
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Exciting circuits
Deep brain stimulation for depression
Bergfeld, I.O.

Publication date
2018
Document Version
Other version
License
Other

Link to publication

Citation for published version (APA):
Bergfeld, I. O. (2018). Exciting circuits: Deep brain stimulation for depression. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/exciting-circuits(ef722236-00eb-492d-9404-229816184159).html


5

Chapter 5

Cognitive functioning following deep
brain stimulation in psychiatric dis-
orders

Isidoor Bergfeld, Mariska Mantione, Mechteld Hoogendoorn, & Damiaan
Denys

Published in: Brain Stimulation (2013), 6(4): 532 - 537.

Abstract

Background: Deep Brain Stimulation (DBS) is routinely used as a treatment
for treatment-refractory Parkinson’s disease and has recently been proposed
for psychiatric disorders such as Tourette syndrome (TS), obsessive-compulsive
disorder (OCD) and major depressive disorder (MDD). Although cognitive de-
terioration has repeatedly been shown in patients with Parkinson’s disease fol-
lowing DBS, the impact of DBS on cognitive functioning in psychiatric patients
has not yet been reviewed.
Objective: Reviewing the available literature on cognitive functioning following
DBS in psychiatric patients.
Methods: A systematic literature search in PubMed, EMBASE and Web of
Science, last updated in September 2012, found 1470 papers. Abstracts were
scrutinized and 26 studies examining cognitive functioning of psychiatric pa-
tients following DBS were included on basis of predetermined inclusion criteria.
Results: Twenty-six studies reported cognitive functioning of 130 psychiatric
patients following DBS (37 TS patients, 56 OCD patients, 28 MDD patients, 6
patients with Alzheimer’s disease, and 3 patients with other disorders). None
of the studies reported substantial cognitive decline following DBS. On the
contrary, 13 studies reported cognitive improvement following DBS.
Conclusion: Preliminary results suggest that DBS in psychiatric disorders
does not lead to cognitive decline. In selected cases cognitive functioning was
improved following DBS. However, cognitive improvement cannot be conclu-
sively attributed to DBS since studies are hampered by serious limitations.
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We discuss the outcomes in light of these limitations and offer suggestions for
future work.

5.1 Introduction

Deep Brain Stimulation (DBS) delivers short high-frequency pulses of elec-
tricity directly to specific brain areas with implanted electrodes. It is hy-
pothesized that these electric pulses may stimulate or inhibit the activation
of the implanted brain area, and/or may modulate the activity in associated
neural circuits.86 DBS is used as a treatment for various neurological disor-
ders, most notably Parkinson’s disease (PD). In the last decade, DBS has
also been applied experimentally as a treatment for treatment-refractory psy-
chiatric disorders, such as Tourette syndrome (TS),158 obsessive-compulsive
disorder (OCD)48 and major depressive disorder (MDD).86

As DBS is a novel treatment for psychiatric disorders, it is important to care-
fully record cognitive functioning to assess potential side effects of surgery
and stimulation, as well as the impact of DBS on the specific cognitive pro-
file of the psychiatric disorder. This notion is emphasized by studies in PD
patients, in which decline in cognitive functioning has repeatedly been shown
following DBS. For example, PD patients stimulated in the subthalamic nu-
cleus (STN) consistently demonstrate a rapid decline on tests of verbal fluency
compared with patients on medication.33,142,198,199,221,224 Declines on tests of
verbal memory, psychomotor speed and cognitive inhibition have also been re-
ported.138,198,199,224,228 Two studies suggest that cognitive functioning in PD
patients may depend on the localization of the implanted electrodes: Stimu-
lation of the STN results in a more pronounced decline on fluency tests than
stimulation of the globus pallidus interna (GPI).152,230

