
1 
 

The Economic Burden of KCNT1-Related Disorders in the United States: Insights 1 

from Caregiver-Reported and EMR-Derived Data  2 

Amanda Abuhl#*, Brad Bryan#, Megan Wright, Allison Rosenberg, Justin West, Sarah 3 

Drislane 4 

KCNT1 Epilepsy Foundation, 32531 N Scottsdale Rd, Ste 105-530, Scottsdale, AZ 5 

85266, United States of America 6 

* Corresponding Author: Amanda Abuhl (amanda.a@kcnt1epilepsy.org) 7 

# Equal co-authors  8 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 17, 2026. ; https://doi.org/10.64898/2026.03.16.26348524doi: medRxiv preprint 

NOTE: This preprint reports new research that has not been certified by peer review and should not be used to guide clinical practice.

https://doi.org/10.64898/2026.03.16.26348524
http://creativecommons.org/licenses/by/4.0/


2 
 

ABSTRACT 9 

Background: 10 

KCNT1-related disorders are a rare, severe neurogenetic disorder associated with 11 

early-onset, treatment-resistant seizures and significant developmental comorbidities. 12 

Currently there are no treatment-modifying therapeutics for this condition, and the 13 

condition necessitates complex, lifelong care that places a profound financial strain on 14 

affected families and healthcare systems. However, data quantifying this economic 15 

burden is sparse. 16 

Objective: 17 

To evaluate the annual cost burden of KCNT1-related disorders in the United States 18 

using both caregiver-reported expenditures and electronic medical record (EMR) data, 19 

providing a comprehensive analysis of direct, indirect, and out-of-pocket expenses. 20 

Methods: 21 

A retrospective cohort analysis was conducted using two complementary data sources. 22 

In 2025, 34 U.S-based. caregivers from the KCNT1 Epilepsy Foundation registry 23 

completed a survey capturing insurance status, medical and non-medical expenses, 24 

and indirect costs. Separately, EMR data from 49 U.S.-based patients with KCNT1 25 

variants were extracted from the Citizen Health database. Clinical services were 26 

mapped to CPT and HCPCS codes, and costs were calculated using Medicare fee 27 

schedules and other publicly available datasets. 28 

Results: 29 

Caregiver-reported data revealed that all respondents possessed some form of 30 
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insurance coverage, primarily through private insurance purchased independently or 31 

through their employer, or Medicaid. Nearly half of respondents (18/34) experienced 32 

financial hardship, citing high out-of-pocket expenses, medical debt, and loss of income 33 

due to caregiving responsibilities, and twelve percent of respondents delayed treatment 34 

due to financial strain (n=4). The estimated mean total annual medical cost per family—35 

including direct, indirect, non-medical, and non-covered expenses—ranged from 36 

$355,474 to $797,727, based on upper and lower bounds of response categories from 37 

10 respondents.  EMR analysis, which only reported on direct medical costs, revealed 38 

that average first-year direct medical costs reached $154,389 per patient based on the 39 

records from 49 patients.  This cost was primarily driven by hospitalizations, 40 

medications, and therapeutic procedures. Based on EMR data, direct medical costs 41 

declined once the patients reached two years of age and stabilized in subsequent 42 

years. Hospitalizations remained the most substantial cost contributor regardless of the 43 

age of the patient. 44 

Conclusion: 45 

KCNT1-related disorders imposes a substantial economic burden on families and 46 

healthcare systems, particularly in the first year after diagnosis. This study highlights the 47 

need for rapid diagnostic procedures, targeted therapies, improved insurance coverage, 48 

and legislative support for families managing rare, high-burden conditions. Findings 49 

provide essential cost data to support drug development, healthcare planning, and rare 50 

disease policy reform. 51 

Significance: 52 

This is the first U.S.-based study to quantify both medical and non-medical costs 53 
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associated with KCNT1-related disorders using combined caregiver and EMR data. The 54 

results highlight the urgency of disease-modifying treatments and equitable access to 55 

care, informing clinical trials and advocacy for systemic healthcare support.56 
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Introduction 57 

