Advancing Closed-Loop Ultrasound Neuromodulation:

Addressing Research Underinvestment and Medicare Coverage Barriers

Kristian Byrd

Washington Internship for Students in Engineering
IEEE

July 31, 2026.



Table of Contents

EXECULIVE SUIMMATY . .cciiiiiiiiinicssnicsssnncsssisssssisssssesssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssasss 3
INErOAUCTION...c.cueeiieiiiiiiicinticittenittesitiessntiesssntcssssecssssesssssessssesssssessssnessssessssssssssssssssssssssnsssssnsssnes 4
WHO 1S @t RISK?....eoiiiiieieieeee ettt ettt sttt saee bt 4
Structural Barriers Cause Disproportionate Harm.............cccveeviiieiiieeiiieeciie e 4
Technical Evidence S
What is a Closed-Loop Ultrasound Neuromodulation System?...........cccceeevveeeciieeniieencneeeenen. 5
Ultrasound Neuromodulation Matters for Patients...........c.ccooeeuerieniniienieninienieieeee e 6
Problems and RecommMeNdations.........ccoeieeiveicisnicssneecssnnissnecssnecsssnscssssscssssscssssssssssssssssssssneses 7

A Public Goods Problem Limits Investment in Closed-Loop Ultrasound Neuromodulation... 7

Priority in an Upcoming ApPropriations ACL.........c.ceecveeerieeeiieesiieesieeesreeesreeesseeessseeessneesnnns 8
The Current Coverage System Traps Promising Devices in an Evidence-Access Catch-22.....9
Issuance of Conditional COVETAZE..........ccvvvreriieeriieeriieerieeesteeesreeestaeeesaeeeeseeeesseeessseeesnseeenns 10
CONCIUSION...uueiineeiricsniisnnnteenticsaiisseisseessecssnssssesssesssseessnsssassssassssesssnssssssssassssesssssssassssasssssssaases 11
Mission Adherence and INCTeased ACCESS.........eeuiiriiiriieriieiierie et 11
Overall Improved Quality Of Life.......cccoeiuiiiiieiieiiieiecieeeee e 11
References 13
Advancing Closed-Loop Ultrasound Neuromodulation Page 2 of 15

Kristian Byrd



Executive Summary

Epilepsy is among the most common neurological disorders in the United States, and it
affects millions of people across age, race, income, and geography [1]. Anti-epileptic drugs
(AEDs) remain the standard first-line treatment, and they allow many patients to control their
seizures. Although AEDs are necessary and life-changing for many patients, they fail to reach
everyone equally in terms of effectiveness. Moreover, roughly one-third of patients continue to
experience seizures after appropriate medication trials, while many others must tolerate fatigue,
dizziness, cognitive slowing, visual disturbance, incoordination, and other systemic effects that
can diminish educational attainment, employment stability, independence, and overall quality of
life [2].

The consequences are especially severe when seizures remain uncontrolled or occur
without observation. For example, Sudden Unexpected Death in Epilepsy (SUDEP) affects 1.2 in
1000 adults [approximately 3000 deaths annually in the US] with epilepsy each year, with
substantially greater risk among people who experience frequent generalized tonic-clonic
seizures [3]. Additionally, patients who sleep alone, children, and people with intellectual or
developmental disabilities may also lack the caregiver infrastructure or self-advocacy capacity
needed to obtain immediate assistance. Thus, the absence of a responsive intervention is not
merely a clinical inconvenience, but it is a recurring threat to safety, autonomy, and life itself.

This proposal identifies two policy failures that keep a promising class of interventions
from reaching the patients who could benefit most. First, the federal research system does not
provide a sufficiently coordinated pathway for non-invasive, closed loop seizure intervention.
The underlying mechanistic knowledge, acoustic parameter maps, detection methods, and
clinical evidence produce broad social benefits that individuals firms cannot fully capture.
Consequently, investment falls below the level demanded by the public need. Second, the
Centers for Medicare and Medicaid (CMS) coverage system creates an evidence-access
catch-22: insurers expect robust clinical evidence before covering a device, yet broad and
representative evidence is difficult to generate without coverage-supported access.