The literature proposes two possible explanations for this cognitive decline: 1)
a microlesion caused by the trajectory and fixation of the electrodes during
DBS surgery, and 2) stimulation directly affecting the activity of frontostriatal
pathways. The first hypothesis is supported by findings that the target and
trajectory of the electrode were associated with the outcome on verbal mem-
ory and fluency tests in PD patients treated with DBS.229 Furthermore, no
differences in performance on cognitive tests were found between the ’on’ and
’off’ condition.142,225 Both findings suggest an effect of microlesioning and no
or a minor effect of stimulation. However, the second hypothesis is supported
by findings of Hershey et al. (2004),82 who observed decreased performance
on cognitive tests in PD patients tested in an ’on’ condition compared to an
’off’ condition. Moreover, PD patients performed better on verbal fluency tests
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when stimulated with low frequency parameters than with high frequency pa-
rameters.226 Other support for the second hypothesis comes from a study of
Mikos et al. (2011),137 who found that the quantity of tissue activated by
stimulation was negatively correlated with fluency scores. All these findings
point towards a direct stimulation effect on cognitive functioning.
Since DBS in PD patients results in major changes in cognitive functioning,
the aim of this paper is to review the studies in psychiatric patients follow-
ing DBS. Since cognitive outcome may depend on electrode location,152,230

and is possibly caused by microlesional or stimulation effects, we took these
factors explicitly in account in the psychiatric population. Therefore, the fol-
lowing questions will be addressed: 1) Does DBS result in cognitive decline in
psychiatric patients? 2) Does DBS of different brain targets result in differ-
ent cognitive outcomes? 3) Is cognitive outcome associated with an effect of
microlesioning or stimulation?

5.2 Methods

Studies were retrieved by a search of PubMed, EMBASE and Web of Science
on June 26, 2011. The search was updated weekly by requesting e-mail alerts
of the databases with a last update on September 25, 2012. The search term
’deep brain stimulation’ was combined with ’neuropsych*’, ’cognitive func-
tion*’, ’memory’, ’attention’, ’psychomotor’ and ’executive function*’ in all
databases. The results were merged in a database manager and duplicates
were removed. The abstracts of the papers, were scrutinized and included if
1) the article was published in English, 2) an original study was reported, 3)
the study included human subjects, 4) DBS was studied, 5) participants had
a primary psychiatric diagnosis (defined as a diagnosis described in the Diag-
nostic and Statistical Manual of Mental Disorders (DSM), Axis I), 6) at least
one neuropsychological test was used, and 7) neuropsychological tests were
administered before and at least once after surgery.
After the last update, the search came back with 1470 papers. After we ex-
cluded all papers not meeting inclusion criteria, we assessed twenty-five studies
in further detail. One study was excluded (19), because the patients described
participated in another study included in the review as well. The remaining
studies were carefully assessed and if relevant references were found in the in-
cluded studies, these were also retrieved. We included 26 studies in the review
reporting cognitive functioning of 130 psychiatric patients following DBS (37
TS patients, 56 OCD patients, 28 MDD patients, 6 patients with Alzheimer’s
disease, and 3 patients with other disorders). Tables 5.1 to 5.4 give overviews
of these studies and a summary of the outcomes.
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5.3 Results

5.3.1 Tourette syndrome

Since 1999, results of 99 TS patients who received DBS have been published.158

Nine different brain targets were used, most notably the centromedian-parafas-
cicular (Cm-Pf) thalamus and the globus pallidus interna (GPi). The effect
of DBS on cognitive functioning has been reported in eight studies, including
four case-studies, covering 37 of 99 patients (Table 5.1).
The most frequently studied brain target for TS is the Cm-Pf thalamus. Porta
et al. (2009)160 published the most extensive study on cognitive functioning
in TS with Cm-Pf DBS to date. They included 15 patients, who underwent
a neuropsychological test battery before and after 24 months of DBS. All
patients performed in a normative range before surgery. None of the patients
worsened on tests of visuospatial organization, fluency and visual memory.
A slight, clinically irrelevant improvement in psychomotor speed was found
after two years of treatment. Ackermans et al. (2011)5 reported no changes
on tests of working memory, psychomotor speed, visuospatial organization,
cognitive inhibition and planning one year after implantation in six patients
with thalamic DBS. They observed a decline in cognitive flexibility in one
patient. Maciunas et al. (2007)121 reported no change in cognitive functioning
in five patients who were stimulated in the same target area, three months
after surgery. Kaido et al. (2011)96 reported on cognitive functioning of three
patients with Cm-Pf thalamic DBS one month and one year after implantation.
They reported an increase on a measure of intelligence. Lastly, a decrease in
verbal memory functioning and fluency was found in two case-studies in which
the thalamus was used as a brain target.4,190

