
Contents lists available at ScienceDirect 

Seizure: European Journal of Epilepsy 

journal homepage: www.elsevier.com/locate/seizure 

European Expert Opinion on ANT-DBS therapy for patients with drug- 
resistant epilepsy (a Delphi consensus) 
Elisabeth Kaufmanna,*, Fabrice Bartolomeib,c,1, Paul Boond,1, Stéphan Chabardese,f,g,h,1,  
Albert J. Coloni,j,1, Loránd Erossk,l,1, Dániel Fabóm,1, Antonio Gonçalves-Ferreiran,1,  
Lukas L. Imbacho,1, Wim Van Paesschenp,q,1, Jukka Peltolar,1, Ricardo Regos,1, Tom Theyst,1,  
Berthold Vogesu,1 

a Epilepsy Center, Department of Neurology, University Hospital, LMU Munich, Munich, Germany 
b Inserm, INS, Brain Dynamics Institute, Aix Marseille University, Marseille, France 
c APHM, Clinical Neurophysiology, Timone Hospital, Marseille, France 
d Reference Center for Refractory Epilepsy, Ghent University Hospital Belgium – Academic Center for Epileptology, Heeze-Maastricht, the Netherlands 
e Department of Neurosurgery-Centre Hospitalier Universitaire Grenoble Alpes, Grenoble, France 
f Department of Neurosurgery, Grenoble Alpes University Hospital, Grenoble, France 
g Grenoble Institute of Neurosciences GIN-INSERM U1216/CEA/UGA, Grenoble, France 
h Grenoble Alpes University, Grenoble, France 
i Academic Centre for Epileptology, Maastricht Universitair Medisch Centrum+, Maastricht, the Netherlands 
j Academic Centre for Epileptology, Kempenhaeghe, Heeze, the Netherlands 
k Faculty of Information Technology and Bionics, Péter Pázmány Catholic University, Budapest, Hungary 
l Department of Functional Neurosurgery, National Institute of Clinical Neurosciences, Budapest, Hungary 
m Epilepsy Centrum, Department of Neurology, National Institute of Clinical Neurosciences, Budapest, Hungary 
n Department of Neurosurgery, University Hospital Santa Maria, Faculdade Medicina Lisboa, Lisbon, Portugal 
o Department of Neurology, University Hospital and University of Zurich, Zurich, Switzerland 
p Department of Neurology, UZ Leuven, Leuven, Belgium 
q Laboratory for Epilepsy Research, KU Leuven, Leuven, Belgium 
r Department of Neurology, Tampere University and Tampere University Hospital, Tampere, Finland 
s Department of Neurophysiology, Hospital De São João, Porto, Portugal 
t Laboratory for Experimental Neurosurgery and Neuroanatomy and the Leuven Brain Institute, KU Leuven, Herestraat 49, 3000, Leuven, Belgium 
u Hamburg Epilepsy Center, Protestant Hospital Alsterdorf, Hamburg, Germany   

A R T I C L E  I N F O   

Keywords: 
ANT-DBS 
Deep brain stimulation 
Epilepsy 
Delphi consensus 

A B S T R A C T   

Introduction: Although deep brain stimulation of the anterior nucleus of the thalamus (ANT-DBS) represents an 
established third-line therapy for patients with drug-resistant focal epilepsy, guiding reports on practical 
treatment principles remain scarce. 
Methods: An Expert Panel (EP) of 10 European neurologists and 4 neurosurgeons was assembled to share their 
experience with ANT-DBS therapy. The process included a review of the current literature, which served as a 
basis for an online survey completed by the EP prior to and following a face-to-face meeting (Delphi method). An 
agreement level of ≥71 % was considered as consensus. 
Results: Out of 86 reviewed studies, 46 (53 %) were selected to extract information on the most reported criteria 
for patient selection, management, and outcome. The Delphi process yielded EP consensus on 4 parameters for 
selection of good candidates and patient management as well as 7 reasons of concern for this therapy. Since it 
was not possible to give strict device programming advice due to low levels of evidence, the experts shared their 
clinical practice: all of them start with monopolar stimulation, 79 % using the cycling mode. Most (93 %) EP 
members set the initial stimulation frequency and pulse width according to the SANTE parameters, while there is 
more variability in the amplitudes used. Further agreement was achieved on a list of 7 patient outcome para
meters to be monitored during the follow-up. 

https://doi.org/10.1016/j.seizure.2020.08.015 
Received 5 May 2020; Received in revised form 23 July 2020; Accepted 13 August 2020    

⁎ Corresponding author at: Epilepsy Centre, Dpt. of Neurology, University Hospital, LMU Munich, Marchioninistraße 15, 81377, Munich, Germany. 
E-mail address: elisabeth.kaufmann@med.uni-muenchen.de (E. Kaufmann). 

