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BACKGROUND:Deep brain stimulation of the anterior nucleus of the thalamus (ANT-DBS)
can improve seizure control for patientswith drug-resistant epilepsy (DRE). Yet, one cannot
overlook the high discrepancy in efficacy among patients, possibly resulting from differ-
ences in stimulation site.
OBJECTIVE: To test the hypothesis that stimulation at the junction of the ANT and
mammillothalamic tract (ANT-MTT junction) increases seizure control.
METHODS: The relationship between seizure control and the location of the active
contacts to the ANT-MTT junction was investigated in 20 patients treated with ANT-DBS
for DRE. Coordinates and Euclidean distance of the active contacts relative to the ANT-MTT
junction were calculated and related to seizure control. Stimulation sites were mapped by
modelling the volume of tissue activation (VTA) and generating stimulation heat maps.
RESULTS: After 1 yr of stimulation, patients had a median 46% reduction in total seizure
frequency, 50% were responders, and 20% of patients were seizure-free. The Euclidean
distance of the active contacts to the ANT-MTT junction correlates to change in seizure
frequency (r2 = 0.24, P = .01) and is ∼30% smaller (P = .015) in responders than in non-
responders. VTA models and stimulation heat maps indicate a hot-spot at the ANT-MTT
junction for responders, whereas non-responders had no evident hot-spot.
CONCLUSION: Stimulation at the ANT-MTT junction correlates to increased seizure
control. Our findings suggest a relationship between the stimulation site and therapy
response in ANT-DBS for epilepsy with a potential role for the MTT. DBS directed at white
matter merits further exploration for the treatment of epilepsy.

KEYWORDS: Neuromodulation, DRE, Drug-resistant epilepsy, Thalamus, Mammillothalamic tract, White matter
stimulation
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D eep brain stimulation of the anterior
nucleus of the thalamus (ANT-DBS)
has recently been approved by the U.S.

Food and Drug Administration (FDA) for

ABBREVIATIONS: ANT, anterior nucleus of the
thalamus; DBS, deep brain stimulation; DRE, drug-
resistant epilepsy; ICC, intraclass correlation coeffi-
cients; MCP, midcommissural point; MTT, mammil-
lothalamic tract; SANTE, stimulation of the anterior
nucleus of the thalamus for epilepsy;VTA, volumeof
tissue activation
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the treatment of patients with drug-resistant
epilepsy (DRE) when resective procedures or
less invasive neuromodulation therapies are not
possible or have failed. The stimulation of the
anterior nucleus of the thalamus for epilepsy
(SANTE) trial demonstrated that bilateral
thalamic stimulation in drug-resistant focal
epilepsy is a safe procedure that reduces short-
and long-term seizure frequency and signifi-
cantly improves well-being.1,2 While several
cohorts following the SANTE trial confirm
these findings with mean reported responder
rates across studies approximating 50% after
1 yr of ANT-DBS,3-6 the degree of seizure
control can vary highly between patients.7
Knowledge obtained from DBS in movement
disorders suggests that patient selection8 and
electrode placement9 are important factors for
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A ROLE FOR THE MTT IN SEIZURE CONTROL?

predicting clinical outcome. As such, suggested denominators for
seizure control by DBS are patient characteristics, such as the
location of seizure onset, and the stimulation site.4,6 Furthermore,
data from the SANTE trial indicate that DBS leads were not
consistently placed within the ANT,10 yet effective stimulation
with contacts outside the ANT has been reported.11 Hence, the
optimal stimulation site is debated.
DBS lead placement within the ANT is currently performed