Another commonly used brain target in TS is the GPi. Dehning et al. (2008)49

reported no changes in verbal memory and cognitive inhibition in one pa-
tient with GPi DBS. Shahed et al. (2007)196 observed an improvement in
psychomotor functioning, cognitive flexibility and visuospatial perception in
another patient, following Gpi DBS after six months.
Three TS patients were tested before and after bilateral DBS in both the Cm-
pf of the thalamus and the GPi (28). No cognitive differences were found
when the patients were sham-stimulated, stimulated in the GPi or the Cm-Pf
separately, or both targets at once.

5.3.2 Obsessive-compulsive disorder

Since the first report on DBS of therapy-refractory OCD in 1998, the results of
115 patients have been published.48 The subthalamic nucleus (STN), the ven-
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Table 5.1: Studies on Tourette syndrome

Study N Test times Target Measures Results

Porta 160 15 BL, 24 mts Thalamus MMSE, SPM, Flu
(Pho & Cat), CFR,
TMT

No changes

Ackermans 5 6 BL, 12 mts Thalamus Sim, DSST, DiSp,
MatrReas (WAIS),
WCST, Stroop,
TMT, Flu, ToL

Decline: cognitive
flexibility in one pa-
tient

Maciunas 121 5 BL, 3 mts Thalamus n/sp No changes
Kaido 96 3 BL, 1 month, 12

mts
Thalamus WAIS Improvement: intel-

ligence
Ackermans 4 2 C1: BL, 5 & 10

yrs; C2: BL, 8
mts, 6 yrs

Thalamus C1: n/sp; C2:
AVLT, Flu, Stroop
+ n/sp

Decline: verbal
memory, verbal
fluency in 1 pt

Schoenberg 190 1 BL, 3, 12, 24
mts

Thalamus n/sp Decline: verbal
memory

Welter 220 3 BL, 2, 8 mts Cm-Pf &
Gpi

WMS-R,
HVLT,TMT, Digit
Ordering

No changes

Dehning 49 1 BL, 1.5, 12 mts Gpi VLMT, Stroop No changes
Shahed 196 1 BL, 6 mts Gpi WAIS, BSRT, D-

KEFS
Improvement: psy-
chomotor function-
ing, cognitive flex-
ibility, visuospatial
functioning

Abbreviations: BL=Baseline,Cm-Pf=Centromedian-parafascicular thalamic nuclei,
Gpi=Globus pallidus interna, n/sp=non-specified tests, AVLT=Auditory Verbal Learning
Task, BSRT=Buschke Selective Reminding Test, CFR=Complex Figure of Rey, DiSp=Digit
Span, D-KEFS=Delis-Kaplan Executive Function System, DSST=Digit Symbol Substitu-
tion Test, Flu=Fluency (Pho=Phonemic,Cat=Category), HVLT=Hopkins Verbal Learning
Test, MatrReas=Matrix Reasoning, MMSE=Mini Mental State Exam, Sim=Similarities,
SPM=Standard Progressive Matrices, TMT=Trail Making Test, ToL=Tower of London,
VLMT=Verbal Learning and Memory Test, WAIS=Wechsler Adult Intelligence Scale,
WCST=Wisconsin Card Sorting Test, WMS=Wechsler Memory Scale (-R=Revised)

