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Abstract

Objective: Nationwide dissemination of public-access defibrillation (PAD) contributed to an in-
crease of survival rate in Japan. We analysed cardiac arrests (CAs) that occurred in railroad sta-
tions in Tokyo to evaluate PAD in the metropolis. Methods: We collected Utstein data from the Tokyo
Fire Department (TFD) and analysed CA cases that occurred in stations. In total, 245 non-traumatic
CAs from January 1, 2007 to March 31, 2008 were analysed; CAs in children under 8 years were ex-
cluded. Results: The rates of pre-hospital return of spontaneous circulation (ROSC) were 41 out of
145 witnessed CA patients (28.3%) and 12 ROSC out of 100 unwitnessed CA patients (12%). Of 245
CA cases, bystander cardiopulmonary resuscitation (CPR) performed in 156 (63.7%), automated
external defibrillator (AED) used in 117 (47.8%) and shock delivered in 65 (26.5%). Rates of ROSC
were 31.6% (37/117) with AED use significantly higher than those of 12.5% (16/128) without AED
use (P < 0.001). Most CAs occurred on platforms; the use of AEDs on platforms increased from 18/31
(58.1%) in 2007 to 32/43 (74.4%) in 2008 and ROSC rates increased from 8 (25.8%) to 14 (32.6%),
respectively. On train CAs: ROSC cases were very few, 1 case each year (8.3%; 7.7%) while the use of
AED increased from 8/12 (66.7%) in 2007 to 10/13 (76.9%) in 2008. Conclusion: Bystander CPR
and the use of AED at railroad stations improved ROSC for out-of-hospital cardiac arrest (OHCA) pa-
tients. AED location and strategies for dealing with CAs on trains should be re-evaluated.

Keywords

Automated External Defibrillator, Public Access Defibrillation, Station

1. Introduction

The Japanese Ministry of Health, Labour and Welfare approved public access defibrillation (PAD) in 2004 [1].
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This has led to an increase in the availability of automated external defibrillators (AEDS) in public places. AED in
schools reached to almost 100% [2]. 211,089 AEDs in public place such as sports facilities, community centers
and stores are registered [3]. The basic life support training (BLS) including the use of AED is taught to students
in elementary schools [4]. These efforts on PAD have improved the outcomes of out-of-hospital cardiac arrests
(OHCA) for patients in Japan [5]. The rail network is the most important means of transportation for people living
in Tokyo the capital of Japan, and the surrounding districts. In the fiscal year of 2006 (from April 1, 2006 to March
31, 2007), 8.9 out of the 12.6 billion (70.6%) passengers in Tokyo were transported by a well-developed railroad
network including subways, while 2.7 billion (21.5%) people used cars, 969 million (7.7%) were transported by
bus and 34 million (0.3%) were transported by aircraft and ships, respectively [6] [7]. In addition, the rail network
is of particular interest as it is the site of a large number of cardiac arrest (CA) cases each year [8]-[13]. In the area
under the supervision of the Tokyo Fire Department (TFD), for the 23 special administrative districts and 28 out of
30 municipalities in the Tama area [14], the data show a large number of CAs occurring in railroad facilities
(hereinafter, stations); these numbers amounted to 385 in 2007 through 2008 [8] [9]. This makes railroads the fifth
most common place for OHCASs and the second most common place for CAs occurring outside houses each year.
The availability of AEDs in Tokyo railroad stations has been improved by the voluntary efforts of railroad com-
panies as well as donations from local government units since September 2005 [15] [16]. However, detailed in-
vestigation into the incidence of CAs and the use of AEDs in stations was quite few [10]-[12]. We aim to analyse
the use of AEDs in stations and the outcomes of CA patients and to evaluate the effectiveness of PAD.

