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Abstract
Objective: Increased number of runners in Japan has been one reason for increasing the risk of cardiac arrest during marathon races. The purpose of the
study was to examine 1) the incidence of cardiac arrest during marathon races
held in the past in Japan, 2) the characteristics of runners with cardiac arrest,
3) the effectiveness of public access defibrillation (PAD) use for cardiac arrest
cases. Methods: We examined the incidence of the cardiac arrest during marathon races in Japan from the medical records of marathon races that Kokushikan University provided in the past five years. Also, we analyzed cardiac
arrests occurred in Japan in the past 15 years between 1999 and 2013. Results:
The incidence rate of cardiac arrest was 2.18 per 100,000 participants. As
shown in Table 1, the incidence rates were 2.00 per 100,000 participants in
full marathon and 2.50 per 100,000 participants in half-marathon. A total of
63 cardiac arrests occurred in the past 15 years, and the number of incidents
has been increasing every year. Among 63 cardiac arrest cases, the mean age
was 45.3 ± 14.9 years old and 93.7% (59/63 cases) were in males. Eighty-three
percentage of cardiac arrest cases applied AED (20/24 cases) were the shockable rhythm. In terms of the survival rate, there was a statistically significant
difference between the cases where both bystander CPR and PAD were delivered and the cases where the only bystander CPR took place without PAD
(95.0% vs. 47.1%; p < 0.05). In Japan, the case of the PAD use during marathon races has been increasing since the use of AED was permitted for public
citizens in 2004. Conclusions: Performing PAD on the scene during marathon races could be expected to be higher in the survival rate. Creating a
medical support system is needed to handle sudden cardiac arrest rapidly in
order to perform early bystander CPR and PAD.
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1. Introduction
In recent years, marathon has been not only categorized within competitive
sports as top athletes run in the Olympic games, but also spread as a popularized
sport. In fact, the number of runners and marathon races has been gradually increasing every year.
It is thought that increasing the number of competitive marathon runners has
a certain efficacy of promoting good health, but, at the same time, the risk of
those runners’ sudden cardiac arrest occurrence during marathon races has also
been increasing. Kuroyanagi et al. reported 534 cases of sudden death in sports
occurred in Tokyo prefecture between 1948 and 1999 and the cardiac arrests
occurred the most in running as there were 118 cases during running [1]. In fact,
seven cardiac arrest cases were reported from the past 10 Tokyo Marathon races,
which have been held between 2007 and 2016 [2].
The medical support system for those marathon races has been changed. As
the use of AED was permitted for public citizens in 2004, races implemented
AED has been increasing in Japan. In fact, some cases of AED use for cardiac
arrest during marathon have been reported. However, the implementation of
AED for marathon races leading to the improvement on the survival rate of cardiac arrest in marathon is not clearly known. In terms of the incidence rate of
cardiac arrest during marathon races, Kim et al. and Hart reported 0.54 per
100,000 participants suffered from cardiac arrests during marathon races in the
U.S. between 2000 and 2010 [3] [4]. Especially in the U.S., 1.01 per 100,000 participants suffered in full marathon, and 0.27 per 100,000 participants suffered in
half-marathon [3] [4]. According to the study by Pedoe et al., the incidence rate
of the cardiac arrest on London Marathon was 2.17 per 100,000 participants in
the past 26 years between 1981 and 2006 [5]. Moreover, regarding the characteristics of runners with cardiac arrests, 86.4% (51/59 cases) were occurred in
males [3] [4], as well as other research indicated that males had more tendency
to become cardiac arrests [6]. However, there is no study that has been reported
about its characteristics in Japan.
The purpose of this study was to see the incidence of the cardiac arrest occurrence, characteristics of runners with cardiac arrest and the effectiveness of defibrillation by AED. We analyzed the cardiac arrest cases during marathon races
held in Japan.

2. Method
2.1. Study Design
A nationwide retrospective study of cardiac arrests during marathon races.
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2.2. The Method of How to Calculate the Incidence
of the Cardiac Arrests during Marathon Races
There were a total of 18 full marathons and 39 half-marathons that Kokushikan
University provided the medical supports between April 2008 and March 2013.
We investigated the total number of runners applying from either official announcement on the race website or interviewing to the marathon race committee. We also investigated the numbers of cardiac arrests from the medical support records and calculated the incidence rate of cardiac arrest during those marathon races.

