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Abstract   

Background and Objectives  

The efficacy of deep brain stimulation of the anterior nucleus of the thalamus (ANT DBS) in drug 

resistant epilepsy (DRE) patients was demonstrated in the double-blind Stimulation of the  

Anterior Nucleus of the Thalamus for Epilepsy (SANTE) randomized controlled trial.  The 

Medtronic Registry for Epilepsy (MORE) aims to understand the safety and longer-term 

effectiveness of ANT DBS therapy in routine clinical practice.    

Methods  

MORE is an observational registry collecting prospective and retrospective clinical data. 

Participants were at least 18 years old, with focal DRE recruited across 25 centers from 13 

countries. They were followed for at least 2 years in terms of seizure frequency (SF), responder 

rate (RR), health-related quality of life (Quality of Life in Epilepsy Inventory 31, QOLIE-31), 

depression, and safety outcomes.    

Results  

Of the 191 patients recruited 170 (mean (SD) age of 35.6 (10.7) years, 43% female) were 

implanted with DBS Therapy and met all eligibility criteria. At baseline, 38% of patients reported 

cognitive impairment. The median monthly SF decreased by 33.1% from 15.8 at baseline to 8.8 

at 2 years (P<0.0001) with 32.3% RR. In the subgroup of 47 patients that completed 5 years of 

follow-up, the median monthly SF decreased by 55.1%  from 16 at baseline to 7.9 at 5 years 

(P<0.0001) with 53.2% RR.  Factors influencing SF reduction included number of implants per 

center.  In patients with cognitive impairment, the reduction in median monthly seizure frequency 

was 26.0% by two years compared with 36.1% in patients without cognitive impairment. The 

most frequently reported adverse events were changes (e.g. increased frequency/severity) in 

seizure (16%), memory impairment (patient reported complaint, 15%), depressive mood (patient 

reported complaint, 13%) and epilepsy (12%). One definite Sudden Death in Epilepsy (SUDEP) 

case was reported.  

Discussion  

The MORE registry supports the effectiveness and safety of ANT-DBS therapy in a real-world 

setting in the 2-years following implantation.   

Trial Registration Information 

MORE ClinicalTrials.gov Identifier: NCT01521754, first posted January 31, 2012 

Classification of Evidence 

This study provides Class IV evidence that anterior nucleus of the thalamus deep brain 

stimulation reduces the frequency of seizures in patients with drug-resistant focal epilepsy.  
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Introduction   

  

Of the 50 million people with epilepsy worldwide, one third continues to have seizures 

despite appropriate anti-seizure medications (ASM).
1
  Many patients with drug resistant epilepsy 

(DRE) cannot undergo resective epilepsy surgery due to poorly localized or multifocal onset,
2
 or 

seizure origin within eloquent cortex. Depending on the underlying pathology, 26% to 64% of 

patients continue to suffer seizures following epilepsy surgery.
3
 For all above DRE patients, 

neuromodulation treatments are an option,
4
 including deep brain stimulation (DBS).  

The efficacy of DBS of the anterior nucleus of the thalamus (ANT DBS) in patients with 

DRE was demonstrated in the SANTE pivotal trial
5
 and during 10-years of extended follow-up.

6
   

Since the trial was completed, questions remain regarding which patients are the best candidates.  

Several single center studies provide additional support for the safety and efficacy of ANT DBS, 

but are limited in sample size, making generalizability difficult.
7-22

  Consensus guidelines are 

based on a combination of the SANTE study, single center-studies and expert opinion.
23

  

To address these limitations and gain additional experience with ANT DBS, we designed 

a large multinational registry. The registry permitted patients with difficult to treat focal epilepsy 

and co-morbidities to be assessed, with physicians electing to use DBS targeting approaches and 

leads not evaluated in the prior studies. The primary research questions being addressed in the 

study are as follows: to present the clinical characteristics of the patients, seizure frequency, 

adverse events, health related quality of life (HRQOL) and stimulation parameters of ANT DBS 

up to 24 months follow-up.    

  

 



 

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology. 

Methods  

  

Study design  

The MORE registry is an open label, observational, international study that collected both 

prospective and retrospective data to evaluate the long-term therapy effectiveness, safety and 

performance of a neuromodulation system for ANT DBS for the treatment of DRE. The study 

was designed to characterize patients implanted with DBS, identify factors predicting response to 

the therapy and explore potential trends affecting changes in the seizure frequency. Patient 

reported outcomes (PROs), including HRQOL and cognitive performance, were also assessed. 