1 Authors contributed equally. 

Seizure: European Journal of Epilepsy 81 (2020) 201–209

Available online 22 August 2020
1059-1311/ © 2020 The Author(s). Published by Elsevier Ltd on behalf of British Epilepsy Association. This is an open access article under the CC BY-NC-ND 
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

T

http://www.sciencedirect.com/science/journal/10591311
https://www.elsevier.com/locate/seizure
https://doi.org/10.1016/j.seizure.2020.08.015
https://doi.org/10.1016/j.seizure.2020.08.015
mailto:elisabeth.kaufmann@med.uni-muenchen.de
https://doi.org/10.1016/j.seizure.2020.08.015
http://crossmark.crossref.org/dialog/?doi=10.1016/j.seizure.2020.08.015&domain=pdf


Conclusions: Although current evidence is too low for definite practical guidelines, this EP report could support 
the selection and management of patients with ANT-DBS.   

1. Introduction 

There are about 50 million people in the world suffering from epi
lepsy, and more than 30 % experience continuing seizures despite the 
administration of appropriately dosed antiepileptic drugs, a condition 
named drug-resistant epilepsy (DRE) [1]. For selected patients, a 
chance of controlling DRE seizures lies in resecting the epileptogenic 
region of the brain [2]. Unfortunately, 30–57 % of patients will not be 
seizure-free after surgery [3–9] and many patients cannot undergo re
sective surgery due to poorly localized or multifocal onsets, which 
complicates localization and surgical strategies greatly. For those pa
tients, viable treatment options are provided by vagus nerve stimula
tion [10,11], deep brain stimulation (DBS) [12], and responsive neu
rostimulation (only approved in the U.S.) [13]. 

The concept of DBS targeting the anterior thalamic nuclei (ANT- 
DBS) as a treatment of DRE has been examined with positive results in 
the studies of Cooper et al. [14,15] and Upton et al. [16], the Stimu
lation of the Anterior Nucleus of the Thalamus for Epilepsy (SANTE) 
randomized controlled trial [17,18] and a series of open-label clinical 
studies [19–31]. With the SANTE study, ANT-DBS has obtained Class I 
evidence and a CE mark as adjunctive treatment for reducing the fre
quency of focal onset seizures of adults with DRE in Europe [32] and 
FDA approval in the United States since April 2018 [33]. 

Despite the increasing interest in ANT-DBS for epilepsy, some 
questions remain challenging, including the physiological mechanism, 
optimal programming, best targeting as well as lead placement tech
niques [34–36]. Optimization of target points for ANT-DBS in epilepsy 
remains a challenge [31] and a potential cause for outcome variation 
[37–39]. The choice of the active contact and parameter setting are key 
factors for the clinical response and the occurrence of side effects, but 
approaches vary greatly from report to report. A guiding report, 
though, is still not available. 

Consensus group methodologies, such as the Delphi method [40], 
are used to synthesize expert opinions in a systematic way when evi
dence is lacking or questions are not manageable with experimental and 
epidemiological methods. An Expert Panel (EP), made up of 10 Eur
opean neurologists and 4 neurosurgeons with multi-annual experience 
on ANT-DBS therapy was assembled to evaluate current knowledge and 
to share experience on patient selection and management, as well as on 
therapy outcome evaluation. 

2. Methods 

2.1. EP board composition 

The 14 EP members were selected according to the following cri
teria:  

1) Panellists are recognized as experts in implanting and/or managing 
ANT-DBS epilepsy patients. This criterion translates into the cate
gory of expert-neurosurgeon for DBS implantation and expert-epi
leptologist for managing DRE patients implanted with ANT-DBS. 
European centres performing DBS for epilepsy were ranked ac
cording to the total number of procedures performed from high to 
low volume. Enrolment rates from the observational, “real world” 
Medtronic Registry for Epilepsy (MORE; NCT01521754 [37]) were 
used for benchmarking purposes. Following this process, it was 
concluded that centres with at least 9 implanted patients could 
provide the highest expertise on DBS for epilepsy and shall have 
been preferably involved in the Delphi panel. The experts shall have 

implanted and/or followed up at least nine ANT-DBS patients at the 
time of selection [the mean number of ANT-DBS patients per centre 
was 20.86, with a range of 10–43]. 

