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Abstract

Background: Public access of automated external defibrillator (AED) is an important public health strategy for improving survival of cardiac arrest.

Major metropolitan cities in China are increasingly investing and implementing public access defibrillator programs, but the effectiveness of these

programs remains unclear. This study aims to evaluate the public accessibility of AED in Shanghai, a major metropolitan city in China.

Methods: From July 1 to September 30, 2018, all AED locations indicated by AED Access Map Apps were visited and investigated in three most densely

distributing areas of AED (Huangpu District, Xuhui District, and Central Area of the Pudong New District) in Shanghai. Two AED Access Map APPs were

used to identify the location of AEDs. Characteristics of and the barriers to access, the AED sites were recorded. Awareness and skills of first aid and

AED among on-site staff of the AED installation sites were evaluated.

Results: A total of 283 sites were marked on two AED Apps. One hundred and seventy (60%) locations were accessible, and 142 (50%) were actually

with AEDs installed. Among those AED installed sites, 112 (79%) were completely identifiable to the information on the maps, 20 (14%) were

inconsistent and 10 (7%) were inaccurate on the maps. Ninety-four (66%) AEDs had visible signs and information around the location, 7 (5%) AEDs had

signs outside of the location, and 107 (75%) sites had educational instructions. In addition, 230 individuals who were around the AED site were

interviewed. Among them, 79 (34%) had good knowledge of AED. After shown the picture of AED, 112 (49%) knew whether there was AED in the site,

and 108 (47%) knew the AED’s location. Eighty-seven (38%) staff have received first aid training, and among them 26 (30%) reported that they had skills

in operating the AED.

Conclusions: Public placement and accessibility of AEDs, related public signs and information on AED, and staff’s awareness about AED were not

optimal in Shanghai. Continuing efforts should be made to improve public accessibility and public awareness, knowledge, and user skills of AED.
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Introduction

Out-of-hospitalcardiacarrest (OHCA) isa major publichealthchallenge
inChinaand worldwide. InChina, it isestimatedthat544,000individuals
suffer from OHCA each year, but less than 1% of them survive on site or
at discharge.1,2 Research has suggested that each minute of delay in
resuscitation equals to a 10% decrease in survival rate.3 Earlyaccess to

emergency medical system, bystander CPR, early defibrillation are the
key elements to a better survival rate. For example, bystander
cardiopulmonary resuscitation (CPR) doubles the survival rate and
early defibrillation could lead to 75% increase in survival rates for
witnessed OHCA.4,5The quality of CPR can be essentially improved by
dispatcher-assisted CPR and regular basic lifesaving trainings on
laypeople.6–8 Moreover, public access to automated external defibrilla-
tor (AED) is an effective approach for rapid and early defibrillation.5,9
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As part of efforts to implementing international and national
guidelines such as those of the American Heart Association (AHA)
and the European Resuscitation Council,10,11 public access defibril-
lation (PAD) programs have been widely promoted in majority western
and several Asian countries.12–14 Whereas AEDs are cost-effective in
settings with high cardiac arrest incidence, with most studies reporting
a threshold of $100,000 in quality-adjusted life years,15 barriers of
bystander defibrillation achievable and public knowledge gap of the
AEDs also highlight in several studies.16–19 Shanghai, one of the
pioneering cities in China, has experienced increasing development
and utilization of AED in conjunction with AED maps and mobile apps
to facilitate individual AED location for public in the past few years.
Despite the establishment of PAD program in Shanghai, the
accessibility and effectiveness of these AEDs are unclear. We
therefore conducted an observational study to evaluate the accessi-
bility of the AEDs, actuality of the AED placement, and assess the
management and public awareness of AED to identify major barriers.
Ultimately, we hope the findings of this study could help establish
evidence-based strategies for promoting and implementing PAD in
China.

Methods

Study design and setting

From July 1 to September 30, 2018, we conducted an observational,
survey-based study to identify AED accessibility through field visits
guided by AED map mobile Apps and interviewing staff or employees
working around the AED sites in Shanghai, China.

The geographical data on AED location were searched by AED
map mobile Apps. Two most used AED map apps, one developed by
Shanghai Medical Emergency Center/Red Cross, and the other, First-
Responder Life-Saving Map, were used. These Apps are regularly
updated by the developers and vendors, with the most recent updates
occurred in May and June 2018. Three downtown districts (Huangpu,
Xuhui, and the Pudong New District) out of 11 districts in Shanghai
were selected for this study. These three districts are typical areas with
high density in residence and business, encompassing over 1200 km2

with a total of 7.2 million population. As of July 6, 2018, there were
182 and 185 AEDs register on these two maps, respectively. Eighty-
four overlapping AED addresses were excluded after matching the
AED labeled addresses. Thus, a total of 283 AED locations that were
registered on those two AED maps were included in the final analyses.
Detail information on these locations can be found in the Table 1.