Sites were selected partly based on their documented previous expertise with resective surgery for 

DRE, with deep brain stimulation in other indications such as movement disorders, and access to 

a patient pool of sufficient potential to recruit patients meeting inclusion criteria.  

  

Participants  

Eligible participants were at least 18 years old with focal DRE as recorded in a seizure 

diary. The seizures were originally classified by each site according to the International League  

Against Epilepsy (ILAE) 1981 classification with the corresponding seizure types matching the 

ILAE 2017 classification
24

 presented in Table 1. In case of discordance between seizure type and 

epilepsy type, seizures were re-assessed by the primary and last authors based on all clinical and 

EEG data available. To fulfill the inclusion criteria, at least two ASMs failed to benefit the 

patient. Exclusion criteria encompassed inaccessibility for follow up; or incomplete and/or 

unreliable seizure diaries based on the treating physician’s judgement. Vagus nerve stimulation 

(VNS), if present, was recommended to be handled per instructions by the treating physician.  
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Less than one-third of subjects were enrolled a median 12.6 months after implantation, with 

preenrollment data available for baseline and follow-up seizure frequencies, but the data were 

collected retrospectively. Subjects did not have to be consecutive.  

  

Surgical and clinical procedure  

The patients needed to have a minimum of two full consecutive calendar months of 

seizure diary prior to DBS surgery. At the baseline visit, seizure diary data and other inclusion 

and exclusion criteria were reviewed to determine if patients remained eligible to continue 

participation in the study. The implant visit was then performed according to the physician’s 

standard clinical practice. In order to ensure the use of CE-marked implantable devices, the 

protocol called for implant with Medtronic Model 3387 DBS leads (Medtronic PLC, Dublin, 

Ireland), connected to a dual channel Activa
TM

 PC Neurostimulator (Medtronic) via extensions 

tunneled subcutaneously, according to the labelling. However, the final selection of the leads was 

done by the DBS center.  DBS electrodes were aimed to be implanted in the ANT bilaterally 

using a stereotactic technique. The implantation procedure was performed per local standard 

clinical practice. Lead positions were verified postoperatively with magnetic resonance imaging 

(MRI) and/or computed tomography (CT). The decision of a need for reimplantation was based 

on the clinical judgement of the operating center.  Timing, dosage of stimulation and medication 

adjustments were per each center’s chosen clinical practice, but mainly driven by SANTE study 

advised practice.  

Once enrolled, patients were followed at least for 24 months (to comply with the primary 

objective of the registry). An extension of the follow up to 5 years was implemented in February 

2016, i.e. after some patients had already exited the original study, and was discontinued when all 
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subjects reached 2 years, i.e. before some subjects could reach 5 years. Follow up visits took 

place according to clinical practice. Visits were grouped in intervals of 3, 6 and every 6 months 

thereafter. Adverse events and/or device events were reported per the Clinical investigation of 

medical devices for human subjects – Good clinical practice (ISO 14155:2011) which calls for 

any change in frequency or severity of a symptom to be reported. All events (including worsening 

of epilepsy/seizure) were classified using the Medical Dictionary for Regulatory Activities 

(MedDRA) version 22.0; an external adjudication committee reviewed all adverse events for 

potential relation to DBS devices, programming or procedures. Medications were coded utilizing 

WHO Drug version 2b2016SEP.   

  

Standard Protocol Approvals, Registrations, and Patient Consents  

The registry was conducted in accordance with the declaration of Helsinki and regulations 

of the country in which the registry was conducted, including data protection laws. Ethics 

committee approval was obtained at each center, except in Poland, where ethics committee 

approval was not needed according to local laws and regulations. All participants granted ethics 

committee/institutional review board–approved and informed consent/data release consent. The 

trial was registered on January 31, 2012 at clinicaltrials.gov (NCT01521754).  

  

Statistical analysis methods  

Two analysis sets were used in this study: All Patients Set (APS) consisted of all 

enrolled patients and Full Analysis Set (FAS) consisted of patients of the APS who met all 

eligibility criteria and were implanted with DBS Therapy for Epilepsy following the intent to 

treat (ITT) principle.  