tral capsula interna / ventral striatum (VC/VS), anterior limb of the capsula
interna (ALIC), nucleus accumbens (NAcc), and inferior thalamic peduncle
have been used as targets for DBS. The effects of DBS on cognitive function-
ing have been reported in 56 patients (Table 5.2).
Mallet et al. (2008)123 studied cognitive functioning in 16 patients who were
stimulated in the STN, a common target for Parkinson’s disease. Half of the
patient group received stimulation in the first three months after surgery, fol-
lowed by three months of sham stimulation. The other half of the patient
group was sham-stimulated first, after which the devices were turned on. The
authors report no differences in verbal memory, cognitive flexibility, cogni-
tive inhibition and fluency after three months of active stimulation and three
months of sham stimulation in both groups.
Cognitive functioning following treatment with DBS of the VC/VS has been
examined in 16 patients. Kubu et al. (2008)107 noted an improvement of
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verbal memory functions and no changes in visual memory, visuospatial func-
tioning, cognitive flexibility and motor speed in 10 OCD patients (and 10 MDD
patients) after DBS. In 2010, Goodman et al.72 reported on six OCD patients
treated with DBS of the VC/VS. After 6 and 12 months of stimulation no
cognitive changes were identified in these patients.
Several case studies on cognitive functioning after DBS of the ALIC have been
reported. A study by Abelson et al. (2005)3 included four patients treated
with DBS in the ALIC. All patients underwent neuropsychological evalua-
tion after two 3-week periods of stimulation and two 3-week periods of sham-
stimulation. The order of these four periods was random for every patient, and
both patients and raters were blinded for the randomization order. No consis-
tent patterns of change in cognitive functioning associated with stimulation or
sham-stimulation were found. Gabriëls et al. (2003)68 showed improvement
in visual memory and psychomotor functioning following 12 months of ALIC
stimulation in three cases.
Huff et al. (2010)87 reported on the cognitive symptoms of seven patients
(out of 10 patients included) following DBS of the right NAcc. Planning and
fluency were unaffected and sustained attention was improved after 12 months
of stimulation. Grant et al. (2011)73 found no changes on cognitive tasks
following bilateral N.Acc DBS in one patient. This patient did not change
on tasks of set shifting, response inhibition and decision making after eight
months of stimulation. Aouizerate et al. (2004)11 reported a slight reduction
in verbal fluency and an improvement in cognitive flexibility, and verbal and
visual memory in another OCD patient who was stimulated in the N.Acc.
Jiménez-Ponce et al. (2009)95 reported on a case series of five patients with
DBS of the inferior thalamic peduncle. No significant changes were found
on the domains of verbal and nonverbal memory, visuoconstruction, cognitive
flexibility, fluency, inhibition and psychomotor speed.

5.3.3 Major depressive disorder

Since 2005, a total number of 77 MDD patients with DBS have been pub-
lished21,75,94,117,118,124,164,185 targeted in five different brain areas: VC/VS,
NAcc, the subcallosal gyrus (SCG), inferior thalamic peduncle, and habenula.
Cognitive functioning of 28 patients was examined in four studies (Table 5.3).
Ten out of 15 patients with bilateral VC/VS stimulation underwent a neu-
ropsychological test battery before and six months after surgery.107,124 Verbal
memory improved and no changes in the domains of cognitive flexibility, visu-
ospatial organization, visual memory and psychomotor speed were found.
Ten MDD patients underwent neuropsychological testing before and after one
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Table 5.2: Studies on obsessive-compulsive disorder

Study N Test times Target Measures Results

Mallet 123 16 BL, 3, 6, 7,
10 mts

STN HVLT, TMT, Stroop,
Flu, WMS

No differences be-
tween ON and OFF

Huff 87 10 BL, 3, 6, 9,
12 mts

RUL
N.Acc.

Flu (Phon), ToL, CPT Improvement: at-
tention

Grant 73 1 BL, 8 mts N.Acc. SST, IED, CGT
(CANTAB)

No changes

Aouizerate 11 1 BL, 1, 6 mts N.Acc. BSRT, BVRT, TMT-
AB, WCST, Stroop,
ZSAT, IST

Improvement: ver-
bal & visual mem-
ory, cognitive flexi-
bility

Goodman 72 6 BL, 1-12
mts (every
month)

VC/VS WCST, Flu, HVLT,
Gr.Peg., ToL, DiSp

No changes

Jiménez-Ponce 95 5 BL, 3, 6, 9,
12 mts

Inf.Th.
Ped.

