Risk Management and Healthcare Policy Dlovepre SS
Taylor & Francis Group

ORIGINAL RESEARCH

Public-Access Defibrillation in Megacities:

Structural Barriers and Systemic Opportunities in
Shanghai, China

Yu Gao(®', Xin Zhou Li Luo"

'Shanghai Institute of Infectious Disease and Biosecurity, Fudan University, Shanghai, People’s Republic of China; 2School of Public Health, Fudan
University, Shanghai, People’s Republic of China

Correspondence: Li Luo, School of Public Health, Fudan University, Shanghai, People’s Republic of China, Email liluofudan@163.com

Background: Despite nationwide efforts to expand public-access defibrillation (PAD) in China, the use of automated external
defibrillators (AEDs) remains extremely low. Although spatial disparities in AED deployment have been widely reported, less is
known about the structural, procedural, and behavioral factors that hinder effective use in real-world emergencies. This study explored
multilevel barriers and opportunities within Shanghai’s PAD system.

Methods: Guided by the Social Ecological Model, we conducted in-depth semi-structured interviews with 42 participants involved in
AED financing, deployment, management, maintenance, training, digital platform development, and emergency response. Interviews
were conducted between December 2024 and June 2025, with data transcription, checking, and preliminary analysis continuing until
July 2025. Data were analyzed using inductive and deductive thematic analysis. Themes were organized across system, organizational,
community, and individual levels.

Results: Shanghai’s PAD system is shaped by interacting barriers across multiple levels. At the individual level, limited emergency
knowledge, fear of causing harm, and uncertainty about legal protection reduced bystanders’ willingness to act. At the organizational
and system levels, fragmented governance, inconsistent maintenance standards, restricted venue access, non-standard signage, and
disconnected digital platforms limited AED visibility, accessibility, and timely activation. At the same time, several opportunities
emerged. High-willingness population groups could be targeted through scenario-based, recurrent training. Data-informed AED siting
and hybrid fixed-plus-mobile deployment models using taxis or delivery riders may help reduce spatial inequities. Participants also
highlighted the need for a centralized, government-led AED information platform linked to emergency dispatch and device
management.

Conclusion: AED installation alone is insufficient to deliver effective PAD. In Shanghai, PAD performance is constrained less by
device availability itself than by fragmented governance, weak system integration, and persistent behavioral barriers. Strengthening
legal protection, improving cross-sector coordination, integrating AED information with dispatch systems, and promoting activation-
oriented public training may help translate AED availability into lifesaving action.
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Introduction

Out-of-hospital cardiac arrest (OHCA) is one of the most time-critical medical emergencies worldwide and is associated
with high mortality and disability."* In China, more than one million OHCA events are estimated to occur annually, yet
the reported bystander cardiopulmonary resuscitation (CPR) rate is only 4.8%, and the survival-to-discharge rate is as
low as 0.35%.* Early cardiopulmonary resuscitation and defibrillation before the arrival of emergency medical services
(EMS) can substantially improve survival after OHCA,”’ and immediate defibrillation using an on-site automated
external defibrillator (AED) has been associated with survival rates of 50-74% in shockable cases.®’ For this reason,

increasing AED availability in public settings has become a major strategy for strengthening the early links in the chain

of survival.
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Following growing evidence of the value of public-access defibrillation (PAD), the American Heart Association
issued its first PAD recommendations in 1992,9 followed by the European Resuscitation Council in 1998.'° Since then,
many countries have expanded AED deployment in locations considered at elevated risk of OHCA and have promoted
community training in AED use. At the same time, subsequent studies have shown that many cardiac arrests occur in
private residences and that limiting AED deployment to public places yields only modest rates of early defibrillation.""*'?
This mismatch between where OHCAs occur and where AEDs are placed highlights that PAD effectiveness depends not
only on device placement, but also on whether devices can be identified, accessed, retrieved, and used rapidly in real
emergencies.

China released national guidelines for AED deployment in public places in 2021, relatively later than many high-
income countries.'>'* Although AED deployment has accelerated in recent years, PAD utilization remains low, and real-
world accessibility remains limited.'*'* This gap reflects not only differences in AED coverage, but also broader
contextual factors, including variation in urban form, public-place characteristics, population density, governance
arrangements, and sociocultural conditions. As a result, PAD strategies developed in high-income settings cannot be
directly transferred to China without contextual adaptation.

