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Impact of Updating the Cardiopulmonary 
Resuscitation Guidelines on Out-of-Hospital 
Shockable Cardiac Arrest: A Population-
Based Cohort Study in Japan
Tsukasa Yagi , MD, PhD; Ken Nagao , MD; Naohiro Yonemoto , DrPH; David F. Gaieski , MD; 
Eizo Tachibana, MD; Noritoshi Ito , MD; Shinichi Shirai , MD; Yoshio Tahara, MD; Hiroshi Nonogi , MD; 
Takanori Ikeda, MD;  for the Japanese Circulation Society with Resuscitation Science Study (JCS-ReSS) Group* 

BACKGROUND: International consensus on cardiopulmonary resuscitation (CPR) and emergency cardiovascular care science 
and treatment recommendations (CoSTR) have reported updates on CPR maneuvers every 5 years since 2000. However, few 
national population-based studies have investigated the comprehensive effectiveness of those updates for out-of-hospital 
cardiac arrest due to shockable rhythms. The primary objective of the present study was to determine whether CPR based on 
CoSTR 2005 or 2010 was associated with improved outcomes in Japan, as compared with CPR based on Guidelines 2000.

METHODS AND RESULTS: From the All-Japan Utstein Registry between 2005 and 2015, we included 73 578 adults who had 
shockable out-of-hospital cardiac arrest witnessed by bystanders or emergency medical service responders. The study out-
comes over an 11-year period were compared between 2005 of the Guidelines 2000 era, from 2006 to 2010 of the CoSTR 
2005 era, and from 2011 to 2015 of the CoSTR 2010 era. In the bystander-witnessed group, the adjusted odds ratios for fa-
vorable neurological outcomes at 30 days after out-of-hospital cardiac arrest by enrollment year increased year by year (1.19 in 
2006, and 3.01 in 2015). Similar results were seen in the emergency medical service responder-witnessed group and several 
subgroups.

CONCLUSIONS: Compared with CPR maneuvers for shockable out-of-hospital cardiac arrest recommended in the Guidelines 
2000, CPR maneuver updates in CoSTR 2005 and 2010 were associated with improved neurologically intact survival year 
by year in Japan. Increased public awareness and greater dissemination of basic life support may be responsible for the ob-
served improvement in outcomes.

REGISTRATION: URL: https://​www.​umin.​ac.​jp/​ctr/​; Unique identifier: 000009918.
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Out-of-hospital cardiac arrest (OHCA) necessi-
tating cardiopulmonary resuscitation (CPR) is a 
major public health problem, affecting ≈383 000 

individuals in the United States,1 275 000 individuals in 

Europe,2 and 110 000 individuals in Japan3 annually. 
Since 1992, CPR guidelines have emphasized early 
access to emergency medical service (EMS), early 
basic life support (BLS), early defibrillation, and early 
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advanced life support as essential components of a 
series of actions, known as the “chain of survival,” de-
signed to increase the return of spontaneous circulation 
(ROSC) and reduce the rates of morbidity and mortal-
ity associated with OHCA.4 Despite decades of efforts 
to promote the chain of survival, survival after OHCA 
remains low worldwide.5 In 2000, the International 
Liaison Committee on Resuscitation announced the 
International Guidelines 2000 for CPR and emergency 
cardiovascular care (Guidelines 2000) based on the 
best available evidence from resuscitation science.5 
Since 2000, the International Liaison Committee on 
Resuscitation has modified the guidelines to the inter-
national consensus on CPR and emergency cardiovas-
cular care Science with Treatment Recommendations 
(CoSTR). The CoSTR 2005,6 2010,7 2015,8 and 20209 
were published.

