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Table 3
Patient outcomes according to rescuer's CPR training experience.

Trained (n=60) Untrained (n=60) p-Value
VF as initial rhythm, n (%) 10(16.7) 5(8.3) 0.135
Pre-hospital ROSC, n (%) 14(23.3) 14(23.3) 1.000
Hospital admission, n (%) 11(18.3) 17(28.3) 0.280
One-month survival, n (%) 8(13.3) 5(8.3) 0.279
Neurologically favorable one-month survival, n (%) 2(3.3) 1(1.7) 0.500

VF denotes ventricular fibrillation; ROSC, return of spontaneous circulation.

tional CPR training programs is one of the major inhibiting factors
for its wider dissemination.3* A short and efficient training pro-
gram such as CPR course using a video-self learning materials,32:33
personal manikin,33 or simplified chest-compression only CPR14-16
should be considered to increase the chance for lay rescuers to
acquire CPR skills. Interestingly, patients with witnessed arrest
were less likely to receive bystander CPR. One potential explana-
tion for this paradox may be patients’ agonal breathing in the early
stage of cardiac arrest, which is observed in nearly half of witnessed
cardiac arrests35-36 and can easily mislead rescuers about patient
vital states.27-3537 Other multiple reasons (e.g., panic, fear of fail-
ure, embarrassment and so on) could decrease the willingness of
bystanders to start CPR as Swor et al. pointed out.!3 Improvements
in the contents of CPR training program such as the recognition of
agonal breathing should also be taught to increase CPR, as the 2010
ILCOR statement and AHA Guidelines indicated.3839

In this study, interviews were not completed for 50 rescuers.
Among them, 19 rescuers (38%) performed bystander CPR at the
arrest scene and 2 (4%) patients survived one month after OHCAs.
However, none survived with a neurologically favorable outcome.
The proportion of bystander CPR among the people who could
not be interviewed was lower than the rescuers who completed
the interviews. If the persons who did not perform CPR were less
trained and prone to refuse the interview, our study results might
underestimate the effectiveness of CPR training.

This study has some other limitations. First, data on the quality
of bystander CPR were unknown in this study. Second, bystander
information was obtained by interviewing the bystanders them-
selves, and some recall bias might exaggerate our study results,
although the interviews at the arrest scenes were conducted with
great care. Third, although we adjusted for some possible con-
founding factors including patient’s and rescuer’s age and sex and
rescuer’s occupation (health professionals or not), there might still
be unmeasured but influential confounding factors.

5. Conclusions

This study showed that rescuers who had CPR training were
more willing to perform CPR at the OHCA scenes than those who
had not. Because CPR by bystander is strongly linked to improved
patient survival, CPR training could yield better outcomes after
OHCA. Further studies are needed to prove the effectiveness of CPR
training on survival.
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1. Introduction

ABSTRACT

Objective: Little is known about triggers of sudden cardiac arrest. This study aimed to analyze the asso-
ciation of the occurrence of out-of-hospital cardiac arrest (OHCA) with patient activities just before the
arrest and ambient temperature as one of the major environmental factors.
Methods: This prospective, population-based cohort study enrolled all person aged 18 years or older
with OHCA of presumed cardiac origin in Osaka Prefecture, Japan, from 2005 through 2007. Patient
activities before arrest were divided into six categories: sleeping, bathing, working, exercising, non-
specific activities, and unknown. Age-adjusted annual incidence rate of OHCA according to their prior
activity and an hourly event rate in each activity by temperature were calculated.
Results: Among 19,303 OHCAs, 10,723 were presumed to be of cardiac etiology. The event rate of OHCA
was 6.22, 54.49, 1.15, and 10.11 per 10,000,000 population per hour for sleeping, bathing, working, and
exercising, respectively. Among patients who suffered OHCA during bathing, the event rate of OHCA per
10,000,000 per hour increased with decreasing temperature from 18.27 (>25.1°C) to 111.42 (<5.0°C)
(odds ratio [OR] for 1 °Cincrease in temperature, 0.915; 95% confidence interval [C1], 0.907-0.923), while
it was almost constant among those who were working (OR for 1 °C increase, 0.994; 95% Cl, 0.981-1.007)
or exercising (OR for 1°Cincrease, 1.004; 95% Cl, 0.971-1.038) before arrest.
Conclusion: Both activities before cardiac arrest and ambient temperature were associated with the occur-
rence of OHCA. Preventive measures against OHCA should be enveloped considering these behavioral and
environmental factors.