KCNT1-related disorders are a rare and severe genetic conditions caused by 58 

pathogenic variants in the KCNT1 gene, which encodes a sodium-activated potassium 59 

channel involved in neuronal excitability [1-3].  Pathogenic variants in KCNT1 result in 60 

hyperactive neuronal firing, leading to drug-resistant epilepsy [4]. Among the clinical 61 

phenotypes associated with KCNT1 variants are Epilepsy of Infancy with Migrating 62 

Focal Seizures (EIMFS), Early Infantile Developmental and Epileptic Encephalopathy 63 

(EIDEE), West syndrome, and sleep hypermotor epilepsy (SHE, formerly known as 64 

autosomal dominant nocturnal frontal lobe epilepsy, ADNFLE) [5-6]. These conditions 65 

are characterized by frequent, often intractable seizures that significantly impair 66 

neurological development and quality of life [5-7].  67 

 68 

KCNT1-related disorders are diagnosed through genetic testing [8, 9], often prompted 69 

by early-onset or childhood seizures that do not respond to conventional anti-seizure 70 

medications [4-7]. Seizure types include focal seizures, tonic-clonic seizures, and 71 

epileptic spasms, all of which can be frequent and severe [2,6,11,12]. The disorder is 72 

associated with a high rate of comorbidities, including developmental delay, cognitive 73 

impairment, and motor dysfunction [2-7]. The severity and frequency of seizures 74 

contribute to a high burden of care, necessitating frequent hospitalizations and 75 

specialized interventions, with most affected individuals requiring lifelong medical 76 

support. Behavioral challenges, including hyperactivity and aggression, may also be 77 

present, further complicating patient management [2,6]. The progressive nature of the 78 

disorder means that symptoms often worsen over time, requiring continuous 79 
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adjustments in treatment plans and supportive therapies.  Effective treatment options 80 

remain limited, and most current interventions focus on symptom management rather 81 

than disease modification. 82 

 83 

Due to the complex and chronic nature of KCNT1-related disorders, affected individuals 84 

require multidisciplinary medical care [2]. This includes regular specialized pediatric 85 

neurological evaluations, continuous medication management, genetic counseling, 86 

physical and occupational therapy, and, in some cases, surgical interventions such as 87 

vagal nerve stimulation (VNS) [13,14]. Additionally, emergency medical care for status 88 

epilepticus and other seizure-related complications is common. Many children require 89 

assistive devices such as wheelchairs, communication aids, and orthotic supports due 90 

to motor impairments. The high frequency of medical visits, specialized treatments, and 91 

the need for caregiver support place a significant financial and emotional strain on 92 

families. The burden on caregivers is substantial, often necessitating reduced work 93 

hours or full-time caregiving, leading to lost income and increased financial distress. In 94 

some cases, families must relocate to be closer to specialized medical centers, further 95 

adding to economic strain. 96 

The United States healthcare system differs substantially from those of many other 97 

high-income countries in that it does not provide universal, government-funded health 98 

coverage. Instead, healthcare financing is fragmented across a mix of private and public 99 

insurance programs, with coverage often linked to employment [15-18]. Most children 100 

and working-age adults are insured through employer-sponsored private insurance, 101 

while public programs such as Medicaid (for low-income individuals and children) and 102 
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Medicare (primarily for adults aged ≥65 years and individuals with disabilities) provide 103 

coverage for specific populations. Despite these programs, gaps in coverage remain, 104 

and families frequently face substantial out-of-pocket costs, including insurance 105 

premiums, deductibles, copayments, and expenses for services not fully covered by 106 

insurance. Access to specialized care, advanced therapies, and durable medical 107 

equipment often depends on insurance type, state-level policies, and prior authorization 108 

requirements. As a result, families affected by rare and complex conditions may 109 

experience significant financial burden even when insured, and healthcare utilization 110 

patterns can vary widely across regions and socioeconomic groups. Many studies of 111 

rare diseases have tallied the significant healthcare costs and economic strain on 112 

families [19-24].  In 2023, US healthcare spending averaged $14,570 per person, but for 113 

individuals with a rare disease, annual costs were estimated at $62,084 [25].  While this 114 

data represents the overall aggregate spending per person across all rare diseases, the 115 

full extent of this financial burden remains unreported for KCNT1-related disorders. Due 116 

to the rarity of the condition and the variability in healthcare needs, existing data on the 117 

financial impact of KCNT1-related disorders is limited. Direct medical expenses include 118 

frequent hospitalizations, specialized medical care, and long-term medication use, and 119 

families also incur out-of-pocket expenses for assistive devices, therapies, and other 120 

uncovered medical treatments. The indirect costs associated with KCNT1-related 121 

disorders, such as lost wages for caregivers, employment limitations, and educational 122 

support needs, also remain a poorly characterized aspect of the total cost of KCNT1-123 

related disorders. A comprehensive assessment of these costs is crucial to clarify the 124 

true economic challenges faced by families and healthcare systems. 125 
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 126 