by direct neurosurgical targeting,12,13 in which the mammillotha-
lamic tract (MTT) functions as a key anatomical landmark.14,15
The MTT is a prominent white matter bundle that arises
from the mammillary bodies and ends in the medio-ventral part
of the ANT, where it joins the internal and external lamina of
the thalamus, also known as the ANT-MTT junction. Within
the circuit of Papez, the ANT receives major afferent input
from the hippocampal formation through the MTT next to its
reciprocal cortical connections through thalamic radiations16 and
thalamocingulate fibers.17 While the mechanism of action still
remains elusive and it is unclear to what degree different brain
networks and fiber tracts are stimulated, ANT-DBS is speculated
to halt seizure propagation and/or modulate epileptogenic foci
through its connections to the circuit of Papez.18 The signif-
icance of the circuit of Papez as a potential seizure circuit is
exemplified by depth recordings in humans11,19,20 and lesion
studies in animals,21,22 Accordingly, the varied effects of ANT-
DBS possibly relate to unsuccessful stimulation of the MTT23 to
achieve seizure circuit control.
In this study, we hypothesized that stimulation of the ANT-

MTT junction increases seizure control. We performed an
independent, clinical-outcome blinded analysis of the active
contacts in our ANT-DBS patient cohort to investigate the
relationship between stimulation site and seizure control in DRE.

METHODS

Patients, Surgery, and DBS
We included all patients who qualified for on-label DBS treatment

for DRE.1,13 Patients were assessed by an epilepsy expert panel, were
not eligible for resective surgery or did not respond to previous resective
procedures or vagal nerve stimulation. Details of our DBS surgery
for epilepsy are described elsewhere.13 In short, DBS surgery was
performed under general anesthesia guided by microelectrode recordings
along an extraventricular surgical trajectory (Figure 1) and 3389 leads
(Medtronic, Dublin, Ireland) were bilaterally implanted at the ANT.
Following evaluation of the DBS lead position for minor postsur-
gical movement by the neurosurgeon, the pulse generator was turned
on 6 weeks after surgery with the following stimulation parameters:
frequency of 145 Hz, intensity of 5 V, pulse-width of 90 μs,1 and
thereafter adjusted at the discretion of the epileptologist. Therapy
response was assessed at 1-yr follow-up after start of stimulation. We
considered patients with≥50% reduction in seizure frequency compared
to baseline as responders and patients with < 50% reduction as
non-responders.

FIGURE 1. Schematic representation of the circuit of Papez and extraven-
tricular DBS trajectory to the ANT-MTT junction. Orange, ANT; red,
MTT; green, thalamus; yellow, mammillary bodies; pink, hippocampus; grey,
fimbriae/fornix; purple, ventricle.

Ethical Statement
The work described was conducted in accordance with the Decla-

ration of Helsinki. Approval by the institutional review board and patient
consent were not required as the present study has no obligations to the
Dutch Act of Scientific Research in Humans.

Imaging
All subjects had a preoperative 3T or 1.5T MRI (Philips, Eindhoven,

The Netherlands) in case of an implanted vagal nerve stimulator.
The sequences used were a 3D T1 with gadolinium (voxel sizes:
1 × 1 × 1 mm, TE/TR of 3.7/8.1 ms), axial T2 (voxel sizes:
0.45 × 0.45 × 2 mm, TE/TR of 80 ms/8264 ms), and a T1
inversion recovery (voxel sizes: 0.34 × 0.34 × 2 mm, TE/TR/TI of
10/7362/400 ms). Postoperative CT (Siemens, Erlangen, Germany) or
1.5T T1 (voxel sizes: 1 × 1 × 1 mm, TE/TR of 4.6/9.3 ms) MRI was
performed for DBS lead localization in the week following DBS surgery.

ANT-MTT Junction
Preoperative and postoperative images were fused in individual stereo-

tactic space, also termed native space, on the Medtronic Stealthstation
S7, and the midcommissural point (MCP) was identified by a neuro-
surgeon (YT). Coordinates relative to MCP were assessed for the
ANT-MTT junction (Figure 2) for each hemisphere by 2 observers
independently (FS and YT). Both observers were blinded to clinical
outcome. Definite coordinates in lateral (x), anterior (y), and superior (z)
directions were defined by the mean of the coordinates that were given
by the two observers. In case the observers disagreed ≥1 mm in either
the x, y, or z direction in the first observation, the final coordinates were
based on their consensus in a second observation.

