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Highlights

What are the main findings?

e AED use during EMS encounters shows clear racial and geographic inequities,
with White patients and suburban/rural/frontier regions experiencing the lowest
deployment rates.

e  Disparities persist even within clinically severe encounters such as cardiac arrest and
high-acuity cases, indicating that clinical need alone does not explain variation in
AED use.

What are the implications of the main findings?

e Improving AED placement, EMS deployment strategies, and community readiness,
especially in underserved regions, may help reduce inequities in early defibrillation.

e  Equity-focused EMS planning and targeted public-access defibrillation initiatives are
needed to ensure that time-sensitive interventions are delivered consistently across
diverse populations.

Abstract

Background: Out-of-hospital cardiac arrest is a major cause of mortality, and survival
depends heavily on rapid defibrillation. Automated external defibrillators (AEDs) can
significantly improve outcomes when used before emergency medical services (EMS)
arrive, yet access to and use of these devices remain uneven across communities. This study
investigates racial and geographic disparities in AED use during EMS encounters in the
United States, evaluating differences across racial groups, geographic settings, cardiac arrest
status, and patient acuity, irrespective of whether a bystander or EMS personnel applied
the device. Methods: This descriptive study used aggregated data from the National
Emergency Medical Services Information System (NEMSIS) Public Release Data Cube to
compare AED use across racial, geographic, cardiac arrest, and acuity categories. AED
use was defined as any documented application during the EMS encounter. Results: The
dataset included 106,246 EMS encounters across six racial and ethnic groups. AEDs were
applied in 16,688 encounters (15.7%), with substantial variation across demographic and
geographic categories. Asian, American Indian or Alaska Native, and Black or African
American patients had the highest rates of AED use, while White patients had the lowest
rate despite representing the largest share of encounters. Urban areas accounted for most
AED deployments, whereas suburban and frontier regions showed markedly lower use,
while rural AED use was similar to urban rates. AED application was strongly associated
with cardiac arrest and high patient acuity, yet racial differences persisted even within these
clinically severe categories. Conclusions: AED use generally aligns with clinical indicators
such as cardiac arrest and critical acuity, but meaningful racial and geographic differences
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were observed, reflecting descriptive patterns rather than confirmed disparities. These
patterns should be interpreted cautiously, as the aggregated nature of the dataset limits the
ability to determine whether differences reflect inequities, incident characteristics, or EMS
system factors. These findings highlight the need for targeted strategies to expand AED
access, improve device placement, and strengthen community readiness in underserved
areas. Integrating AED availability into broader EMS planning and community outreach
may help reduce inequities and create conditions that support improved survival outcomes.
Further research using individual-level data and geospatial methods is needed to clarify
the drivers of these observed differences and inform equitable prehospital care policies.

Keywords: emergency medical services; EMS; automated external defibrillator; AED;
health equity; racial disparities; geographic variation

1. Introduction

The global significance of equitable access to early defibrillation has been underscored
by the Lancet Commission on Sudden Cardiac Death, which identifies timely defibrillation
and robust public-access AED programs as essential components of a comprehensive
strategy to reduce preventable mortality [1,2]. The Commission emphasizes that disparities
in AED availability, community readiness, and emergency response capacity contribute to
avoidable deaths worldwide, establishing a clear conceptual foundation for equity-focused
analyses of AED use. This framework aligns directly with this study’s examination of racial
and geographic inequities in AED deployment during EMS encounters in the United States.

Out-of-hospital cardiac arrest (OHCA) remains a leading cause of mortality worldwide,
with ventricular fibrillation accounting for a substantial proportion of sudden cardiac
deaths [2—4]. Survival depends heavily on the interval between collapse and defibrillation,
yet despite advances in EMS protocols, the average time to first shock often exceeds
the critical five-minute window [5-7]. Public-access AEDs offer a practical means of
reducing this delay by enabling lay responders and first-line professionals to deliver
early defibrillation [8].

