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Table 1. Characteristics of the Study Population

Suita study MI subjects p value
Number 974 in -
YAP(+) (n (%)) 291 (31.0p 97 (30.1) ns.
YAP(+) (n (%)) 278 (30.5)* 97 (30.1) ns.
SRY+465(T) (n (%)) 277 (29.7F — —
MI175(+) (n (%)) 437 (46.8)° — —
Age (year) 65.95+£10.47 57.40+9.69
BMI (kg/m?) 23.3942.93 23824285
HTN (n (%)) 400 (41.1) 158 (49.1)

TG (mg/dL) 120.6£79.6 — —
TC (mg/dL) 199.2431.9 —- —
Current smokers (n (%)) 270(27.7) 213 (66.1) <0.0001
MI (n (%)) 26(2.7) 322 (100) -
Data are presented as mean+5D, *1=938, ®1=912 without coronary artery disease, ‘n=932, ‘n=934. n.s., not significant; YAP, Y chro-

mosome Alu insertion polymorphism; BMI, body mass index; HTN, prevalence of hypertension as defined by SBP>140 mmHg,
DBP 290 mmHg and/or current use of antihypertensive medication; TG, triglyceride; TC, total cholesterol; MI, myocardial infarction,

Table 2. Sequences of Primers and Probes Used for Genotyping of Y Chromesome Polymorphisms

Probe
Polymorphism .

Primer

vIC FAM

Forward Reverse

YAP
SRY+465
M175

tgeacticgetgeaga
ac t!:tcrtctcaagaat

tgcacticacigcagag
tcactictcaagaalgaa

caggggaagataaaganata aagccactattagacaacct
agatgclgccgaagaatige lagctgglgetecatictigagt
cicaactceaglealllaaactctetg  catglactitgtccaatgctgaan

analysis of variance (ANOV A) was used to test whether there
was a difference in continuous variables between the groups.
Group differences in categorical variables were assessed by
the x* test. Multiple logistic regression analyses were per-
formed to obtain predictors for MI. The level of significance
was adjusted for multiple testing by a Bonferroni correction:
p values were multiplied by 57 (19 phenotypes and 3 geno-
types). Statistical analyses were performed with the JMP sta-
tistical package (SAS Institute Inc., Cary, USA) and Sample
Power 2 (SAS Institute Inc.).

Results

Characteristics of the Study Populations

Clinical characteristics of male subjects in the Suita study
(n=974) and MI case group (n=322) are presented in Table
1. Subjects in the MI group were significantly younger and
had higher BMI than those in the Suita study, MI cases were
also characterized as having a higher prevalence of smokers
and hypertension compared with those in the Suita study. We
analyzed three Y chromosome polymorphisms (YAP,
SRY+465, and M175) in our Japanese sample. Sequences of
primers and probes used for genotyping are shown in Table 2.
The frequency of the YAP(+) in MI subjects (30.1%) was not
different from that in the Suita swdy (31.0%) (Table 1). The
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difference remained non-significant when comparisons of the
YAP(+) frequency were made between the Suita study with-
out MI subjects (n=912) and the MI group (n=322). The
prevalence of SRY+465(T) and M175(+) in the Suita study
was 29.7% and 46.8%, respectively.

Y Chromosome Polymorphism and Cardiovascu-
lar Risk Factors

Table 3 shows the association analysis between YAP poly-
morphism and cardiovascular risk factors. Levels of HDL
cholestero] were significantly higher in YAP(+) than YAP(-)
men (57.0+14.6 mg/dL vs. 54.2414.2 mg/dL, nominal
p=0.011). The association of the YAP(+) genotype with
higher HDL cholesterol remained significant even after con-
trolling for age, BMI, and daily ethanol and cigarette con-
sumption. Men in the YAP(-) group were taller than those in
the YAP(+) group (165.6£6.0 cm vs. 164.745.9 cm, nominal
p=0.026, age-adjusted p=0.032). Hypertension tended to be
more prevalent in the YAP(+) group than in the YAP(-)
group (47.2% vs. 40.7%, nominal p=0.066). When the analy-
sis was restricted to those aged 65 years or older, the preva-
lence of hypertension was significantly higher in the YAP(+)
group than in the YAP(-) group (59.7% vs. 48.6%, nominal
p=0.014). However, we did not find any significant associa-
tion between the YAP genotypes and BP levels among the
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Table 4. Association between SRY+465 Polymorphism and Cardiovascular Risk Factors

SRY+465(C) (n=655) SRY+465(T) (n=277) Nominal p Corrected p
Age (year) 65.91£10.5 66.21104 n.s. n.s
BMI (kg/m) 234130 233127 n.s. n.s.
W/H ratio 0.93+005 0.93+0.05 n.s. n.s
HTN (%) 43.5 40.6 n.s. n.s
Antihypertensive drugs (%) 298 298 ns. ns.
Height (cm) 165.1+59 165.7£6.0 ns. n.s.
Res, Height* -0.15£5.39 0.43x5.3 n.s. n.s.
TC (mg/dL)* 199.6+£32.5 199.2430.6 n.s. n.s.
TG (mg/dL)* 120.5+£80.7 11741816 ns. ns
HDL cholesterol (mg/dL)* 553%143 5474145 n.s. n.s.
Res, HDL cholesterol** 0.11£13.0 -024£133 n.s. n.s.
SBP (mmHg)** 123.2+16.7 122.1x£17.6 n.s. n.s.
Res, SBP**« 0.3%16.1 -0.6£16.6 n.s. n.s.
DBP (mmHg)** 77.4£10.0 76.5+10.1 ns. n.s.
Res, DBP**+ 03496 . -0.5196 n.s. n.s.
Glucose (mg/dL)*** 100.1£18.3 102.9+28.1 0.078 n.s.
Res, Glucose***~ 17.7£0.7 27.9+1.8 0.050 n.s.
HbAle (%e)*** 5.49+0.68 5.59+0.91 0.063 n.s.
Res, HbAlc**== 0.68+0.03 0.90+0.06 0.052 ns

Data are presented as mean+SD. *Subjects without medication for dyslipidemia were included: 577 men for SRY+465(C) and 245 men
for SRY+465(T). **Subjects without the use of antihypertensive drugs were included: 457 and 199 men for SRY+465(C) and
SRY+465(T), respectively, ***Subjects who were not receiving treatment for diabetes were included: 610 men with SRY+465(C) and
255 men with SRY+465(T). Covariates used to calculate residual values were *age, *ethanol consumption (g/d) and number of cigarettes
per day, "age and BMI, “age-squared and BML See Table 3 for abbreviations

Table 5. Association between M175 Polymorphism and Cardiovascular Risk Factors

M175(=) (n=498) M175(+) (n=436) Nominal p Corrected p
Age (year) 65.9+10.5 66.1410.5 n.s. ns.
BMI (kg/m") 234428 23.4%3.0 n.s. n.s.
WiH ratio 0.93£0.05 0.93£0.05 n.s. ns.
HTN (%) 404 45.4 n.s. n.s.
Antihypertensive drugs (%) 302 283 n.s. n.s.
Height (cm) 165.5+£5.9 165.1£6.0 ns. n.s.
Res, Height* 0.205.16 -0.20+5.56 n.s. n.s.
TC (mg/dL)* 199.0+£31.1 199.8433.0 ns n.s
TG (mgfdL)* 125.:2489.7 113.1£69.0 0.032 n.s.
HDL cholesterol (mg/dl)* 545+14] 558%14.6 n.s n.s,
Res, HDL cholesterol®® -0.57£13.1 0.65%13.1 n.s. n.s.
SBP (mmHg)** 121.7£16.4 124.0%17.6 0.09 n.s.
Res, SBP**+ -1.0£15.7 1.1£17.0 0.094 n.s,
DBP (mmHg)** 76.819.9 77.4%103 ns. n.s.
Res, DBP*## -0.2493 0.2410.0 ns. n.s
Glucose (mg/dL)==* 101.1£23.8 100.6£18.9 ns. n.s.
HbAlc (Fo)*+* 5.5310.81 5.49+0.68 n.s. n.s.