Active Contact Location
The locations of the active contacts were analyzed as previously

published.24,25 In short, the active contact coordinates were calculated
from the coordinates of the lead tip as defined on fused pre- and
postoperative images, a reference point within the trajectory and the
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SCHAPER ET AL

FIGURE 2. The ANT-MTT junction (arrow) at 1.5T A, 3T B, and 7T CMRI field strengths.

interelectrode distance. For a bipolar contact configuration, the coordi-
nates of the point halfway along the vector in between the cathode and
anode were chosen. We analysed the distance of the active contact to the
ANT-MTT junction in x, y, and z directions in native space and calcu-
lated the shortest distance, also known as the Euclidean distance. Using
MATLAB (R2015a, MathWorks, Natick, Massachusetts), the locations
of the active contacts were plotted in a common space, henceforth
called ANT-MTT normalized space. The common origin in ANT-MTT
normalized space [x = 0, y = 0, z = 0] was set at the coordinates of the
ANT-MTT junction in native space. Locations of the active contacts are
presented as coordinates relative to this point of origin for each individual
patient. The rate of the active contacts located within the ANT was
assessed according to Lehtimäki et al 2018.26

Volume of Tissue Activation
Volume of tissue activation (VTA) for both monopolar and bipolar

contact configurations was modelled according to the methods described
by Chaturvedi et al 2013.27 In short, the spatial extent of axonal
activation was characterized by artificial neural networks based on finite
element models of the electrical fields generated by the DBS lead with
patient specific stimulation parameters. VTAs were subsequently plotted
around the active contact coordinates in ANT-MTT normalized space.
To visualize a common volume of tissue activated within each group, a
stimulation heat map was generated for responders and non-responders
using an activation score as described by Chueng et al.28 These were
subsequently superimposed on theMai atlas 3rd edition29 to visualize the
hot-spot of stimulation (intersection of VTAs with the highest activation
score) in anatomic space.

Statistical Analysis
Intraclass correlation coefficients (ICC) were calculated to evaluate

inter-observer reliability, and Pearson correlation was used to investigate
the relationship between seizure control and the Euclidean distance of
the active contact to the ANT-MTT junction. Coordinates relative to
MCP or ANT-MTT junction and Euclidean distances were compared
between groups by a Mann-Whitney U test. Patient characteristic were
compared between groups using a Mann-Whitney U or Chi-square test,
as appropriate. P-values < .05 were considered statistically significant.

RESULTS

Patients and Seizure Control
We included 20 patients with 1-yr follow-up of stimulation.

We classified 10 patients as responders and 10 patients as
non-responders, resulting in a responder rate of 50% with a
median 46% reduction in total seizure frequency, and 20%

FIGURE 3. Seizure control by percentage of change from baseline in total
seizure frequency at 1 yr after start of stimulation for responders (green) and
non-responders (red).
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A ROLE FOR THE MTT IN SEIZURE CONTROL?

TABLE. ANT-MTT Junction and Active Contact Locations

Responders, mean
[SD] in mm

Non-responders,
mean [SD] in mm P value, t-test

ANT-MTT junction coordinates relative to MCP
x, lateral 6.6 [1.3] 5.9 [1.3] .076
y, anterior 3.7 [1.4] 3.9 [1.9] .741
z, superior 8.6 [1.0] 8.8 [2.1] .072

Active contact coordinates relative to MCP
x, lateral 6.1 [2.0] 6.5 [1.9] .503
y, anterior 1.9 [1.4] 1.9 [2.8] .988
z, superior 8.6 [1.5] 10.2 [3.0] .050

Active contact coordinates relative to the ANT-MTT junction
x, lateral −0.5 [2.0] 0.6 [1.9] .067
y, anterior −1.8 [1.6] −2.0 [1.7] .698
z, superior 0.1 [1.6] 1.5 [3.4] .112