2) Efforts were made to be as inclusive as possible to represent geo
graphical variety [eight EU countries were represented in the EP: 
Belgium, France, Finland, Germany, Hungary, Netherlands, 
Portugal, Switzerland]. Thereby, each country was represented by a 
maximum of two experts. 

3) The number of neurologists was meant to be higher than the neu
rosurgeons', as the majority of questions are related to dimensions in 
line with the neurologist's expertise. 

2.2. Delphi approach 

A four-step Delphi approach was implemented including a nominal 
group process: 

Step 1: A literature review on ANT-DBS was conducted. MEDLINE 
and EMBASE databases were searched from January 2000 until January 
2019 using the following search strategies: ((dbs OR deep brain OR brain 
depth OR (anterior NEAR/2 nucle*) OR ('brain depth stimulation'/exp)) 
and (stimulat* OR electrode* OR neuromodulat* OR neurostimulat* OR 
electrostimulat* OR electroneurostim*) and (epilep* OR 'epilepsy'/exp). The 
database search yielded a total of 323 publications. Based on the ab
stract review, the EP members selected 86 publications for in-depth 
review. All ANT-DBS related studies were included, apart from case 
reports with less than three patients. A final number of 46 papers re
porting information on criteria for patient selection, patient manage
ment and patient outcomes were selected and summarized as pre- 
reading material for all EP members. 

Step 2: A web-based Delphi panel process, a method used in the 
literature to determine and integrate expert opinions on a particular 
topic and to attempt to reach a consensus by using consecutive rounds 
of survey questions, was conducted to develop consensus re
commendations [40]. The Delphi panel comprised of two blind ques
tionnaire rounds via Qualtrics electronic survey platform. In line with 
previous consensus reports [41], the EP members defined that con
sensus was reached when there was an agreement of ≥71 % of re
spondents (at least 10 out of 14 EP members). For most of the questions, 
EP members could give multiple answers and add comments. 

The first round of the online survey was developed based on the 
outcome of the literature review results and sent to all members before 
the face-to-face meeting to establish the initial level of agreement. 

Step 3: The results of the literature review and the first survey 
round were analysed and debated by the EP members in a face-to-face 
meeting. The meeting was held in November 2019 in the European 
Medtronic Headquarter in Tolochenaz, Switzerland, and sponsored by 
Metronic. During the meeting, the results of the first survey round were 
shared and the following topics were discussed in detail by the EP 
members:  

- Patient selection criteria and reasons for concern 
- Patient management strategy, including lead targeting, initial sti

mulation settings, and stimulation optimization strategies in case of 
insufficient therapeutic benefit  

- Patient outcomes evaluation during follow-up, including seizure 
frequency and severity, side effects, quality of life, as well as pa
tient´s overall satisfaction 

The EP members decided to slightly modify the formulation of some 
questions to better clarify their meaning and to add more questions in 
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the second survey round to address additional topics. 
Step 4: In a second round and in line with the Delphi method, all EP 

members were invited to complete the modified online survey in order 
to analyse the new level of agreement achieved by the EP members 
after the face-to-face meeting. 

Aspects with relevance for ANT-DBS patient selection and man
agement that were additionally discussed during the face-to-face 
meeting, but were not addressed in the survey, were also included in 
the manuscript and marked as discussion results. 

3. Results 

3.1. Literature review 

Thus far, the SANTE trial is the only available randomized study, 
focussing on safety and efficacy parameters [17,18]. Information on 
which patients could benefit from the therapy is still limited. Potential 
predictors of ANT-DBS efficacy reported in the literature are summar
ized in Table 1. 

Besides the SANTE trial, only 13 studies – evaluating small cohorts 
of 4–22 patients - reported data on stimulation settings used in ANT- 
DBS patients: starting frequency was set between 90 and 185 Hz, pulse 
width between 60 and 150 μs, and amplitude between 1 and 10 V. 
Cycling was alternate in 8 studies [17,25,28,29,44,45] (57 %), con
tinuous in 2 studies [26,46] (14 %), mixed in 1 study [47] (7%) and not 
reported in the remaining 2 studies [27,48] (14 %). Only 2 studies (14 
%) reported a pre-defined strategy to adjust stimulation parameters 
[19,20], while all the others reported that the adjustments were done 
“at physician discretion”. 

