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ORIGINAL STUDY
Subjective Memory Immediately Following
Electroconvulsive Therapy
Ole Brus, MSc,* Pia Nordanskog, MD, PhD,†‡ Ullvi Båve, MD, PhD,§ Yang Cao, PhD,*||
Åsa Hammar, MD, PhD,¶# Mikael Landén, MD, PhD,**††

Johan Lundberg, MD, PhD,‡‡ and Axel Nordenskjöld, MD, PhD§§
Objectives: The aims of the present study were to describe the short-term
rate of subjectivememoryworsening (SMW) and identify factors of impor-
tance for SMW in a large clinical sample treated for depression with elec-
troconvulsive therapy (ECT).
Methods: This register-based study included 1212 patients from the
Swedish National Quality Register for ECT. Subjective memoryworsening
was defined as a 2-point worsening on the memory item of the Compre-
hensive Psychopathological Rating Scale from before to within 1 week af-
ter treatment. Associations between patient characteristics and treatment
factors were examined using logistic regression.
Results: Subjective memory worsening was experienced in 26%. It was
more common in women than in men (31% vs 18%; P < 0.001) and more
common in patients aged 18 to 39 years than in patients 65 years or older
(32% vs 22%; P = 0.008). Patients with less subjective memory distur-
bances before ECT had a greater risk of SMW. Patients in remission after
ECT had a lower risk of SMW. A brief pulse width stimulus gave higher
risk of SMW compared with ultrabrief pulse (odds ratio, 1.61; 95% confi-
dence interval, 1.05–2.47).
Conclusions: Subjective memory worsening is reported by a minority
of patients. However, young women are at risk of experiencing SMW.
Ultrabrief pulse width stimulus could be considered for patients treated
with unilateral electrode placement who experience SMW. Each patient
should be monitored with regard to symptoms and adverse effects, and
treatment should be adjusted on an individual basis to maximize the clini-
cal effect and with efforts to minimize the cognitive adverse effects.
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E lectroconvulsive therapy (ECT) is an effective treatment for se-
vere depression1 but entails cognitive adverse effects, particu-

larly the effects on memory.2–4 Electroconvulsive therapy may
cause a temporary deficit in the cognitive processes of informa-
tion encoding, consolidation, and retrieval.5 Transient memory
disturbances are regarded as an inevitable adverse effect of thera-
peutic convulsions.6 Various strategies have been tried to decrease
the cognitive adverse effects while retaining the antidepressant
effect, including the use of unilateral instead of bilateral elec-
trode placement, changes in waveform, and reducing the elec-
trical stimulus intensity.7

In a systematic review and meta-analysis, Semkovska and
McLoughlin5 found little evidence of cognitive deficits lasting
longer than a few days after ECT. The review was based on objec-
tive measures such as performances on standardized tests that but
lacked measures of retrograde autobiographical memory and pa-
tients’ subjective reports.

Even though many patients report subjective memory im-
provement after ECT,8 some experience subjective memory wors-
ening (SMW). Subjective memory worsening after ECT decreases
the benefit of the treatment.9,10

Subjective memory complaints are not always well corre-
lated with deterioration of objective measures of memory.8,11

Nevertheless, studies have associated subjective memory com-
plaints after ECTwith performance in an autobiographical inter-
view conducted several months after ECT.12,13

Mood state has been related to subjective memory com-
plaints after ECT.8,11,14 Depression is associated with subjective
memory disturbances,15 and long-lasting cognitive deficits can
persist and cause functional impairment in remitted patients who
were never treated with ECT.16 In general, impairment in execu-
tive functioning and attention has been found to be more stable
cognitive deficits persisting despite improved clinical status,
whereas the cognitive functions of memory, verbal fluency mea-
sures, and psychomotor speed have been suggested to be more re-
lated to clinical state.17 The extent to which subjective memory
complaints in ECT-treated depression patients relate with the
treatment, the disease, or some other factor remains uncertain.
How patients experience the duration of the memory deficits after
modern ECT is also unclear.18–20