APS was used for safety analysis and FAS for assessing the primary effectiveness objective i.e.  
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the relative change in monthly seizure frequency at 2 years post implant, and secondary 

effectiveness objectives including Quality of Life in Epilepsy 31-item questionnaire (QOLIE-31) 

and Beck Depression Inventory II (BDI-II) scores. No missing data imputation was used for the 

analyses of primary and secondary objectives.  

The patients were categorized into three groups based on the seizure reduction at two 

years of follow-up: Responders (≥ 50% Seizure reduction (SR); Improvers, (50%>SR>0%) and No 

benefit patients (SR
≤
0%).  

Baseline and follow up data were summarized using appropriate summary statistics. 

Although no formal hypothesis testing was defined for this study, P-values were calculated to 

provide context for the relevance of the changes observed within paired data. Change from 

baseline was tested using paired Student's t-test or non-parametric methods (e.g. Wilcoxon 

signed-rank test) as appropriate and comparison between different groups was tested using 

student-test or analysis of variance analysis (ANOVA) or Kruskal Wallis Test  for continuous 

variables and using Fisher’s exact test for categorical variables. Statistical tests were examined 

for significance at the 5% level, with no adjustments for multiple comparison.    

Safety data were summarized using descriptive statistics. In addition, adverse events were 

reported per study period; for each period the available patient set was used.  

All analyses were performed using SAS software (version 9.4, SAS Institute, Cary, NC).  

  

Data availability  

Individual patient data cannot be made available under local law because we did not 

obtain patient approval for routinely sharing individual patient data outside the MORE study 
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group, even in coded form. However, request for syntax files and output of statistical analyses 

will be evaluated by the MORE publication committee.  

  

Results  

Patient enrollment was from February 21
st
, 2012 until April 30

th
, 2017. The last data were 

collected on June 19
th

, 2019. A total of 191 (APS) patients were recruited by 25 centers in 13 

countries, with recruitment varying from 1 to 28 patients per site.  Most of the 170 FAS subjects 

(157, 92.4%) completed follow-up visit 5 (scheduled around two years after implantation) for a 

median of 2 years of follow-up. Reasons for 13 patients withdrawn before follow-up visit 5 are 

given in Figure 1.  

  

Baseline Characteristics (FAS)  

  The mean (SD) age was 35.6 (10.7) years, and 43% of the patients were female. Nearly all 

(96%) patients had a diagnosis of localization related epilepsy (1989 ILAE epilepsy syndrome 

classification), i.e. focal epilepsy.
25

 Their clinical characteristics are reported in Table 1. The 

mean (SD) duration of epilepsy was 23.1(12.1) years, the median monthly seizure frequency at 

baseline was 15.8, with 32 patients with 5 or less seizures per month, and 18 patients with more 

than 90 seizures per month. The majority of patients had focal impaired awareness seizures  

(FIAS; 86%) and focal to bilateral tonic-clonic seizures (FBTCS; 64%). The median number of 

ASM tried prior to or currently taken at baseline was 9. In 34 (20%) patients, at least one 

resective epilepsy surgery procedure had been carried out prior to ANT DBS. A VNS system was 

previously implanted in 73 (43%) MORE patients. Among these, 28 (38%) had VNS explanted 

prior to DBS implant. Of the patients that still had VNS at the time of the DBS implant, 24 (53%) 
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continued VNS therapy during the MORE data collection. At entry, 38% patients reported 

cognitive impairment and 21% experienced mood disorders (Table 1).   

Nearly all (94%) patients received an Activa PC stimulator. The most frequently 

implanted bilateral lead model was the 3389 in 76% of patients (eTable 1 in the Supplement).  

  

Outcomes    

The median monthly seizure frequency progressively decreased from 15.8 at baseline to  

8.8 at two years of follow-up (Figure 2B) corresponding to a median reduction of 33.1% (eFigure 

1 in the Supplement, P<0.0001). 32.3% patients were responders, including five seizurefree 

patients at two years of follow-up (Figure 2A). The 24 patients who received both DBS and VNS 

achieved a similar median reduction of 33.1%. In the subgroup of patients (n=47) who had 

completed an additional 3 years of follow-up, the median  seizure reduction reported at 2 years 

was 43.3% and at 5 years 55.1% (Table 2). Responder rate in this subgroup was 40.4% at 2 years 

and 53.2% at 5 years. Patients from 21 centers who had performed 10 or less ANT DBS  

(less experienced centers) showed a median monthly frequency reduction at 2 years follow up of 

25.8% and those from four centers with more than 10 implantations (more experienced centers) a 

reduction of 42.8% (Figure 3A, P=NS). Patients with cognitive impairment at baseline 

experienced a median seizure reduction of 26.0% and those without cognitive impairment a 

reduction of 36.1% (Figure 3B, P=NS).   