Extensive clinical and observational research demonstrates that early AED use signifi-
cantly improves survival and neurological outcomes [7,9]. However, AED availability and
use remain uneven across communities [10-12]. Home-use initiatives, rural regions, and
under-resourced neighborhoods often experience lower AED access and reduced bystander
intervention, raising concerns about equitable access to lifesaving interventions and the
structural factors that shape prehospital care. This study addresses three equity-focused
research questions:

1. Do racial disparities exist in AED use during EMS encounters?
2. Does AED use vary across geographic settings (urban, suburban, rural, frontier)?
3. Is AED application associated with the final patient acuity?

By integrating demographic, geographic, and clinical data from a large national EMS
registry, this study provides new insight into how AED deployment patterns reflect broader
inequities in prehospital care and identifies opportunities to strengthen AED access and
readiness across diverse communities.

In this analysis, AED “use” reflects the NEMSIS variable eEquipment.24, which cap-
tures whether an AED was applied at any point during the EMS encounter. This definition
does not distinguish between bystander AED use prior to EMS arrival and AED appli-
cation initiated by EMS personnel. Because these two forms of AED use have different
implications for public-access defibrillation policy, the findings presented here should be
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interpreted as reflecting overall AED deployment during EMS encounters rather than ex-
clusively bystander-initiated defibrillation. This distinction is essential for contextualizing
equity-focused analyses, as disparities in bystander AED use may differ from patterns
observed in EMS-applied AEDs [13,14].

2. Literature Review

Automated external defibrillators (AEDs) were first introduced in the early 1980s
to reduce the time between sudden cardiac arrest and defibrillation. While early de-
vices were limited to clinical settings, modern AEDs have rapidly evolved into reliable,
user-friendly tools that support widespread public-access defibrillation. Contemporary
research increasingly emphasizes system-level deployment strategies and equity-focused
approaches to improving AED availability and early defibrillation outcomes. Subsequent
technological advancements, such as automated rhythm detection and simplified user
interfaces, enabled safe use by lay responders and supported the expansion of public-access
defibrillation programs [15,16].

Public-access defibrillation programs expanded rapidly in the 2000s, supported by
legislative mandates and public health initiatives. AEDs became common in airports, shop-
ping malls, schools, and office buildings, and consumer-oriented models made home
acquisition feasible for high-risk individuals [17,18]. Modern AEDs incorporate self-
testing batteries, wireless connectivity, and pediatric dose attenuators, improving reliability
but increasing cost. Contemporary devices typically range from $1500 to $3000, with
annual maintenance adding approximately $200 to $300 [19]. Despite these expenses,
cost-benefit analyses consistently show that even modest survival gains justify AED
program investments [19,20].

Public awareness and understanding of AEDs remain uneven. Surveys indicate
that fewer than half of adults can locate the nearest AED in a crowded environment,
and many confuse cardiac arrest with myocardial infarction—misconceptions that may
delay intervention [21]. Although AEDs are designed for untrained users, formal training
significantly increases confidence and willingness to act [11,22].

Early defibrillation within the first 3 to 5 min of witnessed ventricular fibrillation can
raise survival rates from below 10% to as high as 70% [4,6]. Registry analyses confirm that
bystander AED use improves survival to hospital discharge and favorable neurological out-
comes by more than twofold. Pediatric protocols require reduced energy dosing, typically
via attenuating pads or pediatric keys, to minimize myocardial injury [23,24].

Good Samaritan laws play a critical role in encouraging bystander AED use by reduc-
ing legal barriers to intervention. Federal and state statutes generally protect individuals
who render emergency care in good faith, provided there is no gross negligence. Emerging
evidence suggests that comprehensive liability protections correlate with higher rates of
bystander AED application and shorter time to first shock [25,26].