Data are presented as mean+SD. *Subjects without medication for dyslipidemia were included: 441 men for M175(-) and 382 men for
MI175(+). **Subjects without the use of antihypertensive drugs were included: 350 M175(=) and 306 M175(+) men. ***Subjects who
were not receiving treatment for diabetes were included: 468 M175(-) and 399 M175(+) men. Covariates used to calculate residual val-
ues were "age, "ethanol consumption (g/d) and number of cigarettes per day, *age and BML, “age-squared and BMI. See Table 3 for
abbreviations.
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found to be associated not only with younger age at peak
height velocity but also with higher SBP and DEP levels
before and after pubertal growth, suggesting the possible role
of earlier exposure to androgen among the HindIIl negative
males in the development of hypertension (18). Previous
studies in animal models may support this notion. In male
SHR, the increase in blood pressure has been shown to be
suppressed by treatment with androgen receptor antagonist or
castration (32, 33). Further research is required to clarify the
role of the Y chromosome in androgen-mediated hyperten-
sion.

In conclusion, the Y chromosome polymorphisms geno-
typed in 974 Japanese men (YAP, SRY+465, and M175)
showed nominal associations with height, lipid levels, and the
prevalence of hypertension, none of which remained signifi-
cant after adjustment for multiple testing. The contribution of
the YAP polymorphism to height, HDL cholesterol, and the
prevalence of hypertension appears to be small, if even
present, and it could not be reliably detected in our current
sample size. Much larger sample sizes and/or additional inde-
pendent samples will be required to make definitive conclu-
sions.
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Summary
Objectives: To compare the quality of resuscitation between those with a simplified chest

compression-only cardiopulmonary resuscitation (CPR) program and those with a conventional
CPR program.
Methods: The participants were randomly assigned to either the 120-min training program of
chest compressions (chest compression-only CPR) or the 180-min training program of chest com-
pressions and ventilations (conventional CPR). Main outcome measures were the net number of
appropriate chest compressions during the 2-min test period and the proportion of appropriate
chest compressions over the theoretically attainable number one month after the training.

only CPR group, which was significantly greater than 57.1+430.2 in the conventional CPR

85.5+ 17.0s out of 1205, which was significantly longer than that during chest compression-only
CPR (33.9:10.0s, p<0.001). The total number of ventilations and the number of appropriate
ventilations during 2 min was 2.5+ 3.0 and 0.9 1.6, respectively.

# A Spanish translated version of the summary of this article appears as Appendix in the final online version at
doi:10.1016/j.resuscitation.2008.05.009.
* Corresponding author at: Kyoto University Health Service, Yoshida Honmachi, Sakyo-ku, Kyoto 606-8501, Japan,
Tel.: +81 75 753 2411, fax: +81 75 753 2424,
E-mail address: kawax@kuhp.kyoto-u.ac.jp (T. Kawamura).

0300-9572/$ ~ see front matter © 2008 Elsevier ireland Ltd. All rights reserved.
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Results: 223 participants were enrolled and 104 in each group completed this study. The
2-min number of appropriate chest compressions was 86.1+57.2 in the chest compression-

group (p<0.001). The proportion of appropriate chest compressions was higher in the
chest compression-only CPR group than in the conventional CPR group (47.1£31.1% versus
38.1+20.1%, p=0.022). Time without chest compressions during conventional CPR reached
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Conclusions: A simplified chest compression-only CPR program makes it possible for the general
public to perform a greater number of appropriate chest compressions than the conventional CPR
program (UMIN-CTR C0000000321).

© 2008 Elsevier Ireland Ltd. All rights reserved.

Introduction

Sudden cardiac arrest is one of leading causes of adult death,
and 20,000—30,000 events are estimated to occur every year
in Japan.' The survival rate from out-of-hospital cardiac
arrest (OHCA) has been increasing as the '‘chain of sur-
vival'' improves, but it is still low." Bystander-initiated
cardiopulmonary resuscitation (CPR) plays a major role in
the ""chain of survival'’ to save the OHCA.* Survival of those
with witnessed ventricular fibrillation (VF) decreased by
7—10% minute by minute without CPR.® When bystander CPR
is provided, this decline each minute is reduced to 3—4%,**
and double or triple survival could be expected.”®

However, bystander CPR is currently provided to only
about 20-30% of victims of out of hospital cardiac
arrest.” ""Fear of causing harm or aversion to mouth-to-
mouth rescue breathing was pointed out as reasons of this
low rate of bystander CPR." Difficulties in learning and per-
forming this complex psychomotor task might also disturb
bystanders performing CPR.'*-'* These findings prompt us
to simplify our CPR training procedure.

Recently, the importance of continuous chest com-
pressions has been emphasized. Animal and clinical
investigations suggest that continuous chest compressions
without ventilation (chest compression-only CPR) is no
less effective than chest compression plus rescue breath-
ing resuscitation (conventional CPR) for cardiac arrest
cases.'®""? Our population-based observation also indicates
that chest compression-only CPR is equally effective com-
pared with conventional CPR for OHCAs except for very
long-duration cardiac arrests.?° Chest compression-only CPR
has another advantage: simplicity so as to allow the general
public to learn and perform. This study aimed to com-
pare the quality of chest compressions between those who
underwent a simplified chest compression-only CPR train-
ing program and those who underwent a conventional CPR
training program.

Methods

Study design

The design of this study was a prospective individual ran-
domized controlled trial. The study started in December
2005 and ended in July 2006.

Participants and randomization

The participants were people aged 18 years or more who
were recruited from Kyoto, Osaka and vicinity in Japan
via billboard advertisements and the Kyoto University web-
site as well as by word of mouth from the participants
themselves. Health care professionals, medical/co-medical

students and those who were considered unsuitable for
the resuscitation training by the program director were
excluded.

Participants were randomly assigned to either the chest
compression-only CPR group or the conventional CPR group
using computer-aided randomization stratified by sex and
age (under 40 years or not). The results of allocation were
concealed from all instructors and participants until the day
of training.

Interventions

The chest compression-only CPR group members were given
a 120-min training program consisting of continuous chest
compressions and an automated external defibrillator (AED)
operation. The conventional CPR group members were pro-
vided with a 180-min training program consisting of chest
compressions, mouth-to-mouth ventilations, and an AED
operation based on the 2005 American Heart Association
Guidelines for Cardiopulmonary Resuscitation and Emer-
gency Cardiovascular Care (chest compressions/ventilation
ratio of 30:2).* The training program was carried out using
widely used digital video disk instruction material which
was produced by the non-profit organization to educate cit-
izens CPR in Osaka (http://osakalifesupport.jp/osakalsa/),
Leardal Resusci Anne CPR manikins®, and AED trainer
(Leardal Medical, Stavanger, Norway). Twenty registered
physicians, nurses and emergency medical technicians, all
of them being certified instructors of Immediate Cardiac
Life Support (ICLS) course by the Japanese Association for
Acute Medicine (JAAM)*' and specially trained for this study,
instructed the participants with an instructor/participants
ratio of 1:4. Instructors were assigned to each of the two
groups an almost equal number of times.