While baseline characteristics of responders, improvers and no benefit groups appeared to differ 

(eTable 2A in the Supplement), most did not reach statistical significance, potentially due to the 

limited sample size of each group. The responder rates of patients with either frontal, temporal, or 

other seizure onset zones were around 30% (eTable 2B). However, taking all seizure types, the 
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median seizure frequency change in temporal lobe seizures ranged from -27.9% at 1-year to 

32.6% at 2-year follow-up; frontal seizures were also reduced (-18.4% to -34.7%), as well as 

seizures originating in other lobes (-17.1% to -24.8%; all p<0.05 at each follow-up; eTable 2C). 

At 2-year follow up, the responder rate was 43.2% in high-volume centers (centers with more than 

10 implantations) and 22.2% in low-volume center (10 or less implantations; p<0.05). In total, 50 

out of 155 subjects with 2-year data were responders, which included 32 (64%) from high-volume 

centers and 18 (36%) from low-volume centers. In supplementary eTable 4, the baseline 

characteristics of the patients are compared between the more experienced and less experienced 

centers and there is no statistically significant differences for most of the baseline variables, 

except for an higher proportion of FIAS in the high volume sites and a higher proportion of 

FBTCS in the low volume centers.   

We observed an overall mean improvement in QOLIE-31 of 2 points (eFigure 2 in the 

Supplement, P<0.05), and an improved >5 points in about one third of patients the QOLIE-31  

(p=0.02, eFigure 3) at 2 years. These measures were only available for 78 patients.   

No statistically significant change in the prevalence or severity of depression was observed  

(eFigure 4, P>0.05 for all visits), BDI scoring was available for only 87 patients.   

Over the two-year period, the none of the stimulation parameters including amplitude, 

pulse width, stimulation frequency or percentage of patients on intermittent cycling stimulation 

were significantly changed (eTable 5 in the Supplement).  

The most frequently reported adverse events were changes (e.g. increased 

frequency/severity) in seizure (16%), memory impairment (patient reported complaint, 15%), 

depressive mood (patient reported complaint, 13%) and epilepsy (12%). Thirty-nine percent of 

the memory impairment complaints and 44% of the depressive mood complaints were related to 



 

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology. 

worsening of pre-existing conditions per site assessment. Other adverse events included headache 

(7%), head injury (5%), irritability (5%), anxiety (5%) and cognitive impairment (5%, Table 3).  

The subgroup of 24 patients with both DBS and VNS had a similar safety profile as the rest of the 

population (data not shown). A total of 160 SAEs were reported in 83 subjects (43.5%) from 

baseline to 2-year follow up.  The most frequently reported SAE was seizure in 18 subjects 

(10.1%). In this study, SAEs reported as related to procedure, lead, neurostimulator, extension, 

other DBS component or programming/stimulation were classified as DBS-related.  Overall, 59 

DBS-related SAEs were reported in 42 subjects (23%) in the two years after implant. None of 

these SAEs led to discontinuation from the study. As with general SAEs, the most frequently 

reported DBS-related SAEs were seizure in 7 subjects (3.9%). DBS-related SAEs were connected  

to the procedure (N=24) or to stimulation/programming (N=21), while 11 (6.1%) were linked to 

implanted system components. A total of 11 subjects (6.1%) had lead modifications, the most 

frequent being explant with replacement. There were two explants due to infection in two (1%) 

subjects, one explant due to suicidal ideation in one subject, no intracranial hemorrhages and no 

deaths related to DBS. During the second year of follow up, one patient had died with definite 

sudden unexpected death in epilepsy (SUDEP).    

Classification of Evidence 

This study provides Class IV evidence that anterior nucleus of the thalamus deep brain 

stimulation reduces the frequency of seizures in patients with drug-resistant focal epilepsy.  