2.3. The Method of How to Collect Data of Cardiac Arrests
Occurred during Marathon Races and Analysis Items
We extracted cardiac arrests occurring where marathon races was held in Japan
during 15 years between 1999 and 2013, from the Asahi Shimbun online article database “Kikuzo II Visual for Libraries®”, the internet, and journal articles. For each
cardiac arrest case, we asked each race committee for the detailed examination.
On questionnaire, we asked the detail of runners who went to cardiac arrest,
such as sex, age, the type of race, the location of cardiac arrest occurrence, the
time of race started, the time of when cardiac arrest occurred, bystander CPR,
AED application, defibrillation by AED, and outcome.

2.4. Statistical Analysis
We used Microsoft® Excel® for data analysis. Chi-Square test was used to compare the survival rate, and level of significance was set at 0.05.

2.5. Consent and Ethical Considerations of the Study
We gave a clear explanation to subjects regarding the purpose of the study for
each question. We made sure that subjects will not take disadvantages when they
refused to participate in the study. We followed the Act of the Protection of
Personal Information and we carefully handled personal information as all individual information will not go to the public. The study was approved by the Institutional Review Board at Kokushikan University.

3. Result
3.1. The Incidence of the Cardiac Arrests during Marathon Races
(Table 1)
Kokushikan University provided the medical coverage for a total of 57 races (18
full marathons and 39 half-marathons) between April 2008 and March 2013. The
total number of runners were 459,479 (299,691 people in full marathon and
159,788 in half-marathon) and 10 cardiac arrests occurred (6 cases in full marathon and 4 cases in half-marathon). The mean age of 10 cases was 45.8 ± 17.8
years old, and all 10 cases occurred in male.
The incidence of cardiac arrest was 2.18 per 100,000 participants. As shown in
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Table 1. Cardiac arrest incidence and type of marathon.
No of Attendant

No. of Cardiac Arrest

Incidence (per 100,000)

Overall

459,479

10

2.18

Full Marathon

299,691

6

2

Half Marathon

159,788

4

2.5

Table 1, the incidence was 2.00 per 100,000 participants in full marathon, and
2.50 per 100,000 participants in half-marathon.

3.2. The Number of Cardiac Arrests during Marathon Races
in Japan
We extracted 63 cardiac arrest cases (26 cases in full marathon and 37 cases in
half-marathon) from the past 15 years between 1999 and 2013. We divided into
the three sections for every-five-year. There were 18 cases between 1999 and
2003, 22 cases between 2004 and 2008, and 23 cases between 2009 and 2013. The
number of cardiac arrests gradually increased.

3.3. Background Data of Cardiac Arrest Cases during Marathon
Races in Japan (Table 2)
Males were accounted for 93.7% (59/63 cases) of cardiac arrests during marathon races. Cardiac arrest occurred within the wide range as the mean age was
45.3 ± 14.9 years old (Min: 20-year-old; Max: 70-year-old).
In order to analyze the location of cardiac arrest occurrence, we assumed 0%
of the race at the start line and 100% at the finish line. For the full marathon, the
majority of cardiac arrests occurred at the 50% - 74% point and the 75% - 99%
point. For the half-marathon, 75% - 99% point and the finish line had the majority of cases.
In terms of the speed of runners who went cardiac arrest, the average speed
was 10.8 ± 3.2 km/h (Min: 6 km/h; Max: 21.6 km/h). The majority of cardiac arrests occurred for runners who run under 9.9 km/h in full marathon, and runners who run with 10.0 - 14.9 km/h in half-marathon.

3.4. The Effectiveness of AED and Survival Rate on Cardiac Arrests
during Marathon Races
The survival rate of cardiac arrests during marathon races was 54.0% (34/63 cases). However, the every-five-year survival rate was increased as follows: 22.2%
(4/18 cases) between 1999 and 2003, 63.6% (14/22 cases) between 2004 and 2008,
and 69.9% (16/23 cases) between 2009 and 2013. We highlighted the increased
survival rate after 2004, because AED was implemented for marathon races.

