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BACKGROUND  Lennox-Gastaut syndrome (LGS) is a severe developmental and epileptic encephalopathy characterized by multiple seizure types, 
intellectual disability, and distinctive EEG findings. Deep brain stimulation of the centromedian nucleus (CM-DBS) is an emerging therapy for LGS, 
but pediatric experience remains limited.
OBSERVATIONS  The authors report a single-center experience with CM-DBS in 6 children and adolescents (ages 12–18 years) with LGS. One 
patient experienced infection-related device removal after 2 months. The remaining 5 received sustained stimulation for 2.5–5 years. All 5 showed 
caregiver-reported improvements in seizure burden and alertness, with corroborating Clinical Global Impression–Improvement scores. Three patients 
exhibited marked seizure reduction following targeted reprogramming toward a previously identified optimal target of stimulation in the anterolateral 
CM. Pre- and post-DBS scalp EEG recordings were available in 1 patient and showed a reduced burden of interictal discharges.
LESSONS  CM-DBS is a promising treatment for pediatric, medically refractory LGS when resective approaches are unsuitable. Benefits were 
sustained over years. Lead localization and direction of stimulation appear important to optimize clinical benefit. These findings support the feasibility 
and safety of pediatric CM-DBS and highlight the need for prospective trials incorporating EEG-based outcomes and patient-centered measures 
including comorbidities and quality of life. Early, network-targeted neuromodulation may improve long-term outcomes.
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Lennox-Gastaut syndrome (LGS) is a severe developmental and 
epileptic encephalopathy characterized by childhood onset of multiple 
seizure types including tonic seizures, abnormal EEG patterns includ-
ing slow spike-and-wave (SSW) and generalized paroxysmal fast 
activity (GPFA), and intellectual disability.1–3 Improved therapies are 
urgently needed, particularly for patients not eligible for resective or 
ablative surgery.

LGS has diverse genetic, structural, and other causes4,5 that con-
verge on epileptic brain networks “secondary” to the specific etiology. 
The secondary network effects are thought to be the ultimate source of 

LGS manifestations5,6 and include prominent thalamocortical dysfunc-
tion.7,8 Targeting these shared network patterns with neuromodulation 
is a promising therapeutic strategy. Deep brain stimulation (DBS) 
involves implantation of electrodes in subcortical targets such as the 
thalamus to disrupt pathological cortico-subcortical interactions.9

The centromedian nucleus of the thalamus (CM) has been targeted 
in generalized epilepsy for > 30 years.10–12 CM connects to regions 
within the LGS secondary network, including the striatum, brainstem, 
cerebellum, and frontal lobe.13,14 Intraoperative recordings show early 
CM burst firing during tonic seizures and GPFA.15 More recently, the 
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Electrical Stimulation of Thalamus for Epilepsy of Lennox-Gastaut 
Phenotype (ESTEL) trial, a randomized, double-blind, placebo-
controlled study of CM-DBS in 20 young adults with LGS, was con-
ducted.16 The ESTEL trial reported a median seizure reduction of 
46.7% and improved alertness after 3–6 months.16 Adverse events 
included infection-related device removal (1/20), postoperative drows-
iness (12/20), and DBS side effects including paresthesia. Another 
trial of thalamocortical responsive neurostimulation (RNS) targeting 
the CM and frontal cortex in patients with LGS aged ≥ 12 years is 
ongoing.17

While the ESTEL trial focused on adults, LGS is a progressive 
disorder that begins in childhood, making earlier intervention poten-
tially more effective.18–22 We present a single-center experience using 
CM-DBS in 6 children/adolescents with LGS and highlight consider-
ations for optimizing pediatric care.

Study Description
This retrospective study included patients with LGS implanted 

with a CM-DBS device at Stanford Children’s Health between 2019 
and 2022, with approval of the Stanford IRB. Cases were identified 
using the Stanford STARR search engine for procedure codes Z96.82 
“Presence of neurostimulator” and Z96.89 “Presence of other speci-
fied functional implants.”23

We included children and adolescents (< 20 years of age at time of 
DBS) meeting diagnostic criteria for LGS defined by the International 
League Against Epilepsy:3 childhood-onset epilepsy with multiple 
seizure types (including tonic seizures), developmental delay or intel-
lectual disability, and EEG findings of SSW and GPFA. Six children/
adolescents met these criteria.