© 2011 Elsevier Ireland Ltd. All rights reserved.

OHCA is usually caused by ventricular tachycardia (VT) or fibril-
lation (VF).! Previous reports suggest that VF is triggered by heavy

Out-of-hospital cardiac arrest (OHCA) is one of the leading
causes of death both in Japan and other industrialized countries.!-?
Approximately 50,000 events occur every year in Japan. Although
survival after OHCA is gradually increasing as the chain of survival
improves, the absolute value of survival remains low.*> An ongo-
ing challenge to improved survival is that OHCA is often the first
manifestation of heart disease.® Prevention of OHCA is, therefore,
an urgent ratter.

* A Spanish translated version of the abstract of this article appears as Appendix
in the final online version at doi:10.1016/j.resuscitation.2011.03.035.
* Corresponding author. Tel.: +81 75 753 2401; fax: +81 75 753 2424.
E-mail address: iwamit@e-mail.jp (T. Iwami).

0300-9572/$ ~ see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.resuscitation.2011.03.035

physical exertion,”8 and severe emotional,® or working stress.!0
Environmental factors are also associated with occurrence of OHCA
as coldness is well known to trigger OHCAs.!! However, the rela-
tionships between ambient temperature and OHCA by activities
had been poorly understood.

The Utstein Osaka Project, launched in 1998, is an ongoing
large, prospective, population-based cohort study of OHCA in
Osaka, Japan that covers 8.8 million people.2® During the three-
year study period, there were over 10,000 emergency medical
service (EMS)-resuscitated OHCAs of presumed cardiac etiology.
The objective of this study was to analyze the associations of the
occurrence of OHCA with the patient activities just before the
arrest and the ambient temperature on the day that the episode
occurred.
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2. Methods
2.1. Study design, population, and setting

Data were extracted for this study from the Utstein Osaka Project
whichisa prospective, population-based cohort study of all persons
with OHCA that were treated by EMS in Osaka Prefecture, Japan.
Osaka is the second largest prefecture in Japan with a population of
8,817,166 (in 2005) inhabitants in an area of 1892 km? and located
at 135° east longitude, and at 34° north latitude. All OHCA patients
aged 18 years or older from January 1, 2005, through December 31,
2007, and were presumed to be cardiac origin were enrolled for
this study.

Cardiac arrest was defined as the cessation of cardiac mechanical
activities as confirmed by the absence of signs of circulation.!? The
arrest was presumed to be of cardiac etiology unless it was caused
by trauma, drowning, drug overdose, asphyxia, exsanguination, or
any other non-cardiac causes determined by a physician in charge
in collaboration with the EMS rescuers.

This study was approved by the institutional review board of
Osaka University, with the assent of the EMS authorities and munic-
ipal governments in Osaka Prefecture, Japan.

2.2. The emergency medical service system in Osaka

In Osaka prefecture, there are 34 fire stations with a cor-
responding number of emergency dispatch centers in 2007.
Emergency life support is provided 24h every day by single-
tiered system in 32 stations and two-tiered system in 2 stations.
The most highly trained pre-hospital emergency care providers
are the Emergency Life-Saving Technicians (ELSTs). Each ambu-
lance has three providers and most of them have at least one
ELST. Public access defibrillation (PAD) programs were started in
July 2004. Details of the EMS system in Osaka were described
elsewhere.??

2.3. Data collection

Data were prospectively collected using a form that included
all core data recommended in the Utstein-style reporting guide-
lines for cardiac arrests,'? such as sex, age, location, activities of
daily living before arrest, initial cardiac rhythm, time-course of
resuscitation, type of bystander-initiated cardiopulmonary resus-
citation (CPR), return of spontaneous circulation (ROSC), hospital
admission, one-month survival, and neurological status one month
after the event. The patient activity before arrest was divided
into six categories: sleeping, bathing, working, exercising, non-
specific activities, and unknown. The data form was filled out
by the EMS personnel in cooperation with the physicians in
charge of the patient, transferred to the Information Center for
Emergency Medical Services of Osaka, and then checked by the
investigators. If the data sheet was incomplete, the relevant EMS
personnel were contacted and questioned, and the data sheet was
completed.

