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ABSTRACT
Objective: To compare the effects of right unilateral (RUL) 
electroconvulsive therapy (ECT) and algorithm-based 
pharmacologic treatment (APT) on neurocognitive 
function in treatment-resistant bipolar disorder 
depression.

Method: Inpatients with DSM-IV-TR–diagnosed, 
treatment-resistant bipolar depression, who were 
acutely admitted to 1 of the 7 clinical study centers in 
Norway, were recruited from May 2008 to April 2011 
into a prospective, randomized controlled, 6-week acute 
treatment trial. General neurocognitive function was 
assessed with the MATRICS Consensus Cognitive Battery 
(MCCB), and retrograde memory for autobiographical 
events was assessed with the Autobiographical Memory 
Interview–Short Form (AMI-SF) before and shortly after 
(mean = 23.5 days) a trial with either RUL brief-pulse ECT 
(mean dose = 233.3 mC) or APT.

Results: Seventy-three patients entered, and 39 
(nECT = 19, nAPT = 20) completed. Both groups showed 
improvements in all MCCB domain scores, with no 
significant differences between the study groups (no 
interaction effect: F1,37 = 1.52, P = NS). Improvements in 
neurocognitive performance were significantly correlated 
with reductions in depression ratings posttreatment. The 
AMI-SF score was significantly lower (based on consistent 
answers from pre- to posttreatment) in the ECT group 
(72.9%) than in the APT group (80.8%, P = .025), indicating 
reduced consistency in autobiographical memory after 
ECT.

Conclusions: General neurocognitive function was 
unaffected by RUL brief-pulse ECT treatment and 
positively related to improved mood in bipolar 
depression. Autobiographical memory consistency 
was reduced in patients treated with ECT. The results 
suggest that ECT can be used in treatment-resistant 
bipolar depression without compromising general 
neurocognitive function. The clinical relevance of 
reduced autobiographical memory consistency in  
the ECT group requires further investigation.
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B ipolar disorder is associated with modest neurocognitive 
impairments in all phases of the illness, across all 

neuropsychological domains, and with a moderate worsening of a 
subset of deficits in the acute states.1–3 Pharmacologic treatments 
exert various effects on cognitive function in bipolar disorder. 
Psychoactive drugs may improve cognition by targeting psychotic 
and mood symptoms or worsen it due to side effects mediated by 
anticholinergic, sedative, extrapyramidal, and blunting mechanisms.4 
However, the present evidence is limited since no large and fully 
powered randomized controlled trials have been performed.4 
Electroconvulsive therapy (ECT) is widely regarded as an effective 
treatment in bipolar depression, is shown to be equally effective in 
unipolar and bipolar depression,5 and has some documentation in 
the treatment of treatment-resistant patients.6 However, the clinical 
use of ECT is accompanied by safety concerns due to the potentially 
unfavorable long-lasting effects on memory and other neurocognitive 
functions.7,8

The literature on the severity, persistency, and pattern of 
neurocognitive deficits induced by ECT is inconsistent.9 This is 
mainly due to methodological factors related to distinguishing 
between the underlying illness (impact of depression on objective 
and subjective cognitive function), the treatment (different treatment 
techniques and parameters used when administering ECT), and the 
assessment (different nomenclature for various types of neurocognitive 
function, neurocognitive test battery, and timing of testing).8,10–13 
Neurocognitive effects beyond the transient postictal disorientation14 
include retrograde and anterograde memory dysfunctions.15 A meta-
analysis of objective performance in various neurocognitive domains 
found that deficits associated with ECT are mainly limited to the first 
3 days posttreatment and that they subsequently resolve or possibly 
even improve beyond baseline for some measures.9 However, that 
meta-analysis was limited by the lack of data on retrograde amnesia 
and autobiographical memory, which are the most persistent adverse 
effects of ECT.16,17 Autobiographical memory (memory for personal 
events and facts) is essential for self-definition,18 social interaction,19 
and as a guide for present and future activities and problem-solving.19 
Retrograde amnesia and loss of autobiographical memory are the most 
important complaints from the patients.7

MacQueen and colleagues20 found that memory impairment was 
greater in euthymic bipolar disorder patients who had previously 
received ECT than in those with an assumed equal past burden of 
illness but without prior ECT. However, only randomly allocating 
patients to different treatment conditions can ensure the absence of 
bias due to the illness burden differing between groups.