All patients had daily seizures despite trials of at least two medica-
tions at adequate doses.24 Before DBS, vagus nerve stimulation (VNS) 
had been attempted in all, and one underwent corpus callosotomy. 
Each had brain MRI and video-EEG monitoring;25 none were suitable 
candidates for resective/ablative surgery due to multifocal or general-
ized seizure onset. Genetic testing was performed for patients with 
unexplained epilepsy, with negative results unless otherwise specified 
below. CM-DBS was recommended via multidisciplinary consensus. 
All patients had excellent medical compliance and reliable follow-up 
in the neurology clinic.

Presurgical Planning
The CM is poorly visualized on standard T1- or T2-weighted MRI.26 

However, advanced sequences such as magnetization-prepared 2 
rapid acquisition gradient echo (MP2RAGE)27 and fast gray matter 
acquisition T1 inversion recovery (FGATIR)28 can improve intratha-
lamic contrast. At our institution, FGATIR is the preferred sequence for 
direct targeting and is part of our standard pre-DBS 3T imaging proto-
col. Additionally, two indirect approaches are used to confirm localiza-
tion: stereotactic coordinates used in prior CM-DBS studies,10,12 and 
nonlinear, patient-specific spatial normalization to warp a bilateral 
mask of the CM from the Deep Brain Stimulation Intrinsic Template 
Atlas (DISTAL)29 to each patient’s native T1-weighted MRI using Lead-
DBS software.30 This produces a “burnt-in” overlay of the atlas-based 
CM location on the patient’s T1-weighted MR images.

CM-DBS Implantation
Boston Scientific DBS systems with directional leads (Vercise 

Cartesia) were used (Vercise Gevia for patients 1–5, Vercise Genus 
R16 for patient 6). Lead trajectories were planned using Brainlab 

Elements software with the burnt-in CM scan. Trajectories were opti-
mized for vessel and ventricle avoidance, with typical entry points via 
the middle frontal gyrus, anterior to the coronal suture, traversing the 
CM laterally to medially (coronal plane) and anterior to posterior (sagit-
tal plane) (Fig. 1). Stereotactic methods for implantation included both 
Leksell frame–based (Elekta) and robotic (ROSA, Zimmer Biomet) 
techniques. A standard two-stage protocol was used, with initial place-
ment of intracranial leads followed by generator placements in the 
chest 2 weeks later.

Device Programming
Each DBS electrode has 4 levels and 8 contacts in total (Fig. 2). 

Devices were activated 1–3 months postoperatively using standard 
programming protocols.10 In some, activation was delayed due to a 
period of seizure freedom postimplantation. Stimulation was adjusted 
every few weeks to months based on caregiver-reported seizure bur-
den. Current was titrated from 1 to 3–5 mA over 2–3 months, initially 
distributed equally across active contacts. After current titration, pro-
gramming was transitioned to longer pulse widths (200–300 μsec at 
149 Hz), which caregivers reported as more effective; similar settings 
were used by Cukiert et  al.31 In all but 1 case (patient 1), stimula-
tion of the middle two contact levels provided optimal seizure con-
trol; patient 1 responded best to stimulation of the deepest contacts. 
Some patients indicated transient sensory symptoms in the hand or 
face, but these typically resolved after a few seconds to a minute and 
rarely required amplitude adjustment. Some patients lacked the verbal 
skills to describe sensory changes, although none appeared on visual 
examination to be in discomfort.

Postoperative Review of Electrode Placement and 
Stimulation Field Modeling

Data from the ESTEL trial, published after our implantations, 
suggested that stimulation near the anterior inferolateral “parvocel-
lular” CM border, adjacent to the ventral lateral nucleus, was asso-
ciated with greater seizure reduction.32 To integrate these findings, 
we reviewed electrode placement in our patients. Postoperative CT 
scans were linearly registered to the preoperative MRI using Lead-
DBS.30 Leads were localized using PaCER33 and nonlinearly warped 
to Montreal Neurological Institute (MNI) 2009b space. Bilateral electric 
fields (E-fields; in V/mm) were modeled using a finite element method 
(FieldTrip/SimBio within Lead-DBS).30 We compared E-fields to the 
Thalamus Optimized Multi Atlas Segmentation (THOMAS) thalamic 
atlas34 and calculated stimulation overlap as the percentage of all 
E-field values (> 70 V/mm) within each nucleus (Fig. 1). Left and right 
values were averaged to estimate bilateral overlap. E-field center-
of-gravity coordinates are shown in Table 1. In selected cases, this 
guided current steering. Specifically, current was directed to the two 
vertically adjacent contact levels nearest to the optimal ESTEL trial 
coordinates,32 with lateral directional charge refined in the horizontal 
plane.