Six research staff (Boyu L, Xufeng Z, Yiqin Z, Yiting D, Anqi Z,
Wenjie L) were assigned to look for AEDs individually and interviewed
the relevant staff. The research staff were divided into three teams and

each responsible for one district. Staff were trained prior to the field
survey and standardized questionnaires and data collection tools
were used for data collection.

The surveys were conducted on working days and working hours
from Monday to Friday between 10 am and 5 pm. The research team
first independently located the exact placement (such as floor) of the
AED within the building at the address identified by the AED map
Apps. If the AED could not be found, they would ask the first available
employee beginning with introducing themselves, their affiliation, the
research purposes, and whether the building had accessible AED. In
addition, they asked about the employee’s awareness and training
experience in AED and/or CPR. If the employee did not know or were
not sure what an AED was, the research staff would show the pictures
of AEDs and explain the purpose of an AED. If the first individual
queried was unsure about this survey and interview, they would be
asked to report the case to their manager or obtain another staff who
may know the information about AED. Every attempt was made to
ensure that the AED location could be confirmed and that the
individuals most likely to cooperate for the accuracy of the information.

This study was approved by the Joint Research Ethics Board of the
Shanghai Jiao Tong University Schools of Public Health and Nursing,
and no informed consent for participants was required (SJUPN-
201714).

Data collection on AED location and accessibility

For identified AEDs, detailed AED location, building accessibility, AED
installation, and relevant posting signs were recorded during the field
survey. AED visibility, AED box and lock, the presence of a hammer,
the condition of the AED, the battery, the quantity of electric charges,
the presence of relevant signs, the operational instruction and
maintenance record, and the visibility of signs and instructions were
obtained through the visual inspections by research team. The AEDs
and their surrounding environment were also photographed for
records.

Survey of on-location employees and personnel

The first available on-location employee such as front desk or security
personnel, and the manager of the business in the building or the
nearest construction were interviewed randomly. The information was
collected on the nature of the job, knowledge about the AED,
knowledge about the presence and location of AED in the building,
whether the AED could be brought out, whether he or she had CPR
training and their level of AED skills. If the interviewee had training,
information about the type and the training date were asked. Any
obstacles encountered from the staff during the survey were also
recorded.

Table 1 – Number of AEDs identified from the two AED map Apps in Shanghai, China, 2018.

District name Number
of AEDs

The Shanghai Medical Emergency
Center/Red Cross AED Map

The First-Responder
Life-Saving Map

Overlapping AEDs
on both Maps

HuangPu 47 37 19 9
XuHui 48 42 11 5
PuDong New Area 188 103 155 70
Total 283 182 185 84

AED information collect date till July 6, 2018.
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Statistical analysis

Summary statistics characterized buildings accessibility, AED
characteristics, and employee awareness of AED. The categorical
variables were reported as number with proportions. To test if there
were any significant differences in proportions between groups we
used a Pearson’s Chi2-test or Kruskal–Wallis test. The p value
<0.05 was considered statistically significant. All statistical analyses
were performed using IBM SPSS statistical software (Version 22).

Results

AED locations and availability

Of the total of 283 registered AED locations, 170 (60%) locations were
publicly accessible and remaining 113 (40%) were inaccessible to
public (Fig. 1). AEDs in schools (125) accounted for the largest
proportion (44%) of all labeled AED locations on the AED maps but
with the lowest accessible rate (34%). Among the 170 accessible
locations, 142 AEDs were identified. Of these identified AEDs, 29
(20%) were in schools, another 29 (20%) were in business offices, 19
(13%) in medical service facilities, 18 (12.7%) in shopping centers, 15
(11%) in scenic spots, 13 (9%) in public service buildings, 12 (8.5%) in
traffic hubs, and 7 (5%) in residential community service centers.
Among these 142 identified AEDs, 112 (79%) were in the locations
completely consistent to the labeled address on the map apps, while
20 (14%) were inconsistent and 10 (7%) inaccurate on these maps.