There have been attempts to relate subjective memory dis-
turbances after ECT to treatment variables such as electrode
placement, number of treatments, waveform, and charge.8 There
is some evidence that sine wave stimulus may cause more distur-
bances than brief pulse stimulus and that bilateral electrode place-
ment may cause more disturbances than unilateral electrode
placement, but the findings are inconsistent.8 This contrasts the
evidence for objective cognitive measures where higher electrical
charge causes more cognitive adverse effects and also stronger an-
tidepressant effect than lower electrical charge. Moreover, some
studies have indicated that bilateral electrode placement has
higher efficacy as well more cognitive adverse effects than unilat-
eral electrode placement.21
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There is a paucity of studies relating clinical factors to pa-
tients’ experience of memory disturbances after ECT.8 Identifying
patients who are more likely to experience SMW is important for
clinical decision making, where ECT should be tailored to the in-
dividual patients to maximize clinical effect and minimize adverse
effects. If the indication for ECT is weak, and the risk of SMW is
high, alternative treatments could be considered. On the other
hand, if the risk of SMW is low, this might influence a patient to
choose ECT over pharmacotherapy.

The aim of this study was to describe the short-term rate of
SMWand identify factors of importance for SMW in a large clin-
ical sample treated for depression with ECT.
FIGURE 1. Flowchart of included and excluded patients.
MATERIALS AND METHODS

Study Design
This register-based study used data from the Swedish Na-

tional Quality Register for ECT, which holds nationwide data
for outcomes of ECT performed in Sweden since 2011. The
register had a coverage of 85% for all ECT series performed
in Sweden in 2013 and a coverage of 89% in 2014.22

The quality register was linked to the mandatory Swedish Pa-
tient Register to identify patients with personality disorders. The
patient register holds information on inpatients who received a di-
agnosis since 1964 and outpatients who received a diagnosis since
2001.23 We identified all personality disorder diagnoses (Swedish
version of the International Classification of Diseases version 10
[ICD-10-SE] codes F60, F61, and F62)24 recorded before ECT.

Electroconvulsive Therapy
Electroconvulsive therapy was administered by using bidirec-

tional constant current, brief-pulse devices. Mecta devices (Mecta
Corp, Lake Oswego, Ore) and Thymatron devices (Somatics, Inc,
Lake Bluff, Ill) were used for 916 and 296 patients, respectively.
Electroencephalography was used to monitor the patients during
the treatment. During the procedure, the patients were sedated using
propofol or thiopenthal. Succinylcholine (1 mg/kg) was used as
muscle relaxant, and glycopyrrolate (0.2 mg) or atropine was used
as an anticholinergic agent when necessary. The mean chargeswere
351 (SD, 143)mC for the unilateral electrode placement group, 417
(SD, 192)mC for the bitemporal electrode placement group and
260 (SD, 76)mC for the bifrontal electrode placement group.

Outcome
Subjective memory disturbance was rated using the 7-point

variant of item 17 “failing memory” of the Comprehensive Psy-
chopathological Rating Scale (CPRS).25 The CPRS compromises
65 items and was developed during the 1970s for evaluation of
psychiatric treatment effects. It has high reliability26 and can be
used in full or as an “item pool,” for example, the Montgomery-
Åsberg Depression Rating Scale (MADRS), which consists of
10 items from the CPRS. Item 17 of the CPRS represents subjec-
tive disturbances of recall compared with previous ability and is
distinguished from concentration difficulties. The scale steps are
as follows: 0 = memory as usual, 2 = occasional increased lapses
of memory, 4 = reports of socially inconvenient or disturbing loss
of memory, 6 = complaints of complete inability to remember.25 A
physician, an ECT nurse, or other professional who was involved
in administering the ECT treatment recorded the score based
on the patients’ subjective report. Subjective memory worsening
was operationally defined as a worsening of at least 2 points (eg,
from 2 to 4) on the item score fromwithin 1 week before towithin
1 week after treatment.
2 www.ectjournal.com
Factors of Interest