 

Discussion   

  

The MORE multinational registry provides systematically collected real world data about 

the safety and effectiveness of ANT DBS therapy in patients with DRE. Our results support the 
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clinical efficacy and safety of ANT DBS therapy previously reported in the SANTE randomized 

controlled trial and single center experiences. Key findings include a 33.1% median monthly 

seizure frequency reduction after two years of treatment; however, it was observed that seizure 

outcomes of the patients were affected by the treatment center experience. We did not identify 

new safety concerns regarding the surgical procedure or treatment related adverse events 

compared to the original SANTE trial.
5
  

In the subgroup of patients reaching 5 years, the total seizure reduction was reported to be 

55.1%. Results from this subgroup suggest there was a continued decrease in seizure frequency 

beyond 2 years, which is consistent with SANTE results
6
 and those from other neuromodulation 

therapies including VNS
26

 and responsive neurostimulation (RNS)
27

.  This trend is being 

evaluated with additional exploratory analyses and will be reported on separately.  

  

Seizure reduction – prognostic factors   

The median monthly seizure frequency at two years of follow up in MORE was 8.8  

compared to 15.8 at baseline, representing a 33.1% median reduction across all seizure 

types. When categorizing the patients into three groups, 32% were responders, whereas 29% had 

no reduction in seizure frequency (no benefit). The remainder of patients had a decrease in 

seizure frequency (improvers) without reaching the response threshold of 50%. The seizure 

reduction of MORE at 2 years was not as high as the one in the open label extension of SANTE 

which showed a 56.0% median reduction in seizure frequency. In addition, 54% of patients had a 

seizure frequency reduction of at least 50%, whereas 10% had an increase in their seizure count.
5
 

On the other hand, the efficacy results of the MORE registry are comparable with real world data 

regarding other neurostimulation therapies, such as VNS, in which long term median seizure 
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reduction by one year of therapy was less than 30% but increased to more than 50% by five years 

of stimulation.
28

 We have identified five different factors with clinically relevant influence on the 

seizure reduction.   

First, the presence or absence of cognitive impairment had some effect on seizure 

outcome in MORE without reaching statistical significance. Indeed, patients with cognitive 

impairment had a 26.0% median monthly seizure reduction by two years compared with 36.1% 

reduction in those without cognitive impairment. Conversely, SANTE excluded patients with an 

IQ of less than 70.
5
 There are some data providing support for the significance of cognitive 

impairment on seizure outcomes. Patients with cognitive impairment, especially regarding 

executive functions, were less likely to be responders to ANT DBS therapy in a single center 

study.
29

  Similar findings were published concerning VNS in a pediatric population.
30

  These 

results of MORE suggest that patients without cognitive impairment may be better candidates for 

ANT DBS treatment, but this issue needs to be addressed in further studies.   

Second, the region of the brain where the seizure most likely originates may be relevant 

for seizure outcomes. In the MORE registry, the responder group included numerically more 

patients with temporal lobe epilepsy compared with the no benefit group. Only 39% of patients in 

MORE had temporal lobe epilepsy compared to 60% in SANTE, whereas the proportion of 

patients with frontal lobe, parietal lobe or occipital lobe epilepsy was quite similar in both studies. 

Furthermore, in MORE the patients with no benefit were more often found to have multifocal 

epilepsy than the responders, suggesting that those patients may be less likely to respond to ANT 

DBS therapy. Remarkably, only 9% of SANTE trial patients had diffuse or multifocal epilepsy 

compared to 24% of patients in MORE. In SANTE, by two years, patients with seizures of 
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temporal origin achieved relatively greater benefit of stimulation compared to those with seizures 

originating from other lobes or multifocal in origin.
5
    

Third, the distribution of seizure types and frequencies may have an impact on seizure 

reduction. The baseline median seizure frequencies were similar in MORE and SANTE, but in 

MORE there was more variation in seizure frequency, which may have contributed to seizure 

outcomes in MORE. There was also more variation in MORE regarding seizure types, which may 

also reflect the inherent difficulty in seizure classification in real life.   