Outcomes
Seizure burden was assessed by caregiver reports over time. 

Change in overall clinical status was rated using the Clinical Global 
Impression–Improvement (CGI-I) Scale, which has been used35 to 
assess the extent to which an individual’s epilepsy and comorbidities 
change compared with the pretreatment baseline, as follows: 1 = very 
much improved, 2 = much improved, 3 = minimally improved, 4 = no 
change, 5 = minimally worse, 6 = much worse, or 7 = very much worse.



J Neurosurg Case Lessons  |  Vol 10  |  Issue 12  |  September 22, 2025  |  3

FIG. 1. Reconstruction of bilateral DBS leads in each patient: patient 1 (A), patient 3 (B), patient 4 (C), patient 5 (D), 
patient 6 (E). Note that patient 2 did not undergo sustained CM-DBS treatment and thus lead positions are not visualized here. 
For each patient, leads are shown in a sagittal view for the left and right electrodes separately. Locations are displayed with 
respect to the centromedian (CM), mediodorsal-parafascicular (MD-Pf), and ventral lateral (posterior ventral subdivision) (VLPv) 
nuclei, as defined by the THOMAS atlas. Bar plots on the right show the spatial overlap between each patient’s bilateral 
stimulation E-fields and each thalamic nucleus. A = anterior; AV = anterior ventral; Lat. = lateral; P = posterior; Pul = pulvinar; 
S = superior; VA = ventral anterior; VLa = ventral lateral anterior; VLPd = ventral lateral posterior dorsal; VPL = ventral posterior 
lateral.
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Cases
Key characteristics and details for each patient are summarized 

in Table 2. 

Case 1
Patient 1 had LGS of unknown etiology, with epilepsy onset at 

age 8 years. Brain MRI and whole-exome sequencing were unre-
markable. Before CM-DBS, the patient experienced > 20 tonic and 
> 100 atypical absence seizures daily, with less frequent generalized 
tonic-clonic (GTC) seizures. Stereo-EEG revealed multifocal or diffuse 

seizure onset. DBS surgery was performed without complications. 
Postoperative imaging confirmed bilateral lead placement within the 
anterior CM (Fig. 1A). Immediately after surgery, before stimulation 
was turned on, nearly complete seizure freedom occurred for approxi-
mately 3 months, followed by recurrence. After stimulation was initi-
ated and titrated, seizure burden declined. Unlike other patients in this 
series, scalp EEG was performed before and after implantation, with 
and without stimulation active. Interictal discharges, especially SSW, 
were infrequent postimplantation, although device artifact was present 
when stimulation was on (Fig. 3). Over subsequent years, periodic 
seizure flares were managed with DBS programming adjustments, 
including directing stimulation toward the anterior inferolateral CM.32 
Seizure semiology evolved, with predominant seizures becoming 
frontal lobe in origin, manifesting as impaired awareness and slow 
loss of tone. At present, these occur one or two times daily. The most 
substantial reduction was in atypical absence seizures, which caregiv-
ers reported as decreasing from approximately 100 per day before 
CM-DBS to rare at the most recent follow-up. Caregivers also noted 
improved alertness, cognition, and verbal interaction, with a CGI-I 
score of 3. The epileptologist reported a CGI-I score of 2.

Case 2
Patient 2 had childhood onset of seizures secondary to bilateral 

polymicrogyria. By the age of 8 years, she met diagnostic criteria 
for LGS including atypical absence seizures, GTC seizures, tonic 
seizures, developmental delay, and frequent episodes of status epi-
lepticus. EEG revealed seizures with bilateral, independent onsets. 
The CM-DBS device was implanted at age 14 years, and standard 
titration was followed, with caregiver-reported increased alertness and 
seizures becoming milder. One-month postimplantation, she contin-
ued to have frequent drop attacks (5–6 per hour), but these became 
subtle head drops rather than falls. Her perioperative course was 
complicated by intermittent swelling and redness in the neck along 
the DBS wires. A staphylococcus infection, limited to the surround-
ing soft tissue, was identified. Consensus with the family and clini-
cal team was to remove the DBS device, 2 months postimplantation. 
Initially the family was interested in a repeat CM-DBS implantation due 
to the immediate seizure improvement described above, but seizure 

FIG. 2. Schematic of Boston Scientific DBS lead. Each 
lead has 4 levels, containing a total of 8 contacts (1 is the 
deepest contact).