Patient-reported outcomes were evaluated in 5 studies. The most 
frequently collected epilepsy-specific questionnaires were QoLIE-31 
(Quality of Life in Epilepsy Patients) and LSSS (Liverpool Seizure 
Severity Scale) [17,18,25,29,49], objectifying a significant improve
ment in quality of life as well as a significant reduction in seizure se
verity under ANT-DBS treatment. Affective symptoms were most fre
quently assessed using the Beck Depression Inventory (BDI) 
[17,18,25,49]. 

3.2. Survey results and face-to-face meeting 

The first survey question addressed the EP opinion on the current 
level of evidence for ANT-DBS therapy. All EP members agreed on the 
fact that, even though ANT-DBS is as established effective third-line 

therapy option for DRE patients, more evidence is needed on its efficacy 
in specific patient populations as well as stimulation strategies in order 
to improve therapy outcome. Four (29 %) members stated that further 
evidence is needed on safety aspects. 

3.2.1. Patient selection criteria 
When asked for parameters taken into consideration when selecting 

a candidate for ANT-DBS, the EP members only achieved a consensus 
(defined as level of agreement ≥ 71 %) on the parameter “patient 
preference” (79 %) during the first survey round. A subsequent dis
cussion during the face to face meeting revealed that the question 
needed further specification, as ANT-DBS candidates usually undergo a 
pre-surgical evaluation upfront during which clinical and demographic 
parameters such as age, seizure aetiology and semiology are already 
evaluated. In the second survey round, 93 % of the EP members agreed 
to the need for a multidisciplinary pre-surgical evaluation including 
video-EEG recording of habitual seizures, magnetic resonance imaging 
(MRI), neuropsychological evaluation, and an interdisciplinary case 
conference. One expert (7%) deemed only the interdisciplinary case 
conference necessary to assess an ANT-DBS candidate. Given these 
preconditions, an expert agreement was reached on 4 of the parameters 
that should be critically evaluated before ANT-DBS candidate selection 
(Table 2), i.e. “patient preference” (86 %), “operability (including 
coagulation/platelet function)” (86 %), “history and prevalence of 
psychogenic seizures” (86 %) and “psychiatric history (e.g. history of 
depression or memory deficit)” (79 %). According to the experts` eva
luation, “patients with refractory temporal lobe epilepsy (TLE)” (86 %) 
who are not candidates for resective surgery and “patients who failed 
resection or VNS treatment” (71 %) can be considered good candidates 
for ANT-DBS (Table 2). 

A “progressive aetiology (e.g. tumor, dementia, Rasmussen en
cephalitis)” was regarded as a contraindication for ANT-DBS treatment 
by 11/14 (79 %) experts during the first survey round. After the face-to- 
face discussion and rephrasing of the question to relative reasons of 
concern instead of contraindications, consensus was achieved on 7 
parameters: progressive aetiology (86 %), history of suicidal attempts 
(93 %), depression (86 %), psychogenic seizures (71 %) or psychosis 
(unrelated to seizure) (86 %), general MRI contraindications (71 %), 
and unreliable seizure diary (71 %) (Table 2). 

3.2.2. Patient management 
During the first survey round, no consensus was achieved on the 

parameters that could improve ANT-DBS therapy outcome, including 

Table 1 
Potential predictors of ANT-DBS efficacy identified in literature.    

Predictors of DBS efficacy 

Possibly associated Possibly unrelated  

TARGET PREDICTORS 
Anterior electrode location:  

- Distance of the active contact to the lateral wall of the third ventricle [31]  
- Mammillothalamic tract and the ventrodorsal distance to midcommissural plane [31]  

Ictal side treated (unilateral seizure onset patients) [42]  
PATIENTS PREDICTORS 
Age at seizure onset [42] Age at seizure onset [26]   

- Age at the time of ANT-DBS implantation [26,42]  
- Disease duration from the age of seizure onset to age at the time of ANT-DBS 

[26,42] 
Temporal lobe epilepsy [17,18,43] Seizure aetiology [26]  

Sex [42] 
Normal MRI without structural abnormality [43] Normal MRI without structural abnormality [42]  

Partial seizures or secondarily generalized seizures [42] 
Less impaired patients [21]  
Lateralized EEG abnormalities (TLE) [42]   

Prior surgery / VNS treatment [17,18] 

Note: studies listed in Table 1 included different numbers of patients, thus a direct comparison might be inaccurate.  
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different electrode target positions, micro-electrode guided implanta
tion, awake implantation, and ictal side treatment. The EP board dis
cussion revealed that the experts rate some of the parameters differ
ently, depending on the implantation approach used. For example, they 
aim at different thalamic targets using the transventricular or the ex
traventricular approach. They thus decided to duplicate this question 
for the intra- and extraventricular implantation approach to better as
sess the approach specific characteristics. Eight panellists declared to 
have experience with the extraventricular approach and agreed that an 
“anterior electrode location within ANT/Y coordinate” (7/8; 88 %) and 
an “electrode in proximity to the mammillothalamic tract (MTT)” (6/8; 
75 %) may improve the outcome of ANT-DBS. All but one panellist (13/ 
14) were experienced with the transventricular approach and 12 of 
them (92 %) agreed that ANT-DBS treatment´s outcome might be im
proved by an anterior electrode location within ANT/Y coordinate. 