The aim of the present study was to compare the effects of right 
unilateral (RUL) brief-pulse ECT and algorithm-based pharmacologic 
treatment (APT) on general neurocognitive function and 
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autobiographical memory consistency in treatment-resistant 
bipolar depression shortly after a randomized 6-week trial.

METHOD
Study Design

This prospective, randomized controlled, multicenter, 
6-week acute treatment trial comparing the effects of ECT 
and APT on neurocognitive function in treatment-resistant 
bipolar depression was conducted from May 2008 to April 
2011. The detailed protocol for the trial and the pretreatment 
neurocognitive function have been described previously.3,21

The baseline neurocognitive and autobiographical 
assessments were performed by blinded raters a mean of 4.8 
days (SD = 4.6; range, −2 to 15 days) before treatment onset 
in the ECT group and 3.1 days (SD = 4.8; range, −6 to 15 
days) in the APT group. One patient in the ECT group was 
tested after treatment onset. He was retained in the analyses 
since 1 single ECT session does not seem to give significant 
clinical cognitive decline.22 The posttreatment assessment 
was performed a mean of 56.5 days (SD = 11.3; range, 42–83 
days) after the baseline assessment in the ECT group and 
54.0 days (SD = 16.9; range, 41–106 days) in the APT group. 
In the ECT group, the assessment was performed at least 1 
week (mean = 23.5 days, SD = 14.1 days) after the last ECT 
session.

Subjects
The subjects eligible for inclusion in the study comprised 73 

treatment-resistant (defined as nonresponse to 2 lifetime trials 
of antidepressants and/or mood stabilizer with documented 
efficacy in bipolar depression) acutely admitted patients ≥ 18 
years of age who were referred for inpatient treatment at 1 of 
7 participating clinical study centers in Norway. They fulfilled 
the DSM-IV-TR23 criteria for bipolar disorder type I or II 
depression with a cutoff score of ≥ 25 on the Montgomery-
Asberg Depression Rating Scale (MADRS)24 and were 
evaluated to have clinical indications for ECT treatment.

Patients were excluded if they had received ECT within 
the previous 6 months; had a history of nonresponse to 
ECT treatment; had a rapid cycling course; were currently 
using medication, alcohol, or substances incompatible with 

the treatments in this study; or had conditions assumed 
to affect neurocognitive function such as Parkinson’s 
disease, multiple sclerosis, and stroke. Patients had to be 
sufficiently fluent in Norwegian to ensure valid responses 
in psychometric testing (ie, having Norwegian as their 
primary language or having received compulsory schooling 
in Norwegian), and they had to be able to cooperate under 
neurocognitive testing.

Patients were randomly assigned to receive either ECT 
or APT.

Intervention
Electroconvulsive therapy. The ECT procedure (0.5-

ms pulse width, 900-mA pulse amplitude, with RUL 
electrode placement ad modem d’Elia25) was standardized 
as described in detail elsewhere.21 High-dose RUL ECT has 
been shown to be as effective as bilateral treatment with less 
severe and persistent cognitive side effects.26 Three sessions 
were administered per week for up to 6 weeks. The initial 
stimulus energy was determined by an age-based method27 
that was adjusted for gender. The appropriateness of the 
dosage was determined at each treatment based on seizure 
duration, δ-waves, reorientation time, and clinical effect; 
and adjustments were made accordingly in subsequent 
treatments. Anesthetic medication consisted of thiopental 
(mean = 3.9 mg/kg) and succinylcholine chloride (mean = 0.8 
mg/kg). If a patient randomized to ECT reached remission 
(defined as an MADRS score of ≤ 12) before the end of 
the 6-week trial, the ECT treatment was terminated, and 
the patient was switched to pharmacologic maintenance 
therapy.

Algorithm-based pharmacologic treatment. Patients 
in the APT group were treated according to the treatment 
algorithm for bipolar depression as reported by Goodwin 
and Jamison.28 The algorithm was to be followed step-by-
step. Patients who had previously experienced either no 
effect or intolerable side effects on a medication listed in the 
algorithm could be switched to the next treatment option 
according to the algorithm.