Accordingly, this proposal makes two complementary recommendations. In response to
the first policy failure, the House and Senate Labor, Health and Human Services, Education, and
Related Agencies Appropriations Subcommittees should direct the National Institute of
Neurological Disorder and Stroke (NINDS), in coordination with the NIH BRAIN Initiative, to
prioritize non-invasive closed-loop seizure intervention within its existing neurotechnology
portfolio. Separately, once a closed-loop ultrasound system receives relevant Food and Drug
Administration market authorization and fits a Medicare benefit category, the CMS should issue
a National Coverage Determination (NCD) with Coverage with Evidence Development (CED)
conditions. Together, these actions will move the field through two distinct bottlenecks: federal
research would improve the technology and the evidence base, while conditional coverage will
convert limited access into structured, equitable evidence generation.
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Introduction

Who is at Risk?

A national estimate published by the Centers for Disease Control and Prevention found
that approximately 3.4 million Americans, including three million adults and 470,000 children,
are living with active epilepsy [1]. Epilepsy encompasses many syndromes, seizure types,
causes, and levels of severity. Therefore, two people with the same diagnosis may face entirely
different treatment prospects. The most urgent unmentioned need concerns patients whose
seizures persist despite appropriate drug-based therapy.

The International League Against Epilepsy defines drug-resistant epilepsy (DRE) as the
failure of two tolerated, appropriately chosen, and adequately used medication schedules to
achieve sustained seizure freedom. Although estimates vary by population and methodology,
approximately 30 percent of patients meet this clinical threshold [4]. For them, repeatedly
changing medications may delay referral to a comprehensive epilepsy center without
substantially improving the probability of seizure control. Moreover, continued seizures can
produce falls, burns, motor vehicle restrictions, emergency visits, hospitalization, social
isolation, and cumulative educational or employment losses.

Medication burden also extends beyond the DRE population. AEDs alter neural
excitability throughout the body rather than acting only at the seizure-onset network. As Erik K.
St. Louis explains, all AEDs can produce dose-related neurotoxic effects, including drowsiness,
fatigue, dizziness, blurry vision, and incoordination [2]. Additional effects may include mood
changes, memory difficulties, metabolic complications, and interactions with other medications.
These drugs remain indispensable and should not be dismissed. However, the systemic burden of
AEDs demonstrates why a more focal and non-chemical intervention could improve treatment
even when medication continues as part of a combined regimen. Furthermore, the objective is
not technological substitution for its own sake, but a more precise and tolerable treatment
pathway.

Structural Barriers Cause Disproportionate Harm

Clinical vulnerability is intensified by structural barriers. Moreover, lower-income
patients are less likely to reach specialty care, complete prolonged pre-surgical evaluations,
travel repeatedly to tertiary hospitals, or absorb uncovered expenses. National analyses have
found substantial income, insurance, and racial differences in access to epilepsy therapy, while
children with epilepsy have markedly greater odds of not receiving needed care than children
without epilepsy [5]. These patterns matter because the pathway to advanced treatment often
requires multiple specialist visits, inpatient video-EEG monitoring, high-resolution imaging,
neuropsychological testing, and multidisciplinary review. Each additional requirement can
function as a barrier for a family with limited paid leave, unreliable transportation, fragmented
insurance, or additional caregiving responsibilities.

Racial and ethnic disparities further compound these obstacles. Case in point, Black and
Hispanic patients have been less likely than White patients to receive invasive neuromodulation
devices even after clinical and hospital characteristics are considered. Meanwhile, the evidence
base used to design precision interventions is itself unrepresentative: one analysis reported that
71.5 percent of participants represented in epilepsy genetic studies were of European ancestry,
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compared with only 0.5 percent of African ancestry [6]. Underrepresentation does not merely
produce an abstract fairness concern. Furthermore, it can limit the validity of seizure-risk
models, biomarker thresholds, device-fitting assumptions, and estimates of treatment response
across the representative populations expected to use closed-loop ultrasound neuromodulation.
Geography creates another layer of unequal access. Moreover, most high level epilepsy
centers, Levels III and IV, are located in metropolitan areas, and rural patients often travel long
distances for testing, surgery, programming, and follow-ups [7]. A non-invasive, closed-loop
ultrasound neuromodulation system would not eliminate the need for specialist care, but it could
reduce the procedural burden associated with implanted electrodes and repeated surgery. If future
systems become portable or compatible with regional outpatient delivery and use is
non-invasive, they may also permit broader clinical participation than highly centralized

implant-based therapies.