Onsite AED installation

All of the 142 identified and visualized ones, AEDs were installed
in the specialized cabinet and sited inside the buildings with their

availability only during the working hours. One hundred thirteen
(113, 80%) AED cabinets were locked with keys. Of these, 29
(25.7%) were with keys obtainable from staff, 13 (11.5%) with keys
nearby the cabinets, and 71 (62.8%) with no information about how
to get the keys. All 113 locked AEDs were equipped with a hammer
to break the box in case of an emergency. One hundred twenty-two
(86%) AEDs were visible from all angles, 16 (11%) were in
locations that were partially obstructed and only 4 (3%) not in
easily visible locations. In 94 (66%) AEDs, visible signs of the
AEDs were found nearby. Most of the signs (97%) were
unobstructed and easily recognizable. However, few AED signs
were beyond the proximity of the AED location: just 7 (5%)
buildings marked outside with a sign that there is an AED inside of
the building or a sign that can guide the way to find these AEDs. Of
the 78 visualized electric charges, 76 (97.4%) were 2/3 to full
quantity of electricity (Table 2).

Employee personnel interviews

Of a total of 230 personnel interviews, 79 (34%) answered that they
knew AED. Of the remaining 151 who did not know about AED, 37
(24%) recognized the AED after seeing the pictures and 114 (76%)
still did not know about AED after seeing the pictures. Of these
interviewed, 108 (47%) knew the exact location of the AED in the
building, 4 (2%) knew there was an AED in the building but could not
point to the exact location, 118 (51%) did not know there was an
AED in the building. Eighty-seven (38%) individuals interviewed
have taken first-aid training courses, with front desk/security staff
less likely be trained compared with the managers or other
employees (30% vs 65% vs 58%, P = 0.002). Among the trained
employees, 54 (62%) and 26 (30%) reported that they had the
simulation training or had on-hand CPR and AED practice during the
training, respectively (Table 3).

Fig. 1 – AED Placements by location type: Shanghai, China, 2018. Medical service centers include 10 hospitals, 6
community health centers, and 8 nursing homes; public services centers include 3 hotels, 3 museums, 3 churches, 3
gyms, 1 bank, 1 library, 1 theater, and 1 exhibition; community service centers included 8 residential community
offices and 6 residential buildings; traffic hub included 13 metro stations and 1 railway station.
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Table 2 – AED onsite installation and posting survey: Shanghai, China, 2018.

Total Schools Business
offices

Medical
service
facilities

Shopping
centers

Scenic
spots

Public
service
buildings

Traffic
hubs

Community
services

P
value

Number of AEDs, N, (%) 142 (100) 29 (20.4) 29 (20.4) 19 (13.4) 18 (12.7) 15 (10.6) 13 (9.2) 12 (8.5) 7 (4.9)
AED installation
AED cabinet locked 113 (79.6) 28 (96.6) 21 (72.4) 8 (42.1) 16 (88.9) 14 (93.3) 11 (84.6) 12 (100) 6 (85.7) <0.001
Method to get the key
(n = 113)

0.004

Ask for working staff 29 (25.7) 4 (14.3) 10 (47.6) 1 (12.5) 7 (43.7) 1 (7.14) 5 (45.4) 12 (100) 1 (16.7)
Key available nearby

AED
13 (11.5) 3 (10.7) 1 (4.8) 2 (25) 1 (6.3) 5 (35.7) 1 (9.1) 0 0

Do not know 71 (62.8) 21 (75) 10 (47.6) 16 (62.5) 8 (50.0) 8 (57.1) 5 (45.4) 0 5 (83.3)
AED attached with a
hammer

113 (79.6) 21 (72.4) 25 (86.2) 10 (52.6) 16 (88.9) 14 (93.3) 9 (69.2) 12 (100) 6 (85.8) 0.01

AED visibility 0.38
Unobstructed 122 (85.9) 24 (82.8) 26 (89.7) 16 (84.2) 13 (72.2) 13 (86.7) 13 (100) 12 (100) 5 (71.4)
Partially obstructed 16 (11.3) 4 (13.8) 2 (6.9) 3 (15.8) 4 (22.2) 2 (13.3) 0 0 1 (14.3)
Severely obstructed or

hidden
4 (2.8) 1 (3.4) 1 (3.4) 0 1 (5.6) 0 0 0 1 (14.4)

AED relevant signs
AED signs nearby the AEDs 94 (66) 13 (44.8) 19 (65.5) 14 (73.7) 12 (66.7) 12 (80.0) 8 (61.5) 10 (83.3) 6 (85.7) 0.15
Unobstructed visibility of
signs