A better understanding of the economic burden of KCNT1-related disorders is essential 127 

for informing healthcare policies and advocating for financial assistance programs [26-128 

27]. By comparing parent-reported expenses with electronic medical record (EMR) data 129 

from the United States, this study aims to provide a more accurate and holistic estimate 130 

of the financial strain imposed by the disorder on US-based families. Identifying 131 

discrepancies between these data sources will also help pinpoint gaps in coverage and 132 

access to necessary services, ensuring that affected families receive adequate support. 133 

From a research and drug development perspective, quantifying the financial burden of 134 

KCNT1-related disorders is critical for advancing new treatments [28-32]. Cost data 135 

plays a key role in FDA Investigational New Drug (IND) applications, as they provide 136 

evidence of unmet medical need and justify investment in novel therapies which can 137 

improve the health of affected individuals, and have the potential to drastically reduce 138 

the total indirect and direct costs of care. This study will contribute valuable economic 139 

data that can support future drug development efforts and guide research into cost-140 

effective interventions, ultimately improving the lives of individuals affected by KCNT1-141 

related disorders. 142 

 143 

Methods 144 

Caregiver-Reported Data Survey Study Design, Survey Development, Data Collection 145 

In March to April 2025, thirty-four United States-based respondents were recruited from 146 

the KCNT1 Epilepsy Foundation's Contact Registry. Inclusion criteria required that the 147 
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respondent is a US-based parent and primary caregiver of a child with a KCNT1 genetic 148 

diagnosis, belongs to the KCNT1 Epilepsy Foundation patient association, and could 149 

provide estimates of costs. The survey asked primary caregivers to estimate annual 150 

health insurance coverage and approximate medical costs, non-medical expenses, and 151 

indirect costs based on cost brackets including $0, $1-$5,000, $5,001 to $20,000, 152 

$20,001 to $50,000, $50,001 to $100,000, $100,001 to $250,000, and more than 153 

$250,000 (Supplemental File 1).   The cost brackets used in the survey were selected 154 

to capture the wide variability in expenses experienced by families affected by KCNT1-155 

related disorders. Because there are no prior studies providing detailed estimates of 156 

medical, non-medical, or indirect costs for this rare disease population, we designed the 157 

ranges to encompass both lower and extremely high expenditures, reflecting the 158 

potential financial burden of a severe, rare, and chronic condition. The brackets 159 

increase progressively to allow respondents to indicate approximate costs without 160 

requiring precise calculations, while also ensuring that extremely high-cost scenarios—161 

common in rare, medically complex disorders—were adequately represented. This 162 

approach balances respondent ease with the need to capture a broad spectrum of 163 

financial experiences. In the US, healthcare services and related expenses are typically 164 

itemized through bills and explanation of benefits, allowing caregivers to separately 165 

track costs for medical appointments, medications, emergency care, and other services.  166 

This itemization enabled respondents to provide estimates for Direct, Indirect, Non-167 

Medical, and Miscellaneous Non-Covered Costs. The survey was informed by 168 

consultations with the KCNT1 Epilepsy Foundation, caregivers of individuals with 169 

KCNT1-related disorders, academic clinical experts, and representatives from 170 
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pharmaceutical and biotechnology companies with KCNT1 therapies in development, 171 

who provided input prior to survey development and reviewed draft survey questions. 172 

The survey was conducted by the KCNT1 Epilepsy Foundation using secure Microsoft 173 

Forms with privacy compliant data storage.  The surveys were conducted anonymously, 174 

and no identifiable private information could be linked to the respondents. 175 

 176 

Electronic Medical Record (EMR) Data Extraction: Data from 49 US-based patients with 177 

