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Abstract  

Background: There is a lack of knowledge of possible cognitive side effects of 

electroconvulsive therapy (ECT) beyond the first few months after treatment. We aim to 

describe cognitive effects and symptom remission 2 years after ECT in major depressive 

disorders.   

Method: Twenty-seven depression patients were assessed with the MATRICS Consensus 

Cognitive Battery (MCCB) and the Everyday Memory Questionnaire (EMQ) before and 2 

years after ECT. Their scores were compared with those of healthy matches. Depression and 

remission status were assessed with the Montgomery-Åsberg Depression Rating Scale 

(MADRS). Main statistical analyses were ANOVAs and linear mixed model tests.  

Results: At baseline, the patient group was significantly impaired on 7 of 10 cognitive tests 

compared to the control group. Two years later, this gap was reduced to impairment on 5 of 

10 tests. Within the patient group, neurocognitive function either increased significantly from 

baseline to follow-up, or there was no change. Two years after ECT, 62.9% of the patients 

were in remission. Those in remission reported better subjective memory function, but 

displayed no different neuropsychological test results, compared to the non-remitters.  

Limitations: Major limitations were low sample size and lack of uniform ECT procedure.  

Conclusions: We found improved neurocognitive function 2 years after ECT. This effect 

occurred regardless of remission status, suggesting that ECT induces unique cognitive 

boosting processes.  
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1. Introduction  

Electroconvulsive therapy (ECT) is highly effective in reducing symptoms of severe 

depression, however, fear of cognitive side effects prevents many eligible patients from 

agreeing to this type of treatment (Prudic, 2008). Although not life-threatening in the same 

way that severe depression is, cognitive impairment may have negative psychological 

consequences through its effects on the ability to function at work or in an educational setting, 

or through the loss of personal memories important for one’s identity and history. This applies 

in particular if the cognitive changes are long lasting. 

 

In a prospective, naturalistic project, we have followed a group of depressive disorder patients 

with comprehensive neurocognitive testing before the onset of ECT and then 6 weeks and 6 

months after treatment. We found cognitive function improvement after ECT compared to 

baseline, both at 6 weeks (Mohn and Rund, 2016a) and 6 months (Mohn and Rund, 2016b). 

At no point was there any deterioration of cognitive function compared to baseline. These 

findings correspond to those from other groups using different cognitive test batteries or with 

shorter follow-up intervals (Bodnar et al., 2016; Maric et al., 2016; Obbels et al., 2018; 

Semkowska and McLoughlin, 2010; Verwijk et al., 2012; Ziegelmayer et al., 2017).  

 

A limitation of previous research is the lack of longitudinal studies beyond the first few 

months after ECT and using comprehensive neurocognitive assessment. In this paper, we 

present the results of our 2-year follow-up assessment of the same participants as previously 

studied (Mohn and Rund, 2016a,2016b). Although there are some reports of general cognitive 

measurement (e.g., the Mini-Mental State Exam) across 1 and 2 years (Kumar et al., 2016),  

we are aware of no other prospective study of the detailed neurocognitive effects of ECT in 

depressive disorder patients with such a long follow-up period.  
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The remission rates immediately after termination of ECT are high (60-80%, UK ECT 

Review group, 2003). However, relapses tend to occur, particularly during the first 2-6 

months after treatment (van Beusekom et al., 2007; Jelovac et al., 2013). We are aware of 

only one remission/relapse study that has followed depression patients for more than 6 

months after ECT. Martinez-Amaroso et al. (2012) reported a relapse rate of 50 % after 2 

years. Considering the intensive debate of the benefits and risks of ECT in depression 

disorders, there is an astonishing lack of information on long-term illness progression beyond 

the first months after treatment.  

 

Moreover, there is a need for investigations of the relationship between remission status and 

neurocognitive function after ECT. The elucidation of this association is necessary in order to 

evaluate a patient’s functional capacity. The concept of remission is usually defined as 

clinically significant improvement in mood. However, the neurocognitive impairment that 

may be a core feature of affective disorders and unlikely to disappear completely despite full 

symptomatic remission (Bora et al., 2013) may still influence functional outcome in a 

negative manner. A significant proportion of the large economic burden caused by depression 

disorders in the Western world is likely to be mediated by neurocognitive dysfunction 

manifesting itself in loss of work productivity, absenteeism, or inability to finish schooling. 

Moreover, neurocognitive dysfunction in spite of mood improvement is likely to influence 

interaction with family and friends and adequate performance of daily life activities (Gonda et 

al., 2015; Lam et al., 2014). In consequence, cognitive remission has been suggested as an 

additional aim for treatment of affective disorders (Bortolato et al., 2016).  The topic of the 

relationship between remission status and neurocognitive function after ECT has hardly been 

investigated, however. We are aware of only one such study: For bipolar type II patients in 
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their depressive phase, Kessler et al. (2014) reported that the overall cognitive function score 

of the MCCB was significantly higher in the remitted group as compared to the non-remitters. 