Data collection and outcomes

Resuscitation skills of each participant were evaluated
immediately after the training and one month later using a
case-based scenario. In this test, a participant was called
into the testing room and said: ""lmagine, you are at a
department store. Suddenly a man collapses in front of you.
You are the only person around. Do whatever you can do
to help this man.'" After presentation of the scenario, we
evaluated their CPR skills (including initial assessment, call-
ing for 119, chest compressions, and ventilations) for 2 min
using the Leardal Resusci Anne PC skillreporting manikin
system®. After the 2-min CPR evaluation, AED was brought
to the manikin by the instructor and they were asked to use
it (Figure 1).

The primary outcome measures were the net number
of appropriate chest compressions performed during 2-min
test period one month after the training and its proportion
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Figure 1  CPR skills evaluation flow.

calculated as the actual number of appropriate chest com-
pressions over the theoretically attainable number based
on the 2005 American Heart Association Guidelines for Car-
diopulmonary Resuscitation and Emergency Cardiovascular
Care*: 183 in the chest compression-only CPR and 150 in the
conventional CPR. The appropriate chest compression was
defined as compression with the depth of 3.5-5.5cm, the

== C. Nishiyama et al.
correct hand position, and complete recoil according to the
Japanese CPR guideline.?

The secondary outcome measures included call for help,
call for an AED, total number of chest compressions, num-
ber of chest compressions with appropriate depth, number
of chest compressions with correct hand position, number
of chest compressions with appropriate recoil, number of
total ventilations, number of appropriate ventilations, cor-
rect positioning of defibrillator pads, clearing of self and
area, time to first resuscitation (earlier one between the
first chest compression and the first ventilation), time to
chest compression, time without chest compressions, and
time to the first defibrillation.

Statistical methods

The sample size was calculated based on the number of
appropriate chest compressions performed for 1min by a
medical student,'® assuming the number among the general
public to be 40 times in the chest compression-only CPR
group and 20 times in the conventional CPR group. Under
the condition of an alpha error of 5% and a power of 80%, 81
subjects per group were needed. Projecting a 10% dropout,
the sample size was estimated to be 200 subjects in total.
Analyses were performed on an intention-to-treat basis,
but participants who were absent from any evaluation were
not included in the skill analyses. The data were compared
across groups using chi-square test or Fisher’s exact test for
categorical variables and Student’s two-tailed t-test for con-
tinuous variables. An analysis of covariance was conducted
to adjust for sex and age. Resuscitation skills immediately
after the training program and one month later were com-

I Assessment of eligibility (n=244)

Excluded (n = 21)
Incligible n=T
Refused consent n=2)
Not available on the days of training
(n=12)

I Randomized (n=223) I

I Chest compression-only CPR (n=112) l

' Conventional CPR (n=111)

Absent from training
Urgent busimess (n = 6)

Absent from training
Urgent business (n = 2)
Poor physcal condibon (n = 2)

Training and immediate evaluation

(n=106)

Training and immediate evaluation
(n=107)

Absent from training
Urgent busiess (n = 2)

Evaluation one month later

(n=104)

Figure 2
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pared using paired t-test. Analyses were performed using
SPSS Ver.12 (SPSS, Inc., Chicago, IL). A value of p<0.05 was
considered statistically significant.

Ethical consideration

All procedures were conducted according to the Declaration
of Helsinki. Participants submitted their written informed
consent prior to participation. This study was approved by
the Ethics Committee of Kyoto University Graduate School
of Medicine.

Additional ventilation training was offered to the partic-
ipants of chest compression-only CPR group after the final
evaluation of their skills to assure that both groups received
equal training.

Results

Flow and baseline characteristics of participants

A total of 244 participants applied for this trial between
December 2005 and May 2006. Of them, seven were ineligi-
ble, two did not submit informed consent in writing, 12 did
not attend for various reasons, and the remaining 223 were
randomly assigned to the chest compression-only CPR group
(112) or the conventional CPR group (111). The 106 in the
chest compression-only CPR group and 107 in the conven-
tional CPR group attended the CPR training, and 104 in each
group (92.9% and 93.7%, respectively) completed the study
protocol (Figure 2).

Baseline characteristics of the participants are shown in
Table 1. The mean age was 38 years in both groups, and there
were no significant differences in sex ratio, educational
backgrounds, previous CPR training, experience of actual
CPR, and family history of sudden cardiac death between
groups. Ten participants who did not receive the training
and five who did not attend the second evaluation of resus-
citation skills were not significantly different in demographic
features from those who completed the training.

Resuscitation skills one month after training

Table 2 shows participants’ performance of resuscitation
including an AED operation one month after the train-
ing. The number of total chest compressions performed
during 2-min test period was 140.4+28.9 in the chest
compression-only CPR group and 78,8+19.8 in the con-
ventional CPR group (p<0.001). Among them, appropriate
chest compressions were delivered 86.1+£57.2 times dur-
ing 2-min test period in the chest compression-only group,
which was significantly greater than in the conventional
CPR group (57.1+30.2, p<0.001). The proportion of appro-
priate chest compression was significantly greater in the
chest compression-only CPR group than in the conventional
CPR group (47.1 £ 31.1% versus 38,1 £20.1%, p=0.022). The
number of chest compressions with appropriate depth, those
with correct hand position, and those with appropriate
recoil during 2-min test period was significantly greater in
the chest compression-only CPR group than in the conven-
tional CPR group (117.3 £ 43.2 versus 65.5 + 28.2, p<0.001,
100.9+59.7 versus 68.0+ 27.6, p<0.001, and 140.4 +28.9
versus 78.7 +19.9, p <0.001, respectively).

The total number of ventilations in the conventional CPR
group was 2.45+2.99, and 0.92 +1.57 of them were per-
formed appropriately during 2-min test period. The number
of ventilation attempts without air flow was unknown.

The AED operation, including pad-positioning and area-
clearing were not significantly different between groups,
although some mistakes were made in both. Seven partici-
pants in the chest compression-only CPR group and three in
the conventional CPR group mistakenly positioned the pads,
and one in the chest compression-only CPR group put them
over the clothes.

Time to the first resuscitation (either chest compression
or ventilation) was 33.8 4 10.4s in the chest compression-
only group and 37.0+12.0s in the conventional CPR
group (p=0.042). Time to the first chest compression was
much longer in the conventional CPR group (47.0+12.7s).
Time without chest compressions in the conventional CPR
group reached 85.5+17.0s out of 120s, which was sig-
nificantly longer than that in the chest compression-only
CPR group (33.9+10.0s, p<0.001). Time to defibrillation
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with an AED was not significantly different between groups
(Table 2).

CPR skill deterioration during one month

We also observed the deterioration of CPR skills during
one month subsequent to the training. The number of
appropriate chest compressions during 2-min test period
decreased from 113.0+55.0 to 86.1+57.2 (p<0.001) in
the chest compression-only CPR group and from 62.5 +29.0
to 57.1+30.2 (p=0.014) in the conventional CPR group.
The proportion of appropriate chest compressions also
showed a downward trend from 61.8 +30.1 to 47.1+31.1
(p <0.001) in the chest compression-only CPR group and from
44,2 +19.7 to 38.1 £ 20.1 (p=0.014) in the conventional CPR
group. In the conventional CPR group, both the number of
total ventilations (from 2.54 + 3.00t0 2.45+2.99, p=0.398)
and the number of appropriate ventilations during 2-min test
period (from 1.01+1.87 to 0.92+1.57, p=0.414) were lit-
tle changed during one month. Time to first defibrillation
was prolonged from 66.9+10.3 to 70.3 +13.0s (p<0.001)
and from 66.5+ 11.0 to 73.0+ 13.3s (p <0.001) in the chest
compression-only CPR group and conventional CPR group,
respectively. The proportion of those who correctly posi-
tioned the defibrillator pads decreased from 99.0% to 91.3%
(p=0.002) in the chest compression-only CPR group while
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it did not change (from 97.1% to 97.2%, p=1.000) in the
conventional CPR group. These deterioration patterns were
similar in both groups.

