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Chapter 7

Episodic memory following deep brain
stimulation of the ventral anterior
limb of the internal capsule and elec-
troconvulsive therapy

Isidoor Bergfeld, Mariska Mantione, Mechteld Hoogendoorn, Ferdinand Horst,
Peter Notten, Rick Schuurman, & Damiaan Denys

Published in: Brain Stimulation (2017), 10(5): 959 - 966.

Abstract

Background: Electroconvulsive Therapy (ECT) and Deep Brain Stimulation
(DBS) are effective treatments for patients with treatment-resistant depression
(TRD). However, a common side effect of ECT is autobiographical memory loss
(e.g., personal experiences), whereas the impact of DBS on autobiographical
memories has never been established.
Objective: Comparing autobiographical memories following DBS and ECT.
Methods: In two hospitals in The Netherlands, we interviewed 25 TRD patients
treated with DBS of the ventral anterior limb of the internal capsule (vALIC),
14 TRD patients treated with ECT and 22 healthy controls (HC) with the
Autobiographical Memory Inventory - Short Form (AMI-SF) in a prospective,
longitudinal study between March 2010 and August 2016. Patients treated
with DBS were interviewed before surgery, after surgery, and twice during
treatment over 122.7 (SD: ±22.2) weeks. Patients treated with ECT were
tested before ECT, after six right unilateral (RUL) ECT sessions and twice
following ECT over 65.1 (±9.3) weeks. Controls were tested four times over
81.5 (±15.6) weeks.
Results: Compared to HC, the AMI-SF score decreased faster in both TRD
groups (P<0.001). More specifically, AMI-SF score decreased in a comparable
rate as HC after DBS surgery, but decreased more during treatment. The
AMI-SF decrease in the ECT group was larger than both the DBS and HC
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groups.
Conclusions: Both ECT and vALIC DBS result in a faster autobiographical
memory decline compared to HC. DBS might have a negative impact on auto-
biographical memories, although less so than ECT. Future work should dissect
whether DBS or characteristics of TRD cause this decline.

7.1 Introduction

Autobiographical memories are essential for self-identity and the generation
of long-term goals.162 Autobiographical memories consist of personal knowl-
edge about people, objects and places in our lives (semantic memory) and
memories of personal experiences (episodic memory).211 Episodic memories
are organized within lifetime periods (e.g. while studying at the university),
general events (e.g., a holiday), and specific events (e.g., a birthday).41 Pa-
tients with Major Depressive Disorder (MDD) tend to overgeneralize episodic
memories compared to healthy controls (HC), meaning memories are more cat-
egorical and less specific (e.g. ”Sometimes I have dinner with a friend” instead
of ”Last Friday I ate a nice lasagna with Thomas”).223 Overgeneralization of
autobiographical memories is associated with a less consistent sense of self,
decreased problem solving abilities102,162 and increased suicidal behavior.170

Antidepressants or psychotherapy can partly reverse this overgeneralization.130,222

Unfortunately, many patients are resistant to these treatments and are said
to suffer from Treatment Resistant Depression (TRD).178 These patients are
commonly referred for electroconvulsive therapy (ECT), which is estimated to
be effective in approximately half of TRD patients.81 However, patients of-
ten complain about retrograde autobiographical amnesia following ECT,60,174

which has been shown to persist until at least 6 months after ECT and is more
pronounced following bilateral than unilateral ECT.182,192

In patients who do not respond to ECT, Deep Brain Stimulation (DBS) is
tested as a promising treatment.23,118,124,186 For example, our group has shown
antidepressant efficacy of DBS targeted to the ventral Anterior Limb of the In-
ternal Capsule in (vALIC) in 40% of TRD patients.19 Preliminary studies also
show DBS does not negatively affect cognitive functions, such as verbal and
visuospatial anterograde memory, attention, and executive functioning.17,18

However, the impact of DBS on autobiographical memories has never been
studied in TRD.
In this study, we compared the decline of autobiographical memories following
vALIC DBS and ECT in TRD patients. We included healthy controls (HC)
to control for the natural decline of autobiographical memories over time. In
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addition, the acute effects of DBS were tested in an active and sham setting.

