SUMMARY OF INS WORLD CONGRESS - PORTUGAL 2026

The 17th World Congress of the International Neuromodulation Society (INS) 2026
was held in Lisbon, Portugal, from 9-14 May 2026 under the theme
“Neuromodulation: Bridging Minds, Machines, and Medicine”. [1, 2]

The congress hosted over 1,500 delegates and featured roughly 140—160 oral
presentations, abstract sessions, and extensive poster galleries.

LINK to PROGRAMME:
https://cslide.ctimeetingtech.com/ins26/attendee/confcal/session/calendar/2026-05-
09?7 dl=1%2As5ihns%2A gcl aw%2AR0ONML]E3Nzg0MzQ5MzUuQ20owSONRandoL
UhQQmhDSUFSSXNBQzBwM2NkU2V5WFhUVEh1RXIyUV90OMFRaRTN5UHpweE
QO0Z1NEVFh2UEVXUKhENINScUt4bVVucHVRb2FBcnYYRUFMd193Y0Il.%2A gcl a
U%2AMTEXMTYONTU2Mi4xNzcwNzc4Mzc3LjUzMjgdMzY5My4xNzc4AMTQwMDc4L
E3NzgxNDAWNzc.%2A ga%2ANDQzMDc1MzE4LjE3NzA3NzgzNzc.%2A ga 363R
2G25SQ%2AczE3Nzg0OMzQ20DUkbzExJGexJHQxNzc4NDMOOTM3JGo1NyRsMC
RoMTAYMDM1OTc20A.

SATURDAY: 09.05.2026 - CADAVER WORKSHOP

SUNDAY: 10.05.2026 - NONINVASIVE BRAIN STIMULATION

1IS001 - THE NEXT FRONTIER OF HOME-BASED TDCS

Author/Presenter: Leigh Charvet

As neuromodulation technologies evolve, scalable and efficient frameworks for
evaluation and deployment are increasingly necessary. Centrally administered,




home-based transcranial direct current stimulation (DCS) represents the next step
for both clinical research and care delivery. Drawing on more than a decade of
experience within an academic medical center-based program at NYU Langone
Health, we describe the development of a high-capacity home-based tDCS
infrastructure supporting large clinical research initiatives and a telehealth service
model in the United States. This approach separates treatment delivery from
physical clinic infrastructure while maintaining centralized oversight, safety
monitoring, and protocol fidelity. Proof of principle demonstrates that this model can
support multicenter randomized controlled trials with reduced timelines compared
with traditional site-based studies. Such trials are well suited for rapid evaluation of
emerging stimulation paradigms, systematic exploration of dose-response
relationships, and optimization of stimulation schedules. Clinically, home-based
tDCS aligns with growing recognition that effective neuromodulation may require
higher cumulative dosing and longer treatment courses than historically studied.
Extended duration, adaptive booster strategies, and flexible scheduling can be
implemented with minimal patient burden, supporting sustained engagement and
long-term management. Recent regulatory developments in home-based
neuromodulation underscore the timeliness of scalable, centrally supervised
treatment models. In mood disorders, this framework supports early intervention,
continuity of care, and integration within broader treatment pathways. Looking
ahead, centrally administered home-based tDCS provides a unified platform for
accelerating translational research while expanding access to noninvasive
neuromodulation.

By integrating rapid trials and real-world implementation within a single
infrastructure, this model has the potential to reshape how tDCS and related
technologies are evaluated and incorporated into routine care.

Supplemental Data

Operational models for centralized administration and multicenter coordination will
be described.

1IS002 - NEURODEVELOPMENTAL CONSIDERATIONS USING NIBS

Authors: Conelea, Christine, Lieske A.

Introduction and Discussion

Introduction: Non-invasive brain stimulation (NIBS), particularly repetitive transcranial
magnetic stimulation (rTMS), has emerged as a promising therapeutic intervention
for pediatric neuropsychiatric disorders. However, as the field transitions into an
"efficacy era" characterized by larger clinical trials and expansion into younger
populations and diverse diagnoses, a "one-size-fits-all" approach adapted from adult
protocols will likely be insufficient. This presentation outlines critical
neurodevelopmental factors that may influence NIBS effects, safety, and clinical
efficacy and how such factors may be considered in clinical trial design and
implementation. Methods: We conducted a comprehensive review of the intersection
between neurodevelopment and rMS parameters. This analysis evaluated how
maturational changes across multiple domains interact with the mechanisms of
action of rTMS. For this talk, examples from within our own studies of rTMS in youth
will also be included. Results: Our review identifies several key neurodevelopmental
features that may moderate rTMS effects in youth, including neuroanatomy, neural
circuit topography, neuroplasticity, and shifts in hormones and neurotransmitters.
Development-related factors can also influence the state-dependent effects of
stimulation, and psychosocial development can impact aspects of feasibility,




tolerability, safety and adverse event monitoring. Finally, particular ethical
considerations arise in the conduct of pediatric NIBS clinical trials that will be
highlighted. Discussion: Strategies for managing each identified developmental
consideration now and in the future will be discussed, including approaches related
to clinical trial design and operating procedures. The talk will highlight areas for
future research to enable trial rigor and clinical implementation. Conclusions:
Integrating neurodevelopmental principles into rTMS research is essential for the
successful translation of this technology into pediatric clinical practice. By accounting
for the dynamic nature of the developing brain, future trials can enhance the
precision of target engagement and improve clinical outcomes for youth with
neuropsychiatric conditions.

1IS003 - NON-INVASIVE BRAIN STIMULATION IN PREGNANCY AND
POSTPARTUM

Authors: Ganho, Avila A.

Presenter: Ana Ganho Avila

Introduction and Discussion

Introduction Pregnancy and postpartum are periods of profound neuroendocrine
transitions associated with increased vulnerability to mental health disorders.
Perinatal depression alone affects up to 20% of women worldwide. Despite this,
treatment models still overlook the unique neurobiology of the perinatal brain.
Pregnancy and postpartum involve rapid fluctuations in ostradiol and progesterone
that modulate glutamatergic and GABAergic transmission, shaping cortical
excitability and synaptic plasticity. In the case of peripartum depression (PPD),
converging neuroimaging evidence suggests that it may constitute a distinct
neurobiological phenotype relative to non-peripartum major depression. This
phenotype is characterized by altered salience network organization, disrupted
limbic-prefrontal coupling, and impairments in inhibitory control. [1]. These findings
suggest that brain stimulation effects in the perinatal brain are state-dependent and
interact with endocrine-driven plasticity windows. Repetitive transcranial magnetic
stimulation (rTMS) and transcranial direct current stimulation (tDCS) have
demonstrated moderate clinical efficacy and favourable safety profiles in pregnancy
and postpartum, with high adherence and mild to no adverse effects. However, most
studies remain small and mechanistic biomarkers are largely unexplored [2].
Acceptability data indicate feasibility and perceived benefit, underscoring the need to
integrate health innovation within structured care pathways adequately supervised
by health professionals (3]. Discussion Given hormone-driven modulation of cortical
plasticity, uniform stimulation parameters may contribute to heterogeneous
outcomes. Integrating endocrine profiling with cortical excitability measures (e.g.,
TMS-EEG indices) and network-level biomarkers may allow identification of
hormone-dependent windows of responsiveness. The future of perinatal non-
invasive brain stimulation lies in biologically stratified, state-dependent intervention
strategies. Therefore, advancing toward precision perinatal neuromodulation
requires shifting from symptom-based models to a hormone-brain coupling paradigm
in which endocrine dynamics inform target selection, dosing, and timing of
stimulation. The question is no longer whether DCS/rTMS are feasible in pregnancy
and postpartum but whether we are ready to design it according to the biology of the
perinatal brain.



1IS004 - WEARABLE DISPOSABLE BRAIN STIMULATION

Authors: Bikson M.

Presenter: Marom Bikson

While both brain stimulation and pharmacotherapy have extensive historical roots,
pharmacotherapy is the predominant and first-line treatment for neuropsychiatric
disorders. Many patients are refractory to or exhibit intolerance to pharmacotherapy,
which has motivated the development of brain stimulation therapies. The relatively
limited use of brain stimulation in current psychiatric practice (especially as a first-
line therapy) compared to pharmacotherapy can be explained, in part, by differences
in access and usability rather than efficacy. We propose a new class of brain
stimulation technology, emulating the distribution and use model of
pharmacotherapy. This brain stimulation platform should meet the following design
requirements:

1. Each device delivers a single fixed dose. The form factor of the device is self-
powered, compact, and discreet (e.g., adhesive patches).

2. Single-dose devices are provided in multi-unit packaging with use-specific
labeling.

3. No setup is required. Devices deliver the preset dose automatically upon
application to the skin.

4. After providing a single prescribed dose, the device is depleted and disposed of.
5. Devices have minimal cost and environmental impact. We call devices meeting
these requirements wearable disposable electrotherapy.

1IS005 - TMS FOR CHRONIC PAIN (ID 1204)

Authors: Lefaucheur J.

Presenter: Jean-rascal Lelaucneur

Various non-invasive brain stimulation (NIBS) techniques have demonstrated their
efficacy in clinical practice for the treatment of different psychiatric or neurological
disorders. The management of chronic pain syndromes is one of the best examples
of development and therapeutic success of neuromodulation techniques. In
particular, high-frequency repetitive transcranial magnetic stimulation (rTMS) of the
precentral gyrus (primary motor cortex presents a good level of evidence of efficacy
in producing analgesic effects in patients suffering from chronic pain. However, the
optimal stimulation parameters to be applied remain to be defined for some of them.
In this presentation, | will review the principles and mechanisms of action of rTMS to
produce analgesic effects, the main technical points to be addressed in the spatial
(targeting) and temporal (timing) domains, current and future methodological
developments, and the expected results of the use of rTMS for treating chronic pain
in clinical practice.

In particular, the personalization of rTMS protocols, based on neurophysiological or
neuroimaging approaches to assess functional cortical excitability and connectivity,
constitutes a significant avenue for improving the therapeutic interest of NIBS.
Individual modelling of neural network modulation protocols will optimize the efficacy
of NIBS in correcting specific brain dysfunctions presented by each patient.

1IS007 - NEUROPHYSIOLOGICAL AUGMENTATION OF TMS

Authors: Brown J.C.

Presenter: Joshua C. Brown

Accelerated transcranial magnetic stimulation (aTMS) offers promise at more rapid
clinical improvements, but we know little of how these protocols produce rate-limiting




synaptic-level changes, whether selected aTMS parameters are optimal, or whether
they can be enhanced with pharmacologic augmentation. Methods: We attempted to
test the role of NDA receptor activity in aTMS mimicking the FDA-cleared protocol
(10 sessions of 1800 pulse intermittent theta burst stimulation (iTBS) separated by
50 minutes) using neurophysiology and neuroimaging in two randomized, double-
blind, controlled trials.

The first study included 30 subjects in a parallel design between one day of aTMS
augmented by d-cycloserine (DCS, 250mg) or placebo. The second study using the
same aTMS protocol included 12 subjects in a parallel 3-arm design including three
days of either 1) aTMS + DCS + CBT, 2) aTMS + placebo + psychoeducation, or 3)
sham aTMS + placebo + CBT. Results: The first study found no

improvement in clinical responses with the addition of DCS (t= 1.001, p = 33). Motor-
evoked potentials

(MEPs) were identical after the 1" session, but before the 2 session the DCS group
fell in amplitude differing from placebo (p=.005) and remained decreased throughout
the treatment day. DCS serum levels did not account for variability in response
(p>.05). The three-day study found strong correlations between i) default mode
network activity MEP amplitude prior to the last session (r>.8 for most MEPs,
collected before and after each day one TMS session, ii) late-day MEP and end of
day TMS-evoked potential (TEP) N45 amplitudes (r>.8) and between N45 TEPs and
clinical outcomes (r= .86, p=.012).

However, again, we found no improvement related to DCS augmentation of aTMS.
Discussion: DCS was not sufficient to enhance one- or three-day aTMS protocols. In
the context of pre-clinical and clinical data, we hypothesize this lack of enhancement
(in contrast with single session and daily TMS enhancements) is due to occlusion of
LTP. The third study results may shed light on this. Separately, promising early
response biomarkers from global cortical excitability (MEPs) and local cortical
plasticity (TEPs) correspond with network (i.e., DMN) and clinical response, and
were observable early in each course.

1IS008 - OPTIMIZING TDCS DOSAGE FOR NEUROPLASTICITY (ID

1209)

Authors: Nitsche M.A.

Presenter: Michael A Nitsche

Non-invasive stimulation with relatively weak direct currents (transcranial direct
current stulation, DCS) over the human brain has been shown to induce
neuroplasticity at the level of brain physiology, and affects cognition and behavior in
health and disease based on these physiological effects. Hereby, effects depend
critically on stimulation dosage. As a neuromodulatory intervention, the impact of
tDCS on brain physiology is however not strictly linear dosage-dependent, but has
non-linear aspects, is moreover state-dependent, and affected by enduring
characteristics of the head, brain, and other aspects of individuals, and stimulation
parameters. This talk will provide an overview about the current state of research of
dosage-dependent effects of stimulation aimed to optimize stimulation effects,
including stimulation intensity, duration, repetition, and target areas, as well as take
into account the association between dosing parameters, and cognitive, as well as
behavioral outcomes.

1IS009 - THE PAST AND FUTURE OF ULTRASOUND NEUROMODULATION
Authors: Bystritsky A.




Presenter: Alexander Bystritsky

Transcranial Focused Ultrasound Sonication (tFUS) is a relatively new field of brain
stimulation that comprises three core areas: High Intensity FUS ablation of brain
tissue without opening the skull Using tUS to deliver drugs locally to the brain
through the blood-brain barrier. Low Intensity FUS for noninvasive neuromodulation
of brain circuits. The presenter will primarily discuss low-intensity FUS, which is his
area of invention and expertise. He obtained his first patent in this domain in 1999
while serving as a professor of psychiatry and biobehavioral sciences at the UCLA
Semel Institute for Neuroscience and Human Behavior. Subsequently, he
established Brainsonix Corporation to develop research devices using this
technology for brain mapping within MRI. Presently, this field is among the most
rapidly advancing and promising areas of non-invasive neuromodulation. The
presenter will review the steps that led to the rapid development of tUS, discuss the
challenges that scientists entering the field face, and outline potential mechanisms to
address them. He will also propose future research steps necessary to develop
effective diagnosis and treatment of neurological and mental diseases using this
innovative technology. Specifically, he will review the available research devices and
their advantages and shortcomings; MRI-guided targeting; and non-MR targeting
using contemporary neuronavigation and modeling techniques. Lastly, he will
address future challenges concerning targeting, parameter selection, modeling,
effect identification, experimental design (including investigator blinding), and
treatment durations and patterns. He will emphasize the significance of brain target
localization, brain dynamics, plasticity, multiple targeting strategies, and the
integration with other treatments and neuromodulation techniques, with special
consideration of potential side-effect profiles and sources of adverse effects.

1IS010 - NOVEL METHODS TO IMPROVE PRECISION IN TRANSCRANIAL LOW
INTENSITY FOCUSED ULTRASOUND

Authors: Aubry J.

Presenter: Jean-Francois Aubry

We will show that thanks to the millimeter scale of the wavelength of ultrasound
waves, transcranial ultrasound stimulation can non-invasively modulate the activity of
deep-seated brain tissues with a millimetric precision. It thus has the potential to
offer groundbreaking new approaches to treat mental and neurologic disorders. It
has been demonstrated that ultrasound can excite neurons through a primarily
mechanical mechanism mediated by the ultrasound-induced opening of mechano-
sensitive channels on the cellular membrane [1]. Not only neurons but also
astrocytes, endothelial cells, and pericytes are sensitive to mechanical ultrasound
stimulation through mechanosensitive ion channels[2], leading to an overwhelming
number of possible neuromodulation targets in the brain. It was proposed recently to
specifically target fiber tracts: the dentato rubro thalamic tracts in essential tremor
patients[3] and the crossing of the forceps minor, the cingulum bundle and the
uncinate fasciculus in treatment-resistant depressed patients[4]. This lecture will
present the recent developments that enabled a millimetric targeting despite the
defocusing effect of the skull bone that has long hampered the use of therapeutic
ultrasound for transcranial applications 5]. Namely, the time-shift induced by the skull
bone have been estimated with CT-based simulations and have been compensated
by adjusting either the emission time on a multi-element transducer (3] or the
thickness of an acoustic lens attached in front of a single-element transducer [4].




1IS011 - NOVEL TMS PROTOCOLS FOR PTSD (ID 1212)

Authors: Philip N.S.

Presenter: Noah S Philip

Transcranial magnetic stimulation (TMS) has significant promise in treating
posttraumatic stress disorder

(PTSD), yet substantial heterogeneity remains in stimulation parameters, treatment
schedules, and clinical implementation. Optimizing TMS approaches for PTSD is
critical to improving accessibility, scalability, and patient outcomes. We describe our
group's programmatic development of TMS treatments for PTSD, integrating
evidence from large-scale clinical registry data and prospective protocol innovation.
Using real-world data drawn from a multi-site registry of patients receiving TMS for
PTSD, we examined clinical outcomes across multiple stimulation protocols,
including variations in target, frequency, and laterality. Comparative effectiveness
analyses demonstrated noninferiority of several commonly used protocols for major
depressive disorder, with respect to symptom reduction, supporting flexibility in
protocol selection based on patient characteristics and clinical context. Building on
these findings, we developed and evaluated accelerated TMS approaches for PTSD,
delivering multiple stimulation sessions per day over a compressed treatment
interval. Accelerated protocols were designed to maintain therapeutic dosing while
substantially reducing overall treatment duration. Across initial clinical
implementations, accelerated TS was feasible and well tolerated, and initial
outcomes suggest clinically meaningful reductions in PTSD symptoms comparable
to conventional treatment courses, in a substantially shorter amount of time.
Together, these findings advance a data-driven framework for TMS in PTSD,
demonstrating that multiple stimulation protocols yield comparable clinical benefit
and that accelerated delivery is a viable and potentially transformative treatment
strategy. This work supports the personalization and optimization of TMS for PTSD
and provides an empirical foundation for future randomized and pragmatic trials
aimed at improving access, efficiency, and outcomes in this population.

Innovations in Neuromodulation (not included in main event CME/CPD credit) -
Registration required [ No abstracts provided]

Using Al to Drive Innovation

Presentation by AURIMOD: Auricular Vagus Nerve Stimulation (aVNS): A New
Frontier in Treating Chronic Low Back Pain

Presenter: Stefan Kampusch (Austria)

Entrepreneurship Pathways

Presenter: Marc A. Russo (Australia)

Presentation by ExNeuro: Expanding the Horizon on Percutaneously Placed Nerve-
NET by ExNeuro
Presenter: Chad Andresen (United States of America)

Ethical & Socio-economic Considerations
Presenter: Philippe Rigoard (France)

Presentation by Higgs Boson



Presenter: Nandan Lad (United States of America)

Power of Media & Messaging
Presenter: Georgios Matis (Greece)

Presentation by neuroloop: Selective Vagal Nerve Stimulation Against Resistant
Hypertension
Presenter: Dennis Plachta (Germany)

Harvesting Patient Data Variables
Presenter: Maarten Moens (Belgium)



MONDAY:: 11.05.2026: Opening Plenary Session

CHALLENGES TO SPINE CORD STIMULATION FOR PAIN

Presenter: Sam Eldabe (United Kingdom) - addressed the clinical hurdles, patient
selection criteria, and long-term efficacy challenges currently facing Spinal Cord
Stimulation (SCS) therapy.

FULLY-IMPLANTABLE, WIRELESS BRAIN-COMPUTER INTERFACE
Presenter: Andres M. Lozano (Canada), Harith Akram (United Kingdom) -
showcased the state of the art in fully implantable, wireless Brain-Computer
Interfaces (BCls), outlining their trajectory toward widespread human application.

IMPROVING EFFICIENCY AND TRUSTWORTHINESS IN PRE-CLINICAL AND
CLINICAL PAIN RESEARCH

Presenter: Andrew S. Rice (United Kingdom) - critical analysis on how to significantly
improve methodological efficiency and scientific trustworthiness in both pre-clinical
and clinical pain studies.

MONDAY: 11.05.2026: OVERALL Al SUMMARY FOR OPENING PLENARY
SESSION:

Summary: Clinical overview, speaker by speaker.
Ideas: Concepts, themes, and strategic points.
Takeaways: Practical conclusions and next-step signals.

The opening plenary of the 2026 INS Congress in Lisbon set the tone for the
meeting by emphasizing both the rapid expansion of neuromodulation and the need
for more rigorous science, better transparency, and closer alignment between
innovation and patient benefit. The session opened with welcoming remarks from the
congress leadership, highlighting record attendance, the breadth of the scientific
program, and the increasing scope of neuromodulation across pain, movement
disorders, neuropsychiatric disease, and non-invasive stimulation. The overarching
message was that the field is growing quickly, but its future credibility will depend on
how well it addresses unresolved mechanistic, methodological, ethical, and
translational challenges.

Sam Eldabe delivered the first keynote, focused on the major challenges facing
spinal cord stimulation (SCS), especially in pain medicine. His talk was a critical
appraisal of where the field stands scientifically and commercially. He began by
stressing that, unlike interventions whose mechanism is self-evident, SCS still lacks
a fully defined and convincing mechanistic understanding. Despite decades of use
and iterative technological refinement, preclinical and translational work still cannot
comprehensively explain how SCS produces analgesia. He argued that this
mechanistic uncertainty leaves the field vulnerable to criticism from payers,
regulators, and skeptics, and that investment in preclinical research should be
considered an essential investment in the long-term future of the therapy rather than
an academic luxury.

Sam Eldabe then turned to what he described as the “silent killer” of SCS: loss of
efficacy over time, or tolerance. Drawing on a recent systematic review of
explantation studies, he emphasized that loss of efficacy is by far the leading driver



of device removal, accounting for a much larger proportion of explants than infection,
hardware problems, or other complications. This was presented not only as a clinical
problem but also as a strategic one for the field, because durable benefit is central to
both patient trust and health-economic justification. He paired this with a second
major issue: reintervention. Using large-scale Australian insurance data, he
highlighted that nearly one in five patients undergoes a further intervention within
three years of implantation. For clinicians and systems of care, this has implications
for patient burden, procedural risk, cost, and payer confidence.