Discussion

This study afforded strong evidence that simplified CPR
training program without ventilations could make the gen-
eral public perform a greater number of appropriate chest
compressions than conventional CPR. Our findings consist
with previous studies'**-?7 but there were some important
differences in study design and outcome measures. First,
participants of our study were randomly assigned to one
of the two training regimens and their resuscitation skills
were evaluated at the same time, while many of other stud-
fes were non-randomized trials."* Second, we took the time
needed for ventilations into consideration and evaluated
appropriate chest compressions referring to the theoretical
number derived from the guideline. Previous studies sim-
ply compared the number of chest compressions between
the different types of CPR. Our study clearly showed that
the number of chest compressions was greater in the chest
compression-only CPR group even adjusting for ventilation
time in the conventional CPR group. Third, some studies
limited the participants to medical staff,'’?* whereas we
targeted the general public. Hence, our study lends support
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to the superiority of the simplified chest compression-only
CPR training program in terms of its high validity and gen-
eralizability.

The current study clearly demonstrated that people who
took chest compression-only CPR training could perform a
greater number of chest compressions with fewer interrup-
tions of chest compressions compared with those receiving
conventional CPR training. An initial static period of over
30s prior to beginning resuscitation suggests that people
struggled to assess the victims regardless of type of CPR and
that they struggled longer when they intended to perform
ventilations. To our surprise, chest compressions were not
delivered during two-thirds of the 2-min CPR period in the
conventional CPR group: time to the first ventilation of 375,
10 (47.0minus 37.0)s for initial two breathings, and about
40 (85.5minus 47.0)s for subsequent ventilations. These
data suggests that the attempt for ventilations itself might
interfere with chest compressions as indicated in previous
studies.24-2%

In this study, the participants in the conventional CPR
group could perform only 2.5 ventilations and 1.0 appro-
priate ventilation during 2-min testing, far less than the
theoretically attainable number of 10 ventilations. This fact
indicated the difficulties of adequate ventilation for the
general public, which is consistent with a recent report.*
Considering the importance of continuous chest compres-
sions for OHCA'™*" and poor quality of chest compressions
in real settings,**** it would be reasonable to simplify CPR
procedure and concentrate lay rescuers’ energy on chest
compressions.**

Our study showed that resuscitation skills were slightly
diminished at one month after the training. However, it
is still unclear how long the acquired resuscitation skills
were retained. A previous study showed that CPR skills were
not maintained for a long time.’® Another suggested that
the resuscitation performance deteriorated less over time
with chest compression-only CPR training than conventional
CPR training.'> Further investigations are needed to eval-
uate the long-term effectiveness of simplified resuscitation
training and to propose the best time to reinforce the resus-
citation skills.

A shorter chest compression-only CPR training program
has another advantage. Since a long standard CPR training
program would hinder the spread of bystander CPR among
the general public, this simplified and shorter CPR training
program might encourage the general public to attend a CPR
course. And it would be more cost effective than standard
CPR training program which usually takes over 3 or 4 h.

This study has some inherent limitations. The resuscita-
tion skills were evaluated by a case-based scenario test, and
resuscitation performance was unknown in the real setting
where lay persons might easily panic. Moreover, appropri-
ate resuscitation skills on a manikin might not necessarily
lead to better clinical outcomes. Thus, we are planning to
develop this simplified resuscitation program in communities
and evaluate their effectiveness in the real world, measuring
the proportion of bystander CPR and survival from OHCA,

Conclusion

The simplified CPR program without mouth-to-mouth venti-
lation makes it possible for the general public to perform

a greater number of appropriate chest compressions than
the conventional CPR program. Besides, the quality of
ventilation was quite poor even if delivered according to
the conventional CPR description. These findings suggested
that simplified chest compression-only CPR training would
encourage the general public to perform effective chest
compressions for OHCA cases.
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Continuous Improvements in “Chain of Survival” Increased
Survival After Out-of-Hospital Cardiac Arrests

A Large-Scale Population-Based Study

Taku Iwami, MD, PhD: Graham Nichol, MD, MPH: Atsushi Hiraide, MD, PhD;
Yasuyuki Hayashi, MD, PhD; Tatsuya Nishiuchi, MD; Kentaro Kajino, MD, PhD;
Hiroshi Morita, MD, PhD; Hidekazu Yukioka, MD, PhD; Hisashi Ikeuchi, MD, PhD;
Hisashi Sugimoto, MD, PhD; Hiroshi Nonogi, MD, PhD: Takashi Kawamura, MD, PhD

Background—The impact of ongoing efforts to improve the “chain of survival” for out-of-hospital cardiac arrest (OHCA)
is unclear. The objective of this study was to evaluate the incremental effect of changes in prehospital emergency care
on survival after OHCA.

Methods and Results—This prospective, population-based observational study involved consecutive patients with OHCA
from May 1998 through December 2006. The primary outcome measure was l-month survival with favorable
neurological outcome. Multiple logistic regression analysis was used to assess factors that were potentially associated
with better neurological outcome. Among 42 873 resuscitation-attempted adult OHCAs, 8782 bystander-witnessed
arrests of presumed cardiac origin were analyzed. The median time interval from collapse to call for medical help, first
cardiopulmonary resuscitation, and first shock shortened from 4 (interquartile range [IQR] 2to 11) to 2 (IQR 1 to 5)
minutes, from 9 (IQR 5 to 13) to 7 (IQR 3 to 11) minutes, and from 19 (IQR 13 to 22) 1o 9 (IQR 7 to 12) minutes,
respectively. Neurologically intact 1-month survival after witnessed ventricular fibrillation increased from 6% (6/96) to
16% (49/297; P<<0.001). Among all witnessed OHCAs, earlier cardiopulmonary resuscitation (odds ratio per minute
0.89, 95% confidence interval 0.85 to 0.93) and earlier intubation (odds ratio per minute 0.96, 95% confidence interval
0.94 to 0.99) were associated with beiter neurological ouicome. For ventricular fibrillation, only earlier shock was
associated with better outcome (odds ratio 0.84, 95% confidence interval 0.80 1o 0.88).

Conclusions—Data from a large, population-based cohort demonstrate a continuous increase in OHCA survival with
improvement in the chain of survival. The incremental benefit of early advanced care on OHCA survival is also
suggested. (Circulation. 2009;119:728-734.)

Key Words: cardiopulmonary resuscitation ® heart arrest m death, sudden w epidemiology m ventricular fibrillation

udden cardiac arrest is a leading cause of adult death and
has been an important public health problem in the
industrialized world.! Approximately three fourths of deaths
due to coronary heart disease occur in the out-of-hospital

morbidity and mortality observed for most cardiovascular
diseases.”™?

Clinical Perspective p 734

setting.>* Extrapolation of the mortality rate observed in a
recent large, prospective, multicenter observational study to
the total population of the United States suggests that
=300 000 people die annually in out-of-hospital settings in
the United States * During the last 3 decades, despite efforts
to the contrary, survival after out-of-hospital cardiac arrests
(OHCAs) has not improved,*® in contrast to the decline in

The importance of using a “chain of survival” with early
activation of emergency medical services (EMS), early car-
diopulmonary resuscitation (CPR), early defibrillation, and
early advanced life support (ALS) measures to decrease death
and disability from OHCA has been accepted widely."'® The
benefit of early CPR and early defibrillation on survival has
been shown in multiple settings®''-'%; however, overall sur-
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Figure 1. Overview of EMS-treated cardiac
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vival after OHCA does not exceed 5% in most communities
and is <3% in large urban populations.'*-'” The incremental
benefit of ALS for OHCA remains to be determined.'®-2!