Despite these advances, disparities persist. AED application is reported to be approxi-
mately three times more likely in majority White neighborhoods than in predominantly
Black or Hispanic areas [27]. Rural and frontier communities experience AED use rates
below 10%, compared to over 25% in urban centers [11]. These inequities persist even after
adjusting for witnessed arrests and public location incidents [10,12].

EMS agencies with aggressive first-responder AED programs—equipping fire, police,
and community volunteers—report bystander AED application rates exceeding 20%, com-
pared to under 5% in areas relying solely on EMS personnel [28]. Legislative mandates
require AEDs in many federal buildings, airports, and schools, but private sector placement
varies widely [29,30].
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Landmark investigations, including randomized trials and large registry analyses,
consistently demonstrate that AEDs dramatically improve survival when deployed rapidly.
Survival to hospital discharge doubled in communities equipped with AEDs and lay
responder training programs [6]. Bystander AED use before EMS arrival has been associated
with a nearly threefold increase in favorable neurological outcomes [31]. Programmatic
factors such as device maintenance, responder organization, and ongoing evaluation
also influence AED program success [17]. Even incremental increases in public-access to
defibrillation can yield substantial public health gains [9].

The National Emergency Medical Services Information System (NEMSIS), established
in 2001, standardizes EMS data collection across the United States. Its public release dataset
provides aggregated access to more than 260 million EMS activations, enabling large-
scale analyses of treatment patterns and outcomes [13,32,33]. The system’s uniform data
elements support equity-focused research by allowing comparisons across demographic,
geographic, and clinical subgroups.

3. Materials and Methods

This study used aggregated data from the National Emergency Medical Services In-
formation System (NEMSIS) Public Release Data Cube, which provides summary counts
of EMS encounters across the United States. The dataset includes incident-level infor-
mation stratified by race and ethnicity, AED use (yes/no), geographic region (urban,
suburban, rural, frontier), cardiac arrest status, and patient acuity. Because the dataset
is aggregated, individual-level records were not available, and analyses were limited to
summary-level patterns.

AED application was identified using variable eEquipment.24, which flags whether
an AED was applied at any point during the EMS encounter. This measure does not
distinguish between bystander-initiated AED use prior to EMS arrival and AED application
performed by EMS personnel and therefore reflects overall AED deployment during the
EMS response rather than true public-access AED use. Geographic classification was
derived from eScene.21, which categorizes incident locations as urban, suburban, rural,
or frontier based on NEMSIS definitions that incorporate population density, land-use
characteristics, and federal rural-urban classification standards. Race and ethnicity were
recorded under ePatient.35, and patient acuity was determined using standardized dispatch,
provider impression, and disposition codes (eSituation.11-12; eDisposition.12). Together,
these elements enabled an equity-focused analysis of AED deployment across demographic
and geographic subgroups.

Descriptive statistics were used to calculate AED use rates and subgroup distributions.
Because the dataset is aggregated and lacks individual-level covariates, no inferential
statistical testing was conducted. All comparisons are descriptive and intended to illustrate
broad patterns rather than statistical significance. Exploratory regression models were
considered to examine broad associations; however, because the dataset is aggregated and
lacks individual-level covariates, these models were not interpreted as inferential results
and are therefore not presented. All findings are descriptive.

The use of the NEMSIS Public Release Data Cube was intentional and reflects the
study’s descriptive epidemiologic focus. Individual-level NEMSIS data require agency
participation agreements, data use approvals, and extensive data cleaning, which are
beyond the scope of this exploratory equity analysis. The aggregated structure of the Data
Cube provides standardized, nationally representative counts that allow for consistent
comparisons across demographic and geographic subgroups. Because the dataset is not
designed for inferential modeling or adjustment for confounding variables, all analyses in
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this study are descriptive and should be interpreted as patterns rather than evidence of
inequity or causal relationships.