7.2 Methods

7.2.1 Participants

We included 25 TRD patients who were treated with DBS and 14 TRD patients
who were treated with ECT. Both patient groups were recruited from referrals
to the outpatient clinics of the Academic Medical Center in Amsterdam and St
Elisabeth Hospital in Tilburg, the Netherlands, between March 2010 and May
2014. In addition, 22 healthy controls (HC) were recruited from advertisements
in the hospital. All participants gave their written consent. This study was
approved by the Medical Ethical Board of the Academic Medical Center. This
study was an addition to a clinical trial of DBS registered in the Dutch Trial
Register (www.trialregister.nl, nr. 2118).19

TRD patients treated with DBS had to be between 18 and 65 years old and
diagnosed with primary MDD according to the Diagnostic and Statistical Man-
ual (DSM-IV-TR),9 which was treatment-resistant defined as: a failure of at
least two distinctly different classes of second generation antidepressants (e.g.
Selective Serotonin Reuptake Inhibitor, Selective Noradrenalie Reuptake In-
hibitor) and one trial of a tricylic antidepressant (TCA) and one trial of TCA
with lithium addition and one trial of a Monoamine Oxidase Inhibitor and
≥6 sessions of bilateral ECT. Patients who fulfilled the above criteria and
were kept stable with maintenance ECT, but relapsed after discontinuation of
maintenance ECT were also eligible. Patients had to have a Hamilton Depres-
sion Rating Scale, 17 items (HAM-D-17) score of at least 18 and a maximum
Global Assessment of Function (GAF) score of 45, which was persistent for
at least 2 years. Exclusion criteria were bipolar disorder, (a history of) psy-
chosis, substance abuse in the past 6 months, comorbid neurologic disorders,
an unstable physical condition, pregnancy or general contraindications for DBS
surgery. TRD patients treated with ECT had to fulfill the same criteria, with
the exception that patients did not have to be resistant to ECT for ethical and
feasibility reasons.
HC were matched with patients treated with DBS on gender, age (maximally
± five years of matched patient) and level of education (maximally ± one level
of matched patient as classified by the Dutch adaptation of the International
Standard Classification of Education 2011.34,212). HC were excluded in case
of a history of a psychiatric disorder in either themselves or their first-degree
relatives.
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7.2.2 Treatment

The DBS procedure was described in detail earlier.19 In summary, patients
were implanted bilaterally with four-contact electrodes (model 3389 Medtronic,
Minneapolis) with the deepest contact in the nucleus accumbens and the three
upper contacts in the ventral part of the internal capsule. Electrodes were
connected to an Activa PC stimulator (Medtronic, Minneapolis). Electrodes
were placed under local anesthesia in the first 10 patients. Intra-operative
test stimulation up to 7 mA never revealed adverse effects in these patients,
so electrodes of the last 15 patients were placed under general anesthesia.
Stimulators were placed under general anesthesia in all patients. After a three-
week recovery period with DBS switched off, standardized DBS parameter
optimization started, in which combinations of active contacts, voltage, pulse
width and frequency were tested.
The ECT procedure was done under EEG monitoring with etomidate (up
to 0.2 mg/kg) as anesthetic and succinylcholine (1.0-1.5 mg/kg) as muscle
relaxant. ECT consisted of twice-weekly right unilateral (RUL) or bilateral
(BL) brief pulse (0.5 ms) ECT (Thymatron DGX, Somatics, 910). Electrodes
were placed according to standard bitemporal placement (in the center of the
line between the corner of the eye and the border of the ear) or according to
d’Elia RUL placement. In maximally two sessions RUL Seizure Treshold (ST)
was determined by measuring seizure adequacy to increasing energy intensities
(25.2, 50.4, 100.8 and 201.6 mC or double in case a patient was older than 50
years) with 0.5 mg atropine to prevent cardiac complications. An insult longer
than 25 seconds as measured by EEG was deemed adequate. ST determination
was followed by at least 6 RUL ECT sessions at 6xST, with a maximum of 1008
mC. After 6 RUL sessions, ST was determined again. ECT continued with
either 6xST RUL sessions or was changed to 2.5xST Bilateral (BL) sessions
in case of insufficient response in the first 6 sessions (<25% improvement on
HAM-D). ECT ended in case of remission (HAM-D≤7) or when a plateau of
effectiveness was achieved (no further improvement on HAM-D on at least 2
consecutive measurements).
During DBS and ECT psychotropic medication was allowed including benzo-
diazepines (see Table 7.4 in the supplementary information for an overview of
medication use). ECT patients did not take benzodiazepines the day before
an ECT session to prevent shortening of seizure duration. The treating psy-
chiatrist decided the type of continuation therapy after ECT, but the patient
was excluded from the study in case of continuation ECT.
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7.2.3 Study design