A central theme of Sam Eldabe’s lecture was the influence of industry on the
direction and framing of SCS research. He acknowledged that modern
neuromodulation exists because of industry innovation, but argued that this
dependence creates predictable incentives that shape indication selection, trial
design, comparators, data analysis, and the conclusions ultimately communicated to
the field. He noted that commercially attractive indications tend to be high-
prevalence conditions, particularly chronic low back pain/PSPS type 1, and
cautioned that market expansion into these areas may magnify existing scientific and
methodological weaknesses if not handled carefully.

He spent considerable time on credibility and bias in SCS research, pointing to
recurrent limitations such as inadequate blinding, poorly justified comparator
choices, and vague or unconvincing mitigation strategies for bias. He was especially
critical of trials comparing SCS with conventional medical management (CMM) in
populations that had already failed CMM, arguing that these studies raise serious
questions about equipoise and patient expectation. In that context, very large
treatment effects versus CMM may exaggerate the perceived value of a new SCS
paradigm, whereas comparisons against established SCS modalities often yield far
more modest differences. His message for the audience was clear: comparator
selection fundamentally shapes trial results, and clinicians should interpret dramatic
superiority claims in light of how the control arm was constructed.

Sam Eldabe also reviewed reproducibility and placebo response, both of which he
framed as major scientific challenges. He highlighted examples where apparently
striking benefits of one stimulation paradigm over another were not reproduced in
later independent studies. He then moved into sham-controlled research, showing
that placebo effects in pain interventions can be substantial, and may be even
greater for devices than for pills. In sham-controlled SCS and related
neuromodulation studies, he noted that tighter, less discoverable sham conditions
tend to reduce apparent treatment effects. He used recent studies in multifidus
stimulation, occipital nerve stimulation, and SCS to illustrate unexpectedly high sham
responder rates—around 46% to 50% in some settings—which have major
implications for trial feasibility, sample size, and interpretation of previously optimistic
assumptions. For pain physicians and neuromodulation specialists, this was a
particularly important clinical-research message: sham effects in device trials are not
trivial, and future studies need to be powered and designed accordingly.

In the latter part of his talk, Sam Eldabe addressed the role of registries and the
media. He argued that registries can be valuable, but only if they are genuinely
representative, transparent about participation, and report not just effectiveness but
also adverse events, explants, and reoperations. Registries that present only
favorable outcomes without safety data were described as incomplete and potentially
misleading. He concluded by addressing media scrutiny of SCS, particularly after
critical reporting in the UK and Australia. Rather than assuming clinicians alone can
defend the field, he suggested that meaningful partnership with patients and the



public is essential—both to shape more relevant research questions and to
communicate what living with chronic pain and using neuromodulation actually
means in practice. His overall conclusion was that SCS faces serious but solvable
challenges, and that progress will depend on identifying responder phenotypes,
improving trial design, reporting transparently, and working in honest partnership
with both patients and industry.

Andres Lozano then shifted the plenary from pain neuromodulation to brain-
machine interfaces (BMls), providing a broad conceptual and technological overview
of one of the most rapidly developing areas in functional neurosurgery. He framed
BMIs in two principal categories. The first is “reading” the brain—capturing neuronal
or local field potential activity, decoding it, and translating thought into action such as
cursor movement, robotic control, or communication. The second is “writing” to the
brain—delivering information directly into neural tissue to restore lost sensory
modalities, such as vision or hearing, by bypassing damaged peripheral organs and
pathways. This dual framework helped position BMIs not simply as assistive tools,
but as systems capable of restoring communication between neural intention and the
external world in both motor and sensory domains.

Andres Lozano reviewed the major technological approaches now entering the
field, including penetrating cortical microelectrode arrays, surface-based recording
systems, and endovascular interfaces. He described examples from companies such
as Blackrock, Paradromics, Precision, and Neuralink, emphasizing differences in
electrode architecture and recording strategy. In the Neuralink platform, with which
he and his team are involved, fine implanted threads are placed into motor cortex to
record neural activity generated when patients imagine movement. These signals
are then transmitted wirelessly, analyzed externally, and used to control effectors
such as a computer cursor. For clinicians, the important translational point was that
these are no longer conceptual demonstrations restricted to highly experimental
laboratory settings; fully implanted wireless systems are already being used in
patients.

He focused particularly on paralyzed patient populations, including those with spinal
cord injury and amyotrophic lateral sclerosis. Even when voluntary movement is lost,
cortical activation associated with intended movement remains detectable.
Functional imaging is used preoperatively to localize these motor hotspots, guiding
electrode implantation. Andres Lozano then illustrated how these signals can be
used not only for cursor control and digital interaction, but potentially for robotic
feeding, exoskeleton operation, and restoration of communication. He also
discussed the next frontier of speech decoding, where cortical activity from speech-
generating regions may allow synthetic speech generation, potentially even in the
patient’s own prior voice if sufficient training data exist.

Another major theme in Andres Lozano’s presentation was bridging damaged
neural pathways. He described brain-spinal cord interfaces in which cortical intention
signals can be linked to stimulators over the spinal cord, creating a “bridge” around a
spinal lesion to reactivate sequential flexor-extensor motor patterns and produce
movement. He also outlined Neuralink’s “Blindsight” program, aimed at restoring
vision by delivering camera-derived visual information directly to visual cortex in
patients whose retinal or optic apparatus is nonfunctional. The broader scientific
message was that neuromodulation is increasingly moving from modulation of
existing circuits toward direct substitution or reconstruction of lost neural pathways.



In closing, Andres Lozano emphasized that the field has already crossed several
important technical thresholds: fully implantable devices, wireless transmission, high-
bandwidth neural recording, and practical use outside the laboratory. However, he
also underscored key unresolved issues, including long-term device durability,
powering and charging, neural tissue safety, hardware longevity, and the possibility
that devices may need replacement over time. For the audience, his talk served as
both a state-of-the-art update and a reminder that BMI innovation is rapidly
becoming relevant to mainstream neuromodulation practice.

Harith Akram followed with a practical, surgical, and operational perspective on the
Neuralink feasibility program in the UK, complementing the conceptual overview
provided by Andres Lozano. He described the GB PRIME trial, a multicenter
feasibility study involving Queen Square in London as the lead UK site. The trial was
designed to determine whether these devices can be implanted safely and
functionally using the dedicated robotic system, with a primary endpoint at 12
months and extended follow-up for up to three additional years.

Harith Akram gave a detailed explanation of the implant and operative workflow.
The N1 implant is fully implantable and sits within a 25 mm craniectomy. It contains
128 threads, each carrying multiple electrodes, which are placed into the hand area
of motor cortex. He explained that these threads are extremely fine—far thinner than
human hair—and that robotic assistance is essential for accurate insertion.
Preoperative planning includes fMRI-based localization of motor cortex, vascular
mapping, cortical and skull measurements, and individualized selection of insertion
trajectories to maximize signal capture while avoiding vessels. Intraoperatively, the
robotic platform performs imaging and places threads one by one into cortex through
an open dura approach. For neurosurgeons and device specialists in the audience,
this was a highly practical view of how advanced BMI surgery is actually performed
today.

He then described postoperative calibration and early use. Patients are switched on
the day after surgery and undergo an initial training phase in which the algorithm
learns patterns of neural activity associated with imagined wrist and finger
movements, while the patient simultaneously learns how to use the system. Harith
Akram highlighted the phenomenon of neuronal drift, requiring ongoing retraining to
maintain decoding stability. He showed that some patients rapidly acquire functional
control, in one case within minutes, and that the subjective experience may evolve
from “thinking about moving the hand” to directly “thinking about moving the cursor,”
suggesting a degree of cortical adaptation and user-machine integration.

The UK team implanted seven patients over an eight-week period, making it the
largest center outside North America in this program. The cohort included patients
with ALS, spinal cord injury, and locked-in syndrome. Harith Akram reported no
perioperative complications. One patient experienced postoperative thread pullout,
likely related to coughing and secretions, and was planned for reimplantation. He
presented real-world examples of device use, including a spinal cord injury patient
using the implant to control a laptop and phone and continue medical studies, as well
as more advanced calibration paradigms involving three-dimensional reaching and
grasping. These examples made clear that the technology is already moving beyond
proof-of-principle to meaningful functional support in daily life.

He also highlighted speech restoration as a particularly exciting near-term
application, referencing related work in which cortical speech signals are translated
by large language models into text, speech, and even avatar-based communication.



At the same time, Harith Akram was careful to address ethical challenges. These
included device abandonment if companies fail, data security and possible latency
trade-offs with encryption, questions of agency and identity when Al contributes to
communication output, and the risk of media hype outpacing evidence. He argued
that the field must be transparent and cautious in how these systems are presented
to neurologically disabled patients. His conclusion was optimistic but measured: the
audience is witnessing the birth of a new subspecialty within functional neurosurgery,
but scalability, reliability, independence of use, and robust long-term performance
remain essential goals.

Andrew Rice closed the plenary with a broader methodological lecture on improving
the efficiency and trustworthiness of preclinical and clinical pain research. Although
not limited to neuromodulation, his talk was highly relevant to the earlier
presentations and gave the session a unifying scientific and ethical framework. He
traced his own path through basic science, clinical pain medicine, and evidence
synthesis, and argued that many of the translational failures in neuropathic pain stem
from poor-quality science rather than simply biological complexity. Citing the
longstanding critique that much medical research is wasteful or biased, he
advocated for less research of higher quality, more relevant research questions, and
research conducted for the right reasons.

Andrew Rice organized his remarks around the ENTRUST-PE initiative, which aims
to improve trustworthiness in pain research through attention to relevance, rigor,
transparency, and integrity. He stressed that these issues matter not only to
investigators and journals, but to all consumers of research, including clinicians,
guideline panels, policymakers, legal experts, journalists, and, most importantly,
patients. He reviewed how poor design, poor reporting, and publication bias increase
uncertainty, waste resources, promote low-value or unsafe care, and delay discovery
of genuinely effective therapies.

A significant part of his lecture focused on preclinical rigor. Using meta-research in
neuropathic pain models, Andrew Rice showed that many animal studies still fail to
report or adequately implement blinding, randomization, sample-size calculation, and
transparent handling of exclusions. For the audience, this was not merely an
academic complaint: weak preclinical methodology undermines confidence in
translational claims and contributes to later disappointment in clinical development.
He linked these issues to wider concerns about questionable research practices
such as underpowered studies, p-hacking, inappropriate data reduction, and post
hoc hypothesis presentation as if prespecified. He recommended narrative, question-
based frameworks such as EQUIPD/EQUIPP rather than simple tick-box
compliance, encouraging researchers to think critically about how rigor can
realistically be implemented in each design.

Moving to clinical trials, Andrew Rice revisited themes raised earlier in the session,
particularly blinding and sham controls. He noted that participant and assessor
blinding are often inadequately reported in pain trials, and presented data suggesting
that even in studies claiming blinding, only about half of participants may remain
meaningfully blinded. He reiterated that in pain—where placebo effects are strong
and outcomes are subjective—it may be unethical not to conduct sham-controlled
studies when the research question is important and uncertainty remains. He also
discussed the complexities of designing controls for nonpharmacological
interventions, where the active ingredient can be difficult to isolate. In those contexts,



he suggested a growing role for well-designed pragmatic studies, provided they are
conducted with appropriate rigor.

Andrew Rice then addressed real-world evidence, registries, and observational
analyses. He argued that such data can complement efficacy trials by informing
effectiveness, generalizability, and harms, but only if analyzed with the same
methodological seriousness expected of formal trials. Protocol registration, clearly
stated hypotheses, prespecified analytical plans, transparent declaration of interests,
and confirmation that the dataset can truly answer the posed question were all
presented as necessary safeguards. He was particularly critical of registry-based
work that appears neutral but is shaped by hidden commercial incentives.

Another powerful section of his talk dealt with research integrity. Andrew

Rice reviewed threats ranging from fabricated data and plagiarism to authorship
misconduct and undeclared conflicts, and then pointed to emerging concerns such
as image manipulation, paper mills, Al-generated manuscripts, and fabricated
references. His warning was especially resonant in the current era: if low-quality or
distorted evidence feeds Al tools, then their outputs cannot be trusted. He also
emphasized the importance of balanced communication, warning against “spin” in
titles, abstracts, and conclusions that overstates findings or disguises negative
results.

He concluded by turning to incentives within academia and research culture. The
current system, he argued, rewards apparent novelty and publication in prestigious
journals more than careful, reproducible, clinically relevant science. Andrew

Rice advocated for changing how researchers are assessed—valuing rigor,
meaningful questions, involvement of people with lived experience, publication
irrespective of outcome, and replication studies. He linked this to broader initiatives
such as DORA and the Hong Kong principles, and noted that major journals and
societies in pain medicine are increasingly aligning around these standards.

Taken together, the plenary presented a coherent picture of modern
neuromodulation at a pivotal moment. Sam Eldabe highlighted the unresolved
scientific and evidentiary challenges in SCS for pain; Andres Lozano and Harith
Akram showcased the frontier of brain-machine interfaces and restorative
neurotechnology; and Andrew Rice provided the methodological framework needed
to judge and improve all of it. For clinicians, researchers, and industry participants,
the session made clear that the future of neuromodulation will not be defined by
innovation alone, but by durable efficacy, transparent evidence, rigorous trial design,
safety reporting, responsible communication, and meaningful partnership with
patients.

MONDAY: 11.05.2026: Plenary Session 01

THE CASE FOR PHYSIOLOGICAL CLOSED LOOP CONTROL DEEP BRAIN
STIMULATION

Presenter: Timothy Denison (United Kingdom)



Introduction and Discussion: Physiology evolved to manage variability. Biological
systems maintain stability through predictive mechanisms, such as circadian rhythms
and anticipatory adjustments, and reactive feedback responses to stochastic
disturbances. The nervous system continuously integrates feedforward and feedback
control to preserve function across changing internal and external environments.
Neuromodulation devices interface directly with these adaptive networks, yet
conventional programming typically relies on fixed stimulation parameters adjusted
intermittently in clinic.

Physiologic closed-loop controllers apply a comparable architecture by adjusting
stimulation automatically using reactive (feedback) and predictive (feedforward)
biomarkers. Adaptive deep brain stimulation guided by beta-band local field
potentials, responsive neurostimulation triggered by electrographic seizure
signatures, and spinal cord stimulation adjusted using evoked compound action
potentials each represent attempts to stabilize therapy in the face of physiological
variability. Predictive strategies, including circadian-based programming, may offer a
pragmatic near-term pathway by aligning therapy with known biological rhythms
before symptoms fluctuate.

Clinical studies demonstrate sustained seizure reduction with responsive
neurostimulation, meaningful improvements in motor “on” time with adaptive deep
brain stimulation, and improved stability of neural recruitment with evoked compound
action potential-guided spinal cord stimulation. However, biomarkers are often
surrogate measures, dose—response relationships are nonlinear, and automation
introduces engineering complexity. These concerns are legitimate. Regulatory and
engineering frameworks therefore emphasize actuation limits, fallback modes,
structured logging, hierarchical supervision, and clinician oversight to ensure safe
implementation.

My position is that neuromodulation systems, like the physiology they engage, will
continue to evolve. Complexity is not the problem; unmanaged complexity is.
Instrumented platforms now generate longitudinal physiological data across
individuals and populations, creating unprecedented opportunities to refine
biomarkers, validate control strategies, and iteratively improve therapy design.
Adaptive systems should not replace clinician judgment but augment it through
bounded automation and structured feedback. As biology evolved to anticipate
predictable variation and respond to disturbance, neuromodulation should evolve
within the same framework
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Learning Objectives: Describe how biological systems integrate predictive and
reactive control mechanisms.

Distinguish reactive and predictive biomarkers in adaptive neuromodulation.
Evaluate clinical evidence supporting adaptive strategies across indications.

Identify safeguards required to manage system complexity safely.

THE CASE AGAINST PHYSIOLOGICAL CLOSED LOOP CONTROL DEEP
BRAIN STIMULATION

Presenter: Cameron Mcintyre (United States of America)
Introduction and Discussion

Simple continuous deep brain stimulation (DBS) has proven to be a successful
therapy for many brain disorders. Nonetheless, it has long seemed logical that
“closed-loop” DBS would be a better therapeutic strategy. In turn, massive scientific
research efforts and product development investments have been made to facilitate
adaptive DBS systems that are modulated by electrophysiological biomarker signals.
While these systems have generated amazingly valuable scientific data, the
expected improvements in clinical outcomes have yet to materialize. This
presentation will outline several key factors that are limiting the effectiveness of
“closed-loop” DBS in clinical practice. These factors range from interpatient
physiological variability, to device engineering constraints, to limitations in surgical
electrode placement precision. Nonetheless, the biggest factor is likely scientific
hubris. Do we really understand how to interpret the intracranial electrophysiology of
the human brain such that we can effectively engineer and clinically implement DBS
systems that are robustly capable of delivering the theoretical promise of “closed-
loop” DBS? The currently available data suggest that answer is no. As such, the
simplicity of continuous DBS makes it the more logical clinical option for now.

Learning Objectives
1) Evaluate the robustness of electrophysiological biomarkers.

2) Understand the engineering compromises of neural recordings with implanted
hardware.

3) Acknowledge the role of electrode placement error in DBS therapy.

DEBATE: Presenters: Timothy Denison (United Kingdom), Cameron
Mcintyre (United States of America)




MONDAY: 11.05.2026: Plenary Session 02

A MECHANISM BASED APPROACH TO SPINAL CORD STIMULATION
Presenter: Frank J. Huygen (Netherlands)

Over the past decades, medicine has evolved from a practice based on expert
opinion to evidence-based medicine (EBM), significantly improving healthcare quality
and accountability.

However, EBM has increasingly been interpreted narrowly as evidence derived
primarily from randomized controlled trials (RCTs). This interpretation departs from
the original definition of EBM, which integrates the best available external evidence
with clinical expertise and patient values.

Although RCTs remain essential for evaluating efficacy, they are not always the
optimal tool for addressing questions of diagnosis, prognosis, heterogeneity, or long-
term safety.

Chronic pain syndromes are biologically diverse, and patients grouped under the
same diagnostic label often exhibit distinct pathophysiological mechanisms. Trial
populations, defined by strict inclusion and exclusion criteria, may therefore
insufficiently reflect the complexity encountered in daily clinical practice.

More than 25 years ago, Clifford J. Woolf and colleagues proposed a mechanism-
based classification of pain. They emphasized that pain should be understood
according to underlying neurobiological processes—such as peripheral sensitization,
central sensitization, disinhibition, or deafferentation—rather than solely by
symptom-based syndromes. This framework laid the conceptual foundation for
precision pain medicine.

Spinal cord stimulation (SCS) represents a particularly relevant field for applying a
mechanism-based approach. Contemporary stimulation paradigms—including tonic,
burst, and high-frequency waveforms—modulate neural circuits through distinct
mechanisms, influencing dorsal column transmission, segmental inhibitory pathways,
and supraspinal networks. Patient-specific factors such as neuropathic phenotype,
central sensitization, cortical plasticity, and psychological modulation may critically
determine therapeutic response.

A purely empirical, trial-and-error strategy risks overlooking these mechanistic
differences. Integrating mechanistic pain phenotyping into patient selection,
waveform choice, and programming strategies may enhance treatment precision,
improve responder rates, and reduce unnecessary revisions or explants.
Quantitative sensory testing, clinical sensory profiling, and emerging
neurophysiological biomarkers could support this stratified approach.

This lecture advocates for a mechanism-based framework for SCS that
complements, rather than replaces, traditional evidence hierarchies. By aligning
neuromodulation practice with biological mechanisms and real-world complexity, we
move toward a more individualized and scientifically coherent model of chronic pain
management

INTERNATIONAL NEUROMODULATION REGISTRY
Presenter: Philippe Rigoard (France)




TRANSCUTANEOUS SPINAL CORD STIMULATION FOR GAIT RECOVERY:
INSIGHTS FROM THE EWALK TRIAL AND THE SUBACUTE FRONTIER
Presenter: Julian Taylor (Spain)

Neuromodulation of the brain and nervous systems, using electric or magnetic
stimulation is a fast-evolving field that includes technologies such as deep brain
stimulation (DBS), electroconvulsive therapy (ECT), transcranial magnetic
stimulation (TMS), and emerging closed-loop systems. By delivering controlled
stimuli to specific nerves or brain regions, neuromodulation can influence how
neurons in specific brain regions or circuits behave—enhancing, dampening or
reorganizing neural activity. Neuromodulation has been used both as a research tool
and as a therapeutic approach for conditions such as Parkinson’s disease, chronic
pain, epilepsy and depression. While these interventions can act more directly on the
nervous system with the potential to alleviate devastating conditions, they raise
several ethical concerns including the balance between therapeutic benefit and risks,
their invasiveness, potential impacts to autonomy and identity.

Moreover, as neuromodulation devices increasingly incorporate adaptive algorithms
or data-driven feedback loops, concerns about privacy, data stewardship, and
algorithmic transparency intensify. Equity and justice also represent critical
dimensions, as there are several barriers associated with neuromodulation which
may exacerbate existing disparities in healthcare access. Differences in levels of
awareness and understanding of these interventions shape ethical considerations
across different stakeholders. Emerging uses of neuromodulation beyond therapy
further extend the ethical landscape by challenging established norms about
fairness, coercion, and the boundaries between treatment and enhancement.

In this session | will briefly present an overview of neuroethics as an interdisciplinary
field that grapples with ethical questions raised by neurotechnological
advancements. | will then discuss key ethical concerns raised by neuromodulation,
highlighting important nuances to consider. | will conclude with several key
takeaways regarding the responsible development, design, and clinical use of
neuromodulation across different brain disorders and patients’ groups. The ethical
challenges surrounding neuromodulation underscore the need to respect and protect
individuals while fostering innovation that can meaningfully improve lives.