The Utstein Osaka Project, begun in 1998, is an ongoing
large, prospective, population-based cohort study of OHCA
in Osaka, Japan, that covers 8.8 million people.?*** More
than 45 000 adult OHCAs occurred from May 1998 through
December 2006 in Osaka. During this period, some changes
were made in the EMS system in this area to improve the
chain of survival, such as training citizens in CPR and
enabling EMS personnel to deliver shocks without online
medical direction by physicians and to intubate in the field.
The objectives of the present study were to determine
whether improvement in the chain of survival increased
survival after OHCA in a large population and to assess the
incremental benefit of implementation of prehospital ALS
programs on survival.

Methods

Study Design, Population, and Setting

The investigation was a prospective, population-based cohont study
of all persons 18 years or older with OHCA of presumed cardiac
origin that was witnessed by bystanders and d by EMS in
Osaka Prefecture, Japan, from May 1, 1998, through December 31,
2006. The research protocol was approved by the institutional review
board of Osaka University, with the assent of the EMS authorities
and local governments in Osaka Prefecture.

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 origin unless it was caused by
rauma, drowning, drug overdose, asphyxia, exsanguination, or any
other noncardiac causes determined by a physician in charge, in
collaboration with the EMS rescuers.

EMS System in Osaka

Osaka Prefecture has approximately 8.8 million residents in an area
of 1892 km’, which includes both urban and rural communities. The
population is served by 35 fire stations, with a corresponding number
of emergency dispatch centers. The EMS system is operated by the
local fire stations, and life support is provided 24 hours per day via
a single-tiered system in 33 stations and a 2-tiered system in 2
stations. The latter uses medics followed by physicians responding

by vehicle. The most highly trained prehospital emergency care
providers are the Emergency Life-Saving Technicians (ELSTs).
Each ambulance has 3 providers, and most have at least | ELST. The
ELST system was started in 1991, but before 2003, they were
allowed only to insert an intravenous line and an adjunct airway and
0 use a semiantomated external defibrillator for OHCA patients
under the online medical direction of a physician. ELSTs have been
allowed to deliver shocks without online medical direction since
April 2003, and trained ELSTs have been allowed to insert tracheal
tubes since July 2004 (tracheal intubation phase) and to use epineph-
rine since April 2006. Public access defibrillation programs were
started in July 2004, CPR trmining for lay rescuers has been offered
by local fire depaniments, the Japan Red Cross, Inc, and the Osaka
Life Support Association throughout the study period. Approxi-
mately 120 000 citizens per year participate in conventional CPR
training. No programs were in place to train individuals in
compression-only CPR during this study period. Dispaicher instruc-
tion in CPR was introduced in July 1999,

Data Collection
Data were collected prospectively with a data form that included all
core data recommended in the Ulstein-style reporting guidelines for
cardiac arrests,® such as sex, age, initial cardiac rhythm, time course
of resuscitation, type of bystander-initiated CPR, retum of sponta-
neous circulation, hospital admission, 1-month survival, and neuro-
logical status | month after the event. Special emphasis was placed
on determining the time course of resuscitation. The time of EMS
call receipt and ume of vehicle arrival a1 the scene were recorded
automatically at the dispaich center. The times of collapse and
initiation of bystander CPR were obtained by EMS interview with
the bystander before leaving the scene. The time of defibrillation was
recorded by the semisutomated defibrillator. Waiches of EMS
personnel were synchronized with the clock at their dispaich center.
During this study period, no change was made in this reporting
system. Time interval from collapse to CPR was defined as the
shorter of the time from collapse to CPR by bystanders and that by
EMS personnel. The time interval from collapse to shock was
defined as the shorter of the time from collapse to shock by
bystanders and that by EMS personnel. The time interval from
collapse 10 intubation was replaced with time to hospital arrival
unless EMS personnel inserted an endotracheal tube in the field.
All survivors were followed up for up to | month after the event
by EMS personnel. Neurological outcome was determined by a
telephone interview 1 month after successful resuscitation that used
the Cerebral Performance Category scale: category 1, good cerebral
performance; category 2, moderate cercbral disability; category 3,
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severe cerebral disability; category 4, coma or vegetative state; and
category 5, death.**

The methods of data collection and verification have been de-
scribed previously.? Although a computer-based registration system
was introduced in January 2005, the essentials of data collection
were unaltered. Before the p study, & 6-month run-in period was
used to ensure the completeness of episode identification and data
capture. The steering committee of the present study verified uniform
data collection, consistent definition of technical terms, and time
synchronization to minimize these potential information biases. Because
termination of resuscitation efforts and declaration of death are the
exclusive domain of medical doctors in Japan, the only armrests thal may
have been missed from these data would be those associated with illegal
activities that were not reported.

Statistical Analysis

Analyses were conducted for both all EMS-treated, bystander-
witnessed cardiac arrests of presumed cardiac origin and witnessed
ventricular fibrillation (VF) cardiac arrests. The primary outcome
measure was neurologically intact 1-month survival, defined as
Cerebral Performance Category categories | or 2. Secondary
outcome measures included retumn of spontancous circulation, ad-
mission to hospital, and |-month survival.

Patient characteristics were evaluated with ANOVA for numerical
variables and x* test for categorical variables. Time trends in
categorical values and numerical values were tested with univanable
regression models and linear tests for trend, respectively. Multiple
logistic regression analysis | the factors associated with better
neurological outcome; odds ratios (ORs) and their 95% confidence
intervals (Cls) were calculated. Potential confounding factors that
were hiologically essential or significantly associated with survival
al P<0.1 in the univariable analyses were considered in the multi-
variable analyses. Both by initiated, P only CPR
and conventional CPR with rescue breathing were idered as
bystander CPR, whereas bystander-initiated rescue breathing without
compressions was classified as no | der CPR. Interactions
between bystander CPR and time to CPR and between tracheal
intubation phase and time to tracheal intubation were also incorpo-
rated in multivariable analyses. Statistical analyses were performed
with SPSS statistical package version 12.0J (SPSS, Inc, Chicago, 111).
A 2-sided P value of 0.05 or less was regarded as siatistically
significant.

The authors had full access to and take full responsibility for the
integrity of the data. All authors have read and agree 10 the manuseript
as written.

Results

A total of 45 512 adult OHCAs were documented during the
8 years and 8 months of the study period. Resuscitation was
attempted in 42 873, and 25 026 OHCAs were presumed (o
be of cardiac origin. Of these OHCAs with presumed cardiac
origin, 8782 were witnessed. Among them, 1733 (20%) had
VF (including pulseless ventricular tachycardia), 2167 (25%)
had pulseless electrical activity, and 4789 (55%) had asystole
as the initial rhythm. We could not obtain data on the initial
rhythm for 93 cases. Figure | provides an overview of the
arrests, with the important outcomes by initial rhythms. The
proportion of neurologically intact 1-month survival among
those with witnessed VF, pulseless electrical activity, and
asystole was 12%, 2%, and 1%, respectively.