 

In order to fill a large knowledge gap in the literature on neurocognitive function after ECT, 

we aim to answer the following research questions: (1) Are there neurocognitive changes 

from baseline 2 years after ECT in major depressive disorders? (2) What is the remission rate 

2 years after ECT, and is remission status related to neurocognitive function?  

 

2. Methods 

2.1 Participants 

The current patient sample consists of the 27 individuals (Table 1) with a major depressive 

episode included in our baseline study (Mohn and Rund, 2016c) who were available for 

testing 2 year later. The project participants were recruited from the ECT clinical sections at 

Vestre Viken Hospital Trust and Vestfold Hospital Trust in South-Eastern Norway from 

March 2011 to November 2014. Of all eligible patients who were scheduled to receive ECT in 

this time period, five refused participation in this project due to fatigue. A further three 

eligible patients could not be included for practical reasons, i.e., no time for neurocognitive 

assessment before start of ECT.  The original sample included at baseline consisted of 35 

individuals, of which 31 were available for re-tests at 6 weeks and 6 months after ECT (Mohn 

and Rund, 2016a,2016b). Four of the 31 patients who had performed the previous assessments 

had dropped out by the current 2-year follow-up test, for the following reasons: Two declined 

further project participation due to fatigue and/or refusal of further contact with the mental 

health care system, one had moved overseas, and one had committed suicide. A drop-out 
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number of 4 patients out of a total of 35 in addition to the 8 eligible patients could not or 

would not participat at baseline results in a non-participation rate of 38% at 2 years follow-up.     

 

Inclusion criteria were age above 18 and below 70 years (in order to reduce the risk of 

possible dementia-related cognitive impairment) , capacity for giving informed consent to 

both ECT and participation in this project, ability to understand spoken and written 

Norwegian, and a diagnosis of a treatment resistant major depressive episode.  The diagnosis 

of “treatment resistant depression” was made by the clinicians based on previous lack of 

response to antidepressant medication in combination with psychotherapy.  Exclusion criteria 

were ongoing alcohol or drug abuse, ongoing neurological illness, and ECT within the last 

two years before baseline.  

 

A healthy control sample was drawn from the control group of our baseline study (Mohn and 

Rund, 2016c). No follow-up testing 2 years after baseline was made, and the current controls 

were 27 age, gender, and education level matches from the baseline study. The recruitment 

and assessment procedure of the controls has been extensively described elsewhere (Mohn 

and Rund, 2016c; Mohn et al., 2012). The controls were tested only at baseline, and their 

neurocognitive scores from that time point were used as comparisons for the patient scores 

both at baseline and at 2-year follow-up (Tables 2 and 4).   

 

2.2 Clinical assessment 

The diagnosis of a major depressive episode (F 32.1, F 32.2, F 32.3) was established by 

clinical interviews using the M.I.N.I International Neuropsychiatric Interview by hospital 

staff according to the ICD-10 criteria (WHO, 1993). Several different clinicians were 

involved in the diagnostic process, and the clinicians, although experiences specialists in 
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psychiatry, were not subject to inter-rater reliability tests. The patients were severely ill, and 

the decision to commence ECT was sometimes made so rapidly that the diagnostic process 

could not be undertaken by one and the same clinician. We did, however, rely on 

comprehensive information from the patients’ case files to support the diagnosis made 

according to the ICD-10 system. 

 

Twenty of the patients were diagnosed with recurrent unipolar depression (F 33) and 7 with 

bipolar disorder type II (F 31) (WHO, 1993). Six had experienced psychotic symptoms during 

the present depressive episode, 8 had moderate anxiety symptoms, and 3 partially fulfilled the 

criteria for a personality disorder (emotionally unstable personality disorder, F 60.3, and 

anxious personality disorder, F 60.6). Severity of depression was assessed with the 

Montgomery-Åsberg Depression Rating Scale (Montgomery and Åsberg, 1979), at the start of 

the neuropsychological assessment session.  Remission of depression was defined as a 

MADRS score ≤ 12, in accordance with the cut off used in another Norwegian study of 

neurocognitive function after ECT (Kessler et al., 2014).  

 

Four of the patients had been treated with 1-2 series of ECT more than 2 years previously. All 

patients had discontinued their psychotropic medication 1-7 days before baseline testing. 

Medication for anxiety (diazepam or oxazepam) and/or insomnia (zopiclone or zolpidem) had 

been permitted the evening before baseline testing if needed. One patient did not use any 

regular medication at baseline, and 5 were medication free 2 years after ECT. Calculated daily 

doses (CDD) of medication were based on the international defined daily dose (DDD) of 

medication technical measurement system (WHO, 2010) before baseline and at 2 years 

follow-up (Table 1). A CDD is the outcome of the prescribed daily dose divided by the 

defined daily dose of medication.  At 2 years follow-up, 10 patients used a medication dose 
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higher than the average DDD: 7 of those were on antidepressants, 2 on antipsychotics, and 1 

on lithium.  