BlDes, WCST, FTT,
Fluency,Stroop, TokT
+ n/sp

No changes

Abelson 3 4 BL, 6 mts,
ON /OFF
phase

ALIC pre/post-op: CVLT,
CatT, FTT, FrPi, Gr-
Peg, MRMT, VSLT,
WAIS, WMS, WCST.
ON/OFF: CBS, DiSp,
Stroop

No changes between
ON and OFF set-
ting. Improvement:
motor speed and
working memory
after 6 mts of con-
tinuous stimulation.

Gabriëls 68 3 BL, 12 mts ALIC SPM, PASAT, CFR,
DiSp, SpSp, DSST,
Flu, ToL, WCST

Improvement:
psycho-motor func-
tioning, visuospatial
organization

Kubu 107 10;10∗ BL, n/sp
(post-
operative)

VC/VS WAIS(Brief), TMT,
BNT, JOLO, LM,
HVLT, BVMT,
WCST, FTT, Gr-
Peg

Improvement: ver-
bal memory

∗ Study included 10 patients with obsessive-compulsive disorder and 10 patients with major de-
pressive disorder.
BL=Baseline, ALIC=Anterior limb of the internal capsule, Inf.Th.Ped.=Inferior thalamic
peduncle, STN=Subthalamic nucleus, VC/VS=Ventral capsule/Ventral striatum, n/sp=non-
specified tests, BlDes=Block Design, BNT=Boston Naming Task, BSRT=Buschke Selec-
tive Reminding Test, BVMT=Brief Visual Memory Test, BVRT=Benton Visual Reten-
tion Test, CatT=Category Test, CBS=Corsi Block Span, CFR=Complex Figure of Rey,
CGT=Cambridge Gambling Task, CPT=Continious Performance Test, CVLT=California Ver-
bal Learning Test, DiSp=Digit Span, DSST=Digit Symbol Substitution Test, Flu=Fluency
(Pho=Phonemic,Cat=Category),FrPi=Fragmented Pictures, FTT=Finger Tapping Task, Gr-
Peg=Grooved Pegboard,HVLT=Hopkins Verbal Learning Test, IED=Intra/Extra Dimensional
Shift, IST=Isaacs Set Test (Flu), JOLO=Judgment of Line Orientation, LM=Logical Mem-
ory, MRMT=Money Road Map Test, PASAT=Paced Auditory Sustained Attention Test,
SPM=Standard Progressive Matrices, SpSp=Spatial span, SST=Stop Signal Task, TMT=Trail
Making Test, TokT=Token test, ToL=Tower of London, VSLT=Visual-Spatial Learning Test,
WAIS=Wechsler Adult Intelligence Scale, WCST=Wisconsin Card Sorting Test, WMS=Wechsler
Memory Scale (-R=Revised), ZSAT=Zazzo’s Selective Attention Test.
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year of NAcc DBS.74 The patients improved on tests of sustained attention,
verbal and visual memory, visual fluency and visual organization. No changes
were seen on tests of working memory, vocabulary, cognitive inhibition and
cognitive flexibility.
McNeely et al. (2008)136 conducted a study on six patients who were bilat-
erally stimulated in the SCG. Except for an improvement in motor speed, no
changes were observed in intellectual capacities, verbal and visual memory,
cognitive flexibility, visuospatial organization, fluency and inhibition after 12
months of stimulation. One patient, stimulated unilaterally in the right SCG
showed improvements in verbal and visual memory, cognitive flexibility and
fluency eight months after surgery.75

Jiménez et al (2005)94 tested one patient with MDD and co-morbid bulimia
nervosa and borderline personality disorder following stimulation in the infe-
rior thalamic peduncle. The patient showed improvement in verbal memory,
cognitive flexibility and motor speed, and remained stable on the domains of
fluency and visuoconstruction. After eight months the stimulator was turned
off for one year, and fluctuations in cognitive domains were observed along
with fluctuations on the symptom severity scales.