All subjects were interviewed at 4 time points (Figure 1). DBS patients were
tested 1-3 weeks before DBS surgery (Baseline), 3 weeks after surgery with
stimulation switched off (T1), after optimizing DBS parameters (T2) and 1
year after T2 (T5). ECT patients were tested 1-3 weeks before ECT (Baseline),
after 3 weeks in which they received 6 RUL ECT sessions (T1), 1 week after
ECT was completed (T2), and 1 year after T2 (T5). HC were tested at
Baseline, 6 and 18 weeks following Baseline (T1 and T2), and 1 year after
T2 (T5).
Following T2, only patients in the DBS group entered a double blind, ran-
domized crossover-phase consisting of 2 blocks of 1-6 weeks. In one of the
phases active DBS and the other sham DBS (i.e. neurostimulator was off) was
applied. Patients were tested after each crossover phase (T3 and T4). To keep
the number of sessions equal between groups, subjects in the ECT and HC
group were tested 4 and 8 weeks after T2 (T3 and T4).

7.2.4 Outcome measures

At baseline only, intelligence quotient (IQ) was estimated using the Dutch
version of the National Adult Reading Test.189 At every time point, a psy-
chologist evaluated participants with the Hamilton Depression Rating Scale
- 17 item version (HAM-D)79 and a Dutch translation of the Autobiographi-
cal Memory Interview - Short Form (AMI - SF)131 (not to be confused with
the Autobiographical Memory Interview of Kopelman et al104). HAM-D is
a widely used semi-structured interview to assess depressive symptom sever-
ity with a higher score indicating more symptoms (range 0-52). AMI-SF is a
semi-structured interview about 6 autobiographical events, in which details of
each autobiographical event have to be given through 5 questions per event.
Two events ask about semantic autobiographical memories (Family member,
Last employment) with questions such as ”What was the complete address
of the building where you worked?”. Four events ask about episodic events
from last year. Two events concern extended episodic events (Last major trip,
Last physical illness), with questions such as ”What did you enjoy most about
your last trip?”. Two events concern specific episodic events (Last New Year’s
eve, Last birthday), with questions such as ”List the full names of the persons
who helped you celebrate your birthday”. At every session the questions are
equal and consider the exact same event. In this way, consistency over time of
the recalled event is measured. We used the scoring system as proposed and
validated by Semkovska et al.194 At baseline, a participant receives 1 point
for each detail given, e.g. 5 points for 5 persons present at the last birthday
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named. In all follow-up session (T1-T5), a participant receives 1 point for
every detail named, which was also named at Baseline. For example, a par-
ticipant receives 3 points in case he/she names 4 persons present at his/her
birthday, of which 3 were also named at Baseline. Consequently, scores can
only decrease over time. AMI-SF total score is the sum of all points received,
of which three sub-scores are derived: AMI-SF semantic, AMI-SF episodic
extended, and AMI-SF episodic specific (consisting of the points received for
the 2 autobiographical events defined above). Note that the summed AMI-
SF scores do not provide information of autobiographical memory capacity
in itself. For example, a participant who celebrated his/her birthday with
20 people is prone to score higher than someone who celebrated it with only
5 people. The variable of interest is the decline of AMI-SF score over time,
which indicates the extent of memory consistency.