KCNT1-variants were obtained from the Citizen Health database [33]. Clinical data 178 

included diagnostic codes, hospitalizations, assistive device usage, and prescribed 179 

medications.  Although the EMRs contained records for patients of all ages, we limited 180 

our analysis of EMRs to children aged 6 years or younger due to an obvious 181 

incompleteness of records in older patients, which may result from early mortality, 182 

changes in healthcare providers, or loss to follow-up. 183 

 184 

 185 

Data Extraction 186 

Diagnostic codes were derived by mapping Systematized Nomenclature of Medicine—187 

Clinical Terms (SNOMED CT) entries to corresponding Healthcare Common Procedure 188 

Coding System (HCPCS) and Current Procedural Terminology (CPT) codes. For 189 

reference, SNOMED codes provide standardized clinical terminology to describe 190 

diagnoses and medical concepts, while CPT and HCPCS codes are used in the United 191 

States to classify and bill for medical procedures, services, and supplies. Direct costs 192 
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associated with diagnostic procedures, therapeutic interventions, and hospital 193 

admissions were estimated using the Centers for Medicare & Medicaid Services (CMS) 194 

Physician Fee Schedule [34]. Pricing information for durable medical equipment (DME), 195 

including ankle-foot orthoses (AFOs), wheelchairs, and other assistive devices, was 196 

obtained from the Durable Medical Equipment Coding System (DMECS) via the 197 

Palmetto GBA website [35]. Current outpatient medication prices were retrieved from 198 

publicly accessible data available on GoodRx [36]. Number of days per hospital 199 

admittance were obtained, and hospital per diem charges were estimated using 2022 200 

data from the Kaiser Family Foundation [37]. Hospital pricing varied significantly based 201 

on the region. For consistent calculations that reflected the national average, pricing in 202 

the state of Nebraska was used to determine hospital expenditure costs, as KFF 203 

indicated that Nebraska represents the median per capita hospital expenditure in the 204 

United States. The Nebraska median daily cost for hospitalization at the time of analysis 205 

($2,879) was used in this report. As the Citizen data did not account for variations in 206 

patient acuity, such as differences between intensive care unit (ICU) and general 207 

medical floor stays, the reported financial figures more than certainly underestimate the 208 

true cost burden for hospitalizations. 209 

 210 

Data Visualization 211 

Microsoft Excel was used to document and organize cost data associated with the 212 

management of KCNT1-related disorders. Descriptive statistics and data visualization 213 

were performed using Microsoft Excel and GraphPad Prism v10. 214 
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 215 

RESULTS 216 

Caregiver Reported Financial Burden of KCNT1-related disorders 217 

Based on anonymous caregiver-reported surveys, all respondents (n=34) reported 218 

having health coverage.  This coverage was through private insurance plans purchased 219 

independently or through their employer (79%, n=27), Medicaid (41%, n=14), Medicare 220 

(9%, n=3), or Children’s Health Insurance Program (CHIP) (3%, n=1) (Figure 1A).  Most 221 

families utilized a combination of these plans.  Over half of respondents (53%, n=18) 222 

reported that medical expenses associated with KCNT1-related disorders had caused 223 

financial hardship for their family (Figure 1B), while 16 respondents indicated that they 224 

had not experienced financial hardship, suggesting that while cost burdens are 225 

substantial, their impact varies based on individual circumstances such as insurance 226 

type, income level, and access to supportive resources.  When asked in an open-ended 227 

format about financial challenges, parents reported facing high out-of-pocket costs for 228 

medications, medical supplies, and specialized equipment, and often having to choose 229 

between paying medical bills or essential living expenses like groceries and rent. They 230 

also described ongoing medical debt, gaps in insurance, lost income from caregiving, 231 

and spending significant time and energy fighting for coverage, making it difficult to 232 

manage finances and plan for long-term needs. When asked whether cost concerns 233 

had ever led their family to delay or avoid seeking medical care for their dependent with 234 

a KCNT1-related disorder, 12% (n=4) reported that they had indeed delayed or avoided 235 

medical care due to the financial burden of the condition (Figure 1C).  236 
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 238 