A question concerning the timepoint of ANT-DBS stimulation acti
vation was additionally added in the second survey round as it was 
considered clinically relevant. It revealed that the majority of EP 
members (9/14; 64 %) start stimulation immediately after implanta
tion, while the remaining 5 (36 %) wait for one to two months, one of 
them (1/14; 7%) activating the stimulation only after the first seizure 
occurred. However, none of the EP members experienced excessive 
changes in impedance measurements with early DBS activation, in line 
with DBS for movement disorders where DBS can also be activated in 
the early postoperative phase. 

According to both survey rounds, the expert choice of the active 
electrode contacts for stimulation initiation is usually based on the 
electrode localization, which is determined by electrode reconstruction 
using the pre-operative MRI and post-operative CT scan (86 % agree
ment). During the face-to-face meeting, the experts added that 

Table 2 
Results of the first and second survey round on patient selection criteria.     

Survey questions* Agreement level during 1st survey 
round (%) 

Agreement level during 2nd survey round 
(%)  

Important parameters for (de-)selection and management of ANT-DBS candidates 
Important parameters for selection and management of ANT-DBS candidates are:  

- Operability (including coagulation/platelet function) 7 100  
- Patient´s preference 79 86  
- History and prevalence of psychogenic seizures 64 86  
- Psychiatric history (e.g. history of depression or memory deficit) 64 79  
- Onset zone 7 64  
- Presence of structural abnormality 43 43  
- Sleep disturbances 7 36  
- Epilepsy duration from the age of seizure onset to the age at the time of consideration 

for ANT-DBS 
7 14 

Best (1st survey round)/good (2nd survey round) candidates for ANT-DBS are:  
- Patients with refractory TLE 79 86  
- Patients who failed resection or VNS treatment 57 71  
- Patients with secondarily generalized seizures 57 64  
- Patients with partial-onset (focal) seizures 43 64  
- Patients with normal MRI 14 57  
- Patients with positive performance in executive functions tests 21 50  
- Patients with lateralized EEG abnormalities 7 29  
- Patients with inherent epilepsy aetiologies (e.g. focal cortical dysplasia, double cortex, 

…) 
21 21  

- Patients younger than your average refractory population 14 14 
Contraindications (1st survey round)/relative reasons for concern (2nd survey round) for ANT-DBS are:  

- History of suicidal attempts 57 93  
- History of depression 29 86  
- History of psychosis (unrelated to seizure) 57 86  
- Progressive aetiology (e.g. tumor, dementia, Rasmussen encephalitis, …) 79 86  
- General MRI contraindications (e.g. older implants) 57 71  
- Unreliable seizure diary 50 71  
- History of psychogenic seizures 43 71  
- Implantation preconditions only being able to implant one hemisphere 29 64  
- Significant mental disability/having legal guardian 29 29  
- Mild cognitive impairment 14 21  
- No secondary generalized seizures 7 7  
- Unknown seizure origin 0 7 

* The wording and precision of the survey questions was modified between the first and second survey round according to the results of the face-to-face meeting, 
resulting in the differences in the level of agreement on the listed parameters between both time points.  

Fig. 1. EP members’ clinical practice in device programming.  
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polysomnography based analysis of the stimulation associated arousal 
frequency could potentially serve as a biomarker to identify the most 
effective electrode contact [50]. 

Fig. 1 shows the results of five questions on device programming 
which were modified and added in the second survey round to describe 
the EP members clinical practice on this topic. All EP members stated to 
start with monopolar stimulation, except in patients wearing other 
implanted devices such as a cardiac pacemaker. Also, the majority (79 
%) starts the initial stimulation in the cycling mode (1 min ON and 5 
OFF). For stimulation frequency and pulse width, 13/14 (93 %) EP 
members agreed on using parameters in line with the SANTE trial 
(130−145 Hz and 90 μs respectively). In contrast, only 50 % of EP 
members set the first stimulation amplitude according to the SANTE 
trial (5 V), the other half of the experts prefer to start with lower values 
(2−4 V). 