Shanghai was among the first cities in China to introduce local policies supporting AED installation in public places
and has made visible progress in expanding deployment since the release of the national guidelines.'” However,
important questions remain about how AEDs are governed, distributed, signposted, maintained, located, retrieved, and
activated in actual emergency situations. Existing international research offers valuable lessons, but much of that
evidence comes from settings with more mature EMS systems, higher bystander CPR rates, and better-established
maintenance and coordination mechanisms. In contrast, PAD implementation in China is shaped by fragmented financing
arrangements, uneven public preparedness, and limited integration across institutions and emergency response systems.
Moreover, most existing studies in China remain quantitative, focusing primarily on spatial distribution'® or cost-
effectiveness,'’ while paying far less attention to the organizational, procedural, and behavioral mechanisms that
determine whether an AED can be successfully used during an emergency.

PAD implementation is therefore shaped by interacting influences across multiple levels, including policy and
administration, organizations and venues, community settings, and individual bystanders. Yet few studies have examined
these barriers from the perspectives of the diverse actors involved in AED financing, deployment, management,
maintenance, training, platform development, and emergency response. Addressing this gap is essential for developing
context-specific strategies to strengthen PAD performance in China. Therefore, this study aimed to explore the multilevel
barriers to PAD implementation in Shanghai from the perspectives of health administrators, EMS personnel, venue
managers, digital platform developers, and other key actors, and to identify feasible strategies for improving public-
access defibrillation within the current policy and resource context.

Methods

Conceptual Framework

This study was guided by the Social Ecological Model (SEM), a framework widely used to examine the multilevel
determinants of health-related decision-making and behavior. SEM facilitates understanding of how individual factors interact
with interpersonal, community, organizational, and policy environments to shape emergency response behaviors.'®!'? Within
this framework, public health interventions can be examined not only in terms of outcomes, but also in relation to the structural
and behavioral processes that influence their implementation.

In the context of public-access defibrillation (PAD), SEM was particularly appropriate because it enabled simulta-
neous examination of macro-level structures, such as legislation, financing arrangements, governance mechanisms, and
information systems, alongside micro-level factors, including bystanders’ knowledge, skills, perceptions, and behavioral
barriers. This multilevel perspective helped explain the persistent gap between AED availability and actual use in
emergency situations. SEM also informed the development of the interview guide and the thematic organization of the
analysis by structuring inquiry across system, organizational, community, and individual levels.
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Study Design

We conducted a qualitative study using in-depth, semi-structured interviews to explore the experiences and perspectives
of actors involved in AED financing, deployment, management, maintenance, training, digital platform development, and
emergency response. This approach was chosen because it is well suited to generating rich, contextualized accounts of
how public-access defibrillation functions in practice and where implementation barriers arise.

This study followed the Consolidated Criteria for Reporting Qualitative Research (COREQ) checklist (Appendix $2).%°
Guided by the SEM, the study aimed to examine how multilevel factors shape the real-world functioning of PAD in
Shanghai, including how institutional and individual conditions influence the ability to locate, access, retrieve, and use
AEDs during emergencies, and what strategies may strengthen PAD performance within the current policy and resource

context.

Study Setting and Participant Recruitment

Public-access AED deployment in Shanghai began around 2015. Using a Python-based web crawler, we identified 4313
publicly registered AEDs listed on a WeChat AED information platform, yielding a density of approximately 1 AED per
5760 residents based on Shanghai’s permanent resident population of approximately 24.87 million. One registered AED
was linked to a municipal vehicle and was located outside the Shanghai metropolitan area at the time of data collection
(Figure 1).

At the district level, AED distribution was highly uneven. Pudong New Area had the largest number of AEDs
(n=1816; 53.38 per 100,000 residents), likely reflecting the legacy of public health investment associated with the World
Expo. Qingpu District had the highest per-capita density (576 AEDs; 104.14 per 100,000 residents) and was the only
district meeting the benchmark of 100 AEDs per 100,000 population, although kernel density analysis indicated that its
AEDs were concentrated in the central area, with peripheral coverage remaining limited. By contrast, densely populated
central urban districts such as Xuhui, Yangpu, Jing’an, Minhang, and Putuo had fewer than 274 AEDs each, with per-
capita densities ranging from 11.73 to 30.42 per 100,000 residents. Outer suburban districts including Jinshan, Songjiang,
and Chongming had the lowest densities (6.33—6.60 per 100,000 residents). Table 1 presents the full district-level AED
distribution.