 

   (Insert Table 1 here) 

 

2.3 Electroconvulsive therapy 

No uniform ECT procedure was followed, and each treatment procedure was tailored to the 

individual patient. All patients received square wave, brief pulse (0.5 ms) stimulation from a 

Thymatron system machine 2 (n=1) or 3 (n=26) times a week. The stimulation dose was age 

based, i.e. the electrical current delivered was based on the patient’s age as percentage of 504 

mC. Mean number of applications per ECT index series was 11.2 (SD 3.4, range 6-20). Right 

unilateral electrode placement was used in 22 cases, bifrontal placement in 1 case, and mixed 

placement (switching from right unilateral to bifrontal in mid-series) in 4 cases. Anesthetic 

agents were alfentanil, propofol, or thiopental. Succinylcholine was used as a muscle relaxant. 

These pharmacological agents were administered in dosages according to the physical 

characteristics of each participant.  

 

After this index series and between the 6-week follow-up assessment, 5 patients received a 

new ECT series with a mean 9.8 of applications (SD 6.7, range 5-18). Among these, 3 had 

right unilateral, 1 bifrontal, and 1 mixed electrode placement. Between the 6-month and the 2- 

year follow-up assessment, 2 patients received a new ECT series with a mean of 8.0 

applications (SD 0.0). One of these had right unilateral and 1 had mixed electrode placement.  

 

The participants were cognitively assessed 1-3 days before the start of ECT, 6 weeks, 6 

months, and 2 years after completion of ECT. For the patients who received a new series, the 
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follow-up cognitive assessments were performed 6 weeks or 2 years after the final application 

of ECT.  

 

All participants signed an informed consent form before both testing sessions. These consents 

were given in addition to their consenting to ECT treatment, which was obtained by the 

clinical wards. The study was conducted according to the Helsinki Declaration and was 

approved by the Regional Committee for Research Ethics for Health Region South-East (REK 

Sør-Øst).  

 

2.4 Neuropsychological assessment 

The cognitive assessment was carried out by a clinical psychologist with extensive 

neuropsychological training (CM). The participants were tested at their respective clinical 

wards at baseline and at their respective outpatient clinic or at home at follow-up.  

 

The MCCB covers 7 cognitive domains using 10 subtests (Nuechterlein and Green, 

2006,2009): Speed of Processing [Trail Making Test A (TMT-A; US War Department, 1994), 

Symbol Coding (Brief Assessment of Cognition in Schizophrenia, BACS; Keefe, 1999), and 

Fluency (Category Fluency; Blair and Spreen, 1989)], Attention/Vigilance [Continuous 

Performance Test-Identical Pairs (CPT-IP; Cornblatt et al., 1988)], Working Memory [Spatial 

Span (The Wechsler Memory Scale, SS-WMS; Wechsler, 1997) and Letter Number Span 

(The University of Maryland Letter Number Span test, LNS; Gold et al., 1997)], Verbal 

Learning [the revised Hopkins Verbal Learning Test (HVLT-R, immediate recall; Brandt and 

Benedict, 2001)], Visual Learning [the revised Brief Visuospatial Memory Test (BVMT-R; 

Benedict, 1997)], Reasoning/Problem Solving [the Mazes test (Neuropsychological 

Assessment Battery, NAB; White and Stern, 2003)], and Social Cognition [the Managing 
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Emotions part of the Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT; Mayer et 

al., 2002)].   

 

The average time of completion of the MCCB is approximately 60 min. Due to excessive 

fatigue, 4 patients did not perform the MSCEIT and 9 did not perform the CPT-IP test (the 2 

final tests) at baseline. Two years later, 4 and 6 patients did not perform the MSCEIT and 

CPT-IP test, respectively. The individuals not performing these tests were not the same at 

baseline as at 2 years, therefore, we do not expect any systematic bias to arise.  

 

Norwegian T scores have been published for the 20-59 years age group (Mohn et al., 2012). 

As the current study includes participants above 60 years, the MCCB results are presented in 

raw scores.  

 

After the completion of the MCCB, the patients filled in the Everyday Memory Questionnaire 

(EMQ; Sunderland et al., 1984), assessing practical attention and memory functions in 28 

items. 

 

2.5 Statistics 

All statistical calculations were carried out using the IBM SPSS Statistics version 25. Tests of 

normality revealed that the TMT-A score of the patient group (1.19) and the control group 

(1.26) was slightly skewed at baseline. Moreover, there was kurtosis in the patient group 

MSCEIT score (1.99) and control group CPT-IP score (2.53) at baseline. The non-parametric 

results are reported where appropriate.  An alpha-level of .05 was chosen for this study.  
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Categorical repeated measures remission data were analyzed with the Chi square test (Table 

1). Independent samples neurocognitive data were analyzed with one-way ANOVA with 

partial eta square as an indication of effect size (Tables 2 and 4). Continuous repeated 

measures variables were analyzed with the linear mixed model approach, as we had random 

missing data from the MSCEIT and CPT-IP tests (Table 3). As two patients had received a 

new series of ECT between the 6-month and 2-year assessments, we performed all statistical 

analyses again omitting these two cases. This procedure did not alter the numbers or figures 

described in the Results section in any statistically significant manner, and we therefore 

present data from the entire patient sample throughout this paper.  