MONDAY: 11.05.2026: Breakout Session 01 - Neuromodulation for PSPS Type
1

CURRENT RANDOMISED CONTROLLED TRIALS FOR THE USE OF SPINE
CORD STIMULATION IN PSPS TYPE |
Presenter: Sam Eldabe (United Kingdom)

No abstract available.

SCS ACCESS FOR PSPS TYPE | — THE US CLINICIAN PERSPECTIVE
Presenter: Peter S. Staats (United States of America)

Persistent Spinal Pain Syndrome Type | (PSPS Type I), formerly referred to as
nonsurgical refractory back pain, represents a significant and growing population of
patients with chronic, disabling axial and radicular pain who have not undergone
prior spine surgery. Over the past decade, spinal cord stimulation (SCS) has
emerged as a viable and evidence-supported therapy for this indication, supported
by prospective trials demonstrating meaningful improvements in pain, function,




quality of life, and reduction in systemic opioid utilization. Despite these advances,
access to SCS for PSPS Type | remains inconsistent across the United States,
largely due to insurance-related barriers, coverage variability, and administrative
delays.

The current clinical evidence supporting SCS for PSPS Type |, including outcomes
from randomized and prospective studies evaluating both traditional and newer
waveform technologies will be discussed. Particular emphasis will be placed on the
evolution of patient selection criteria, functional outcome measures, and the role of
SCS earlier in the care continuum.

Equally important, this presentation will address the real-world challenges faced by
U.S. clinicians in obtaining therapy approval. Insurance denials for PSPS Type |
often stem from outdated coverage policies, requirements for prolonged conservative
care, and inconsistent interpretation of clinical evidence. Prior authorization
processes, repeated appeals, and peer-to-peer reviews can delay care by months,
contributing to prolonged patient suffering, increased healthcare utilization, and
ongoing reliance on pharmacologic management.

From the U.S. clinician perspective, this session will highlight patterns in denial
rationale, regional variability in payer behavior, and the operational burden placed on
providers and care teams. Strategies for improving access—including documentation
approaches, evidence-based advocacy, and alignment with evolving terminology and
diagnostic frameworks—will also be discussed.

Ultimately, improving access to SCS for PSPS Type | requires not only strong clinical
data, but also continued collaboration among clinicians, professional societies,
patient organizations and payers to ensure timely and equitable delivery of
neuromodulation therapies.

CHALLENGES OF SPINE CORD STIMULATION COVERAGE AND ACCESS -
THE PAYER PERSPECTIVE

Presenter: Rod S. Taylor (United Kingdom)

In contrast to regulators, such as the US Food and Drug Administration (FDA) and
European Medicines Agency, who focus on the balance of benefits and harms (i.e.
efficiency and safety) of medical therapies, healthcare Payers take a wider
evidentiary consideration in their decision to approve access or coverage for health
technologies.

A key element of the Payer evidence review process is health technology
assessment (HTA) that often include additional requirements of comparative
effectiveness, economic value, and overall system impact. For spinal cord
stimulation (SCS), these additional evidentiary expectations can create challenges in
achieving timely, consistent and sustained coverage.

This presentation will examine the Payer perspective and the discuss the
opportunities for improving future spinal cord stimulation coverage and access.

MONDAY: 11.05.2026: Breakout Session 02 - Neuromodulation for Pain:
Mechanism of Action

SYSTEMATIC ANALYSIS OF SPINAL STIMULATION PARAMETERS ON
SUPERFICIAL DORSAL HORN EXCITATORY AND INHIBITORY NEURONS IN
MICE

Presenter: Andrei Sdrulla (United States of America)

Introduction and Discussion




In this study, we systematically characterized how stimulation frequency, pulse
width, and amplitude shape the temporal dynamics, population recruitment, and
sustained activity of glutamatergic excitatory interneurons in the superficial dorsal
horn during continuous spinal cord stimulation. Using two-photon calcium imaging of
genetically defined VGlut2-positive neurons combined with spike inference and
mixed-effects modeling, we show that excitatory interneuron responses to the SCS
are highly structured in time and strongly dependent on stimulation parameters.
Across all effective stimulation regimes, excitatory activity exhibited a robust onset
response followed by varying degrees of adaptation or sustained activation over
minutes. Population recruitment, sustained activity magnitude, and persistence were
jointly governed by frequency and pulse width.

References: None

Learning Objectives

Understand parameters of spinal cord stimulation waveforms.

Describe the effects of stimulation parameters on excitatory neuron activation.
Understand how population recruitment is shaped by stimulation parameters.

PRECLINICAL INSIGHTS INTO THE EFFECT OF FREQUENCY ON EVOKED
COMPOUND ACTION POTENTIAL MORPHOLOGY

Presenter: llona Obara (United Kingdom)

Introduction: Electrically evoked compound action potentials (ECAPs) are widely
used to investigate how spinal cord stimulation (SCS) parameters influence dorsal
column (DC) axon recruitment, a mechanism that remains incompletely
understood’.2. High-frequency SCS (1000 Hz) reduces ECAP amplitudes, potentially
due to desynchronised DC axon firing?. To clarify the mechanisms underlying these
effects, we systematically evaluated the impact of stimulation frequency and pulse
width (PW) on DC axon recruitment using ECAP waveform characteristics®.“.
Methods/Materials: Naive adult male Sprague—Dawley rats (200—400 g) were
implanted with an 8-contact epidural lead?®.4. Stimulation was delivered at a fixed
current (1.5xECAP threshold) and 40 ys PW, with ECAPs recorded via a multi-
channel system. Frequency effects were assessed using baseline recordings at 2
Hz, followed by stimulation at 50, 200, 500, and 1000 Hz, each separated by 2 Hz
recovery intervals. A porcine model was used to evaluate 200 Hz SCS with a clinical
system connected to an epidurally implanted bespoke paddle lead. PW effects were
examined from 50 ps to 1000 ps in 50 ys increments (50 pys/min). Charge-matched
stimulation at 50 Hz, with PWs adjusted to match the charge delivered at frequencies
2200 Hz, was also evaluated.

Results: In contrast to SCS at 50Hz, stimulation at 200 and 500Hz significantly
reduced ECAP amplitude, with increases in peak latencies and ECAP width
(Fig.1AB). At 500Hz, a decrease in conduction velocity (CV) was observed
antidromically (Fig.1C). Recovery intervals (2Hz) after 200, 500 and 1000Hz showed
gradual return to baseline values for ECAP amplitude, peak latencies, width, and CV
(Fig.1). Similar effects were observed in the pig model at 200Hz (Fig.1D). Increasing
PW prolonged peak latencies, with ECAP amplitudes peaking at 200-250us before
declining. Charge-matched responses were consistent with the PW sweep findings.
Discussion: We found that higher frequencies (HFSCS) and longer PWs
significantly modify ECAP morphology and CV. These effects are likely related to
desynchronised DC axon firing; however, other contributing mechanisms cannot be
ruled out, particularly given the progressive rather than immediate return of ECAP
parameters to baseline. Charge-matched results indicate that the observed effects




are frequency-dependent rather than attributable to differences in delivered charge.
In conclusion, ECAP waveform analysis shows that specific stimulation parameters
differentially affect DC axon recruitment. Further investigation into long-term effects
of HFSCS is warranted, as chronic HFSCS may induce changes in neural
conduction by altering neural physiology.

Note: Most data are published in Ladner et al., Neuromodulation (2026; 29(1):26-39;
doi: 10.1016/j.neurom.2025.05.001).
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Fig. 1 The effect of spinal cord stimulation (SCS) frequency on evoked compound action
potentials (ECAP) in a rat and pig model of SCS. SCS was applied at a fixed pulse width of
40us and an intensity of 1.5x ECAP threshold in both species. A An example of ECAPs recorded
over the course of stimulation at 2Hz (5 minutes), 200Hz (15 minutes) and then 2Hz again (15
minutes) in a naive, anesthetized rat. B An example of ECAPs recorded over the course of
stimulation at 2Hz (5 minutes), 50Hz (5 minutes) and 500Hz (5 minutes) in a naive, anesthetized
rat, in the orthodromic direction. Data could not be analyzed at 1000Hz and is represented by an
empty gap in the graph. C Mean conduction velocities (CV; m/s) at 2, 50 and 500Hz, in the
orthodromic and antidromic direction recorded in rats. The mean CV of the individual rats are
represented by the individual markers. Baseline was identified from the final 30 seconds of
recordings at 2 Hz stimulation prior to 50 Hz. *p<0.05 when compared to baseline (2Hz) recording.
#p<0.05 when compared to 50Hz recording. All error bars represent + SEM. Pairwise comparisons
were made for the rats using Bonferroni correction for multiple comparisons. D An example of
ECAPs recorded over the course of stimulation at 10Hz (5 minutes), 200Hz (15 minutes) and then
10Hz again (15 minutes) in a naive, anesthetized pig, in the orthodromic direction.
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Learning Objectives:

1. Be able to describe how SCS frequency and PW influence ECAP morphology
including amplitude, peak latencies, width, and CV.

2. Be able to demonstrate a relationship between alterations in ECAP morphology
and the activation of DC axons.

3. Be able to identify possible neurophysiological mechanisms that underlie
observed changes.

NEUROIMMUNE INTERFACES IN SPINAL CORD STIMULATION: MECHANISTIC
INSIGHTS FROM CHEMOTHERAPY-INDUCED NEUROPATHY

Presenter: Eellan Sivanesan (United States of America)

Introduction and Discussion

Spinal cord stimulation (SCS) is an established therapy for refractory neuropathic
pain, yet its mechanisms have traditionally been framed in primarily neuronal terms,
emphasizing segmental gating and modulation of dorsal column pathways.
Increasing evidence suggests that neuromodulation also engages dynamic
neuroimmune interfaces that influence pain development, persistence, and
resolution. This presentation will examine how SCS modulates peripheral and central
immune signaling in the context of chemotherapy-induced peripheral neuropathy
(CIPN).

CIPN represents a clinically relevant and mechanistically tractable model of immune-
mediated neuropathic pain, characterized by sensory neuron dysfunction, immune
cell recruitment to dorsal root ganglia and peripheral nerves, altered cytokine
profiles, and sustained neuroinflammation. Preclinical studies using tumor-bearing
and non—tumor-bearing rodent models demonstrate that SCS attenuates mechanical
and cold hypersensitivity, improves gait function, preserves Schwann cell integrity,
and modulates macrophage and lymphocyte activity within pain pathways.
Transcriptomic and molecular analyses further reveal that SCS alters gene networks
related to inflammation, synaptic plasticity, and neuronal repair.

This talk will integrate behavioral, immunologic, and molecular findings to illustrate
how SCS reshapes immune—neuronal cross-talk at peripheral, ganglionic, and spinal
levels. The implications of immune profiling for patient stratification, biomarker
development, and optimization of stimulation timing will be discussed.

Reframing SCS as an immune-modulating therapy has important consequences for
trial design and therapeutic strategy. Rather than serving solely as a late-stage
symptomatic intervention, neuromodulation may represent a platform for earlier,
mechanism-informed, and potentially disease-modifying treatment in selected
neuropathic pain populations.

Understanding the neuroimmune interfaces engaged by SCS may ultimately enable
more precise and biologically informed neuromodulation approaches in oncology-
related and other chronic pain conditions.
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Learning Objectives

Learning Objectives

1) Describe the neuroimmune mechanisms underlying chemotherapy-induced
peripheral neuropathy and their relevance to neuromodulation. Participants will
be able to explain how immune cell recruitment, cytokine signaling, and
neuroinflammatory processes contribute to neuropathic pain and influence response
to spinal cord stimulation.

2) Evaluate the role of spinal cord stimulation in modulating peripheral and
central immune pathways in neuropathic pain. Participants will be able to identify
key preclinical and translational evidence demonstrating how SCS alters immune—
neuronal interactions, gene expression, and functional outcomes in CIPN models.

3) Apply mechanistic insights to the design and optimization of
neuromodulation strategies for oncology-related neuropathic pain. Participants
will be able to incorporate immune-informed concepts into patient selection, timing of
intervention, biomarker development, and future clinical trial design.

MONDAY: 11.05.2026: Breakout Session 03 - Refining Deep Brain Stimulation
for Movement Disorders.

PHYSIOLOGICAL DISAGGREGATION OF BASAL GANGLIA PATHWAYS FOR
TARGETED NEUROMODULATION

Presenter: Luka Milosevic (Canada)
No abstract available.

BASAL GANGLIA EVOKED POTENTIALS: BIOMARKERS OF THERAPEUTIC
DEEP BRAIN STIMULATION IN MOVEMENT DISORDERS
Presenter:Kara Johnson (United States of America)

Introduction and Discussion

Deep brain stimulation (DBS) targeted to the subthalamic nucleus (STN) or the
globus pallidus internus (GPi) is an effective therapy for motor symptoms in select
patients with Parkinson’s disease (PD) or dystonia. However, identifying effective



stimulation parameters remains a trial-and-error process that requires significant
time and effort and is especially complex in dystonia due to delayed symptom
response. Objective biomarkers of therapeutic DBS are needed to tailor stimulation
on a patient-specific basis and identify effective parameters more efficiently and
effectively.

Recent research has been exploring a novel biomarker to guide DBS called evoked
resonant neural activity (ERNA), a high-frequency (200-500 Hz) oscillatory evoked
potential elicited by DBS in the STN region and the GPi/GPe [1]. ERNA is
hypothesized to be generated through modulation of reciprocal connections within
the pallido-STN circuit [2,3]. Previous studies have shown that ERNA may be
localized to the optimal target region [3,4]. However, the precise circuit localization of
ERNA and its clinical correlation with chronic stimulation parameters remain unclear.
Our research aims to determine whether ERNA is tuned to specific stimulation
locations and orientations with directional stimulation and whether ERNA can predict
patient-specific parameters for chronic DBS therapy. Our results demonstrate that
ERNA is spatio-directionally tuned to the STN and to the GPi/GPe border, providing
insight into the localized circuits contributing to ERNA. Patients exhibit individualized
ERNA profiles aligned with stimulation parameters selected by clinicians with 70%
and 90% accuracy in PD and dystonia, respectively [2,5].

Altogether, our findings indicate ERNA shows promise as a marker to guide DBS for
PD and dystonia, given its anatomical localization, sensitivity to specific stimulation
parameters, and correlation with chronic therapeutic DBS parameters and outcomes.
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Learning Objectives

1. Understand the current neurophysiological markers used to guide DBS treatment
of movement disorders

2. Understand the circuit origins of ERNA in relation to movement disorders
pathophysiology



3. Understand the potential applications of evoked potentials and other
neurophysiological markers to guide DBS for PD and dystonia

MIMICKING CIRCUIT MECHANISMS OF DOPAMINE WITH DEEP BRAIN
STIMULATION IN PARKINSON'S DISEASE
Presenter: Wolf-Julian Neumann (Germany)

No abstract available.



TUESDAY, 12.05.2026: Plenary Session 03

NEUROMODULATION STRATEGIES FOR PEDIATRIC EPILEPSY

Presenter: George Ibrahim (Canada)

Introduction and Discussion

Neuromodulation is increasingly being applied to pediatric neurological disorders, yet
its use in children remains limited by gaps in evidence, patient selection, and
understanding of underlying brain networks. In epilepsy, neuromodulation
strategies—including vagus nerve stimulation (VNS), responsive neurostimulation
(RNS), and deep brain stimulation (DBS)—are available, but optimal therapy
selection remains unclear. The potential for these technologies to impact children
with epilepsy is substantial, not only for seizure control but also for addressing
neurodevelopmental and cognitive comorbidities, which often have a greater impact
on quality of life than seizures themselves.

This presentation will review surgical approaches to epilepsy using implantable
neurotechnologies. Recent clinical work, including prospective trials of centromedian
thalamic DBS in children with drug-resistant epilepsy, demonstrates that
neuromodulation can be safely implemented and may provide benefits beyond
seizure reduction, including improvements in behavior and cognition. Emerging tools,
such as network-level recordings and circuit-based analyses, are enabling more
precise, personalized approaches to target selection.

Beyond seizure control, neuromodulation may also address neurodevelopmental and
cognitive comorbidities in children with epilepsy. Using intracranial recordings and
machine learning, core neural circuits underlying attentional control can be identified
and modulated in real time. Early studies of closed-loop stimulation demonstrate the
ability to predict and prevent lapses in attention, suggesting a new paradigm of state-
dependent neuromodulation.

This presentation will highlight clinical and translational advances in pediatric
neuromodulation, emphasizing the integration of network neuroscience,
individualized targeting, and adaptive stimulation strategies. Remaining challenges
include optimizing patient selection, establishing long-term safety and efficacy, and
translating these approaches into scalable therapies for children.

References

None

Learning Objectives

1. Describe current neuromodulation strategies for pediatric epilepsy, including
VNS, RNS, and DBS, and their clinical applications

2. Evaluate network-based and circuit-guided approaches to target selection and
therapy personalization in pediatric neuromodulation

3. Assess emerging applications of neuromodulation for neurodevelopmental and
cognitive comorbidities of epilepsy, including closed-loop stimulation frameworks

NOVEL STRATEGIES FOR PERSONALIZED VAGUS NERVE STIMULATION
Presenter: Kristl Vonck (Belgium)

Introduction and Discussion

VNS is an efficacious therapy for people with epilepsy (PwE), but personalized
implementation of VNS dosing and titration could be improved. Novel stimulation
parameters and novel features of the recent VNS devices allow for this more
personalized approach. Also measuring therapeutic engagement of cortical and




subcortical physiology is a strategy to be persued to increase clinical outcome.
Titration of VNS using an fMRI-guided approach is feasible and safe in PWE A
specific biomarker, used in this specific study design, was too variable to be used for
patient-specific titration. An increase in thalamic BOLD signal that occurred across
multiple stimulation parameter combinations and multiple visits with microburst
settings was associated with seizure response that could be visualized early in the
titration process.

Supplemental Data

We investigated PWE using an investigational VNS system with conditional approval
for stimulation during MRI and using a novel microburst stimulation paradigm. VNS
therapy was titrated using an fMRI-guided titration approach to determine VNS
therapy settings for each individual participant over 6 months. Stimulation parameter
combinations that evoked the highest thalamic BOLD response were chosen in an
individual participant as the preferred VNS therapy setting. In all participants (n=32),
significant VNS-evoked thalamic BOLD responses were found. Participants who
experienced significant thalamic BOLD signal among multiple stimulation parameter
combinations over multiple visits were most likely to respond to microburst VNS with
a median reduction in seizure frequency of 42.6 % at 6 months.

References:
Epilepsy Res 2026 Mar:221:107734. doi: 10.1016/j.eplepsyres.2026.107734
Acknowledgements: 4Brain.eu

Learning Objectives

1. Knowledge increase on how to investigate potential personalized strategies with
vagus nerve stimlation

2. Explain a feasibiliy study on personalized titration of VNS Therapy based on MRI
3. Introduce the concept of microburst VNS

AMBULATORY BRAIN BIOMARKERS OF CHRONIC PAIN: TOWARD CLOSED
LOOP BRAIN STIMULATION

Presenter: Prasad Shirvalkar (United States of America)

Introduction and Discussion

Chronic neuropathic pain remains refractory to available therapies in millions of
patients, and over 65 years of deep brain stimulation (DBS) research has yielded
inconsistent outcomes, largely because prior approaches applied uniform targets
and continuous stimulation across individuals with fundamentally different pain
pathophysiology. We developed a precision-medicine paradigm leveraging
ambulatory intracranial biomarkers to drive personalized, closed-loop DBS for
refractory chronic pain.

In the UCSF PRISM trial (NCT04144972), six participants with diverse neuropathic
pain etiologies underwent 10-day inpatient intracranial electroencephalography
(iIEEG) to identify individualized stimulation targets and neural biomarkers of pain
severity. Five were then implanted with permanent bidirectional DBS devices
capable of chronic ambulatory recording and on-board closed-loop stimulation.
Machine learning models trained on spectral features from cortical, striatal, and
thalamic recordings decoded continuous pain severity (LASSO R? 0.16-0.82) and
classified high versus low pain states (linear discriminant analysis AUC 0.88-1.00)
within each individual. Bespoke biomarkers were translated into real-time closed-
loop algorithms adapting to sleep-wake cycles.




In double-blind, sham-controlled crossover testing, closed-loop DBS reduced pain
intensity by approximately 50% versus baseline (linear mixed-effects model,
F1,304=6.43, p=0.012), while sham produced no significant benefit. Daily step counts
improved by 18% (p=0.001), and effective duty cycles remained below 50%,
suggesting intermittent biomarker-triggered stimulation may avert habituation: a
longstanding limitation of continuous DBS. Efficacy was durable up to 3.5 years.
Novel analgesic targets were identified in the caudate body and globus pallidus
internus, expanding the landscape of pain-relevant cortico-striatal-thalamocortical
(CSTC) circuit nodes.

Yet the deeply personalized nature of these biomarkers raises a fundamental
translational tension: can closed-loop pain DBS scale beyond bespoke
programming? Our data suggest two candidate generalizable signatures. First, low-
frequency theta-band power (5-10 Hz) in cingulate-striatal circuits emerged as a
recurrent biomarker feature across participants regardless of pain etiology. Second,
the right centromedian thalamus produced significant analgesia in four of five
participants, implicating a convergent CSTC node. These observations motivate
several open questions: Does theta-band cingulate-striatal coherence represent a
universal electrophysiological signature of the affective dimension of chronic pain?
Can a canonical set of CSTC nodes—centromedian thalamus, anterior cingulate
cortex, caudate—serve as default targets subsequently refined rather than
discovered de novo in each patient? And critically, will larger cohorts reveal pain-
etiology-specific biomarker subtypes, or does network-level convergence at CSTC
loops render underlying diagnosis secondary to circuit state?

References

1. Shirvalkar P et al. Nat Neurosci 2023; first-in-human prediction of chronic pain
state using intracranial neural biomarkers.

