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ABSTRACT 

Background: Electroconvulsive therapy (ECT) is the most effective treatment for patients 
suffering from major depression. However, its use is limited due to concerns about negative 
effects on cognition. Unilateral ECT is associated with transient cognitive side-effects, while 
case-controlled studies investigating the effect of bilateral ECT on cognition remain scarce. We 
investigate the effects of bilateral ECT on cognition in depression in a longitudinal case-con-
trolled study. We hypothesize that adverse cognitive effects of bilateral ECT are transient rather 
than long-term.
Methods: A total of 48 depressed patients and 19 controls were included in the study and 
assessed with a battery of cognitive tests, including tests of: working memory, verbal fluency, 
visuospatial abilities, verbal/visual memory and learning, processing speed, inhibition, atten-
tion and task-switching, and premorbid IQ. Patients underwent three cognitive assessments: at 
baseline (n = 43), after ten ECT sessions (post-treatment; n = 39) and six months after the tenth 
ECT session (follow-up; n = 25). Healthy controls underwent the same cognitive assessment at 
baseline and after five-weeks.
Results: Within the patient group, transient adverse cognitive side-effects were observed for 
verbal memory and learning, and verbal fuency. None of the cognitive domains tested in this 
study showed persisting impairments. 
Limitations: A relatively high attrition rate is observed and autobiographical memory was not 
assessed.
Conclusion: This study shows that bilateral ECT has negative cognitive effects on short-term. 
These effects could be explained by a decrease in cognitive performance, a lack of learning 
effects or a combination. However, the decrease in cognitive functioning appears to recover 
after six months.
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INTRODUCTION

To date, electroconvulsive therapy (ECT) is the most effective therapy for patients suffering 
from a depressive disorder (Dierckx, Heijnen, van den Broek, & Birkenhäger, 2012; Kho, van 
Vreeswijk, Simpson, & Zwinderman, 2003; UK ECT Review Group, 2003). Next to its efficacy 
in reducing symptoms of depression, it has been shown that ECT is safe (Tørring, Sanghani, 
Petrides, Kellner, & Østergaard, 2017; UK ECT Review Group, 2003).

Despite the fact that treatment with ECT is safe and effcacious, its use in clinical 
practice is limited. It has been proposed that the presence of possible adverse effects on cog-
nition resulting from treatment with ECT might negatively influence a patient’s perception 
of ECT (Brown, Nowlin, Sartorelli, Smith, & Johnson, 2018; Calev, Gaudino, Squires, Zervas, 
& Fink, 1995; Case et al., 2013; Payne & Prudic, 2009; Semkovska & McLoughlin, 2010). Early 
studies reported that ECT causes irreversible cognitive side-effects (Squire, Slater, & Chace, 
1975), although more recent studies show that cognitive side effects may be transient (Ingram, 
Saling, & Schweitzer, 2008; Semkovska & McLoughlin, 2010; Vasavada et al., 2017). The sever-
ity of cognitive adverse side effects seems to be affected by the number and frequency of 
treatment sessions, stimulus intensity and waveform (Ingram et al., 2008; Kellner et al., 2010; 
Sackeim et al., 2000, 1993, 2008; Tor et al., 2015), although the precise neurobiological mecha-
nisms underlying adverse cognitive effects of ECT remain unclear (Nobler & Sackeim, 2008). 
Additionally, it has been reported that bilateral ECT produces more pronounced cognitive 
side effects compared to unilateral ECT while the therapeutic effect of both forms of ECT is 
comparable (Kolshus, Jelovac, & McLoughlin, 2017; Semkovska et al., 2016).

To date, case-controlled studies on the immediate and long-term effects of bilateral 
ECT on cognition are limited (Kessler et al., 2014; Semkovska & McLoughlin, 2010). Recently, 
a study investigated the short- and long-term effects of right unilateral (RUL; 61%) and mixed 
unilateral/bilateral (39%) ECT for depression on cognition (Vasavada et al., 2017). None of 
the patients exclusively received bilateral ECT. Therefore, in an effort to provide additional 
research into the short- and long-term effects of bilateral ECT on cognition, we conducted 
a longitudinal study assessing pre-treatment cognitive functioning, post-treatment cognitive 
functioning, including a 6-month follow up and a control group. With this study design, not 
only increases or decreases of cognitive functioning in patients receiving ECT treatment can 
be examined, but also the learning effect can be reviewed, by comparing patients to controls. 
We hypothesized that ECT will have negative short-term effects on cognition and that these 
negative cognitive effects will recover at 6-month follow-up.

MATERIALS AND METHODS
sample
Patients were recruited at the department of psychiatry in the University Medical Center 
(UMC) Utrecht, a tertiary hospital in the Netherlands. Inclusion criteria for patients were an 
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age over 18 years, a diagnosis of unipolar or bipolar depression [as defined by the Diagnostic 
and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR), 2000] and 
an indication for ECT treatment [according to the Dutch Guidelines on Electroconvulsive 
Therapy (Broek, Birkenhäger, Boer, & Burggraaf, 2010)]. All patients voluntarily opted for 
bilateral ECT treatment. Healthy controls were included on the basis of demographic charac-
teristics (age, gender and years of education) of the patient sample, in order to obtain a matched 
control sample. Exclusion criteria for both patients and controls were brain pathology, history 
of strokes, pregnancy and/or lactation, or any major medical condition (e.g. coronary heart dis-
ease, chronic obstructive pulmonary disease, diabetes). An exclusion criterion for patients was 
treatment with ECT in the preceding 6 months. An additional exclusion criterion for controls 
was any psychiatric illness [assessed using the MINI interview, Dutch translation (Sheehan et 
al., 1998; van Vliet & de Beurs, 2007)]. All participants provided written informed consent and 
the study was reviewed and approved by a local research ethics board (Medical Ethical Board 
of the UMC Utrecht).