 239 

Figure 1. Caregiver-reported financial burden of KCNT1-related disorders. Data 240 

collected from a survey of 34 United States-based respondents who served as the 241 

primary caregiver for an individual with a KCNT1 variant.  All responses are self-242 

reported and completely anonymous. (A) Health insurance coverage status of 243 

respondents. Caregivers were given the option to elect all applicable forms of insurance 244 

they utilized. (B) Caregiver responses on experiencing financial hardship due to medical 245 

expenses. (C) Caregiver responses on delaying or avoiding medical care due to cost 246 

concerns.   247 

e 

al 
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Of the 34 total respondents, 11 of these provided the annual cost estimate of KCNT1-248 

related financial expenditures across a wide range of medical cost categories (Direct, 249 

Indirect, Non-Medical, and Miscellaneous Non-Covered Costs) related to the 250 

management of KCNT1-related disorders (Figure 2). Annual direct costs, including core 251 

components of ongoing disease management (medical appointments, hospitalizations, 252 

medications, medical procedures, and emergency care) were reportedly the most 253 

expensive components of annual medical care for patients with a KCNT1-related 254 

disorder (Figure 2A). Additionally, families frequently incurred high expenses for home 255 

healthcare services, medical supplies, diagnostic tests, and therapies such as physical 256 

or occupational rehabilitation. These findings highlight the multifaceted nature of direct 257 

medical costs, reflecting the complexity of the disorder and the broad spectrum of care 258 

required to address both primary symptoms and secondary health complications.  In 259 

assessing annual indirect medical costs related to KCNT1-related disorders, informal 260 

caregiving emerged as the largest reported expense (Figure 2B). Informal caregiving 261 

entails providing daily, unpaid support, which may significantly impact the respondents’ 262 
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ability to maintain full-time 263 
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Figure 2. Caregiver-reported financial burden of KCNT1-related disorders was collected 265 

from 11 United States-based respondents who served as the primary caregiver for an 266 

individual with a KCNT1 variant. To gather information on financial impact, the survey 267 

asked caregivers to estimate their expenses by choosing from a set of cost ranges 268 

rather than reporting exact amounts. Respondents were asked to provide their annual 269 

expenses  or loss of income in annual (A) Direct Medical Costs (related to the medical 270 

management of KCNT1-Related Disorder and its associated symptoms, typically 271 

including expenses directly related to diagnosis, treatment, and management, including 272 

costs for secondary diagnoses or symptoms stemming from the condition), (B) indirect 273 

medical costs (productivity loss due to caregiving responsibilities for the affected 274 

individual, and the unpaid labor of caregiving), (C) non-medical costs (arise from the 275 

need to adapt living arrangements, manage daily life challenges, and provide additional 276 

support beyond medical care), and (D) healthcare costs not generally covered by 277 

insurance (widely depending on the specific insurance plan and the nature of the rare 278 

disease). 279 

 280 

  281 
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employment or pursue career advancement. In addition to caregiving responsibilities, 282 

both job loss and absenteeism due to medical appointments, hospitalizations, or 283 

recovery periods contributed meaningfully to the financial burden. These findings 284 

highlight the far-reaching economic impact of KCNT1 disorders, extending beyond 285 

healthcare expenses to include substantial productivity losses and long-term 286 

employment disruptions for affected families. Annual non-medical costs related to 287 

KCNT1-related disorders represented a substantial financial burden for many families, 288 

with the most significant expenditures reported in nutritional support, special equipment, 289 

professional caregiving services, and home modifications to create adaptive living 290 

environments (Figure 2C). These expenses reflect the need for ongoing lifestyle 291 

adjustments and specialized support that go beyond direct healthcare services. While 292 

essential, categories such as educational expenses and psychosocial support—though 293 

still reported—accounted for the lowest expenditures in this group. The annual 294 

healthcare costs not covered by insurance related to KCNT1-related disorders were 295 

generally low (Figure 2D). Over the counter medications accounted for the largest 296 

portion of these out-of-pocket costs, followed by alternative/complementary therapies.  297 

 298 

We calculated the total annual care costs for the 11 individuals completing the self-299 

reported survey, demonstrating a profound cost to each of the families (Figure 3). 300 