Finally, age and intellectual disability increase both seizure prevalence and dependence
on caregivers. Meta-analytic evidence places epilepsy prevalence above 20 percent among
people with intellectual disabilities and above 30 percent among those with more severe
impairment [8]. Seizure-related mortality is also a serious concern in children and young adults.
Moreover, patients who cannot independently identify symptoms, report adverse effects, manage
medications, or summon help are precisely the patients who stand to benefit from a system that
detects pathological activity and responds automatically. For that reason, equity must be
designed into the research pathway rather than added after commercialization.

Technical Evidence

What is a Closed-Loop Ultrasound Neuromodulation System?

A closed-loop system senses a biological signal, detects an abnormal state, intervenes,
measures the response, and adapts its next action [9]. The logic of such a system is already
familiar in diabetes care. Furthermore, a continuous glucose monitor (CGM) measures glucose,
an algorithm identifies a deviation, an insulin pump adjusts delivery, and subsequent glucose
readings determine whether the system should stop, repeat, or modify the dose [10]. A
closed-loop ultrasound seizure intervention system would apply the same feedback principle to

neural activity.

Established Clinical Model: Emerging Clinical Model:
(3 . . -
Function Closed-Loop Insulin Delivery Closed-Loop Ultrasound
Neuromodulation
M continuously monitors glucose EEG continuously records brain activity
SENSE CG i 1 i 1 G i | ds brai ivi
gorithm identifies glucose abnormalities gorithm identifies seizure-related activity
DETECT Algorithm identifies gl b liti Algorithm identifi i lated activi
INTERVENE Pump automatically adjusts insulin delivery Transducer delivers focused ultrasound to
the seizure target
CGM measures glucose response and updates EEG measures neural response and stops,
ADAPT £ P P
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dosing repeats, or adjusts

In practical terms, for the epilepsy therapy, an EEG would continuously monitor brain
activity, a detection algorithm would identify seizure onset or a sufficiently reliable pre-seizure
signature, a phased-array transducer would deliver low-intensity focused ultrasound (LIFUS) to
the patient-specific seizure target, and the EEG would measure the neural response. The
controller could then stop, repeat, or adjust stimulation within pre-established safety limits. This
integration remains a developmental objective rather than an FDA-approved epilepsy product.
Nevertheless, each component, including the neural sensing, automated detection,
patient-specific targeting, and ultrasound neuromodulation, has an existing scientific foundation.

This distinction is important when comparing current treatments. Many vagus nerve
stimulation (VNS), deep brain stimulation (DBS), transracial magnetic stimulation (TMS), and
transcranial direct current stimulation (tDCS) protocols operate open-loop: stimulation follows a
programmed schedule rather than responding continuously to the patient’s immediate neural state
[9, 11]. Responsive neurostimulation (RNS) is a true closed-loop therapy, but requires electrodes
and a neurostimulator implanted in the skull [12]. Contrastingly, closed-loop ultrasound
neuromodulation therapy seeks to combine the responsiveness of an implanted system with
non-invasive, focal access to deep brain targets. Therefore, it would occupy a clinically
meaningful space that no currently approved epilepsy device fully fills.

Ultrasound Neuromodulation Matters for Patients

When seizures persist after multiple medication trials, patients may be evaluated for
respective or ablative surgery, dietary therapy, VNS, RNS, or DBS. These options have improved
many lives, but they are not equally suitable or accessible for every patient. Resection may be
unsafe when the seizure-onset zone overlaps regions responsible for language, memory, or
vision. Additionally, some patients have multifocal or poorly localized seizures. Others may be
medically ineligible for surgery or unwilling to accept an implant and its associated infection,
bleeding, maintenance, and replacement risks.