In Japan, the Utstein Registry10 for OHCA started in 
Osaka prefecture on 199811 and in the Kanto region on 
2002.12 Finally, the All-Japan Utstein Registry was es-
tablished by the fire and disaster management agency 
(FDMA) on January 1, 2005.13,14 All Japanese EMS re-
sponders have modified the CPR3 technique based 
on the Guidelines 20005 and each CoSTR update,6–9 
which indicate that they must start CPR efforts imme-
diately unless the victim is obviously moribund. Per 
Japanese protocol, they cannot decide to terminate 
resuscitation efforts in the prehospital setting and must 
continue CPR efforts until the achievement of ROSC or 
hospital arrival.3,11–13 The main updates for shockable 
OHCA, including ventricular fibrillation and pulseless 
ventricular tachycardia, included changes in BLS ma-
neuvers, simplified EMS-dispatcher CPR instruction, 
and a streamlined defibrillation protocol (Figure S1).5–8 
For example, the chest compression-ventilation ratio 
changed from 15:2 in the Guidelines 2000 to 30:2 
in the CoSTR 2005, and the defibrillation protocol 
changed from a 3-shock sequence in the Guidelines 
2000 to 1-shock and 2-minute CPR in the CoSTR 
2005. The procedure for the BLS maneuvers changed 
from Airway–Breathing–Circulation in the CoSTR 2005 
to Circulation–Airway–Breathing in the CoSTR 2010 
and emphasized the quality of chest compressions in 
the CoSTR 2010. Furthermore, FDMA, the Japanese 
Red Cross Society, and other organizations were ac-
tively engaged in various BLS promotion efforts for the 
public in Japan.15–17

Although the survival rate of patients who had 
OHCA has been gradually increasing,18–20 few nation-
wide population-based studies have investigated the 
comprehensive efficacy of these updated CPR ma-
neuver guidelines. Thus, the primary objective of the 
present study was to determine whether CPR based 
on CoSTR 2005 or 2010 was associated with im-
proved outcomes, as compared with CPR based on 
Guidelines 2000 in Japan.

METHODS
The data, analytic methods, and study materials will 
not be made available to other researchers to repro-
duce the results or replicate the procedure.

Data Collection and Definitions
The All-Japan Utstein Registry, a prospective, nation-
wide, population-based registry of OHCA established 
in accordance with the ethical guidelines in Japan,21 
has been described in detail previously.3,14,22 All fire 
stations with dispatch centers and all collaborating 
medical institutions have participated in the registry. 
All EMS providers and physicians have been perform-
ing and teaching CPR according to the Japanese CPR 

CLINICAL PERSPECTIVE

What Is New?
•	 Compared with cardiopulmonary resuscita-

tion maneuvers for shockable out-of-hospital 
cardiac arrest recommended in the Guidelines 
2000, cardiopulmonary resuscitation maneuver 
updates in CoSTR 2005 and 2010 were associ-
ated with improved neurologically intact survival 
year by year in Japan.

•	 The dissemination of basic life support based 
on the latest guidelines to the general public 
might increase the practice of bystander cardio-
pulmonary resuscitation and improve neurologi-
cal outcomes.

What Are the Clinical Implications?
•	 The study’s findings suggested the impor-

tance of high-quality early chest compression 
skills and early 1-shock defibrillation protocols 
in improving favorable neurological survival at 
30 days after witnessed cardiac arrest from a 
shockable rhythm.

Nonstandard Abbreviations and Acronyms

BLS	 basic life support
CoSTR	 consensus on CPR and emergency 

cardiovascular care science with 
treatment recommendations

FDMA	 fire and disaster management agency
OHCA	 out-of-hospital cardiac arrest
ROSC	 return of spontaneous circulation
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guidelines, which have been updated every 5 years 
based on international CPR recommendations.5–8 
There is standardization across all EMS systems in 
spite of regions in Japan.

A subcommittee of resuscitation science in the 
Japanese Circulation Society conducted this study with 
approval from the ethics committee at Nihon University 
Hospital on February 10, 2011 (the Institutional Review 
Board number is 110202). The design of this clinical 
trial was a prospective, observational study registered 
on a public website of the trial registry named “UMIN-
CTR” at the URL https://​upload.​umin.​ac.​jp/​ (the UMIN-
CTR number is UMIN000009918).3,22 The requirement 
of written informed consent from recruited patients 
was waived. A subcommittee of resuscitation science 
in the Japanese Circulation Society was provided with 
the trial registry data after the prescribed governmental 
legal procedures were followed. We analyzed deidenti-
fied and anonymized data only.19

The EMS system in Japan has been described 
in previous papers.3,13,21,22 Briefly, Japan had a pop-
ulation of 126 million in 2021, and 34.7% of the total 
Japanese population lived in the Kanto region 
(Figure S2).23 Nationally, in 2021, there were 724 mu-
nicipally governed fire stations with dispatch centers 
operating around the clock. Regardless of rurality or 
population density, there is standardization of CPR 
protocols across all EMS systems in Japan.3,13,22 Each 
ambulance had 3 EMS responders, including at least 
1 emergency life-saving technician certified to insert 
intravenous lines and adjunct airways, but did not in-
clude any physicians. Specially trained emergency 
life-saving technicians have been permitted to insert 
endotracheal tubes since July 2004 and administer 
epinephrine intravenously since April 2006. EMS re-
sponders were not permitted to terminate resuscita-
tion in the emergency field. Thus, most patients with 
OHCA who were treated by EMS responders were 
transported to a hospital and registered in this registry 
except those with decapitation, incineration, decom-
position, rigor mortis, or dependent cyanosis.21

