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We report a case of a patient with drug-resistant epilepsy treatedwith deep brain stimulation of the anterior nu-
cleus of the thalamus (ANT-DBS). The patient developed psychiatric side effects (PSEs), namely irritability, hos-
tility, aggressiveness, and paranoia, after implantation and stimulation initiation. The stimulation was
discontinued and the PSEs were mitigated, but the patient did not return to her pre-implantation state, as docu-
mented by repeated psychiatric reports and hospitalizations. To our knowledge, this is the first report of a patient
who developed long-term PSEs that did not disappear after stimulation discontinuation. We suppose that ANT-
DBS caused a persistent perturbation of the thalamic neuronal networks that are responsible for long-term PSEs.

© 2019 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Deep brain stimulation of the anterior nucleus of the thalamus
(ANT-DBS) is a novel and promising treatment method for patients
with drug-resistant epilepsy. More than 70% of patients implanted
with ANT-DBS benefit significantly from this method, i.e., they report
seizure-reduction rates higher than 50% [1]. We have only limited
knowledge about short- and long-term ANT-DBS side effects because
of relatively low numbers of implanted patients. When focusing on
the adverse events reported in a study of stimulation of the anterior
nuclei of thalamus (SANTE study), the patients reported paresthesia
(18% patients), pain in the implant side (10.9% patients), and infec-
tion at the implant site (9.1% patients) [2]. During a five-year
follow-up course, device-related adverse events were reported [1].
When focusing on adverse events, depression was present in 37.3%
patients (3 events in 3 subjects were considered to be device-
related), memory impairment was present in 27.3% patients (ap-
proximately a third of memory impairment was confirmed by neuro-
psychological examination), 11.8% patients reported suicidal
ideation (one subject committed suicide; the suicide was not
lamus; ANT-DBS, deep brain
, magnetic resonance imaging;
effects.
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thought to be device related), and 7 patients died during the study
— 1 probable sudden unexpected death in epilepsy (SUDEP), 2 defi-
nite SUDEP, and 1 possible SUDEP [1].

The anterior nucleus of the thalamus (ANT) has connectionswith lim-
bic structures, anterior cingulate cortex, and orbitomedial prefrontal cor-
tex; thus, it plays a vital role in memory processes and in emotional and
executive functions [3]. A disruption or alteration in baseline circuits can
be associated with ANT-DBS psychiatric side effects (PSEs). PSEs can ap-
pear immediately after stimulation initialization or can develop over a
more extended period. However, in all previously published reports, the
PSEs were time-related to stimulation. Järvenpää et al. [9] suggested de-
creasing the voltage or changing the stimulation contacts to suppress
PSEs. At themoment, there is noofficial recommendation for themanage-
ment of PSEs in patients with ANT-DBS. We report a patient in whom
ANT-DBS caused PSEs that persisted despite stimulation discontinuation.
To our knowledge, this is the first report of a patient in whom ANT-DBS
caused PSEs not directly linked to the stimulation itself.

2. Case report

The patient is a female born in 1970 with a family history of mesial
temporal lobe epilepsy. The patient was treated only for lower back
pain and had no history of psychiatric illness. Family history regarding
psychiatric disease was also absent. The patient developed epilepsy at
the age of 17; the epilepsy was characterized as focal with independent
left and right temporal interictal epileptiform discharges and
bitemporal seizure onsets during scalp EEG monitoring. Magnetic
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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resonance imaging (MRI) revealed right-sided hippocampal
sclerosis. Positron emission tomography (PET) showed bitemporal
hypometabolism. The Wada test demonstrated a crucial role of right-
sided mesial temporal structures for verbal memory. The patient was
judged to be a poor surgical candidate and neuromodulation was fa-
vored. Therefore, the implantation of a vagus nerve stimulator (VNS)
was performed at the age of 29. The vagus nerve stimulator was ineffec-
tive, which led to its explantation after seven years. The patient was of-
fered ANT-DBS implantation at the age of 41 years. The patient
experienced 8 focal seizures with impairment of awareness per
month. Before implantation, the psychological examination revealed
no severe mental pathology, such as anxiety, depression, or psychosis.
However, there were some psychological problems, specifically echola-
lia, perseveration, and difficulties with management of stressful situa-
tions, as well as global deterioration of cognitive function (IQ 72, the
most severe alteration in execution and memory). The patient was on
stable doses of antiseizure drugs for two years before implantation.
She was treated with pregabalin 600 mg/day, zonisamide 400 mg/day,
and lacosamide 400 mg/day. The monopolar stimulation of
proximal contacts (contact 3 on the left and contact 11 on the right)
was initiated one month after ANT-DBS implantation (Fig. 1a and b);
the stimulation parameters were as follows: amplitude 2.5 V, stimula-
tion frequency 140 Hz, pulse width 90 ms, 5-minute off-time, 1-
minute on-time.