3.5. The Survival Rate of the Use of PAD
Within the 47 cases performed bystander CPR on the scene, we analyzed the
survival rate after one-month on 37 cases of them, which were known to be if the
DOI: 10.4236/ijcm.2017.87044
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Table 2. Patients background.
Overall (n = 63), Full Marathon (n = 26), Half Marathon (n = 37),
(%)
(%)
(%)
Facial Year
1999 - 2003

18, (28.6)

8, (30.8)

10, (27.0)

2004 - 2008

22, (34.9)

8, (30.8)

14, (37.8)

2009 - 2013

23, (36.5)

10, (38.5)

13, (35.1)

Male

59, (93.7)

26, (100.0)

33, (89.2)

Female

4, (6.3)

0, (0.0)

4, (10.8)

20 - 29 (yr.)

14, (22.2)

3, (21.4)

11, (29.7)

30 - 39 (yr.)

10, (15.9)

3, (21.4)

7, (18.9)

40 - 49 (yr.)

11, (17.5)

6, (23.1)

5, (13.5)

50 - 59 (yr.)

16, (25.4)

9, (34.6)

7, (18.9)

60 - 69 (yr.)

10, (15.9)

4, (15.4)

6, (16.2)

70 - 79 (yr.)

2, (3.2)

1, (3.8)

1, (2.7)

Place occurrence cardiac arrest

(n = 56)

(n = 23)

(n = 33)

start - 24% point

4, (7.1)

2, (8.7)

2, (6.1)

25 - 49% point

4, (7.1)

1, (4.3)

3, (9.1)

50 - 74% point

11, (19.6)

10, (43.5)

1, (3.0)

75 - 99% point

18, (32.1)

9, (39.1)

9, (27.3)

Finish line

19, (33.9)

1, (4.3)

18, (54.5)

Speed of cardiac arrest runner

(n = 38)

(n = 16)

(n = 22)

Gender

Age

~ 9.9 km/h

18, (47.4)

11, (68.8)

7, (31.8)

10.0 - 14.9 km/h

16, (42.1)

5, (31.3)

11, (50.0)

15.0 km/h ~

4, (10.5)

0, (0.0)

4, (18.2)

Figure 1. Survival rate between PAD and non PAD patients.
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defibrillation by AED on the scene was used. Twenty cases were given defibrillation and 17 cases were not. The survival rate after one-month was 95.0% (19/20
cases) when the defibrillation was administered, and 47.1% (8/17 cases) when
the defibrillation was not administered. A significant difference was found between the presence or absence of defibrillation by AED (p < 0.05) (Figure 1).
The details of 20 cases of the presence of defibrillation were as follows: zero
cases between 1999 and 2003, eight cases between 2004 and 2008, and 12 cases
between 2009 and 2013. The case with the use of defibrillation was significantly
increased after 2004.

3.6. Precision of Defibrillation with Runners with Cardiac Arrest
Twenty-seven cases were identified with the application of AED on the scene. Of
which, 24 cases were known to be if the defibrillation by AED on the scene was
used, and the percentage of administering defibrillation was 83.3% (20/24 cases).
From the analysis, we identified that 83% of runners with cardiac arrest during
marathons races would have shockable rhythm, ventricular fibrillation or pulseless ventricular tachycardia.