TABLE 1. DBS coordinates

​Patient No.
MNI Coordinates, x, y, z, mm

Lt E-Field Center of Gravity Rt E-Field Center of Gravity
1 −10.2, −20.2, 2.5 8.6, −18.5, 1.4
2* NA NA
3 −7.8, −21.1, 2.3 9.2, −22.1, 3.9
4 −6.1, −20, 2.7 9, −19.7, 1.3
5 −9.1, −18.6, 1.2 11.1, −19.1, −1.1
6 −11.1, −20.2, 1.8 9.7, −21.5, 1.3

NA = not available.
For each patient, we calculated bilateral E-fields, representing the spatial extent 
and strength of stimulation in tissue surrounding the DBS electrode. To summarize 
these stimulation locations in a common template space, we calculated 
coordinates for the center of gravity for left and right E-fields separately, in MNI 
International Consortium of Brain Mapping 2009b asymmetric nonlinear template 
space. The center of gravity was calculated after binarizing E-fields using a 
threshold of 200 V/mm.
* E-fields were not computed for this patient due to device explantation after an 
infection.
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reduction persisted for several years following device removal, without  
reimplantation.

Case 3
Patient 3 had T-cell acute lymphoblastic leukemia (ALL) treated 

with chemotherapy at age 2 years, including CNS intrathecal meth-
otrexate associated with an episode of status epilepticus, requiring 
folinic acid therapy to abort. While the ALL went into remission, he 
was noted to have bilateral, frontally predominant, cystic white matter 
injury with calcifications. At age 7, the patient developed medication- 
and VNS-resistant epilepsy, including daily atypical absence seizures, 
weekly tonic seizures, and GTC seizures (Table 2). EEG revealed 
generalized or multifocal seizure onset and a high burden of gener-
alized discharges. At 15 years, a CM-DBS device was placed. The 
immediate postoperative period after lead placement was complicated 
by transient altered mental status and aspiration pneumonia, requiring 
prolonged hospitalization. The etiology for the altered mental status 
was never identified and completely resolved with minimal interven-
tion. Postoperative imaging showed that both CM-DBS leads were 
positioned in the medial CM (Fig. 1B). At a recent follow-up (4.3 years 
postimplantation), the patient had marked reduction in seizures 
(Table 2), reporting one or two absence seizures per day and intermit-
tent periods of seizure freedom. Notably, the patient had an episode of 
status epilepticus in the setting of stimulation loss due to battery dis-
charge (failure to charge battery), suggestive of substantial CM-DBS 
benefit. Furthermore, scalp EEGs performed with stimulation turned 
off continued to show atypical absence seizures and tonic seizures, 
suggesting that CM-DBS was beneficial only during ongoing stimu-
lation. Caregiver and epileptologist CGI-I scores agreed (2 and  2)  
(Table 2).

Case 4
Patient 4 had LGS thought to be secondary to a pathogenic, de 

novo variant in the SETD1B gene (c.4867C>T; p.Q1623X). Prior to 
CM-DBS implantation at age 15 years, he was having > 100 absence 
seizures per day with eyelid myoclonia and occasional tonic or GTC 
seizures. Brain MRI was normal and video-EEG monitoring showed 

generalized seizure onset and frequent generalized interictal dis-
charges. Postimplantation imaging showed that the right DBS lead 
was positioned in the medial CM, whereas the left lead was located 
slightly off-target, medial to the CM, within the mediodorsal nucleus 
(Fig. 1C). Atypical absence and eyelid myoclonic seizures decreased 
by 50%, while tonic and GTC seizures ceased. At the most recent 
follow-up, he underwent directed stimulation toward the anterior infer-
olateral CM with further improvement in seizure control: the clusters 
of myoclonic seizures are mostly resolved, and the patient has some 
seizure-free days. Caregiver and epileptologist CGI-I scores were 
each 2 (Table 2).