Fourth, in MORE, the median number of failed ASM was nine, suggesting a very 

refractory group of patients with epilepsy. In SANTE the number of failed ASM had to be at least 

three, but the total number of ASM was not reported.
5
 In MORE, patients had a median number 

of three concomitant ASM compared with two ASM in SANTE. High ASM burden usually 

suggests more refractory epilepsy, which again may have an effect on seizure outcomes. On the 

other hand, the previous and present surgical treatment modalities (resective surgery and VNS) 

were similar in MORE and SANTE, as well as the duration of epilepsy and the age at 

implantation. To avoid cognitive,
31

 psychiatric
32

 and other ASM related tolerability effects, ANT 

DBS or other surgical therapies should probably be considered before adding the third or fourth 

ASM in patients with DRE.  

Finally, in MORE, centers with over 10 implantations showed significantly better seizure 

outcomes compared to those with 10 or less implantations: 42.8% median monthly seizure 

reduction compared to 25.8%, respectively. Several factors may impact the greater outcome 

variability among the centers in MORE compared with that of SANTE. The surgical approach in 

MORE included both transventricular and  extraventricular approaches, with two different lead 

models (3387 and 3389), whereas in SANTE only the transventricular technique and lead model 
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3387 was used.
5
  In an early surgical analysis of the MORE registry, implantation using the 

extraventricular approach resulted in a different target location in the ANT area when compared 

to the transventricular approach.
33

  Conversely, there was a centralized evaluation of targeting in 

SANTE.
5
 The issues of implantation route or contact location and volume of tissue activated will 

be analyzed in detail in a separate paper on surgical aspects of MORE. On the other hand, for 

most patients, stimulation protocols did not differ between MORE and SANTE even though in 

MORE requirements regarding the stimulation parameters were not specified. The MORE 

registry results suggest that the implantation center should be dedicated to optimization of the 

implantation protocol to reach better efficacy results.  

  

Tolerability  

Real world epilepsy studies such as the MORE registry reliably provide safety related 

information, because the precision of tolerability reporting is more likely to be accurate than 

effectiveness related data. This is of utmost importance, because randomized and controlled 

studies have limitations regarding the inclusion of patients.
5
  

In MORE, the rates of depression and memory complaints were in line with those 

reported in SANTE for the first two years of follow up. In MORE, 13% of patients reported 

depression during the entire two year follow up period compared with 15 % of patients in the 

active group of SANTE during the three-month double-blind period.
 5

 In patients with Beck 

Depression Inventory (BDI) measurements, we did not observe any significant differences in BDI 

scores during active stimulation compared with the baseline. The proportion of patients reporting 

memory impairment of MORE was 15% during the whole two year follow up compared to 13% 

of SANTE patients with active stimulation during the double blind phase.
5
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Serious complications leading to discontinuation of the therapy were rare among patients 

in MORE confirming the safety data from SANTE. Indeed, none of the patients in the MORE 

registry discontinued the therapy during the first year after the implantation. Conversely, in  

SANTE, five patients discontinued the therapy during the initial 13-month open label phase.
5
 

During the second year of follow up, one patient had died in MORE of confirmed SUDEP, three 

patients were not available for follow up (one was lost for follow-up, and in two patients the 

withdrawal decision was made by the treating physician without specified cause), and two 

additional patients were withdrawn potentially due to infections. During the corresponding time 

period, three SANTE patients discontinued the therapy.
5
   

  

Health related quality of life  

The HRQOL measurements in MORE did not reach the minimally important clinical 

difference threshold in QOLIE-31. This finding was not unexpected, because several studies 

suggest that the achievement of seizure freedom in patients with epilepsy, rather than any 

reduction in seizure frequency, significantly affects the HRQOL scales.
34

  This may reflect the 

lack of sensitivity of quality of life measures to clinically relevant but non-total reductions in 

seizure frequency. According to a recent Delphi consensus statement the physicians preferred to 

rely more on unstructured interviews than formal questionnaires when assessing the impact of 

ANT DBS therapy on HRQOL.
23
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Strengths and limitations  

The strengths of this study include a comprehensive and systematic data collection in a 

multinational multicenter setting enabling a practical and clinically relevant approach to explore 

patient characteristics, the surgical procedure and both effectiveness and safety aspects. The  

MORE registry provides a real-world adjunct to the results of the SANTE randomized trial. 