7.2.5 Statistical analysis

We used R, version 3.1.2166 to analyze the results. Differences in descriptive
variables at Baseline were analyzed with independent analyses of variance or
Kruskall-Wallis tests where appropriate. Efficacy of the DBS and ECT treat-
ment is given in remission rates (HAM-D score ≤7) and response rates (≥50%
reduction of HAM-D compared to baseline at the end of treatment, i.e. T2).
In addition, we analyzed change in HAM-D score over treatment with a lin-
ear mixed model (LMM) with HAM-D as dependent variable. Independent
variables were a random intercept, Session before and after treatment (levels:
Baseline, T2), Group (levels: DBS, ECT) and SessionXGroup. We analyzed
how AMI-SF total scores changed over time with an LMM with AMI-SF total
score as dependent variable. Independent variables were a random intercept
with subject as grouping factor, Session (levels: Baseline, T1, T2 and T5),
Group (levels: DBS, ECT, HC) and SessionXGroup interaction. To check
possible bias introduced by missing values, we repeated this analysis after im-
puting all missing values of AMI-SF and HAM-D a 100 times using a level-2
normal imputation method with Group, Session, Gender, Age, HAM-D and
AMI-SF scores as predictors with individual subjects as grouping variable.213

In addition, a post-hoc LMM tested for the effects of Time by adding Weeks
from Baseline as a random covariate with subjects as grouping factor and Age
as a fixed covariate. Post-hoc, we checked for differences in the 3 subscores
(AMI-SF semantic, AMI-SF episodic extended and AMI-SF episodic specific)
with a random intercept, and Session, Group, and SessionXGroup as indepen-
dent fixed predictors. In addition, a post-hoc LMM tested for the effects of
response status using data of ECT and DBS groups were used. Independent
variables were a random intercept, Session, Group (levels: DBS, ECT), Re-
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Table 7.1: Descriptive variables of patients and healthy controls

DBS ECT HC Test
N, Mean SD N, Mean SD N, Mean SD χ2,F,K P

Gender (Male/Female) 8/17 4/10 8/13 χ2=0.4 0.84
Age at inclusion 53.2∗ 8.4 45.4∗,† 9.0 53.5† 8.0 F(2,57)=4.5 0.02
Education (ISCED 2011) 4.0 1.9 3.9 1.7 4.0 1.7 K(2)=0.0 0.98
Estimated IQ 95.3 15.0 97.4 11.3 102.2 14.7 F(2,57)=1.4 0.26
No.past antidepressants 10.8∗ 3.3 8.6∗ 2.5 K(1)=4.3 0.04
No.past ECT series 2.3∗ 1.7 0.4∗ 0.9 K(1)=17.3 <0.001
No.past ECT sessions 68.9∗ 103.6 3.2∗ 7.1 K1=24.0 <0.001
Age of onset 28.5 15.2 28.4 8.1 F(1,37)=0.0 0.97
No. episodes (1/2/>2) 10/3/12 2/6/6 χ2=6.1 0.06
∗ DBS>ECT
† HC>ECT
Abbreviations: DBS=Deep Brain Stimulatiion; df=degrees of freedom; ECT=Electroconvulsive
therapy; HC=Healthy Controls; IQ=Intelligence Quotient; ISCED=International Standard Clas-
sification of Education; SD=Standard Deviation.

sponse status at T2 (levels: Responder, Non-Responder), and SessionXGroup
and SessionXResponse Status interactions as independent variables.
To explore possible effects of stimulation setting (active or sham), we only
used the data of the DBS group in the crossover phase. Independent variables
were a random intercept, Session (levels: T3, T4), Stimulation Setting (levels:
Active, Sham) and SessionXStimulation Setting interaction.
P-values<0.05 were considered significant.