 

3. Results 

3.1 Remission rates 

At baseline, no patients were in remission from their depressive disorder. The remission rates 

increased significantly across the 2 years measurement span from n=7 of 26 individuals 

(26.9%) at 6 weeks, to n=11 of 24 individuals (45.8%) at 6 months, and n=17 of 27 

individuals (62.9%) at 2 years (X2 = 29.36, p < .001).  

    

3.2 Group differences in neurocognition  

At baseline, the healthy controls showed statistically significant higher function compared to 

the depression patients on 8 of the 10 cognitive tests (Table 2). As there was no follow-up 

assessment performed in the healthy controls, their baseline scores were used as basis for 

comparison with the post-ECT depression group scores. Two years after ECT, the 

performance gap had been reduced, as the depression group scored significantly lower than 

the control group at baseline on 5 of the 10 cognitive tests (Table 4).  
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3.3 Neurocognitive function 2 years after ECT 

Two years after ECT, the neurocognitive function of the depression patients was significantly 

increased from baseline for the following tests: TMT-A, Symbol coding, CPT-IP, and 

BVMT-R. Most of this improvement in test performance was seen early after cessation of 

treatment, i.e., at the 6 weeks assessment point, and this level of performance was sustained 

across the entire follow-up phase (Table 3). As there may be associations between the number 

of ECT applications in an index series and subsequent cognitive function (Prudic, 2008), we 

performed Pearson’s correlation analyses of these variables. This procedure generated no 

statistically significant results or non-significant trends (data not shown).  

 

In order to study the possible influence of psychotropic medication on the neurocognitive test 

scores, we performed Pearson’s and Spearman’s correlation analyses between doses of 

antidepressants and antipsychotics and the MCCB scores at baseline and 2-years follow-up. 

This generated one near-significant association between antidepressant dose and the BVMT-R 

score at baseline (r .47, p = .056). None of the other correlations were verging on statistical 

significance. The participants using lithium or anticonvulsants could not be subject to the 

same analyses, as these groups were too small.  

 

Although the analyses of variance showed significant improvement or no change in 

neurocognitive function, there may be instances of deterioration that are not captured by these 

mean level calculations. Therefore, we present the numbers of participants whose MCCB test 

results were worsened, not changed, or improved from baseline to 2-years follow-up (Table 

5). We used a small interval (+/- 1 or 0.1 raw score point) to calculate the changes. These 

numbers indicate that the Mazes test results deteriorated in 33% of the cases, while the most 
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frequently improved test scores were the TMT-A, Symbol Coding, CPT-IP, and BVMT-R, 

confirming the results of the analyses of variance.  

 

   (Insert Tables 2-5 here) 

 

In our previous studies, we found a statistically significant association between current 

depression level and subjective memory complaints (Mohn and Rund 2016a,2016b). We 

performed similar correlation analyses on the current sample, revealing a statistical 

significance between the MADRS and EMQ scores at 2-years follow-up (r .62, p = .01). None 

of the correlation analyses between the MADRS score and the MCCB test scores (all rs 

between .00 and -.28, all ps > .14) or between EMQ or the MCCB test scores (all rs between 

.01 and -.25, all ps > .20) were statistically significant.  

 

3.4 Remission and neurocognitive function 

The MADRS score of the patient group was significantly reduced across the follow-up phase 

compared to baseline, and most of the reduction had occurred at the 6-weeks assessment 

(Table 3). Univariate ANOVAs of the relationship between remission status (yes/no) and 

MCCB test performance at each follow-up point generated no statistically significant group 

differences, nor were there any discernible non-significant trends in the data (all ps > .09, data 

not shown). However, the non-remitters (see Table 1 for numbers) showed significantly 

higher levels of subjective cognitive problems (the EMQ score) at 6 weeks (non-remitters 

mean 118.4, SD 38.1, remitters mean 64.7, SD 15.3, F = 12.87, p <.001, η2 .35), 6 months 

(non-remitters mean 118.5, SD 41.9, remitters mean 68.0, SD 24.4, F = 12.87, p <.001, η2 

.36), and 2 years (non-remitters mean 128.9, SD 31.5, remitters mean 78.3, SD 30.0, F = 
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17.29, p <.001, η2 .41). The higher EMQ score in the non-remitters was the only statistically 

significant difference between this group and the remitted group.  

  

4. Discussion 

4.1 Neurocognitive function 2 years after ECT 

This is the post-ECT study with the longest follow-up period of comprehensive 

neurocognitive assessment to date. The results of the 2-year follow-up tests confirm our 

earlier reports of significantly improved cognitive function in several domains after ECT 

(Mohn and Rund, 2016a,2016b). Moreover, we have not found any cognitive deterioration in 

any of the domains assessed at any time point over the 2-year interval. Others have reported 

similar increases in neurocognitive function with shorter follow-up intervals (Bodnar et al., 