All survivors were followed for up to one month after the event
by the EMS personnel in charge. One-month neurological out-
come was determined by physician in charge, using the Cerebral
Performance Category (CPC)scale: category 1, good cerebral perfor-
mance; category 2, moderate cerebral disability; category 3, severe
cerebral disability; category 4, coma or vegetative state; and cate-
gory 5, death.}?

Data on mean ambient temperature of the day of event were
obtained from the Osaka District Meteorological Observatory
database through the Internet.!?

2.4. Statistical analysis

Age-adjusted annual incidence rates of OHCA according to
their activity before arrest were calculated by the direct method
using the census 2005 data and the Japanese model population
1985, Event rate of OHCA per hour for each activity by month
and ambient temperature (<5.0, 5.1-10.0, 10.1-15.0, 15.1-20.0,
20.1-25.0, and =>25.1°C) was calculated referring data on time-
consumption in daily life among Japanese.!415 According to the
database, 415 the mean time consumed for sleeping, bathing, work-
ing, and exercising among Japanese was 7.4, 0.35,7.5,and 0.13h a
day, respectively. ROSC, admission to hospital, one-month survival,
and one-month survival with favorable neurological outcomes
(i.e., CPC category 1 or 2) were also compared by the patient
activity.

The data were compared across groups using chi-square test or
Fisher's exact test for categorical variables and ANOVA for contin-
uous variables. Poisson regression was applied to the temperature
dependency of the event rates. Odds ratio (ORs) for 1 °C increase in
temperature and its 95% confidence intervals (Cls) were calculated.
Analyses were performed using SPSS Ver.15 (SPSS, Inc., Chicago, IL).
A two-tailed value of P<0.05 was considered statistically signifi-
cant.

3. Results

3.1. Incidence of OHCA and characteristics according to prior
activity

A total of 19,303 OHCA cases with an age of 18 years or more
were documented during this study period. Among such cases,
resuscitation was attempted for 17,349 and 10,723 of them were
presumed to be of cardiac etiology. Before the arrest, 2,355 (22.0%)
patients were sleeping, 985 (9.2%) bathing, 325 (3.0%) working, 51
(0.5%) exercising and 5447 (50.8%) non-specific activities. There
were no missing data on activities but 1560 (14.5%) were classi-
fied into “unknown” category. The age-adjusted annual incidence
rate was 7.0, 2.9, 1.3, 0.2, 17.0, and 5.0 per 100,000 population for
sleeping, bathing, working, exercising, non-specific activities, and
unknown, respectively. Event rate of OHCA was 6.22, 54.49, 1.15,
and 10.11 per 10,000,000 population per hour for sleeping, bathing,
working, and exercising, respectively.

Table 1 shows the patient and resuscitation characteristics
according to the activities before OHCA. Among patients who had
worked and exercised, male sex was more frequent (88.3% and
76.5%, respectively) and age was lower (60.0 years and 61.5 years,
respectively) than the others. Good activities of daily living before
arrest (91.7% and 98.0%) and witnessed arrest (54.8% and 82.4%)
were also more frequent among the working and excising patients.
Noteworthy, 35.7% and 47.1% patients engaged in working and
exercising were more like to have VF as initial rhythm. Time interval
from collapse to call during sleeping, bathing, working, and exer-
cising was 3 (interquartile range [IQR}, 1-7), 3 (IQR, 1-5), 2 (IQR,
1-4), and 2 (IQR, 1-5), respectively.

3.2. Event rate of OHCA per hour for activity before arrest by
month

The age-adjusted monthly variation of event rate of OHCA
was different among the activities before arrest (Fig. 1). The age-
adjusted event rate per hour during bathing increased in winter
season {34.34 in January), which was approximately 10 times more
frequent than in summer season (3.56 in August and September). In
contrast, the event rate was almost constant by month for sleeping,
working and exercising activities.
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Table 1

C Nishiyama et al. / Resuscitation 82 (2011) 1008~1012

Patient and resuscitation characteristics according to the activity before out-of-hospital cardiac arrest.