To obtain a comprehensive understanding of PAD implementation, we used purposive sampling to recruit participants
from stakeholder groups directly involved in PAD-related planning, implementation, coordination, or operational support.
Sampling sought to capture variation across institutional roles rather than representativeness in a statistical sense.
Participants were recruited from municipal- and venue-level organizations, including the Health Commission, the Red
Cross Society, the prehospital emergency medical center, public venue managers, and AED information platform
developers.

Participants were eligible if they: (1) had at least three years of involvement in PAD-related work, such as AED
financing, site selection, management, training, maintenance, or emergency response; and (2) currently held operational
responsibilities related to PAD. A total of 42 participants met these criteria and agreed to take part. An initial briefing
session was used to introduce the study objectives and interview procedures. Potential participants were then approached
individually, and one-on-one interviews were arranged at their workplaces to protect confidentiality, minimize disruption

to their responsibilities, and support candid discussion.

Data Collection
In-depth semi-structured interviews were conducted in Mandarin between December 2024 and June 2025 by two trained
qualitative researchers, YG (PhD candidate) and XZ (Master of Public Health). Data transcription, checking, and
preliminary analysis continued until July 2025. Both interviewers had academic backgrounds related to emergency
care and health systems and had no prior personal or professional relationships with participants.

Before each interview, the researchers introduced themselves, explained the purpose of the study, and obtained
informed consent. Participants were informed that their responses would be anonymized and that anonymized quotations
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Figure | Spatial distribution of publicly registered automated external defibrillators (AEDs) in Shanghai, China, identified from a WeChat AED information platform.

could be used in academic publication. Interviewees were also invited to briefly describe their professional background
and their involvement in OHCA response, AED planning, deployment, management, or operational support.

The interview guide was informed by the SEM and used open-ended questions to explore barriers and opportunities
across different stages of PAD implementation, including financing, siting, accessibility, use, and maintenance. Example
questions included: “What challenges does your organization encounter when participating in PAD?”’; “Do you think the
current quantity and distribution of AEDs are sufficient or reasonable?”’; “What opportunities do you see for diversifying
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Table | District-Level AED Distribution and per-Capita Density in
Shanghai (by 2025)

District Total AEDs AEDs per 100,000 Residents
Pudong New Area 1816 53.38
Qingpu 576 104.14
Jing’an 274 30.42
Yangpu 230 22.38
Minhang 228 17.03
Xuhui 208 21.84
Baoshan 170 15.30
Huangpu 157 23.98
Fengxian 86 14.86
Jiading 11 14.20
Hongkou 79 12.52
Putuo 106 11.73
Changning 103 17.89
Songjiang 51 6.60
Chongming 4?2 6.33
Jinshan 35 6.57

AED deployment strategies, such as mobile AED models?”; and “What do you believe are the main reasons for China’s
low per-capita AED utilization?”

Interviews lasted approximately 30—40 minutes and were audio-recorded and transcribed verbatim. Data collection
and preliminary analysis proceeded iteratively. Thematic saturation was considered to have been reached when succes-
sive interviews no longer generated substantively new themes or altered the developing thematic framework, and when
recurring patterns were observed across stakeholder categories. A saturation tracking table is provided in Appendix S1.
No field notes were taken, and transcripts were not returned to participants for member checking. To protect confidenti-
ality, all transcripts were anonymized, assigned numerical identifiers, and stored in password-protected files accessible
only to the research team.

Data Analysis

We used thematic analysis, combining inductive coding with deductive guidance from the SEM. All transcripts were
imported into NVivo 11 (QSR International, Victoria, Australia). Two researchers (YG and XZ) independently read the
transcripts repeatedly to familiarize themselves with the data and then conducted initial line-by-line coding. Preliminary
codes were developed both from the conceptual framework and from issues emerging directly from the data.

The two coders compared and refined the coding structure through iterative discussion. Coding discrepancies were
resolved through consensus, and related codes were grouped into broader categories and themes. Throughout the analytic
process, we examined patterns, similarities, and differences across interviews and stakeholder categories to assess the
breadth of theme representation and whether certain issues were emphasized more strongly by particular participant
groups. Final themes were organized into challenges and opportunities at the individual, organizational, environmental,
and system levels related to AED financing, deployment, use, and maintenance. Representative extracts illustrating the
coding and analytic process are presented in Table 2.