4. Results

The dataset includes 106,246 EMS encounters across six racial and ethnic groups. Of
these encounters, 16,688 involved AED application (15.7%) and 89,558 did not (84.3%),
providing a clear baseline for subgroup comparisons. Most incidents occurred in urban
settings (86.0%), followed by rural (7.0%), suburban (4.9%), and frontier areas (1.4%).
Cardiac arrest was documented in 12.9% of encounters. All results presented in this
section are descriptive summaries of aggregated counts and are not based on inferential
statistical testing.

AED use varied across racial groups. Asian patients experienced 1214 AED appli-
cations out of 5742 encounters (21.14%), American Indian or Alaska Native patients had
482 AED applications out of 2299 encounters (20.96%), and Black or African American
patients had 4876 AED applications out of 23,319 encounters (20.91%). Hispanic or Latino
patients had 3214 AED applications out of 17,528 encounters (18.34%), and Native Hawai-
ian or Other Pacific Islander patients had 184 AED applications out of 1001 encounters
(18.39%). White patients had the lowest AED use rate, with 6718 AED applications
out of 47,657 encounters (14.15%). These values are summarized in Table 1, which con-
solidates AED use counts, denominators, and rates across all racial groups for clarity
and reproducibility.

Table 1. Summary of AED Use Across Racial, Geographic, and Clinical Categories.

Category Subgroup AED Use (n) E(r)lt::)lunters @) AED Use Rate (%)
Race/Ethnicity Asian 1214 5742 21.14
American Indian/Alaska Native 482 2299 20.96
Black/African American 4876 23,319 20.91
Hispanic/Latino 3214 17,528 18.34
II\STlaatri:;lee ?awaiian /Pacific 184 1001 18.39
White 6718 47,657 14.15
Seet(t’ggaphic Urban 14,355 91,372 15.7
Suburban 412 5207 7.9
Rural 1169 7437 15.7
Frontier 152 1230 124
Cardiac Arrest Status  Cardiac Arrest 7214 13,712 52.6
Not Cardiac Arrest 9474 92,534 10.2

Geographic patterns revealed additional disparities. Urban areas accounted for
14,355 AED applications out of 91,372 encounters (15.7%), while suburban areas had
412 AED applications out of 5207 encounters (7.9%). Rural regions had 1169 AED ap-
plications out of 7437 encounters (15.7%), and frontier areas had 152 AED applications out
of 1230 encounters (12.4%). These figures indicate that AED deployment was similar in urban
and rural settings, while suburban and frontier regions showed substantially lower use.

AED use was strongly associated with cardiac arrest status. Among the 13,712 en-
counters coded as cardiac arrest (12.9% of the dataset), 7214 involved AED application
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(52.6%). In contrast, among the 92,534 non-cardiac arrest encounters, only 9474 involved
AED use (10.2%). These differences align with clinical expectations and confirm that AED
deployment is concentrated in clinically severe encounters. Because the dataset provides
only aggregated counts, measures of uncertainty such as confidence intervals or statistical
significance cannot be calculated.

Patient acuity further influenced AED deployment. AED use was most frequent among
patients categorized as critical or deceased, reflecting the severity of these encounters.
However, even within high-acuity categories, racial disparities persisted. For example,
Black patients had a higher proportion of critical and death-coded encounters, yet their
AED use rate was not proportionally elevated relative to other groups. These patterns are
illustrated in Figure 1, which displays AED use across racial and ethnic groups. The figure
highlights the descriptive differences observed in the dataset, with Asian, American Indian
or Alaska Native, and Black or African American patients showing higher AED use rates
than White patients, and Hispanic/Latino and Native Hawaiian/Pacific Islander patients
falling in between. Taken together, these findings indicate that while AED use generally
aligns with clinical indicators such as cardiac arrest and acuity, the observed racial and
geographic differences represent descriptive patterns that warrant further investigation.
Individual-level analyses are needed to determine whether these observed differences
reflect incident characteristics, EMS system factors, or broader structural influences.