Sleeping

Bathing Working Exercising Non-specific Unknown P-value
n=2355 n=985 n=325 n=51 activities n=1560
n=5447

Men, n (%) 1234(52.4) 551(55.9) 287(88.3) 39(76.5) 3193(58.6) 853(54.3) <0.001
Age, year, mean (SD) 76.1(154) 76.0(11.4) 60.0(13.6) 61.5(18.6) 73.1(14.5) 71.6(14.1) <0.001
Activities of daily living before 1176(49.9) 845(85.8) 298(91.7) 50(98.0) 3348(70.6) 1056(67.7) <0.001

arrest, Good, n (%)
Location, n (%) <0.001

Home 1893(80.4) 830(84.3) 44(13.5) 3(5.9) 3366(61.8) 1126(72.2)

Public spaces 12(0.5) 127(12.9) 55(16.9) 34(66.7) 790(14.5) 217(13.9)

Work places 2(0.1) 0 183(56.3) 0 39(0.7) 13(0.8)

Healthcare facilities? 437(18.6) 12(1.2) 8(2.5) 0 524(9.6) 125(8.0)

Others 11(0.5) 16(1.6) 35(10.8) 14(27.5) 728(13.4) 79(5.1)
Witnessed, n (%) 618(26.2) 80(8.1) 178(54.8) 42(82.4) 3344(61.4) 133(8.5) <0.001
Bystander CPR, n (%) 982(41.7) 378(384) 115(35.4) 26(51.0) 1649(30.3) 513(32.9) <0.001
VF as initial rhythm, n (%) 148(6.3) 19(1.9) 116(35.7) 24(47.1) 864(15.9) 93(6.0) <0.001
Collapse to call, min, median (IQR)® 3(1-7) 3(1-5) 2(1-4) 2(1-5) 2(1-5) 2(1-5) 0.002
Call to EMS's CPR, min, median 8(6-9) 8(6-9) 7(6-9) 7(5-9) 8(6-10) 7(6-9) 0215

(IQR)

CPR, cardiopulmonary resuscitation; VF, ventricular fibrillation; EMS, emergency medical service; IQR, interquartile range.

2 Includes nursing home and medical offices.
b Data are available for those with witnessed status.

3.3. Event rate of OHCA per hour for activity before arrest by
ambient temperature

The monthly variation of event rate could be interpreted as
ambient temperature dependency (Table 2). The age-adjusted
event rate of OHCA per 10,000,000 per hour during bathing
increased with a decreasing temperature from 18.27 (>25.1°C) to
111.42 (<5.0°C) and OR of occurrence of OHCA for 1°C increase
in temperature was 0.915 (95% CI 0.907-0.923). Temperature-
dependent variation in event rate during other activities was rather
small. Their ORs for 1°C increase in temperature were 0.994 (95%
CI 0.981-1.007) during working, and 1.004 (95% CI 0.971-1.038)
during exercising.

3.4. Outcome according to activity before arrest

One-month survival with favorable neurological outcome dif-
fered by activities before OHCA (Table 3). More than 10% of patients

per 10,000,000 population per hour

arrested during exercising and working survived in good neuro-
logical condition, while only about 1% of patients arrested during
sleeping and bathing survived well (P<0.001). ROSC, hospital
admission, and one-month survival were also poor for OHCAs dur-
ing sleeping and bathing compared with other activities.

4. Discussion

This large, population-based, prospective study clearly demon-
strated the association between the occurrence of OHCAs and their
prior activities. Our study was far superior to previous studies,16-18
in complete follow-up and large sample size. Activity-dependence
of OHCA was consistent with previous studies!”!8 regardless of
different settings, and the results would be quite robust.