In case therapeutic benefits, which include a decrease in seizure 
frequency and severity and an improvement in life quality, are not 
obtained, the most common strategy (79 %) used by the EP members 
was changing the active contact within the ANT. Alternative strategies 
used by single centres did not achieve EP consensus (Table 3). 

If stimulation-related side effects occur, the majority of the EP 
members (79 %) first gradually decrease the stimulation voltage to 
reach a satisfactory clinical response. In specific cases, a temporary 
stimulation arrest, lowering the stimulation amplitude at night, or re- 
evaluating the best coverage of the ANT based on volume of activated 
tissue (VAT) modelling are proposed strategies (Fig. 2). 

3.2.3. Patient outcome 
In the first survey round, the EP members were provided with a list 

of generic and epilepsy-specific questionnaires based on the results of 
the literature review and asked which of them they use to monitor the 
patient reported outcomes after ANT-DBS therapy. A majority was only 
achieved for the BDI (71 %). Congruently, 86 % of the EP members 
stated that they monitor aspects of depression and anxiety during the 
follow-up, together with aspects of seizure symptom reduction (100 %). 
During the face-to-face meeting, the EP members agreed that using 
established questionnaires like the BDI or PROMs can provide valuable 
information, but clinical implementation is rare since questionnaire 
completion and data analysis are time consuming, biased and might not 
capture all relevant outcome aspects. Further, outcome assessment tools 
are not uniformly available across languages. A questionnaire with 
manageable extent that specifically addresses only the most relevant 
aspects of ANT-DBS therapy would be desirable but is still unavailable. 
EP members stated that they thus typically use well structured inter
views to assess aspects of ANT-DBS outcome instead of questionnaires 
whose completion and analysis can be time consuming. In the second 
survey round, the experts agreed that the following parameters should 
be monitored on a regular basis, irrespective of which tool is used 
(questionnaire, clinical interview, seizure diary etc): incidence of de
pression and anxiety (100 %), seizure frequency (100 %) and severity 
(93 %), memory and cognitive performance (100 %), quality of life (93 

%), sleep quality (79 %) and incidence of infections (79 %) (Fig. 3). 
The EP members stressed that according to long-term evaluations, 

reported depression and memory impairment are typically not objec
tifiable and might be the result of improved awareness due to fewer and 
milder seizures under ANT-DBS treatment [49]. A series of studies even 
claimed that ANT DBS may have positive effects on mood [17,18], 
verbal fluency, and delayed verbal memory [24]. 

4. Discussion 

It still remains a challenging issue to identify the best candidates 
and device programming parameters for ANT-DBS therapy. Considering 
the low level of evidence in the literature, expert consensus using a 
systematic methodology could represent a useful tool to support clin
icians in the selection and management of ANT-DBS patients. To our 
knowledge, this is the first publication that summarizes the consensus 
beliefs of experienced clinicians in patient selection for and optimiza
tion of ANT-DBS. To reach consensus on the above parameters, EP 
members decided to use the Delphi method, a flexible and adaptable 
but systematic tool to gather and analyse the needed data about a 
specific topic. Delphi survey consisted of two rounds. After the first 
round, the consensus was low to moderate on almost all the items. This 
was mainly due to the fact that clinical evidence on these topics is low. 
A face-to-face meeting helped to better clarify the meaning of some 
questions and to identify additional topics for discussion. For these 
reasons some questions were modified or newly added. Where it was 
not possible to reach consensus or to give strong advices, EP members 
decided to share their experience to support the choice of other clin
icians. 

4.1. Patient selection 

Patients receiving DBS treatment for DRE are a very heterogeneous 
group in regard to age at seizure onset, DRE aetiology, seizure burden, 
medication and level of cognitive abilities. Although ANT-DBS treat
ment is a safe and effective treatment for DRE patients, predictors for 
positive outcome are still scarce. Previous reports suggested that de
fined electrode location within the ANT [28,31], temporal epilepsy 
syndromes [17,18,29,42,43] especially with later age at disease onset, 
lateralized EEG abnormalities, and ictal side treatment [42], patients 
with limited impairment [21], as well as positive performance in ex
ecutive function tests [45] might be associated with a favourable out
come. Accordingly, the EP members approved ANT-DBS treatment in 
DRE patients with TLE who are no candidates for resective surgery and 
those who did not sufficiently benefit from resection/VNS therapy. 
Selection of specific patient subgroups based on clinical or demographic 
factors, though, remains inconclusive due to lack of evidence. Goo
neratne et al. [51] proposed a pathway for patients with focal DRE 
based on currently available data on efficacy, safety, costs and inva
siveness of the therapy. The experts' discussion revealed that a full pre- 
surgical evaluation is typically performed before assigning a DRE 

Table 3 
Strategies to follow when therapeutic benefits are not immediately obtained.     