Demographic and resuscitation characteristics of patients
with witnessed cardiac arrest of presumed cardiac origin
and witnessed VF arrests are noted in Table 1. Factors
associated with 1-month survival with favorable neurolog-
ical outcome included sex, age, location of arrest, activities
of daily living status before arrest, VF as initial rhythm,

Table 1. Patient Characteristics Throughout Study Period
Witnessed Cardiac Arrests Witnessed VF
of Presumed Cardiac Cardiac Arrests
Drigin (n=8782) (n=1733)
Age, y, mean (SD) 705015.2) 63.0(14.2)
Male, n (%) 5546 (63.3) 1349 (78.0)
Location of arrests,
n (%)
Home 6014 (68.5) 900 (51.9)
Public space 1273 (14.5) 485 (28.0)
Work place 1370 142 (8.2)
Healthcare facility* 685 (7.9) 62 (3.6)
Other 452 (5.1) 136 (7.8)
Activity of dally living
before arrests, n (%)
Good 6220 (70.8) 1481 (85.5)
Disability 2087 (23.8) 143 (B.3)
VF as initial rhythm, 1733199
n (%)
Bystander-initiated
CPR, n (%)
Compression-only 1145 (13.1) 278(16.1)
CPR
Conventional CPR 1565 (17.9) 348 (20.1)
Collapse to call, min
Mean (SD) 49(69) 30(39)
Median (10R) 3(1-6) 2(1-4)
Collapse to first CPR,
min
Mean (50) 85(7.00 6.4 (5.2)
Median (1OR) 7(312) 6(2-9)
Collapse to first
shock. min
Mean (SD) 129(6.2)
Median (10R) 12 (9-16)
Collapse o
Mean (S0) 269 (96) 26.2(8.9)
Median (10R) 26 (20-33) 26 (20-32)

*Inciudes chronic care facilities and medical clinics,
+Time to tracheal intubation by EMS personnel in the field or hospital arrival,

bystander-initiated CPR, and time interval from collapse to
the initiation of CPR by bystanders or EMS personnel,
Time interval from collapse to intubation was included in
the final model because it confounded the effect estimate
for location of arrest.

Table 2 shows temporal trends in patient and EMS char-
acteristics for bystander-witnessed cardiac arrests of pre-
sumed cardiac origin. The mean age of patients gradually
increased from 68 to 72 years during the period (P for trend
<0.001). The male/female ratio approximated 5:3 and
showed no significant temporal trend (P for trend=0.53). The
proportion of those with VF as the initial rhythm increased
from 16% to 25% (P for rend <0.001). The proportion of
those who received bystander-initiated CPR also increased,
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Table 2. Patient and EMS Characteristics for Witnessed Cardiac Arrests of Presumed Cardiac Origin According to Time Period

1998
{n=598)

1999
(n=964)

2000

(n=987) (n=1

2001

035)

2002
(n=939)

2003
(n=1003)

2004
(n=875)

2005
(n=1083)

2006
(n=1198)

Age, y, mean (SD)
Male, n (%)
VF. n (%]
Bystander-initiated
CPR, n (%)
Compression-only
CPR
Conventional CPR
Resuscitation time
course, min,
median (I0R)
Collapse to call

Collapse 1o first
CPR

Collapse 1o first
shock®
Collapse to
intubationt

68.2 (16.0)
387 (65.0)
98 (16.4)

68.3(15.4)
607 (63.4)
168(17.4)

69.4 (15.7)
624 (63.4)
147 (15.1)

44(7.4) 112(117)  96(9.8)

68 (11.4) 127(13.2) 148(15.7)

42-11)
9(5-13)

4(1-11)
8(3-12)

4 (1-10)
8 (4-12)
19 (13-22)

17(13-200 14(11-18)

25(20-33) 25(20-32) 26 (20-33)

70.7 (14.8)
669 (65.0)
171 (16.8)

133 (13.0)

18201717

3(1-6)
8(3-1)

14(11-18)

26 (20-33)

70.3 (14.5)
580 {61.9)
179(19.3)

70.4 (15.5)
634 83.3)
206 (20.7)

720(14.8)
589 (60.4)
226 (23.3)

T.6(15.2)
B85 (63.3)
241 @223

7220145
T71 (64.4)
297 (24.8)

17 (126) 136 (13.6) 152 (15.8) 156 (14.4) 198 (16.6)

181(19.5) 196 (19.0 203 (21.1) 2710 233(19.4)

3{(1-5)
731)

Q-5
72-1)

3(1-5)
7(2-1)

3-8
731

2(1-5
T(31)

14(11-18) 11 {8-15) 11 (8-14) 10712 9(7-12)

26(20-31) 27(22-33) 28(22-33) 26(20-33) 25(19-32

*Calculated for cases with VF as initial rhythm,

1Time to tracheal intubation by EMS personnel In the field or hospital arrival.

from 19% to 36% (P for trend <0.001). Compression-only
CPR accounted for >40% of bystander-initiated CPR.

The median time interval from collapse to call for medical
help shortened from 4 (interquartile range [(IQR] 2to 11) to 2
(IQR 1 to 5) minutes (P for trend=0.02). The median time
interval from collapse to initiation of CPR decreased from 9
(IQR 510 13)to 7 (IQR 3 to 11) minutes (P for trend <0.001)
as the proportion of bystander-initiated CPR increased,
whereas the time to CPR by EMS personnel remained =7
minutes (data not shown). The median time interval from
collapse to first shock decreased significantly from 19 (IQR
13 to 22) to 9 (IQR 7 to 12) minutes (P for trend <0.001)
owing to the improvement in EMS response, Only 24 patients
received shocks by bystanders during the study period. The
median time to intubation remained around 25 minutes, but it
took only 15 minutes (n=353; IQR 12 to 20 minutes) when
the specially trained ELST performed intubation in the field
during the tracheal intubation phase. Thirteen percent (356/

40 1
35 4

—s— 1-month survival
= Nourciogically intact 1-month survival
30 1

1998 1909 2000 2001 2002 2003 2004 2005 2006

Year

Figure 2. Temporal trend in survival after witnessed VF cardiac
arrests.

2745) of OHCA patients received intubation by specially
trained ELSTs during the tracheal intubation phase.

One-month survival after all rhythms of witnessed cardiac
arrests of presumed cardiac origin increased from 5% (31/
591) 10 12% (146/1197; P for trend <0.001), and neurolog-
ically intact survival increased from 2% (12/3591) to 6%
(71/1197; P for wend <0.001). One-month survival after
witnessed VF cardiac arrests significantly increased from
15% (14/96) to 31% (92/297; P for trend <0.001), and the
proportion of neurologically intact 1-month survival also
increased, from 6% (6/96) to 16% (49/297) during the period
(P for trend <0.001; Figure 2).

Table 3 shows the adjusted ORs and their 95% Cls for
neurologically intact survival. Among all witnessed cardiac
arrests of presumed cardiac origin, VF as the initial rhythm
(OR 6.46, 95% CI 4.86 to 8.59), shorter time to CPR (OR for
a l-minute increase 0.89, 95% CI 0.85 w0 0.93), and shorter
time to intubation (OR for a |-minute increase 0.96, 95% Cl
0.94 to 0.99) were associated with better neurological out-
come. With regard to witnessed VF cardiac arrests, only
earlier shock was associated with a better outcome (OR for a
I-minute increase (.84, 95% C1 0.80 to 0.88), whereas other
resuscitation procedures were not.