2. Shirvalkar P et al. Personalized closed-loop deep brain stimulation for chronic
pain. [Preprint/In Review] 2025.

Learning Objectives

1. Understand the rationale and methodology for using ambulatory intracranial
biomarkers to develop personalized closed-loop DBS for chronic pain.

2. Evaluate evidence for candidate generalizable neural signatures of chronic pain
across diverse etiologies.

3. Appraise the clinical and statistical rigor of sham-controlled, double-blind DBS
outcomes for refractory neuropathic pain.

TUESDAY: 12.05.2026: Breakout Session 01 - Noninvasive Brain Stimulation
for Pain and Headache

BRAIN STIMULATION TARGETS FOR NEUROPSYCHIATRY GENERATED BY
CAUSAL NETWORK MAPPING

Presenter: Albino J. Oliveira-Maia (Portugal) Introduction and Discussion

Brain dysfunction is a well-known feature for most neuropsychiatric disorders.
However, typically there is also considerable heterogeneity, and sometimes
inconsistency, in the evidence supporting involvement of brain circuits in
neuropsychiatry. This may stem from the impact of inter-individual differences in
relatively small studies, as well as from choices in methodology, including the fact



that most evidence in humans is observational and correlative. Recently, my
laboratory and others have developed strategies for more causal studies in human
neuroscience, taking advantage of opportunities presented by neuropsychiatric
complications of either incidental focal brain lesions or of therapeutic focal brain
stimulation. These approaches are designated as lesion or stimulation network
mapping, and provide insight into the networks disrupted to induce a given cognitive
and/or behavioural change, such as mania and obsessive-compulsive disorder.

Causal network mapping embeds individual lesions and/or stimulation targets in
normative functional connectomes, estimating distributed connectivity profiles and
testing for convergence across cases with a common phenotype. In addition to being
a method to map symptoms to brain circuits, it provides a principled bridge from
causal discovery to stimulation targeting, by generating explicit and testable network
hypotheses. Indeed, validity of causal brain networks has been supported by
evidence of anatomical overlap with targets used for therapeutic brain stimulation
across several neurological and psychiatric disorders. Most importantly, causal brain
networks have started to be tested prospectively using brain stimulation, namely
non-invasive approaches such as Transcranial Magnetic Stimulation (TMS), with
clinical trials testing cortical targets from causal brain networks for psychosis,
depression and our own trial testing an OCD lesion network map.

Here | will present the methods and applications for causal network mapping in
neuropsychiatry expanding from existing work in mania and obsessive-compulsive
disorder to future opportunities for other symptoms, syndromes and conditions.
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Learning Objectives

1. Understand the methods for normative causal network mapping (CNM) in
neuropsychiatry.

2. Learn about existing network maps for mania and obsessive compulsive disorder.

3. Explore the opportunities for application of CNM to optimize targets for therapeutic
brain stimulation.

TRANSCRANIAL MAGNETIC STIMULATION FOR TREATMENT OF PAIN AND
HEADACHES

Presenter: Albert Leung (United States of America)

Introduction and Discussion

Transcranial Magnetic Stimulation (TMS) is one of most versatile non-invasive brain
neuromodulatory modalities for treating various pain conditions. Significant
advancements in treatment indications, outcome evidence and the understanding of
therapeutic mechanisms have occurred since the publication of the 2020 INS-NANS
TMS expert consensus panel review and recommendation for pain. This
presentation will review and discuss the latest development in the use of TMS for
treating various pain and co-morbid conditions, and relevant challenges.
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Learning Objectives

Discuss the latest development of using TMS in treating pain

Review the most updated outcome evidence for established pain indications
Review emerging pain indications for TMS

Discuss relevant challenges in clinical implementation

OPTIMIZED DESIGN OF HOME-BASED NEUROMODULATION FOR MIGRAINE
AND PAIN

Presenter: Marom Bikson (United States of America)

Introduction and Discussion

This presentation explores how non-invasive brain stimulation technologies can be
designed for safe and effective home-based treatment of pain and migraine. It
focuses on approaches such as transcutaneous electrical nerve stimulation (TENS),
transcranial direct current stimulation (tDCS), and external trigeminal nerve
stimulation (e-TNS), which deliver low levels of electrical energy to specific parts of
the nervous system.

A key theme is that pain relief depends on how stimulation energy is distributed in
the body. Computational modeling helps predict and optimize this energy flow,



enabling more targeted and personalized treatments. Rather than acting on a single
brain area, these therapies may influence broader neural networks and may also
affect blood flow and brain physiology (neurovascular effects).

Overall, the work highlights the potential of wearable, at-home neuromodulation
devices to provide accessible, non-drug options for pain management, while
emphasizing the importance of optimizing stimulation “dose” and understanding
underlying biological mechanisms.
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Learning Objectives

1. Understand the basics of brain stimulation for pain relief

Recognize how non-invasive electrical stimulation can influence the nervous system
to reduce pain and migraine symptoms.

2. Identify different types of home-based neuromodulation technologies

Distinguish between approaches like TENS, tDCS, and e-TNS, and understand the
parts of the body they target (nerves, brain regions, or cranial pathways).

3. Appreciate why treatment design matters

Explain how factors like electrode placement, stimulation intensity, and biological
effects (including blood flow changes) impact the effectiveness of brain stimulation
therapies.

TRANSCUTANEOUS VAGUS NERVE STIMULATION FOR HEADACHE AND
MIGRAINES

Presenter: Rolf Fronczek (Netherlands)

Introduction and Discussion

Neuromodulation has emerged as a therapeutic option in the management of
primary headache disorders, offering a non-pharmacological treatment strategy that
often targets key nodes within the trigeminovascular pain network. This lecture
provides a overview of neuromodulation approaches in headache, with particular
emphasis on non-invasive vagus nerve stimulation ("VNS) in migraine, while also
addressing its role in cluster headache and other trigeminal autonomic cephalalgias
(TACs), alongside other neurostimulation techniques.

References: None

Learning Objectives

1. Objective: Understand the neurobiological rationale for neuromodulation in
primary headache disorders.

2. Objective: Critically evaluate the clinical evidence for non-invasive vagal nerve
stimulation in migraine and cluster headache

3. Objective: Critically evaluate the clinical evidence for other forms of
neurostimulation in primary headache disorders

DEBATE: USE OF ITDS ONLY FOR CANCER PAIN
Presenter: Peter S. Staats (United States of America) - no abstract available.

DEBATE: ITDS FOR BOTH CANCER AND NON-CANCER PAIN
Presenter: Timothy R. Deer (United States of America) - no abstract available.

TUESDAY: 12.05.2026: Breakout Session 02 - Chronobioloqy of
Neuromodulation

CIRCADIAN RHYTHMS AND THE SLEEPING BRAIN: IMPLICATIONS FOR
NEUROMODULATION

Presenter: Ullrich Bartsch (United Kingdom)

Introduction and Discussion

Humans spend approximately one-third of their lives asleep. With an average
lifespan of 80 years, this equates to approximately 26 years. Despite the clear
importance of this fundamental brain and behavioural state, its underlying neuronal
mechanisms are still poorly understood.




Sleep spindles are characteristic 10—16 Hz oscillations that occur during non-rapid
eye movement sleep. Sleep spindles have been linked to circadian rhythms, sleep
stability, cortical plasticity, and memory consolidation, but the exact biophysical
mechanisms underlying their generation in humans remain elusive.

We investigated thalamo-cortical network mechanisms of spindle generation using
biophysically realistic neuronal network modelling and non-invasive brain stimulation
targeting the thalamus. We hypothesized that spindle events can be driven by
targeting thalamic neurons.

Using a biophysically realistic cortico-thalamic computational model, we applied
subthreshold sinusoidal stimulation to thalamic populations and assessed the
probability of spindle generation. The model showed increased spindle density after
stimulation with 5 Hz but not after neighbouring frequencies, indicating neuronal
subthreshold resonance. Further investigation showed that evoked spindle events
are driven by a resonance mechanism dependent on thalamic T-type calcium and H-
currents in thalamic relay neurons.

We tested the model predictions using non-invasive brain stimulation. We recruited
25 healthy adults for an afternoon nap and targeted the thalamus using temporal
interference stimulation. Participants received 5 Hz stimulation, 1 Hz stimulation, or
no stimulation (OFF) during NREM sleep while an EEG was recorded.

Our experimental results confirm the model prediction: We observed increased
spindle density and spindle band power in the 5 Hz condition compared to both 1 Hz
and OFF conditions. These findings demonstrate non-invasive causal modulation of
human sleep spindles driven by a resonance-based thalamic mechanism.

Future work will use causal manipulation of spindles to investigate their role in motor
learning and translate the approach into clinical populations with spindle deficits.
References: None

DEEP BRAIN STIMULATION CHRONOTHERAPY: TIME-DEPENDENT
SYMPTOM PROFILES IN PARKINSON’S DISEASE
Presenter: Clay Smyth (United States of America)

Introduction and Discussion

Parkinson’s disease (PD), while once characterized primarily as a movement
disorder, is now appreciated as having impactful non-motor symptoms. A variety of
non-motor symptoms may fluctuate throughout the typical circadian rhythm, notably
disruptions to normal sleep architecture. Sleep disruptions often precede motor
symptoms, and ameliorating sleep dysfunction is considered a high priority clinical
need. Improving sleep quality has significance beyond simply improving patient
comfort. Sleep is crucial for metabolic clearance of protein aggregates and
maintaining circuit homeostasis. Therefore, improving sleep quality may leverage
endogenous neuroprotective processes in individuals with PD, thereby providing a
mechanism for attenuating disease progression.

Deep Brain Stimulation (DBS), albeit typically programmed for targeting daytime
motor symptoms, provides a promising avenue for improving sleep quality. However,
the mechanisms by which DBS improves sleep, or the optimal stimulation
parameters to ameliorate sleep disruption, remain elusive. There is strong scientific
and clinical motivation for developing chronotherapies that respond to, and address,
sleep physiology.

Here, we describe a methodology for developing personalized, sleep-specific
adaptive DBS policies for improving slow wave sleep. We leverage unsupervised



machine learning techniques for identification of NREM sleep. Discriminatory
models, trained on the unsupervised derived labels, are then programmed into
participants’ DBS devices for online monitoring of NREM sleep. Adaptive policies are
subsequently developed for selectively changing stimulation parameters upon
transitions into NREM sleep. Stimulation parameters, primarily stimulation amplitude,
are optimized to maximize overnight slow wave activity via Bayesian Optimization.
Results demonstrate that selective reduction of stimulation amplitude during NREM
sleep boosts overnight slow wave activity, a sleep biomarker closely related to
glymphatic activity. Additionally, there is evidence that sleep-specific DBS therapies
can improve next day subjective measures of fatigue. Coupled with DBS adaptive
paradigms targeting daytime physiological fluctuations, such as medication cycles,
this work represents a step towards neuromodulatory therapies that ameliorate
disruptions across the whole circadian rhythm.
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Learning Objectives

(1) Sleep Impairment in Parkinson's disease
(2) Personalized Adaptive DBS development
(3) Unsupervised detection of biomarkers

CLINICAL INTEGRATION OF CHRONOTYPING IN NEUROMODULATION FOR
CHRONIC PAIN
Presenter: John Eraifej (United Kingdom)

Introduction and Discussion

Neuromodulation systems are usually permanently on during a 24 hour cycle,
although in some cases, patients may alter amplitude or turn off at night — typically to
reduce ‘tolerance’ as in the cases of DBS for Essential Tremor or in chronic pain.
However, in most diseases, and in particular chronic pain, the pain and suffering
experienced by the patient varies significantly throughout the circadian cycle or over
longer periods such as days or weeks. It may also be profoundly influenced by sleep
or may in itself influence sleep quality or length. There is increasing understanding of
the way that pain is processed in the ‘pani matrix’ and a number of major parts to the
system include the ascending sensory pathway (such as the thalamus and sensory
cortex), the ascending affective pathway (that includes limbic structures such as
insula and cingulate cortex), and a descending inhibitory pathway from frontal cortex
to PAG and medulla. In the normal, non-disease, state, there is a circadian variation
in pain ‘responsiveness’ (Bruguerolle and Labrecque 2007), in both nocturnal
species and diurnal species including humans. Commonly, in humans, pain
sensitivity is highest at the end of the day and during the night (Hagenauer et al
2017). It is well established that these ‘normal’ rhythms are disrupted in chronic
disease (Kim et al 2015).

We are conducting a Randomised Controlled Trial of DBS for Chronic Post-stroke
Pain (EPIONE study), targeting the Periaqueductal grey area (PAG) and the sensory
thalamus (ST). Disrupted sleep is a common co-morbidity after stroke which is



associated with a worsening of pain. Indeed melatonin administration has been
shown to ameliorate pain along with sleep disturbance after stroke (Kaur T et al
2022). The PAG exhibits circadian rhythms and receives input from the
suprachiasmatic nucleus, the so called ‘master clock’. It also likely plays a part in
REM sleep. Our experimental device, known as the Picostim®-DyNeuMo system is
able to vary stimulation throughout the circadian cycle, and to respond to sleep
states, activity states and bioelectrical markers of pain (such as local field potentials
recorded from the electrodes implanted in the brain). Thus we can explore how pain
signals in the brain vary according to circadian rhythms, as well as individually
tailoring stimulation paradigms to predictable diurnal pain variations in the study
participants. We can also explore how stimulation affects sleep architecture and
potential resulting effects on pain.
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Learning Objectives

1. Understand that pain has a circadian element

2. Understand that pain and circadian rhythms have a complex interaction

3. Understand that the integration of chronotherapy into pain neuromodulation is
possible

DESIGNING NEXT-GENERATION, CIRCADIAN-AWARE
NEUROTECHNOLOGIES: FROM THE PERIPHERY TO GENERALIZED
APPROACHES

Presenter: Victoria S. Marks (United Kingdom)

Introduction and Discussion

Adaptive neuromodulation has largely emphasized reactive feedback, adjusting
stimulation in response to detected physiological events. However, many therapeutic
targets are governed by predictable circadian rhythms that structure symptom
expression and treatment requirements across the 24-hour cycle. Peripheral
systems including bladder control, cardiac rate regulation, glucose metabolism, and
inflammatory signalling exhibit robust time-of-day variability that challenges static
therapy paradigms.

In urinary continence, bladder activity, sphincter tone, and reflex engagement vary
between wake and sleep states, with relative nocturnal quiescence in most
individuals. Cardiac pacing demands fluctuate with autonomic tone across sleep—
wake transitions. Insulin sensitivity and hepatic glucose production demonstrate
circadian oscillation, and inflammatory mediators show time-dependent peaks.
These systems are dynamically scheduled by biology.

We propose that circadian physiology represents a low-bandwidth, high-reliability
predictive input for therapy design. Incorporating time-of-day-dependent parameter
scheduling, state-contingent gain modulation, and hybrid predictive—reactive control
policies may reduce reliance on fragile high-frequency biomarkers. Rather than



requiring continuous fast closed-loop control, neuromodulation systems can
anticipate state transitions and adjust baseline stimulation accordingly.

This framework informed development of the investigational DyNeuMo platform,
integrating inertial sensing, programmable circadian scheduling, and embedded
adaptive policies within a fully implantable architecture. In pelvic neuromodulation
studies for urinary incontinence, circadian scheduling (“night mode”) enabled
reduction of baseline stimulation during sleep while preserving event-triggered
augmentation.

Bench validation and early human investigations demonstrate feasibility of combining
predictive scheduling with conditional actuation.

The broader implication is a design paradigm shift. Adaptive neuromodulation need
not rely exclusively on rapid feedback loops. By embedding structured physiological
prediction—particularly circadian rhythms—into control architecture, systems may
improve robustness, energy efficiency, and long-term personalization across chronic
implant lifetimes.
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Figure 1. The evolution from manual control to biologically-inspired, automated
algorithms that are implemented in the investigational DyNeuMo device (from Marks)
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Figure 2. Example of circadian profiles for device engagement. Left: patient
engagement showing a clear diurnal pattern for urge and stress episodes. Right:
applying the diurnal pattern as a predictive input for controlling the reflex operation.

Supplemental Data: Additional data will be shared from AURA-2 and AURA-3 trials
during the presentation.
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Learning Objectives

1. Describe circadian modulation in peripheral physiological systems relevant to
neuromodulation.

2. Differentiate predictive scheduling from reactive closed-loop control.

3. Understand how circadian structure informs therapy algorithm and device design.



TUESDAY: 12.05.2026: Breakout Session 03 - Neuromodulation for Epilepsy

VAGUS NERVE STIMULATION FOR DRUG RESISTANT EPILEPSY

Presenter: George Ibrahim (Canada)

Introduction and Discussion

Vagus nerve stimulation (VNS) is the most widely utilized neuromodulation therapy
for drug-resistant epilepsy, yet its clinical application remains limited by variability in
response and a lack of reliable methods for patient selection. Despite decades of
use, outcomes remain difficult to predict, with response rates ranging widely.

A central limitation in the field is the inability of traditional clinical variables—such as
epilepsy etiology, seizure type, and electroencephalographic findings—to predict
individual response to VNS. This has led to a reliance on population-level estimates
(e.g., “60% response in 50% of patients”) that are insufficient for guiding
individualized clinical decisions. Emerging work suggests that response to VNS may
instead be better understood within a network-based framework. The concept of a
“vagus afferent network,” encompassing brainstem, thalamic, and cortical circuits,
provides a mechanistic basis for variability in treatment response and offers a path
toward biomarker-driven patient selection.

Recent advances in connectomics, electrophysiology, and multicenter collaborative
datasets have enabled the identification and validation of candidate biomarkers
associated with VNS responsiveness. These approaches support a shift toward
personalized neuromodulation strategies, with the goal of improving patient
selection, optimizing outcomes, and impoving healthcare resource utilization.
Additionally, improved understanding of response trajectories may inform clinical
decision-making regarding the timing of therapy escalation or transition to alternative
treatments.

This presentation will review the clinical application of VNS in pediatric epilepsy,
emphasizing challenges in defining and predicting response, and highlighting
emerging network-based approaches to personalize therapy.

References: None

Learning Objectives

1. Describe the clinical application of vagus nerve stimulation (VNS) in drug-
resistant pediatric epilepsy

2. Evaluate the limitations of conventional clinical predictors of VNS response and
their impact on clinical decision-making

3. Assess emerging network-based and biomarker-driven approaches to predicting
and optimizing response to VNS

ANT DEEP BRAIN STIMULATION FOR DRUG RESISTANT EPILEPSY
Presenter: Paul Boon (Belgium) - no abstract available.

RESPONSIVE NEUROSTIMULATION FOR DRUG RESISTANT EPILEPSY
Presenter: John Rolston (United States of America)

Introduction and Discussion

Responsive neurostimulation (RNS) has transformed the management of drug-
resistant epilepsy, offering not only a therapeutic intervention but also a window into
chronic intracranial electrophysiology. Despite its success, variability in patient
outcomes highlights the critical need for optimization. This presentation will review
recent advances from our laboratory focusing on three pivotal dimensions of



responsive neuromodulation: spatial targeting ("Where"), temporal dynamics
("When"), and patient selection ("Who").

Regarding spatial targeting, we move beyond standard anatomical landmarks to
explore network-based interventions. Specifically, we will discuss the emerging role
of the centromedian nucleus (CM) of the thalamus as a target for generalized
epilepsy syndromes, such as Lennox-Gastaut Syndrome (LGS). We will present data
comparing traditional indirect targeting to refined anatomical methods that
significantly improve electrode overlap with the CM nucleus, a factor critical for
engaging the appropriate thalamocortical networks.

Regarding temporal dynamics, we examine the importance of brain state and
circadian rhythms in modulation efficacy. Leveraging longitudinal RNS recordings,
we will discuss findings demonstrating that the timing of stimulation relative to
seizure risk states significantly influences outcomes. Contrary to the assumption that
stimulation is only needed during high-risk periods, our recent work suggests that
stimulation delivered during "low-risk" states may be equally, if not more, predictive
of seizure reduction. We will also touch upon the use of aperiodic exponents as
biomarkers for these states.

Finally, we will address patient selection through the lens of connectomics. We will
review evidence showing that pre-operative structural and functional connectivity
profiles can predict post-operative responsiveness. By integrating these spatial,
temporal, and network-based insights, we propose a shift toward a more
personalized, state-dependent paradigm for responsive neurostimulation.
References: None

Learning Objectives

Discuss the anatomical rationale for targeting the centromedian nucleus (CM) of the
thalamus in generalized epilepsy syndromes like Lennox-Gastaut Syndrome, and the
benefits of refined anatomical targeting over traditional indirect methods.

Evaluate the impact of brain states and circadian rhythms on neuromodulation
efficacy, specifically the counterintuitive finding that stimulation during "low-risk"
states may significantly drive seizure reduction.

Describe how pre-operative structural and functional connectivity profiles—
particularly involving medial prefrontal and anterior cingulate networks—can be
utilized to predict post-operative patient responsiveness.

DEBATE: ADAPTIVE DEEP BRAIN STIMULATION SIGNIFICANTLY ADVANCES
THE THERAPY
Presenter: Jan Vesper (Germany) - no abstract available.

DEBATE: ADAPTIVE DEEP BRAIN STIMULATION IN MOVEMENT DISORDERS:
IS IT WORTH THE HYPE?
Presenter: Jens Volkmann (Germany) - no abstract available.



TUESDAY, 12.05.2026: Plenary Session 04

HIGHLY EFFICIENT NEURAL MODELING FOR ANALYSIS AND DESIGN
Presenter: Warren M. Grill (United States of America)

Introduction and Discussion

Computational models are important for analysis and design of neuromodulation
devices and therapies. For analysis, we often seek to quantify the responses of
populations of neurons to extracellular stimulation. For example, we might be
interested in how many dorsal column axons are activated by a particular stimulus
and how this number changes with the level of a particular stimulation parameter to
create an input—output (or dose—response) curve. However, the nonlinear equations
that describe the response of neurons to stimulation pulses are computationally
demanding to solve. This computational cost grows sharply in model-based design,
where parameters must be swept to map high-dimensional input—output
relationships. For example, varying the number and placement of stimulating
contacts can substantially alter which fibers are activated, but assessing those
effects generally demands many repeated simulations across large neuron
populations, each involving costly nonlinear numerical solutions. Even with modern
computing power, the ability to explore these large parameter spaces, with
potentially important interactions between parameters, is limited by requirements of
compute time and machine memory. Therefore, approximation methods are required
to reduce computational demands while maintaining accuracy.