2016; Maric et al., 2016; Semkowska and McLoughlin, 2010; Falconer et al., 2010). As in our 

previous studies, the improvement was seen in 4 tests of processing speed, attention/vigilance, 

and visual learning/short-term memory. None of the other MCCB test results were 

significantly altered from baseline. Cognitive tests dependent upon speed and learning are 

known to improve with ECT (Mohn and Rund, 2016a;2016b; Bodnar et al., 2016; Maric et 

al., 2016; Kessler et al., 2014; Semkowska and McLoughlin, 2010), and this is the first time 

this improvement has been shown to be sustained across 2 years. Although there was a 

deterioration in the test of reasoning/problem solving in 33% of the cases (despite an 

unaltered mean score), the frequency distribution (Table 5) of the changes from baseline to 

follow-up confirmed the general picture of overall cognitive improvement in most test results, 

even those that did not turn out as statistically altered in the ANOVAs. A note of caution is in 

order concerning the improvement in attention/vigilance, though. The CPT-IP is the final test 

of the MCCB, and six participants did not perform it due to fatigue after an hour long 
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assessment session. Had these individuals persisted, a lower mean CPT-IP score at follow-up 

could have been the result.  

 

It may be argued that our results are influenced by test-retest effects. However, the MCCB 

was assembled partly in order to permit repeated testing, presenting alternate versions of tests 

most vulnerable to practice effects (Nuechterlein et al., 2008). Moreover, the MCCB has 

shown limited practice effects across 4 weeks (Roseberry and Hill, 2014). With assessments 

over longer intervals, we do not expect this type of bias to occur in our data.  

 

At baseline, the healthy control group outperformed the depression patients on 7 of the 10 

neurocognitive tests. Two years after ECT, the performance gap had been reduced to 5 of 10 

tests. The test results that had been restored to the mean healthy control level at 2-year follow-

up were the TMT-A and BVMT-R, assessing processing speed and visual learning. Again, 

this finding is in accordance with previous reports of these functions being improved after 

ECT (Mohn and Rund, 2016a;2016b; Bodnar et al., 2016; Maric et al., 2016; Kessler et al., 

2014; Semkowska and McLoughlin, 2010; Falconer et al., 2010). It is worth noting, though, 

that the depression group was still cognitively disadvantaged relative to the controls on half 

the MCCB test scores 2 years after ECT. We speculate that this is the result of a general, 

small to moderate cognitive deficit in depression disorder patients (Lee et al., 2012), which is 

unlikely to improve significantly with conventional treatment (Trivedi and Greer, 2014).  

 

4.2 Remission and neurocognitive function 

Throughout our study period, the remission rates increased significantly, reaching 62.9% 2 

years after ECT. This number is comparable to rates observed by Dombrowski et al. (2005) 

immediately after treatment, Sienaert et al. (2010) 6 weeks after treatment, and Verwijk et al. 
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(2015) 6 months after treatment. Among our patients, the rate of relapse (defined as needing a 

new series of ECT) was low: n=6 before the 6-week follow-up test and n=2 between the 6-

month and the 2-year assessment. Although these data correspond to the general finding of 

the risk of relapse being greatest within the first 6 months after ECT (Jelovac et al., 2013), 

these numbers do not reach the >50% rates that are commonly observed during this time 

interval (Jelovac et al., 2013; Martinez-Amoroso et al., 2012; van Beusekom et al., 2007). 

During the entire study period, all our patients received some form of treatment, however, 

either regular psychotherapy, psychoeducation, antidepressant medication, or a combination 

thereof. This continued contact with the specialist health care system is likely to be the main 

reason for the low relapse rates of our participants.  

 

At the same time, the remission rate at 6 weeks (27%) was lower than found by others (Brus 

et al., 2017; Sienaert et al., 2010). We believe our much smaller sample size and different 

ways of measuring remission to be the main explanations for this discrepancy. Additionally, 

we did not have information about the duration of the depressive episode for which our 

participants were treated with ECT.  This factor, as well as concurrent psychosis or anxiety 

symptoms, for which we could not provide statistical control, may have contributed to our 

relatively low early remission rate. A further unexpected finding was that even though the rate 

of remission improved drastically from 6 weeks to 2 years, the MADRS sum score did not 

change significantly. Probably this was due to alterations in symptom severity in subgroups of 

patients that we did not have sufficient power to detect.  

 

There were no statistically significant differences in neurocognitive function between those 

patients who were in remission from their depressive episode and those who were not at any 

time point across the 2-year study period. We are aware of only one study that has compared 
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remitters and non-remitters on cognitive function after ECT. For bipolar type II patients in 

their depressive phase, Kessler et al. (2014) reported that the overall cognitive function score 

of the MCCB was significantly higher in the remitted group as compared to the non-remitters 

6 weeks after treatment. Possibly, the difference in sub-diagnosis within the affective disorder 

spectrum may explain these divergent findings. Our finding adds to reports of improved 

neurocognitive function above the affective symptom remission after antidepressant 

medication treatment (Bortolato et al., 2016; Gonda et al., 2015). Future studies should link 

the neurocognitive effects of ECT to direct measures of functional outcome, such as time to 

return to work or studies.  