Because respondents reported their costs using predefined brackets rather than exact 301 

figures, the totals could only be estimated within a range. To calculate overall financial 302 

impact, each selected bracket was assigned both a lower and upper bound, allowing 303 

researchers to sum costs across all categories using these limits. This method produced 304 
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a minimum and maximum estimate of total expenses, rather than a single definitive 305 

amount. While this approach offers a practical way to quantify costs from bracketed 306 

data, it inherently introduces a degree of uncertainty, as the actual values reported by 307 

individuals may fall anywhere within the selected ranges.  Estimated minimum annual 308 

costs ranged from approximately $5,013 to $1,250,019, while maximum projected costs 309 

spanned from $80,000 to $2,375,000. Most responses fell below $150,000 on the low 310 

end and under $1.4 million on the high end. The mean annual cost ranged from 311 

$355,474 (minimum) to $797,727 (maximum), with the median falling between $265,018 312 

and $620,000. This high cost highlights the substantial financial burden associated with 313 

care of an individual with a KCNT1 variant, particularly when compared to the average 314 

health spending in the United States for 2023, according to the Centers for Medicare 315 

and Medicaid Services, was $14,570  316 

317 
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 318 

Figure 3. Total annual care costs for individuals with KCNT1-related disorders. The use 319 

of cost brackets allowed researchers to calculate an estimated range for the total 320 

reported expenses across all caregivers. Since respondents selected from predefined 321 

ranges rather than providing exact dollar amounts, the data could only be summarized 322 

as minimum and maximum possible totals. For each caregiver, the lowest value of a 323 

selected bracket was used to calculate a conservative estimate, while the highest value 324 

(or a defined upper limit for open-ended brackets) was used to calculate the maximum 325 

estimate. As a result, the aggregated cost data represent a range rather than a precise 326 

figure, reflecting the inherent uncertainty introduced by the bracketed response format. 327 

This figure presents the calculated total annual care costs for each of the 11 328 

respondents based on self-reported survey data.  Given that respondents selected cost 329 

brackets for each survey answer, these bars represent the minimum and maximum 330 

annual costs per patient. 331 
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per person [38]. 332 

 333 

Electronic medical record-based analysis of KCNT1-related disorder financial burden 334 

We conducted a retrospective analysis of EMR data using the Citizen Health database 335 

to characterize the longitudinal healthcare utilization and associated costs in patients 336 

diagnosed with KCNT1-related disorders. Utilizing de-identified EMR data, we extracted 337 

information on hospitalizations, medications, durable medical equipment and devices, 338 

as well as therapeutic and diagnostic procedures. Our objective was to quantify the 339 

direct medical costs incurred over time and to identify patterns in healthcare resource 340 

utilization following a KCNT1 diagnosis. This approach aims to inform clinical 341 

management strategies and support the development of targeted interventions for this 342 

patient population. 343 

 344 

The frequency of diagnostic procedures, hospital admissions, and medication 345 

prescriptions was highest during the first year of life (Figures 4A–C), marking a period 346 

of intense medical intervention. Following this initial peak, all three categories 347 

experienced a sharp decline of over 50% in the second year and continued to decrease 348 

more gradually in the years that followed. In contrast, the number of therapeutic 349 

procedures remained relatively stable across the entire six-year observation period 350 

(Figure 4D), suggesting a consistent need for ongoing therapeutic support. Notably, the 351 

use of medical devices  352 
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Figure 4. Frequency of healthcare resource utilization based on electronic medical 354 

record (EMR) data. This figure illustrates the age-specific frequency of healthcare 355 

utilization over the first six years of life, including the average number of (A) diagnostic 356 

procedures, (B) hospital admissions, (C) medication prescriptions, (D) therapeutic 357 

procedures, and (E) medical devices used by patients at each year of age. Data are 358 

shown for all individuals, with error bars representing the standard deviation.  Numbers 359 

above the bars indicate the number of KCNT1 patients utilizing each category.   Data 360 

was derived from the Citizen Health database for patients with KCNT1-variants. 361 
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showed a different pattern, with utilization peaking in the second and third years of life 362 

before tapering off in subsequent years (Figure 4E). 363 

 364 

Over the full six-year study period, hospital stays consistently accounted for the largest 365 

share of annual medical expenses, underscoring their significant impact on the overall 366 

financial burden (Figure 5A). Hospitalization costs declined notably after the first year, 367 