7.3 Results

Baseline variables are summarized in Table 7.1. DBS, ECT and HC groups do
not differ in gender ratio, level of education or estimated IQ. Patients treated
with ECT were significantly younger than patients treated with DBS and HC
(F(2,57)=4.8, P=0.01). DBS and ECT groups did not differ in age of on-
set or number of past episodes. Patients treated with DBS had received more
treatments than patients treated with ECT in the past (number of past antide-
pressants: K1=4.3, P=0.04; ECT series: K1=17.3, P<0.001; ECT sessions:
K(1)=24.0, P<0.001). An overview of drop-outs during the study is presented
in Figure 1. In the ECT group, patients received an average number of 6.6 (SD:
2.7) unilateral sessions. Because we could not schedule T1 before switching to
bilateral ECT in two cases, one patient received 1 and another received 2 bilat-
eral sessions (mean over entire sample: 0.3 (SD: 0.7)) before T1. Between T1
and T2, patients received an average number of 3.2 (SD: 3.4) unilateral and 5.3
(SD: 3.7) bilateral sessions. Nine of the 10 patients tested at T2 were switched
to bilateral ECT. The intervals between Baseline and T1, and between T2 and
T5 were similar between the 3 groups (see Table 7.2 and Figure 7.2). However,
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Figure 7.1: Flowchart of study design with drop-outs
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the interval between T1 and T2 was much longer in the DBS group (Mean:
60.3 [SD: 29.5] weeks) than in the ECT group (Mean: 6.7 [SD: 2.0] weeks),
with the HC group falling in between (Mean: 15.4 [SD: 2.2] weeks).
HAM-D scores decreased significantly irrespective of treatment (F(1,28)=19.6,
P<0.001, Table 7.2). Following DBS 10 of 25 patients (40%) responded, of
which 5 were in remission (20%). Following ECT 2 of 12 patients (16.7%)
responded, none of which were in remission. HAM-D scores of two patients
treated with ECT could not be retrieved: one patient received ECT in a
different hospital because of a shorter waiting list and one declined ECT shortly
before the first session. These patients only contributed data to the baseline
session.
In Table 7.2 and Figure 7.2 the AMI-SF scores of all groups over time can be
found. The decrease of AMI-SF Total score over sessions was significantly dif-
ferent between the groups (SessionXGroup: F(6,141)=10.1, P<0.001). Inspec-
tion of the coefficients showed the AMI-SF decrease was comparable between
the DBS and HC groups between Baseline and T1 (after DBS surgery), but
the AMI-SF score of the DBS group decreased more than in HC from Baseline
to T2 (after DBS optimization) and T5. The AMI-SF score of the ECT group
decreased more from Baseline to T1 (after 6 RUL ECT sessions) and all sub-
sequent sessions compared to both the DBS and HC group. Removing the two
patients who never received ECT or received ECT In a different hospital did
not change the results. In addition, results of these analyses remained essen-
tially the same with the multiply imputed data for missing values. However,
the AMI-SF score decline from Baseline to T5 no longer statistically differed
between the ECT and DBS group, although it trended towards a larger de-
crease in the ECT group.
The post-hoc analysis to control for follow-up time showed a non-significant ef-
fect of Age (F(1,56)=0.0, P=0.93) and a significant effect of time (F(1,140)=14.2,
P<0.001). Corrected for age and weeks from baseline, the AMI-SF score de-
crease over time was comparable between the DBS and HC groups over all
sessions. The AMI-SF decrease was still greater from Baseline to T1 and ev-
ery subsequent session in the ECT group, compared to both the DBS and
HC groups. In another post-hoc analysis the effect of response to the treat-
ment on the AMI-SF total score decrease was explored. This effect turned out
non-significant (Response StatusXSession: F(5,123)=0.7, P=0.65).
When dissecting the total score into sub-scores (see Table 7.2 and Figure 7.2),
the AMI-SF semantic score decrease was comparable between all groups (Ses-
sionXGroup: F(6,141)=1.6, P=0.08), but different for AMI-SF episodic ex-
tended (SessionXGroup: F(6,141)=5.5, P<0.001) and AMI-SF specific scores
(SessionXGroup: F(6,141)=6.8, P<0.001). In both AMI-SF episodic sub-
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Table 7.2: Depression and autobiographical memory scores over time