Euclidean distance of active

contacts to the ANT-MTT junction

3.3 [1.0] 4.6 [1.25] .015

of patients were seizure-free (Figure 3). Group characteristics
and individual patient characteristics can be found in Tables,
Supplemental Digital Contents 1 and 2. No significant differ-
ences were found between responders and non-responders for
possible confounders such as age, epilepsy duration, the suspected
seizure-onset zone or prior therapy. Of note, a seizure-onset
zone in the temporal lobe was more prevalent in responders
(4/10) compared to non-responders (2/10), but extratemporal
seizure onset was similar between groups (5/10). Multifocal
seizure onset was more prevalent in non-responders (3/10) than in
responders (1/10).

ANT-MTT Junction
For every individual patient, the ANT-MTT junction was

identified on preoperative MR images by two independent
observers. The inter-observer reliability was excellent
(ICC = 0.99, P < .001) for the first (independent) observations
of the ANT-MTT junction. In 30/40 of these observations, the
coordinates for the ANT-MTT junction by the two observers
differed <1 mm in all directions and thus the mean coordinates
of the first observation were used in further analysis. In 10/40
of first observations, the coordinates of the ANT-MTT junction
by the 2 observers differed ≥1 mm in either the x, y, or z
direction and, therefore, a consensus was reached in a second
observation and used in the final analysis. The definite mean
[SD] ANT-MTT junction coordinates relative to MCP for the
total ANT-DBS population were x = 6.2 mm [1.3], y = 3.8 mm
[1.7], and z = 8.7 mm [1.6], which represent the stereotactic
coordinates for indirect targeting of the ANT-MTT junction.
These ANT-MTT junction coordinates considerably differ
from the ANT coordinates (x = 5-6 mm, y = 0–2 mm,
z = 12 mm) commonly used for indirect targeting in
ANT-DBS.

FIGURE 4. Euclidean distance of the active contact to the ANT-MTT
junction correlates to seizure control.

Active Contact Location
Active contact coordinates relative to MCP and the ANT-

MTT junction are presented in Table. The active contacts
of responders were localized more medio-inferior towards the
ANT-MTT junction compared to non-responders, which were
localized more latero-superior and latero-inferior. The Euclidean
distance of the active contact to the ANT-MTT junction is 29%
smaller (P = .015) in responders (mean [SD]: 3.3 mm [1.0])
compared to non-responders (mean [SD]: 4.6 mm [1.25]). The
Euclidean distance correlated with change in seizure frequency
after 1 yr of DBS (r2 = 0.24, P= .03), implicating active contacts
located closer to the ANT-MTT junction are more likely to
reduce seizure frequency (Figure 4). Of all 44 active contacts,
45% (20/44) were placed within the ANT and 55% outside the
ANT (24/44). Contacts outside the ANT were situated in other
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FIGURE 5. Stimulation heat maps superimposed on an adaptation of the Mai atlas 3rd edition (12,0 mm - coronal plate 31) to visualize the
activation scores (range of 0%-100%) in anatomic space. The hot-spot (intersection of VTAs with the highest activation score) of responders A is
located at the medio-ventral ANT in close vicinity to the ANT-MTT junction in contrast to no evident hot-spot in non-responders B.

thalamic subnuclei (eg, mediodorsal and ventral anterior nucleus)
or white matter structures (eg, MTT and medullary lamina of the
thalamus). Within the 2 groups, 36% (8/22) of active contacts of
responders and 55% (12/22) of active contacts of non-responders
were placed within the ANT.

VTA
Stimulation parameters at 1-yr follow-up entailed a mean

amplitude [SD] of 5.6 V [0.4] with a pulse width of 90 μs,
frequency of 145Hz, and a stimulation-cycling mode of 1 min on
and 5 min off in all subjects. Eighteen subjects received bilateral
monopolar stimulation and 2 subjects received bilateral bipolar
stimulation considering side effects, namely irritability and sleep
problems. Information on individual subjects’ active contacts
is included in Table, Supplemental Digital Content 2. VTA
models were calculated from the patients’ individual stimulation
parameters, plotted in ANT-MTT normalized space, and super-
imposed on the Mai atlas29 (Figure 5). The stimulation hot-spot
of responders was at the medio-ventral ANT in close vicinity
to the ANT-MTT junction. In non-responders, there was no
evident stimulation hot-spot as the VTAs were heterogeneously

distributed either at the dorsal ANT or ventral anterior nucleus
(see Figure, Supplemental Digital Content 3 for heat maps in
coronal and sagittal views).