We present three different approaches to approximate the response of model
neurons to extracellular stimulation. The first approximation approach [Warman et al.
1992] represents myelinated axons with linear models—a classical engineering
method to approximate the properties of a non-linear system, typically about a
specific operating point—to predict activation thresholds with < 5% error. The second
approximation approach [Aberra et al. 2023] uses modern machine learning
methods—3D convolutional neural networks (CNNs)—to predict the thresholds of
morphologically-realistic cortical neurons in response to transcranial magnetic
stimulation. The CNNs predicted thresholds with < 2.5% error and up to a 10,000-
fold reduction in computational cost. The third approximation approach [Hussain et
al. 2024] uses a simplified cable model surrogate, trained by backpropagation and
gradient descent, to approximate the properties of a non-linear cable model of a
myelinated axon and predicted stimulation thresholds with < 2% error across a range
of stimulation conditions and up to a 100,000-fold reduction in computational cost. In
addition to highly efficient analysis, the surrogate enabled design of parameters for
selective activation in minutes rather than hours to days.

These approximations estimate the responses of neurons to stimulation with
dramatically reduced computational costs and enable exploration of very large
design parameter spaces for optimization of neuromodulation therapies.
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Learning Objectives

1. Understand the need for approximation methods to calculate the response of
neurons to stimulation.

2. Understand the limitations of linear models to approximate thresholds.

3. Understand the power of modern machine learning methods to estimate
thresholds with dramatic reductions in computational demand.

CLOSED LOOP DEEP BRAIN STIMULATION AND TMS FOR COGNITIVE
DISORDERS

Presenter: Alik Widge (United States of America)

Introduction and Discussion

Mental disorders arise from brain circuit dysfunctions, but most of our treatments
target the whole brain rather than defined circuits. Deep brain stimulation (DBS) is a
more circuit-directed approach that has done well in movement disorders, but has
mixed results in psychiatric clinical trials. Part of the difficulty is that psychiatric DBS
is delivered in a trial-and-error fashion, without clear guidance on how to engage the
target circuits. | will present a new approach to defining and verifying target
engagement, based on understanding DBS' effects on cognition and decision-
making. My lab has identified ways in which DBS can augment cognitive flexibility
and cognitive control, and has linked those changes to cortical electrophysiology. In
animals, we have developed new approaches to understand how those changes
occur and how we can leverage them for clinical benefit. | will describe how, taken
together, these approaches offer the prospect of a new generation of rationally
designed brain stimulation therapies. | will further describe how we are generalizing
these results to transcranial magnetic stimulation that leverages activation of
cognitive control networks and to focused ultrasound of the deep rbain.

References: None

Learning Objectives

At the end of this presentation, attendees will be able to:

- Describe the clinical evidence for invasive and non-invasive neurostimulation in
psychiatry

- Identify challenges unique to the design of clinical trials in brain stimulation

- Describe how a domain-focused approach can be more valuable than a diagnosis-
focused approach in developing new forms of brain stimulation

STIMULATION FOR OCD
Presenter: Sameer A. Sheth (United States of America) - no abstract available




WEDNESDAY: 13.05.2026: Plenary Session 05

DISORDERS OF VAGAL TONE

Presenter: Peter S. Staats (United States of America)

Introduction and Discussion

Disorders of Vagal Tone: From Dysregulation to Vagus Insufficiency

The vagus nerve is the principal bidirectional conduit between the brain and the
body, exerting powerful regulatory control over inflammation, metabolism,
cardiovascular function, gastrointestinal motility, and emotional regulation. Despite
its central role in maintaining physiologic homeostasis, vagal function has historically
been underappreciated in clinical medicine, often inferred indirectly rather than
assessed or treated as a modifiable therapeutic target. Increasing evidence now
suggests that impaired vagal tone is not merely an epiphenomenon of disease, but a
driver of pathophysiology across a wide spectrum of chronic conditions.

This presentation introduces and expands upon the concept of vagus insufficiency, a
unifying framework to describe a state in which the vagus nerve is unable to mount
an adequate regulatory response to internal or external stressors. Analogous to
concepts such as heart failure or adrenal insufficiency, vagus insufficiency reframes
vagal dysfunction as a clinically meaningful disorder characterized by reduced
resilience, impaired adaptability, and loss of autonomic balance. This construct
integrates observations from diverse conditions including chronic pain, migraine,
inflammatory and autoimmune disorders, metabolic disease, depression, PTSD, and
long-COVID, where diminished vagal tone and altered autonomic signaling are
consistently observed.

We will review the physiologic basis of vagal tone, including efferent
parasympathetic signaling, afferent sensory feedback, and the vagus nerve’s role in
the inflammatory reflex and central autonomic networks. Current methods for
assessing vagal function—such as heart rate variability, baroreflex sensitivity, and
emerging bioelectronic biomarkers—will be critically examined, highlighting both their
utility and limitations. Importantly, the talk will explore how vagus insufficiency may
exist along a continuum, from subclinical dysfunction to overt disease, and how this
perspective can inform earlier intervention.

Finally, the presentation will discuss therapeutic implications, with a focus on
neuromodulation strategies designed to restore or augment vagal tone. Both
invasive and non-invasive vagus nerve stimulation modalities will be reviewed,
alongside behavioral, bioelectronic, and integrative approaches aimed at enhancing
vagal capacity. By conceptualizing disorders of vagal tone through the lens of vagus
insufficiency, this talk aims to provide a coherent framework that unifies mind-body
medicine, guides patient selection, and accelerates the development of personalized
neuromodulation therapies.

References

Staasts PS and Blake J Vagus Insufficiency Syndrome In Vagus Nerve Stimulation
(ed) Staats PS, Ayata C Lerman |, Abd Elsayed A Elseveir 2025

Learning Objectives

1) Understand the role of the vagus nerve in regulating metabolsim Gl motility,
neural function and performance

2) Understand how to stimulate the vagus nerve



3) Understand the evolving science of vagus nerve stimulation in modifying disease
and enhancing performance

MECHANISMS AND CLINICAL APPLICATIONS OF LIFU
Presenter: Julie G. Pilitsis (United States of America)

Introduction and Discussion

Low intensity focused ultrasound (LIFU) has emerged as a versatile non-invasive
neuromodulation platform, with a rapidly growing body of evidence spanning in vitro,
preclinical, and human studies. Its mechanisms operate through mechano-acoustic
membrane interactions, engaging ion channels, modulating neurotransmitter release,
and altering gene expression in a parameter-dependent manner that can drive either
excitation or inhibition of neural tissue. This tunability makes LIFU particularly
attractive for circuit-specific interventions and treatment-resistant conditions
(Puppalla et al., 2025).

Chronic neuropathic pain remains one of the most therapeutically challenging
conditions in and LIFU-based approaches offer a compelling non-invasive avenue for
engaging spinal pain circuits directly. Our group has shown that external LIFU
directed at the dorsal root ganglion (DRG) reduces mechanical and thermal
hypersensitivity in a rodent and swine neuropathic pain model, with accompanying
changes in sensory nerve conduction latency and downstream shifts in cortical pain
processing regions including the somatosensory cortex and anterior cingulate cortex
(Hellman et al., 2020; Bao et al., 2022). These findings implicate DRG-targeted LIFU
as capable of engaging the full pain neuraxis non-invasively. We currently are in the
process of setting up human trials and commercializing the product.

Additionally, we developed a novel coaxial probe delivering simultaneous LIFU and
transspinal magnetic stimulation, a magneto-acoustic platform designed to engage
dorsal column within a single non-invasive treatment session. In a rodent
neuropathic pain model, combined stimulation produced rapid onset analgesia with
sex-differentiated durability and no histological evidence of tissue injury. Together,
these findings suggest that LIFU, alone or in combination with magnetic stimulation,
may offer a viable non-invasive path forward for patients with chronic neuropathic
pain refractory to conventional therapies.
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Learning Objectives

1. Describe the mechano-acoustic mechanisms underlying LIFU-mediated
neuromodulation



2. |dentify spinal dorsal column and DRG circuits as viable targets for non-invasive
LIFU intervention in neuropathic pain

3. Evaluate preclinical evidence supporting LIFU as a non-invasive alternative to
invasive neuromodulation for chronic pain

DEEP BRAIN STIMULATION FOR TBI: FROM ANIMAL MODELS TO HUMAN
TRIALS
Presenter: John Rolston (United States of America)

Introduction and Discussion

Traumatic brain injury (TBI) remains a leading cause of long-term disability, with a
subset of patients persisting in disorders of consciousness (DoC), such as the
vegetative or minimally conscious state. While pharmacological interventions have
shown limited efficacy, deep brain stimulation (DBS) offers a promising, circuit-based
therapeutic avenue. This presentation will trace the translational arc of DBS for DoC,
moving from foundational animal models to recent breakthroughs in human clinical
trials.

We will begin by reviewing the mechanistic rationale derived from animal models.
Seminal work has established that the central thalamus plays a critical role in
regulating arousal and awareness. As detailed in our review (Kundu et

al., Neurosurg Focus 2018), stimulation of intralaminar thalamic nuclei in rodent
models can reliably reinstate arousal behaviors, providing a compelling biological
basis for intervention. However, translating these findings to humans has historically
been challenged by heterogeneity in injury patterns and targeting variability.

The core of the talk will focus on overcoming these translational hurdles, highlighting
recent data published in Nature Communications (Warren et al., 2025) from a cohort
of 40 patients treated with unilateral DBS of the centromedian-parafascicular (CM-P¥)
complex. This study represents one of the largest investigations of its kind and offers
critical insights into the "Where" and "Who" of successful modulation. We will discuss
findings that pinpoint a specific "sweet spot" for stimulation near the parafascicular
nucleus (Pf) and its junction with the midbrain—a region distinct from standard
anatomical targets. Furthermore, we will examine how patient-specific structural
integrity, particularly of the striatum and thalamocortical networks, serves as a robust
predictor of responsiveness.

By integrating these lessons—leveraging animal data to understand mechanism and
large-scale human data to refine targeting—we propose a modernized, network-
based approach to neuromodulation for TBI. This paradigm shifts away from a "one-
size-fits-all" strategy toward personalized interventions that account for the unique
connectomic landscape of the injured brain.
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network linked to restoration of consciousness after deep brain stimulation. Nature
Communications 16(1):6721.

Learning Objectives

Analyze the historical and mechanistic evidence from animal models supporting the
central thalamus (specifically the intralaminar nuclei) as a target for modulating
arousal and consciousness.

Evaluate the results of recent large-scale human trials (e.g., Warren et al., 2025)
regarding centromedian-parafascicular (CM-Pf) DBS, focusing on the specific
anatomical "sweet spots" associated with positive outcomes.

Identify key pre-operative biomarkers, such as striatal gray matter integrity and
functional connectivity profiles, that predict which TBI patients are most likely to
respond to DBS therapy.

WEDNESDAY: 13.05.2026: Breakout Session 01: Peripheral Nerve Stimulation
for Chronic Pain

MECHANISMS OF ACTION OF PERIPHERAL NERVE STIMULATION FOR
CHRONIC PAIN WAVEFORMS FOR CHRONIC PAIN
Presenter: Eellan Sivanesan (United States of America)

Introduction and Discussion

Peripheral nerve stimulation (PNS) has emerged as an important neuromodulation
strategy for the treatment of chronic pain, with expanding applications across
neuropathic, musculoskeletal, and post-surgical pain conditions. Advances in device
technology have enabled delivery of diverse stimulation waveforms, frequencies, and
duty cycles; however, the biological mechanisms through which these parameters
influence analgesic efficacy remain incompletely understood. This presentation will
review current evidence regarding the mechanisms of action of PNS and the role of
waveform characteristics in shaping neural and non-neural responses.

Preclinical and clinical studies suggest that PNS modulates pain through multiple
interacting pathways, including activation of large-diameter afferent fibers, inhibition
of nociceptive transmission, engagement of spinal and supraspinal inhibitory circuits,
and alteration of peripheral and central sensitization. Emerging data also indicate
that stimulation parameters may influence local inflammatory signaling,
neurovascular function, and tissue-level plasticity. Differences in pulse width,
frequency, amplitude, and stimulation pattern can produce distinct patterns of neural
recruitment and downstream signaling, potentially accounting for variability in clinical
response.

This talk will integrate neurophysiologic, behavioral, and translational findings to
illustrate how waveform design influences therapeutic outcomes. Data will be
reviewed, with emphasis on their effects on sensory processing, functional
outcomes, and durability of analgesia.

Understanding how specific waveforms engage neural and non-neural mechanisms
has important implications for patient selection, programming strategies, and trial
design. Mechanism-informed optimization of PNS may enable more precise,
individualized neuromodulation approaches and improve long-term outcomes in
patients with chronic pain.
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Learning Objectives

1) Describe the current understanding of the mechanisms of action of
peripheral nerve stimulation in chronic pain. Participants will be able to explain
how PNS engages peripheral afferent fibers and central pain-modulatory pathways
based on available preclinical and clinical evidence.

2) Summarize existing evidence and knowledge gaps regarding the effects of
stimulation parameters and waveform characteristics in PNS. Participants will
be able to recognize areas where parameter-dependent effects are supported by
data and where further investigation is needed.

3) Identify key mechanistic questions and research priorities for advancing
PNS therapy. Participants will be able to outline important unanswered questions
relevant to future studies, device development, and clinical translation.

IMPLICATIONS FOR PHYSICAL EXAMINATION, DIAGNOSTIC STUDIES, AND
NERVE BLOCKS
Presenter: Ryan S. D'Souza (United States of America)

Introduction and Discussion

Peripheral nerve stimulation (PNS) has emerged as an effective therapy for a range
of chronic pain conditions; however, optimal patient selection and preprocedural
evaluation remain incompletely defined. In clinical practice, physical examination
maneuvers, diagnostic studies such as electromyography (EMG) and imaging, and
peripheral nerve blocks are frequently employed prior to pursuing PNS, often with
the assumption that these assessments may assist in selecting ideal candidates and
predict treatment success. This presentation reviews the available evidence
evaluating the diagnostic and prognostic utility of these tools and examines their
appropriate role in the pre-PNS workup. Physical examination findings are commonly
used to assess neuromuscular dysfunction, although demonstrate variable
sensitivity, specificity, and inter-rater reliability, and lack sufficient diagnostic
precision to reliably predict response to PNS. Advanced imaging and EMG may
provide valuable structural and physiologic context, but to date there are no definitive
studies correlating these findings with PNS outcomes. The predictive value of
diagnostic nerve blocks has been increasingly scrutinized. In a large retrospective
enterprise-wide analysis (1), administration of preimplant diagnostic peripheral nerve
blocks was not associated with superior pain relief at three or six months following
either temporary or permanent PNS implantation. Collectively, current evidence
suggests that physical examination findings, diagnostic studies, and nerve blocks



may be incorporated into the pre-PNS workout, although should not be considered
reliable predictors of PNS success. Rather, these tools may serve complementary
roles in refining the differential diagnosis, confirming anatomical pain targets, aiding
procedural planning, and satisfying payer requirements. A comprehensive,
individualized pre-PNS evaluation that integrates

clinical history, targeted examination, appropriate diagnostic studies, and shared
decision-making remains essential, while future prospective studies are needed to
better define evidence-based workup strategies and optimize patient selection for
PNS.
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Learning Objectives

1. Evaluate the evidence supporting physical examination maneuvers and
diagnostic studies prior to peripheral nerve stimulation.

Desired result: Participants will be able to critically appraise the strengths and
limitations of physical exam findings, imaging, and electrophysiologic studies in the
pre-PNS evaluation and recognize that these tools have limited ability to predict PNS
outcomes.

2. Assess the role of diagnostic peripheral nerve blocks in patient selection
and procedural planning for PNS.

Desired result: Participants will understand that diagnostic nerve blocks are not
reliable predictors of long-term PNS success, but may be appropriately utilized for
anatomical confirmation, procedural planning, and payer requirements.

3. Apply an evidence-based, individualized approach to pre-PNS workup and
clinical decision-making.

Desired result: Participants will be able to integrate patient history, targeted
examination, diagnostic studies, and shared decision-making into a comprehensive
pre-PNS evaluation while avoiding overreliance on any single diagnostic modality.

THE ROLE OF PERIPHERAL NERVE STIMULATION FOR CHRONIC PAIN IN
CHRONIC CANCER AND NON-MALIGNANT PAIN
Presenter: Anuj Bhatia (Canada) No abstract available.

DEBATE: TRIAL OR NOT TO TRIAL PERIPHERAL NERVE STIMULATION FOR
CHRONIC PAIN (FOR)
Presenter: Alaa Abd-Elsayed (United States of America) No abstract available.

DEBATE: TRIAL OR NOT TO TRIAL PERIPHERAL NERVE STIMULATION FOR
CHRONIC PAIN (AGAINST)
Presenter: Ryan S. D'Souza (United States of America) No abstract available.

POTENTIAL USE OF DORSAL ROOT GANGLION STIMULATION FOR
MECHANICAL KNEE PAIN




Presenter: Kenneth Chapman (United States of America)

Introduction and Discussion

Chronic osteoarthritic knee pain remains a leading cause of disability and healthcare
utilization worldwide. Many patients fail conservative therapy and are either not
candidates for surgery or continue to experience persistent pain following
arthroplasty. Dorsal root ganglion stimulation (DRGS) has demonstrated promising
benefit in mixed and nociceptive pain conditions, including post—total knee
replacement pain and other joint-related disorders. These observations led our team
to initiate an investigator-sponsored, ongoing FDA Investigational Device Exemption
study (IDE G210274; ClinicalTrials.gov Identifier NCT05103527) evaluating the utility
of DRGS for non-operated chronic osteoarthritic knee pain.

The study was designed to assess short-term response, durability of effect, and
impact on validated functional and quality-of-life measures. The prespecified primary
endpoint was treatment success at 3 months post-implant, defined as at least 50
percent pain reduction. Secondary endpoints included pain intensity (visual analog
scale), functional mobility (Timed Up and Go), disability (Pain Disability Index), EQ-
5D, WOMAC, and Patient Global Impression of Change through 12 months post-
implant. Ongoing data collection also incorporates exploratory objective physiologic
and imaging metrics, including wearable activity monitoring, video gait analysis,
serum inflammatory biomarkers, and radiographic progression markers.

The knee is innervated by multisegmental afferent pathways involving the L2, L3,
and L4 dorsal root ganglia, with additional contribution from the S1. These afferents
transmit nociceptive input from synovium, subchondral bone, periosteum, and
capsular structures. Multilevel DRGS enables anatomically precise modulation of
these segmental inputs. There is a subtype of AB, Ad and C-fiber neurons known as
low threshold mechanoreceptors (LTMRs). LTMRs are optimally stimulated at very
low frequencies (<1 Hz to 20Hz) and modulate touch and pain by using the
endogenous opioid system (EOS). Activation of the EOS through very low frequency
stimulation at the DRG is our hypothesized mechanism of action.

Results demonstrate that neurostimulation with DRGS appears to be effective in
treating chronic nociceptive pain from the knee. Both in the short term, and long
term, as 11/20 of the patients have already implanted >24 months. Complications
included 2 lead fractures, 2 patients with lead migrations (3 total), one explant
secondary to infection.

Supplemental Data

Twenty-eight patients underwent trial stimulation; 26 achieved at least 50 percent
pain reduction (92.9 percent). Twenty proceeded to implantation.

Seventeen of 20 implanted patients (85 percent) met the primary 3-month endpoint.
Mean visual analog scale pain improved from 89.4 to 27.0 at 3 months (mean
reduction 62.4). At last available follow-up, WOMAC total score improved from 58.0
to 26.1 and EQ-5D index from 0.472 to 0.749. Complications included two lead
fractures, two lead migrations, and one explant due to infection.

Collectively, these findings suggest that convergence-based dorsal root ganglion
modulation may represent a viable neuromodulatory strategy for selected patients
with refractory osteoarthritic knee pain and warrant continued prospective evaluation.
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Learning Objectives

1. Describe the design and primary endpoints of the IDE study.

2. Interpret preliminary clinical outcomes in the treatment of degenerative joint
disease of the knee with DRGS.

3. Review potential MOA including role of the endogenous opioid system and
convergence-based targeting in knee pain neuromodulation.

WEDNESDAY: 13.05.2026: Breakout Session 02: Focused Low Intensity
Ultrasound for Psychiatric Disorders.

LIFU MECHANISMS OF ACTION - IMPLICATIONS FOR FUTURE INQUIRY
Presenter: Noah S. Philip (United States of America)

Introduction and Discussion

Low-intensity focused ultrasound (LIFU) is an emerging noninvasive
neuromodulation modality with the capacity to deliver reversible, focal stimulation to
deep brain structures. Its combination of high spatial precision and depth penetration
distinguishes it from existing neuromodulation approaches, including transcranial
magnetic and electrical stimulation, and positions it as a promising tool for circuit-
based interventions in psychiatric illness. Growing preclinical and early clinical
evidence suggests that LIFU can modulate neural activity in brain regions implicated
in affective and reward processing, with preliminary studies reporting symptom
improvement across disorders such as major depressive disorder, generalized
anxiety disorder, and substance use disorders.

This work reviews proposed mechanisms of LIFU across molecular, synaptic, and
network levels. At the cellular scale, LIFU is thought to influence neuronal excitability
through mechanically mediated effects on ion channels and membrane properties. At
the synaptic and circuit levels, LIFU has been associated with changes in synaptic
transmission, oscillatory activity, and functional connectivity. Importantly, converging
evidence indicates that LIFU can induce physiological effects, including altered
cerebral perfusion and sustained changes in excitability, that appear to persist well



beyond the period of sonication, suggesting the potential for durable network-level
modulation.