Non-invasive electrical and magnetic methods reduce surgical burden but have other
limitations. For instance, TMS is strongest near the cortical surface, while tDCS relatively
diffuse electrical fields and generally lacks the focality required for deep, individualized seizure
targets. Pharmacological therapy can influence deep circuits in the brain, yet it does so broadly
and may produce systemic effects. Focused ultrasound is distinct because acoustic energy can be
concentrated within a small intracranial region and electronically steered with a phased-array. In
principle, it can deliver therapeutic energy to structures such as the hippocampus without an
incision or implanted electrode [13].

The skull, however, complicates delivery of focused ultrasound. Bone thickness, density,
curvature, and internal structure vary across patients and alter the phase, intensity, and path of an
ultrasound beam. Consequently, a parameter set that produces a precise focus in one patient may
underdose, shift, or distort the focus in another. Therefore, patient-specific CT- or MRI-informed
acoustic modeling, skull-aberration correction, and real-time monitoring are not optional
refinements, but they are central safety and efficacy requirements. This need for individualized
modeling also supports the case for public research infrastructure because standardized methods
and shared validation data would benefit the entire field.
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Early studies justify continued development while also demanding restraint. For example,
a six-patient human pilot published in 2021 demonstrated that transcranial focused ultrasound
could be delivered to a defined epileptogenic region with short-term electro physiological effects
and no serious treatment-related adverse effects, although seizure outcomes of this study were
mixed and the study was not designed to establish efficacy [14]. Preclinical work from the
University of Maryland School of Medicine has reported reductions in later seizure activity and
pathological changes after LIFUS in a rat model of temporal lobe epilepsy [15]. More recently,
the sponsor of an Australian pilot at The Alfred Hospital reported that five of six participants
experienced fewer seizure days or seizures at two months, including two with reductions greater
than 80 percent, with no serious adverse events in the first cohort [16, 17]. Furthermore, because
these Australian results are preliminary and sponsor-reported rather than definitive peer-reviewed
evidence, they should be treated as a signal for larger controlled trials and not as proof of clinical
effectiveness.

Moreover, closed-loop ultrasound should not be framed as a wholesale replacement for
medication. Its suggested value may lie in adjunctive treatment: medication could lower baseline
seizure susceptibility, while a closed-loop device responds to break through activity in a focal
and time restricted manner. Such a combination could reduce seizure burden without requiring
ever-higher systemic medication exposure. The policy objective is therefore not to declare a
winner among treatment modalities, but to build an additional option for patients whose current
choices are inadequate, inaccessible, and/or result in adverse side effects.

Problems and Recommendations

A Public Goods Problem Limits Investment in Closed-Loop Ultrasound
Neuromodulation

The market failure, or investment problem, is best understood as a public-goods problem
in the production of knowledge. Acoustic energy itself is not a public good, and a finished device
can be sold, licensed, and regulated. However, the mechanistic findings, acoustic parameter
maps, seizure-detection benchmarks, trial protocols, safety thresholds, and clinical evidence
generated during development are largely non-rival: one organization can use the known without
preventing another from using it [18]. Much of that knowledge is also only partially excludable
because publications, regulatory submissions, conference presentations, clinical practice,
employee mobility, and reverse engineering allow benefits to spill beyond the original investor.

Patent eligibility does not eliminate this problem. Furthermore, a company may patent a
specific transducer arrangement, control method, or algorithm, but practical excitability depends
on whether the claims can be observed, enforced, and defended at a cost lower than the value of
the market. Competitors may design around a patent while using the same published mechanistic
or clinical evidence. Moreover, the original developer bears the cost of demonstrating safety and
benefit, while later entrants, clinicians, and payers learn from those results. The private return on
evidence is therefore smaller than its social value.

The evidence challenge deepens this underinvestment. An integrated closed-loop
platform must validate at least three interdependent functions: reliable seizure detection, accurate
transcranial targeting, and a safe neuromodulatory response. Nonetheless, a failure in one
component can undermine the entire system, and early trials may generate valuable knowledge
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without producing a commercially viable product. Private capital is least willing to finance
precisely this kind of presumptive, high-uncertainty work, especially when no predictable
coverage pathway exists at the end of development [19, 20].