2. Methods

This was a retrospective and observational study using data from the Utstein database provided by the TFD. In-
dividuals were classified as CA if a casualty’s condition was one of the following: CA confirmed when an am-
bulance technician contacted; not confirmed as CA when the ambulance technician contacted but became CA
afterward; or spontaneous contraction (ROSC) was observed after bystander CPR when the ambulance techni-
cian contacted. Analysis of the data to determine the incidence of CAs and AED use by bystanders in stations was
approved by the Emergency Medical Service Division of the TFD. CA cases in stations in Tokyo during 2 years
from April 1, 2007 to December 31, 2008 were extracted from the Utstein database and analysed for the follow-
ing characteristics: the address the ambulance was dispatched to, the place of incidence within the station, the
month and hour of incidence, the age and gender of the patient, the type of incidence (trauma or non-trauma),
the presence of witness, whether bystander-initiated cardiopulmonary resuscitation (CPR) was performed, the
availability of an AED and whether it was used by bystanders, bystander defibrillation was performed or not,
and whether ROSC was observed by the ambulance technician before arrival at hospital (hereinafter, ROSC).
Dates and exact station names were not included in the data due to privacy protection. The name of each station
where a CA case occurred was searched against the address where the ambulance was dispatched. We surveyed
the availability of AEDs in stations where CA occurred by referring to the websites of the 16 railroad companies.
When the information was not found in the websites, we contacted the companies by phone or e-mail to make
sure the AED was available when the CA occurred in the station. Patients who had experienced trauma and chil-
dren under 8 years old were excluded from the analysis. We used pre-hospital ROSC as the primary positive
outcome for patients. For the statistical analysis, the X? test was used using R 2.12.0, and P values of less than
0.05 were considered statistically significant.

3. Results
3.1. Incidence

3.1.1. Comparison by Age and Sex

The total number of CA cases reported at railroad stations in Tokyo was 385 from January 1, 2007 to December
31, 2008. From these, non-traumatic 245 CAs were included in our analysis. Among 245 CA cases, 207 were
males (84.5%) and 38 were females (15.5%) (Figure 1). The majority of the CA cases were patients in their 50s
or 60s, accounting for 136 (55.5%) (Figure 1).

3.1.2. Month and Hour of Incidence

Fewer CA cases were reported in July, August and September than in other months; the number of cases re-
ported in these three months was 33 (13.5% of all cases). By comparison, the quarterly average number of cases



S. Fukuike, Y. Otomo

OMale

W Female

10
o

@ 0O & &

SAOAN LGVt VL PN

Figure 1. Incidence of CAs by age group (n = 245).

reported for the remainder of the year was 70.7 (28.9%) (Figure 2(a)). With regard to the hour of incidence, at
least 1 occurrence of CA was observed, except between 2 am and 4 am. The first peak period was between 6:00
and 9:00, and subsequent peak was observed between 15:00 and 16:00 (Figure 2(b)).

3.2. Status of Stations Where CA Cases Occurred

3.2.1. Total Number of Stations Where CA Cases Occurred

Among the 765 stations operated by the 16 railroad companies under the supervision of the TFD, CAs occurred
in 130 of 765 stations (17%). Among these 130 stations, 85 (65.4%) reported 1 case, 27 (20.8%) reported 2
cases, 3 (2.3%) reported 10 cases. Among 8 stations (6.2%) reported 4 and more cases, 3 reported more than 10
cases and at most 23 cases occurred in 1 station.

3.2.2. Availability of AEDs in Stations Where CA Cases Occurred
There was an increase in the number of stations that were equipped with AEDs and had CAs from 80 out of 109
CA cases (73.4%) in 2007 to 123 out of 136 CA cases (90.4%) in 2008 (Table 1).