While initial findings support the safety and feasibility of LIFU, key challenges
remain. These include optimizing sonication parameters, improving targeting
accuracy, and developing validated imaging and physiological markers of target
engagement. Addressing these gaps will be essential for mechanistic clarity and for
guiding precision clinical trials. If successfully translated, LIFU may substantially
expand the therapeutic landscape of psychiatric neuromodulation
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Learning Objectives

1. Describe the proposed molecular, synaptic, and network-level mechanisms by
which low-intensity focused ultrasound modulates neural activity.

2. Evaluate current preclinical and early clinical evidence supporting the safety,
physiological effects, and durability of neuromodulation induced by low-intensity
focused ultrasound.

3. Identify key technical and methodological challenges in the clinical translation of
focused ultrasound, including targeting accuracy, parameter optimization, and
measurement of target engagement, with a focus on safe applications of this
technology.

FUS NEUROMODULATION TARGETING NUCLEUS ACCUMBENS: A
TRANSDIAGNOSTIC APPROACH TO CRAVING, COMPULSIVITY, AND
BEHAVIORAL HEALTH

Presenter: Ali Rezai (United States of America)

Introduction and Discussion

Substance use disorder (SUD) is a large public health concern impacting millions of
patients with drug and alcohol addiction. Despite advances in medication and
behavioral treatments, success rates remain low with significant morbidity and
mortality. Novel therapeutic strategies such as neuromodulation are needed to
address the addiction crisis.

Addiction is characterized by dysfunction in the reward and motivation neural
circuitry. The nucleus accumbens (NAc) plays a key role in the neurobiology of
addiction and is a central node in mesolimbic reward circuitry mediating craving,
reinforcement, emotions, and compulsive behavior in SUD. Chronic exposure to
addictive substances can lead to maladaptive changes in this circuitry.
Neuromodulation of the reward neurocircuitry using transcranial magnetic and direct-
current stimulation, and deep brain stimulation (DBS) has been investigated
previously. Focused ultrasound (FUS) neuromodulation is an emerging non-invasive



procedure that can precisely and focally target sub-cortical brain structures such as
the NAc. West Virginia

University Rockefeller Neuroscience Institute (RNI) has been conducting DBS and
FUS neuromodulation clinical studies focused on of the NAc and ventral anterior
internal capsule for severe treatment refractory addiction since 2019 *.234,

We conducted FUS neuromodulation open label studies focused on safety,
feasibility, and dose-escalation. Across dosing conditions, treatment was safe and
well tolerated, with no unexpected adverse events and no structural abnormalities
observed on MRI post-procedure, 24-hour and 1-week follow-up. Efficacy was
observed with enhanced doses and resulted in a significant and sustained reduction
of subjective drug craving and use (confirmed via urine toxicology) at 1, 7, 30, 60,
and 90 days following a single FUS treatment?3. Behavioral improvements were
consistently reported by participants and clinical teams, including reduced cue
salience, diminished compulsive drive, and improved goal directed behavior.
Additionally, NAc FUS was not associated with adverse effects on natural reward
processing and showed improvements in depression and anxiety. The RNI team is
also conducting a double-blind sham-controlled randomized clinical trial with the
Insightec system. While this study is ongoing, there was an unanticipated adverse
device effect resulting in additional mitigation strategies to increase safety monitoring
and the trial is continuing® .

In summary, post-FUS reductions in drug craving and use in patients with severe
addiction were consistent across multiple substances, supporting a transdiagnostic
framework targeting shared neurobiological substrates of craving and compulsivity.
Our ongoing preclinical studies are investigating the underlying mechanisms. FUS
NAc neuromodulation holds promise treating addiction and further studies are
warranted.
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Learning Objectives

1) Understand the neural circuitry of addiction

2) Understand the current state of transcranial focused ultrasound neuromodulation
of sub-cortical reward circuitry



3) Evaluate safety and tolerability of nucleus accumbens targeted focused
ultrasound neuromodulation for substance use disorder

4) Explore the use of transcranial focused ultrasound neuromodulation for treatment
of addiction of multiple substances

FUS NEUROMODULATION FOR DEPRESSION AND CHRONIC PAIN
Presenter: Jan Kubanek (United States of America)

Introduction and Discussion

Low-intensity transcranial focused ultrasound (LIFU) is emerging as novel tool to
modulate deep brain regions in humans selectively and non-invasively.

The approach has the potential to provide a new way to causally interrogate the
function of the human brain and to provide circuit-directed treatments of neurological
and psychiatric disorders.

We have developed an approach and a device that address the key barrier for
transcranial ultrasound---the human head and hair.

The approach uses ultrasound itself to measure and compensate for these
aberrations in real time.

We have validated the approach and device by assessing deep brain target
engagement using fMRI BOLD imaging.

Moreover, we have applied the approach to subjects with essential tremor (target:
ventral intermediate nucleus, VIM), chronic pain (anterior cingulate cortex, ACC),
and major depression (subcallosal cingulate cortex, SCC).

The ultrasound complied with the FDA 510k levels on safe ultrasound exposure in all
studies.

The fMRI BOLD imaging confirmed that LIFU engaged the targeted deep brain
regions. Specifically, BOLD signals significantly decreased during 1 minute epochs
of the ultrasound.

Modulation of the VIM in subjects with essential tremor (n = 3) provided greater than
90% of suppression of hand tremor in 2/3 subjects (and no effect in 1/3 subjects).
Modulation of the ACC in subjects with chronic pain (n = 21) showed rapid and
considerable (> 33%) improvements in the numerical rating scale scores of pain, and
the effects were significantly different from sham stimulation.

Modulation of the SCC in subjects with major depression (n = 19) showed rapid and
substantial (> 50%) improvements in the HDRS scores of depressive symptoms, and
the effects were significantly different from sham stimulation.

In a proportion of subjects, the beneficial effects were observed for up to several
weeks.

These sustained effects were accompanied by target-specific changes in functional
network connectivity.

These results demonstrate that low-intensity transcranial focused ultrasound has the
potential to engage and reset deep brain regions that are hyperactive in neurological
and psychiatric disorders.
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Learning Objectives

1. Key strengths of transcranial focused stimulation

2. Challenges that must be addressed for effective and safe stimulation

3. Application of stimulation to deep brain regions involved in refractory chronic pain,
major depression, and essential tremor

QUESTIONS AND ANSWERS SESSION.

WEDNESDAY: 13.05.2026: Breakout Session 03: - Neuromodulation for
Rehabilitation

REPETITIVE TMS FOR STROKE MOTOR RECOVERY: ADVANCING TOWARD
SEVERITY-SPECIFIC THERAPIES
Presenter: Ela Plow (United States of America): no abstract available

VAGUS NERVE STIMULATION FOR STROKE RECOVERY; REAL WORLD
EVIDENCE AND LATEST ADVANCES
Presenter: Jesse Dawson (United Kingdom)

Introduction and Discussion

Arm weakness after stroke remains one of the most common and disabling
consequences of cerebrovascular injury, with limited effective treatments available in
the chronic phase. Vagus nerve stimulation (VNS) paired with upper-limb
rehabilitation has emerged as a promising strategy to enhance neuroplasticity and
improve motor recovery. This talk summarises the scientific rationale, delivery
approach, and clinical evidence for paired VNS therapy. Preclinical studies
consistently demonstrate that VNS enhances synaptic plasticity, increases
neuromodulator release, and yields 2—3-fold greater behavioural recovery compared
with rehabilitation alone. Clinical investigations—including feasibility studies, two
randomised controlled trials, and the multicentre, international VNS-REHAB trial—
show that VNS paired with intensive, task-specific therapy leads to significantly
greater improvement in upper-extremity motor impairment than rehabilitation with



sham stimulation. In the VNS-REHAB trial (n=108), VNS produced clinically
meaningful gains in Fugl-Meyer Upper Extremity (FMA-UE) scores, doubled
responder rates, and demonstrated durable benefits at long-term follow-up, with a
favourable safety profile. The therapy is now FDA-approved in the United States, in
routine clinical use across more than 30 centres, and is supported by emerging
real-world data. Ongoing research aims to refine patient selection, explore
stimulation parameter optimisation, evaluate effects in broader stroke populations,
and assess non-invasive tVNS approaches. Together, these findings establish
paired VNS as an effective, mechanistically grounded, and clinically implementable
therapy for chronic post-stroke motor recovery, marking a significant step forward in
neurorehabilitation.
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Learning Objectives

1. Describe the scientific rationale for using vagus nerve stimulation (VNS) to
enhance motor recovery after stroke

2. Explain how paired VNS therapy is delivered in clinical practice

3. Evaluate the clinical evidence supporting VNS-paired rehabilitation

DORSAL ROOT STIMULATION ENGAGES EXCITATORY AND INHIBITORY
CIRCUITS IN THE SPINAL CORD TO IMPROVE MOTOR FUNCTION IN
PATIENTS WITH CHRONIC HEMIPLEGIA POST-STROKE

Presenter: Douglas Weber (United States of America): no abstract available

TRANSCUTANEOUS SPINAL STIMULATION FOR LOWER LIMB WALKING
Presenter: Julian Taylor (Spain)

Introduction and Discussion

STUDY DESIGN: An international multi-centred, double-blinded, randomised sham-
controlled trial (eWALK).

OBJECTIVE: To determine the effect of 12 weeks of transcutaneous spinal
stimulation (TSS) combined with locomotor training on

walking ability in people with spinal cord injury (SCI).

SETTING: Dedicated SCI research centres in Australia, Spain, USA and Scotland.
METHODS: Fifty community-dwelling individuals with chronic SCI will be recruited.
Participants will be eligible if they have bilateral

motor levels between T1 and T11, a reproducible lower limb muscle contraction in at
least one muscle group, and a Walking Index

for SCI II (WISCI 1) between 1 and 6. Eligible participants will be randomised to one
of two groups, either the active stimulation

group or the sham stimulation group. Participants allocated to the stimulation group
will receive TSS combined with locomotor

training for three 30-min sessions a week for 12 weeks. The locomotor sessions will
include walking on a treadmill and overground.

Participants allocated to the sham stimulation group will receive the same locomotor
training combined with sham stimulation. The primary outcome will be walking ability
with stimulation using the WISCI Il. Secondary outcomes will record sensation,



strength,

spasticity, bowel function and quality of life.

TRIAL REGISTRATION: ANZCTR.org.au identifier ACTRN12620001241921
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Learning Objectives

1) Explain the non-invasive trans-cutaneous spinal stimulation protocol adopted for
the eWALK-1 trial

2) Describe the defined primary and secondary outcome measures

3) If authorised by the eWALK-1 team, present the final results of the trial.

CEREBELLAR DENTATE NUCLEUS DEEP BRAIN STIMULATION'’S
MODULATORY EFFECTS ON CORTICAL AND MYOGENIC ACTIVITY IN
PATIENTS WITH CHRONIC, POST-STROKE UPPER-EXTREMITY IMPAIRMENT
Presenter: K

Introduction and Discussion

The deep cerebellar nuclei are increasingly being explored as targets for
neuromodulation-based therapies for neurological and psychiatric indications due to
their robust, widespread connections with thalamocortical circuits. Our group has
been exploring deep brain stimulation (DBS) of the dentatothalamocortical (DTC)
pathway as a novel approach to promote chronic, post-stroke motor rehabilitation. To
date, we have shown, using multiple stroke models in rodents, that DBS of the
dentate nucleus (DN) enhances cortical excitability and functional reorganization
across perilesional brain regions. Most recently, we translated those findings to a
phase |, open-label clinical trial, which yielded promising evidence as to the safety
and preliminary efficacy of the approach in a cohort of individuals (n = 12) with
chronic (>1yr post-MCA-stroke) moderate-to-severe upper-extremity motor deficits
(Baker et al., 2023). Specifically, participants showed a 7-point median improvement
in FM-UE scores in response to DN DBS combined with rehabilitation, with 9 of 12
(75%) individuals exceeding clinically meaningful difference, and individuals who
entered the study with residual, distal preservation of motor function (7/12)
demonstrated a significantly more marked median improvement of 15 points on the
FM-UE. A follow-up, phase Il multi-site RCT, is currently underway (targeted n = 40;
50% enrollment to date).

Beyond our primary goal of evaluating the potential therapeutic value of DN DBS,
chronic implantation of an 8-channel DBS lead in the contralesional DN has afforded
unique opportunities to explore the effects of DTC modulation on resting- and task-
related cortical physiology. This has included data supporting the effects of acute
and chronic DN DBS on contralateral cortical excitability, as indexed using either
TMS-based techniques (Li et al., 2024, 2025) or changes in the pattern of scalp
EEG-recorded, motor task-related alpha/beta desynchronization and
resynchronization (Gopalakrishnan et al., 2024). Additional studies have



characterized the direct effects of DN stimulation on cortical and upper-extremity
muscle activity through time-lock averaging of those data to individual pulse delivery.
These modulatory effects have been found to be sensitive to both DBS parameters
as well as stimulation location within the region of the DN. Combined, these data
support a potential role for electrophysiology-based metrics to guide lead placement
and therapeutic stimulation parameter titration for this promising therapy.
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Learning Objectives

1) Summarize the safety and preliminary efficacy findings of the phase | trial.

2) Describe the effects of DN DBS on indices of contralateral cerebral cortical
excitability.

3) Describe the direct effect of low-frequency DN DBS on contralateral cerebral
cortical and ipsilateral muscle activity as a function of stimulation location relative to
the DN.

WEDNESDAY: 13.05.2026: Plenary Session 06

TDCS IN DEPRESSION: NEW APPROACHES AND OPPORTUNITIES
Presenter: Marom Bikson (United States of America)

Introduction and Discussion

Transcranial direct current stimulation (tDCS) is emerging as a scalable, non-
invasive therapy for depression, with growing evidence supporting its clinical efficacy
- including recent FDA clearance. This talk highlights recent advances that are
reshaping the field, including High-Definition targeting (HD-tDCS), individualized
dose optimization through computational modeling, and the development of High-
Capacity (6 mA+) stimulation systems. These innovations support a shift from
diffuse, low-dose paradigms toward more targeted or intense interventions.



New clinical strategies are also expanding the therapeutic landscape, including
accelerated protocols (spaced tDCS) with multiple daily sessions, integration with
cognitive and behavioral therapies, and deployment in home-based settings
(including Wearable Disposable Electrotherapy).

Mechanistically, tDCS is increasingly understood as engaging distributed brain
networks and neurovascular processes, rather than single cortical targets alone. This
evolving perspective suggests opportunities for biomarker-guided treatment, such as
heart rate variability (HRV). Together, these developments position tDCS as a
practical, flexible, and rapidly advancing approach for the treatment of depression
and other neuropsychiatric disorders.
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Learning Objectives

1. Understand transcranial direct current stimulation (tDCS) an emerging as a
scalable, non-invasive therapy for depression, with growing evidence supporting its
clinical efficacy.

2. Understand advances that are reshaping the field, including high-definition
targeting (HD-tDCS), individualized dose optimization through computational
modeling, and the development of high-capacity (6 mA+) stimulation systems.

3. Understand new clinical strategies are also expanding the therapeutic landscape,
including accelerated protocols (spaced tDCS) swith multiple daily sessions.

LIFU NEUROMODULATION IN DEPRESSION AND ANXIETY: LESSONS FROM
A FIRST-IN-HUMAN-STUDY
Presenter: Noah S. Philip (United States of America)

Introduction and Discussion

Low-intensity focused ultrasound (LIFU) is an emerging neuromodulation technology
capable of transiently and noninvasively modulating deep and superficial brain
circuits with high spatial precision. Preclinical and early human studies suggest that



LIFU can influence neuronal activity and network activity without tissue damage,
positioning it as a promising tool for neuropsychiatric intervention.

In this session, we will start with an overview of recent LIFU use in psychiatric
applications. We then describe our group’s first-in-human use of LIFU delivered to
the amygdala in patients with major depressive disorder and comorbid anxiety
disorders, in an active-controlled design. This study was conducted under a FDA IDE
(G200146) and local IRB approval; this presentation will describe the first n=10 a
priori defined cohort.

The study used a within-subject crossover design, where participants with
depression (with or without anxiety) were randomized to LIFU to right amygdala
(target) or left primary somatosensory cortex (S1; active control). Safety
assessments occurred immediately via MR, at 24 hours (clinical rating scales and
neuropsychological testing), and 1 week after FUS (clinical rating scales and
neuropsychological testing). LIFU was delivered under MRI guidance in two 10-
minute applications, using a 10Hz pulse repetition frequency at the upper limit of
FDA-permitted intensity. Primary outcomes were safety (MRI; side effects via
systematic inquiry and spontaneous report) and target engagement (via change in
arterial spin labeling (ASL)).

Our findings demonstrated the feasibility and tolerability of LIFU in individuals with
depression and anxiety, with no serious adverse events. The most common adverse
events were sedation and headache, and occurred more often after sonication to the
amygdala. Significant change in ASL was observed, and correlated with clinical
symptom change. One participant demonstrated acute clinical worsening and
required use of a predefined safety monitoring protocol over the mon th after
sonication.

This study provides the first evidence that non-invasive MRI-guided FUS to the
amygdala can provide highly spatially specific neuromodulation. While no physical or
neuropsychological injury was observed, one participant exhibited psychiatric
deterioration with a somewhat delayed onset that resolved over time without
intervention. These findings demonstrate the spatial specificity of this technology and
can be used to design future precision neuropsychiatric studies and cautious
investigation into therapeutic use.
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Learning Objectives

By the end of this presentation, attendees will be able to:

1. Discuss the landscape of low intensity focused ultrasound in psychiatric conditions
2. Describe methods used to query the use of low intensity focused ultrasound
delivered to the amygdala

3. Discuss the potential for future use oflow intensity focused ultarsound as a
potential future treatment option

NEUROMODULATION FOR PTSD
Presenter: Jean-Philippe Langevin (United States of America)

Introduction and Discussion

After witnessing a life-threatening event, individuals can develop post-traumatic
stress disorder (PTSD) characterized by vivid memories and nightmares. In severe
cases, the interplay between the medial prefrontal cortex (mPFC), the basolateral
amygdala (BLA) and the hippocampus sets the stage for an inability to extinguish
fear. In particular, coupling of theta and gamma oscillations between the mPFC and
the BLA are thought to mediate transitions between fear and safety states. We
describe a strategy applying neuromodulation to this circuitry to facilitate extinction
and treat PTSD.

Goals

We aim to evaluate the feasibility of closed-loop neuromodulation of the BLA in 6
patients suffering from treatment-resistant PTSD (trPTSD). In each case, we
evaluated the safety, efficacy and target engagement after stimulation initiation.
Materials & Methods

Six patients suffering from trPTSD were enrolled in the trial and underwent the
placement of bilateral BLA electrodes connected to the responsive NeuroStimulation
(RNS) implant (Neuropace). The patients underwent in-laboratory exposure sessions
during live ECoG recordings to identify neurophysiological biomarkers of fear and
PTSD symptoms. Monthly psychological assessments were completed that included
the clinician administered PTSD scale (CAPS) as the primary clinical outcome
measure.

Results: 5 patients are in remission or near remission with improvement in CAPS
from baseline of 86%, 55%, 74%, 82% and 50 %. One patient has experienced a
modest improvement of 40% and we continue to make programming adjustments.
We programmed the RNS device to detect and stimulate based on an increase in
theta range frequency in the BLA. Responsiveness to therapy was generally
characterized by a reduction in theta power and steeper aperiodic curve within the
BLA.

Summary: We found that closed-loop neuromodulation of the BLA was well
tolerated. We found the therapy response rate encouraging in this small but highly
treatment-resistant group. Our neurophysiological findings in relation to clinical state
appear consistent with preclinical data describing transitions between fear and
extinction. We feel that further clinical study looking into the effectiveness of the
treatment is warranted.

Learning Objectives
1. lllustrate the role of the amygdala and medil prefrontal cortex in mediating
symptoms of PTSD



2. Describe the results of the clinical trial using neuromodulation for PTSD
3. Explain a possible neurophysiological basis for the neuromonidulation effects

WEDNESDAY: 13.05.2026 - Scientific Parallel Session: Restoration vs.
Enhancement in Neuromodulation: Where Should We Draw the Line?

THE POTENTIAL USE OF NEUROMODULATION TO PRODUCE SUPER
NORMAL FUNCTION
Presenter: Andres M. Lozano (Canada)

Introduction and Discussion

In theory, deep brain stimulation (DBS) could be used not only to treat pathological
brain circuit activity but also to modulate or enhance the function of non-pathological
brain circuits. A case report published by our group in 2008 described a patient
undergoing DBS for management of morbid obesity. The hypothalamus was
stimulated intraoperatively, leading to specific and vivid recollections from the
patient’s youth. After surgery, the patient’s autobiographical memory unexpectedly
substantially improved. This finding led our group to investigate DBS in disorders of
memory. Similarly, others have reported that DBS of the entorhinal cortex in patients
with refractory epilepsy and otherwise normal memory resulted in significant
improvements in a spatial memory task. Such results suggest that memory circuitry
might be accessible in healthy individuals and subject to modulation and
enhancement.

Although DBS has been highly effective at managing motor symptoms, long-term
data are still lacking for its use in pathological mood and memory states. To discuss
surgical cognitive enhancement as anything more than a theoretical possibility is
therefore premature. However, several factors—including technological advances,
shifting definitions of what is or is not pathological, and public demand—could
contribute to development of a surgical cognitive enhancement discipline in the
future. These questions should therefore be considered early, and the ethical
principles that will help frame future discussions should be established or reaffirmed.