Forty-eight patients met the inclusion/exclusion criteria and provided written 
informed consent. Five patients decided not participate in the examination at baseline and 
were excluded from the analysis. Four patients were lost to follow-up between baseline and 
the post-treatment measurements. Between the post-treatment and follow-up measurements, 
14 more patients were lost to follow-up. As a result, a total of 25 patients completed all three 
measurements. Nineteen healthy individuals were included in the control group. 

eCt proCedUre
Electroconvulsive therapy (using a Thymatron IV ECT machine, 900 mA current, bifronto-
temporal electrode, stimulus intensity 150% of empirically calibrated seizure threshold), was 
given twice a week, for five consecutive weeks. To be included in the analysis at post-treat-
ment and follow-up, patients needed to complete 10 ECT sessions. This was to ensure that all 
patients compared at post-treatment would have received the same amount of ECT-sessions. 
As a result, in some patients, the duration of treatment was longer than five weeks. Patients 

Table 1. Tests and abbreviations used in this study.

Test Abbreviation Versionsa Reference

Rey Complex Figure Test RCF 1 Meyers & Meyers, (1995)

Dutch Rey Auditory Verbal Learning Test D–RAVLT 2 Van der Elst et al.,  (2005)

Verbal Fluency Test VF 1 Mulder et al., (2006)

Stroop color Word Inference Test Stroop 1 Delis et al., (2001)

Digit Span Test DS 1 Wechsler, (2008)

Trail Making Test (A & B) TMT 1 Delis et al., (2001)

National Adult Reading Test PIQ 1 Schmand et al., (1992)

a = versions available in order to minimize learning effects.
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with an indication for less than 10 ECT sessions were excluded. Patients with an indication for 
more ECT sessions received additional ECT after the posttreatment measurement.

 Prior to treatment, etomidate (1.5 mg/kg, anaesthetic) and succinylcholine (0.5–
1.0 mg/kg, muscle relaxant) were administered. Prior to administering the muscle relaxant, a 
blood pressure cuff was placed on the left or right lower arm to keep the muscle relaxant from 
entering, in order to clinically observe the provoked seizure. During treatment, blood pressure, 
heart rate and pulse oximetry were monitored. A two leaded electromyogram was recorded in 
the cuffed lower arm to observe the length of the motor seizure. An electroencephalographical 
(EEG) recording was obtained from a single channel using right frontomastoid placements. To be 
considered adequate, minimum motor seizure duration was 20 seconds, following recommenda-
tions from the literature (Abrams, 2002) and the Dutch Guidelines on Electroconvulsive Therapy 
(Broek et al., 2010). When a seizure of less than 20 seconds was observed, a new seizure was pro-
voked with energy increase of 5–10%. No more than 3 attempts to induce a seizure were made.

variables
Patients were examined three times; prior to the first ECT treatment session (baseline), after 
ten ECT treatment sessions (post treatment) and six months after the tenth ECT treatment 
sessions (follow-up). Controls were examined twice: at baseline and five weeks after the first 
measurement occasion, yielding a comparable interval of a minimum of five weeks as in the 
patient group. 

A neuropsychological test battery was used to determine cognitive functioning 
(see Table 1). The Rey Complex Figure test (RCF) was used to examine visuospatial abilities, 
learning and memory, including four subtests: a copy trial, immediate recall, delayed recall 
and recognition trial (Meyers & Meyers, 1995). The Dutch adaptation of the Rey Auditory 
Verbal Learning Test (D-RAVLT) was used to assess verbal memory and learning, including 
three subtests: immediate recall, delayed recall and recognition. (Van der Elst et al., 2005). For 
this test, two versions were used to minimize learning effects. The Verbal Fluency (VF) test 
(Dutch version) measured both semantic (responses to the letters “N” and “A”) and categori-
cal verbal fluency [responses to “profession” and “animals” (Mulder et al., 2006)]. The Stroop 
Colour-Word Interference Test was included to evaluate processing speed (Stroop 1) and ver-
bal inhibition [Stroop 3 (Delis et al., 2001)]. The Digit Span (DS) test, taken from the Wechsler 
Adult Intelligence Scale IV, was used to measure working memory (Wechsler, 2008). The Trail 
Making Test was used to measure visual attention (TMT A) and task-switching [TMT B (Delis 
et al., 2001)]. A Dutch adaptation of the National Adult Reading Test (‘Nederlandse Leestest 
voor Volwassenen’) was used to estimate premorbid IQ [PIQ (Schmand et al., 1992)]. Trained 
researchers or clinicians conducted all examinations. For premorbid IQ, RCF, Verbal Fluency, 
Digit Span and Trail Making tests no parallel versions were available. Raw scores were con-
verted into z-scores (see Fig. 1).

To assess the severity of the depressive symptoms in patients, the 17-item version of 
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the Hamilton Depression Rating Scale (HDRS) was used (Hamilton, 1960). Clinical response 
was defined as a 50% reduction in depression scores compared to baseline. Relapse at follow-up 
e defined as 50% increase in scores from post-treatment to follow-up. Controls were not exam-
ined with the HDRS.

statistiCal analyses
Statistical analyses were performed using SPSS software  (IBM Corp. version 22). First, baseline 
characteristics were compared between patients and controls, using X²-tests for dichotomized 
variables, and independent single t-tests for continuous variables. The group that was lost to 
follow-up was compared to the group with complete follow-up data, using the same tests.

To evaluate the overall effects of ECT on cognition a multivariate mixed model for 
repeated measures (Gueorguieva & Krystal, 2004) including all 15 cognitive variables (excluding 

Table 2. Descriptive statistics.