Limitations include reduced reliability of the seizure diaries, non-protocolized visit windows and 

optional questionnaires (HRQOL and BDI performed only in a subset of patients), chosen to 

respect clinical practice. Finally, some patients were included in the MORE registry 

retrospectively rather than prospectively, a fact that may have resulted in selection bias.  

  

Future perspectives   

ANT DBS therapy is evolving as new versions of the DBS devices are being developed. 

In the SANTE trial, the DBS model Kinetra (Medtronic) was used, whereas in the MORE 

registry, patients were implanted with the Activa PC. Recently, a new neurostimulator was 

introduced, which offers a recording of local field potentials. This may offer a possibility for 

better understanding the therapy and treatment optimization in DRE patients.    

In conclusion, the large real world MORE registry strengthens the evidence supporting the 

safety of ANT DBS therapy. We confirmed the effectiveness of the ANT DBS treatment and 

obtained important data suggesting cognitive impairment and  region of the brain where the 

seizure most likely originates as possible features for optimal patient selection. Additionally, 

ANT DBS should be considered in DRE patients before increasing the ASM burden to avoid 

negative impact in terms of side-effects. The centers performing ANT DBS implantations should 
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have a long-term comprehensive commitment to patient selection, implantation and therapy 

optimization.  
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Department of Stereotactic and  
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manuscript  
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Table 1 Demographic characteristics – Full Analysis Set   

Variable  MORE  

registry   

 (N = 170)  

Age at baseline [years]    

mean ± standard deviation  35.6 ± 10.7  

Gender [n, (%)]  

Female  

  

73 (42.9%)  

Duration of epilepsy [years] mean ± 

standard deviation  

  

23.1 ± 12.1  

Baseline monthly seizure frequency minimum – 

maximum  

  

0 - 610  

Median  15.8  

Psycho-social history [n, (%)]    

Cognitive Impairment  64 (37.6%)  

Mood disorders  36 (21.2%)  

Prior surgical procedure for epilepsy [n, (%)]    

VNS implant  73 (42.9%)  

Prior resective brain surgery for epilepsy  34 (20.0%)  

Surgical categories [n, (%)]    

Neither a VNS nor a prior resective brain surgery for epilepsy  77 (45.3%)  

Presence of VNS implant only  59 (34.7%)  

Prior resective brain surgery for epilepsy only  20 (11.8%)  

Both a VNS and prior resective brain surgery for epilepsy  14 (8.2%)  

Number of total (prior and current) ASM at baseline    

measure available (N,%)  170 (100.0%)  

mean ± standard deviation  8.7 ± 3.2  
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minimum – maximum  3 - 19  

Median  9.0  

Number of ASM taken at time of implantation [n, (%)]    

measure available (N,%)  170 (100.0%)  

0  5 (2.9%)  

1  10 (5.9%)  

 

Variable  MORE  

registry   

 (N = 170)  

2  34 (20.0%)  

3  68 (40.0%)  

≥4  53 (31.2%)  

mean ± standard deviation  3.0 ± 1.1  

minimum – maximum  0 - 7  

Median  3.0  

Epilepsy type (ILAE 2017) [n,(%)]    

measure available (N,%)  170(100.0%)  

Focal epilepsies  164 (96.5%)  

   Epilepsies and syndromes undetermined as to whether they    

are focal or generalized    Other  

  

        3 (1.8%)         

3 (1.8%)  

  

Seizure type (ILAE 2017) [n, (%)]    

Focal impaired awareness seizures (FIAS)  146 (85.9%)  

Focal to bilateral tonic-clonic seizures (FBTCS)  109 (64.1%)  

Focal aware seizures (FAS)  67 (39.4%)  

Other  5 (2.9%)  

Region of the brain where the seizure most likely originates [n, 

(%)]  

  

measure available (N,%)  170 (100.0%)  
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Unifocal Temporal    

66 (38.8%)  

Frontal      30 (17.6%)  

   Parietal  7 (4.1%)  

   Occipital  9 (5.3%)  

   Unknown  2 (1.2%)  

Multifocal  

Bi-temporal only  

       0 

(0.0%)  

   Diffuse or multifocal  41 (24.1%)  

Multilobar*  15 (8.8%)  

Monthly Seizure Count at Baseline    

   0= 5  32(18.8%)  

Variable  MORE  

registry   

 (N = 170)  

  >5-15  52(30.6%)  

  >15-30  36(21.2%)  