Case 5
Patient 5 had LGS attributed to a pathogenic variant in NEXMIF 

(c.1597delGp.Arg533Valfs*24). Seizures began at 11 months of age 
and were medication-refractory aside from a 2-year period of seizure 
freedom between ages 5 and 7 years. She was having daily seizures 
by age 13, including frequent tonic, myoclonic, and prolonged GTC 
seizures (Table 2). She was hospitalized multiple times for status 
epilepticus. MRI revealed a subtle dysmorphic shape of the bilateral 
hippocampi, although without other abnormalities such as mesial tem-
poral sclerosis. EEG demonstrated poorly localized seizure onset. A 
VNS device was placed at age 14 years, and she underwent anterior 
two-thirds corpus callosotomy at age 17, but continued to have approx-
imately 15 myoclonic seizures per day in clusters lasting 20 seconds 
to 2 minutes, and tonic seizures lasting 1–2 minutes three times daily. 
After CM-DBS implantation at age 18, postoperative imaging showed 
that the left lead was positioned in the anterior CM, whereas the right 
one was on the anterolateral border of the CM, near the ventral lateral 
nucleus (Fig. 1D). The postoperative course was notable for immedi-
ate, nearly complete cessation of seizures. At 2 months, the patient’s 
seizures recurred; CM-DBS was turned on and programming titration 
initiated. At the most recent follow-up 4 years after CM-DBS, there 
was a substantial reduction in myoclonic seizure frequency and dura-
tion, and tonic seizures had ceased (Table 2). Her family also noted 
that she was more alert. Both caregiver and epileptologist reported an 
CGI-I score of 2 (Table 2).

TABLE 2. Patient characteristics
Pt 

No. Sex
Age at 

Implant, yrs
Duration Since Implant 
at Last Evaluation, yrs Reported Sz Burden Pre-DBS Reported Sz Burden at Most Recent FU CGI-I Scores

1 M 17 5.25 Atonic: >20/day
Atypical absence: >100/day

GTC: rare

New: 1–3 frontal lobe Sz/day
Atonic: None

Atypical absence: none
GTC: none

Caregiver: 3
Epileptologist: 2

3 M 15 4.3 Atypical absence: too many to count
Tonic: 3/wk
GTC: 1/wk

Atypical absence: 1–2/day
Tonic: none
GTC: none

Periods of Sz freedom lasting up to 1 mo

Caregiver: 2
Epileptologist: 2

4 M 15 4.2 Atypical absence: >100/day
Myoclonic: 10/day
Tonic or GTC: rare

Atypical absence: ~50/day
Myoclonic: <5/day, in the morning

Tonic or GTC: none

Caregiver: 2
Epileptologist: 2

5 F 18 4 Myoclonic: 15/day, 20 secs–2 mins
Tonic: 3/day

Myoclonic or tonic: 5–10/day, duration 
2–3 secs
Tonic: none

Caregiver: 2
Epileptologist: 2

6 F 12 2.5 Atonic: up to 100/day, often 
progressing to GTC Sz

Atonic: rare, progress to GTC Sz about 
every 2 wks

Caregiver: 3
Epileptologist: 2

FU = follow-up; Pt = patient; Sz = seizure(s).
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Case 6
Patient 6 had seizure onset at age 7 years with refractory tonic, 

myoclonic, and GTC seizures. MRI revealed right hippocampal and 
anterior temporal lobe volume loss. Despite this, seizures did not 
show any lateralizing features, either clinically or electrographically. 
CM-DBS was performed at age 12 for refractory atonic seizures. 
Postoperative imaging showed that both leads were positioned in the 
CM’s center, slightly more posterior on the right (Fig. 1E). At 2 years 
of follow-up, seizure burden was not substantially altered despite 
repeated adjustment of settings. At the most recent visit, stimulation 
was adjusted to steer current to the optimal target identified in the 
ESTEL trial.32 Following this, seizure burden markedly decreased, with 
daily drop seizures becoming rare, and GTC seizures occurring about 
every 2 weeks. Caregivers noted marked improvement in alertness, 

with increased periods of ability to interact and focus. Caregivers 
reported a CGI-I score of 3, and the epileptologist reported a CGI-I 
score of 2 (Table 2).

Informed Consent
The necessary informed consent was obtained in this study.

Discussion
Observations

The ESTEL trial provided evidence for CM-DBS as a therapeutic 
option for adults with LGS.16 Our single-center experience extends 
these findings to 6 pediatric patients, 5 of whom received sustained 
stimulation over 2.5–5 years. All 5 showed caregiver-reported reduc-
tions in seizure burden and improved alertness, supported by CGI-I 
scores.35 One patient experienced a surgical site infection requiring 
device removal; no other long-term complications occurred. These 
observations align with ESTEL trial data, suggesting that CM-DBS may 
offer benefits when initiated earlier, during childhood/adolescence. 
This is supported by previous studies suggesting that resective sur-
gery for LGS is most effective when performed earlier.18,19

The ESTEL trial revealed a potentially optimal target for CM-DBS 
in adult patients in the anterolateral/parvocellular CM and adjacent 
ventral lateral nucleus.32 Stimulation at this site is predicted to inter-
sect the anatomical territory of the LGS secondary network, including 
the premotor/prefrontal cortex, putamen, brainstem, and cerebellum. 
In patients 1, 4, and 6, steering stimulation toward the ESTEL trial–
defined target yielded additional seizure reduction, underscoring the 
value of tailoring stimulation to individual electrode placement. As 
a result of observations described here, we have subsequently pri-
oritized placement of directional contacts within the CM to enable 
steering of current toward the ESTEL trial–identified optimal target of 
stimulation.