The severity of depressive symptoms was rated using the
self-assessment version of MADRS (MADRS-S). The scale con-
sists of 9 items, and each item is scored from 0 (no symptoms) to 6
(severe symptoms). The maximum possible score is 54 points.27

The MADRS-S scores before ECTwere divided into 3 categories
(<20 points, 20–35 points, and ≥36 points) to indicate the degrees
of severity. The MADRS-S scores after ECT were divided into 2
categories: 0 to 10 (in remission) and 11 or greater (not in remis-
sion) for remission is a goal of the treatment.28

Diagnoseswere categorized based on the ICD-10-SE diagno-
sis into unipolar depression and bipolar depression. Diagnoses
were also categorized as with or without psychotic features. Infor-
mation about the following drug treatments, at the end of ECT,
was obtained from the quality register: antidepressants, lithium,
lamotrigine, valproate, benzodiazepines, other antiepileptic drugs,
and antipsychotic medication. The diagnoses used were F32.1,
F32.2, F32.3, F33.1, F33.2, F33.3, F31.3, F31.4, and F31.5.
Inclusion and Exclusion Criteria

Patients treated with ECT for depression according to
ICD-10-SE and registered in the Swedish National Quality Regis-
ter for ECTwere included. When a patient had multiple series that
fulfilled the inclusion requirement, only the earliest treatment
series was used. Patients were excluded if any of the following
information was missing in the register: subjective memory dis-
turbances before or after treatment, sex, age, number of treatments
in the treatment series, MADRS-S score, diagnosis, electrode
placement, or any of pulse width, frequency, duration, or current.
Six patients who rated their subjective memory disturbances in the
2 worst categories before treatment were excluded because it was
not possible for their memory to worsen by 2 points (Fig. 1).
© 2016 Wolters Kluwer Health, Inc. All rights reserved.

http://www.ectjournal.com


Journal of ECT • Volume 00, Number 00, Month 2016 Subjective Memory Post-ECT
Study Population
Among the 1212 patients included in the study, 60% were

women. The mean age was 53 years (range, 18–95 years), and
the mean MADRS-S score was 33 points before and 15 points af-
ter ECT. The diagnosis was unipolar depressive episode for 80%
and bipolar depression for 20%. Depression with psychotic features
was present in 14% of the patients. The characteristics of the popu-
lation are presented in Table 1. The treatmentswere performed at 41
Swedish hospitals between March 2011 and December 2014.

The proportion of women in the study sample was approxi-
mately the same as in the rest of the registry (60% vs 63%,
P = 0.056). Although the mean age of the included patients in
the study (53.4 years) was statistically significantly different from
the rest of the patients in the registry (52.1 years, P = 0.024), we do
not believe the 1.3-year difference in age to be of clinical relevance.

Statistical Methods
The associations of SMW with sex, age, number of treat-

ments, electrode placement, and personality disorders were
evaluated using logistic regression analysis through least square
optimization in both unadjusted and adjusted models. The follow-
ing potential confounding variables were included in the adjusted
models: sex, age, diagnosis, psychotic features, personality disor-
ders, MADRS-S score categories before and after ECT, subjective
memory estimation before ECT, number of ECT sessions, elec-
trode placement, and medications. Factors that were statistically
significant in the adjusted or unadjusted models were then pairwise
post hoc tested for interaction using logistic regression. Odds ra-
tios (ORs) and corresponding 95% confidence intervals (CIs)
were calculated for the risk of SMW.

The association between electrical dosage and SMWwas an-
alyzed for patients treated with unilateral electrode placement.
The same variables were adjusted for as in the model for the total
TABLE 1. Characteristics of the Study Population

Sex Female
Male

Age, y 18–39
40–64
≥65

Depression diagnosis Unipolar depression
Bipolar depression

Psychotic features Yes
No

Personality disorder Yes
No

MADRS-S score before ECT 0–19
20–35
≥36

MADRS-S score after ECT 0–10
≥11

No. of ECT sessions 1–5
6–9
≥10

Electrode placement Unilateral
Bitemporal
Bifrontal

© 2016 Wolters Kluwer Health, Inc. All rights reserved.
population (except for electrode placement and medication) and
further adjusted for pulse width, frequency, duration, and current.