 

In contrast to the results from the neuropsychological testing, the non-remitted patients 

reported significantly higher subjective cognitive problems, assessed with the EMQ, at every 

measurement point compared to the remitted participants. We have previously shown that the 

depression severity level and the EMQ score are correlated after ECT, but that the MCCB test 

results and the EMQ score are not (Mohn and Rund, 2016a;2016b). The same relationship 

was revealed in the current study. These findings suggest that cognitive problems in daily life 

in patients who have undergone ECT result from residual depression symptoms and not the 

treatment they have received.  

 

Several studies of the relationship between cognitive test results on the one hand and 

depression severity scores on the other have found small (F’s +/- 4.00), but statistically 

significant associations between these variables (Maric et al., 2016; Sackeim et al., 2007). We 

chose the direct comparison method using remission status as the grouping variable, because a 

mere reduction in symptom load from a high to a less severe level is usually not a sufficient 
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indicator of functional outcome (Brus et al., 2017). An important aim of depression treatment 

is to make the patient able to resume as many tasks of independent living as possible, such as 

going to work or school, interacting with family and friends, and performing household 

chores. Therefore, full remission status should be the preferred outcome measure and not a 

simple reduction in symptoms, although the latter also eases the burden of suffering. 

Moreover, there are no consensus criteria for remission according to the MADRS. We used 

the same level (≤ 12) as Kessler et al. (2014) in order to generate data comparable to another 

ECT follow-up project using the Norwegian MCCB. With a stricter cut-off level, our 

statistical analyses may have generated slightly different results.   

 

As we realize that this cut-off method may hide important associations in the data set, and in 

order to investigate our previous findings of significant relationships between depression 

symptom level and cognitive function (Mohn and Rund, 2016a;2016b), we also performed 

correlation analyses between the MADRS, EMQ, and MCCB test scores. We found the same 

results as previously i.e., a significant, positive correlation between the MADRS and the 

EMQ score after ECT, but no relationships or even non-significant trends between MADRS 

or EMQ on the one hand and MCCB test scores on the other. This strengthens our suggestions 

that cognitive complaints after ECT results from residual depression, and not cognitive 

damage.  

 

In summary, the studies from our own research group as well as others point to a general 

positive neurocognitive effect of ECT in depressive disorder patients. There are several 

possible mechanisms that explain this phenomenon. First, there is a rapidly growing body of 

evidence for ECT boosting cognitive function by inducing neuroplastic changes in specific 
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brain structures involved in learning and memory, such as the hippocampus (Nordanskog et 

al., 2010), the cerebellum (Depping et al., 2017), or in the temporal cortex in general (van 

Eijndhoven et al., 2016; Sartorius et al., 2016; Wang et al., 2018). A second possibility is 

cognitive improvement resulting from the antidepressant effects of ECT. Impaired cognitive 

function is common during depression (Mohn and Rund, 2016c; Lee et al., 2010), and 

cognitive improvement may be a natural consequence of symptom remission. Third, these two 

processes may occur in tandem, ECT has been found to act directly on cognitive performance 

as well as indirectly via decreased depression scores (Bosboom and Deijnen, 2006).   

 

We believe our results best support the first hypothesis of ECT inducing cognitive 

improvement through neuroplastic changes. The main reason is our finding of no significant 

differences in neurocognitive function between the remitted and non-remitted patients, 

indicating that the depression level had little influence on the cognitive test results after ECT. 

Future studies of cognitive remission in addition to affective symptom remission (Bortolato et 

al., 2016) after ECT should be combined with investigations of neuroplastic changes.  

 

4.3 Strengths 

There are certain unique features that permit us strong confidence in our main finding of 

improved neurocognitive function after ECT. First, we employed the longest follow-up period 

of cognitive monitoring after ECT to date. Second, our non-participation rate (38%) was 

lower than in most other studies in this field. Third, our control sample consisted of pairwise 

matched individuals according to gender, age, and education level. Fourth, the MCCB is a 

comprehensive test battery assessing ecologically valid cognitive functions highly relevant for 

daily life. It is mainly intended for use in schizophrenia spectrum disorders, but is suitable for 
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affective disorders as well (Mohn and Rund, 2016c; Murrough et al., 2015; Kessler et al., 

2014).   

 

4.4 Limitations 

The main shortcoming of our study is the relatively small sample size, upon which multiple 

statistical testing was performed. Moreover, our low N did not permit separate analyses of 

subgroups based in gender, age, comorbidity, and electrode placement. In addition, we could 

not perform analyses of the possible influence of mood stabilizing and anticonvulsant 

medication on neurocognitive function, as we had too few participants in these groups. Until 

our results are replicated with larger samples allowing control for such possible confounders, 

the present data should be interpreted with some caution.  

 

Relatedly, our significance level of 0.05 may have increased the risk of Type I errors. 

However, we chose not to use Bonferroni or other types of correction for multiple testing, for 

the following reasons: First, Bonferroni corrections increase the risk of Type II errors, and we 

wished to uncover relevant group or time differences that will be selected for future large, 

nation-wide studies of the effects and side-effects or ECT.  Second, the current paper is a 

follow-up of our previous studies (Mohn and Rund, 2016 a; 2016b), where we did not correct 

for multiple testing. In such cases, it is recommended to refrain from correction (Perneger, 

1998). As our present results strongly resemble those of our previous reports (Mohn and 

Rund, 2016a; 2016b), we are confident that our findings are not the artifacts of statistical 

coincidences.  
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Second, although all patients received brief-pulse stimulation, other aspects of the ECT 

technique was not standardized, but tailored to each patient’s clinical characteristics. 