Discussion
This study showed that improvements in the chain of survival
for OHCA were associated with increased survival in a large
population. The time from collapse to CPR shortened from a
median of 9 1o 7 minutes because of the increase in bystander-
initiated CPR, time to shock shortened from 19 to 9 minutes
because of the refinement of the EMS system, and neurolog-
ically intact 1-month survival after witnessed VF cardiac
arrests increased from 6% to 17% dunng the 8-year study
period. To improve outcomes from OHCA, measures are
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Table 3. Adjusted OR (95% CI) of Patient and EMS
Characteristics for Neurologically Intact Survival After
Witnessed Cardiac Arrests of Presumed Cardiac Origin and
Witnessed VF Cardiac Arrests

Witnessed Cardiac Arrests Witnessed VF
of Presumed Cardiac Cardiac Arrests
Origin (n=8782) (n=1733)
Female 1.51(1.13-2.02) 1.52 (1.01-2.28)
Age =75y 0.43 (0.30-0.61) 0.65 (0.40-1.05)
Location of arests
Home Reference Reference
Public space 1.33(0.97-1.83) 1.13 (0.76~1.67)
Work place 1.75(1.11=2.76) 1.90 (1.09-3.30)
Healthcare facility* 1.76 (1,00-3.08) 2,47 (1.09-5.60)
Other 0.91 (0.52-1.61) 0.91 (0.45-1.83)
Disabiiity in activity of 0.37 (0.21-0.62) 0.47 (0.20-1,08)
daily living before
amests
VF as initial rhythm 6.46 (4.86-8.59) o
Bystander-initiated CPR 0.61 [0.32-0.94) 1.51(0.88-2.61)
Collapse 1o first CPRT 0.89 (0.85-0.93) 1.00 (0.85-1.06)
Bystander CPR 1.09 (1.01-1.17) 1.06 (0.95-1.17)
interaction
Collapse to shock by 0.84 (0.80-0.88)
EMSt
Tracheal intubation 0.80 (0.37-1.72) 0.46 (0.17-1.26)
phase
Collapse 1o tracheal 0.96 (0.94-0.99) 0.97 (0.94-1.00)
Intubation (ALS}
Tracheal Intubation 1.03 (1.00-1.06) 1.03 (0.99-1.07)
Interaction
Epinephrine by EMS 0.71 {0.25~2.05) 0.23 (0.03-1.78)

*Includes chronic care facilities and medical clinics.
10R for 1-minute increase in time.

needed to strengthen the chain of survival. Although uniform
reporting of OHCA has been strongly recommended,'** there
have been only a few reports that continuously evaluated
local EMS and resuscitation outcomes,*!32! The present
data, based on a large-scale, population-based cohort, provide
further evidence of the effect of strengthening the chain of
survival to save OHCA victims,

During the study period, some new measures were intro-
duced. In April 2003, EMS personnel began to be allowed to
deliver shocks without online medical direction, and the time
interval from collapse to shock decreased by 3 minutes;
however, survival did not improve similarly. Although dis-
patcher instruction in CPR was introduced in July 1999, no
stepwise changes occurred in bystanders’ behaviors and
patient outcomes. The most plausible explanation for the
observed improvement in survival is the accumulation of
citizens trained in CPR in the population and continuous
efforts of the EMS system.

The present study suggests the incremental benefit of some
ALS procedures on survival after OHCA. Despite the broad
use of advanced treatments for OHCA victims, evidence for
the effectiveness of ALS treatment for OHCA is scarce,'®

Several small, nonexperimental studies showed the effective-
ness of ALS treatment,**-** whereas 2 meta-analyses showed
no benefit of ALS for OHCA.""*® The Ontario Prehospital
Advanced Life Support (OPALS) study, a large “before-and-
after” controlled study of the effects of prehospital care, could
not demonstrate a benefit of ALS treatments for OHCA.?!
However, the OPALS study adjusted for ALS phase (ie,
before and after ALS program introduction) but not for the
timing of field interventions, whereas we considered the time
to intubation and showed the benefit of earlier advanced
treatment. Both the type and timing of field ALS treatments
might be important to increase survival after OHCA.

Although both the Utstein Osaka project and the OPALS
study were large-scale, population-based cohort studies of
OHCA, some differences were identified in clinical condi-
tions. The proportion of patients who received bystander-
initiated CPR increased to 36% at the end of the study period
in Osaka, whereas the increase in the OPALS study was only
15%. The ALS program was added to the existing program of
rapid defibrillation in the OPALS study, in which >90%
victims received shocks within 8 minutes after call receipt,
whereas only 36% in the present study received shocks within
8 minutes of call receipt. These differences may explain the
discrepancy in the results, because early CPR initiated by
bystanders and early defibrillation are critical factors for
survival.''92¢ Furthermore, only specially trained ELSTs in
Osaka are allowed to use ALS treatments, which resulted in
only 13% of OHCA patients receiving intubation by them
even during the tracheal intubation phase. The training and
experience of EMS providers who perform ALS might also
be different between the 2 study areas and affect the outcomes
of OHCA.»®

The increased survival in Osaka over time is due mainly to
improvements in the first 3 links in the chain of survival.
Although the present study suggesis the benefit of early-
initiated advanced cardiac care, we need to recognize that our
data confirm the greater importance of early CPR and early
shock for increasing survival after OHCA. ORs of time to
CPR and time to shock for a 1-minute increase were less than
that of time to intubation (ALS), These data are consistent
with many previous studies that showed the importance of
early CPR and shocks.2!:2%.31 Emphasis should be placed on
increasing bystander-initiated CPR and integrating such
changes with improvements in ALS to save more lives.

The present study demonstrated continuous improvement
in the chain of survival and OHCA survival, but absolute
survival is still less than optimal. Although the proportion of
those with bystander-initiated CPR increased in Osaka, ap-
proximately two thirds of OHCA victims still do not receive
bystander-initiated CPR, and lay use of defibrillators has not
been implemented widely. Bystander CPR is typically pro-
vided to fewer than 25% of cardiac arrest victims,®2!32 and it
is known that delivering shocks can be difficult for lay
rescuers.*® Considering the difficulties of performing CPR and
delivering shocks and the evidence that supports the effective-
ness of bystander-initiated, compression-only CPR, 43 further
efforts to strengthen the first 3 links in the chain of survival by
use of compression-only CPR might be more feasible, as
recommended recently by the American Heart Association. ™
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Study Limitations

An important limitation of the present study was the potential
for bias on the basis of its observational design. As with all
multisite epidemiological studies, data integrity, validity, and
ascertainment bias are also potential limitations. We believe
that the use of uniform data collection and consistent defini-
tions based on Utstein-style guidelines for reporting cardiac
arrest, the time synchronization process, the large sample
size, and a population-based design that included all known
adults with OHCA in Osaka Prefecture minimize these
potential sources of bias.

In the present study, we had no data at the hospital level,
such as the prevalence of postresuscitation care, including
therapeutic hypothermia. The incremental benefit of ad-
vanced hospital care should be investigated further.

Conclusions
Data from a large-scale population-based cohort in Osaka
demonstrate a continuous increase in survival after witnessed
OHCA of presumed cardiac origin with improvements in the
chain of survival. An incremental benefit of some ALS
procedures on survival after OHCA is also suggested.
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CLINICAL PERSPECTIVE

This large, population-based study covering 8.8 million residents and ranging from 1998 to 2006 demonstrates a continuous
increase in out-of-hospital cardiac arrest survival with improvements in the “chain of survival.” Among 42873
resuscitation-attempted adult out-of-hospital cardiac arrests, 8782 bystander-witnessed arrests of presumed cardiac origin
were analyzed. During the study period, the proportion of those who received bystander-initiated cardiopulmonary
resuscitation increased from 19% to 36%, and the median time interval from collapse to initiation of cardiopulmonary
resuscitation decreased from 9 to 7 minutes. The median interval from collapse to first shock decreased from 19 to 9
minutes because of improvements in the emergency medical service response. Neurologically intact 1-month survival after
all thythms and after ventricular fibrillation of witnessed cardiac arrests increased from 2% to 6% and from 6% to 17%,
respectively. The concept that survival improves as response times decrease and bystander efforts increase is widely
accepted, but few reports have shown the potential impact of ongoing efforts to improve the chain of survival In
multivariable analyses, earlier cardiopulmonary resuscitation (odds ratio per minute 0.89) and earlier intubation (odds ratio
per minute 0.96) were associated with better neurological outcome. For ventricular fibrillation, only earlier shock was
associated with better outcome (odds ratio 0.84). The incremental benefit of early advanced care on out-of-hospital cardiac
arrest survival is also suggested. Emphasis should be placed on increasing bystander-initiated cardiopulmonary
resuscitation and integrating such changes with improvements in advanced life support to save more lives.
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MR, @ LiEEE, GREL IR, @X
g, DAODBEENCLE D [ffroEH] *
BEIIBIT24LLENH ), TROFELE~D
WERALEMHITARTH L™, HThH, FEbHE
MR L BB AL L FELE (bystander-initiated
cardiopulmonary resuscitation, LL T bystander CPR)
iz, fGFoRTHY, LEEEELICITDRD EL
FEBFOHGE (EFER) 22~3FI2T5H2
ENTEZEvbhTWAY, /4, LE4H
(Ventricular Fibrillation | FAF VF) fEflIZHBWTIE,
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RE 3 ERl ~ 42 BREALFIAVES, LRBERELOL SBARETTH?
OfE Lsvndbhbiy QATHRIELAECEY GHEREF-LEIFOVER)
@5 2 L vd P RBIIRENL T2y GRTHPLY @Foft
KM4 AED LS ERESITRVLZ LB 2 TH?
@Mizvy Qv i
KM s EROAED 2 XIS TRAZEPRNETH?
DHz @%v
KM 6 EROLEEOTSTAED S NIBALTAL I LBVETH?
Bbiw B9
1 2 3 4 5