91 (97) 13 (100) 19 (100) 12 (85.7) 12 (100) 11 (91.7) 8 (100) 10 (100) 7 (100) 0.31

Relevant signs outside the
field of vision

7 (5) 1 (3.4) 2 (6.9) 0 0 4 (26.7) 0 0 0 0.03

Education instruction for
CPR & AED

107 (75) 13 (44.8) 25 (86.2) 15 (78.9) 13 (72.2) 13 (86.7) 10 (76.9) 12 (100) 6 (85.7) 0.002

Maintenance records 77 (54) 8 (27.6) 20 (69.0) 5 (26.3) 12 (66.7) 11 (73.3) 7 (53.8) 12 (100) 2 (28.6) <0.001
Permission to bring out
(n = 99)

0.01

Yes 74 (52.1) 18 (62.1) 15 (51.7) 9 (47.4) 13 (72.2) 12 (80.0) 4 (30.8) 1 (8.3) 2 (28.6)
Yes with supervisor
permission/presented
certificates

12 (7.7) 2 (6.9) 2 (6.10) 1 (5.3) 1 (5.6) 1 (6.7) 4 (30.8) 0 0

No 6 (4.2) 1 (3.4) 1 (3.5) 1 (5.3) 1 (5.6) 0 1 (7.7) 0 1 (14.3)
Do not know 7 (4.9) 8 (27.6) 11 (37.9) 8 (42.1) 3 (16.7) 2 (13.3) 4 (30.8) 11 (91.7) 4 (57.1) 　

Table 3 – Awareness and training experience of selected employees in the AED-located buildings: Shanghai, China,
2018.

Total Front desk/security Manager Other employees P value

Number of respondents 230 (100) 174 (75.6) 20 (8.7) 36 (15.6)
AED awareness <0.001
Knew what is AED 79 (34.3) 44 (25.3) 15 (75.0) 20 (55.6)
Knew what is AED after shown the picture 37 (16.1) 31 (17.8) 3 (15.0) 3 (8.3)
Did not know AED 114 (49.6) 99 (56.9) 2 (10.0) 13 (36.1)

AED location
Knew exact AED location 108 (46.9) 67 (38.5) 17 (85.0) 24 (66.7) <0.001
Knew AED somewhere here, but not the exact location 4 (1.7) 3 (1.7) 1 (5.0) 0
Did not know there is an AED in this place 118 (51.3) 104 (59.7) 2 (10.0) 12 (33.3) <0.001

Have taken the first aid training 87 (37.8) 53 (30.4) 13 (65.0) 21 (58.3) 0.002
Have practiced CPR (n = 87) 54 (62.1) 31 (58.5) 11 (84.6) 12 (57.1) 0.05
Have practiced AEDs (n = 87) 26 (29.9) 9 (17.0) 9 (69.2) 8 (38.1) <0.001
Time since trained (n = 87) 0.23

<0.5 year 20 (23.0) 12 (22.6) 2 (15.4) 6 (28.6)
0.5–1 year 12 (13.8) 5 (9.4) 4 (30.8) 3 (14.3)
1–2 years 27 (31.0) 18 (34.0) 5 (38.5) 4 (19.0)
>2 years 17 (19.5) 13 (24.5) 0 4 (19.0)

R E S U S C I T A T I O N 1 4 0 ( 2 0 1 9 ) 1 2 0 – 1 2 6 123



Discussions

As early defibrillation is an essential component of the chain of survival,
AEDs significantly improve the survival rate of OHCA patients by
automatically evaluate heart rhythm and defibrillate when VT/VF is
present.5,20–23 In this study, we found that the PAD program in
Shanghai, China is less optimal, compared with the well-developed
programs in western countries. In addition, the awareness and
knowledge of the potential first contacts or responders in the AED-
located buildings are low. Considering the complexity of AED
installation and setup as well as the lack of the awareness and
knowledge of employees, the expectation for applying early defibrilla-
tion to cardiac arrest patients by laypersons in the field as a potential
solution for improving patient survival may not be easily met in China.