Assessments
Symptom intensity was assessed by trained clinicians 

(psychiatrists, psychologists, and psychiatric nurses) using 
the MADRS24 and the PANSS-pos (Positive and Negative 
Syndrome Scale for Schizophrenia, positive subscale).29 
Global functioning was assessed with the GAF-S (Global 
Assessment of Functioning–Split version, symptom 
subscale).30

Neurocognitive assessment was carried out by clinical 
neuropsychologists or test assistants trained in standardized 
neuropsychological testing. The premorbid IQ was estimated 
using a Norwegian research version31 of the NART 
(National Adult Reading Test).32 General neurocognitive 
function was assessed with the Norwegian version33 of the 
MATRICS Consensus Cognitive Battery (MCCB),34 which 
is designed for use in clinical trials assessing neurocognitive 
function in schizophrenia and related psychiatric disorders, 
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The treatment options for bipolar depression are poor,  ■
and, for treatment-resistant depression, whether to 
start electroconvulsive therapy (ECT) or continue with 
pharmacologic treatment is a key decision.

Electroconvulsive therapy is a recommended treatment of  ■
bipolar depression, but there are concerns about cognitive 
side effects.

No differences in cognitive performance were found shortly  ■
after a course of ECT compared to pharmacologic treatment 
except for some indications of increased retrograde amnesia, 
thus suggesting that ECT can be used in treatment-
resistant bipolar depression without compromising general 
neurocognitive function.
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as described in detail elsewhere.3 Raw scores from each of 
the 9 administered tests were converted into standardized T 
scores with a mean of 50 and an SD of 10, based on age- 
and gender-corrected norms from the MCCB manual.35 The 
T scores for the 6 assessed domains were used to compute 
a mean neurocognitive composite score. The MCCB task 
evaluating verbal learning, the Hopkins Verbal Learning 
Test–Revised (HVLT-R),36 measures the free immediate 
recall of words presented over multiple trials and quantifies 
episodic anterograde memory. Autobiographical memory 
was assessed using a version of the Columbia University 
Autobiographical Memory Interview–Short Form (AMI-
SF)37 that had been translated into Norwegian by 2 of the 
authors (U.K. and H.K.S.). The AMI-SF score is based on 
answers to 30 questions about 6 autobiographical events. The 
patients were asked at both test occasions to generate details 
about presented topics, and consistency with pretreatment 
answers was measured.

Statistical Analysis
The characteristics of the patients in the 2 treatment 

groups were compared using t tests for normally distributed 
continuous variables, Mann-Whitney tests for nonnormally 
distributed continuous variables, and exact χ2 tests for 
categorical variables.

A multivariate repeated-measures analysis of variance 
(MANOVA) was performed for the 6 MCCB domain scores 
with treatment group (APT vs ECT) as the between-group 
variable and assessment time (pre- vs posttreatment) as the 
within-group variable. Follow-up mixed between–within 
repeated-measures analyses of variance (ANOVAs) were 
performed for each of the domain scores as well as for the 
composite score so as to control for chance findings due to 
multiple testing. Effect sizes (partial η2 values) for the effects 
of time and group and the interaction effect between time and 
group were computed. The AMI-SF pre- and posttreatment 
scores were analyzed by a mixed between–within ANOVA, 
whereas the AMI-SF–consistency scores in the 2 groups were 
compared using t tests. Correlational analyses were performed 
between neurocognitive measures and depressive symptoms 
(using MADRS). The level of statistical significance was set 
at P ≤ .05. All statistical analyses were performed using the 
Statistical Package for the Social Sciences (version 20.0, SPSS, 
Chicago, Illinois).

Ethical Considerations
The study was approved by the Regional Committee for 

Medical Research Ethics, Central Norway; the Norwegian 
Data Inspectorate; and the Norwegian Medicines Agency. 
All subjects were evaluated by the treating clinician as being 

Abbreviations: APT = algorithm-based pharmacologic treatment, ECT = electroconvulsive therapy.

