

higher odds of continuing ECT for at least 10 treatments. Higher baseline BASIS-24 score 
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was associated with a lower odds of continuing ECT for at least 10 treatments. (Table S2). 

Age was not associated with retention in ECT for at least 10 treatments.

Discussion

In this single-center retrospective cohort study of 1,698 patients receiving acute course ECT 

with predominantly right unilateral ultrabrief stimuli, there was a significant improvement 

in depression and overall self-reported mental health status during treatment with a slight 

decline in cognition as measured by the MoCA. Patients on average began treatment 

with severe depression symptoms, as measured by the QIDS, and after 10 treatments had 

depressive symptoms in the mild to moderate range. This improvement is notable given the 

high rate of treatment-resistance seen in ECT patients. While prior psychiatric treatment 

history is not available in this cohort, in one US-based ECT trials patients had received a 

mean of 5 medication trials prior to ECT referral,26 and Level 4 of pharmacotherapy in 

the STAR-D treatment algorithm achieved response (defined as 50% symptom reduction) in 

only ~17% of patients.27 As many patients continued treatment beyond ECT #10, further 

effects may have realized over subsequent treatments, as was seen in a subset of 100 of these 

patients who continued for up to 100 treatments and who demonstrated continued QIDS 

improvement throughout maintenance ECT.28

In this sample, neither age nor sex was associated with a change in QIDS response during 

ECT, nor was age associated with differential response in overall self-reported mental 

health on the BASIS-24. The non-impact of age on these outcomes is concordant with the 

findings of Socci et al. who found that among 402 patients receiving ECT, response and 

remission rates did not significantly differ based on age buckets of young, middle age, or old 

patients.10 Likewise Birkenhäger et al. treating age as a continuous variable in multivariate 

models similar to ours did not find age to be a significant predictor of improvement in 

a sample of 141 patients.9 In contrast, based on the prospective Consortium for Research 

in ECT (CORE) trial of 253 patients, O’Connor et al found that age as a continuous 

variable positively influenced response to treatment.8 Additionally Güney et al. found that 

health related quality of life improved more in older ECT patients relative to younger ones 

based on 1066 patients from the Swedish ECT quality register.29 It is unclear what may 

be responsible for this discordance in findings, although notably there are differences in 

the types of ECT delivered in many of these samples (e.g. bilateral electrode placement in 

CORE vs predominantly right unilateral ultrabrief pulse in this sample) and it is unclear if 

this explains this inconsistency or whether other well recognized challenges of clinical trials 

might be at work.30,31 In our sample inpatients showed a greater degree of improvement 

in QIDS than outpatients, but also had higher baseline QIDS scores, and so this may 

reflect a greater potential improvement due to increased illness severity or additional effects 

independent of ECT treatment that may occur during psychiatric hospitalization.

There was a statistically significant reduction in MoCA during the treatment course, 

however the magnitude of this effect was small at 0.5 points. The MoCA has demonstrated 

sensitivity to detecting subtle cognitive changes during ECT,32 and a reduction of 0.5 

points is less than the suggested minimal clinically important difference in MoCA of 

1.22-2.15.33,34 Increasing age was associated with a smaller magnitude of cognitive 
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decrease, with each decade of age calculated to result in a relative 0.3 point change in 

MoCA. As the range of ages in the sample was more than 70 years, even this small 

change may be clinically significant when comparing the oldest and youngest patients. 

Notably, cognitive testing in this sample was done prior to treatment #11, which on average 

occurred 2-3 days following the tenth treatment. Prior systematic studies suggesting most 

cognitive changes do not persist for more than 3 days,35,36 and it is unclear whether the 

cognitive changes observed in this sample would persist at a longer follow-up interval. 

It is unclear why older age may be relatively protective from adverse cognitive effects 

as measured by the MoCA, but not significantly affect outcomes for either depression or 

overall self-reported mental health. A previous large national cohort study found that the use 

of ECT in patients >70 years old was associated with a decreased rate of dementia relative to 

non-treated patients hospitalized for affective disorders.37 This may imply a neuroprotective 

effect of ECT in this older population, but the mechanism for this, if true, is unclear.