Learning Objectives

1. Investigate how DBS can modulate brain circuits
2. Discuss the ethics of neural enhancement

3. Speculate on the future of neural enhancement

DEBATE: NEUROMODULATION ETHICAL ISSUES SHOULD NOT IMPACT THE
PROGRESS OF NEUROMODULATION RESEARCH AND THERAPY: PURSUING
SUPRA-NORMAL OUTCOMES

Presenter: Laura Y. Cabrera (United States of America)

DEBATE: NEUROMODULATION THERAPIES SHOULD BE LIMITED TO
RESTORING NORMAL FUNCTION
Presenter: George Ibrahim (Canada)




WEDNESDAY: 13.05.2026 - Scientific Parallel Session: Advancing Global
Neuromodulation Education: Building Access,Addressing Financial Barriers,
and Knowledge Disparities

INTRODUCTION

PANEL DISCUSSION
Presenters: Preeti P. Doshi (India), Paresh K. Doshi (India), Kliment
Gatzinsky (Sweden), Fabian C. Piedimonte (Argentina)




THURSDAY: 14.05.2026: Breakout Session 01 - Biomarkers for
Neuromodulation in Chronic Pain

OUTCOME MEASURES THAT MATTER: RETHINKING SUCCESS IN
NEUROMODULATION

Presenter: Rod S. Taylor (United Kingdom)

Introduction and Discussion

Neuromodulation practice and research, like much of modern medicine, has
traditionally focused on disease-specific endpoints. Spinal cord stimulation has been
evaluated by reduction in back or leg pain; deep brain stimulation by improvement in
tremor or rigidity in Parkinson’s disease; and sacral nerve stimulation by reduction in
incontinence episodes. While these metrics are clinically meaningful, they may
incompletely capture what patients, clinicians, and policy makers regard as
“success.”

There is increasing recognition that a more holistic and patient-centred framework is
required to fully evaluate the impact of neuromodulation therapies. Outcomes such
as functional restoration, quality of life, participation, psychological well-being, and
goal attainment may better reflect real-world benefit and long-term value.

This presentation will examine emerging approaches to outcome assessment
beyond disease-specific indicators, including holistic multidimensional value-based
frameworks. It will explore how these models, increasingly adopted in clinical trials,
can be integrated into neuromodulation research and practice.

Learning Objectives

1. To understand the need for consideration of a wider approach to assessing patient
outcomes than a disease indication metrics alone.

2. Be familiar with emerging alternative approaches to assessing wider patient
outcomes

3. To appreciate the application of these alternative outcome approaches to assess
the success of neuromodulation

PREDICTIVE BIOMARKERS FOR NEUROMODULATION
Presenter: Lisa Goudman (Belgium): no abstract available

OVERALL Al SUMMARY FOR THURSDAY: 14.05.2026: Breakout Session 01 -
Biomarkers for Neuromodulation in Chronic Pain

The session focused on two tightly linked themes in neuromodulation: how outcomes
should be defined and measured, and how clinicians might improve patient selection
for spinal cord stimulation and related therapies. The discussion then moved into a
formal debate on whether spinal cord stimulation should continue to require a
screening trial before permanent implantation. Across the talks, the common thread
was that the field is moving away from narrow, pain-only thinking toward broader,
multidimensional, and potentially biomarker-driven decision-making.



Rod Taylor opened by arguing that neuromodulation success should no longer be
judged solely by a single symptom such as pain intensity. He described the field’s
shift toward holistic assessment, meaning evaluation of the wider patient experience,
including physical functioning, quality of life, mental health, and other domains that
matter to patients. He reviewed several methodological approaches for doing this:
multi-domain instruments such as EQ-5D, composite outcomes that combine
multiple endpoints into a single summary measure, and personalized approaches in
which patients identify their most important symptom at baseline and subsequent
change is tracked against that priority.

Rod Taylor used examples from both chronic pain and broader clinical trial
methodology to illustrate the opportunities and the challenges. He highlighted that
holistic and composite outcomes are increasingly common in neuromodulation
research, with a rapidly expanding literature and a systematic review underway. He
explained that these measures may better capture global benefit and could, in
theory, improve trial efficiency if they are more sensitive to change than pain alone.
At the same time, he emphasized major methodological issues: which domains
should be included, which instruments should be used, how change should be
quantified, how results should be interpreted, and how such measures should be
validated for clinicians, patients, regulators, and payers.

Rod Taylor then discussed examples of existing frameworks. He referenced core
outcome recommendations from pain research groups and showed that
contemporary neuromodulation studies already include overlapping domains such as
pain intensity, physical functioning, and quality of life, but still differ substantially in
which measures they choose and how they define response. He suggested that
some harmonization is likely needed, particularly if the field wants to compare or
meta-analyze studies reliably. He also described the “holistic MCID” concept, in
which meaningful change is assessed only in domains where a patient is impaired at
baseline, avoiding ceiling effects and creating a personalized summary of benefit.
However, he cautioned that such metrics are not intuitive in everyday clinical
communication and may require translation into more clinically usable forms.

Rod Taylor closed by turning to implementation and future directions. He noted that
regulators are likely to scrutinize any claim that a device improves “holistic
outcomes,” meaning methodological rigor will be essential if such claims are to
influence labeling. By contrast, he suggested that payers are likely receptive to
broader outcome frameworks because they align with health technology assessment
and cost-utility analysis. He also challenged the field to move beyond purely
subjective, patient-reported measures by incorporating objective measures such as
accelerometry and potentially biomarkers that might help define phenotypes or
mechanisms of response. His overall message was that the field has accepted the
need for holistic assessment, but now needs consensus around metrics, validation,
reporting, and interpretation.

Lisa Goudman followed with a focused discussion on biomarkers in
neuromodulation, especially the distinction between predictive and responsive
biomarkers. Her central argument was that modern precision medicine requires
clinicians to know something meaningful before treatment begins, not only after
therapy has already been delivered. She contrasted neuromodulation with oncology,
where biomarker-driven treatment selection is routine. In chronic pain and
neuromodulation, she argued, treatment is still often given first, with success or



failure discovered only afterward. She framed this as a major clinical gap and
positioned predictive biomarkers as the key missing component.

Lisa Goudman carefully defined the terminology. A predictive biomarker, in her
framework, is available at baseline and helps determine whether a patient is likely to
benefit from a specific therapy. A responsive biomarker, by contrast, is measured
after therapy begins and helps adjust or optimize treatment. Both are clinically
useful, but they are not interchangeable. She stressed that biomarkers should be
objective by definition and should reflect disease or health states in a meaningful
way. This led her to caution against calling patient-reported outcomes “biomarkers,”
because they are subjective, even if they remain critically important for outcome
assessment.

Lisa Goudman explained why conventional clinical predictors such as age, BMI, or
disease duration have largely failed to identify responders in neuromodulation. In her
view, these variables are too simple and capture only one part of a much more
complex human biosignature. She presented a broader model including clinical
phenotype, omics, imaging, electrophysiology such as EEG, and neurobiochemical
signals. The implication was that no single variable is likely to be sufficient, and that
the field may need multi-component or composite biomarker strategies rather than
hoping for one simple predictor.

Lisa Goudman reviewed the current evidence base and was clear that chronic pain
neuromodulation does not yet have a validated predictive biomarker. She discussed
ECAPs as an important example of a response biomarker rather than a predictive
one, because they are measured only once treatment is underway and are useful
mainly for therapy adjustment and possibly ongoing monitoring. She also reviewed
work on autonomic markers such as heart rate variability, skin conductance, and
respiration, noting that current evidence is weak and insufficient to support clinical
use as predictive biomarkers. TENS responsiveness was mentioned as a possible
contributor, but again the supporting data are limited and mostly retrospective.

Lisa Goudman nevertheless gave a forward-looking view of where progress may
come from. She pointed to examples in psychiatry and neurology, where predictive
biomarkers based on EEG or other signals have shown promising performance for
disorders such as depression, OCD, Parkinson’s disease, and epilepsy. She
suggested that chronic pain may be hindered partly by treating “chronic pain” as a
single entity rather than separating disease-specific phenotypes. She also raised the
possibility that some markers, such as gamma oscillations, may prove relevant
across multiple disorders. Artificial intelligence, she suggested, could help integrate
heterogeneous datasets, support programming decisions, and combine baseline
predictive markers with treatment-phase response markers as part of a precision
neuromodulation framework.

Lisa Goudman ended by emphasizing three practical needs: standardization,
validation, and clinical usability. The field must first align on what to measure; only
then can it test and validate predictive biomarker models. She proposed that the
future may involve either composite biomarker panels or even individualized
biomarker rankings tailored to each patient rather than one universal marker for all.
Her take-home message was that neuromodulation needs to become biomarker-
driven if it wants to move from retrospective evaluation toward true precision care.

David Provenzano then argued the pro-trial position in the debate over spinal cord
stimulation screening trials. He began by grounding his case in current guideline and
regulatory frameworks, noting that consensus recommendations, FDA



communications, and NICE processes all support trialing before permanent
implantation. He framed trialing not only as a clinical tool but as part of shared
decision-making between physician and patient. In his view, abandoning trials
without better predictive tools would be premature.

David Provenzano presented real-world conversion data showing that a substantial
proportion of patients who undergo trial stimulation never proceed to implant.
Depending on the dataset, roughly 30% to 40% of trialed patients do not convert. His
interpretation was straightforward: if all these patients had been implanted directly,
many would have received permanent devices without ultimately demonstrating
sufficient benefit to justify implantation. He acknowledged that trialing is imperfect,
particularly because specificity is poor, but maintained that it still provides clinically
useful information and may prevent some unnecessary implants.

David Provenzano also addressed safety and durability. He argued that trials
themselves are relatively low risk, with complication rates generally in the low single
digits, whereas permanent implants carry more substantial burdens, including
revision, explant, and loss of efficacy over time. He cited data showing that explant
and revision are not rare and that loss of therapeutic effect is a major reason for
device removal. This, for him, reinforced the value of trying to identify likely
nonresponders before committing to permanent implantation.

David Provenzano acknowledged the limitations of trialing and explicitly conceded
one of the opposing side’s strongest points: pain scores alone are weak predictors of
long-term outcomes. He referenced both published evidence and his own work
suggesting that the predictive performance of pain scores is poor. He also noted that
randomized data comparing trial versus no-trial pathways have shown relatively
modest responder rates in both groups. Even so, he argued that these modest
outcomes are an argument for improving patient selection rather than for abandoning
trialing outright. Until better predictive biomarkers or objective outcome measures
are available, he maintained that trialing still has value in shared decision-making
and risk mitigation.

David Provenzano concluded by calling for better patient-selection tools, including
more objective biomarkers such as tissue oxygenation measures in selected cases,
but insisted that trialing should remain part of current practice for now. His position
was not that trials are perfect, but that the field’s long-term implant outcomes remain
too limited to justify direct implantation as a universal strategy.

Sam Eldabe presented the counterargument against routine trialing and did so in
deliberately provocative terms. He argued that the main reason the field still
performs screening trials is historical inertia rather than strong scientific justification.
In his framing, trial stimulation is a diagnostic test, and like any diagnostic test it
should be judged by its sensitivity, specificity, patient benefit, and cost-effectiveness.
He contended that on these grounds the standard trial performs poorly.

Sam Eldabe focused particularly on the mathematical and conceptual weaknesses
of how trial performance is often discussed. He argued that the reported high
sensitivity of trial stimulation is largely artificial because patients with negative trials
are rarely implanted, making it impossible to observe false negatives in routine
practice. As a result, sensitivity estimates become misleadingly inflated. In contrast,
specificity is low, meaning the test is poor at excluding patients who will later fail to
achieve durable benéefit. In his view, this undermines the central rationale for routine
trialing as a predictor of long-term success.



Sam Eldabe also cited data suggesting that some patients with clearly negative
trials can still do well after permanent implantation, implying that routine trialing may
deny effective therapy to a subset of eventual responders. He then brought in
qualitative patient data from the Trial Stim study, noting that most patients preferred
a single-stage procedure rather than undergoing two procedures, externalized leads,
and the inconvenience of a trial phase. He further argued that trials are not risk-free,
pointing to infection risk, procedural complications, occasional serious adverse
events, and the broader inefficiency of duplicating procedures.

Sam Eldabe then summarized the randomized Trial Stim data comparing trial and
no-trial strategies. In that pragmatic setting, he reported no meaningful patient
benefit from trialing, no reduction in explant rates at long-term follow-up, and poor
cost-effectiveness, with the trial pathway adding cost for minimal quality-adjusted
life-year gain. He emphasized that these were real-world, guideline-based patients
rather than heavily selected industry-trial populations, and he argued that the
relatively modest responder rates seen in the study likely reflect the true
effectiveness of spinal cord stimulation in routine practice.

Sam Eldabe did not argue that trials should never be used under any
circumstances. Instead, he drew a distinction between mainstream indications and
more unusual or uncertain clinical scenarios. For non-mainstream cases, or where
clinicians have doubts or the patient particularly wants a trial, he accepted that there
may still be a role. But for routine cases, he argued that the field should stop
pretending the screening trial is a robust predictor of long-term success. He also
challenged the idea that multi-waveform testing during the trial phase meaningfully
rescues decision-making, stating that the available data do not show large enough
differences between waveforms to support that hope.

The discussion that followed reinforced how unsettled this issue remains. Audience
comments highlighted variation in explant rates across centers, including reports of
relatively low explant rates even without routine trialing. Questions were raised about
whether longer trial durations might improve predictive value, but the responses
suggested that extending trial length has not convincingly improved prediction and
may simply prolong an already limited test. A suggestion was made to use a very
low-cost, short-duration implanted system as a kind of extended screening platform,
though this was acknowledged as only a partial solution because many failures
emerge later than six months.

On the biomarker side, the audience asked whether ECAPs could eventually
function as predictive biomarkers. Lisa Goudman reiterated that ECAPs currently fit
much better as response or monitoring biomarkers because they are obtained after
treatment has begun. She again emphasized that any true predictive biomarker
would need to be measurable before treatment, easy enough to collect for routine
use, and clinically meaningful. She suggested that the most promising path is likely
not a single signal but a combination of multiple markers integrated into a composite
predictive framework.

Overall, the session gave clinicians a clear view of where the field currently stands.
First, neuromodulation outcomes are being redefined beyond pain relief alone, with
increasing emphasis on holistic patient benefit. Second, the field still lacks validated
predictive biomarkers for chronic pain, but there is growing conceptual and
methodological sophistication around how these may eventually be developed.



Third, the question of trial versus no-trial spinal cord stimulation remains highly
contested: one side sees trialing as an imperfect but still useful safeguard in the
absence of better predictors, while the other sees it as a low-value inherited practice
with weak diagnostic performance. For practicing clinicians, the practical message
was that better selection tools, better endpoints, and better long-term outcome
prediction remain among the most urgent needs in neuromodulation.

THURSDAY: 14.05.2026: Breakout Session 02 - Vaqus Nerve Stimulation for
Non-Pain Applications

EFFECT OF TRANSCUTANEOUS CERVICAL VAGUS NERVE STIMULATION ON
DECLARATIVE AND WORKING MEMORY IN PATIENTS WITH
POSTTRAUMATIC STRESS DISORDER (PTSD)

Presenter: J. Douglas Bremner (United States of America)

Introduction and Discussion

Objective: Posttraumatic Stress Disorder (PTSD) is associated with increased
activation of the sympathetic nervous system and deficits in verbal declarative
memory function. Transcutaneous cervical vagus nerve stimulation (tcVNS) reduces
sympathetic function and possibly cognitive function and therefore has potential to
help patients with PTSD.

Methods: Patients with PTSD were randomly assigned to receive double blind active
tcVNS or sham stimulation with exposure to personalized traumatic scripts. PTSD
patients underwent three months of tcVNS or sham stimulation twice daily and
monthly in conjunction with a paragraph memory encoding and working memory (N-
back) tasks. Paragraphs were novel for each visit. Stimulation was applied during
encoding and consolidation with testing of retrieval.

Results: tcVNS compared to sham resulted in significant reductions in sympathetic
function as well as imrprovement in verbal declarative memory function in PTSD
(p<.05). Paired tcVNS with memory encoding resulted in a 99% increase in memory
recall over three months not seen with sham stimulation. There was a pattern of
improvement in working memory function that did not reach statistical significance.
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Figure 1: Effect of active VNS and sham on paragraph recall performance in 7th, 34th and 64th da
visits during their acute stress treatment.

Panel (A): Recall performance scores for (a) active VNS group in red bars, and (b) sham group in t
vertical lines with circles and bars represent mean and standard deviation of scores on specific day
Panel (B): Change in average performance score from day 7. Day-wise paragraph recall performar
PTSD data (Note that p* and p** denote significance in performance difference of day 7th with 34t
respectively). With the VNS stimulation, a significant improvement in the performance is observed |
91.4% from day 7 (p < 0.05). While sham group does not perform well with their treatment sessions
Conclusions: tcVNS reduces behavioral and physiological manifestations of PTSD

and and has positive effects on cognition and memory.
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Learning Objectives

1. To understand the effects of vagus nerve stimulation on learning and memory.
2. To appreciate abnormalities in memory function in patients with posttraumatic
stress disorder (PTSD).

3. To appreciate the mechanism of delivery of transcutaneous cervical vagus nerve
stimulation.

EFFECT OF VAGUS NERVE STIMULATION ON THE COMORBID DEPRESSION
AND COGNITIVE FUNCTIONS IN PATIENTS WITH EPILEPSY
Presenter: Anna Feygina (Russian Federation)

Introduction and Discussion

Drug-resistant epilepsy (DRE) affects 30—40% of adults with epilepsy and up to 25%
of pediatric patients and is defined as failure to achieve sustained seizure freedom
after adequate trials of =2 appropriately selected antiseizure medications. Beyond
uncontrolled seizures, DRE imposes a substantial multidimensional burden
characterized by high rates of psychiatric comorbidity and cognitive impairment.
Depression affects 20-55% of individuals with epilepsy and independently predicts
diminished quality of life (QoL), increased healthcare utilization, and poorer
functional outcomes. Executive dysfunction further compromises independence,
academic achievement, and employment. Given that Vagus Nerve Stimulation (VNS)
is approved for both DRE and treatment-resistant depression, this work integrates
our clinical data with a focused literature review to evaluate the neuropsychiatric
impact of VNS in DRE.

Discussion

Long-term studies demonstrate that 50—-60% of adults with DRE achieve 250%
seizure reduction with VNS, with therapeutic gains often increasing over time.
Pediatric cohorts report responder rates as high as 76%, with sustained benefit and
favorable safety profiles. Importantly, emerging evidence suggests that the clinical
value of VNS extends beyond seizure control.

VNS is associated with clinically meaningful reductions in depressive symptoms, with
improvements observed independently of seizure reduction and, in some cases,
preceding maximal seizure response. Mechanistically, VNS modulates central
serotonergic and noradrenergic pathways and influences limbic network connectivity,
providing a biologically plausible basis for mood stabilization.

Cognitive outcomes represent an increasingly recognized domain of benefit.
Improvements in executive functioning—including cognitive flexibility, verbal fluency,
and response inhibition—have been documented, alongside stabilization of global
cognitive performance during long-term follow-up. These findings challenge historical
concerns regarding neuromodulation and cognition and instead suggest potential
cognitive resilience associated with VNS therapy.

Collectively, the available evidence supports a multidimensional therapeutic role for
VNS in DRE, encompassing seizure reduction, mood improvement, and cognitive
stabilization. Limitations include reliance on observational data and variability in



neuropsychological assessment. Prospective, controlled studies are warranted to
further define mechanistic pathways and long-term neuropsychiatric outcomes.
Supplemental Data

Detailed data tables and extended analyses will be presented during the session.
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Learning Objectives

1. Characterize the clinical impact of depression and cognitive impairment in
patients with drug-resistant epilepsy (DRE), recognizing their contribution to
reduced quality of life, functional limitation, and overall disease burden.

2. Evaluate the evidence supporting the effect of Vagus Nerve Stimulation
(VNS) on depressive symptoms in patients with DRE, including understanding its
clinical relevance and proposed neurobiological mechanisms.

3. Assess the influence of VNS on cognitive function in patients with DRE, with
emphasis on executive functioning, cognitive stability, and implications for long-term
patient outcomes.

VAGAL NERVE STIMULATION AS A PROMISING TOOL IN THE IMPROVEMENT
OF COGNITIVE FUNCTIONS IN AD PATIENTS
Presenter: Adam Broncel (Poland)

Introduction and Discussion

Introduction:

Vagus nerve stimulation (VNS) has attracted growing interest as a therapeutic
modality for neurodegenerative diseases, including Alzheimer’s disease (AD).
Among available methods, auricular transcutaneous VNS (atVNS) offers a non-
invasive alternative by targeting the auricular branch of the vagus nerve.
Experimental and clinical data increasingly suggest that modulating vagal activity
may influence cognitive processes, neuroinflammation, and neural plasticity. This
study aimed to assess the cognitive effects of nocturnal atVNS in individuals
diagnosed with mild cognitive impairment (MCI) or early-stage AD, focusing on
whether stimulation delivered during sleep could leverage physiological windows of
enhanced vagal tone and memory consolidation.

Methods:

Eligible participants underwent initial screening to confirm the diagnosis of MCI or
early AD and to exclude contraindications to VNS. Those meeting criteria were
enrolled and provided with the VGuard device, a patented, fully non-invasive system
engineered to deliver controlled vagus nerve stimulation during sleep. The
intervention was administered nightly over several consecutive weeks without
altering participants’ daily routines. Cognitive performance was evaluated at baseline
and post-intervention using four standardized neuropsychological assessments. The
Alzheimer’s Disease Assessment Scale—Cognitive Subscale (ADAS-Cog) was



designated as the primary endpoint due to its established sensitivity in detecting
clinically meaningful cognitive change in neurodegenerative disorders.

Results:

Participants demonstrated statistically significant improvement in cognitive function
following repeated nocturnal atVNS. Among all cognitive measures used, the
ADAS-Cog proved most responsive, showing consistent improvement across the
cohort. The pattern of change was directionally positive in the remaining three
neuropsychological tests as well, though with smaller effect sizes. These findings
indicate that nocturnal atVNS may exert a measurable and favorable influence on
cognitive performance in individuals with early cognitive impairment.