Results

Participant Characteristics and Overview of Themes

All 42 interviews were completed as scheduled, with no repeated interviews or participant dropouts. Of the participants,
17 were female and 25 were male, with a mean age of 43.74 years. Participants included 16 health administrative or
institutional officials, 15 operational or technical support personnel, and 11 venue managers or instructors involved in
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Table 2 Example of Content Analysis Process

Text

honorary titles.”

symbolic support

Coding Theme Level Stakeholder Group Interpretation
“Is it more effective to deploy AEDs, or to invest that money into more cost-effective areas like Fiscal competition High cost and System Administrators Challenge
vaccines? Given limited funds, investment must be maximized.” maintenance burden
“The most important thing is that consumables like electrode pads and batteries need constant Maintenance burden High cost and System Venue managers Challenge
maintenance... persons in charge often have to pay out of their own pockets.” maintenance burden
“The models... platforms... are all different. Each donor brings their own brand, their own Funding heterogeneity Funding fragmentation System Administrators, platform Challenge
system.” developers
“There are over a dozen AED mini-programs... just looking for the right platform takes time Platform fragmentation Information System Trainers, technical staff Challenge
during an actual emergency.” fragmentation
“Dispatchers do not know the precise locations of AEDs... there is no real-time connection Dispatch-AED disconnect | Weak EMS integration System EMS, technical staff Challenge
between AED data and the 120 system.”
“Most OHCAs occur in homes, while AEDs are deployed in public places. The travel time... Supply-demand mismatch Spatial mismatch Environmental EMS, administrators Challenge
exceeds the time for effective emergency response.”
“They are not accessible at night. Many venues close after business hours, and the AEDs inside Temporal restriction Temporal Environmental Venue managers, trainers Challenge
become unreachable.” inaccessibility
“I'm afraid | might use it wrong and hurt them... If | try to save them but they still die, will the Liability fear Fear of causing harm Individual Trainers, venue managers, Challenge
family sue me?” and legal uncertainty administrators
“During an OHCA at a subway entrance, many bystanders filmed the scene... This created Public filming anxiety Fear of filming/ Individual Trainers, public venue staff Challenge
enormous psychological pressure on the rescuer.” cyberbullying
“I learn first aid so | can save lives. My mother has a heart condition... | want to be ready.” Intrinsic motivation High-willingness Opportunity Trainers, volunteers Opportunity

groups

“They need refresher training... one session is not enough. Without repeated practice, people Training recurrence Recurrent scenario- Opportunity Trainers Opportunity
freeze in real emergencies.” based training
“Platforms like DiDi and Meituan could perhaps join a mobile AED system based on their mature Mobile delivery Fixed + mobile AED Opportunity Administrators, EMS, platform Opportunity
information platforms.” model developers
“We need a real-time link between 120 and AED information... only then can the whole system Dispatch-AED linkage Centralized digital Opportunity EMS, developers, administrators Opportunity
truly connect.” platform
“Legal protection needs to be clearer, and there should also be incentives such as bonuses or Policy incentives Stronger legal and Opportunity EMS, administrators, trainers Opportunity

Note: Themes and levels correspond to the thematic structure presented in Table 3.
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prehospital emergency training. Across these stakeholder categories, participants described interrelated barriers and
opportunities spanning individual, organizational, environmental, and system levels. While the broad thematic structure
was highly consistent across groups, certain themes were emphasized more strongly by specific participants: legal
hesitation and psychological pressure were more frequently discussed in relation to bystander behavior and training
contexts, whereas fragmented governance, maintenance burdens, and platform interoperability were especially empha-
sized by administrative, technical, and EMS-related participants. Table 3 summarizes the main themes and their

representation across stakeholder groups.