In addition to prior activities, this study indicated the impact
of low ambient temperature on the occurrence of OHCA. Interest-
ingly, the influence of temperature on occurrence of OHCA differed
by the prior activities. Low temperature had a much stronger asso-
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Fig. 1. Age-adjusted event rate of out-of-hospital cardiac arrest per 10,000,000 per hour for activity before out-of-hospital cardiac arrest by month.
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Table 2
Event rate of out-of-hospital cardiac arrest per 10,000,000 per hour for activity before arrest by temperature.
Temperature (°C) Sleeping Bathing Working Exercising
n=2355 n=985 n=325 n=>51
<5.0 8.49 111.42 0.90 3.84
5.1-10.0 8.22 96.79 1.70 13.70
10.1-15.0 6.77 65.75 1.40 8.77
15.1-20.0 5.29 4932 0.90 12.27
20.1-25.0 6.03 2192 0.99 10.08
>25.1 5.01 18.27 1.40 11.95

OR? (95% CI) 0.977 (0.972-0.982)

0.915 (0.907-0.923)

0.994 (0.981-1.007) 1.004 (0.971-1.038)

OR, odds ratio; Cl, confidence intervals.
a OR for 1°C increase in temperature.

Table 3
Outcome of out-of-hospital cardiac arrest according to actjvity before arrest.
Sleeping Bathing Working Exercising P-value
n=2355 n=985 n=325 n=51
ROSC, n (%) 467(19.8) 129(13.1) 119(36.6) 22(43.1) . <0.001
Hospital admission, n (%) 346(14.7) 110(11.2) 108(33.2) 17(33.3) <0.001
One-month survival, n (%) 67(2.8) 10(1.0) 60(18.5) 8(15.7) <0.001
Neurologically favorable one-month survival, n (%) 28(1.2) 2(0.2) 36(11.1) 6(11.8) <0.001

ROSC denotes return of spontaneous circulation.

ciation with OHCA during bathing than during exercise. It is well
known that lower temperature increases sympathetic nerve tone
and catecholamine release, which increase heart rate, ventricular
contractility, vascular resistance, and blood pressure.!20 Besides,
a rapid increase in body temperature by bathing causes a rapid fall
in blood pressure with consequent increasing risk of OHCA.2122 In
Japan, most people take a deep hot bath, since traditional Japanese
homes are not well-insulated as in the west, and central heat-
ing is quite uncommon. The temperature differences between the
inside and outside the bathtub/bathroom would be substantially
large in winter season, which might cause acute hemodynamic
changes resulting in a sine-curve monthly variation of OHCA inci-
dence during bathing. Since OHCA during bathing was less likely to
be witnessed or survived, preventive approaches such as warming
a bathroom and a hallway or refraining from taking a deep hot bath
could be important for high risk people.

Our results implied that risk of OHCA is relatively higher dur-
ing bathing and exercising compared with other activities. It was
reported that the risk of cardiac arrest was transiently elevated
during or just after vigorous exertion.8 However, the risk of OHCA
during excising was less frequent than expected and far less than
bathing. Although we did not obtain the detailed information about
the intensity of physical activities, an estimated metabolic equiva-
lent (MET) levels were >3 for exercise activity and from 1.5 to 2.0
for bathing.23 The higher incidence of OHCA during bathing com-
pared with exercising suggests factors other than exercise intensity
including the temperature changes would account for the finding.

In this study, we could not identify any seasonal variations sur-
passing temperature, although some study reported the influence
of social factors such as holidays or fiscal year term on cardiac
deaths.24-26 The higher proportion of the elderly OHCA patients
in this study cohort might underlie the results because the aged
people are less exposed to social stress. The deterioration of home-
ostasis among elderly people might make them be susceptible to
temperature change and also affect this result.?’

VF was more frequently observed among OHCA during excising
and working compared with other activities. This high proportion
of VF among OHCA during excising and working could be partially
explained by their higher proportion of witnessed arrests, quick
bystander CPR, and other earlier response. It has been reported
that the effect of public access defibrillation (PAD) program would
depend on the situation or location.28-30 PAD programs are more

effective in these situations where VF is frequently observed. An
intensive placement of AED combined with aggressive CPR training
for work places or sports facilities might be effective.