4. Discussion
From this study, the incidence of cardiac arrest during marathon races in Japan
was 2.18 per 100,000 participants. This is quite similar to the study from England (2.17 per 100,000 participants), and we have four times greater than the
study from the U.S. (0.54 per 100,000 participants) [3] [4] [5]. In terms of the
incidence of cardiac arrests during marathon races, cardiac arrests occurred
quite often in Japan compared to the other countries. We thought the incidence
rate of cardiac arrest was influenced by increasing the number of competitive
marathon runners and a wide range of runner population, especially in elderly.
From the previous study, 40 cardiac arrests occurred in full marathons and 19
cardiac arrests occurred in half-marathons among 10.9 million participants [3]
[4]. Although the incident of cardiac arrest per 100,000 was higher in full marathons from the study by Kim et al. and Hart [3] [4], our study indicated
half-marathons was higher in danger as we found 2.0 per 100,000 in full marathons and 2.5 in half-marathons. This is because there are a larger number of
half-marathons held in Japan than full marathons. Since half-marathons has a
shorter distance, the higher percentage of runner who is not well-trained.
Regarding the characteristics, cardiac arrest was occurred not only with elderly, but also with a wide range of age group between 20’s and 70’s. Males were
accounted for 93.7% (59/63 cases) from our study, and also Kim et al. reported
86.4% and Hart reported 86 % of cardiac arrest cases occurred in males [3] [4].
As well as Waite et al. also found males are more in danger to become cardiac
arrest [6], we conclude that males were one of risk factors of cardiac arrest during marathon race from the result of our study and the previous study.
In terms of location, we found that the majority of cardiac arrest occurred in
DOI: 10.4236/ijcm.2017.87044
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the second half of the race. Different higher risk points existed between full marathon and half-marathon. For full marathon, 50% - 74% point were the most,
followed by 75% - 99% point. For half-marathon, the finish line was the most,
followed by 75% - 99% point. Cardiac arrests at the finish line were reported in
the U.S. [7]. From our result, we need to consider the higher risk of location and
put medical coverage for these spots.
The mean speed of runners who went to cardiac arrest was 10.8 ± 3.2 km/h
(Min: 6 km/h; Max: 21.6 km/h). Most of cardiac arrests occurred when runners
run under 9.9 km/h for full marathon, and 10.0 - 14.9 km/h for half-marathon.
From this result, running with 10.0 km/h at the beginning of the second half of
the race was the highest risk. We need to take this into consideration for the future medical coverage during a marathon.
Compared to 29% of survival rate among the 59 cardiac arrests from the study
by Kim et al. and Hart [3] [4], we had 54.0% of survival rate among 63 cases. The
survival rate in Japan was higher than those in the U.S. The survival rate was
improved every year as shown in the every-five-year division. Compared to
22.2% (4/18 cases) between 1999 and 2003, we have had better result since AED
was implemented for marathon races in 2004. The rate rapidly improved to
63.3% (14/22 cases) between 2004 and 2008, and 69.6% (16/23 cases) between
2009 and 2013. The crucial factor was the implementation of AED for marathon
races, so the number of defibrillation administration by AED was increased under the situation of cardiac arrest during marathon races. In fact, in comparison
to zero cases between 1999 and 2003, the case of defibrillation administration by
AED was increased to eight cases between 2004 and 2008, and 12 cases between
2009 and 2013.
In cardiac arrests where bystander CPR was performed on the scene, the survival rate after one-month was 95.0% (19/20 cases) of cardiac arrests treated with
defibrillation, and 47.1% (8/17 cases) for cardiac arrest treated without defibrillation. There was two times more difference, and a statistically significant difference was found (p < 0.05). Also, defibrillation was given in the 83.3% of the
cases where AED was applied. From this result, a cardiogenic cause was accounted
for the majority of cardiac arrest during marathon races. Kuroyanagi et al. reported 81% of sudden death in sports in Japan was caused by a heart-related disease [1]. In other countries, researchers reported that heart-related disease is the
majority of cause of cardiac arrest during marathon races [7] [8] [9].
We did not examine the risk of cardiac arrest and the reduction factors in our
study, there are several studies indicating the importance of screening prior to
the race and the efficiency of taking prophylactic Aspirin [10] [11]. Cardiac arrest could be occurred in marathon even with adequate prevention, so creating
the medical support systems is needed to handle sudden cardiac arrest rapidly.

5. Conclusion
We analyzed the incidence rate of cardiac arrest during marathon races in Japan,
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and the number of cardiac arrests occurred in Japan during the past 15 years.
The incidence of cardiac arrest during marathon races in Japan was 2.18 per
100,000 participants. Runners would go into cardiac arrest run at a speed of 10
km/h and the most cases occurred in the second half of a race.
Also, 83% of cardiac arrests were shown as shockable rhythm and could be
able to deliver defibrillation by AED. We found 95% of the survival rate after
one-month when both bystander CPR on the scene and defibrillation by AED
were administered. Since 2004, the use of AED by citizens was permitted and the
survival rate was rapidly improved during marathon races. We think the reason
behind is increased public access defibrillation (PAD) along with the implementation of AED at marathon races.
We expect higher survival rate due to conducting PAD on the scene. We also
need to take risk factors into consideration for medical coverage on marathon
races, especially the location and a time period. Thus, we need to create a medical support system that would be able to perform bystander CPR earlier and
PAD for runners.
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