3.2.3. Presence of Witness, the Number and Percentage of Cases with CPR, AED Use and
Pre-Hospital ROSC

Figure 3 shows presence of witness, rate of bystander CPR, AED use, shock delivery and ROSC. Among the
245 CA cases, 145 were witnessed (59.2%). Among the witnessed CAs, bystander CPR was performed in 100
cases (69%), AED use by bystander in 66 (45.5%) and shock was delivered in 38 cases (26.2%). ROSC was
achieved in 22 shocked cases (15.2%). Among 28 non-shockable rhythm cases, 4 attained ROSC. Among 34
cases that AED was not used, ROSC was attained in 10 cases. 36 out of 100 cases achieved ROSC (36%) with
bystander CPR, 5 out of 45 cases without bystander CPR attained ROSC (11.1%; P < 0.05) (Figure 3(a)). Among
100 unwitnessed CAs, bystander CPR was performed in 56 cases (56%). Among 56 bystander CPR, 11 shocked
cases and 1 without AED case achieved ROSC (21.4%). There were no survivors among 44 cases without CPR
group (P < 0.01) (Figure 3(b)).

3.2.4. Number and Percentage of Cases with AED Use by Bystanders in Stations with AEDs

The number of CA cases in which AEDs were used by bystanders in suitably equipped stations increased from
41 cases out of 80 (51.3%) in 2007 to 76 cases out of 123 (61.8%) in 2008 (Table 1). In 2007, the rate of ROSCs
achieved with AED use was 13 cases out of 41 (31.7%), compared with 8 cases out of 68 (11.8%) without AED
use (P <0.05), which included cases where AEDs were available but not used and where no AED was available.
In 2008, the rate of ROSC was 24 cases out of 76 (31.6%) with AED use and 8 out of 60 (13.3%) without AED
use, respectively (P < 0.05). ROSC achieved in 37 out of 117 CAs (31.6%) in stations with AED and 16 out of
128 cases (12.5%) without AED, respectively (P < 0.001) (Table 2). The rate of ROSC was 2 times higher with

AED use than without AED.
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Figure 2. (a) Incidence of CAs by month; (b) Incidence of CAs by hour (n = 245).

Table 1. Availability of AEDs, number (percentage) of cases with AED use and num-
ber (percentage) of cases with pre-hospital ROSC.

Year CA cases Cases with AED" Cases with AED use' Cases with ROSC*
2007 109 80 (73.4%) 41 (51.3%) 21 (19.3%)

2008 136 123 (90.4%) 76 (61.8%) 32 (23.5%)

“Number (%) of CA cases that occurred in stations where AEDs were available; "Number (%) of CA
cases that AED were used in stations; *Number (%) of cases that pre-hospital ROSC were observed.

Table 2. Number (percentage) of cases with ROSC with or without AED use.

AED used
In stations with AEDs 37/117 (31.6%)"
AED not used 16/128 (12.5%)"
In stations with AEDs 9/86
In stations without AEDs 7142
“P <0.001.

3.2.5. Rates of Pre-Hospital ROSC in Stations with AEDs by Site of CA Incidence

Table 3 shows the rate of pre-hospital ROSC by site. The incidence of CAs at 7 different sites within AED
equipped stations (platforms, on trains, paths, stairs, station houses, restrooms and other sites) showed a similar
pattern during both years. CAs occurred most frequently on platforms, followed by paths and trains. The rates of
bystander CPR and AED use in these sites each year were as follows: 19 bystander CPR; 18 AED in 31 CAs
(61.3%; 58.1%) in 2007 and 37; 32 in 43 (86%; 74.4%) in 2008 on platforms; 8; 8 in 12 (66.7%; 66.7%) in 2007
and 10; 10 in 13 (76.9%; 76.9%) in 2008 on trains, and 8; 8 in 15 (53.3%; 53.3%) in 2007 and 19; 15 in 26 (73%;
57.6%) in 2008 in paths, respectively. More cases occurred in station houses in 2008 (15 cases) than in 2007 (3
cases) (Table 3(a), Table 3(b)). The rate of ROSC increased from 8 in 31 cases (25.8%) in 2007 to 14 in 43
cases (32.6%) in 2008 on platforms and from 4 in 15 cases (26.7%) in 2007 to 10 in 26 cases (36.0%) in 2008 in
paths. The rate of ROSC was extremely low on trains compared with other sites and showed no improvement
over the 2 years (1 in 12 cases [8.3%] in 2007; 1 in 13 cases [7.7%] in 2008).