serving as the primary factor driving the overall reduction in healthcare expenses over 368 

time. Medications and diagnostic procedures were particularly prominent in the first 369 

year, reflecting the high intensity of care typically required during infancy. Beginning in 370 

year two, the use of medical devices rose substantially, contributing to a shift in the 371 

composition of non-hospital-related expenditures. This evolving cost landscape 372 

highlights the dynamic nature of pediatric care needs and the critical role hospitalization 373 

plays in the financial trajectory of affected families. When analyzing the cumulative 374 

healthcare costs incurred during the first year of life, EMR data revealed that the 375 

average total expenditure per patient—including hospitalizations, diagnostic procedures, 376 

medications, therapeutic procedures, and medical devices—was approximately 377 

$154,389 (SD =  $117,716; median = $131,997) (Figure 5B). 378 

  379 
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Figure 5. Longitudinal healthcare costs based on electronic medical record (EMR) data 383 

from the Citizen Health database for patients with KCNT1-related disorders. (A) The 384 

average cost in US Dollars spent for each category of healthcare utilization over the first 385 

six years of life. Error bars represent the standard deviation; numbers above the bars 386 

indicate the number of KCNT1 patients represented in each year of life. (A) The 387 

average annual medical expenses by category were summed for each age of life.  388 

Categories of healthcare expenses are divided by color coding. Data was derived from 389 

the Citizen Health database for patients with KCNT1-variants.  390 
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DISCUSSION 391 

This study provides a comprehensive assessment of the multifaceted economic burden 392 

experienced by families managing KCNT1-related disorders, integrating both caregiver-393 

reported data and electronic medical record (EMR) analyses. Our findings demonstrate 394 

the substantial financial impact of this rare neurological disorder, highlighting the 395 

necessity for targeted interventions and reforms to alleviate caregiver strain and 396 

enhance care accessibility. 397 

 398 

The average health spending in the United States for 2023, according to the Centers for 399 

Medicare and Medicaid Services, was $14,570 per person, and a national study 400 

estimated the average annual cost per patient with a rare disease to be $62,084 [25]. 401 

Our data from both caregiver-reported and EMR records show that the financial burden 402 

of KCNT1-related disorders far exceeds the average annual cost typically incurred by 403 

patients with other rare diseases.  Our analysis highlights the limitations of each data 404 

source in capturing the full economic burden of KCNT1-related disorders. EMR data 405 

indicate that average first-year medical costs are approximately $154,000, with costs 406 

declining sharply in subsequent years. In contrast, caregiver-reported annual costs, 407 

captured via anonymous surveys using cost brackets, ranged from a mean of $355,474 408 

to $797,727. This higher estimate reflects additional financial burdens not captured in 409 

the EMR, including indirect medical costs, non-medical expenses, and other out-of-410 

pocket costs incurred by families. The anonymity of the caregiver reported survey 411 

prevents precise age-based comparisons, but the substantial difference between the 412 
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datasets illustrates that EMR-derived medical costs alone underestimate the true 413 

financial impact of KCNT1 on families. Collectively, these findings emphasize the 414 

importance of integrating multiple data sources to comprehensively assess the total 415 

economic burden of rare, complex disorders. 416 

 417 

The substantial direct medical costs observed, particularly in the first year of a patient’s 418 

life, align with trends seen in other rare pediatric disorders [39-45]. Our analysis 419 

revealed a similar trend for the high cost of direct medical costs, with hospitalizations 420 

constituting the largest proportion of annual costs, followed by diagnostic procedures, 421 

medications, durable medical equipment, and therapeutic procedures. Notably, the 422 

second year of the KCNT1 patients’ life saw a marked decrease in total expenditures, 423 

suggesting a shift from intensive diagnostic procedures and in-patient hospital 424 

interventions to long-term supportive care. This shift necessitates ongoing financial and 425 

logistical support, emphasizing the continued importance of healthcare coverage that 426 

extends beyond initial treatment phases.  427 

 428 

Caregiver-reported data further illuminates the broader economic impact not necessarily 429 

accounted for in EMR data by encompassing indirect and non-medical costs. 18 out of 430 