Patients Controls Comparison

N (%) N (%) X² p

Total N 43 19 – –

Sex Male 15 (34.9) 6 (31.6) 0.064 0.8

Female 28 (65.1) 13 (68.4)

Handedness Right 38 (88.4) 15 (78.9) 0.943 0.331

Left 5 (11.6) 4 (21.1)

Depression current 43 (100)

Depression recurrent 26 (60.5)

Unipolar depression 40 (93)

Bipolar depression 3 (7)

M (SD) M (SD) t-test p

Age 51.1 (14.48) 48.37 (10.87) 0.739 0.463

Years of education 12.1 (1.74) 12.63 (1.5) 1.222 0.227

ECT sessions 20.64 (8.57)a – – – –

M (SD) Min. Max. Responders N (%)

Hamilton baseline 23.16 (7.85) 10 37 –

Hamilton post-treatment 15.36 (7.86) 3 34 11 (28.9%)

Hamilton follow-up 14.80 (8.06) 5 37 10 (43.5%)

a = Only computed for patients receiving more than ten ECT session and thus were included in the analysis at 
post-treatment and follow-up; N = number; X2= chi-square statistic; p = p-value; M = mean; SD = standard deviation; 
Min = minimum; Max = maximum; Response is classified as a 50% decrease in HDRS score compared to baseline
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premorbid IQ) was performed with time as fixed factor and subject as random factor [similar 
to the analysis in (Vasavada et al., 2017)]. To investigate the effect of ECT on each of the cog-
nitive variables separately, a univariate mixed model was used with time as within-subjects 
factor and subject as random factor. Post-hoc testing was performed when a significant result 
was obtained in order to determine between which measure moments the change occurred. 
This analysis was performed for both the controls and patients separately. Since premorbid 
IQ has been linked to cognitive outcome in ECT [although findings are mixed and conflicting 
results have been reported (Martin et al., 2013; Sackeim et al., 2007)], a post-hoc analysis was 
conducted with premorbid IQ as covariate in the model. Additionally, concomitant medi-
cations were allowed during the study. Therefore, to investigate whether medication status 
affected the results, a post-hoc analysis was conducted with four binary variables reflecting 
whether or not the patient was on anxiolytic, antidepressant, antipsychotic or mood stabiliz-
ing medications.

To examine whether alleviation of depression following ECT treatment influenced 
cognitive scores, we conducted an additional mixed analysis model including HDRS score as 
covariate. To further look into the effect of response to ECT on cognition, independent samples 
t-tests were conducted testing for the difference in absolute cognitive scores between respond-
ers (defined as a 50% reduction in depression scores) and non-responders at post-treatment 
and follow-up. Furthermore, to be more sensitive to change, an independent samples t-test 
was conducted to test for the difference between responders and non-responders in change in 
cognition. For example, at post-treatment, patients who responded were compared to non-re-
sponders in change in cognitive scores between baseline and post-treatment. Additionally, 
correlation analyses were run to see if change in cognitive test scores and change in HDRS 
score were related (for both baseline to posttreatment, and post-treatment to follow-up).

To compare changes between patients and controls, a mixed model was used. Post-
hoc t-testing was used to assess possible significant effects seen in the mixed model for repeated 
measures. To correct for multiple comparisons, p-values were adjusted via the false discovery 
rate (FDR) procedure by Benjamini and Hochberg [1995 (as implemented in R version 3.1.1)]. 
In this procedure a p-value is considered significant when the FDR value p.adjusti is smaller 
than or equal to 0.05, where p.adjusti is determined by the rank (Ri) of the p-value (pi) and the 
number of tests (n): p.adjusti=pi*(n/Ri). 

RESULTS

The demographic, clinical and baseline characteristics are displayed in Table 2. No signif-
icant differences were found between patients and controls for sex, handedness, age, and 
years of education. No significant differences were observed between patients who were lost 
to follow-up and patients who completed follow-up for sex, handedness, uni- or bipolarity, 
depression severity, age and years of education (all p > 0.05; supplementary S5).
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A global significant interaction effect was observed between time and cognitive test in the 
multivariate mixed model (F = 14.08, p < 0.001), indicating that ECT has different effects over 
time on different cognitive variables. Using univariate mixed models, significant changes in 
test scores over time were observed for the RCF copy, all subtests of the D-RAVLT, and all 
subtests of the VF test (Fig. 1; supplementary S1). See Fig. 1 for a visual representation of sig-
nificant changes in each cognitive domain (and supplementary figure S2 for the remaining 
non-significant tests). For the RCF copy significant improvement in test scores was observed 
between baseline and follow-up (supplementary S3, p = 0.026). The immediate recall subtest of 
the DRAVLT differed significantly between post-treatment and follow-up (supplementary S3, 
p = 0.009) where follow-up scores showed improvement compared to post-treatment scores. No 
significant changes were observed between baseline and post-treatment, and between baseline 
and follow-up. For the delayed recall subtest of the D-RAVLT significant changes were seen 
between baseline scores and post treatment scores (supplementary S1, p<0.001) and between 
post-treatment and follow-up (supplementary S3, p = 0.023), where post-treatment scores were 
significantly impaired compared to baseline and follow-up. For the recognition part of the 
D-RAVLT, the same pattern was observed (supplementary S3): post-treatment scores were 
significantly impaired compared to baseline scores (p = 0.012) and follow-up scores (p = 0.031). 
The verbal-fluency task indicated a similar pattern for all three subtests (supplementary S3): 
performance on post-treatment scores was significantly decreased compared to baseline scores 
for the N, A and categorical subtest (p = 0.001, p = 0.005, p < 0.001, respectively). For results at 
an individual level, see Table 3 for the number of patients showing a decrease in cognitive test 

Figure 1. Representation of cognitive test results at baseline (Pre) post-measurement (Post) and follow-up (only 
significant results are shown). y-axes represent z-scores; x-axes represent time; * = p < 0.001; error bars represent 
standard error of the mean.
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scores from baseline to post-treatment, and subsequent improvement from posttreatment to 
follow-up. In addition, see Table 3 for the number of patients showing a 50% decrease in cog-
nitive test scores at follow-up compared to baseline. 