The Small Business Innovation Research (SBIR) and Small Business Technology
Transfer (STTR) programs illustrate both the available support and the remaining gap. Phase |
awards generally establish feasibility; Phase II supports further research and development; and
Phase III refers to commercialization financed without SBIR or STTR dollars [21]. These
categories should not be mistaken for universal technology-readiness scale. Furthermore, the
field has entered early human feasibility, but a fully integrated, non-invasive closed-loop
epilepsy system remains pre-commercial. It still needs larger safety studies, reliable feedback
control, manufacturable hardware, multisite validation, regulatory evidence, and an eventual
payment model. Individual SBIR awards can advance a component, but fragmented projects are
unlikely to create the common infrastructure or coordinated clinical network the field requires.

The result is disadvantageous to the epilepsy community in two ways. First, promising
research proceeds slowly and inconsistently, extending the period during which patients must
choose among ineffective medication, invasive procedures, or no advanced treatment. Second,
the evidence that is generated tends to emerge from a small number of well-resourced academic
centers, limiting participation by rural, lower-income, and historically underrepresented
populations. Therefore, government involvement is justified not because private firms have no
role, but because public investment can fund the shared knowledge, standards, and trial capacity
on which responsible private innovation depends.

Priority in an Upcoming Appropriations Act

Congress should direct NINDS to prioritize non-invasive closed-loop ultrasound seizure
intervention through report language accompanying the fiscal year 2028 Labor, Health and
Human Services, Education, and Related Agencies appropriations bill. For context, Congress
annually provided budget authority to NIH, and the House and Senate Labor-HHS
Appropriations Subcommittees can communicate research priorities without creating a rigid
standalone program. This approach is preferable to establishing a narrow new institute or
duplicative bureaucracy. It gives NINDS discretion to use existing grant mechanisms while
establishing a clear congressional expectation that the research gap deserves coordinated
attention.

The recommendation aligns directly with NINDS’s mission “to seek fundamental
knowledge about the brain and nervous system and to use that knowledge to reduce the burden of
neurological disease for all people” [22]. It also fits NINDS priorities in fundamental
mechanisms, neurotechnology development, treatment improvement, biomarkers, outcome
measures, and the elimination of neurological health disparities. Therefore, Congress should
request a coordinated plan, not simply a general expression of interest.

Suggested Report Language

The Committee encourages NINDS, in coordination with the NIH BRAIN Initiative and other relevant Institutes
and Centers, to prioritize research on non-invasive closed-loop seizure-intervention technologies, including
focused ultrasound neuromodulation, real-time seizure detection, patient-specific acoustic targeting, safety and
mechanism studies, and equity-centered clinical validation. The Committee requests an update in the fiscal year
2028 Congressional Justification on funding opportunities and measurable progress in this area.
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Developed in reference to H.R. 9260 [Report No. 119-696] [23]

Within that priority, NINDS should concentrate on three research areas. First, mechanistic
studies must clarify how ultrasound parameters influence neuronal membranes, ion channels,
synaptic transmission, inhibitory and excitatory networks, vascular responses, and thermal or
mechanical safety. Without a clearer mechanism, investigators cannot reliably translate a
successful parameter set across species, brain regions, devices, and patient populations.

Second, parameter optimization must be explicitly patient specific. As previously
explained, skull anatomy changes acoustic attenuation and phase, while seizure networks differ
in location and connectivity. Therefore, NINDS should support shared modeling pipelines,
benchmark datasets, and prospective validation that links planned acoustic fields with measured
biological responses. This infrastructure would allow researchers to distinguish whether a
negative result reflects ineffective biological mechanics, an incorrect target, or inadequate
acoustic delivery.