Figure 1. Flowchart for the 73 Patients Included in the Study

Discharged before testing: n = 5

Refused further testing: n = 1

No tester available: n = 1

Refused further ECT after initial treatments:
n = 2 

Changed from APT to ECT: n = 2

Protocol violation (bitemporal ECT): n = 1

Included Excluded

Baseline 
neuropsychological 

assessment:

n = 51

(nECT = 28, nAPT = 23)

Assessment after 
randomized treatment:

n = 39

Did not complete 
randomized treatment 

or testing after treatment 
(no posttreatment assessment):

n = 12

(nECT = 9, nAPT = 3)

Included in the study:

N = 73

(nECT = 38, nAPT = 35)

Not eligible for 
neurocognitive assessment

(no baseline assessment):
n = 22  

(nECT = 10, nAPT = 12)

No tester available at the test site:
n = 6 (nECT = 2, nAPT = 4)

Patient not able to cooperate in the test: 
n = 11 (nECT = 4, nAPT = 7)

Primary language other than Norwegian:
n = 3 (nECT = 2, nAPT = 1)

Baseline testing after start of ECT: n = 2

(nECT = 19, nAPT = 20)
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capable of giving informed consent, and they provided 
informed written consent to participate after both treatment 
options and possible side effects had been fully explained. The 
study is registered in ClinicalTrials.gov: NCT00664976.

RESULTS
Inclusion of Patients

A flowchart for the inclusion of patients is shown in 
Figure 1.

Demographic Characteristics
The demographic and clinical characteristics of patients 

who were assessed at both test occasions (n = 39) are listed 
in Table 1. The 34 patients who were not included in the 
analyses were older at inclusion (mean [SD] age = 52.8 [11.0] 
vs 44.2 [10.7] years, P = .001) and older at the onset of affective 
symptoms (mean age = 20.1 [10.1] vs 14.7 [6.5] years, P = .011) 
relative to the 39 included patients. Patients with (n = 39) and 

without (n = 12) a posttreatment assessment were compared 
on demographic, clinical, and neuropsychological measures 
at baseline, without significant differences (data not shown).

Treatment Variables
Details for the provided ECT-stimuli and the administered 

medication are given in Table 2.

General Neurocognitive Function
Age- and gender-corrected T scores for the 6 MCCB 

domains and the composite scores accompanied with results 
from a mixed between–within ANOVA are reported in Table 
3. The initial MANOVA for the 6 domain scores identified a 
significant effect of time (F1,37 = 19.29, P < .001), but neither 
a group effect (F1,37 = 2.19, P = .147) nor an interaction effect 
(F1,37 = 1.52, P = .226) was identified. Overall, the analyses 
showed a significant change from pre- to posttreatment 
toward normalization of neurocognitive scores with no 

Table 1. Demographic and Clinical Characteristics for the Sample of 39 Bipolar 
Depression Patients With Assessments at Both Test Occasions According to 
Randomized Treatment Groupsa

Treatment Group

Variable
Total Sample

(N = 39)
APT

(n = 20)
ECT

(n = 19) P
Demographics

Gender, male, n (%) 16 (41.0) 8 (40.0) 8 (42.1) 1.000b

Age, y 44.2 (10.7) 42.5 (11.2) 46.0 (10.2) .314c

Education, y 13.8 (2.9) 13.7 (3.1) 13.9 (2.8) .894d

Premorbid IQ 113.4 (3.2) 113.7 (2.9)e 113.1 (3.5)f .593c

Illness course
Bipolar disorder I, n (%) 13 (33.3) 8 (40.0) 5 (26.3) .501b

Age at onset, y 14.7 (6.5) 15.3 (7.1)g 14.2 (6.1) .626c

Illness duration, y 29.2 (10.9) 26.7 (9.4)g 31.7 (11.9) .151c

No. of depressive episodes 20.6 (19.6) 17.1 (15.4)h 23.4 (22.5)f .456d

Hospitalizations due to depressive episodes 4.2 (3.2) 4.4 (3.6)i 4.0 (2.9)f .829d

No. of manic episodesj 3.4 (3.1) 3.2 (4.1)k 3.8 (1.7)l .468d

No. of hypomanic episodes 12.1 (13.8) 9.6 (8.3)e 15.2 (18.4)m .574d

No. of psychotic episodes 1.5 (2.8) 2.1 (3.2)h 0.9 (2.4)f .181d

Previous psychotic episodes, n (%) 18 (46.2) 11 (55.0) 7 (36.8) .341b

Previous ECT-receivers, n (%) 6 (15.8)n 2 (10.5)g 4 (21.1) .660b

Lifetime DSM-IV diagnosis of:
Substance abuse, n (%) 11 (28.2) 5 (25.0) 6 (31.6) .731b