Adding premorbid IQ to the model did not affect the results. Adding medication 
status to the model did slightly affect the results. The mixed model now showed a significant 
effect of time on RCF immediate recall (F = 4.82, p = 0.031, reflecting a borderline signifi-
cant increase in performance from post-treatment to follow-up (p = 0.053). For the delayed 
subtest of the RCF a similar pattern was observed: the mixed model indicated a significant 
effect of time (F = 4.25, p = 0.32) reflecting a borderline significant increase in test scores from 
post-treatment to follow-up (p = 0.056). All the other results remained the same. 

ECT also showed a significant effect on depression scores (Fig. 1 and supplementary 
S1): significant decreases in depression score were seen between baseline and post treatment, 
and baseline and follow-up (supplementary S3, both p<0.001). No changes in HDRS score 
were seen between post-treatment and follow-up. At post-treatment 11 responders were 
identified, and at follow-up 10 responders were identified (see Table 2). One patient who 
responded at post-treatment relapsed at follow-up. To look into the effect of depression (and 

Table 3. N patients showing decrease at post-treatment and subsequent improvement at follow-up.

Variable n(%) decrease at exit n(%) improvement at follow-up n 50% decrease at fol-
low-up

- RCF copy 17(44.7%) 9(37.5%) –

- RCF immediate recall 23(60.5%) 11(78.6%) –

- RCF delayed recall 15(39.5%) 9(100%) –

- RCF recognition 17(45.9%) 7(70%) –

- D-RAVLT immediate 25(69.4%) 14(87.5%) –

- D-RAVLT delayed 32(88.9%) 14(66.7%) 5

- D-RAVLT recognition 30(83.3%) 15(70%) –

- VF - N 29(74.4%) 11(64.7%) 2

- VF - A 37(63.8%) 6(46.2) –

-VF - Categorical 31(79.5%) 13(68.4%) 2

- Stroop 1 23(57.5%) 11(78.6%) –

- Stroop 3 13(34.2%) 5(71.4%) –

- Digit span 15(62.5%) 7(70%) –

- TMT A 22(59.5%) 13(81.3%) 3

- TMT B 16(42.1%) 7(70%) 2

RCF = Rey complex figure test; D-RAVLT = Dutch adaptation of the Rey auditory verbal learning test; VF = Ver-
bal fluency; TMT = Trail Making Test; n 50% = patients showing a 50% decrease in test scores from baseline to 
follow-up.
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treatment effect) on cognition, HDRS score was included in the model. Including HDRS score 
as a covariate did not affect the results. Furthermore, no differences were observed between 
responders and non-responders at post-treatment in any of the cognitive measures (all p>0.05). 
When looking at the differences between responders and non-responders in change in cognitive 
scores from baseline to exit, a greater decrease in test score was observed for responders com-
pared to non-responders for the N subtest of the verbal fluency test (t=−3.76, df=33, p<0.001, 
FDR corrected p=0.009). At follow-up, no differences were observed between responders and 
non-responders in any of the cognitive test scores, nor in the difference between post-treatment 
and follow-up (all p>0.05). In addition, no correlation was observed between change in HDRS 
score and change in cognitive scores from baseline to posttreatment (all p > 0.05) and post-treat-
ment to follow-up (all p > 0.05; see supplementary S6).

In controls, significant improvements (see supplementary S1) were seen on the RCF 
(immediate recall, p < 0.001; delayed recall, p < 0.001; and recognition, p = 0.009), delayed 
recall for the D-RAVLT (p = 0.011; BC), all of the subtests of the VF test (N: p = 0.041; A: p = 
0.002; both BC), and Stroop card 3 (p < 0.001). When patients were compared to controls using 
independent samples t-tests, a significantly higher score for controls was seen at baseline for 
all tests, except for the RCF recognition and premorbid IQ (FDR corrected; see supplementary 

Table 4. Mixed model patients vs. controls; baseline vs. post-treatment.

Domain F F-value p

Spatial abilities - RCF copy F(1,51.0) 0.27 0.609

Spatial memory - RCF immediate recall F(1,54.8) 28.18 <0.001

- RCF delayed recall F(1,54.9) 27.95 <0.001

- RCF recognition F(1,54.9) 0.11 0.742

Verbal memory - D-RAVLT immediate F(1,54.8) 0.70 0.406

- D-RAVLT delayed F(1,530) 28.98 <0.001

- D-RAVLT recognition F(1,53.9) 5.54 0.022

Verbal fluency - VF – N F(1,58.6) 15.07 <0.001

- VF – A F(1,58.2) 24.21 <0.001

- VF – Categorical F(1,56.9) 12.49 0.001

Processing speed - Stroop 1 F(1,56.4) 0.61 0.440

Verbal inhibition - Stroop 3 F(1,52.6) 0.20 0.660

Working memory - Digit span F(1,43.1) 0.01 0.993

Visual attention - TMT A F(1,55.9) 0.04 0.845

Task switching - TMT B F(1,54.9) .279 0.600

Intelligence - Premorbid IQ F(1,50.8) 2.687 0.108

RCF = Rey complex figure test; D-RAVLT = Dutch adaptation of the Rey auditory verbal learning test; VF = Verbal 
fluency; TMT = Trail Making Test.
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S4 for p-values). At post-treatment, the controls scored significantly better on all tests except 
the RCF recognition, premorbid IQ and D-RAVLT recognition (FDR corrected; see supple-
mentary S4 for p-values). 