Third, trial design must be equity centered from the beginning. Moreover, NINDS should
incentivize satellite sites, transportation and caregiver support, accessible consent procedures,
language access, community partnerships, and recruitment targets that reflect the epidemiology
of epilepsy rather than the convenience of academic centers. Demographic inclusion is
scientifically necessary because anatomy, comorbidity, treatment history, social conditions, and
access to follow-up can influence both outcomes and real-world usability. A technology
developed only for patients who can repeatedly travel to metropolitan research hospitals will
reproduce the same structural barriers it claims to solve.

The Current Coverage System Traps Promising Devices in an Evidence-Access
Catch-22

The second policy problem is a circular dependency among evidence, coverage, and
access. CMS and other insurers generally expect medical devices to demonstrate meaningful
clinical benefit for a defined population before payment becomes routine. Yet large,
representative evidence cannot be generated if only a small number of well-resourced patients
can access the technology through limited research sites or self-payment. Coverage requires
evidence; evidence requires access; and access depends on coverage.

This is an apparent catch-22 because no individual actor can resolve it alone.
Furthermore, a patient cannot independently finance repeated specialized treatment, imaging,
monitoring, and follow-up. A clinician cannot provide the technology as a covered benefit when
no coverage pathway exists. A manufacturer cannot indefinitely subsidize enough patients to
procure broad real-world evidence. An insurer will not pay without confidence that their service
is reasonable and necessary. Consequently, each actor’s rational decision preserves collective
failure [24].

The delay that results from this coverage challenge is not neutral. Moreover, patients
remain exposed to preventable seizures, injuries, emergency visits, hospitalization, loss of
employment, and continuing medication burden. For those with frequent generalized tonic-clonic
seizures, delayed seizure control also means continuing SUDEP risk. Additionally, out-of-pocket
access would deepen existing disparities because affluent patients near major centers could enter
early programs while rural, low-income, publicly insured, and caregiver-dependent patients

Advancing Closed-Loop Ultrasound Neuromodulation Page 9 of 15
Kristian Byrd



would be excluded [25]. The resulting evidence would then be less representative, which gives
payers an additional reason to question generalizability.

CMS is central because Medicare coverage affects older adults and many younger people
who qualify through disability, and national CMS decisions often influence Medicaid programs
and private insurers even when they are not legally binding on those payers. In the absence of an
NCD, Medicare Administrative Contractors may make local coverage decisions, which creates
geographic variation [26]. For a highly specialized neurotechnology, that patchwork would
reproduce the same metropolitan and socioeconomic inequities already present in epilepsy care.

Issuance of Conditional Coverage

CMS should prepare to use an NCD with CED for closed-loop ultrasound seizure
intervention technologies when a specific system reaches the appropriate regulatory and statutory
threshold. An NCD is a national Medicare coverage policy that determines whether an item or
service is covered for a defined population [27]. In the absence of an NCD, Medicare
Administrative Contractors may make local coverage decisions. Therefore, an NCD creates
national inconsistency within Medicare; it does not automatically bind private insurers for every
state Medicaid program, although it can influence their evidence standards and coverage policies.

When evidence is promising but not yet sufficient for unconditional national coverage, a
CED is appropriate. Under CED, CMS covers an item or service only when it is furnished within
an approved clinical study that meets specified standards. Next, CMS later reexamined the
accumulated evidence and may remove, revise, or continue the study requirement through NCD
reconsideration [28]. Furthermore, CED does not guarantee permanent coverage, nor should it be
used to bypass FDA review. Rather, it creates a structured sequence: market authorization and
benefit-category eligibility permit coverage review; conditional coverage enables broader,
protocol-governed access; broader access produces evidence; and the evidence informs a later
permanent coverage determination.

The primary evidence milestones should emphasize outcomes that can be measured
within a realistic timeframe. Seizure frequency, seizure days, generalized tonic-clonic seizure
burden, injuries, emergency utilization, cognition, and patient-reported quality of life are suitable
core endpoints. Additionally, SUDEP must be tracked, but because it is comparatively rare, it is
unlikely to function as the primary endpoint of an initial CED study. CMS should also require
subgroup analyses and site diversity so that conditional coverage expands the evidence base
rather than reproducing the demographic and geographic limitations of earlier trials.