Anxiety, n (%) 10 (27.8)o 6 (35.3)e 4 (21.1) .463b

Pretreatment scores on symptom rating
MADRS 37.9 (5.9) 36.9 (5.6) 38.9 (6.3) .305d

PANSS-pos 9.9 (3.6) 9.8 (3.4) 10.0 (3.8) .792d

GAF-S 35.8 (10.3) 35.5 (10.2)g 36.1 (10.7) .506d

Pretreatment medication
Antipsychotics, n (%) 26 (68.4)n 13 (68.4)g 13 (68.4) 1.000b

Lithium, n (%) 12 (31.6)n 7 (36.8)g 5 (26.3) .728b

Antiepileptics, n (%) 21 (55.3)n 8 (42.1)g 13 (68.4) .191b

Antidepressants, n (%) 29 (76.3)n 16 (84.2)g 13 (68.4) .447b

Hypnotics, n (%) 17 (44.7)n 9 (47.4)g 8 (42.1) 1.000b

Lifetime use
Antipsychotics, n (%) 32 (82.1) 17 (85.0) 15 (78.9) .695b

Lithium, n (%) 16 (41.0) 10 (50.0) 6 (31.6) .333b

Antiepileptics, n (%) 29 (74.4) 13 (65.0) 16 (84.2) .273b

Antidepressants, n (%) 39 (100.0) 20 (100.0) 19 (100.0) 1.000b

aReported are mean (SD) values except where indicated otherwise, accompanied by P values for 
comparisons between randomization groups.  bχ2 test.  cIndependent-samples t test.   
dMann-Whitney test.  en = 17.  fn = 18.  gn = 19.  hn = 15.  in = 16.  jFor bipolar disorder I patients only.  
kn = 5.  ln = 4.  mn = 14.  nn = 38.  on = 36.
Abbreviations: APT = algorithm-based pharmacologic treatment; ECT = electroconvulsive 

therapy; GAF-S = Global Assessment of Functioning–Split version, symptom subscale; 
MADRS = Montgomery-Asberg Depression Rating Scale; PANSS-pos = Positive and Negative 
Syndrome Scale for Schizophrenia, positive subscale; SD = standard deviation.
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Table 2. Treatment Variables for the ECT and APT Groups
ECT Group (n = 19) APT Group (n = 20)

Treatment variables Mean SD Range …
No. of treatments 11.6 4.4 4–18 …
Treatment dose, mC 233.3 67.7 100.8–453.6 …
Duration of  

EEG-seizures, s
39.6 19.1 20.9–107.2 …

Phase, Medication 
Group, and Drug Name

Patients Dose, mg Patients Dose, mg
n % Mean SD Range n % Mean SD Range

Treatment phase
Lithium 0 … … … … 9 45.0 180.3 77.5 42–332
Antipsychotics

Olanzapine 0 … … … … 6 30.0 8.3 6.3 2.5–20
Quetiapine 1  5.3 25.0 … 25–25 11 55.0 295.5 224.4 75–700
Aripiprazole 0 … … … … 1 5.0 15.0 … 15–15

Antiepileptics
Valproate 0 … … … … 5 25.0 960.0 445.0 300–1,500
Lamotrigine 2 10.5 50.0 0.0 50–50 17 85.0 170.6 211.1 25–800

Antidepressants
Mirtazapine 0 … … … … 5 25.0 30.0 18.4 15–60
Escitalopram 1  5.3 10.0 … 10–10 2 10.0 45.0 35.4 20–70
Citalopram 0 … … … … 1 5.0 20.0 … 20–20
Venlafaxine 0 … … … … 3 15.0 225.0 75.0 150–300
Sertraline 0 … … … … 0 … … … …
Fluoxetine 0 … … … … 2 10.0 20.0 0.0 20–20
Bupropion 0 … … … … 2 10.0 150.0 0.0 150–150

Concomitant medication
Oxazepam 0 … … … … 6 30.0 28.3 20.7 10–60
Diazepam 0 … … … … 1 5.0 10.0 … 10–10
Zolpidem 0 … … … … 0 … … … …
Zopiclone 0 … … … … 3 15.0 7.5 0.0 7.5–7.5
Trimeprazine 9 47.4 30.0 0.0 30–30 5 25.0 28.0 4.5 20–30
Chlorprothixene 11 57.9 42.7 15.7 15–75 2 10.0 40.0 14.1 30–50
Mianserin 8 42.1 10.0 0.0 10–10 2 10.0 30.0 28.3 10–50