Data elements were collected prospectively based 
on the Utstein guidelines.10 All event times were syn-
chronized with the dispatch center clock. EMS re-
sponders documented whether the patient who had 
OHCA was witnessed by bystanders or EMS respond-
ers, the presence, or absence of EMS-dispatcher 
telephone CPR instruction, the presence, or absence 
of bystander CPR, and bystander CPR techniques 
(chest compressions with or without rescue breath-
ing, unidentified technique, and so on). The initial car-
diac arrest rhythm was classified as a shockable or 
a nonshockable rhythm, including pulseless electrical 
activity, asystole, and uncertain rhythm, based on an 
automated external defibrillator analysis. Patients re-
ceiving citizen-delivered shocks using public-access 

defibrillators were classified as having a shockable 
rhythm. Prehospital ROSC was defined as any palpa-
ble spontaneous pulse achieved before hospital ar-
rival under cardiac rhythm monitoring. The cause of 
arrest was determined clinically by the physicians in 
charge after hospital arrival. Resuscitation outcomes 
were collected by the receiving hospital physicians in 
collaboration with EMS responders. For patients dis-
charged alive, the 30-day neurological outcome was 
determined in a follow-up interview. The data form was 
filled out by the EMS personnel in cooperation with the 
physicians in charge, and data were integrated into the 
registry system on the FDMA database server, then 
logically checked by the computer system.

Study Patients
From the All-Japan Utstein Registry between January 
1, 2005 and December 31, 2015, we included adult 
patients with OHCA witnessed by bystanders or EMS 
responders and whose initial cardiac arrest was a 
shockable heart rhythm. Patients were divided into 
the following 3 eras according to the onset year: 
Guidelines 2000 era, patients with onset occurring 
from January 1, 2005 to December 31, 2005; CoSTR 
2005 era, patients with onset occurring from January 
1, 2006 to December 31, 2010; and CoSTR 2010 era, 
patients with onset occurring from January 1, 2011 to 
December 31, 2015. The exclusion criteria included pa-
tients aged <18 years or with an unidentified age, had 
nonshockable OHCA, or unidentified arrest rhythm, 
had unwitnessed OHCA, or unidentified witnessed 
status, had unidentified bystander CPR, or had no re-
suscitation attempted.

The study patients were divided into the following 2 
groups according to the witnessed status: bystander- 
and EMS-responder-witnessed groups (patients with 
OHCA after the arrival of an EMS responder). We com-
pared each onset year from 2005 to 2015. As subgroup 
analyses, in the bystander-witnessed group, we exam-
ined the outcomes of patients who received bystander 
chest-compression-only CPR, dispatcher CPR in-
struction, advanced airway management, or epineph-
rine administration. In the EMS-responder-witnessed 
group, we examined the outcomes of patients who 
received defibrillation <2 minutes or 2 to 4 minutes of 
intervals from collapse to the first defibrillation, or by 
biphasic waveform defibrillator. Arrests were further 
classified as occurring from cardiac causes, including 
acute coronary syndrome, heart failure, arrhythmia, 
and myocarditis, and noncardiac causes.

Role of the Funding Source
There was no funding source for this study. The im-
plementation working group for the All-Japan Utstein 
Registry of the FDMA designed the study protocol, and 

https://upload.umin.ac.jp/
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the FDMA collected and managed the data. The FDMA 
had no role in the analysis or interpretation of the data, 
nor in writing this report. All authors had full access to 
all data from the All-Japan Utstein Registry, which is a 
publicly accessible open database. The correspond-
ing author had the ultimate responsibility for the deci-
sion to submit the study for publication. We prepared 
the manuscript according to the Strengthening the 
Reporting of Observational Studies in Epidemiology 
guidelines.

End Points
The primary end point was a favorable neurologi-
cal outcome at 30 days after OHCA, defined as a 
Cerebral Performance Category 1 (good performance) 
or 2 (moderate disability) on a 5-category scale.10 
Unfavorable neurological outcomes were defined as 
Cerebral Performance Category 3 (severe disabil-
ity), 4 (vegetative state), or 5 (death). The secondary 
outcomes included prehospital ROSC and survival 
(Cerebral Performance Category 1–4) at 30 days after 
OHCA.