CMS’s 2025 renal denervation design provides a useful procedural precedent.
Furthermore, NCD 20.40 covers both radio frequency and ultrasound renal denervation for
uncontrolled hypertension under CED when used according to an FDA market-authorized
indication and when specified patient, provider, and study conditions are met [29]. The
technologies are not clinically identical: renal denervation is catheter based, treats hypertension,
and uses different endpoints. Nevertheless, the policy approach parallel is strong. In both cases,
an ultrasound-based device has promising evidence and a defined unmet need but requires
additional information about real-world outcomes, durability, patient selection, and
implementation. In response, CMS connected national coverage to structured evidence
contention rather than choosing between immediate unrestricted coverage and complete no
coverage.

Advancing Closed-Loop Ultrasound Neuromodulation Page 10 of 15
Kristian Byrd



For closed-loop ultrasound neuromodulation, the same mechanism could prevent the
evidence gap from becoming a permanent access barrier. Importantly, CMS action should be
coordinated with, not substituted for, FDA review, NIH research, and professional-society
standards. NINDS would help produce the foundational science and trial infrastructure; FDA
would evaluate safety and effectiveness for market authorization; and CMS would determine
whether and under what evidence conditions the service is reasonable and necessary for
Medicare beneficiaries. Therefore, the recommendations are sequential and mutually reinforcing
rather than duplicative.

Conclusions

Mission Adherence and Increased Access

Closed-loop ultrasound neuromodulation sits at an important but fragile point in terms of
its development. Furthermore, the scientific premise is credible, the unmet need is substantial,
and early human and animal findings justify further study. The field of ultrasound
neuromodulation devices is not ready for broad clinical claims, and such integrated non-invasive
closed-loop epilepsy systems are not currently approved as standards of care. Despite this,
because the technology is promising but incomplete, policy must create an orderly path from
mechanism to evidence and from evidence to access.

Responsively, Congressional direction would help NINDS fulfill its mission by
prioritizing the shared scientific questions that no single company had sufficient incentive to
solve. Mechanistic research, patient-specific modeling, validated control algorithms, common
safety measures, and equitable trial infrastructure would improve both the quality and the
generalizability of the evidence. In turn, a future CMS NCD with CED conditions could offer
early, controlled access after FDA authorization while CMS collects real-world data needed for a
durable coverage decision. Patients failed by medication would gain an additional treatment
pathway, and marginalized populations would be included in evidence generation rather than
asked to wait until after adoption.

Overall Improved Quality of Life

The ultimate goal is not simply fewer seizure counts on charts. Improved seizure control,
which is the main effect of the recommendations suggested in this paper, can reduce the number
of epilepsy patients that sleep with constant fear, plan to return to school or work, have
emergency visits, must be legally and clinically permitted to drive, live with hindered
independence, and have parents or caregivers with excessive vigilance. A responsive, focal
intervention may also reduce the need for escalating medication doses and their systemic effects.
Even when it does not produce complete seizure freedom, a meaningful reduction in several or
unpredictable events can transform daily life patients with epilepsy and their caregivers..

The policy value extends beyond epilepsy. Furthermore, LIFUS is being investigated as a
tool for modulating circuits implicated in pain, movement disorders, depression, addiction,
disorders of consciousness, and other neurological or neuropsychiatric conditions [30]. Those
applications remain experimental and should not be conflated with proven treatment. Still,
investment in mechanisms, targeting, safety monitoring, and feedback would create a reusable
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platform of knowledge. Progress in epilepsy, where abnormal activity can be measured, detected,
and linked to a defined clinical event, could establish methods that accelerate responsible
development for treatments across several disorders.

Accordingly, we should view epilepsy treatment as a practical first step toward a broader
transformation in neurological care. The recommended policies do not guarantee that closed-loop
ultrasound will succeed, nor do they ask the government to predetermine a scientific outcome.
However, they ask the government to correct two structural failures that currently prevent the
evidence from being generated fairly and efficiently. By aligning NINDS research priorities with
an eventual CMS evidence-development pathway, Congress and CMS can ensure that scientific
uncertainty is resolved through coordinated investigation rather than prolonged patient exclusion.
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