The results of the mixed design repeated measures comparing patients and controls 
are shown in Table 4. This test shows significant differences in the RCF, both the immediate 
and delayed recall (both p < 0.001, Table 4). Post-hoc t-tests (supplementary S1 and S3) show 
that the results are driven by a significant increase in the group of controls, while no significant 
difference was observed in patients. A significant difference is seen in the D-RAVLT – delayed 
and recognition subtest (p < 0.001 & p = 0.022, respectively; see Table 4). For the DRAVLT 
delayed subtest this result is driven by a significant decrease in scores in patients, while a 
significant increase is seen in controls (see supplementary S1 and S3). For the D-RAVLT rec-
ognition, this result is driven by a significant decrease in scores for patients (supplementary S1 
and S3). Significant differences are seen in all subtests of the VF test (all p ≤ 0.001; see Table 
4). Post-hoc t-tests show significant decreases in scores for patients in all 3 subtests, and signif-
icant increase in the semantic verbal fluency in controls (supplementary S1 and S3).

DISCUSSION 

We investigated the effect of ECT for depression on several cognitive domains and depression 
severity in a longitudinal study with a measurement at baseline, post-treatment (directly after 
the tenth ECT session) and at follow-up (6 months after the tenth ECT session). In addition, 
we included a control group for the baseline and post-treatment measurement. Our results 
showed that for patients, post-treatment scores were significantly impaired compared to base-
line scores for verbal memory and learning, and verbal fluency. Importantly, for all cognitive 
domains tested, follow-up scores did not differ significantly compared to baseline scores, indi-
cating that for all cognitive domains test scores returned to baseline levels after six months 
(except for the copy test of the RCF, even showing a slight increase in scores from baseline 
to follow-up). This finding supports our hypothesis that initial negative cognitive side-effects 
from bilateral ECT are restored to baseline levels at the long-term.

Specifically, post treatment scores were significantly lower than baseline scores 
for the delayed and recognition task of the D-RAVLT, and all three subtests of the verbal 
fluency task. For all subtests of the D-RAVLT a significant increase was seen in follow-up 
scores compared to post-treatment scores. In addition, for all cognitive tests, no significant 
decreases between baseline and follow-up scores were seen. This indicates that ECT treat-
ment does not cause a decrease in neurocognitive functioning on long-term. The HDRS score 
was significantly decreased from baseline to post treatment and from baseline to follow-up. 
Baseline depression, and subsequent improvement in HDRS score following ECT could influ-
ence cognitive test scores. However, including HDRS score in the repeated measures mixed 
model, did not affect the results. In addition, cognitive scores at baseline did not correlate 
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with depression severity at baseline. Furthermore, when comparing responders and non-re-
sponders (at post-treatment or follow-up) on any of the cognitive measures, no significant 
differences were observed (except for the N subtest of the Verbal Fluency test, where patients 
who responded (at post-treatment) showed a greater decrease in test scores between baseline 
and post-treatment). Also, a change in depression severity did not correlate with a change in 
cognitive test scores (from baseline to post-treatment, and post-treatment to follow-up). These 
results suggest that the acute negative effects of ECT and subsequent recovery at follow-up are 
not due to depression severity, response or treatment effect.

In addition, adding premorbid IQ to the model did not change the results, sug-
gesting no modulation of premorbid IQ functioning on negative side effects of ECT nor on 
recovery at follow-up. Furthermore, concomitant medications were allowed in the study at all 
time points. To test for the effect of medication use we included medication status per class of 
drugs (antidepressants, mood stabilizers, anxiolytics, and antipsychotics) in the analysis. This 
slightly affected our results. Specifically, the model showed significant effects of time on the 
RCF delayed and immediate subtest. This effect is reflected in a slight increase from post-treat-
ment to follow-up. The other results were unaffected, suggesting that medication use could not 
explain our findings of the initial model.

In the group of controls, significant improvement was seen in the immediate recall, 
delayed recall and recognition part of the RCF, the delayed recall of the D-RAVLT, the seman-
tic part of the verbal fluency task, and for inhibition scores of the Stroop test. The comparison 
between patients and controls indicates that in the patient group significant increases in perfor-
mance (as quantified in the control group and most likely due to learning effects) are absent. This 
could mean that the absence of learning effects from baseline to post treatment in patients is, in 
fact, a negative cognitive side effect of ECT. Nevertheless, as our results show, follow-up scores 
returned to the level of baseline for patients indicating that the initial adverse side effects (i.e. a 
decrease in test results) are transient.

In line with the literature, this study reports short-term cognitive adverse effects 
of treatment with ECT in verbal fluency and verbal memory (Calev et al., 1995; Semkovska & 
McLoughlin, 2010). Importantly, no long-term cognitive adverse effects were seen. Early liter-
ature on this matter stated that there is a long-term negative effect on cognitive functioning 
(Squire et al., 1975). However, this negative effect was only observed using subjective measures, 
and could not be objectified with neuropsychological testing. More recent research reports that 
subjective cognitive functioning improves, and that it may be due to improved modern practice 
of ECT (Prudic, Peyser, & Sackeim, 2000). Conversely, it is recently reported that autobiograph-
ical memory might be more permanently impaired and affected by bilateral ECT (Sackeim, 
2014; Semkovska et al., 2016; Verwijk, Obbels, Spaans, & Sienaert, 2017). Although this study 
did not include measures for autobiographical memory, it adds to the observation that ECT 
treatment does not have adverse cognitive effects on the long-term on other cognitive domains.