Statistical Analysis
The patients’ baseline characteristics and crude study 
outcomes were compared by using the χ2 test and 
Kruskal–Wallis rank test for categorical and continu-
ous variables, respectively. We excluded cases with 
missing data. Multivariable logistic regression analyses 
were done for independent predictors of resuscitation, 
including enrollment year as a primary exposure vari-
able. The potential confounding factors were chosen 
based on biological plausibility and previous studies 
and were included in the multivariable logistic regres-
sion analysis.3,13,21,22 The other covariates were age, 
sex, collapse-to-first-defibrillation interval (minutes), 
dispatcher CPR instruction (presence or absence), 
bystander CPR status (chest compression-only CPR, 
conventional CPR, or no CPR), defibrillation by public-
access defibrillator (presence or absence), waveform 
of a defibrillator of an EMS responder (biphasic or 
monophasic waveform), airway management by an 
EMS responder (basic airway management alone or 
advanced airway management after basic airway man-
agement), intravenous administration of epinephrine by 
an EMS responder (presence or absence), cause of 
cardiac arrest (cardiac or noncardiac cause), and 8 dis-
tricts of Japan where the arrest occurred (Figure S2), 
as appropriate. Additionally, these multivariate analy-
ses were also performed for the subgroups of patients 
stratified by the above-mentioned main CPR maneu-
vers updates of each witnessed group. Odds ratios, 
95% CIs, and P values were calculated in the multi-
variable analysis. All hypothesis tests were 2-sided, 
with a significance level set at <0.05. All analyses were 

performed using the SPSS software package (version 
25.0 J, SPSS, IBM, Chicago, IL).

RESULTS
Patient Population and Baseline 
Characteristics
Between January 1, 2005 and December 31, 2015, 
1 273 933 patients with OHCA received CPR by EMS 
responders and were subsequently transported to the 
hospital (Figure 1). Of these, 1 200 355 (94.2%) met the 
exclusion criteria, mostly based on an initial nonshock-
able OHCA. This study included 73 578 adult patients 
with witnessed shockable OHCA, comprising 61 080 
(83.0%) patients witnessed by bystanders and 12 498 
(17.0%) by EMS responders. This study had occasional 
missing data about age, initial heart rhythm, witness 
status, and 30-day neurological outcomes, and some 
subjects who were excluded had >1 missing data point. 
Only 4 patients in the bystander-witnessed group and 
1 patient in the EMS-witnessed group were missing 
30-day neurological outcomes. In the bystander-
witnessed group (Table 1), the baseline characteristics 
differed year by year; the rate of EMS-dispatcher CPR 
instruction, dispatcher-assisted CPR, bystander chest-
compression-only CPR, public-access defibrillator, 
and intravenous epinephrine increased year by year, 
and the rate of bystander airway management de-
creased year by year. In the EMS responder-witnessed 
group (Table 2), similar results were seen.

Outcomes
In both of the witnessed groups, each crude study 
outcome (prehospital ROSC, 30-day survival, and fa-
vorable 30-day neurological outcome) increased year 
by year (Figure  2). Figure  3 shows the results of the 
multivariable logistic regression analyses for independ-
ent predictors of resuscitation stratified by witnessed 
status. In the bystander-witnessed group (Figures 3A), 
the adjusted odds ratios for favorable neurological out-
comes in the patients by enrollment year increased 
year by year (1.19 in 2006 [95% CI, 1.03–1.37; P=0.015], 
and 3.01 in 2015 [95% CI, 2.63–3.46; P <0.001]), com-
pared with the patients in 2005 of the Guidelines 2000 
era. The other independent predictors were age, sex, 
bystander CPR status, public-access defibrillator, 
collapse-to-first-defibrillation interval, biphasic wave-
form defibrillator, advanced airway management, epi-
nephrine administration, cardiac cause, and districts 
of Japan. In the EMS-responder-witnessed group 
(Figure 3B), the adjusted odds ratios for favorable 30-
day neurological outcomes in the patients by enroll-
ment year increased year by year (0.89 in 2006 [95% 
CI, 0.70–1.13; P=0.344], and 1.58 in 2015 [95% CI, 
1.26–1.99; P <0.001]), compared with the patients 
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in 2005 of the Guidelines 2000 era. The other inde-
pendent predictors were age, sex, collapse-to-first-
defibrillation interval, advanced airway management, 
epinephrine administration, cardiac cause, and dis-
tricts of Japan.