Lessons
Resective surgery and corpus callosotomy can confer substantial 

benefits to appropriately selected individuals with LGS.36,37 CM-DBS 
should be considered when comprehensive surgical evaluation rules 
out candidacy for resective surgery. Each patient in this series already 
had VNS at the time of CM-DBS implantation. The Add-On Deep Brain 
Stimulation Versus Continued Vagus Nerve Stimulation for Childhood 
Epilepsy (ADVANCE) trial found that in children with drug-resistant 
epilepsy who failed to respond to VNS, add-on DBS led to greater 
seizure reduction compared with continued VNS optimization (51.9% 
vs 12.3%).20

Strengths of this series include the availability of long-term out-
comes (2.5–5 years), particularly relevant to the pediatric population. 
Of note, the devices were well tolerated over years. Our experience 
is that while standardized programming approaches are optimal dur-
ing the initial titration, DBS programming should then be personalized. 
Each patient had some periods of increased seizure burden over the 
years following DBS implantation, requiring further adjustment of set-
tings, which in each case ultimately decreased seizure burden from 
the pre-DBS baseline. Like other forms of neuromodulation such as 
VNS and RNS, there seemed to be a cumulative benefit of CM-DBS, 
with seizure burden decreasing and cognition improving over years. 
Seizure reduction was seen as early as immediately after implanta-
tion, and typically within a few months of implantation. However, 
none of our patients were seizure free even following several years 
of CM-DBS.

FIG. 3. Representative scalp EEG recordings obtained in patient 1. 
A: EEG recording obtained 23 months prior to CM-DBS, showing 
frequent bursts of SSW lasting up to 30–40 seconds, which were 
observed during wakefulness and sleep. B: Forty-five-minute EEG 
recording obtained 1 month after CM-DBS implantation and prior to 
the DBS device being turned on, showing reduction of SSW during 
wakefulness (sleep was not captured). C: One-hour EEG recording 
obtained 6 months after CM-DBS placement, with the device turned 
on, demonstrating continued reduction of SSW, during wakefulness 
and sleep.
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Weaknesses of our study included the retrospective nature of the 
case series and the lack of consistent longitudinal EEG recordings for 
gold-standard seizure quantification, necessitating reliance on care-
giver reports and CGI-I scores. Of note, electrographic seizure reduc-
tion was statistically significant following CM-DBS in the ESTEL trial, 
while caregiver-reported (diary) seizure reduction was not.16 These 
differences may by influenced by the subtle nature and frequency of 
atypical absence seizures associated with LGS, and seizures occur-
ring during sleep, which can make it challenging to quantify seizures 
based solely on caregiver reports. The availability of EEG data might 
have revealed a more significant reduction in seizure frequency in our 
cases. While the ESTEL trial evaluated CM-DBS in individuals aged 
17–37 years,16 our study adds data for children aged 12–18 years. 
Future work should address the safety and efficacy of CM-DBS in 
younger children in whom issues such as rapid skull and brain growth 
may be relevant.

In summary, our experience with CM-DBS for refractory seizures in 
the setting of pediatric LGS suggests that principles guiding CM-DBS 
in adults may be applied in children for therapeutic effects that are 
sustained over years. Our findings point to the need for a system-
atic study of CM-DBS in children with LGS, e.g., in a clinical trial with 
EEG-quantified seizure burden, providing clinicians with an evidence 
base to inform discussions of risks, benefits, and prognosis. Given that 
other forms of neuromodulation, particularly VNS, are widely used in 
LGS,37 comparative effectiveness studies are needed; the potential for 
synergistic effects of different types of neuromodulation, in combina-
tion with palliative interventions such as corpus callosotomy, should 
also be pursued. Consideration should be given to inclusion of patient-
centered endpoints, not limited to seizure burden but also including 
sleep quality, alertness, cognition and behavior—outcomes that were 
particularly important to patients’ caregivers in our institution.
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