Discussion:

The observed cognitive enhancement following nocturnal atVNS suggests that
stimulation delivered during sleep may capitalize on intrinsic physiological
mechanisms such as increased vagal tone, synaptic plasticity, and memory
consolidation processes. As a non-invasive and user-friendly modality, atVNS
represents a promising adjunctive treatment approach for individuals with MCI or
early AD. The preliminary results also raise the possibility that regular nocturnal
stimulation could contribute to slowing the trajectory of decline from MCI toward AD
and dementia. While these early findings are encouraging, larger randomized
controlled trials with longer follow-up periods are needed to validate the
effectiveness of atVNS, clarify underlying mechanisms, and determine its long-term
therapeutic potential.
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Learning Objectives

1. Understand the physiological rationale and therapeutic potential of auricular
transcutaneous vagus nerve stimulation (atVNS) in early cognitive impairment.
Learners will be able to: explain how atVNS modulates cognitive function through
mechanisms such as increased vagal tone, reduced neuroinflammation, and
enhanced synaptic plasticity; describe why delivering stimulation during sleep may
be advantageous due to naturally elevated vagal activity and active memory
consolidation processes; articulate how these mechanisms may benefit individuals
with mild cognitive impairment (MCI) or early Alzheimer’s disease (AD), including the
potential to slow progression toward dementia.

2. Describe the study design, methodology, and outcome measures used to evaluate
the cognitive effects of nocturnal atVNS. Learners will be able to:

outline the key methodological components of the study (participant screening,
nightly stimulation protocol, use of the VGuard device, multi-week intervention
duration); identify and differentiate the neuropsychological assessments used in the
study; recognize the Alzheimer’s Disease Assessment Scale—Cognitive Subscale
(ADAS-Cog) as the primary outcome measure and explain why it is considered
highly sensitive for detecting cognitive change in MCI and early AD;

interpret the significance of the observed statistically significant cognitive
improvement following nocturnal atVNS.

3. Evaluate the clinical implications and future research directions for the use of
atVNS in MCI and early-stage Alzheimer’s disease.

Learners will be able to: discuss the potential role of atVNS as a non-invasive, easy-
to-use adjunctive therapy in early cognitive decline;

critically assess the strengths and limitations of the preliminary findings, including the
need for larger, randomized, appropriately powered trials;

identify essential questions for future research, such as determining long-term
clinical efficacy, durability of effects, and mechanisms of action;

understand how early neuromodulatory interventions such as atVNS might influence
clinical trajectories from MCI toward AD.

THURSDAY: 14.05.2026:Closing Plenary Session

A STREAMING BRAIN-TO-VOICE NEUROPROSTHESIS TO RESTORE
NATURALISTIC COMMUNICATION
Presenter: David Brandman (United States of America)

Introduction and Discussion
Brain—computer interfaces (BCls) have the potential to restore communication for
people who have lost the ability to speak due to neurological disease or injury. As



part of the ongoing BrainGate2 clinical trial, my team implanted a 46-year-old man
with tetraplegia and severe dysarthria due to ALS (Participant “T15”) with four
microelectrode arrays in his dominant ventral precentral gyrus (vPCG, the motor
speech area). As he attempts to speak, activity from approximately 250 cortical
neurons is decoded into a sequence of phonemes and assembled into words
displayed on a screen. Using this brain—computer interface, he communicates with
up to 99% accuracy from a vocabulary of 125,000 words. He has used the BCI for
over 3,800 hours, up to 19 hours per day, for nearly two years following device
implantation.

While a BCI that decodes attempted speech into text has been life-changing, text
alone is insufficient for natural communication. We therefore developed a “brain-to-
voice” BCI that decodes T15’s cortical neural activity into synthesized speech. We
overcame the challenge of lacking ground-truth speech for training the neural
decoder and were able to accurately synthesize his voice in real time. In addition to
phonemic content, we decoded paralinguistic features from intracortical activity,
enabling the participant to modulate his BCl-synthesized voice to change intonation
and sing short melodies. These results demonstrate the feasibility of enabling people
with paralysis to speak intelligibly and expressively through a BCI.

References

Card NS, Wairagkar M, lacobacci C, Hou X, Singer-Clark T, Willett FR, Munz EM,
Fan C, Nia MV, Deo DR, Choi EY, Glasser MF, Hochberg LR, Henderson JM,
Shahlaie K, Stavisky SD*, Brandman DM*. An accurate and rapidly calibrating
speech neuroprosthesis. New England Journal of Medicine. 2024;391:609-618
Wairagkar M, Card NS, Singer-Clark T, Hou X, lacobacci C, Hochberg LR,
Brandman DM*, Stavisky SD*. An instantaneous voice synthesis
neuroprosthesis. Nature (May 8 2025)

Learning Objectives

1. Describe how a brain-computer interface can be used to restore communication in
people with paralysis.

2. Describe the limitations of current brain-computer interface technology.

3. Describe upcoming industry-sponsored clinical trials focused on restoring
communication in people with paralysis.

NOVEL BRAIN COMPUTER INTERFACE TECHNOLOGIES
Presenter: Douglas Weber (United States of America): no abstract available

THE FUTURE OF Al AND NEUROMODULATION
Presenter: Dirk De Ridder (New Zealand)

Introduction and Discussion

Neuromodulation has evolved from focal, single-target stimulation approaches
toward network-level interventions that recognize neurological and psychiatric
disorders as emergent properties of complex adaptive brain systems. Early
neuromodulation focused on isolated sensory targets using single waveforms,
whereas contemporary approaches increasingly employ multi-target stimulation for



motor indications. The future of the field lies in multi-waveform, multi-target network
neuromodulation addressing autonomic, cognitive, and affective domains.

In this framework, pathological brain states are conceptualized as patterns of hyper-
or hypoconnectivity, maladaptive correlations or anticorrelations, and aberrant
network dynamics rather than dysfunctions of discrete regions. Effective
neuromodulation therefore requires stimulation strategies that can brake excessive
connectivity, induce new functional connections, or normalize pathological coupling.
We propose a physiologically inspired multi-waveform architecture combining
infraslow correlated envelopes (0.01-0.1 Hz) to orchestrate network-level dynamics,
pink-noise microstructure (1/f) to promote adaptive stability, nested frequencies to
emulate cross-frequency coupling, burst stimulation to encode salience, and high-
frequency stimulation to block pathological signal propagation.

Because brain network states are high-dimensional, context-dependent, and
dynamically evolving, artificial intelligence (Al) is essential to move beyond
threshold-based or reactive closed-loop systems. Al-driven neuromodulation
reconstructs brain state-space from multimodal signals (e.g., EEG, connectivity,
cross-frequency coupling) and predicts optimal stimulation parameters in a
Bayesian, goal-directed manner. Integration of patient-specific digital or virtual twin
brains—combining anatomy, physiology, and computational modeling—enables
personalized prediction of treatment response and stimulation optimization.

The future of smart neuromodulation is an Al-integrated implantable pulse generator
that learns individual and population-level brain dynamics, delivering the right
stimulation, at the right place, at the right time, and in the right context, within a
broader multimodal therapeutic ecosystem

Learning Objectives

1. understand the state of past, present, and future non-adaptive and adaptive
neuromodulation

2. understand the relevance of Al

3. understand the integration of Al in neuromodulation

OVERALL Al SUMMARY FOR THURSDAY: 14.05.2026: CLOSING PLENARY
SESSION:

Clinical overview, speaker by speaker.
Ideas: Concepts, themes, and strategic points
Takeaways Practical conclusions and next-step signals.

**David Brandman** presented an inspiring translational overview of speech-
restoring brain-computer interface (BCI) technology in the BrainGate clinical trial,
centered on a patient with ALS named Casey, a 46-year-old man with severe
dysarthria and tetraplegia but preserved cognition. The core clinical problem was
emphasized clearly: Casey knows exactly what he wants to say, but his motor
system can no longer execute speech. David Brandman showed that intracortical
neural recordings can be used to decode intended speech and restore meaningful
communication, including a moving example in which Casey communicated with his
daughter for the first time since her birth using the BCI.



The system uses chronically implanted Utah microelectrode arrays placed in motor-
related cortex as part of the BrainGate early feasibility study. These arrays record
action potentials from nearby neurons through a transcutaneous pedestal. David
Brandman explained that the team decodes activity from roughly 250 neurons and
maps 80-millisecond neural bins to 39 English phonemes, which are then assembled
into words and sentences using open-source Al language tools. He stressed that this
is not “mind reading”; rather, the system detects the user’s intention to speak, with
very high discrimination between speaking and non-speaking states. In practical
terms, this transforms neural motor intent into language output.

Early performance was striking. About three and a half weeks after surgery, after
only around 30 minutes of training data, Casey achieved 99% accuracy using a 50-
word vocabulary. Two days later, the vocabulary expanded to approximately 125,000
words, and decoding accuracy remained high at about 91%, effectively allowing
open-ended English communication. With continued use, bug fixes, larger datasets,
and improvements in Al models, performance further improved over months,
reaching roughly 99% decoding accuracy in some settings. Communication speed
reached about 30 to 40 words per minute, substantially faster than his prior baseline
of about six correct words per minute using a gyroscopic head mouse. Clinically, that
difference is enormous: it moves communication from laborious letter-by-letter
spelling toward fluid conversational interaction.

David Brandman also highlighted caregiver impact, which was one of the most
important practical themes of the session. Before the BCI, Casey often relied on his
wife or another expert communication partner to interpret his dysarthric speech,
creating major emotional and logistical burden. By enabling direct communication
without an intermediary, the BCI reduced dependence and restored autonomy. Use
expanded rapidly from research visits several times per week to daily use, prompting
protocol changes so care partners could apply and remove the system without the
research team present. As a result, Casey became what David

Brandman described as the world’s most intensive communication BCI user, using
the system up to 19 hours per day and 80 hours per week, and even returning to full-
time work despite end-stage ALS.

Importantly, the presentation did not overstate the technology’s maturity. David
Brandman acknowledged that the text output is not perfect and that sentence-level
quality is not always exact, with users still needing editing tools such as eye tracking
or motor-intention cursor control to correct substitutions. However, the scale of use is
already remarkable: Casey has reportedly generated more than a million words,
producing one of the world’s largest long-term human single-unit datasets for
communication-related neural activity. This supports both clinical feasibility and
scientific discovery.

The talk then advanced from brain-to-text to brain-to-speech. Instead of decoding
phonemes in 80-millisecond bins, the speech synthesis system uses 10-millisecond
neural data segments as input to a vocoder, generating real-time synthetic speech
with near-natural computational latency. David Brandman demonstrated this causal
speech output live in recordings, although he candidly noted that the resulting
speech remains robotic and only partially intelligible. Even so, he framed it
appropriately as a proof of principle: if intelligible speech can emerge from decoding
only a tiny sample of the billions of neurons involved in language production, the
therapeutic potential is substantial.

He concluded with a vision for the next five years: moving from an experimental
system to prescribable communication neurotechnology for patients with ALS and



other paralysis syndromes. He suggested that future care may resemble modern
epilepsy or neuromodulation practice, with multiple competing BCI platforms
matched to specific patient goals by multidisciplinary “BCl centers of excellence.”
This would involve neurologists, neurosurgeons, rehabilitation specialists, speech-
language pathologists, therapists, engineers, and industry partners working together
to choose the right interface for speech, limb control, or gait restoration. For
clinicians, the key message was that BCls are shifting from a laboratory curiosity to a
realistic near-term therapeutic option for preserving communication, dignity, and self-
advocacy in severe paralysis.

In the discussion, David Brandman noted that BrainGate is the longest-running BCI
clinical trial in the world, ongoing for 21 years. Interim results previously described 15
participants with spinal cord injury, ALS, and brainstem stroke, and enroliment is
continuing as the study moves toward eventual closeout.

**Douglas Weber** followed with a complementary but distinct BCI strategy,
focusing on endovascular neural interfaces rather than penetrating intracortical
arrays. He began by placing the field in context, describing how BCI has evolved
from academic exploration in the 1990s to an emerging commercial ecosystem that
now includes companies such as Synchron, Neuralink, Precision, Blackrock, and
Paradromics. A particularly valuable conceptual point in his presentation was that the
field has so far been largely technology-centric, whereas future success will require a
more user-centered approach. For clinicians, that means asking not only what a
device can do technically, but what a specific patient population actually needs and
what clinical and market pathways are sustainable.

Douglas Weber then reviewed the tradeoffs among major BCl modalities. EEG
offers low risk but limited bandwidth and cumbersome setup. Electrocorticography
improves signal quality but requires surgery. Penetrating microelectrode arrays
provide the richest neural information, especially for high-degree-of-freedom control,
but also require craniotomy. His focus, however, was vascular electrocorticography
using the Synchron Stentrode, positioned as a less invasive intracranial option that
may occupy a valuable middle ground. He used an accessible analogy: if
microelectrode arrays are the Ferrari of BCl, and ECoG perhaps an Alfa Romeo, the
open question is where endovascular recording belongs on that spectrum.

The Stentrode consists of a self-expanding nitinol stent-like scaffold carrying
electrodes on its struts. It is introduced through the jugular vein and deployed in the
superior sagittal sinus adjacent to the motor cortex, avoiding craniotomy and dural
opening. This allows recording of cortical field potentials from within the venous
system only millimeters away from sensorimotor cortex. Douglas

Weber emphasized the procedural advantage: a catheter-based, minimally invasive
route to chronic intracranial sensing.

He presented data from the US COMMAND trial, an early feasibility study in six
patients with severe paralysis, most with end-stage ALS and one with brainstem
stroke. The primary endpoint was safety over 12 months, specifically whether
device-related adverse events led to death or worsened disability. Secondary
endpoints included absence of venous thrombosis or stenosis, absence of device
migration, stability of signal acquisition, and the ability to control binary outputs for
augmentative communication tasks. Twice-weekly home-based testing and serial
venography at three, six, and twelve months supported a clinically meaningful
assessment of real-world use.

The safety results were reassuring. Douglas Weber reported no device-related
serious adverse events causing increased disability, no evidence of migration, and



no thrombosis or stenosis attributable to implantation. From a device engineering
standpoint, electrode impedances were largely stable over time, and resting-state
neural signal power showed minimal drift across the study, suggesting preserved
electrical integrity. These are critical translational findings because a minimally
invasive system must not only work initially but remain stable enough for chronic
home use.

Functionally, the device captured motor-intention signals well. During attempted or
imagined movement tasks, particularly involving the feet given the midline electrode
position, there were reproducible increases in high-gamma band activity. These
signals were converted into binary control outputs, analogous to a mouse click,
allowing patients to operate communication interfaces. Douglas

Weber demonstrated this with a patient using the interface to complete a pain
questionnaire, a particularly important example because for patients with severe
paralysis and limited communication, the ability to report pain location and severity is
clinically valuable. Across participants, click control performance was generally high,
in some cases excellent from the outset, supporting the practical viability of single-
switch communication.

He also presented early evidence for multi-class control. Offline analyses of neural
patterns associated with different attempted movements showed separable clusters,
suggesting the possibility of moving beyond one-dimensional click output to multiple
command channels. While the exact degree of future control remains uncertain,
these findings indicate that the system may ultimately support richer interaction than
a simple binary switch.

One of the most clinically useful insights concerned implant positioning. By
correlating imaging from the US COMMAND trial and the prior Australian SWITCH
study with signal quality, Douglas Weber showed that performance depends
strongly on how well the Stentrode overlaps the primary motor cortex. Devices
typically sat about three to six millimeters from cortex, but variability in alignment
mattered: greater overlap correlated with stronger signals and better control. This
finding has direct procedural implications, suggesting that optimization of target
selection and deployment geometry will be a major determinant of next-generation
endovascular BCI success.

Finally, he described a head-to-head comparison between Stentrode recordings and
scalp EEG acquired during the same tasks. As expected, the endovascular device
captured stronger beta and higher-frequency signals than scalp EEG, especially for
movement-related activity. However, Douglas Weber argued that the device’s
greatest advantage may be practical rather than purely signal-theoretic: unlike scalp
EEG, it is always available, always on, and does not require repeated setup. For
real-world assistive communication, that convenience may prove as important as the
signal gain itself.

He concluded that the primary feasibility endpoints were met and that vascular
ECoG appears safe, stable, and effective for binary communication control in
profoundly paralyzed patients. He also previewed a next-generation Synchron
feasibility study, planned across four sites with a target enrollment of 10 patients with
ALS. For physicians, the take-home message was that endovascular BCl may
become a lower-burden intracranial option for communication restoration, especially
when balancing performance against invasiveness.

**Dirk De Ridder** shifted the session from device-specific BCl implementation to a
broader conceptual framework for the future of neuromodulation, emphasizing
artificial intelligence, network-level brain models, and multi-waveform stimulation. His



talk was highly strategic and aimed less at one specific device than at the
computational and physiological principles that may define the next generation of
neuromodulation therapies.

Dirk De Ridder began by contrasting the past, present, and future of
neuromodulation. Historically, clinicians targeted single brain regions with single
stimulation patterns, often directed at sensory symptoms such as pain or tinnitus.
Current practice is broadening toward motor indications and somewhat more
invasive approaches, but still tends to remain focused on one or perhaps two targets.
In his view, the future will require moving from focal targeting to network stimulation,
because many neurological and psychiatric disorders arise from dysfunctional
interactions among distributed brain systems rather than isolated lesions or nodes.
He argued that future stimulation must also become more physiologically diverse.
The brain does not communicate with one simple waveform; it uses tonic firing,
bursting, infra-slow oscillations, nested rhythms, and dynamic coupling across
frequencies. Therefore, a therapy that hopes to normalize pathological networks may
need to deliver multiple stimulation designs simultaneously or sequentially. This was
linked to a major clinical challenge: the growing burden of mental disorders such as
anxiety and depression, which he described as having increased dramatically
worldwide in the era of smartphone use. In that context, he suggested that
neuromodulation must expand beyond sensory and motor symptoms to mental
health applications, where current DBS evidence remains limited and inconsistent.

A central idea in Dirk De Ridder’s talk was that brain pathology often reflects
abnormal connectivity rather than simple excess or deficit of activity in one place. He
used examples involving the default mode network, central executive network, and
salience network to illustrate how pathology may result from hyperconnectivity,
hypoconnectivity, disruption of normal anti-correlation, or the formation of
maladaptive new network configurations. He also made the nuanced point that so-
called maladaptive plasticity may still be metabolically adaptive for the brain, for
example by reducing energy expenditure in chronic pain compared with acute pain.
This distinction matters because treatment may need to reverse clinically harmful
patterns that the brain itself has adopted for energetic efficiency.

He then proposed a mechanistic framework for intervention. Hyperconnected
networks can potentially be disrupted through lesions, noisy stimulation, anti-
correlated stimulation, optical methods, ultrasound, or other approaches that
desynchronize activity. Hypoconnected networks may require Hebbian-like strategies
that build connectivity through synchronous bursting or coordinated stimulation.
Importantly, these effects are not tied to one technology platform; they reflect general
principles that could be applied using electrical, acoustic, or optical neuromodulation.
This complexity is where he placed artificial intelligence at the center of future
therapy. As long as clinicians stimulate one target with one waveform, Al is optional.
But once treatment involves multiple nodes, multiple waveforms, state-dependent
control, and real-time adaptation, human operators and simple rule-based systems
become insufficient. According to Dirk De Ridder, Al will be needed first as a pattern
recognizer to identify network states associated with particular symptoms, and
second as an adaptive controller to determine which stimulation pattern, at which
location, in which temporal relationship, is most likely to normalize a pathological
network state.

He illustrated this with examples from EEG-based analyses, including fibromyalgia,
where machine-learning approaches could distinguish healthy from pathological
connectivity patterns using a small set of gamma-band connections. He also noted



that network interactions are highly context-dependent: the relationships among the
default mode, salience, and executive systems shift during stress, distraction, and
other states. Therefore, a fixed stimulation strategy is unlikely to work universally,
even if it is derived from group-average data. The implication for clinicians is
important: future neuromodulation may need to become not only patient-specific but
state-specific.

One of the most forward-looking aspects of the talk was the concept of the “digital” or
“virtual twin brain.” Dirk De Ridder described combining anatomical imaging and
electrophysiological data into a personalized computational model of an individual
patient’s brain, then simulating neuromodulation strategies in silico before
implantation or treatment. Such a model could test whether a given stimulation
design is likely to restore normal network relationships in that individual. This would
represent a major shift away from empiric, one-size-fits-all programming toward
personalized predictive neuromodulation.

He also described preliminary work using high-definition transcranial electrical
stimulation with an infra-slow waveform combined with a noise-based waveform to
modulate interactions among the default mode, salience, and central executive
networks. In a small pilot study, this “triple network stimulation” appeared to improve
anxiety and depression symptoms, and the magnitude of benefit correlated with
restoration of normal anti-correlation between default mode and central executive
networks. While early and nondefinitive, the study served as proof of concept for
physiologically informed, multi-network modulation.

The final message from Dirk De Ridder was that future BCls and implantable pulse
generators should not merely detect or stimulate single loci, but learn how to
intervene across distributed circuits at the right places, the right times, and with the
right waveform combinations. He envisioned systems that continuously record,
classify state, predict network evolution, and adjust stimulation proactively rather
than reactively. Achieving that will likely require off-device computation or cloud-
based support, since fully implantable hardware may not have enough power for
advanced Al processing. In practical terms, he argued that neuromodulation will
increasingly resemble an intelligent closed-loop ecosystem rather than a static
implanted stimulator.

Overall, the session traced a coherent arc for clinicians: David Brandman showed
that high-performance speech BCls are already restoring real-world communication
in ALS; Douglas Weber demonstrated that less invasive endovascular BCls may
offer a safe and scalable assistive pathway for communication control; and Dirk De
Ridder extended the conversation toward a future in which Al-guided, network-
based, multi-waveform neuromodulation may personalize treatment across
communication, motor, sensory, and psychiatric domains. Together, the talks framed
BCl and Al not as distant concepts, but as converging tools likely to reshape
neuromodulation practice over the coming decade.
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