60,000
20,000
40,000
30,000
20,000
10,000 5] s ) )
Asian American Black / Hispanic / Mative White
Indian / African Latino Hawvaiian /
Alaska American Pacific
Mative Islander
B AED Use (n) M Total Encounters (n)

Figure 1. AED Use by Acuity Level and Race/Ethnicity.

5. Discussion

This study contributes to the growing literature on AED effectiveness by examining
racial and geographic inequities in AED deployment during EMS encounters. Because
this study relied on aggregated NEMSIS Data Cube counts, the analyses are descriptive
and cannot adjust for individual-level confounders such as comorbidities, socioeconomic
status, or EMS agency characteristics. These limitations preclude causal inference and
restrict the interpretation of observed associations. Rather than serving as inferential
estimates, the findings highlight structural patterns that warrant deeper investigation using
individual-level NEMSIS data or linked geospatial datasets. Consistent with prior research,
AED use was closely tied to cardiac arrest status and clinical severity, underscoring the
importance of early defibrillation for survival [7,9]. However, the analysis also revealed
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persistent disparities across racial and geographic groups, suggesting that AED access and
EMS-associated deployment are not equitably distributed.

Despite these constraints, aggregated national EMS data provide a unique opportunity
to identify large-scale demographic and geographic patterns in AED deployment. These
descriptive disparities are important in their own right, as they reveal structural inequities
in EMS-associated AED use that may not be visible in smaller or region-specific datasets.

Three key insights emerged. First, AED deployment varied substantially across racial
groups. Although Asian, American Indian or Alaska Native, and Black or African American
patients showed relatively high AED use rates, White patients—who accounted for the
largest share of encounters—had the lowest rate. These patterns may reflect differences in
incident characteristics, EMS protocols, or community-level AED availability, but they also
raise concerns about structural inequities in prehospital care.

Second, geographic disparities were pronounced. Urban areas accounted for most
AED deployments, whereas suburban and frontier regions showed markedly lower use,
while rural AED use was similar to urban rates. These findings align with prior studies
showing that AED access and EMS readiness are often concentrated in densely populated
areas, leaving rural and frontier communities at a disadvantage [11]. Geographic inequities
may stem from differences in AED placement, EMS response times, population density,
and the availability of trained lay responders.

The geographic patterns observed in this study align with broader evidence demon-
strating substantial regional variation in survival after cardiac arrest, independent of
patient-level characteristics [6]. Prior research has shown that system-level factors, such
as AED availability, emergency response organization, and bystander readiness, can pro-
foundly influence outcomes.

Although this study highlights persistent inequities, it is also important to rec-
ognize that substantial progress has been achieved in some regions through coor-
dinated public-access defibrillation strategies. A recent population-based analysis
(Simmons et al., 2023) [34] demonstrated that comprehensive community engagement,
strategic AED placement, and integrated emergency response planning can significantly
increase bystander AED use and improve survival outcomes. These findings illustrate
that disparities in early defibrillation are not immutable; targeted, system-level inter-
ventions can meaningfully strengthen community readiness and narrow geographic
gaps in survival.

Geographic disparities in AED use may also reflect suboptimal placement strategies
rather than simply a lack of devices. Evidence suggests that AED deployment optimized
according to population density, movement patterns, and the spatial distribution of cardiac
arrest events can substantially improve coverage and potential impact. A population-based
modeling study (Chan et al., 2015) [35] demonstrated that aligning AED placement with
real-world population flow—rather than relying solely on administrative or residential
boundaries—significantly increased the proportion of cardiac arrests occurring within
reach of an AED. This framework helps contextualize the present findings by highlighting
that geographic inequities may stem from misaligned deployment strategies.

Third, even when AEDs were clinically indicated, such as in cardiac arrest or high-
acuity encounters, racial disparities persisted. For example, Black patients had a higher
proportion of critical and death-coded encounters, yet their AED use rate did not increase
proportionally. This mismatch suggests that clinical severity alone does not fully explain
AED deployment patterns and that broader systemic factors may influence prehospital
treatment decisions.