This study has some limitations. First, unfortunately, we have
no information about patients’ medical or behavioral status
and natural or social environment except for ambient tempera-
ture. Medication, emotional upset, smoking, and sexual activity
might overwhelm the activities discussed here.3! Second, we only
obtained outside temperature data, and no indoor (e.g., bathroom)
temperature data were available. Low outdoor temperatures may
not reflect the exposure of the patient inside the home. Third,
population-attributable risk could not be estimated accurately
because the actual number of people who were engaged in each
activity is unknown. However, all people should sleep and most
people take a bath, and the absolute activity-related excess risk of
OHCA would be great. Fourth, many patients were engaged in non-
specific and unknown activities. We, therefore, might miss some
important activities at high risk of OHCA. Further efforts should
be needed to identify such specific activities. Final, we could not
take the intensity of physical activities'® into consideration due to
the lack of this information. Since prospective studies are virtually
impossible, then a retrospective study with case-crossover design
would be warranted to assess the relationships between physical
activity and OHCA.

5. Conclusions

Data from a large scale population-based cohort indicated that
both the activity and temperature were associated with the occur-
rence of OHCA and their interaction was also found. We need to

explore a strategy to decrease deaths from OHCA considering activ-
ities before arrest and environmental factors.
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LEEMZ, OAEBHEOERMIOWTHBL R HT
FoTwaI edmani., BAEMIOE, BRIIOWT
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ICD BERROLERE —

ERRERICOVWTREETOIER © . 88(92.6) 89(93.7) . -1.1 -0.082 0.061 -.0.042
BERBOZELICOVWTRNETYER 84 (88.4) 83 (87.4) 1.0 -0.082 0.103 0.032
ICD B DWW TR ETHYBR 73 (76.8) 66 (69.5) 7.3 -0.052 0.199 0.167

ThEE : Cohen (1992) MEIET, Cohen h 77 0.20 DFARI/NILER, 050 NBEAILHREENEE, 08NEBIIKELEEN H5 LIRE
BIICEZERIN TV S,
ICD: Implantable Cardioverter Defibrillator

®3 [EM57] BESERUANIRICHEZRCSES.

1, BEDALEBEOEGTFROTFUIPEHETHS  32(33.7) 23 (24.2)
2. LREBEED BRI 7] A4 KS1058E

S 22 (23.2) 25 (26.3) -3.1 -0.154 0.091 0.073
3 HEREICE, BHRLANLVOETYER %b
BaUXT, BERAVERREZTSC 13 (13.7) 24 (25.3) -11.6 -0.227 -0.004 0.295
EHEEL W
4. BEXRES [SRBHLEDITENEL]
EHAIEF L TV B a0, EKRBBICDOWTERERT 9(9.5) 14 (14.7) -5.2 -0.145 0.040 0.162
BT EFEELOL
5. REDBRBIRE 720, OEE (FAL _
) OMEH DU RS E I f 5 % o 13 (13.7) 6 (6.3) 7.4 0.011 0.158 0.250
6. BEDEGTFRILEITHBRERBETHRY B
BN E o TID 2(2.1) 1(1.1) 1.0 0.025 0.046 0.086
7. DAt 4(4.2) 2 @.1) 2.1 -0.029 0.071 0.122

$hEE : Cohen (1992) MEET, Cohen h #50.20 DFEITNELZER, 0.50DBFRICHEENDER, 08 NBEICKELEEN HDLIRE
MICEEEIN TV 3.
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BRI THITHNE] kw’)fﬁéﬂ%*bfé‘% 3 drotz. ROEOERER, BEERERIHUTHRELICOWTR
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Vol. 6 No. 2 2011 ] Cardiol Jpn Ed 119

—223-



G TFHETFRHTELEEZLHEIL, NREDIOREEIZE
FIRLVIEBETLRINTWSY, 72, EMEEEM
HIBELT [AEZRBETHRITARE] LWHBEHEET
BIEND L olelEh s, BRBLAZBEFIIHLTHE
MR IEATREDAEZLATWA DI TN EATRIES
iz, Thbb, EEEZZ EGFREOTUFTERVE
DT 7 DOEAHHEEL KL 52— T, BRI TOEX
RBHELLTWAIEDHLPICENT. DL ICERE
PRy 7 DEANCBHEZRLLTT, [HAFIA2RED
HENZV] [RAOEBRESEL ] W) BB LM
BN o END, EMLEEMIE OAREEE~OX
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