Posttreatment
Lithium 6a 37.5 138.7 67.4 83–249 9 45.0 175.7 87.4 42–332
Antipsychotics

Olanzapine 0a … … … … 6 30.0 8.3 6.3 2.5–20
Quetiapine 10a 62.5 117.5 80.0 50–300 11 55.5 379.6 230.4 75–700
Aripiprazole 0a … … … … 0 … … … …

Antiepileptics
Valproate 4a 25.0 780.0 268.3 300–900 5 25.0 1,020.0 342.1 600–1,500
Lamotrigine 7a 43.8 46.4 36.6 25–100 16 80.0 193.8 198.0 25–800

Antidepressants
Mirtazapine 1a 6.3 15.0 … 15–15 5 25.0 27.0 19.6 15–60
Escitalopram 2a 12.5 12.5 10.6 5–20 2 10.0 45.0 35.4 20–70
Citalopram 0a … … … … 1 5.0 20.0 … 20–20
Venlafaxine 0a … … … … 3 15.0 200.0 114.6 75–300
Sertraline 0a … … … … 1 5.0 100.0 … 100–100
Fluoxetine 0a … … … … 2 10.0 20.0 … …
Bupropion 0a … … … … 2 10.0 150.0 0.0 150–150

Concomitant medication
Oxazepam 0a … … … … 4 20.0 30.0 26.8 5–60
Diazepam 0a … … … … 0 … … … …
Zolpidem 1a 6.3 10.0 … 10–10 0 … … … …
Zopiclone 1a 6.3 7.5 … 7.5–7.5 4 20.0 6.9 1.3 5–7.5
Trimeprazine 5a 31.3 30.0 0.0 30–30 3 15.0 26.7 5.8 20–30
Chlorprothixene 6a 37.5 55.0 48.1 15–150 2 10.0 40.0 14.1 30–50
Mianserin 7a 43.8 10.0 0.0 10–10 2 10.0 30.0 28.3 10–50

an = 16, due to missing data from 3 patients.
Abbreviations: APT = algorithm-based pharmacologic treatment, ECT = electroconvulsive therapy, 

EEG = electroencephalogram.
Symbol: … = not applicable.
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significant difference between the treatment groups. At the 
pretreatment assessment, both groups of patients showed 
reduced performance in most of the neurocognitive domains 
(1.0–1.5 SD below the normal mean). After treatment, the 
patients performed better on all measures. The effect sizes for 
these differences are classified as medium to large.

Autobiographical Memory
Pre- and posttreatment scores on the AMI-SF are reported 

in Table 4, along with the results from the repeated-measures 
ANOVA. There was a significant main effect for time, 
indicating a reduced autobiographical memory consistency 
in both groups from pre- to posttreatment, and a significant 
interaction between treatment group and time, indicating an 
additional reduction in autobiographical memory consistency 
in the ECT group compared to the APT group. The effect 
size for this interaction (η2 = 0.14) is classified as large.38 The 
AMI-SF–consistency score (based on consistency from pre- 
to posttreatment) was lower in the ECT group (72.9% [9.7%]) 
than in the APT group (80.8% [10.1%], P = .025), indicating 
a reduced autobiographical memory consistency in the ECT 
group.

The changes in MCCB scores from pre- to posttreatment 
and in AMI-SF–consistency were not correlated (data not 
shown). This indicates that the change in performance of 
objective neurocognitive tasks is not related to retrograde 
amnesia. There was no correlation between time from the 
last ECT session to posttreatment assessment and any of the 
MCCB scores, change in MCCB scores, or AMI scores (data 
not shown).

Neurocognitive Function and Depressive Symptoms
The MADRS score was reduced from 37.9 (5.9) before 

treatment to 17.0 (10.1) after treatment. The changes in 
MADRS score and MCCB–composite score from pre- to 
posttreatment assessments were correlated (Spearman 
ρ = 0.335, P = .037), indicating that patients recovering 
from depression also exhibited improved neurocognitive 
function. The posttreatment MCCB–composite score was 
significantly higher for patients in remission (MADRS ≤ 12, 
n = 13) than for nonremitted patients (n = 26) (48.1 vs 42.0, 
P = .023), while the AMI-SF score did not differ between 
remitted and nonremitted patients (76.8 [10.2] vs 76.6 [11.6], 
P = .960), either in the APT group (82.3 vs 79.9, P = .660) or  
in the ECT group (70.9 vs 73.9, P = .551).