Unilateral electrode placement may cause less cognitive side effects than bilateral placement 

(Kolshus et al., 2017; Kumar et al., 2016; Prudic, 2008), but others have found no such 

differences (Sienaert et al., 2010).  

 

Third, we did not assess autobiographic memory, a cognitive domain that is assumed to be 

particularly impaired after ECT (Sackeim et al., 2007). The reasons for this are twofold: We 

wanted to spare a severely ill patient group additional time-consuming testing, and the 

psychometric properties of the most common tests of autobiographic memory are still not 

sound enough to generate valid and reliable data (Jelovac et al., 2016).   

 

Fourth, we did not perform follow-up testing of the control group, but rely on the baseline 

scores for comparison. This is a suboptimal way of assessing cognitive changes, although 

neurocognitive function is remarkably stable across this time interval in adults (Mohn et al., 

2012; Nuechterlein and Green, 2006). 

 

A fifth limitation is the fact that our participants were able to give their informed consent to 

ECT as well as to participation in this study. Our results may not generalize to those whose 

depression level is so high that they are unable to participate in research. Moreover, 8 of the 

eligible participants contacted at baseline were not included in the project. Therefore, our 

results may not describe the cognitive function of all depressive disorder patients treated with 

ECT in our region at this time period. 



22 
 

Sixth, there were several clinicians involved in the diagnostic process, and although they were 

all experienced specialists in psychiatry or clinical psychology and highly familiar with the 

diagnostic instruments, we can not exclude reliability problems, as no calibration was 

performed for the present study. However, we did substantiate each diagnosis with extensive 

information from each patient’s case file.  

 

Further, no systematic assessment of treatment resistance to conventional methods 

(medication and psychotherapy) was made before the patients were referred to ECT. Different 

criteria for assigning depressive disorder patients to ECT in different countries may explain 

some of the discrepant results between our study and those of others, although our results are 

largely in accordance with previous findings.  
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Table 1. Demographic characteristics of the patient group (N=27) 

Age (years) 45.9 (SD 11.7)  

Gender n = 8 (29.6 %) men 

n = 19 (70.4 %) women 

Education  

   Elementary school n = 9 (33.3 %) 

   High school n = 9 (33.3 %) 

   BA / BA+ n = 9 (33.3 %) 

Years since first onset of 

depression 

18.4 (SD 10.5, range 3-40) 

                                            Medication (in CDD) 

 Baseline 2 years after ECT 

Antidepressants 1.3 (n=18) 1.4 (n=14) 

Antipsychotics 0.6 (n=15) 0.8 (n=12) 

Lithium 0.8 (n=3) 1.1 (n=4) 

Anticonvulsants 0.5 (n=6) 1.3 (n=3) 

No medication n=1 n=5 

BA: Bachelor degree. BA+: Bachelor degree or higher. Age and Years since onset in mean.  

CDD: Calculated dose of medication based on the prescribed dosage divided by the defined 

daily dosage. The numbers in the brackets of the Medication columns refer to the number of 

individuals using the type of medication. 
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Table 2. Neurocognitive (raw) scores of the MCCB in depression patients (N= 27) and 

healthy controls (N=27) at baseline.  

 Depression 

Mean (SD) 
Controls 

Mean (SD) 
F (p) η2 

Speed of Processing     

   TMT-A 51.5 (26.5) 28.7 (8.6) 18.02, p<.001 .26 

   BACS 39.6 (13.3) 54.5 (10.6) 20.77, p<.001 .29 

   Fluency 21.0 (8.6) 27.2 (8.9) 10.21, p=.002 .16 

Attention/Vigilance  

(CPT-IP) * 

2.4 (0.5) 

(n=18) 

2.7 (0.5) 

(n=26) 

3.65, p=.029 .08 

Working Memory     

   SS-WMS 12.9 (3.2) 15.9 (2.5) 14.32, p<.001 .22 

   LNS 11.9 (4.2) 13.9 (2.4) 4.76, p=.034 .08 

Verbal Learning 

(HVLT-R) 

22.4 (6.2) 25.1 (5.1) 3.23, p=.078  .06 

Visual Learning 

(BVMT-R) 

20.4 (8.8) 25.5 (6.0) 6.06, p=.017 .10 

Reasoning/Problem Solving 

(Mazes) 

11.4 (7.9) 18.9 (4.5) 18.52, p<.001 .26 

Social Cognition 

(MSCEIT) 

92.6 (11.0) 

(n=23) 

97.2 (8.9) 2.67, p=.109 .05 

F: Significance test of group differences. η2 : effect size. *: Mann-Whitney U test. 
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Table 3. Depression levels, subjective cognitive function, and MCCB (raw) test scores of the 

patient group before (baseline) and after ECT (N=27). Results of the linear mixed model 

analyses. 