Baseline T1 T2 T5
N Mean SD N Mean SD N Mean SD N Mean SD

DBS
Weeks from BL 25 0 0 25 5.5 2.4 18 59.4 20.9 17 122.7 22.2
HAM-D-17 25 22.2 4.9 25 21.9 6.2 18 14.6 8.8 17 14.1 9.3
AMI-SF (total) 25 40.4 10.7 25 33.7 9.0 18 24.6 10.1 17 22.1 8.0
AMI-SF (semantic) 25 10.8 2.9 25 9.8 2.9 18 9.9 2.8 17 9.0 2.7
AMI-SF (episodic extended) 25 11.6 3.3 25 9.8 3.6 18 7.8 4.7 17 6.6 3.6
AMI-SF (episodic specific) 25 17.9 8.4 25 14.2 6.2 18 6.8 7.3 17 6.5 5.6
ECT
Weeks from BL 14 0 0 10 5.2 2.2 10 12.2 2.9 8 65.1 9.3
HAM-D-17 14 24.5 4.3 10 17.9 5.0 10 19.4 5.8 8 14.9 5.1
AMI-SF (total) 14 45.9 12.1 10 25.4 8.8 10 21.0 11.1 8 22.5 9.9
AMI-SF (semantic) 14 13.1 2.5 10 10.9 3.7 10 10.1 2.5 8 10.5 3.3
AMI-SF (episodic extended) 14 12 3.8 10 5.6 2.1 10 4.5 2.9 8 4.3 4.3
AMI-SF (episodic specific) 14 20.8 9.5 10 8.9 7.3 10 6.4 7.9 8 7.8 6.3
HC
Weeks from BL 21 0 0 21 6.8 1.1 21 22.2 2.6 20 81.5 15.6
HAM-D-17 21 1.0 1.3 21 1.1 1.7 21 1.0 1.4 20 1.8 4.7
AMI-SF (total) 21 56.1 12 21 48.6 11.9 21 47.1 11.9 20 44.6 12.9
AMI-SF (semantic) 21 14.7 2.4 21 13.7 3.1 21 13.4 2.9 20 13.3 3.0
AMI-SF (episodic extended) 21 14 2.5 21 12.6 2.5 21 11.8 2.9 20 10.9 2.7
AMI-SF (episodic specific) 21 27.4 10.3 21 22.3 10.2 21 21.9 9.7 20 20.4 10.8

Results at Baseline, T1 (after recovery from surgery in the DBS group; after 6 RUL ECT ses-
sions in the ECT group; 6 weeks after Baseline in HC group), T2 (after parameter optimization
in the DBS group; 1 week after ECT series had ended in the ECT group; after 18 weeks in
the HC group) and T5 (one year after T2); Abbreviations: AMI-SF=Autobiographical mem-
ory Interview - Short Form; DBS=Deep Brain Stimulation; ECT=Electroconvulsive therapy;
HAM-D-17=Hamilton Depression Rating Scale, 17 items; HC=Healthy Controls; SD=Standard
Deviation.
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Table 7.3: Depression and autobiographical memory scores in active/sham phase

Active DBS Sham DBS T3 T4
N Mean SD Mean SD Mean SD Mean SD

Weeks from baseline 16 61.8 18.6 62.6 19.2 61.0 18.6 63.4 19.2
HAM-D-17 16 23.1 5.1 13.6 7.8 16.0 7.8 20.7 7.8
AMI-SF (total) 16 27.6 11.1 28.5 10.9 27.4 10.9 28.6 11.0
AMI-SF (semantic) 16 9.8 3.4 9.8 3.4 10.0 3.5 9.6 3.3
AMI-SF (episodic extended) 16 7.8 4.7 8.5 4.0 8.0 4.5 8.3 4.2
AMI-SF (episodic specific) 16 10.0 7.9 10.3 8.1 9.4 8.2 10.8 7.7

Abbreviations: AMI-SF=Autobiographical memory Interview - Short Form;
DBS=Deep Brain Stimulation; HAM-D-17=Hamilton Depression Rating Scale, 17
items; HC=Healthy Controls; SD=Standard Deviation.

scores the pattern was largely the same as the total score: the decrease be-
tween Baseline and T1 (after surgery) was comparable between the DBS and
HC group, but the decrease was greater in the DBS group from Baseline to T2
(after optimization) and T5. The ECT group decreased more from Baseline
to T1 (after 6 RUL sessions) and T2 (after end of ECT) than the DBS and
HC groups. However, the decrease at T5 (1 year after ECT treatment) was
not significantly different from the DBS group.