Differences in distribution of sex and age categories between
patients with missing data and patients included in the study were
tested usingχ2 tests and t tests. Differences in proportion of SMW
between patients with and without personality disorder stratified
by age group and sex were analyzed usingχ2 tests. The difference
in subjective memory estimation before and after treatment was
tested using Wilcoxon signed rank test.

Continuous variables were categorized to be able to identify
potential nonlinear relations to SMW. In addition, tests were per-
formed of linear and quadratic trends for continuous variables.

Data management and analyses were performed in the statis-
tical packages SPSS 22 (IBM Corp, Armonk, NY) and SAS 9.4
(SAS Institute, Cary, NC). The figures were created in R 3.2.5
(R Foundation for Statistical Computing, Vienna, Austria).

Ethics
The Regional Ethical Vetting Board in Uppsala, Sweden, ap-

proved the study. The patients were informed about the quality
register and had the option to decline participation.

RESULTS

Subjective Memory Before and After Treatment
Before treatment, 1016 patients (84%) had no subjective

memory disturbances or occasional increased lapses of memory
(subjective memory score 0 to 2); after ECT, the corresponding
number was 934 (77.1%) (Fig. 2). Sixty-eight percent of the pa-
tients had no memory disturbances or occasional increased lapses
of memory both before and after treatment. Fifteen percent of pa-
tients deteriorated by 1 point, and 10% improved by 1 point after
treatment. Improvement of 2 or more points (subjective memory
No SMW SMW Total

n (%) n (%) n (%)

506 (56.3) 226 (72.2) 732 (60.4)
393 (43.7) 87 (27.8) 480 (39.6)
191 (21.2) 89 (28.4) 280 (23.1)
436 (48.5) 146 (46.6) 582 (48.0)
272 (30.3) 78 (24.9) 350 (28.9)
724 (80.5) 243 (77.6) 967 (79.8)
175 (19.5) 70 (22.4) 245 (20.2)
131 (14.6) 41 (13.1) 172 (14.2)
768 (85.4) 272 (86.9) 1040 (85.8)
118 (13.1) 51 (16.3) 169 (13.9)
781 (86.9) 262 (83.7) 1043 (86.1)
69 (7.7) 22 (7.0) 91 (7.5)
474 (52.7) 158 (50.5) 632 (52.1)
356 (39.6) 133 (42.5) 489 (40.3)
375 (41.7) 108 (34.5) 483 (39.9)
524 (58.3) 205 (65.5) 729 (60.1)
109 (12.1) 49 (15.7) 158 (13.0)
539 (60.0) 168 (53.7) 707 (58.3)
251 (27.9) 96 (30.7) 347 (28.6)
823 (91.5) 287 (91.7) 1110 (91.6)
49 (5.5) 16 (5.1) 65 (5.4)
27 (3.0) 10 (3.2) 37 (3.1)
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FIGURE 2. Subjective memory rating before and within 1 week
after ECT.
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improvement) occurred for 120 patients (10%). In total, 313 patients
(26%) had SMW. Median subjective memory estimation before
treatment was 0 (first and third quartiles: 0 and 2), and after treat-
ment, themedianwas 2 (first and third quartiles: 0 and 2),P < 0.001.

Age and Sex
Lower age and female sex were statistically significantly asso-

ciated with SMW. The proportion of patients with SMW was lower
inmen than inwomen (18%vs 31%;P<0.001). Subjectivememory
worsening was more common among young than among old pa-
tients (32% in patients aged 18–39 years, 22% for patients≥65 years;
P = 0.008). This trend was significant in linear logistic regression
analysis, OR per year 0.99; 95% CI, 0.98–1.00, P = 0.003.

For women younger than 40 years, aged 40 to 64 years, and
65 years or older, 38%, 31%, and 26% had SMW, respectively.
The corresponding numbers for men were 23%, 17%, and 16%.