Strengths of this study include large sample size, real world cohort heterogeneity, and 

diversity of outcomes considered. Indeed, the 1,698 patients reported here are nearly as 

many as the pooled sample size (1,680 for MDD, 377 for BPD) of a recent meta-analysis of 

ECT effectiveness.1 This study explores treatment effectiveness for depression, overall self-

reported mental health, and cognition, and therefore allows for assessment of both effects 

and cognitive side effects of treatment. Moreover, this study reports on a heterogeneous 

cohort of real-world patients presenting for and ultimately moving forward with treatment, 

with broad inclusion criteria.

Limitations

Whereas real world evidence presents unique strengths, the clinical data generating process 

on which this evidence is based and observational nature of these designs produce a range 

of important limitations to be considered.38-41 Due to inclusion criteria requiring baseline 

and follow-up data, approximately 36% of patients beginning ECT were not included in 

the primary analysis, which may hinder analysis of the most ill patients who may not 

have been physically or cognitively able to complete baseline or follow-up assessments 

(e.g. due to catatonia or severe neurovegetative symptoms). We are unable to systematically 

assess reasons for dropout in these patients, and so the effectiveness and tolerability in 

these patients is unclear. Furthermore our data was not structured to assess for overall 

remission rate as data was collected at a specific treatment number, rather than at the 

end of the treatment course. We are unable to assess how many patients who had not 

achieved remission by treatment #10 may have gone on to improve further with subsequent 

treatments. As the majority of our sample was treated with RUL-UBP ECT, which may 

require more treatments to achieve remission than other stimulus types,42 some patients 

continuing with additional treatment may have achieved greater response with time.28 

Furthermore we are unable to assess the effects of baseline medications, medication 

changes, or psychotherapeutic changes which may have co-occurred with ECT treatment. 

Additionally, as an observational study we are unable to assess causality, and without a 

control group who did not receive ECT we are unable to assess how responsive this sample 

may have been to other treatments. As data were only recorded every 5th treatment we are 

unable to we are unable to consistently track changes in electrode placement or pulse width 
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that may have occurred during treatment, and so we cannot assess how often and at what 

treatment patients may have transition among ECT parameters. Likewise, we are this unable 

to assess whether there are differences in the effectiveness or tolerability of different ECT 

parameters, nor if age modulates these effects.

Moreover, our cognitive assessments were limited to a single metric, the MoCA, which 

does not address the issue of autobiographical memory loss following ECT that is among 

the most distressing complications noted from treatments.43 As a result we are unable 

to comment as to whether autobiographical memory loss or other cognitive domains not 

captured by the MoCA may or may not differ by age.

Conclusions

In conclusion, among 1,698 patients across a wide age range treated with predominantly 

right unilateral ultrabrief stimuli, ECT was associated with improvement in depression and 

overall self-reported mental health, with a negative change in cognition that is less than the 

minimum clinically important threshold. Age was not associated with efficacy as measured 

by the QIDS or BASIS-24, but older age was associated with a lesser cognitive change 

as measured by the MoCA. These results provide normative estimations of real-world 

effectiveness of ECT in patients of widely varying age with severe psychiatric illness.
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Significant Outcomes:

• Treatment with ECT was associated with improvements in depression (as 

measured by the QIDS) and overall self-reported mental health (as measured 

by the BASIS-24) with a slight reduction in cognition (as measured by the 

MoCA)

• Age was not associated with a differential QIDS or BASIS-24 response, but 

older age was associated with a lesser reduction in MoCA
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Limitations:

• Although the sample size is large, all data is derived from a single study 

center from retrospective chart review

• Effects of concomitant medication changes cannot be assessed

• Patients excluded if unable to complete self-reported outcome measures, 

which may exclude the most ill patients
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Figure 1: 
Box plot of QIDS (top), BASIS-24 (middle), and MoCA (bottom) scores between baseline 

and treatment #10.
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Table 1:

baseline demographics of the sample

(n, %)