7.3.1 Double blind, randomized cross-over phase

Of the 18 patients in the DBS group who participated at T2, two patients
did not participate in the crossover phase, because their treating psychiatrists
deemed their psychiatric status too unstable. Thus, 16 patients were random-
ized in the crossover phase (9 patients to active first and 7 to sham first). We
explored whether AMI-SF scores differed between active and sham DBS dur-
ing the cross-over phase (Table 7.3). Effects of Session, Stimulation Setting
and SessionXStimulation Setting all turned out non-significant (all P>0.3).

7.4 Discussion

This study shows both ECT and vALIC DBS result in a faster autobiographical
memory decline compared to HC. These results could mean DBS has a negative
impact on autobiographical memories, although it is less than ECT.
An alternative explanation for the fast decline in the DBS group could be the
longer follow-up time compared to the HC group. Indeed, the memory decline
was statistically equal when corrected for time interval. Nevertheless, the
overall pattern is markedly different in both groups. The HC and DBS group
show a comparable decrease in the first 6 weeks. However, HC show an almost
stable pattern over 1.5 years thereafter, whereas a much steeper decline is
seen in the 1.5 years after that in the DBS group. Secondly, this decline could
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be attributed to the high number of past ECT sessions in patients treated
with DBS. However, ECT mainly results in retrograde amnesia for recent
events (i.e. 1-2 years before ECT)182 and not in anterograde amnesia following
ECT.193 Having received ECT in the year prior to DBS implantation might
have resulted in a lower baseline score, but the baseline score was comparable
between patients treated with DBS and ECT. Therefore, it seems plausible
autobiographical memory loss is not solely the result of a longer time interval
or past ECT sessions, and might be the result of DBS.
Nonetheless, a direct comparison of active and sham DBS did not find differ-
ences in autobiographical recall and suggests the memory decline over time is
not directly caused by stimulation. However, the crossover phase only tested
acute and not long-term effects of turning off DBS. Furthermore, in case DBS
results in retrograde amnesia similar to ECT, a restoration of memories after
turning off DBS is not to be expected.
Regardless, the possible impact of DBS is less pronounced than of ECT. The
rapid decline of memories following ECT is already apparent after 6 RUL
sessions and does not recover in the year following ECT. This result con-
firms the widespread subjective complaint of autobiographical memory loss
following ECT60,174 and is in line with several other studies using an objec-
tive measure.182,183,218 Although our study shows no memory recovery in the
year after ECT has ended, previous studies found a partial recovery after 2
months.114,132 Possibly, this difference could have arisen from the used en-
ergy intensities, which were at ST or 2.5 x ST in these previous studies,114,132

whereas our hospital protocol starts with 6 x ST RUL.
Interestingly, ECT as well as DBS do not seem to impact semantic memo-
ries, such as addresses and phone numbers of family members. However, DBS
as well as ECT have an impact on episodic memories. Memories of specific
events show large decreases following both treatments, whereas memories of
extended events are relatively spared by DBS compared to ECT. Retrieval
of semantic and episodic memories are associated with different neural cir-
cuits.144 Retrieval of semantic details rely on specific neocortical activations
(depending on the type of semantic information), whereas retrieval of episodic
details relies on hippocampal and medial temporal lobe activation.144,169 This
suggests both DBS and ECT alter activations in hippocampal regions. A large
body of preclinical work confirms hippocampal volume increases and increased
neurogenesis following ECT,26,176 and the same has been found following DBS
of several targets.203 However, it is unclear how these hippocampal changes
affect memory functioning. Changes in the medial temporal lobe induced by
DBS have been associated with enhanced204 as well as impaired spatiotempo-
ral learning,92 and with reduced retrieval of episodic information.108 Specula-
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tively, hippocampal neurogenesis could enhance spatiotemporal learning and
episodic memory consolidation,71 whilst impairing episodic retrieval.7,219