 Baseline 

Mean (SD) 
6 weeks 

Mean (SD) 
6 months 

Mean (SD) 
2 years 

Mean (SD) 
T (p) 

MADRS 33.3 (8.6) 16.1 (7.7) 13.5 (8.1) 10.7 (5.5) 10.62, p<.001 

EMQ 102.0 (39.0) 104.4 (42.2) 97.6 (42.3) 94.3 (39.4) 0.36, p=.733  

Speed of Processing 

TMT-A 50.3 (27.4) 41.0 (23.2) 38.0 (18.4) 33.3 (12.5) 2.97, p=.004 

Symbol coding 39.9 (14.0) 44.6 (12.4) 47.2 (13.4) 47.8 (11.2) -2.08, p=.040 

Fluency 21.4 (9.0) 22.1 (6.7) 24.7 (7.8) 23.6 (6.6) -1.15, p=.254 

Attention / Vigilance (n=21) 

CPT-IP 2.4 (0.5) 2.7 (0.5) 2.9 (0.4) 2.8 (0.5) -2.28, p=.025 

Working Memory 

SS-WMS 13.1 (3.2) 13.8 (3.4) 14.2 (3.6) 14.4 (3.0) 1.54, p=.127 

LNS 12.0 (4.4) 12.5 (4.1) 12.5 (4.0) 12.3 (4.2) -0.10, p=.920 

Verbal Learning 

HVLT-R 22.6 (6.5) 23.9 (6.5) 24.1 (6.6) 25.0 (6.1) -1.18, p=.242 

Visual Learning 

BVMT-R 21.6 (8.7) 23.8 (8.2) 24.2 (7.8) 26.9 (5.9) 2.43, p=.017 

Reasoning / Problem solving 

Mazes 12.3 (7.9) 13.5 (7.9) 15.1 (8.2) 15.8 (7.9) 1.46, p=.146 

Social Cognition (n=23) 

MSCEIT 94.3 (8.3) 96.9 (8.5) 96.4 (8.4) 96.1 (9.1) -0.88, p=.381 

T: Significance test of time differences. 
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Table 4. Neurocognitive (raw) scores of the MCCB in depression patients 2 years after ECT 

(N= 27) and healthy controls at baseline (N=27) 

 Depression 

Mean (SD) 
Controls 

Mean (SD) 
F (p) η2 

Speed of Processing     

   TMT-A 33.3 (12.5) 28.7 (8.6) 3.85, p=.055 .07 

   BACS 47.8 (11.2) 54.5 (10.6) 6.97, p=.011 .12 

   Fluency 23.6 (6.6) 27.2 (5.4) 6.07, p=.017 .10 

Attention/Vigilance  

(CPT-IP) 

2.8 (0.5) 

(n=21) 

2.7 (0.5) 

(n=26) 

0.20, p=.660  .01 

Working Memory     

   SS-WMS 14.4 (3.0) 15.9 (2.5) 4.71, p=.035 .08 

   LNS 12.3 (4.2) 13.9 (2.4) 4.57, p=.037 .08 

Verbal Learning 

(HVLT-R) 

25.0 (6.1) 25.1 (5.1) 0.26, p=.612 .01 

Visual Learning 

(BVMT-R) 

25.7 (6.5) 25.5 (6.0) 0.01, p=.931 .01 

Reasoning/Problem Solving 

(Mazes) 

15.8 (7.9) 18.9 (4.5) 5.29, p=.018 .10 

Social Cognition 

(MSCEIT) 

96.1 (9.1) 

(n=23) 

97.2 (8.9) 0.74, p=.393 .02 

F: Significance test of group differences.  
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Table 5. Change in neurocognitive function (MCCB raw scores) from baseline to 2 years after 

ECT in the depression patients (N=27). 

 Worsened No change Improved 

Speed of Processing    

   TMT-A n=2 (7.4%) n=2 (7.4%) n=23 (85.2%) 

   BACS n=5 (18.5%) n=1 (3.7%) n=21 (77.7%) 

   Fluency n=8 (29.6%) n=1 (3.7%) n=18 (66.6%) 

Attention/Vigilance  

(CPT-IP)  (n=21) 

n=4 (19.0%) n=1 (4.7%) n=16 (76.2%) 

Working Memory    

   SS-WMS n=5 (18.5%) n=6 (22.2%) n=16 (59.2%) 

   LNS n=8 (29.6%) n=3 (11.1%) n=16 (59.2%) 

Verbal Learning 

(HVLT-R) 

n=7 (25.9%) n=2 (7.4%) n=18 (66.6%) 

Visual Learning 

(BVMT-R) 

n=5 (18.5%) n=2 (7.4%) n=20 (74.1%) 

Reasoning/Problem Solving 

(Mazes) 

n=9 (33.3%) n=2 (7.4%) n=16 (59.2%) 

Social Cognition 

(MSCEIT)  (n=23) 

n=7 (30.4%) n=1 (4.3%) n=15 (65.2%) 

Change is defined as +/- 1 raw score point of difference from the mean depression group level 

at baseline, except for CPT-IP, where change is defined as +/- 0.1 raw score point of 

difference.  

 

 