Challenges in Public-Access Defibrillation
Individual-Level Barriers: Fear, Legal Uncertainty, and Social Pressure
A prominent barrier identified across interviews was the gap between knowing and acting. Even when citizens had

received first-aid training, many participants reported that bystanders often remained reluctant to use AEDs during actual

Table 3 Summary of Main Themes, Levels, Stakeholder Groups, and lllustrative Quotes

workflow

Level Theme Brief Description lllustrative Example Quote
Stakeholder Groups
Individual Fear of causing harm Hesitation despite training Trainers, venue “If | try my best...”
and legal uncertainty managers,
administrators
Individual Fear of filming/ Social pressure during rescue Trainers, public venue “Many bystanders started
cyberbullying staff filming...”
System High cost and Procurement and upkeep constrain Administrators, venue “Pads and batteries require
maintenance burden sustainability managers constant upkeep...”
System Funding fragmentation Donations expand numbers but reduce | Administrators, “The models... platforms... are
standardization platform-related all different.”
participants
System Information Multiple mini-programs reduce Trainers, technical staff “Identifying the appropriate
fragmentation findability platform already takes time.”
System Weak EMS integration | AEDs not embedded in dispatch EMS, technical staff “Dispatchers do not know the

precise locations...”

Environmental

Spatial mismatch

AEDs clustered in public venues rather

than homes/residential areas

EMS, administrators

“Most OHCAs occur at

home...”

Environmental

Temporal inaccessibility

Public venues closed when needed

Venue managers,

“They are not accessible at

symbolic support

trainers

trainers night”
Opportunity High-willingness groups | Motivated groups can anchor PAD Trainers, volunteers “I learn first aid so | can save
promotion lives.”
Opportunity Recurrent scenario- Practice can reduce knowledge-action | Trainers “They need refresher
based training gap training...”
Opportunity Fixed + mobile AED Broader and faster coverage Administrators, EMS, “We could leverage Didi or
model platform developers Meituan...”
Opportunity Centralized digital Real-time linkage with EMS EMS, developers, “We need real-time linkage...”
platform administrators
Opportunity Stronger legal and Reduce hesitation and reinforce norms | EMS, administrators, “Legal protections need to be

clearer...”
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emergencies. Fear of causing harm, uncertainty about legal consequences, and concern about being blamed were
repeatedly described as key deterrents. These concerns suggest that technical knowledge alone is insufficient to ensure
action in emergency situations.

One participant stated, “I’m afraid I might use it incorrectly and end up hurting them... I’ve never operated one
before” (Participant 32, Shanghai Hongqiao Railway Station). Another asked, “If I try my best to save someone but they
still die, could the family sue me?” (Participant 21, Municipal Metro Station).

Participants also described how the social environment may intensify hesitation. In particular, the fear of being
recorded, criticized, or exposed to online harassment during a rescue attempt was seen as an additional barrier to
intervention. This suggests that public scrutiny, amplified by digital media, can further widen the knowledge-action gap.
One participant recalled that bystanders began filming during an emergency, which “added enormous pressure-sometimes
even more than the rescue itself” (Participant 22, Xujiahui Park).

System-Level Barriers: Cost Burdens, Fragmented Governance, and Weak Digital Integration

At the system level, participants consistently described AED deployment as constrained by high procurement and
maintenance costs. Government and venue-based participants noted that AEDs were often viewed as expensive devices
competing with other public health priorities, rather than as core emergency infrastructure. Ongoing costs, especially for
pads and batteries, were seen as a major challenge to long-term sustainability. In the absence of clearly assigned
maintenance responsibilities, some onsite managers reported having to cover costs themselves, contributing to a pattern
of devices being installed but not sustainably maintained.

Participants also highlighted funding fragmentation. Although donations from enterprises and charitable organizations
had expanded AED availability, the lack of centralized coordination had produced variation in device models, manage-
ment approaches, and information platforms. According to several interviewees, this uncoordinated expansion risked
increasing the number of devices without improving their interoperability or system usability.

A closely related theme was digital fragmentation. Participants reported that multiple AED-related WeChat mini-
programs coexisted, often without standardized data structures or real-time updating. This made it difficult for users to
identify the correct platform or locate reliable device information during an emergency. EMS-related participants further
emphasized that AED data were not effectively integrated with the 120 dispatch system. Dispatchers often lacked real-
time information on AED location and operational status, which prevented AED retrieval from being embedded in formal
dispatch workflows. As a result, AEDs were present in the environment but not fully actionable within the emergency
response chain.

Another functional barrier concerned signage and access restrictions. Participants noted that some earlier-installed
AEDs did not use standardized signs, while even newer signs often remained inconspicuous to the general public. Labels
such as “for internal use only” further limited real-world accessibility. Together, these problems reduced not only

visibility but also the practical usability of AEDs in emergencies.