DISCUSSION
The main findings of the present study were that patients 

with treatment-resistant bipolar depression randomized to 
ECT had no reduction in neurocognitive performance but 
exhibited reduced autobiographical memory consistency 
compared to patients randomized to APT. This is the first 
randomized controlled trial of the effects on cognition of 
ECT compared with pharmacologic treatment in bipolar 
depression, and hence, the reported results are not directly 
comparable to previous findings.

The finding that ECT treatment was not associated with 
any reduction in general neurocognitive function compared 
to psychopharmacologic treatment of bipolar depression 
is consistent with the results of ECT studies of patients 
with mainly major depression that have documented a 

Table 4. Pre- and Posttreatment Test Performance on the Columbia University Autobiographical Memory  
Interview–Short Form (AMI-SF) and Results From Mixed Between–Within Analysis of Variance (ANOVA) for  
APT and ECT Subsamples in Inpatients With Treatment-Resistant BD Depressiona

ANOVA
APT (n = 17) ECT (n = 18) Treatment Group Time Treatment Group × Time

Pretreatment Posttreatment Pretreatment Posttreatment F P Partial η2 F Pb Partial η2 F Pb Partial η2

54.0 (8.2) 43.6 (8.5) 55.2 (4.0) 40.3 (6.0) 0.2 .624 0.01 173.1 <.001 0.84 5.5 .025 0.14
aReported are raw scores and SDs.  bBoldface: P < .05.
Abbreviations: APT = algorithm-based pharmacologic treatment, BD = bipolar disorder, ECT = electroconvulsive therapy.

Table 3. Pre- and Posttreatment Test Performances and Results From Mixed Between–Within Analysis of Variance (ANOVA) 
for APT and ECT Subsamples in Inpatients With Treatment-Resistant Bipolar Depression for 6 Cognitive Domains From the 
MATRICS Consensus Cognitive Battery (MCCB) and MCCB–Composite Scoresa

ANOVA

Treatment Group Time
Treatment

Group × Time
Neurocognitive 
Domain

APT (n = 20) ECT (n = 19) Partial 
η2

Partial 
η2

Partial 
η2Pretreatment Posttreatment Pretreatment Posttreatment F P F Pb F P

Speed of processing 33.5 (12.8) 39.2 (12.3) 40.4 (10.3) 42.7 (10.8) 2.2 .147 0.06 11.6 .002 0.24 2.1 .159 0.05
Attention/vigilance 42.7 (15.5)c 44.7 (17.9) 40.3 (8.9)d 46.9 (9.8) 0.0 .978 0.00 6.9 .014 0.18 2.0 .168 0.06
Working memory 41.8 (12.1) 42.9 (10.9) 46.9 (10.7) 50.7 (7.6) 4.1 .050 0.10 5.7 .022 0.13 1.7 .205 0.04
Verbal learning 38.6 (9.1) 40.4 (7.4) 38.5 (6.4) 42.5 (10.4) 0.18 .674 0.01 4.4 .043 0.11 0.6 .440 0.02
Visual learning 39.3 (9.3)d 43.2 (11.6) 43.7 (11.6)d 47.6 (11.7) 2.1 .156 0.06 3.3 .080 0.09 0.0 .990 0.00
Reasoning 40.6 (9.2)e 41.5 (8.9) 44.4 (9.5) 48.2 (10.6) 3.2 .080 0.08 4.2 .049 0.10 1.7 .202 0.05
MCCB–composite 

 scoref
39.2 (9.1) 41.9 (8.6) 42.3 (7.5) 46.4 (6.8) 2.3 .135 0.059 19.6 < .001 0.35 0.8 .383 0.02

aReported are T scores and SDs.  bBoldface: P < .05.  cn = 15.  dn = 18.  en = 19.  fScores for the MCCB measures have a mean of T = 50 and an SD of T = 10.
Abbreviations: APT = algorithm-based pharmacologic treatment; BD = bipolar disorder; ECT = electroconvulsive therapy.
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normalization of neurocognitive function shortly after 
ECT.9 Differences relative to studies documenting impaired 
processing speed and verbal and working memory after 
ECT,17,39,40 or more global cognitive impairment,41 might 
be due to the shorter interval between the last ECT session 
and posttreatment assessment in those studies. There is an 
active ongoing debate about the neurocognitive side effects 
of ECT, but they have not been investigated by randomized 
studies, with the exception of continuation ECT.42 Even if 
it is possible that the lack of effect in the present study was 
due to type II errors, we could exclude a deterioration of 
cognitive function on a group level.