Baseline Subjective Memory Estimation
Subjective memory worsening was significantly more com-

mon among patients without subjective memory disturbances be-
fore ECT (39%) than among those with subjective memory
disturbances who scored 1 or 2 (17%) and 3 or 4 (1.5%) on the
memory item of the CPRS (Table 2). This trend was significant
in a linear logistic regression model OR (0.29–0.42), P < 0.001.

Diagnosis, Severity and Comorbidity
Subjective memory worsening was reported by 26% of the

depressed patients without psychotic features and by 24% of de-
pressed patients with psychotic features (P = 0.827). There were
no statistically significant differences in the frequency of SMW
between patients with bipolar and unipolar depression (Table 2).

Among patients with self-assessed MADRS-S score less
than 20 before treatment, 24% experienced SMW. For those with
20 to 35MADRS-S points, 25% had SMW, and for those with 36
points or greater, the corresponding number was 27%. These
group differences were not statistically significant (Table 2).

Subjective memory worsening was reported in 22% of the pa-
tients in remission (MADRS-S score≤ 10) after ECTand in 28% of
the patients who did not attain remission (P = 0.013) (Table 2).
4 www.ectjournal.com
In total, 169 patients (14%) received a diagnosis of personality
disorders. The most common personality disorders were borderline
personality disorder (F60.3, n = 89) and unspecified personality
disorder (F60.9, n = 56).

There was no increased risk of SMW for patients with per-
sonality disorders compared with those without either in the unad-
justed analysis (OR, 1.29; 95% CI, 0.90–1.84) or the adjusted
analysis (OR, 0.88; 95% CI, 0.57–1.34).

Most patients with personality disorders were women younger
than 65 years (69%). Among the 56 women younger than 40 years
with personality disorders, 22 had SMW; this compares with 41 of
110 women younger than 40 years without personality disorders
(39% vs 37%, P = 0.801). For women aged 40 to 64 years, the cor-
responding numbers were 19 of 61 and 85 of 275, respectively
(31% vs 31% P = 0.971).

ECT Treatment
Subjective memory worsening occurred in 26% of patients

treated with unilateral electrode placement, in 25% of the patients
treated with bitemporal electrode placement, and in 27% of pa-
tients treated with bifrontal electrode placement. Therewas no sta-
tistically significant association between electrode placement and
SMW (Table 2).

Subjective memory worsening occurred in 31% of the pa-
tients who received between 1 and 5 ECT session, 24% of the pa-
tients who received between 6 and 9 ECT sessions, and 28%of the
patients who received 10 or more ECT sessions. The risk of SMW
was borderline lower for patients who received between 6 and 9
ECT sessions compared with patients who received between 1
and 5 sessions (OR, 0.69 [95% CI, 0.47–1.01] and OR, 0.67
[95% CI, 0.43–1.02] in unadjusted and adjusted models, respec-
tively). There was no significant linear or quadratic trend in logis-
tic regression models.

The subgroup analysis was conducted for 1110 patients
treated with unilateral electrode placement. In the unadjusted
model, the risk of SMWwas not statistically significantly different
between patients treated with brief pulse width and those treated
with ultrabrief pulse width (OR, 1.21; 95% CI, 0.86–1.70). How-
ever, the adjusted model indicated a statistically significant in-
creased risk of SMW (OR, 1.61; 95% CI, 1.05–2.47) in patients
treated with brief pulse width. This trend was significant also in
a linear logistic regression model OR per millisecond (1.76–
23.22), P = 0.005. There were no statistically significant differ-
ences in the risks of SMW among patients treated with different
frequencies durations or electric charge. In a model estimating a
linear effect of electrical current dose, there was a trend of in-
creased SMW for higher current (OR per mA increase: 1.00
[1.00–1.01]). This pattern was not seen in the model with cate-
gorized data (Table 3).