Some of the observed patterns—such as higher AED use among certain racial and
ethnic minority groups—should be interpreted with caution. These findings may reflect
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differences in incident mix, geographic concentration, or EMS deployment patterns rather
than true equity in AED access. Observed racial differences may also arise from factors
such as geographic distribution of populations, variation in incident types, and EMS
system characteristics, rather than differential treatment or inequity in care delivery. For
example, minority patients are disproportionately represented in densely populated urban
areas where AED availability, bystander presence, and EMS readiness are typically higher.
Similarly, variation in call types, incident locations, or agency-level protocols may influence
AED deployment independent of patient characteristics. Accordingly, the observed racial
and geographic differences should be understood as descriptive patterns rather than
evidence of inequity, and interpretation should account for the contextual factors that
cannot be measured in aggregated data.

It is also important to clarify that the AED use captured in this dataset reflects applica-
tions documented during EMS encounters and does not distinguish between bystander-
initiated defibrillation and AED use performed by EMS personnel. As a result, the findings
pertain to patterns of AED deployment within EMS response systems rather than true
public-access or bystander AED use. This limitation may influence interpretation of racial
and geographic differences, as EMS-driven AED use reflects agency protocols and response
characteristics, whereas bystander AED use reflects community access, training, and device
placement. Because these mechanisms cannot be separated in the dataset, the observed
patterns should be interpreted cautiously. References to public-access defibrillation in this
Discussion are intended to provide contextual grounding in the broader literature, not to
imply that the present analysis directly measured pre-EMS AED application.

These findings have several practical implications. AED placement strategies should
be aligned with spatial patterns of cardiac arrest incidence, prioritizing high-risk public and
residential areas while expanding coverage in underserved communities. Standardized
maintenance and training protocols can reduce variability in AED readiness and help ensure
that devices function reliably when needed. Integrating AED location and status data into
EMS dispatch systems may further reduce delays by guiding callers and responders to the
nearest available device.

Community-based outreach and training initiatives are also essential. Cultural, lin-
guistic, and socioeconomic barriers may affect willingness to use an AED or perform CPR,
particularly in marginalized communities. Tailored education and engagement efforts can
help address these barriers and promote equitable bystander intervention.

Future research should use individual-level data, quasi-experimental designs, and
geospatial analyses to better identify causal pathways and guide targeted interventions.
Qualitative studies involving community members, EMS personnel, and first responders
may also illuminate behavioral and organizational factors that influence AED use before
EMS arrival.

Overall, this study underscores the importance of integrating equity considerations
into AED program design and implementation. By combining technological deployment
with robust evaluation frameworks and inclusive community engagement, AED initiatives
can more fully realize their potential to improve early response capacity and support
equitable outcomes across diverse populations.

6. Limitations

This study has several limitations. Because the NEMSIS Public Release Data Cube pro-
vides only aggregated counts, individual-level analyses were not possible, and the models
could not adjust for potential confounders such as comorbidities, socioeconomic status, or
EMS agency characteristics. Additionally, key variables used in this analysis—including
cardiac arrest status, patient acuity, and race and ethnicity—are derived from registry
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coding that may vary across EMS agencies, software systems, and regions. Differences in
documentation practices, provider training, and local protocols can introduce heterogeneity
in how these elements are recorded. As a result, some portion of the observed variation
across demographic and clinical subgroups may reflect differences in coding practices
rather than true differences in clinical presentation or AED deployment. This variability
further reinforces the descriptive nature of the findings and the need for caution when
interpreting subgroup differences.

Access to individual-level NEMSIS data requires agency-level participation agree-
ments and data use approvals that were not feasible for this exploratory national-level
analysis. Future work using individual-level NEMSIS data would allow for adjustment
of patient and encounter-level covariates and support more robust inferential modeling.
Additionally, the dataset does not include time-to-defibrillation metrics, which are cen-
tral to understanding early intervention and survival outcomes and limit the ability to
contextualize AED use within the broader chain of survival.