34 (53%) caregivers reported financial hardship due to out-of-pocket medical expenses, 431 

lost income, and other non-medical expenditures. These findings are consistent with 432 

broader surveys indicating that a significant proportion of rare disease caregivers 433 
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experience financial strain, with many reporting the need to reduce work hours or 434 

discontinue employment altogether [40-45]  435 

 436 

The economic burden of KCNT1-related disorders is consistent with that of other rare 437 

pediatric neurological disorders [46-48]. For example, studies on Dravet syndrome and 438 

Rett syndrome have documented similar patterns of high initial medical costs followed 439 

by a stabilization phase, with caregivers reporting significant indirect costs and financial 440 

hardship [49]. These parallels suggest that the economic challenges faced by families 441 

managing rare neurological disorders are widespread and not unique to KCNT1-related 442 

disorders. 443 

 444 

Despite the insights provided, our study has several limitations that must be 445 

acknowledged. We acknowledge that the small number of caregivers reporting financial 446 

expenditures (11 of 34 total) may limit the generalizability of these results. This was 447 

possibly due to privacy concerns or lack of detailed records, which is common in studies 448 

of ultra-rare diseases where sample sizes are inherently small. The EMR data utilized 449 

did not capture certain costs, including indirect medical costs such as informal 450 

caregiving, job loss, or absenteeism, non-medical costs such as nutritional support 451 

special equipment, and others, as well as non-covered costs such as over-the-counter 452 

medication and other optional treatments.  This is strongly reflected in the significantly 453 

higher costs reported in the caregiver-reported surveys compared to that pulled from 454 

EMR records. Additionally, the caregiver-reported survey may have been subject to 455 
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recall bias, potentially limiting the generalizability of the findings. Furthermore, both the 456 

caregiver reported surveys and the EMR dataset lacked detailed information on the 457 

severity of the disorder, which could influence healthcare utilization and associated 458 

costs. While we employed average national costs as a reference for cost estimation, 459 

regional variations in healthcare expenses may affect the accuracy of our financial 460 

assessments.  For example, the EMR-based cost model relies on Nebraska hospital 461 

per diem rates to approximate hospitalization costs. This may underestimate costs in 462 

major pediatric epilepsy centers, which are typically in high-cost urban regions.   463 

Importantly, these data are not generalizable outside the United States, given the 464 

location of all participants restricted to within the United States.  Finally, because the 465 

caregiver reported data was fully anonymous, it lacked demographic and 466 

genotypic/phenotypic data which might influence healthcare spending. 467 

 468 

Looking forward, our findings advocate for a multifaceted approach to support families 469 

affected by rare diseases. Future research should focus on longitudinal studies to track 470 

the evolving economic burden over time and evaluate the effectiveness of interventions 471 

aimed at reducing caregiver strain and improving care outcomes. Additionally, exploring 472 

the experiences of caregivers in different cultural and healthcare settings could provide 473 

valuable insights into the universal and unique challenges faced by families managing 474 

rare diseases.  While this study focuses on the United States, it is important to 475 

recognize that healthcare financing models vary widely across countries, and these 476 

differences can profoundly affect both direct and indirect cost burdens for families 477 

affected by rare conditions such as KCNT1-related disorders. International evidence 478 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 17, 2026. ; https://doi.org/10.64898/2026.03.16.26348524doi: medRxiv preprint 

https://doi.org/10.64898/2026.03.16.26348524
http://creativecommons.org/licenses/by/4.0/


33 
 

suggests that rare diseases impose substantial economic burdens globally, with 479 

estimates showing high per-patient costs and significant societal impacts beyond direct 480 

medical expenses [50-52].  Future work should extend our findings by systematically 481 

comparing the financial burden of KCNT1 across international health systems, 482 

accounting for differences in insurance coverage, out-of-pocket payment structures, and 483 

social support programs, to inform global policy and assistance strategies. 484 

 485 

In conclusion, this study demonstrates the significant and multifaceted economic burden 486 

of KCNT1-related disorders, highlighting the urgent need for comprehensive support 487 

systems that address the diverse needs of affected families. By integrating caregiver 488 

perspectives with clinical data, we can inform policies and practices that alleviate the 489 

financial and emotional strain on families, ultimately improving the quality of life for both 490 

patients and their caregivers.  491 
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