Pharmaceuticals
Subjective memory worsening was more common among

patients with lithium treatment then without (31% vs 25%,
P = 0.091). This difference was statistically significant in the ad-
justed model (OR, 1.58; 95% CI, 1.04–2.41), but not in the unad-
justed model (OR, 1.34; 95% CI, 0.95–1.88). There were no
statistically significant differences in the risk of SMWbetween pa-
tients receiving antidepressants, lamotrigine, valproate, benzodiaze-
pines, other antiepileptics, or antipsychotics and those not (Table 2).

Interaction Effects
In the post hoc analysis for pairwise interaction, no statisti-

cally significant interaction was found.
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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DISCUSSION

We studied clinical risk factors for SMW after ECT in
1212 patients. The main findings were that female sex and youn-
ger age were risk factors for SMW.

The finding that SMW was more common among women is
in line with another study relating female sex to poorer perfor-
mance on the Mini-Mental State Examination and objective cog-
nitive test results after ECT, such as Rey’s complex figure test
reproduction measuring visual and spatial memory and the
TABLE 2. Associations Between SMW and Factors of Interest

No S

n (

Sex Female 506 (
Male 393 (

Age, y 18–39 191 (
40–64 436 (
≥65 272 (

Depression diagnosis Unipolar depression 724 (
Bipolar depression 175 (

Psychotic features Yes 131 (
No 768 (

Personality disorder Yes 118 (
No 781 (

MADRS-S score before ECT 0–19 69 (
20–35 474 (
≥36 356 (

MADRS-S score after ECT 0–10 375 (
≥11 524 (

Memory score before ECT† 0 370 (
1–2 336 (
3–4 193 (

No. of ECT sessions 1–5 109 (
6–9 539 (
≥10 251 (

Electrode placement Unilateral 823 (
Bitemporal 49 (
Bifrontal 27 (

Antidepressant medication Yes 784 (
No 115 (

Lithium Yes 133 (
No 766 (

Lamotrigine Yes 99 (
No 800 (

Valproate Yes 25 (
No 874 (

Benzodiazepines Yes 390 (
No 509 (

Other antiepileptic medication Yes 67 (
No 832 (

Antipsychotic medication Yes 370 (
No 529 (

Adjusted model calculated by logistic regression. Least square optimization

*Adjusted for all variables in the table.

†Subjective score on the memory item of the comprehensive psychopatholo
memory, 4 = reports of socially inconvenient or disturbing loss of memory.

© 2016 Wolters Kluwer Health, Inc. All rights reserved.
Autobiographical Memory Inventory–Short Form.2 Moreover,
female sex has been associated with poorer performance on
the spatial recognition memory task from the Cambridge Neu-
ropsychological Test Automated Battery.29

Young patients were more likely to experience SMW than
older patients. This finding is in line with another study of
subjective memory disturbances after ECT by Berman et al12

By contrast, older age has been associated with a greater in-
crease in cognitive disturbances after ECT.2 One possible reason
for this discrepancy between subjective and objective memory
MW SMW Adjusted Model*