Aggregation also prevented assessment of within-group variability, clustering at the
agency or county level, and interactions among demographic and clinical variables. Because
analyses were conducted using aggregated counts, the study is subject to ecological fallacy,
meaning that group-level patterns may not reflect individual-level relationships. The
dataset does not include information on bystander characteristics, AED location, EMS
response times, or the timing of AED application relative to collapse. These omissions
limit the ability to determine whether disparities reflect differences in incident context,
AED availability, EMS system performance, or broader structural factors. These constraints
should be considered when interpreting the findings.

Finally, these findings reflect the structure of U.S. EMS systems, regulatory environ-
ments, and legal frameworks governing AED availability, Good Samaritan protections,
and public-access defibrillation programs. Other countries differ substantially in EMS
organization, dispatch models, responder training, and community AED infrastructure. As
a result, the patterns observed in this study may not extrapolate directly to international
settings, and caution is warranted when applying these results to healthcare systems with
different operational or legal contexts. The descriptive patterns identified here should
therefore be interpreted within the specific operational and regulatory landscape of the
United States.

7. Conclusions

This descriptive national analysis identified racial and geographic differences in auto-
mated external defibrillator (AED) deployment during EMS encounters in the United States.
Because the dataset captures any AED application documented during the EMS response
without distinguishing between bystander-initiated use and EMS-applied devices, the find-
ings reflect overall AED deployment patterns within EMS systems rather than disparities
in public-access defibrillation specifically. AED use was strongly associated with cardiac
arrest status and high patient acuity, yet descriptive differences persisted across racial and
geographic groups, even within clinically severe encounters. Asian, American Indian or
Alaska Native, and Black or African American patients exhibited higher AED use rates
than White patients, and urban and rural settings showed similar AED use proportions,
while suburban and frontier regions demonstrated substantially lower use. These patterns
should be interpreted as group-level observations rather than evidence of inequity, as the
aggregated dataset does not allow adjustment for confounding variables or assessment of
causal pathways.

By focusing on aggregated national EMS data, the study highlights how demographic
and geographic factors intersect with clinical severity to shape AED deployment patterns.
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The persistence of observed differences within high-acuity and cardiac arrest encounters
is consistent with the possibility that system-level factors, such as AED placement, by-
stander readiness, and EMS deployment characteristics, may contribute to variation in
AED use. However, the descriptive and ecological nature of the dataset prevents determin-
ing whether these patterns reflect inequity, incident context, or EMS system organization.
Individual-level analyses are required to evaluate these mechanisms and to clarify whether
the observed differences arise from structural, operational, or contextual factors.

Programmatic considerations remain important for strengthening early defibrillation
capacity. Evidence from prior research underscores the value of strategic AED placement,
standardized maintenance protocols, responder training, and integration of AED location
data into EMS dispatch systems. Community-based outreach and training initiatives can
help address cultural, linguistic, and socioeconomic barriers that influence willingness to
intervene. These recommendations reflect established best practices in the broader AED
and out-of-hospital cardiac arrest literature and are not causal inferences drawn from the
descriptive patterns observed in this study.

Looking ahead, the expansion of public-access AED programs must emphasize both
scale and equity. Future research using individual-level NEMSIS data, geospatial analyses,
and linked EMS-hospital datasets is essential to identify the drivers of the descriptive pat-
terns observed here and to evaluate how AED availability, community readiness, and EMS
system characteristics influence early defibrillation. By coupling technological deployment
with robust evaluation frameworks and inclusive community engagement, AED initia-
tives can strengthen early response capacity and help create the conditions that support
improved survival outcomes across diverse populations.
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EMS Emergency Medical Services
CPR Cardiopulmonary Resuscitation

NEMSIS National Emergency Medical Services Information System
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