In the current study, baseline scores of patients are significantly lower compared 
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to controls for all cognitive domains (except for premorbid IQ and the RCF recognition; sup-
plementary S4), indicating an effect of depression on these cognitive domains (Lee, Hermens, 
Porter, & Redoblado-Hodge, 2012; Millan et al., 2012; Trivedi & Greer, 2014). Although the 
scores of patients returned to baseline level at follow-up, the scores did not reach the level of con-
trols, yet a significant effect of ECT on depression is observed in this study. Moreover, (change 
in) depression scores were not associated with (a change in) cognitive scores. This could mean 
that although patients recover at follow-up, ECT has an additional negative effect on cognition 
since patients do not show improvements in follow-up scores compared to baseline. Likewise, 
recently, a study investigating the short- and long-term effects of unilateral/mixed ECT on cog-
nition also reported that although the effects of ECT on cognition recover to baseline levels, no 
normalization to the level of controls was observed (Vasavada et al., 2017). Moreover, impaired 
cognition in remitted depression is commonly reported in the literature as a residual symptom 
(Bora, Harrison, Yücel, & Pantelis, 2013; Hasselbalch, Knorr, & Kessing, 2011; Rock, Roiser, 
Riedel, & Blackwell, 2014).

Our study has several limitations. First, a relatively high loss to follow-up (41.9%) 
is observed. This could have influenced our findings. For example, patients experiencing the 
most prominent adverse side effects might have dropped out (possibly due to these side effects), 
therefore biasing our results. In the current study, however, this is unlikely. Cognitive scores 
and HDRS at post-treatment did not significantly differ between patients who dropped out 
at follow-up compared to patients who were not lost to follow-up (see supplementary S5). This 
would be expected if those who were lost to follow up had worse cognitive side effects. One 
possible explanation for the rate of loss to follow-up is the fact that patients received ECT 
treatment and the questionnaires for this research in a tertiary psychiatric hospital. After ECT 
treatment, they received treatment elsewhere, and were often no longer in a position to visit our 
centre. Second, our study did not include measures of retrograde amnesia in autobiographical 
memory. In recent years, retrograde amnesia and impairments in autobiographical memory 
have been a topic of interest in ECT research (Kolshus et al., 2017; Sackeim, 2014; Semkovska 
& McLoughlin, 2013). Impairments in autobiographical memory resulting from ECT have 
been reported to be greater in bilateral ECT compared to unilateral ECT (Kolshus et al., 2017). 
Future studies should further investigate the role of autobiographical memory in the cognitive 
side-effect profile of bilateral ECT. Third, due to logistic reasons controls were assessed only 
twice, whereas the patient group was assessed three times. As a result, we could not quantify 
the practice and learning effects in controls over a time-period of six months. As several studies 
indicate, practice effects could still be present at six month follow up (Bartels, Wegrzyn, Wiedl, 
Ackermann, & Ehrenreich, 2010; McCaffrey, Ortega, Orsillo, Nelles, & Haase, 1992). However, 
at 6 months follow up, these effects are usually only found after a period of high-frequency test-
ing (Bartels et al., 2010), which is not the case in the current study. Fourth, although patients 
were tested after exactly 10 ECT sessions at posttreatment, a difference in number of ECT ses-
sions was present at follow-up. At follow-up the mean number of ECT sessions was 20 (Table 2). 
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This could mean that our results at follow-up were negatively influenced by the number of ECT-
sessions: patients receiving ECT after posttreatment or near follow-up might still experience 
the negative effect of ECT on cognition. However, at follow-up none of the test scores correlated 
significantly with the number of additional ECT sessions (supplementary S6), indicating that a 
negative effect of additional ECT sessions on cognition and our results is limited.

Our study has several strengths. First, we employed a large battery of neurocogni-
tive tests in order to measure a broad spectrum of objectively quantifiable aspects of cognition. 
Second, we included a demographically matched control sample to see if absence of learning 
effect could also constitute negative effects of bilateral ECT. Third, our longitudinal design 
allowed us to quantify effects of bilateral ECT within subjects instead of relying on cross-sec-
tional data. Fourth, we analysed the sample with a mixed effects model, therefore permitting 
the inclusion of subjects with missing data instead of deleting these data listwise. This ensured 
that all the available data was included in the analyses.

In conclusion, this study showed that cognitive adverse effects as a result of bilateral 
ECT in patients are transient. In addition, we report that negative side effects not only consist 
of a decrease of functioning but can also consist of a lack of increase. On long term, however, 
no negative effects were seen compared to baseline cognitive functioning. These results might 
reduce the reluctance in some patients and practitioners to consider bilateral ECT as a safe and 
effective treatment for refractory depression.
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Supplement S1. Cognitive results patients & controls; tested with a mixed model

Domain Test Group Baseline* Post* Follow-up* F(df) p-value

Depression HDRS Patient 23.16 15.48 15.53 23.99(2,32.13) <0.001

Control - - -

Visuo-spatial abilities RCF Copy Patient 31.41 32.03 33.03 3.97(2,31.05) 0.029

Control 35.58 35.74 - 0.72(1,19) 0.407

Visuo-spatial memory & 
learning

RCF – IR Patient 16.01 16.05 17.85 2.74(2,29.59) 0.081

Control 21.89 28.34 - 49.05(1,19) <0.001

RCF – DR Patient 15.42 15.51 17.49 1.91(2,29.19) 0.166

Control 21.74 27.89 - 55.51(1,19) <0.001

RCF Rec. Patient 19.26 20.05 19.49 0.82(2, 37.29) 0.447

Control 20.32 21.42 - 8.52(1,19) 0.009

Verbal memory & 
learning

D-RAVLT 
- IM

Patient 36.39 33.75 40.61 5.22(2,30.92) 0.011

Control 51.42 51.26 - 0.01(1,19) 0.946

D-RAVLT 
- DR 

Patient 7.17 4.91 6.70 17.24(2,30.58) <0.001

Control 10.95 11.95 - 7.85(1,19) 0.011

D-RAVLT 
Rec.