Alternatively, impaired anterograde memory, which is associated with major
depression,173 could be the root of increased memory loss over time. Memories
might be consolidated less firmly and therefore, more easily lost than in healthy
controls. Future studies could include a TRD group who are treated with
pharmacotherapy to dissect the memory decline as a result of major depression
from DBS and ECT effects.
A striking result, although not the focus of this paper, is the difference in re-
sponse rate following DBS (40%) compared to ECT (16.7%). The response to
ECT is much lower than would be expected on basis of the literature (approx-
imately 50%).81 Possibly, the low response rate has arisen from the advanced
stage of treatment-resistance, given this has been associated with worse out-
come after ECT.54,163,168 This difference is even more surprising given the
similar average symptom decrease in the DBS and ECT groups. ECT seems
to have a small positive effect on most TRD patients, whereas DBS has a large
positive effect in a subgroup of patients and almost none in a different sub-
group. The studied number of patients in this study is too small to draw firm
conclusion, but speculatively, this could mean DBS might be a more effective
option than ECT in these advanced stage TRD patients.
The study is limited by the small sample sizes, which cannot be prevented given
the experimental nature of DBS as a treatment for TRD and strict inclusion
criteria regarding treatment resistance for the ECT group. Furhermore, sev-
eral patients in both the ECT and DBS group dropped out over the course
of the study. This limits the power to show small to moderate differences be-
tween groups and to dissect the effects of subgroups within the DBS and ECT
groups, e.g. a differential effect of response in the DBS compared to the ECT
group or the impact of certain ECT parameters. Secondly, the time intervals
differed between the three groups, over which we attempted statistical control
by adding this as a covariate. However, given the time interval was dependent
on experimental group, statistical correction might not be entirely possible
in this case. Judging the overall pattern over time might be preferred here,
as already discussed above. Ideally, future work should keep time intervals
between groups similar.

7.4.1 Conclusion

This is the first study suggesting DBS could have a negative impact on autobi-
ographical memory retrieval in TRD patients, albeit smaller than the impact
of ECT. This result should be replicated in bigger samples to increase power
to show small to moderate differences between DBS and ECT. Future stud-
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ies should keep follow-up times similar between groups and preferably include
TRD patients who are treated with pharmacotherapy to dissect the effect of
TRD from stimulation effects.
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7.5 Supplementary information

Table 7.4: Medication use by patients over time

DBS ECT
BL T1 T2 T5 BL T1 T2 T5

Antidepressant Combination 2 3 3 3 2 2 2 1
Single 13 12 6 4 9 7 7 7
None 10 10 9 10 3 1 1 0

Antipsychotic Combination 2 2 0 0 0 0 0 0
Single 15 13 8 6 6 3 3 2
None 8 10 10 11 8 7 7 6

Benzodiazepine Combination 6 5 0 1 4 2 1 1
Single 8 8 8 4 5 3 3 3
None 11 12 10 12 5 5 6 4

Mood stabilizer Combination 0 0 0 0 0 0 0 0
Single 2 2 1 1 2 1 2 1
None 23 23 17 16 12 9 8 7

Anxiolytic Combination 0 0 0 0 0 0 0 0
Single 1 1 1 1 0 0 0 0
None 24 24 17 16 14 10 10 8

Anti-epileptic Combination 0 0 0 0 0 0 0 0
Single 2 1 1 1 1 0 0 0
None 23 24 17 16 13 10 10 8

Dopamine agonist Combination 0 0 0 0 0 0 0 0
Single 0 0 0 0 1 1 1 1
None 25 25 18 17 13 9 9 7

Dopamine antagonist Combination 0 0 0 0 0 0 0 0
Single 1 1 0 0 0 0 0 0
None 24 24 18 17 14 10 10 8

Antihistaminic Combination 0 0 0 0 0 0 0 0
Single 2 2 1 0 2 1 3 0
None 23 23 17 17 12 9 7 8

Opioid Combination 0 0 0 0 0 0 0 0
Single 1 0 1 1 0 0 0 0
None 24 25 17 16 14 10 10 8

Sympathicomimetic Combination 0 0 0 0 0 0 0 0
Single 1 0 1 2 0 0 0 0
None 24 25 17 15 14 10 10 8

Abbreviations: BL: Baseline.
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