With the advancement of information and communication
technology, AED map Apps could ideally help EMS professionals
and lay-persons conveniently identify and find the nearest available
AEDs in case of an emergency. Our survey indicates an extremely low
dissemination and coverage of AEDs in Shanghai, China. In an area
covered over 1200 km2with a total of 7.2 million residential population,
there were only 283 AEDs labeled on two AEDs maps with only
142 on-site confirmed available AEDs. The population coverage of
0.02 AEDs per 1000 residents approximates only 0.5% of those in
well-established countries such as Netherlands (4.7 AEDs/1000
residents), Sweden (4.2), Japan (3.2), or United States
(3.1).17,19,22,24,25 AHA recommends that an “on-site” AED needs to
provide within 1–1.5 min brisk walk from a cardiac arrest.26,27 Even
abundant coverage of 7500 AEDs (1.3 AEDs/1000 inhabitants) in
Denmark AED network, the probability of bystander defibrillation
decreased rapidly related to the distance from cardiac arrest
to nearest accessible AED (0 m 35.7% [95% confidence interval
28.0%–43.5%], 100 m 21.3% [17.4%–25.2%], and 200 m 13.7%

[10.1%–16.8%]).27 Although there is lack of OHCA registry calculated
survivor data in China, our findings indicate that the coverage of onsite
AEDs might be far less than anticipated, and the rate of survival could
be much lower than reported in the literature.

Despite substantial studies of, and major improvement in PAD
programs in developed countries, the rate of public bystander
defibrillation of OHCA is low worldwide, around 2%–4%.21,25,28 Lack
ofavailable “on-site”AEDsisassociatedwith lower ratesofearly initiated
CPR and worse outcomes.17,18,29,30 Strategic placement of AED is
essential to increase the likelihood of public access to the devices,
particularly in public places where cardiac arrests frequently occur,10,31

or home where two-third of OHCAscases occur.19 In thisstudywefound
that 40% of AEDs marked on the maps were actually not publicly
accessible, mainly due to the locations like schools or governmental
buildings that haverestricted access for security reasons. We also found
thatonly7 (5%)accessible AEDswere in residential settings and none of
those AEDs are accessible at night or on weekend suggests
inappropriate distribution and deployment and less optimal manage-
ment. Thus, better population and public health strategies are required
on AED placement in order to fully benefit from the PAD program in case
of an emergency when patients having an acute cardiac event.

Development of a multi-dimensional guide to the AED locations is one
of the challenges to the current mobile technology. Majority of the AED
location labeled on mobile apps is accurate only for the address or a
landmark, but not precise on exact floor in city high-rises or compounds,
thus onsite visual guides or signs are extremely important.16 In our study,
very few buildings provide guides and AED signs beyond the proximity of
AED location, similar to those for emergency exits, fire extinguishers or
restrooms. Thus, we believe more detailed and standardized guides or
policies on the AED installation may be required such as the PAD
signages we proposed in Fig. 2a–c.

Public awareness and knowledge of CPR and AED are another
major key element to cardiac arrest survival and public knowledge and

Fig. 2 – The recommended AED signages. (a) Outdoor signage to indicate an AED inside the building. (b) On-ground
signage to show the way to the AED location straight forward. (c) Signages to show ways to AED location left, right or in
the corner.
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confidence in using AED remains problematic.32–37 In China, less than
1% of public have received CPR training and only 4.5% bystander
CPR were performed in case of cardiac arrest.32 Front desk security
personnel and other relevant staff are the designated or potential first
contacts or first responders in case of an emergency. Unfortunately,
our study indicated that the awareness and knowledge of these first
contacts or responders are poor, and they are less likely to receive
CPR/AED training compared to other staff.

There are several limitations of this study: (1) the study covers only
three downtown districts and may not be representative of entire
Shanghai, where socioeconomic and population characteristics are
vast different among districts, thus the findings from this study may not
be generalizable to entire Shanghai, even less so for entire China. (2)
While there were 6 competing AED maps in Shanghai, we chose to
use 2 most popular AED map Apps for our investigation due to the
reasons that the chosen AED maps were designated by authoritative
agencies and they were conveniently searchable by smartphone
devices. (3) There may have been AEDs that were not registered and
not visualized in the maps with inaccurate address. Nevertheless, this
study provides a first glance at the PAD program in China.

National efforts are needed to increase the proportion of the general
public who recognize signs and symptoms of a heart attack or cardiac
arrest and who are willing to participate in the “chain of survival,” which
includes dialing 1-2-0, attempting cardiac resuscitation, and using
automated external defibrillators until emergency personnel arrive. A
national guideline on AED placement, installation and setup that could
make AEDs easier to find and more accessible. A national AED registry
that include precise address, as well as better public education could
help eliminate potential barriers identified in this study.

Conclusions

The placement and public accessibility of AEDs, public signs and
information and staff’s awareness about AED were not optimal in
Shanghai. National efforts are needed to raise the public awareness
and knowledge of cardiac arrest and CPR and improve the public
access of AED.
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