Environmental Barriers: Spatial Inequality and Limited Temporal Accessibility
Participants consistently reported a mismatch between AED deployment and OHCA risk patterns. They described clear
disparities between central and peripheral areas and between public venues and residential communities. In particular,
many respondents emphasized that OHCAs often occur at home, whereas AEDs are predominantly concentrated in
public settings. This spatial mismatch was consistent with the distribution pattern shown in Figure 1. Furthermore, the
district-level data (Table 1) revealed substantial variation in AED density, ranging from 6.33 per 100,000 residents in
Chongming to 104.14 per 100,000 in Qingpu, with most densely populated central districts falling well below the
benchmark of 100 AEDs per 100,000 population.

Temporal accessibility was also a major concern. Although policies emphasize AED installation in high-footfall
settings, many such venues are closed at night, on weekends, or outside business hours. Participants therefore questioned
whether nominally public AEDs were truly accessible at the times when they were most needed. Internal-use restrictions

in workplaces and schools were cited as further limiting access.
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Opportunities for Strengthening Public-Access Defibrillation
Individual-Level Opportunities: High-Willingness Groups and Recurrent Scenario-Based Training

Despite the barriers described above, participants also identified important opportunities. One recurring theme was the
presence of high-willingness groups, including first-aid trainers, community health volunteers, and family members of
people at elevated cardiac risk. These groups were seen as especially promising entry points for strengthening commu-
nity-based emergency response capacity. Participants suggested that, rather than relying solely on broad public education
campaigns, PAD promotion could more strategically build from individuals who already show strong motivation to
intervene.

Participants further emphasized that willingness alone was not enough; repeated practice was necessary to convert
willingness into confident action. Scenario-based and recurrent training was viewed as particularly valuable for improv-
ing AED operational confidence, reinforcing emergency skills, and reducing hesitation. Several interviewees highlighted
the importance of refreshers, simulation-based exercises, and recertification to maintain readiness over time.

System-Level Opportunities: Data-Informed Deployment, Mobile AED Models, and Platform Integration

Participants widely supported more evidence-based AED siting strategies. Suggested approaches included combining
OHCA risk patterns with mobility flows, demographic characteristics, and round-the-clock accessibility to identify
priority locations. Interviewees frequently mentioned aging communities, ground-floor commercial areas, and 24-hour
venues as promising targets for future deployment.

Many participants also supported a hybrid deployment model that combines fixed-site AEDs with mobile AED
delivery. Compared with traditional volunteer retrieval models, AEDs carried by taxis, ride-hailing vehicles, or food-
delivery riders were perceived as offering broader and more rapid coverage, particularly in dense urban settings. Several
interviewees suggested that food-delivery riders may be especially suitable in China because of their spatial dispersion
and operational flexibility. These mobile approaches were viewed not as replacements for fixed AEDs, but as comple-
mentary mechanisms for addressing persistent spatial inequities.

Digital integration emerged as another major opportunity. Participants strongly supported the establishment of a
centralized, government-led AED information platform that would provide real-time device visibility and connect
directly with the 120 EMS dispatch system. Such a platform was viewed as essential for improving dispatch accuracy,
reducing retrieval delays, and enabling more coordinated AED management. Some interviewees also highlighted the
future potential of full-lifecycle digital traceability and improved domestic manufacturing technologies to support higher-
quality data integration and management.

Societal and Environmental Opportunities: Legal Protection and Symbolic Incentives

Participants also emphasized broader enabling conditions for PAD activation. Stronger legal protection for bystanders
was widely viewed as critical to reducing hesitation and addressing fears of liability. In addition, several interviewees
proposed symbolic incentives, such as public recognition, certificates, or honorary awards, as ways to reinforce prosocial
norms and encourage intervention. These measures were seen as particularly important for translating high willingness

into action in real emergencies.