Strategies during the first year (1st survey round)/ first strategy (2nd survey round) chosen when 
therapeutic benefits are not obtained: 

Agreement during 1st survey 
round (%) 

Agreement during 2nd survey round 
(%)   

- Change contact within ANT 7 79  
- Reviewing imaging data and adjust stimulation settings to ensure optimal coverage of ANT based 

on volume of tissue activated modelling 
64 57  

- Stimulation voltage incrementally increased to reach a satisfactory clinical response 79 43  
- Change cyclic mode to a faster cycle rate or continuous stimulation 29 43  
- Re-evaluate therapeutic impedance 7 36  
- Change to bipolar stimulation setting 43 21  
- Switch frequency to 40 Hz 7 21  
- Increase pulse width 14 14 
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patient candidate to ANT-DBS. Further, patient's preference, oper
ability, psychiatric history and history of psychogenic seizures were 
rated relevant for patient selection and management. No contra
indications were seen for ANT-DBS treatment besides progressive epi
lepsy aetiologies, but history of psychiatric symptoms, frequent psy
chogenic seizures, MRI contraindications and unreliable seizure 
documentation should raise concern. It is thus all the more important to 
conduct interdisciplinary case discussions to individually weigh the 
expected value against the potential risks of ANT-DBS treatment and to 
define realistic expectations. 

4.2. Patient management 

The mechanism underlying the effects of ANT-DBS for DRE is not 
completely understood [34,35]. As a result, optimal postoperative pa
tient management strategies require complex decision making and are 
largely based on trial-and-error methodologies, particularly when it 
comes to select the ANT-DBS stimulation parameters. As thousands of 

individual stimulation parameter combinations are possible, it appears 
evident that a proper clinical evaluation of each one is unfeasible. 
Defining the optimal programming for an ANT-DBS device to maximize 
therapeutic benefit thus may become a difficult and time-consuming 
process [52]. Overall, it has been estimated that the DBS programming 
process in movement disorder can require up to 20 h per patient [53] 
and even more in epilepsy where stimulation has to be adjusted over 
several months. Against this background, the stimulation parameters of 
the only randomized-controlled trial, the SANTE study, prevailed in 
clinical practice. However, half of the EP members prefer to start with 
lower stimulation amplitudes (2−4 V) compared to the SANTE trial, 
adjusting the amplitude during the follow-up visits if clinically re
quired. This strategy might reduce the risk of stimulation related side 
effects and save battery power. During the initial programming, de
viation form monopolar stimulation is only made in the presence of 
other implanted stimulation devices like cardiac pacemakers. The ma
jority of EP members further agreed on using cycling mode upon sti
mulation activation, although evidence is still limited for both 

Fig. 2. Strategy chosen by EP members when putative stimulation-related side effects appear during the follow-up.  

Fig. 3. Agreement on patient outcomes to be collected during the follow-up.  
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approaches revealing no clear outcome differences between cycling and 
continuous stimulation [26,46,47]. 

The therapeutic benefit of ANT-DBS is strongly dependent on the 
accurate surgical placement of the DBS electrode [28,31,54]. To date, 
the ideal coordinates for ANT-DBS lead positioning have not been 
unanimously defined [38]. Based on the published data and their own 
experience, the EP members proposed that efforts should be made to 
place the electrode in the anterior and superior portion of the ANT. 
Thereby, similar clinical effects can be achieved with the trans- and 
extraventricular implantation approach, but in case of the extra
ventricular approach it might be more difficult to successfully place the 
lead within the target location [37]. Direct stereotactic targeting of the 
MTT might be an effective alternate approach [31]. The electrode 
contacts for stimulation initiation are thus mainly selected depending 
on their position within the ANT, usually determined visually based on 
the fusion of the postop CT and preop MRI scan. However, about 10 % 
of electrodes end up outside the ANT [37,38]. In these cases, the use of 
monopolar stimulation mode might be beneficial, because it creates a 
broader electric field than bipolar stimulation, and thus might still re
sult in some stimulation of the ANT and a clinical response. High vol
tage monopolar stimulation, though, might cause side effects [50], in 
particular if the electrode is positioned too lateral, and thus re-im
plantation should be considered in individual cases. 