4. Discussion

Railroad stations are a major public place in which CAs occur in Japan while 9 CAs occurred in airports during
the same time periods [8] [9], and ferry terminals, airports were reported as major places in other countries [17]-
[19]. Sasaki reports that railroad stations are the most common place CAs occurred in Osaka, the second largest
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Figure 3. (a) Rates of witnessed CAs, bystander CPR, AED use by bystander, Shock delivery and pre-hospital
ROSC n = 145; (b) Rates of unwitnessed CAs, bystander CPR, AED use by bystander, Shock delivery and pre-

hospital ROSC n = 100.
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Table 3. (a) Rates of pre-hospital ROSC in stations with AEDs by site of CA occurrence (2007) n = 80; (b) Rates of
pre-hospital ROSC in stations with AEDs by site of CA occurrence (2008) n = 123.

(®
Site of CA Incidence Total No. of CA Cases Bystander CPR Number (%) AED Use Number (%) Pre-Hospital ROSC Number (%)
Platforms 31 19 (61.3) 18 (58.1) 8 (25.8)
On trains 12 8 (66.7) 8 (66.7) 1(8.3)
Paths 15 12 (80.0) 8 (53.3) 4 (26.7)
Stairs 3 1(33.3) 0 (0) 0 (0)
Station houses 3 2 (66.7) 1(33.3) 0(0)
Restroom 4 3(75.0) 2 (50.0) 2 (50.0)
Other 12 5 (41.7) 4 (33.3) 1(8.3)
(b)
Site of CA Incidence Total No. of CA Cases Bystander CPR Number (%) AED Use Number (%) Pre-Hospital ROSC Number (%)
Platforms 43 3(88.4) 32 (74.4) 14 (32.6)
On trains 13 10 (76.9) 10 (76.9) 1(7.7)
Paths 26 19 (73.0) 15 (57.6) 10 (38.5)
Stairs 3 1(33.3) 0(0) 1(33.3)
Station houses 15 8 (53.3) 9 (60.0) 2 (13.3)
Restroom 7 2 (28.5) 3(42.8) 0(0)
Other 16 5(31.2) 7(43.7) 2 (12.5)