5.3.4 Other disorders

DBS has been applied in several patients with other psychiatric disorders than
TS, OCD and MDD. In the following paragraph the cognitive outcome of
cases with OCD and co-morbid schizophrenia, heroin addiction, obesity and
Alzheimer’s disease will be discussed shortly (Table 5.4).
Plewnia et al. (2008)159 reported on a patient with OCD and co-morbid
schizophrenia, treated with right NAcc DBS. They found no changes on tests
of attention and executive functioning after 3 and 10 months of DBS.
Zhou et al. (2011)232 reported on one patient with heroin addiction, who
was treated with DBS of the NAcc. An improvement of general memory
functioning and intelligence was reported after three months of stimulation.
Hamani et al. (2008)78 reported on cognitive functioning in one patient with
obesity who was stimulated in the fornix/hypothalamus. The patient scored in
a normative range on a standard neuropsychological battery before and after
surgery. Verbal memory functions were further assessed with a word-pairs
recognition task after three weeks and one year of stimulation in a double-blind
on and off phase. A remarkable improvement of verbal memory functions was
noted in the on phase in comparison to the off phase condition.
Because of this result, the same target was used in six patients with Alzheimer’s
disease.109 The patients underwent tests spanning the domains of verbal mem-
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Table 5.3: Studies on major depressive disorder

Study N Test times Target Measures Results

Grubert 74 10 BL, 1, 6, 12
mts

N.Acc MMSE, D2, VLMT,
RVDLT, DiSp,
VMS, Voc, Sim,
5-PT, Stroop, TMT,
VOT

Improvement: sustained
attention, verbal & vi-
sual memory, visual flu-
ency, visuospatial orga-
nization

Kubu 107 10; 10∗ BL, n/sp
(post-
operative)

VC/VS WAIS(Brief), TMT,
BNT, JOLO, LM,
HVLT, BVMT,
WCST, FTT, Gr-
Peg

Improvement: verbal
memory

McNeely 136 6 BL, 3, 6, 12
mts

SCG WAIS(Brief), TMT,
BNT, JOLO, HVLT,
BVMT, FTT, Gr-
Peg, Flu (Pho),
WCST, Stroop,
OAT, IGT

Improvement: motor
speed

Guinjoan 75 1 BL, 2 wks, 8
mts

RUL SCG MMSE, ACE,
RAVLT, BNT, Flu,
DiSp, TMT-AB,
WCST, CFR, Matr

Improvement: verbal
& visual memory, visu-
ospatial organization,
verbal fluency

Jiménez 94 1 BL, 1 week,
1, 2-16 mts
(every 2
mts)

Inf. Th.
Ped.

ManPr, Flu, TokT,
FTT, WCST,
RAVLT, CBS,
BlDes, HRNTB

Improvement: verbal
memory, motor speed,
cognitive flexibility

∗ Study included 10 patients with obsessive-compulsive disorder and 10 patients with major
depressive disorder.
Abbreviations: BL=Baseline, Inf.Th.Ped.=Inferior thalamic peduncle, N.Acc.=Nucleus Ac-
cumbens, SCG=subcallosal gyrus, VC/VS=Ventral capsule/Ventral striatum, 5-PT=5 Point
Test, ACE=Addenbrooke’s Cognitive Examination, BlDes=Block Design, BNT=Boston Nam-
ing Task, BVMT=Brief Visual Memory Test, CBS=Corsi Block Span, CFR=Complex Figure
of Rey, DiSp=Digit Span, Flu=Fluency (Pho=Phonemic,Cat=Category), FTT=Finger Tap-
ping Task, GrPeg=Grooved Pegboard, HRNTB=Halstead-Reitan Neuropsychological Test Bat-
tery, HVLT=Hopkins Verbal Learning Test, IGT=Iowa Gambling Task, JOLO=Judgment of
Line Orientation, LM=Logical Memory, ManPr=Manual praxis, Matr=Matrices, MMSE=Mini
Mental State Exam, OAT=Object Alternation Test, RAVLT=Rey Auditory Verbal Learning
Task, RVDLT=Rey Visual Designs Learning Test, Sim=Similarities, TMT=Trail Making Test,
TokT=Token test, VLMT=Verbal Learning and Memory Test, VMS=Visual Memory Span,
Voc=Vocabulary, VOT=Visual Organization Test, WAIS=Wechsler Adult Intelligence Scale,
WCST=Wisconsin Card Sorting Test.
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Table 5.4: Studies on other disorders

Study N Test times Target Measures Results

Obessive-compulsive disorder & Schizophrenia
Plewnia 159 1 BL, 3, 10

mts
RUL
N.Acc.