The patient did not note a decrease in seizure frequency, but she did
report reduction in seizure severity and duration. Behavioral changes
started to appear gradually three months after implantation. The family
complained about patient irritability, hostility, and aggressiveness,
which were accompanied by newly evolved paranoia. The patient re-
ported that DBS influenced her manners and forced her to walk back-
ward, which worsened when someone was speaking about DBS. A
psychological and psychiatric examination performed five months
after stimulation initialization revealed incoherent thoughts and behav-
ioral (unrest, agitation) and emotional alteration. Personality and
behaviorial disorders were diagnosed. Any possibility of a new struc-
tural abnormality was excluded by post-operative magnetic resonance
imaging (MRI).We discontinued stimulation and introduced quetiapine
(50 mg/day) and subsequently risperidone (1.5 mg/day). This resulted
in partial alleviation of the PSEs, but the patient did not reach her pre-
implantation state over the next seven years documented by repeated
psychological and psychiatric examinations. The patient's state required
recurrent psychiatric hospitalizations conditioned by intermittent
worsening with psychosis. The patient subjectively reported persistent
reduction in seizure severity.
Fig. 1. The position of deep brain stimulation (DBS) electrodes to anterior nucleus thalami (AN
There are 4 contacts on each electrode (contacts are labeled from themost distal to the most pr
most proximal contacts on both sides, i.e., contact 3 on the left and contact 11 on the right. Pane
(blue). On the right, the correct contact for stimulationwas chosen. On the left, themore distal c
Minneapolis, MN, USA). L — left, R — right.
3. Discussion

The anterior nucleus of the thalamus plays a crucial role in seizure
generation, as shown in animal and human studies. Stimulation of the
anterior nucleus of the thalamus leads to substantial seizure reduction
in the majority of patients. The results of two studies suggest that the
positioning of the DBS electrode has a significant impact on seizure re-
duction [4,5]. Patients with electrodes located more anterior and supe-
rior [5] or in the antero-ventral part of the thalamus tend to have
better responses [4].

The thalamus is a key structure in two core neurocognitive net-
works, the salience network and the default-mode network, that were
proven to play important roles in cognition, emotion, and execution,
and that are altered in many psychiatric conditions, including depres-
sion, bipolar disorder, schizophrenia, substance use disorder, obses-
sive–compulsive disorder, and anxiety disorder [6,7]. It is therefore
not surprising that interference with the functioning of this structure
could be associatedwith PSEs. ANT-DBSwas found to be independently
associated with de novo psychopathology in a group of surgically
treated patients [8]. Järvenpää et al. [9] reported a group of 22 patients
treated with ANT-DBS; four patients developed reversible PSEs. The
stimulation induced depression in two patients. The other two patients
had symptoms of paranoia and anxiety. In all their patients, the PSEs
completely disappeared when they lowered the output current or
changed the stimulated contacts [9]. Based on their experience, the au-
thors supposed the stimulation of other thalamic nuclei or tracts close to
the ANT to be responsible for PSEs, as the stimulated contacts were not
in the ANT itself but beneath.

These findings contrast with our experience. As shown in Fig. 1, the
appropriate contact on the left was chosen, the more distal contact was
more suitable on the right. Moreover, the PSEs did not disappear after
stimulation discontinuation. They persisted for seven years despite in-
tensive treatment with repeated hospitalization. The explanation for
this situation is complicated; we can merely speculate about possible
reasons. Our hypothesis is that the insertion of electrodes and subse-
quent stimulation can cause alteration in thalamic circuitry with poten-
tial long-term consequences in predisposed individuals such as our
patient. We suspect some lesional effect because the PSEs persisted de-
spite stimulation discontinuation similar to thalamic lesions caused by
ischemia. Most authors localized the ANT with surrounding nuclei to
the territory of the tuberothalamic artery, the closure of which is char-
acterized by severe wide-ranging neuropsychological deficits [10].
Strokes in this arterial territory are associated with the fluctuation of
consciousness in the early stage of ischemia. Subsequently,
T). Panel a illustrates the relation between DBS electrodes and ANT in the coronal section.
oximal as 0, 1, 2, and 3 on the left, and as 8, 9, 10, and 11 on the right). We stimulated the
l b shows the estimated distribution of the electrical field (yellow) and its relation to ANT
ontact wasmore suitable. The figures were obtained using SureTune software (Medtronic,

Image of Fig. 1
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disorientation, euphoria, lack of insight, apathy, lack of spontaneity, and
emotional unconcern can develop [11]. We excluded an acute surgical
complication and doubt an adverse effect due to antiseizure drugs was
suddenly responsible for the psychiatric complaints in our patient.

ANT-DBS is a promising novel technique for drug-resistant epilepsy
treatment, but may be occasionally associatedwith significant PSEs. It is
necessary to inform patients about the possibility of PSEs when offering
ANTI-DBS. Because only limited information is available about chronic
ANT-DBS PSEsmore experience in larger groups of patients is necessary
to identify those who are at risk for long-term consequences.
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