Cross-Stakeholder Consistency of Themes

Overall, the identified themes were broadly consistent across stakeholder categories, but their emphases differed.
Administrative and managerial participants more often highlighted procurement costs, fragmented funding, and govern-
ance responsibilities. EMS and technical participants placed greater emphasis on dispatch integration, data quality, and
platform interoperability. Venue managers and trainers more frequently discussed public hesitation, signage visibility,
access restrictions, and the need for repeated scenario-based training. Taken together, these differences did not suggest
competing interpretations; rather, they reflected complementary perspectives on the same implementation gap between
AED presence and AED activation. This convergence across groups supports the interpretation that PAD performance in
Shanghai is shaped by interacting multilevel barriers rather than by any single isolated problem. This system-level pattern
directly informed the discussion of an “activation gap” between AED deployment and actual use.
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Discussion

This study identified multilevel structural, procedural, and behavioral barriers embedded within Shanghai’s public-access
defibrillation (PAD) system. Rather than reflecting a simple shortage of automated external defibrillators (AEDs), these
barriers point to a broader implementation gap between AED deployment and AED activation in real emergencies. By
integrating perspectives from administrative, organizational, technical, venue-based, and training-related participants, this
study extends previous research that has primarily focused either on spatial allocation?' (“where AEDs should be
placed”) or public knowledge and willingness®* (“whether bystanders are prepared to act”). Instead, our findings
highlight a more practical question: under what conditions can AEDs actually be located, retrieved, and used in time-
sensitive emergencies? This perspective suggests that PAD effectiveness depends less on device presence alone than on
the degree of coordination, governance, accessibility, and behavioral readiness across the wider emergency response
ecosystem.zl 23,24

A central finding of this study is that sustainable financing is not merely a cost issue, but a governance issue. Previous
research has often attributed limited AED coverage to the high costs of procurement and maintenance.>>>® Our findings
suggest a deeper structural problem: AEDs have not yet been fully institutionalized as essential public health infra-
structure within a unified fiscal and governance framework. In Shanghai, responsibility for procurement, deployment,
upkeep, and replacement remains distributed across venues, donors, enterprises, and local administrative actors. This
decentralized model has contributed to heterogeneity in device types, maintenance arrangements, and platform registra-
tion, while also weakening long-term accountability and standardization. As a result, expansion in AED numbers does
not necessarily translate into equitable, sustainable, or well-coordinated system development. Strengthening PAD there-
fore requires not only more investment, but also clearer public budgeting mechanisms, defined maintenance responsi-
bilities, and more standardized governance arrangements.

Our findings also show that inequities in PAD are shaped by more than simple spatial undercoverage. While earlier
studies have documented uneven AED distribution across China, this study indicates that, in Shanghai, deployment is
still influenced heavily by administrative directives and convenience-based placement rather than by OHCA risk,
population flow, or temporal accessibility. This creates predictable gaps in real-world coverage, particularly given that
many OHCAs occur in residential areas and outside routine opening hours. These findings support the need for risk-
informed and context-sensitive AED siting strategies, but they also highlight an implementation prerequisite that is often
overlooked: optimization cannot function effectively without integrated data systems, shared governance, and cross-
sector coordination. In this sense, the barrier is not simply a lack of analytic models, but a lack of the institutional
conditions needed to apply them.

Participants’ support for combining fixed-site AEDs with mobile deployment strategies offers an important practical

implication for megacities.”” >’ Mobile approaches using taxis, ride-hailing services, or delivery networks>**%>!

were
viewed as especially promising because they may help address persistent gaps in residential and time-sensitive coverage
that fixed public-site deployment alone cannot resolve. Rather than being framed as replacements for conventional AED
placement, these approaches should be understood as complementary strategies within a broader PAD system.***® For
highly mobile and densely populated cities such as Shanghai, a hybrid model may be more realistic than relying
exclusively on either static deployment or volunteer-based retrieval. Future PAD planning should therefore consider
both place-based and mobility-based access pathways.

Information fragmentation emerged as one of the most consequential procedural barriers identified in this study.
Participants described a PAD information environment characterized by multiple platform providers, inconsistent data
standards, limited interoperability, and weak linkage with the 120 dispatch system. In practice, this means that even when
AEDs are physically nearby, they may remain functionally invisible during an emergency. This finding expands
conventional understandings of AED visibility and accessibility. In digitally mediated urban systems, effective PAD
depends not only on whether a device exists in a location, but also on whether it can be reliably found, verified, and
incorporated into emergency decision-making in real time. This suggests that “findability” should be treated as a core

implementation dimension of PAD. From a policy perspective, stronger digital governance is needed, including
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standardized registration, unified coding and signage,>® real-time status updating, and direct linkage between AED
databases and dispatch workflows.
At the behavioral level, our findings suggest that training alone is insufficient to ensure AED use. Participants