DISCUSSION

In this study, we investigated the relationship between stimu-
lation site and therapy response to ANT-DBS in 20 patients with
DRE by analyzing the locations of the active contacts and VTA
in respect to the ANT-MTT junction. Our results indicate that
the ANT-MTT junction can be used as an anatomical landmark
for neurosurgical targeting in ANT-DBS and is identified with
excellent interobserver reliability. Active contacts more closely
located to the ANT-MTT junction were associated with increased
seizure control. The stimulation hot-spot of responders was at the
medio-ventral ANT in high vicinity to the ANT-MTT junction
in contrast to no evident hot-spot in non-responders. Accordingly,
the ANT-MTT junction is not only an anatomical landmark
for direct neurosurgical targeting, but also a potential stimu-
lation site for increased seizure control. Although not investigated
in this study, neurosurgeons could revise the lead locations and
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A ROLE FOR THE MTT IN SEIZURE CONTROL?

neurologists could reprogram the pulse generator of non-
responders to include stimulation of the ANT-MTT junction and
optimize seizure control in patients with previously implanted
DBS leads. Co-stimulation of white matter tracts may play a
fundamental role in the mechanism of action of seizure control
by ANT-DBS and warrants further study.
Historically, DBS is directed at grey matter and is thought

to mimic a reversible, local lesioning effect. Recently, experience
in movement disorders and psychiatric conditions has shown
that DBS can have distant network effects, can modulate neuro-
transmitter release, induces neuroplasticity, and might even have
permanent structural effects leading to disease course modifi-
cation.30 These global effects cannot be explained by a mere local
lesioning effect and, consequently, researchers have concentrated
on effects on brain states, modulated in part by white matter
tracts. A recent promising example of neuromodulation specifi-
cally directed at white matter is the investigation of DBS of the
fornix for dementia-related disorders.31 Yet, in the epilepsy field,
targeting fiber tracts has long shown to have striking effects, as
callosotomy and VNS are well-established therapies for selected
patients with DRE. Interestingly, in the first fundamental exper-
imental studies suggesting involvement of the circuit of Papez in
seizure control, Mirski et al21 revealed that lesioning or electrical
stimulation of the MTT can protect against chemically induced
seizures in guinea pigs. Consequently, interruption of this key
connection by high frequency stimulation of the ANT had
similar results in rats.32,33 These experimental animal studies, the
pioneering human pilots of Cooper and Upton34 in the 1980 s,
along with several case series35,36 culminated in to the well-known
investigation of ANT-DBS for the treatment of DRE by the
SANTE study group.7

Effective Stimulation Sites in ANT-DBS for Epilepsy
The SANTE study reported amedian 56% reduction in seizure

frequency compared to baseline after 2 yr with a 54% responder
rate and a 69% seizure reduction with a 68% responder rate
after 5 yr.1,2 A post hoc analysis revealed that DBS lead place-
ments were not always within the ANT. Henceforth, there is only
scarce data available on the relation between the location of the
active contacts and clinical outcome in ANT-DBS. A study by
Lehtimäki et al4 made an in-depth analysis of lead placement
and location of the active contacts in their ANT-DBS cohort of
15 patients. Similar to the approach used here, they manually
defined the borders of the ANT in native space and constructed
an ANT-normalized coordinate system. Coupling the individual
active contacts to therapy response, they found that responding
contacts were located at the anterior aspect of the ANT, antero-
dorsal to the ANT-MTT junction, compared to a slightly more
postero-ventral localization in our study. Krishna et al6 report
on the locations of the active contacts and VTA of 7 responders
to ANT-DBS in Montreal Neurological Institute (MNI) space.
In line with our results, the stimulation hot-spot of responders
was at the ANT-MTT junction. Contrary to our study, non-