Patient .92 .83 .91 4.94(2,18.25) 0.019

Control .983 .991 - 2.58(1,19) 0.125

Verbal Fluency VF – N Patient 11.9 9.97 11.63 7.86(2,31.73) 0.002

Control 16.11 17.89 - 4.79(1,19) 0.041

VF – A Patient 11.23 9.29 10.93 6.81(2,32.91) 0.004

Control 15.11 18.53 - 12.48(1,19) 0.002

VF – Cat. Patient 56.42 48.82 52.09 9.28(2,30.84) 0.001

Control 79.84 82.89 - 1.97(1,19) 0.176

Processing speed Stroop – 1 Patient 57.07 57.46 57.29 0.03(2,30.28) 0.972

Control 45.63 44.00 - 1.74(1,19) 0.203

Inhibition Stroop – 3 Patient 125.64 115.95 127.303 1.82(2,32.78) 0.177

Control 84.58 78.44 - 21.48(1,19) <0.001

*=estimated marginal means; HDRS = Hamilton Depression Rating Scale; Rec.= recognition; IR= immediate recall; 
DR= delayed recall; Cat. = categorical; RCF= Rey complex figure test; D-RAVLT= Dutch adaptation of the Rey 
auditory verbal learning test; VF= Verbal fluency; DS= digit span; TMT= Trail Making Test; PIQ= premorbid IQ.
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Supplementary figure S2. Representation of non-significant cognitive test results at baseline (Pre), post-measure-
ment (Post), and follow-up. All scores are presented as z-scores on the y-axes; error bars represent standard error 
of the mean.

Supplement S1. Continued

Domain Test Group Baseline* Post* Follow-up* F(df) p-value

Working memory DS Patient 14.18 13.94 14.31 0.18(2,24.81) 0.837

Control 17.32 16.95 - .42(1,19) 0.524

Visual attention TMT A Patient 9.46 10.30 9.33 2.37(2,33.19) 0.109

Control 13.32 14.00 4.01(1,19) 0.06

Task switching TMT B Patient 8.10 8.45 8.97 1.19(2,28.40) 0.319

Control 11.32 12.08 - 2.38(1,16.94) 0.142

Intelligence PIQ Patient 104.51 104.21 106.41 2.05(2,22.91) 0.152

Control 107.84 109.63 - 3.26(1,19) 0.087

*=estimated marginal means; HDRS = Hamilton Depression Rating Scale; Rec.= recognition; IR= immediate 
recall; DR= delayed recall; Cat. = categorical; RCF= Rey complex figure test; D-RAVLT= Dutch adaptation of the 
Rey auditory verbal learning test; VF= Verbal fluency; DS= digit span; TMT= Trail Making Test; PIQ= premorbid 
IQ. 
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Supplement S3.  Post-hoc test between baseline, post and follow-up (post-hoc)

Test Time Means* Post-hoc test p-values

HDRS Baseline 23.16 baseline vs post <0.001

Post 15.48 baseline vs follow-up <0.001

Follow-up 15.53 post vs follow-up 1

RCF Copy Baseline 31.24 baseline vs post 0.899

Post 32.03 baseline vs follow-up 0.026

Follow-up 33.03 post vs follow-up 0.388

D-RAVLT – IM Baseline 36.39 baseline vs post 0.389

Post 33.75 baseline vs follow-up 0.138

Follow-up 40.61 post vs follow-up 0.009

D-RAVLT – DR Baseline 7.17 baseline vs post <0.001

Post 4.91 baseline vs follow-up 1

Follow-up 6.70 post vs follow-up 0.023

D-RAVLT – Rec. Baseline .92 baseline vs post 0.012

Post .83 baseline vs follow-up 1

Follow-up .91 post vs follow-up 0.031

VF – N Baseline 11.9 baseline vs post 0.001

Post 9.97 baseline vs follow-up 1

Follow-up 11.63 post vs follow-up 0.184

VF – A Baseline 11.23 baseline vs post 0.005

Post 9.29 baseline vs follow-up 1

Follow-up 10.93 post vs follow-up 0.07

VF – Cat. Baseline 56.42 baseline vs post <0.001

Post 48.82 baseline vs follow-up 0.377

Follow-up 52.09 post vs follow-up 0.761

*=estimated marginal means; HDRS = Hamilton Depression Rating Scale; Rec.= recognition; IR= immediate 
recall; DR= delayed recall; Cat. = categorical; RCF= Rey complex figure test; D-RAVLT= Dutch adaptation of 
the Rey auditory verbal learning test; VF= verbal fluency
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Supplement S4. Independent samples t-tests controls vs. patients