WCST, CPT, Stroop,
TMT

No changes

Obesity
Hamani 78 1 BL, 3 wks,

12 mts
Fornix WAIS, TMT, Flu(Pho

&Cat), CVLT, SAL, FR
(WMS), BEMFL&R (3
wks), SM-PRT (3 wks,
12 mts, ON and OFF)

Improvement: verbal
memory

Alzheimer disease
Laxton 109 6 BL, 1, 6, 12

mts
Fornix MMSE, ADAS-Cog Improvement: verbal

memory in one patient

Heroin addiction
Zhou 232 1 BL, 3 mts N.Acc WMS, WAIS Improvement: intel-

ligence and general
memory

Abbreviations: BL=Baseline, N.Acc.=Nucleus Accumbens, ADAS-Cog=Alzheimer Disease
Assessment Scale-Cognition, BEMFL& R=Behavioral Evaluation of Memory Figural Learn-
ing & Recall, CPT=Continious Performance Test, CVLT=California Verbal Learning Test,
Flu=Fluency (Pho=Phonemic,Cat=Category), FR=Face Recognition, MMSE=Mini Mental
State Exam, SAL=Spatial Associative Learning, SM-PRT=Self Made Pairs Recognition Test,
TMT=Trail Making Test, WAIS=Wechsler Adult Intelligence Scale, WCST=Wisconsin Card
Sorting Test, WMS=Wechsler Memory Scale.

ory, praxis and language 12 months after DBS. In addition, the researchers cal-
culated the expected decline on the cognitive tests in a one-year period with a
regression formula, taking in account the degenerative nature of Alzheimer’s
disease. The authors reported one patient to improve on the cognitive tests,
one patient to decline less than expected, three patients scored in the expected
range, and one patient declined more than expected.

5.4 Discussion

The first aim of this review was to examine whether DBS leads to cognitive de-
cline in psychiatric patients. No substantial cognitive decline was observed in
psychiatric patients treated with DBS who were evaluated for cognitive func-
tioning pre- and postoperatively. These findings contrast with the literature
on cognitive decline of PD patients following DBS. A possible explanation of
this contrast is the limited number of studies and the small number of partici-
pants in the psychiatric studies. A maximum of 16 patients participated in the
separate studies under review. The statistical power might not be sufficient to
pick up subtle cognitive decline. Furthermore, approximately half of all psy-
chiatric patients treated with DBS are followed up on cognitive functioning.
Since cognitive functions of the other half of psychiatric patients treated with
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DBS were not followed up, a publication bias cannot be ruled out. In addition,
many studies have used a limited range of tests,49,72,73,87,109,123,159,220 which
might have led to missing changes in the cognitive domains not tested. In
addition, many studies lack a sufficient description of the neuropsychological
tests.4,121,190 or the neuropsychological results3,49,95,96,124,159,232 As a result,
it is impossible to properly evaluate the results regarding the absence of cog-
nitive decline after DBS. Notwithstanding these considerations, DBS does not
appear to cause a robust decline of cognitive functions in psychiatric patients,
since a robust decline would have become apparent even in a small sample.
Remarkably, cognitive improvement was described in various psychiatric dis-
orders following DBS. However, the observed cognitive improvement might
be a result of other factors than DBS. First of all, most reports on cognitive
functioning in psychiatric patients following DBS are case studies. Increases
in individual neuropsychological test scores could easily be the result of other
factors than DBS treatment, such as motivation or practice effects. Practice
effects cannot be ruled out in the larger studies either, since none of the studies
included a control group. Furthermore, improvement in cognitive functioning
could also be the consequence of improvement of clinical symptoms. Three
studies did not find a correlation between symptom improvement and cog-
nitive change.74,107,136 However, the small numbers of participants included
in these studies (10, 11 and 6 patients respectively) are insufficient to estab-
lish this correlation reliably. In addition, effects of psychotropic medication
changes on cognitive functions cannot be ruled out in the reviewed studies.
Regarding the five studies with ten inclusions or more,74,87,107,123,160 only one
study kept the medication regiment stable.123 This study showed no differences
in cognitive functions before and after DBS. Three of these studies mention
medication changes in a subgroup of patients, but no details on possible effects
on cognitive functions are given.74,87,107 One study did not report details on
medication.160