repeatedly described fear of causing harm,*>>’ 3840

uncertainty about legal consequences, and anxiety arising from
public scrutiny or filming as major deterrents to action. These concerns persisted even among individuals who had
received first-aid instruction, indicating that the gap between learning and action is shaped by emotional and institutional
conditions as much as by knowledge deficits. This aligns with international discussions of the “knowledge-action gap”,
but our findings also show that such hesitation may be amplified in contexts where legal protections are perceived as
unclear and public expectations of lay rescue remain uncertain. Strengthening PAD therefore requires more than technical
training. It also requires clearer legal reassurance, stronger social normalization of bystander action, and public
messaging that frames AED use as both legitimate and socially supported.

These findings have several practical implications. First, legal protection for bystanders should be clarified and
communicated more explicitly in relation to CPR and AED use. Second, PAD governance would benefit from a more
centralized coordination mechanism to standardize procurement, maintenance, signage, and data management.*'*** Third,
AED information systems should be integrated with dispatch workflows so that devices can become operational assets
within the chain of survival rather than passive infrastructure.**** Fourth, training strategies should move beyond one-off
awareness sessions toward repeated, scenario-based practice designed to reduce hesitation and improve confidence.***¢
Finally, targeted activation strategies for high-willingness groups*’-such as family members of cardiac patients, health-
related students, trained volunteers, and other motivated lay responders-may provide a practical pathway for building a
more responsive community rescue network.*® These groups are not substitutes for broad public preparedness, but they
may serve as priority populations for early, scalable intervention.

Several limitations should also be noted. As a qualitative study conducted in Shanghai, the findings are context-
specific and may not be directly generalizable to all cities in China or other countries. In addition, although the study
included diverse PAD-related stakeholder groups, it did not include all possible actors, such as ordinary laypersons with
no prior PAD-related involvement or survivors’ family members outside organized networks. The findings therefore
reflect informed system perspectives rather than population-level prevalence of attitudes or behaviors. Nevertheless, the
study provides valuable insight into how multilevel barriers interact within a rapidly urbanizing megacity and offers
practical directions for improving PAD implementation in similar settings.

Overall, this study suggests that the effectiveness of PAD in Shanghai is constrained less by the mere presence or
absence of AEDs than by the conditions that determine whether AEDs can be activated in time. Fragmented financing,
weak cross-sector coordination, digital disconnection, restricted accessibility, and persistent behavioral hesitation collec-
tively shape this implementation gap. Improving PAD therefore requires a shift from an installation-oriented approach to
an activation-oriented system strategy-one that integrates governance, digital infrastructure, legal support,* public

training, and complementary fixed-plus-mobile deployment models.

Limitations

This study has several limitations. First, it was conducted in Shanghai, a highly developed megacity with relatively
strong public health investment, governance capacity, and emergency preparedness, and the findings may not be directly
transferable to smaller cities or less-resourced regions. Second, as a qualitative study, the findings are context-specific
and reflect participants’ experiences and interpretations rather than population-level prevalence of attitudes or behaviors.
Third, although we included diverse PAD-related stakeholder groups, we did not capture all potentially relevant
perspectives, such as ordinary laypersons without prior PAD involvement or family members outside organized net-
works. Future research could extend these findings through comparative studies across cities with different development
levels and through quantitative evaluation of proposed interventions, such as integrated AED information platforms,
optimized siting strategies, and fixed-plus-mobile deployment models.
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Conclusion

This study identified a multilevel implementation gap between AED deployment and AED activation in Shanghai. The
findings suggest that the effectiveness of public-access defibrillation is constrained less by device availability alone than
by fragmented governance, weak digital integration, inconsistent accessibility, and persistent behavioral hesitation.
Improving real-world PAD performance therefore requires more than expanding AED numbers. It requires govern-
ment-led cross-sector coordination, standardized and interoperable AED information systems linked to EMS dispatch,
risk-informed and time-sensitive deployment planning, clearer legal protection for bystanders, and repeated scenario-
based training to strengthen activation readiness. By framing PAD as a system-integration challenge rather than a device-
placement problem alone, this study provides evidence to inform the next stage of AED governance, deployment, and
management in China’s megacities.
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