FIGURE 6. Visual representation of the stimulation sites of ANT-DBS
responders in the current study and published studies, overlaid on a sagittal
section of a 7T MR image. The sequence used was a T1 white-matter-
nulled MPRAGE51 (voxel size: 0.8 × 0.8 × 0.8 mm, TE/TR/TI of
3.3/4.5/617 ms) obtained from a healthy control using a 7T magnet (Siemens,
Erlangen, Germany) and a 32-channel head coil (NovaMedical, Wilmington,
Massachusetts) at the Maastricht Brain Imaging Centre. Abbreviations: ANT,
anterior nucleus of the thalamus; MTT, mammillothalamic tract.

responders were not included in this analysis and a link between
therapy response and stimulation site could therefore not be
made. Our study reports on the clinical outcome of an extra-
ventricular neurosurgical approach to the ANT and contributes
to the current definition of effective stimulation sites in ANT-
DBS for epilepsy. In summary, we found that an extraventricular
trajectory to the ANT results in similar (short-term) clinical
outcome as reported in the SANTE trial, that the ANT-MTT
junction can be identified with excellent inter-observer relia-
bility, the active contact locations and stimulation hot-spots differ
between responders and non-responders and that stimulation of
the ANT-MTT junction correlates to increased seizure control.

Future Perspectives in ANT-DBS Targeting and
Stimulation
Neurosurgeons commonly use frontal transventricular and

extraventricular approaches in ANT-DBS targeting, which are
both safe and well tolerated. The current study suggests that the
location of the effective stimulation site is similar for the transven-
tricular and extraventricular neurosurgical approach (Figure 6).
Although a transventricular trajectory is more likely to place
the contacts within the ANT due to its perpendicular approach
and additionally allows for more superior stimulation in the
ANT, the ANT-MTT junction can be stimulated by both
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trajectories.26 A novel posterior parietal extraventricular
trajectory37 has even been proposed recently, which is conven-
tionally used for shunt surgeries. High accuracy (90%) for
placing contacts into the ANT was found with this approach
leveraging the MTT junction as an anatomical landmark.38
Future studies comparing lead placement, stimulation sites, and
clinical outcome of patients with different surgical trajectories
will shed more light on the optimal surgical approach and
stimulation site in ANT-DBS for epilepsy.
Considering the current available Level 3 evidence on stimu-

lation sites in ANT-DBS, we advocate planning a neurosurgical
trajectory to target the ANT-MTT junction and programming
the pulse generator to stimulate this region. Given fibers can
also be stimulated by lower frequencies,39 low-frequency stimu-
lation could be an alternative effective stimulation paradigm in
ANT-DBS for epilepsy, as supported by experimental animal
studies.37,40 DBS directed at fiber tracts additionally vows to
elongate battery life and decrease stimulation-induced side effects.
Stimulation of a small population of axons could modulate a
large population of distant (epileptic) neurons,41 thus supporting
the clinical use of lower stimulation intensities. Ultra-high-field
MRI42 and tractography based neurosurgical targeting methods43
could facilitate distinct stimulation of the MTT (see Figure,
Supplemental Digital Content 4 for tractography of the MTT)
or other fiber tracts to achieve seizure control for diverse forms of
epilepsy. Potential white matter targets derived from the literature
include the MTT,44 thalamocingulate tract,45 corpus callosum,46
fornix,47 cerebellothalamic,48 and pallidothalamic49 tracts. We
anticipate renewed scientific interest and clinical exploration of
white matter tract stimulation in DBS for epilepsy.