Test Measurement t df sig FDR cor. Mean diff std error

RCF - IR Baseline -3.205 59 .002 .0306 -5.6328 1.7573

RCF - DR Baseline -3.452 59 .001 .0200 -6.0345 1.748

RCF - Rec. Baseline -1.829 59 .072 .072 -1.0539 0.5762

RCF - Copy Baseline -3.156 59 .003 .0323 -3.7932 1.2018

Premorbid IQ Baseline -1.382 57 .172 .172 -3.553 2.571

VF - Categorical Baseline -4.598 60 .000023 .0114 -23.424 5.094

VF - N Baseline -3.059 60 .003 .0341 -4.198 1.373

VF - A Baseline -3.066 60 .003 .0359 -3.873 1.263

DS Baseline -2.902 45 .006 .0376 -2.994 1.032

D-RAVLT - IR Baseline -4.384 57 .000051 .0148 -15.096 3.4437

D-RAVLT - DR Baseline -4.556 57 .000028 .0131 -3.7974 0.8335

D-RAVLT - Rec. Baseline -3.462 57 .001 .0218 -0.0635 0.0183

Stroop 1 Baseline 2.694 60 .009 .0415 11.438 4.2462

Stroop 3 Baseline 3.666 58 .001 .0235 41.958 11.444

TMT A Baseline -3.647 58 .001 .0253 -3.6573 1.003

TMT B Baseline -3.914 58 <.001 .0002 -3.643 0.930

RCF - IR Exit -6.594 55 <.00001 .008 -11.868 1.7999

RCF - DR Exit -6.656 55 <.00001 .0063 -11.987 1.8008

RCF - Rec. Exit -1.384 54 .172 .172 -1.34 0.9681

RCF - Copy Exit -2.835 55 .006 .0039 -3.1316 1.1044

Premorbid IQ Exit -2.003 50 .051 .051 -5.389 2.69

VF - Categorical Exit -7.152 56 <.00001 .0003 -34.69 4.85

VF - N Exit -6.726 56 <.00001 .0047 -7.997 1.189

VF - A Exit -8.494 56 <.00001 .0035 -9.27 1.091

DS Exit -3.382 45 .001 .0270 -2.947 0.872

D-RAVLT - IR Exit -5.513 54 .00001 .0097 -17.371 3.1511

D-RAVLT - DR Exit -8.634 54 <.00001 .0018 -6.9474 0.8047

D-RAVLT - Rec. Exit 0.923 54 .36 .36 1.2841 1.3907

Stroop 1 Exit 3.435 57 .001 .0288 15.055 4.3826

Stroop 3 Exit 3.927 57 .000235 .0018 35.171 8.9571

TMT A Exit -4.031 55 .000173 .0165 -3.579 0.888

TMT B Exit -4.618 55 <.0001 .0019 -4.289 0.929

Rec.= recognition; IR= immediate recall; DR= delayed recall; Cat. = categorical; RCF= Rey complex figure test; 
D-RAVLT= Dutch adaptation of the Rey auditory verbal learning test; VF= verbal fluency; DS= digit span; TMT= 
Trail Making Test.
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Supplement S5. Differences at post-treatment lost to follow-up vs. no drop-out

Test t df sig Mean diff Std error

HDRS .721 31 .476 2.100 2.911

RCF – IM -.915 30 .367 -2.833 3.095

RCF – DR -.682 30 .500 -2.104 3.083

RCF - Rec. -1.633 29 .113 -2.826 1.730

RCF - Copy -1.377 30 .179 -2.791 2.027

Premorbid IQ -.460 25 .650 -2.421 5.266

VF - Categorical -.870 31 .391 -6.82 7.838

VF - N -.025 31 .980 -0.045 1.785

VF - A .170 31 .866 0.26 1.531

DS -.820 21 .421 -1.289 1.572

D-RAVLT - IM -1.085 29 .287 -4.547 4.189

D-RAVLT - DR -1.462 29 .154 -1.940 1.326

D-RAVLT - Rec. -1.723 29 .096 -0.080 0.046

Stroop 1 1.439 32 .160 10.222 7.105

Stroop 3 .226 32 .822 3.445 15.227

TMT A -1.412 30 .168 -2.083 1.475

TMT B -.536 30 .596 -.833 1.556

HDRS = Hamilton Depression Rating Scale; Rec.= recognition; IR= immediate recall; DR= delayed recall; Cat. 
= categorical; RCF= Rey complex figure test; D-RAVLT= Dutch adaptation of the Rey auditory verbal learning 
test; VF= verbal fluency; DS= digit span; TMT= Trail Making Test.



44

CHAPTER 2

Supplement S6. Correlation coefficients of number of additional ECT sessions and cognitive scores

Test n r p

RCF Immediate 25 0.061 0.772

RCF Delayed 25 0.138 0.511

RCF Recognition 25 0.265 0.201

RCF copy 25 0.182 0.384

Premorbid IQ 25 0.013 0.961

Verbal fluency cat. 25 -0.024 0.910

Verbal fluency N 25 -0.100 0.635

Verbal fluency A 25 -0.039 0.855

Digit span 25 -0.055 0.803

D-RAVLT immediate 25 0.180 0.388

D-RAVLT delayed 25 0.234 0.259

D-RAVLT recognition 25 0.320 0.119

Stroop 1 25 -0.025 0.907

Stroop 3 25 -0.149 0.477

TMT A 25 -0.068 0.746

TMT B 25 0.042 0.841

RCF= Rey complex figure test; D-RAVLT= Dutch adaptation of the Rey auditory verbal learning test; VF= ver-
bal fluency; DS= digit span; TMT= Trail Making Test; cat. = categorical;
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Supplement S7. Correlation coefficients between change in Hamilton score and change in cognitive scores

Baseline - Post-treatment r p Post-treatment to 
Follow-up

r p

RCF - IR 0.247 0.134 RCF - IR -0.13 0.545

RCF - DR 0.263 0.111 RCF - DR -0.166 0.439

RCF - Copy 0.171 0.306 RCF - Copy -0.223 0.295

RCF - Rec. 0.141 0.406 RCF - Rec. -0.182 0.406

VF - N 0.1 0.543 VF - N 0.043 0.838

VF - A 0.132 0.423 VF - A -0.224 0.283

VF - Cat. 0.051 0.757 VF - Cat. 0.102 0.635

DS 0.227 0.287 DS 0.035 0.892

D-RAVLT-IM -0.025 0.883 D-RAVLT-IM 0.14 0.513

D-RAVLT-DR -0.063 0.714 D-RAVLT-DR 0.25 0.239

D-RAVLT-Rec. -0.224 0.189 D-RAVLT-Rec. -0.077 0.721

Stroop 1 0.065 0.695 Stroop 1 0.18 0.389

Stroop 3 -0.163 0.334 Stroop 3 0.246 0.236

TMT A -0.092 0.588 TMT A 0.063 0.769

TMT B -0.102 0.554 TMT B -0.258 0.223

Rec.= recognition; IR= immediate recall; DR= delayed recall; Cat. = categorical; RCF= Rey complex figure test; 
D-RAVLT= Dutch adaptation of the Rey auditory verbal learning test; VF= verbal fluency; DS= digit span; 
TMT= Trail Making Test.
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