  >30-90  32(18.8%)  

  >90  18(10.6%)  

Abbreviations: ASM = anti-seizure medications  

*Other: "Frontal and Occipital", "Frontal and Temporal", "Frontal and Temporal and Parietal",  

"Frontal and Unknown", "Parietal and Occipital" and "Temporal and Unknown"  

  

  

Table 2 Summary of Seizure Data for Subjects with 5 Year Follow Up (N=47 subjects)  

        

Variable  Baseline  Two Year Follow Up  Five Year Follow Up  

Monthly seizure frequency  16.0 (1.2, 210.0)  8.0 (0.0, 496.4)  7.9 (0.0, 232.3)  

Change from baseline: monthly 

seizure frequency  
NA  -6.3 (-114.7, 488.9)  -8.0 (-119.8, 224.8)  



 

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology. 

Percent change from baseline:  
monthly seizure frequency  

NA  -43.3 (-100.0, 6519.0)  -55.1 (-100.0, 2997.6)  

P-value     <.0001  <.0001  

Note: Numbers are presented in Median (Min, Max)   
  

Wilcoxon Signed Rank Test is used for monthly seizure frequency percent change from baseline analysis   

  

    

Table 3 Total number of adverse events by period (in ≥3% of patients*) – All Patients Set   

  

Preferred Term  Baseline to  
Implant  

Implant to therapy 

initiation  
Implant to 2 

years  
Total (Baseline up to 2 

years)  

  (N= 191)   (N= 179)   (N= 179)   (N= 191)  

Seizure   1 (0.5%) [1]   1 (0.6%) [1]   29 (16.2%) [38]   30 (15.7%) [39]  

Memory impairment   1 (0.5%) [1]   3 (1.7%) [3]   27 (15.1%) [28]   28 (14.7%) [29]  

Depression   0 (0.0%) [0]   1 (0.6%) [1]   24 (13.4%) [27]   24 (12.6%) [27]  

Epilepsy   0 (0.0%) [0]   0 (0.0%) [0]   23 (12.8%) [26]   23 (12.0%) [26]  

Headache   0 (0.0%) [0]   4 (2.2%) [4]   13 (7.3%) [14]   13 (6.8%) [14]  

Head injury   0 (0.0%) [0]   1 (0.6%) [1]   10 (5.6%) [22]   10 (5.2%) [22]  

Irritability   0 (0.0%) [0]   1 (0.6%) [1]   10 (5.6%) [10]   10 (5.2%) [10]  

Anxiety   0 (0.0%) [0]   3 (1.7%) [3]   9 (5.0%) [10]   9 (4.7%) [10]  

Cognitive disorder   0 (0.0%) [0]   0 (0.0%) [0]   9 (5.0%) [10]   9 (4.7%) [10]  

Device deployment issue (lead 

misplacement)  
0 (0.0%) [0]   4 (2.2%) [4]   7 (3.9%) [7]   7 (3.7%) [7]  

Dizziness   0 (0.0%) [0]   3 (1.7%) [3]   7 (3.9%) [7]   7 (3.7%) [7]  

Pneumonia   0 (0.0%) [0]   0 (0.0%) [0]   7 (3.9%) [9]   7 (3.7%) [9]  

Adverse drug reaction   0 (0.0%) [0]   1 (0.6%) [1]   6 (3.4%) [14]   6 (3.1%) [14]  

Device dislocation **  0 (0.0%) [0]   1 (0.6%) [1]   6 (3.4%) [7]   6 (3.1%) [7]  

Fatigue   0 (0.0%) [0]   1 (0.6%) [1]   6 (3.4%) [6]   6 (3.1%) [6]  

Implant site pain   0 (0.0%) [0]   0 (0.0%) [0]   6 (3.4%) [6]   6 (3.1%) [6]  

* Infections occurred in <3% of patients: the following infections related to DBS therapy were reported:  

• 3 wound infection in 3/191 (1.6%) patients  

• 1 Device related infection in 1/191 (0.5%) patients  

• 1 Implant site infection in 1/191 (0.5%) patients  
** Implantable Neurostimulator migration (N=4), Extension migration/skin erosion (N=1), Lead migration (N=1) 

Note: n (%)[XX]: number of patients with at least one event reported (percentage of patients with at least one 

event) [total number of events reported].  
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