%) n (%) OR (95% CI) P

69.1) 226 (30.9) Reference category
81.9) 87 (18.1) 0.36 (0.26–0.49) <0.001
68.2) 89 (31.8) 1.79 (1.17–2.75) 0.008
74.9) 146 (25.1) 1.12 (0.78–1.61) 0.550
77.7) 78 (22.3) Reference category
74.9) 243 (25.1) Reference category
71.4) 70 (28.6) 1.11 (0.73–1.67) 0.633
76.2) 41 (23.8) 1.05 (0.68–1.63) 0.827
73.8) 272 (26.2) Reference category
69.8) 51 (30.2) 0.88 (0.57–1.34) 0.548
74.9) 262 (25.1) Reference category
75.8) 22 (24.2) Reference category
75.0) 158 (25.0) 1.09 (0.62–1.94) 0.761
72.8) 133 (27.2) 1.15 (0.64–2.07) 0.642
77.6) 108 (22.4) Reference category
71.9) 205 (28.1) 1.49 (1.09–2.05) 0.013
60.6) 241 (39.4) Reference category
83.0) 69 (17.0) 0.25 (0.18–0.35) <0.001
98.5) 3 (1.5) 0.02 (0.01–0.05) <0.001
69.0) 49 (31.0) Reference category
76.2) 168 (23.8) 0.67 (0.43–1.02) 0.062
72.3) 96 (27.7) 0.89 (0.56–1.43) 0.636
74.1) 287 (25.9) Reference category
75.4) 16 (24.6) 1.53 (0.78–3.00) 0.221
73.0) 10 (27.0) 1.33 (0.58–3.09) 0.500
74.2) 272 (25.8) 1.14 (0.72–1.79) 0.576
73.7) 41 (26.3) Reference category
69.3) 59 (30.7) 1.58 (1.04–2.41) 0.033
75.1) 254 (24.9) Reference category
76.2) 31 (23.8) 0.71 (0.43–1.19) 0.196
73.9) 282 (26.1) Reference category
71.4) 10 (28.6) 0.87 (0.38–2.02) 0.751
74.3) 303 (25.7) Reference category
73.4) 141 (26.6) 1.00 (0.74–1.35) 0.995
74.7) 172 (25.3) Reference category
73.6) 24 (26.4) 0.96 (0.55–1.66) 0.879
74.2) 289 (25.8) Reference category
73.6) 133 (26.4) 0.93 (0.68–1.26) 0.641
74.6) 180 (25.4) Reference category

used to calculate CIs and P values.

gical rating scale: 0 = memory as usual, 2 = occasional increased lapses of
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TABLE 3. Associations Between SMW and Factors of Interest Among Patients With Unilateral Electrode Placement

No SMW SMW Adjusted Model*

n (%) n (%) OR (95% CI) P

Sex Female 455 (68.6) 208 (31.4) Reference category
Male 368 (82.3) 79 (17.7) 0.35 (0.26–0.49) <0.001

Age, y 18–39 176 (69.0) 79 (31.0) 1.69 (1.07–2.66) 0.024
40–64 405 (75.0) 135 (25.0) 1.11 (0.76–1.60) 0.598
≥65 242 (76.8) 73 (23.2) Reference category

Depression diagnosis Unipolar depression 661 (74.7) 224 (25.3) Reference category
Bipolar depression 162 (72.0) 63 (28.0) 1.08 (0.74–1.57) 0.685

Psychotic features Yes 109 (74.7) 37 (25.3) 1.18 (0.74–1.86) 0.484
No 714 (74.1) 250 (25.9) Reference category

Personality disorder Yes 110 (71.0) 45 (29.0) 0.83 (0.54–1.29) 0.414
No 713 (74.7) 242 (25.3) Reference category

MADRS-S score before ECT 0–19 64 (75.3) 21 (24.7) Reference category
20–35 434 (75.3) 142 (24.7) 1.02 (0.56–1.84) 0.953
≥36 325 (72.4) 124 (27.6) 1.16 (0.63–2.13) 0.632

MADRS-S score after ECT 0–10 341 (77.5) 99 (22.5) Reference category
≥11 482 (71.9) 188 (28.1) 1.52 (1.09–2.11) 0.013

Memory score before ECT† 0 354 (61.5) 222 (38.5) Reference category
1–2 305 (83.1) 62 (16.9) 0.27 (0.19–0.37) <0.001
3–4 164 (98.2) 3 (1.8) 0.02 (0.01–0.07) <0.001

No. of ECT sessions 1–5 99 (68.3) 46 (31.7) Reference category
6–9 485 (76.3) 151 (23.7) 0.61 (0.39–0.95) 0.030
≥10 239 (72.6) 90 (27.4) 0.88 (0.55–1.43) 0.617

Pulse width, ms 0.25–0.47 180 (76.9) 54 (23.1) Reference category
0.50–1.00 643 (73.4) 233 (26.6) 1.61 (1.05–2.47) 0.028

Freqency, Hz 20–65 457 (73.8) 162 (26.2) Reference category
70–120 366 (74.5) 125 (25.5) 0.98 (0.69–1.38) 0.909

Duration, s 2.0–7.4 392 (75.4) 128 (24.6) Reference category
7.5–8.0 431 (73.1) 159 (26.9) 1.35 (0.98–1.85) 0.068

Electric current, mA 600–800 437 (75.5) 142 (24.5) Reference category
850–930 386 (72.7) 145 (27.3) 1.21 (0.85–1.71) 0.283

Adjusted model calculated by logistic regression. Least square optimization used to calculate CIs and P values.