Although it is common sense that the initiation of deep brain sti
mulation should follow a period of recovery from postoperative 
changes at the electrode-tissue interface, there is no clear guideline 
concerning the optimal timepoint of stimulation initiation for ANT- 
DBS. However, the majority of EP members still activate the DBS system 
within the first week after surgery. Only every third expert adheres to a 
postoperative interval of about one month. 

In case of an insufficient clinical response, the experts prefer to 
change the active contact within the ANT to assure optimal coverage of 
the VAT and ANT. In individual cases, an increase of the stimulation 
amplitude or modifications of stimulation cycle, frequency or stimula
tion mode might be beneficial. 

Although relevant ANT-DBS related psychiatric side effects are 
modest in number and clinically manageable by reprogramming the 
stimulation parameters, they could well jeopardize the overall success 
of ANT-DBS treatment if left untreated. Putative stimulation related 
side-effects should thus be addressed by gradually decreasing the sti
mulation amplitude or temporarily pausing the stimulation. Tailored 
strategies such as changing the active electrodes, modifying the sti
mulation parameters, or programming bilevel stimulation with lower 
amplitudes during night in case of disrupted sleep might be im
plemented in individual patients [50]. In order to promptly detect sti
mulation related side effects, the EP panel recommended to regularly 
monitor the neurocognitive function and psychiatric symptoms during 
the follow-up visits. 

4.3. Patient outcome 

The panellists agreed that ANT-DBS therapy has the potential to 
significantly reduce the seizure frequency and severity in patients with 
drug resistant epilepsy - typically achieving similar success rates like in 
the SANTE trial [17,18]. They emphasized that - besides seizure fre
quency and severity - outcome evaluation should also encompass neu
rocognitive function, mood, and aspects of quality of life. Of note, op
timal outcome is only achieved if patient expectations are met besides 
significant improvement in clinical parameters. There is growing re
cognition of the value of assessing wider impacts of treatments by the 
means of health status reports that come directly from the patient. Such 
reports are named “patient reported outcomes measures” (PROMs) and are 
questionnaires that capture and quantify treatment impacts from the 

patient’s perspective [55]. PROMs are well established methods of 
capturing what actually matters to patients [56]. A structured review 
rated the SF-36 as the preferred generic measure of health status and 
the QoLIE-31 for the measurement of epilepsy-specific quality of life, to 
be used in combination as complementary evidence [57]. Nevertheless, 
only a subset of ANT-DBS studies collected PROMs and standardized 
questionnaires to measure ANT-DBS outcomes [17,18,25,29,49]. The 
most frequently collected standardized questionnaires and epilepsy- 
specific PROMs were QoLIE-31, LSSS, and BDI [17,18,25,29,49]. Al
though not commonly used in clinical routine for reasons of practic
ability and availability, the application of defined sets of ques
tionnaires/PROMs might still be essential in clinical trials or when 
specifically requested by Compentent Authorities. In daily clinical 
routine, the experts recommend to regularly monitor a defined set of 
parameters – no matter which available tool is used in the end, i.e. 
PROMs, clinical interview, seizure diary or similar. 

4.4. Limitations 

The outcome of this panel review is not a substitute for clinical 
judgment and is not intended to define a standard of practice or re
quirement for ANT-DBS treatment. Further, the content of this report 
and EP members' opinions may not be suitable for all patients. It is 
expected that physicians will appropriately individualise their judg
ment in unique clinical circumstances. No single document can rigidly 
categorise appropriate practice in this setting; therefore, EP members 
offer this as a clinical opinion combined with practical suggestions. In 
the absence of evidence on this topic, deriving expert opinion in a 
systematic manner like in this Delphi panel, can be a meaningful tool to 
guide clinicians in their practice. 

5. Conclusions 

Currently, there is limited clinical evidence on how to better select 
patients for ANT-DBS therapy and manage them post-operatively. After 
an analysis of the current literature and opinion sharing, EP members 
agreed on the definition of 4 parameters for patient selection and 7 
reasons for concern, reported their practised way of DBS programming 
and defined a list of important outcome parameters to be monitored 
during follow-up. This report could support clinicians in the selection 
and management of candidates for ANT-DBS therapy. Further agree
ment will be needed when additional evidence becomes available. 
Further, this expert opinion report may serve as an impetus for a set of 
international guidelines for evaluating selection and optimization of 
neurostimulation for epilepsy. 
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