Limitations
The main limitations of the present study are fourfold. First,

the number of patients included is low, resulting in a limited
power to detect significant changes. Yet, similar studies on
anatomical localization of DBS electrodes have used compa-
rable sample sizes.4,28 The sample size here is the largest
described yet for ANT-DBS and is thus representative, consid-
ering the currently scarce available evidence. Second, we did not
use Medtronic Suretune, the commercial software tool that is
aimed at localizing DBS leads in respect to an atlas or manual
segmentations of grey matter nuclei. Due to the high interindi-
vidual and interhemispheric variability in (mammillo)thalamic
anatomy10,14,50 and low MR contrast between the thalamic
subnuclei51, we instead chose to localize the leads to a patient-
specific anatomical landmark (the ANT-MTT junction) using
the Medtronic Stealthstation surgical navigation system. Subse-
quently, a normalized space for group analysis was constructed
similarly to published studies.4,25 Inherently to a study on DBS
lead localizations, there are possibleminimal inaccuracies of image
registration and active contact localization. Third, considering
the VTA model is designed to estimate the activation of large-
diameter axons (5.7 μm), the current predictions represent an

overestimation of the spatial extent of stimulation and thus a
“worst-case” scenario.27 Fourth, although not statistically signif-
icant in our cohort, confounding by patient demographics,
location of the suspected seizure-onset zone, prior epilepsy
surgery, or VNS cannot be excluded due to the retrospective
nature of the study. The results of our study are correlative,
and the importance of these potential confounding variables is
still unknown. Hence, our results should be interpreted with
caution. Due to the inclusion criteria of the current CE mark
of ANT-DBS, the patient population of our cohort is typically
heterogeneous. Future studies with larger andmore homogeneous
patient populations should replicate our results and investigate
stimulation hot-spots for different seizure types and seizure-onset
zones to move towards seizure circuit and patient-tailored DBS in
epilepsy.

CONCLUSION

Stimulation of the ANT-MTT junction correlates to increased
seizure control. Our findings suggest a relationship between
stimulation site and therapy response in ANT-DBS for DRE
with a potential role for modulation of the MTT. DBS directed
at white matter merits further exploration for the treatment of
epilepsy.
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magnet (Siemens, Erlangen, Germany) and a 32-channel head coil (NovaMedical,
Wilmington, Massachusetts) at the Maastricht Brain Imaging Centre. The right
ANT (orange) and mammillary body (yellow) were manually segmented on 7T
MR images. Subsequently, probabilistic fiber tracking with FSL’s probtrackx2 was
performed starting in the mammilary body using the ANT as inclusion mask and
manually excluding fibers leaking into the fornix.
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COMMENT

I n this manuscript, the authors present a retrospective analysis of
outcomes following deep brain stimulation (DBS) of the anterior

nucleus of the thalamus (ANT) – specifically focusing on the effect
of stimulation location on seizure outcomes after one year of stimu-
lation. While studies have demonstrated the long-term benefit of ANT
neuromodulation,1 only a few have searched for the ideal location of
stimulation or “hot spot” in the ANT. We have previously described
that the specific location of stimulation may affect seizure outcome,
particularly with the anatomical variability of the ANT that exists
in patients with chronic epilepsy.2 Specifically, we found that stimu-
lation more anteriorly, medially, and superiorly in the ANT was
associated with greater seizure reduction. We therefore hypothesized that
stimulation of the anteroventral ANT subnucleus may play a role in

efficacy. Lehtimäki et al3 subsequently performed a more thorough
analysis in which they similarly found that stimulation should be located
more anteriorly and superiorly. While the current study also suggests that
more anterior stimulation is associated with superior clinical outcomes,
they also suggest the nuanced difference that specific targeting of the
mammillothalamic tract (MTT) is necessary for improved rates of seizure
reduction.

While this study serves as the largest series to date focused on
identifying the optimal target of stimulation within the ANT, further
studies are still necessary to further investigate these preliminary findings.
Overall, I believe that this work significantly adds to our current under-
standing regarding the correct location of stimulation within the ANT
in DBS for epilepsy.

Chengyuan Wu
Philadelphia, Pennsylvania
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