All electrical settings correspond to information from first treatment in series.

*Adjusted for all variables listed in the table.

†Subjective score on the memory item of the comprehensive psychopathological rating scale: 0 = memory as usual, 2 = occasional increased lapses of
memory, 4 = reports of socially inconvenient or disturbing loss of memory.
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performance is that ECT has a stronger antidepressive effect for
older patients than for younger patients30 and that patients are
likely to report less deterioration of their memory if other de-
pressive symptoms are improved.

Formula-based stimulus dosing is standard in Sweden,
and dose titration according to seizure threshold is uncommon.
If electrical doses are not adequately adjusted to age and sex,
this could contribute to the increased risk of SMW among
women and younger patients.31,32 The optimal dosing strategy
is yet to be determined.

Patients with worse subjective memory at baseline were sig-
nificantly less likely to experience SMW. This can be reassuring
for patients who experience subjective memory disturbances
before ECT.

High electrical charges have been associated with greater an-
terograde memory disturbances than low electrical charges.21 We
found that longer pulse widths were associated with greater risk of
SMW. It needs to be established if adjusting this factor can affect
6 www.ectjournal.com
the risk of SMW.When weighing the relative benefits and risks of
different stimulus settings, both the symptom-reducing effects and
the adverse effects need to be considered. Setting the electrical
doses to low is associated with reduced symptom-relieving ef-
fect.21 A sufficient symptom-reducing effect should most often
be prioritized.

This study showed no evidence of differences in the risk of
SMW between patients treated with unilateral and bifrontal or
bitemporal ECT. In line with this finding, recent studies do not in-
dicate clinically relevant differences in the cognitive effects of dif-
ferent electrode placements in adequate doses.33 Thus, clinicians
should not refrain from using bilateral electrode placement out
of fear of causing memory disturbances.

In this study, there was a nonsignificant tendency toward a
lower risk of SMWamong patients receiving 6 to 9 sessions as
compared with 5 sessions or fewer. This result needs to be
interpreted with caution because of the observational design
of the study and the risk of selection bias. The treatment is more
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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likely to be terminated early for patients who experience
SMW than for patients who do not experience SMW. For pa-
tients with long treatment series, the effects of the first treat-
ments on subjective memory may have decreased by the end
of the treatment series.

Lithium usewas associated with increased risk of SMW. This
could possibly be explained by the fact that lithium treatment may
lower seizure threshold,32 and there are reports of prolonged
seizures.34 However, the effect of lithium on SMW was mod-
est. Lithium doses in Sweden are most often adjusted to a serum
concentration of 0.5 to 0.8 mmol/L. During ECT, it is common
practice to further reduce the dose and/or withhold the dose the
night before ECT.

A strength of this study is the large sample size including
more than 1000 subjects. The limitations of this study include that
no objective cognitive testing was performed; therefore, we cannot
compare the subjective reports with the objective test results.
Moreover, the reports of SMW were collected within the first
week after ECT; thus, the results of this study are not informative
of the longer-term outcomes of ECT.

In conclusion, this study shows that subjective memory rat-
ings before and within 1 week after ECT are similar for most pa-
tients. Compared with other patient groups, young women are
more likely to experience SMW immediately after ECT. For pa-
tients treated with unilateral electrode placement who experience
SMW, ultrabrief pulse width stimulus could be considered be-
cause ultrabrief pulse width seems to be associated with reduced
risk of SMW. Remission from depression was also associated with
reduced risk of SMW, so an ineffective or too short a treatment se-
ries might therefore increase the risk of SMW. Each patient should
be monitored with regard to symptoms as well as adverse effects,
and the treatment should be adjusted on an individual basis to
maximize clinical effect and with efforts to minimize cognitive
adverse effects.
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