The present study found a numerical (and, for most 
variables, significant) gain in all of the MCCB domain 
scores from pre- to posttreatment. The improvement in 
neurocognitive performance was positively correlated with 
the decrease in depressive symptoms.

We found a reduced consistency in autobiographical 
memory in the ECT group, which is consistent with 
previous findings of impairment of autobiographical 
memory after applying RUL brief-pulse ECT to patients 
with major depression.26,43 There was no healthy control 
group in the current study, which made it impossible to 
differentiate between normal and mood-associated loss of 
autobiographical memory consistency over time. Further, 
there are no normative data from healthy controls for the 
AMI-SF that could be compared directly with our results 
or used to estimate the normal change in autobiographical 
memory consistency. Thus, the clinical implications of 
the current finding of reduced autobiographical memory 
consistency remain uncertain. Previous studies have shown 
that the extent of autobiographical memory impairment 
depends on treatment parameters such as the electrode 
placement and pulse width.44 The treatment parameters in 
the present study represent a cognitively favorable choice, 
exceeded only by the use of ultrabrief pulses.17

The present study obtained contrasting results for 
autobiographical memory and general neurocognitive 
function measured with the MCCB task evaluating verbal 
learning: the HVLT-R. The AMI-SF and HVLT-R assess 
different memory functions. Memory is not unitary, but 
rather is divided into different memory systems based on 
somewhat different neural substrates.45 While the HVLT-R 
measures the free immediate recall of words presented 
over multiple trials and quantifies episodic anterograde 
memory, the AMI-SF assesses retrograde (both semantic and 
episodic) memory. In contrast to the item-focused HVLT-
R, the AMI-SF is focused on personal events with affective 
valence. Another important difference between the memory 
tests from MCCB and the AMI-SF is the use of standardized 
objective tests versus personal memories.

The present study was subject to several limitations. 
As in other studies, the possible confounding effect of 
medications could not be evaluated. Our study was subject 
to a high dropout rate with only 53% fulfilling the final 
neuropsychological assessment. This probably reflects the 
illness burden of the acutely admitted, in-patient sample. 

The 12 patients who dropped out after baseline assessment 
did not differ from those who continued in demographic and 
baseline variables. They left the study for practical reasons 
(as shown in Figure 1). Assessing autobiographical memory 
constitutes a methodological challenge. The AMI-SF has 
several weaknesses, especially regarding the lack of normative 
data in both healthy and depressed samples, the inability 
to differentiate between different memory components, 
and the inability to capture an eventual improvement of 
autobiographical memory.46,47 The MCCB lacks measures 
for retrograde memory related to impersonal (public) 
events, which has been found to be more profound than for 
autobiographical events.43 The extent of retrograde memory 
loss thus remains uncertain. Also, the interval between the last 
ECT session and posttreatment assessment differed between 
patients. We found no correlation between any of the MCCB 
scores and time from the last ECT session to posttreatment 
assessment, which might have been due to the small sample. 
Previous research has found a time dependence in the 
resolution of ECT-induced neurocognitive impairment.48

In the current study, the neurocognitive impairment 
associated with ECT was limited to reduced autobiographical 
memory. The risk of this side effect has to be evaluated against 
the benefits of the possible symptomatic and functional 
recovery, but also against the alternative risk of the cognitive 
decline due to untreated depression, medications, and the 
consequences of treatment delay.49 The clinical relevance of 
our finding of reduced autobiographical memory consistency 
will also depend on the persistency of the impairment.

CONCLUSION
General neurocognitive function was unaffected by RUL 

ECT treatment and positively related to improved mood in 
bipolar depression. Autobiographical memory consistency 
was reduced in patients treated with ECT. The results suggest 
that ECT can be used in treatment-resistant bipolar depression 
without compromising general neurocognitive function. The 
clinical implication of reduced autobiographical memory 
consistency in the ECT group requires further investigation.
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