W7 LR~ a2 BIRENLHICAVWET, AEDORAEH6 IBBERATTH?
MAED 2 ELL{ A 20 DA AE OR-oLEADE L THNATVWIAZE2IT 2020 E
@ (BEH) HBHEDEDELIMETEINLIPTE DAED FHERRIZLoTELoE I BEOM

* KM 2367 122V TIRRBSKRICORMET -7

MEA 1 TBAS T LI FOHGEIII0%ET
54, B bystander CPR IZE D 1 57T L O#
GEORTIRI~4%BEIHPLIONL bR
S,

EE, BREErPLIEBHENSIRERDE
(Automated External Defibrillator © LL T AED) # Hi
WAoo BT A KM E (Public Access
Defibrillation : UL F PAD) 70 75 AA%HIZEA
0 24 EFHIROEARENKRE(EST
XTvid, DAFEIBWTL2004E 78 3 WIFEE
MEFRBILLZAEDOER ED LN, RKA
R—ZAFFLHE 2T ET LI AED DEIW
AEATES, L2L, AED /7B L2724
T3 [Fdrolsf] AHEEe TR G LIZH U
PEVDIIELLTH S,

AL EROHGEL B D oiliE, B
|Z AED % B+ % L FIBEIC, TROBGERT®
& bystander CPR DERBF L+ HH 3¢, Efis i
AED HIICFIHENE ZENFEETH L, N
$T, AED OEREIZMTAHFIZL - T AED &
HiztTs2MEDEB I METHLASFTSATY
2", L, LHBRERBSOERICL D AT
ROBSEEROZELICMT 28Iz LA LfTTbR
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TibE#E B L-OTHET 5,
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1. W&

20058 HIB~SBEAFIYY -V TALAR
ﬁ;swf,ﬁﬁim&#thﬁﬂkﬁEﬁﬁﬁ
Bhiz & h Bk s o O isRE MBS IcBmL R
EERE LIz,

2. g EWREENE

MELMAIE, LHBEEEOER - LEES LIV
ZOHEZO2VWT 2EMIzh: VB TR
fTo7. 2BB1, ME P L—=V FRAEBLV
AED b L—F—%BuTIBEMOLMEEES (I
@ E T 5 [ERENEMDE (AED)
LHRATAFERGERYE (—EHE) (IuT ARE]
OWEALIZHE L, LHEEE B CDEEHRO D
DH4FT4 2000 ONBELIER) 2iTo72
BEA-SEFIINV—-TEL, BBHHGL, B,
BIUREBMPO 2285 BEFEEEICLS
(Immediate Cardiac Life Support) 4 » A b7 7 7 —
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(268) 27 NV—7I12 1 ~ 28T oEBL .

3. VMM

LA BREERS AED R T2 EHICHT A
B (]|1) £FB L, LRFFETTINES
», AED ¥R T 20t v EmMErBhs K
DWTISERGEBRA L L, TooBMER 2R
—R& L, WESOWMEIZ, BmELBIZZ0K
MR EhA LERETHELTo /. WBLHET
BADEMELABET 27012, BRETHS
A, MBOEEHLXERS Y, EEELEEL
HCEFERAL, BT, BEENHOREK
AEBTCELLDDARLE LT,

h, KHERARCEARAORHEZOBL L
YW TITY, KMEORBEL-TRES BN
LDELT,
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FIRBZBML - KEEIT 307 2 (B 183 4,
T 124 4) Tho7:. HEEEIUERL, HEELWN
H4296 & (96.4%), MM EEN275E (94.1%) T
Hol:: BBEMETRMEISEHETEL- LD
203 % (68.0%) THh-oi:,

1. MRHOmE

BHE1212 (59.6%), K824 (404%), FH
FEMIZ2LIRTHY, F0) LEFZORSEE
(BREED, #HEM) X848 (3.9%) Thot, #fE
DLAFERELSOTHREAI 1262 (621%),
WA 77TE (379%) Thot:e THLEZWMEHO
FDIH, 113% (89.7%) A5 F TG - 2
LT, FNRUSTIR, BEFRTFEHOEGE
B, HHEEEROEBUGFEE, PFELEEOSEE
TZHML T,

2. AiEEA L 2
[RESAQAANELLSEGOMEEL AL S
EBAD] EvIRM21cHLTIZ, BRESWICS
DR #BRLALDEHTHEE (39%),
4T RIRLICb DL 34% (167%) THot:o BT
SHmIZIEEFLEN 106 B (522%) L 72% (35.4%)
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MEMTSO B ] DAEBRLAGOICHL
TRALRM IO TUEEL 2D 6 HBE] 122
Wi, SR 1944 (956%) @55 [f%
LEswnadbhrolizw] BIU 3T {vhi
Mol EIRENSGTLRW] HEAFLTIE
(39.7%) 2 &EHTWw (F2), #0fizid [(F
EN0MWIZ) phbD iz k], [H2K2ThEE
MICITAI %G, oA, [5F vk
Lo B, BICMb LTS, BFOLOHRIC
£ER-TLEI], [EEDNBALVOICHBFICY
B L TLRMEREZTToThvnarbhsin] &
W EENH o7,

REBE&EI, KALHERELBEN~ORIE L
RLAEAD 5 [BI ] #2BR L2710 0)
12954 (46.8%) Thotze “DH 5 54% (56.8%)
I FL dhhof b EWEMNE TR W] 238
ALEDIZRL, T Lzbwvwnnhbis i)
EEAVOR1BERBIZERL L (B2),

3. AED OfiEH)

WELHIZ, TAED L WHBELXSFTHW AT
EAHDA] OBz, [1Xv] LE2/-LDiEs2
B (256%) Thotz, T/ [EBOAED 2L C
PTRAZEDND2D] Loz, (2] LB
ZHDIEDLTN17TEH (84%) THo7z,

[EBR QLML OB T AED D HiLEHE L T
ALIERID] LI EMe o LT, WEEW
2508 JEBIRLADEbTH178(8.3%),
AR bz 214 (103%) THo7-, Y
SEICIREFAFR 1625 (798%) & 274 (133%)
IETHML T2 (E@3),

MEMTSD [B9] LA 2S8R LA bozs L
THBRA-EKM70 [AEDOEREL 7206 5 Bt
] 2w Tit, BLEME [ELSELALTR
T LEZTVIELDOYmLE { (180 5% 97 £,
53.9%), [BELEBOTLVITE] (274, 15%)
ATV, BELSEE, [BELE T2V,
T&) 39 8% 155, 385%), [ELLHELIZAT
%) (11 ,282%) Chot, TOMOEELELT,
MMiizfEz 2 A ViUTES 3] Hho7: (E4),
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