N 1,698

Age (mean ± SD), years 45.7±16.9

Age distribution

<18 23 (1.4)

18-29 375 (22.1)

30-49 549 (32.3)

50-65 498 (29.3)

65+ 253 (14.9)

Sex (male) 720 ( 42.4)

Race

 White 1,559 (91.8)

 Native American 12 (0.7)

 Asian 50 (2.9)

 Black 30 (1.8)

 Pacific Islander 2 (0.1)

 Other 14 (0.8)

 Unknown 8 (0.5)

Ethnicity

 Latino/Latina 31 (1.8)

 Not Latino/Latina 847 (49.9)

 Unknown 820 (48.3)

Employment in past 30 days

 Full-time 222 (13.1)

 Part-time 104 (6.1)

 None 1,065 (62.7)

 Unknown 307 (18.1)

Student (yes) 231 (13.6)

On disability (yes) 451 (26.6)

Education

 8th Grade or Less 8 (0.5)

 Some high school 50 (2.9)

 High school graduate/GED 182 (10.7)

 Some college 482 (28.4)

 4 year college graduate 440 (25.9)

 Postcollege education 522 (30.7)

 Number missing 14 (0.8)

Subjective Physical Health

 Very poor 22 (1.3)

 Poor 213 (12.5)
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(n, %)

 Good 939 (55.3)

 Very Good 398 (23.4)

 Excellent 112 (6.6)

 Number missing 14 (0.8)

Treatment setting for ECT #1

 Inpatient 1,109 (65.3)

 Outpatient 576 (33.9)

 Number missing 13 ( 0.8)

Clinical Diagnosis

 Major depressive disorder 1,271 (74.9)

 Bipolar affective disorder 342 (20.1)

 Other 85 (5.0)

Initial ECT Parameters

 RUL-UBP 1,568 (92.3)

 RUL-BP 74 (4.4)

 Bilateral 56 (3.3)

Baseline QIDS (mean ± SD) 17.1±4.9

Baseline BASIS-24 (mean ± SD) 1.92±0.55

Baseline MoCA (mean ± SD) 25.8±3.1
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Table 2:

linear model of the change in QIDS from baseline to treatment #10 with age, sex, diagnosis, and location at 

the time of first treatment (inpatient vs. outpatient) as descriptor variables. Bolded values are significant at the 

level of p < 0.05.

Predictors Estimates CI p

Age 0.01 −0.00 – 0.03 0.066

Sex (male) −0.48 −1.02 – 0.06 0.079

Diagnosis

 MDD 1.42 0.18 – 2.66 0.025

 BPAD 0.77 −0.56 – 2.11 0.255

Location (outpatient) −1.51 −2.07 – −0.95 <0.001
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Table 3:

linear model of the change in BASIS-24 from baseline to treatment #10 with age, sex, diagnosis, and location 

at the time of first treatment (inpatient vs. outpatient) as descriptor variables. Bolded values are significant at 

the level of p < 0.05.

Predictors Estimates CI p

Age 0 −0.00 – 0.00 0.16

Sex (male) −0.07 −0.13 – −0.01 0.018

Diagnosis

 MDD 0.09 −0.04 – 0.23 0.179

 BPAD 0.05 −0.10 – 0.19 0.536

Location (outpatient) −0.16 −0.22 – −0.10 <0.001
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Table 4:

linear model of the change in MoCA from baseline to treatment #10 with sex, diagnosis, and location at the 

time of first treatment (inpatient vs. outpatient) as descriptor variables. Bolded values are significant at the 

level of p < 0.05.

Predictors Estimates CI p

Age −0.03 −0.03 – −0.02 <0.001

Sex (male) −0.17 −0.48 – 0.14 0.292

Diagnosis

 MDD 0.43 −0.30 – 1.15 0.25

 BPAD 0.2 −0.58 – 0.98 0.616

Location (outpatient) 0.15 −0.17 – 0.48 0.349
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