city in Japan, 18 out of 48 (38%) ventricular fibrillation (VVF) patients were delivered shock during 4.5 years
from July 2004 [12]. In our analysis, out of 245 non-traumatic CA patients, AED were used in 118 and shock
was delivered in 65 cases in railroad stations during 2 years from January 2007 through December 2008. Of a
total of 12,021 cases, CA occurred 1.47 times likely to be men than women in Tokyo [9]. There were over-
whelmingly more male patients than female patients in stations. The incidence among males was 5.45 times
greater than females in our analysis. According to the TFD, the majority of OHCA occurred in 50s to 60s males
in public places [8] [9]. Other reports showed OHCA occurred likely 2.5 times to men than women [20]-[22].
Morita reports among 1,068 witnessed OHCA from May 1998 through April 2004 in Takatsuki city a neigh-
bouring city of Osaka, occurrence of VF was found in men more than women in all generations, and its ratio was
greatest in 50s (men 193; women 27) and followed by 60s (224; 51, respectively) [23]. Murakami reports char-
acteristics of witnessed OHCA at public places according to the location in Osaka during 7 years from January
2005. Railroad station was the major place among public places (118/894; 13%). Among 118 CAs in railroad
stations, CA occurred in men (93; 78.8%) more than women and 57 (48.3%) found above 65 years [13]. To re-
gard with the number of railroad passenger, a metropolis transportation census conducted every 5 years,
7,895,066 passengers a day used railroads with commuter pass (one way) in Tokyo and surrounding area in 2010
and the pass users occupied 63% of all passengers. In about 7.9 million pass users including 2% of unknown
passengers, the number of male passenger was more than female passenger in all generations. Ratio of men to
women was about 1 in younger generation under 30 years, increased to 3 in 50 to 69 years [24]. Of 7.9 million
passengers, the majority was in 20 to 29 years (about 2 million) followed by 1.8 million in 30s; 1.4 million in
40s; 0.9 million in 50s and 0.5 million in 60s [24]. In our analysis, the incidence in 20s was less than 5 cases
during 2 years. In contrast, nearly 70 CA cases each occurred in 50s and 60s who those belong to minor group.
These data reflect CA in railroad stations occurred more in men (Figure 1) and CA is more likely to occur in 50s
to 60s. The incidence of CA was relatively low in summer and high during non-summer months. This trend is
similar to overall OHCAs in Tokyo and other areas [8] [9]. In terms of hours, peak CA incidences were observed
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during peak travel hours. Morita reports that there were 2 peaks in which witnessed CA cases occurred in Japan;
the first occurred at around 9 am and the second occurred at around 7 pm [23]. The metropolis transportation
census shows peak hour of railroads is 7 to 8 am [24]. In our data, there was a peak in the same time periods in
the morning but there was no significant difference between other peak hour around noon and 8 pm. Besides
seasons and peak travel hours, relation between other environmental factors such as temperature and humidity
are not certain. The rate of bystander CPR in stations was 62.4% (68 in 109 cases) in 2007 and 64.7% (88 in 136
cases) in 2008; both of these rates were higher than the nationwide averages (39.2% in 2007 and 40.7% in 2008)
[25]. ROSC was achieved in 21 of the 68 cases (30.9%) in which bystander CPR was performed in 2007. In
contrast, ROSC was not reported in any of the 41 cases in which CPR was not performed. In 2008, ROSC was
also reported in 27 of the 88 cases (30.7%) with bystander CPR and 5 of the 48 cases (10.4%) without bystander
CPR, with a significantly higher rate of ROSC among the cases with bystander CPR (P < 0.01). A comparison of
the ROSC rate between AED use and no AED use revealed a significantly higher rate of ROSC with AED use
(21 in 68 cases [30.9%] in 2007, 27 in 88 cases [30.7%] in 2008, P < 0.001) than without AED (0 in 41 cases
[0%]; 5 in 48 cases [10.4%], P < 0.01). The rate of AED use in stations with AEDs improved from 50% in 2007
to 60% in 2008, which could be increased even more as the presence of bystanders is expected to be high in op-
erating stations. A comparison of ROSC rate by site revealed an improvement in the rate of AED use and a sub-
sequent improvement in the rate of ROSC in platforms, paths and station houses. In contrast, CA cases reported
on trains had a low rate of ROSC despite a high rate of bystander CPR and AED use. This may be due to various
difficulties: delays in starting CPR; performing CPR in an overcrowded train car and on platform, long intervals
between stops on long-distance or express lines, and delays in setting up AEDs. These impediments can be
overcome by installing AEDs in platforms and train cars, educating train crews and station staff members and
encouraging passengers to begin compression only resuscitation [5] [26]-[30].

5. Limitations

We could not gather enough data to analyse one-month survival because in case with unknown outcomes were
classified as deaths (1.4% of overall OHCAs in 2007; 2.7% in 2008). We suggest to the TFD that uncertain
one-month survivals should be clearly mentioned. Data collection remained an issue in this retrospective study;,
with limited data collected due to the privacy policy and limited medical control system. Although the time of
emergency call and an ambulance crew’s arrival at the site were recorded, the time of shock was not obtained by
the TFD because analysis of data in AED is upon AED owners. It is beneficial to record the time of first shock
delivery for evaluation and improvement of PAD. Detailed locations of CA occurrence more than described
could not be obtained. If an exact location was provided for each case, the distance and time to AED delivery
could be estimated and appropriate locations could be discussed further.

6. Conclusion
Bystander CPR and use of AED at railroad stations improved ROSC for OHCA patients. AED location and
strategies for dealing with CA on trains should be re-evaluated.
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