Our second aim was to examine whether DBS of different brain targets leads
to different cognitive outcomes. A direct comparison of the impact of different
stimulation targets on cognitive functions has been studied in only three TS
patients. No differences were found between DBS in the Cm-pf of the thalamus
or DBS in the Gpi. However, no conclusions concerning different cognitive
outcomes following DBS of different brain targets can be drawn on basis of
three patients.
Our third aim was to explore whether cognitive change was associated with
an effect of microlesion or stimulation. Since no change was found, neither mi-
crolesions nor stimulation seem to affect cognitive functioning in psychiatric
patients as opposed to PD patients. A possible explanation for the absence
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of an effect of microlesioning is the age of the different experimental groups.
PD patients included in DBS studies are usually much older than psychiatric
patients in DBS studies. Plasticity of the brain declines with age31 and this
might explain why microlesions may have more impact in PD than in psychi-
atric patients. The absence of a stimulation effect is supported by the first
studies examining OCD patients in an ’on’ and ’off’ condition, in which no
differences on cognitive tasks were found between conditions.3,123 However,
two studies are not enough to yield conclusive results on stimulation effects.
In addition, these studies only included 16 and 4 patients and are limited to
OCD patients.
Another possible explanation for differences between psychiatric and PD pa-
tients regarding cognitive outcomes following DBS, is the course and the mag-
nitude of cognitive impairment. In PD patients cognitive decline is associated
with the course of the disorder and in many patients leads to dementia.2 A
regression analysis by Smeding and colleagues198 shows that PD patients with
more impaired attentional functioning before DBS treatment are more likely to
show decline following DBS treatment. Thus, DBS might exacerbate the pro-
gression of pre-existing cognitive decline. TS, OCD and MDD are either not
associated with impaired cognitive functioning compared to healthy controls
or do not have a progressive deteriorating course. Cognitive functions in TS
are only mildly impaired compared to healthy controls, after controlling for co-
morbid ADHD.58 In OCD and MDD, improvement of symptoms is generally
accompanied by improvement of functioning in some cognitive domains, al-
though some cognitive functions might remain below population average.56,97

In other words, these psychiatric disorders are not associated with progressive
cognitive decline. If an exacerbation of cognitive decline is caused by DBS,
this is not to be expected in these disorders.
Despite the lack of evidence of altered cognitive functioning following DBS, we
believe the available studies are inconclusive in establishing the impact and un-
derlying mechanisms of DBS on cognitive functions of psychiatric patients. We
suggest more studies on this topic taking in account the aforementioned lim-
itations. These studies should include more patients, control groups, broad
and well described neuropsychological batteries and adequate analyses and
description of the results including the role of medication changes. This will
give us more insight in possible subtle cognitive decline or establish cognitive
improvement more firmly. Furthermore, patients should be tested in an ’on’
and ’off’ setting to establish whether cognitive change might be dependent on
stimulation. In addition, it is essential to study neural mechanisms underlying
cognitive change in psychiatric patients following DBS to establish more de-
tailed theories on the role of DBS in cognitive functioning. Possible techniques
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for this are structural and functional MRI, electroencephalogram (EEG) and
computer models, such as finite element method models. This could clarify
whether specific changes in brain activity, functional and structural connec-
tivity, localization of electrodes and the area of stimulated brain tissue are
associated with cognitive improvement or decline.
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