Outcomes in the Subgroups
Figure 4 shows the adjusted odds ratios for favorable 
30-day neurological outcomes in the subgroups of 
patients stratified by changes in CPR maneuvers. In 
the bystander-witnessed subgroups of cases receiv-
ing chest-compression-only CPR, EMS-dispatcher 
CPR instruction, or advanced airway management 
(Figure 4A), the adjusted odds ratios for favorable 30-
day neurological outcomes increased year by year (ref-
erence, 2005 of the Guidelines 2000 era), but cases 
receiving epinephrine had no neurological improve-
ment. In the EMS-responder-witnessed subgroups of 
cases where defibrillation was delivered in <2 minutes 
of collapse or using biphasic waveform defibrillators 

(Figure 4B), the adjusted odds ratios for favorable 30-
day neurological outcomes increased year by year (ref-
erence, 2005 of the Guidelines 2000 era), but cases 
receiving the first defibrillation from 2 to 4 minutes after 
collapse showed no neurological improvement over 
time.

DISCUSSION
This is the first nationwide study to compare the com-
prehensive effects of CPR maneuvers based on the 
Guidelines 2000, CoSTR 2005, and 2010 for patients 
with witnessed shockable OHCA over 11 years. Our 
data showed that systematic implementation of the 
international CPR maneuver guideline updates was 
associated with improved neurologically intact sur-
vival year by year (Figures 2 and 3). Data from cases in 
the final year (2010 or 2015) of each specified CoSTR 
era (when rescuers were considered to have acquired 
mastery of the era’s CPR algorithm) demonstrated 

Figure 1.  Study profile.
CoSTR indicates international consensus on cardiopulmonary resuscitation and emergency cardiovascular care science with 
treatment recommendations; CPR, cardiopulmonary resuscitation; EMS, emergency medical service; PEA, pulseless electrical 
activity; and ROSC, return of spontaneous circulation.
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higher neurologically intact survival among each year 
cases in each CoSTR era (Figures 2 and 3). These find-
ings suggested that optimal performance of the era’s 
CPR skills contributed to the high neurologically intact 
survival rate, and time was required to disseminate and 
learn best practices.

Citizen CPR
In the multivariate analysis (Figure  3), degrees of im-
provements in neurologically intact survival were 
greater in the bystander-witnessed group than in the 
EMS-responder-witnessed group. In the bystander-
witnessed group (Figure  3A), CPR maneuvers based 
on CoSTR 2005 and 2010 were associated with im-
provement of the neurologically intact survival year by 
year when compared with those maneuvers based on 
the Guidelines 2000. The implementation of bystander 
CPR also increased year by year (Table 1). Moreover, the 
subgroup receiving bystander chest-compression-only 
CPR had improved neurologically intact survival year by 
year (Figure 4A). This result might be associated with 
an increase in the number of students attending BLS 
training year by year for the study period.15 Although 
in 2005, the number of students attending BLS train-
ing held by FDMA was 1 215 985 per year, in 2015, the 
number of these students was 1 849 445.15 Therefore, 
the dissemination of BLS based on the latest guidelines 
to the general public might increase the practice of by-
stander CPR and improve neurologic outcomes. These 
findings suggested that compliance with each recom-
mendation for the quality of early chest compressions 
improved cerebral perfusion during CPR.

Early Defibrillation
In contrast, in the EMS-responder-witnessed group 
(Figure  3B), CPR maneuvers based on the CoSTR 
2005 were not associated with improvement in neu-
rological outcomes. However, CPR maneuvers based 
on CoSTR 2010 were associated with improved neu-
rologically intact survival (Figure  3B). That is, CPR 
maneuvers recommended in CoSTR 2010 may have 
provided superior cerebral perfusion when compared 
with those in CoSTR 2005. In addition, our results 
showed that the median interval from collapse to defi-
brillation was shorter in the EMS-responder-witnessed 
group than in the bystander-witnessed group (1–2 min-
utes versus 11–12 minutes, Tables  1 and 2). In the 
EMS-responder-witnessed group, cases receiving first 
defibrillation shorter than 2 minutes after collapse had 
neurological improvement, while cases receiving first 
defibrillation from 2 to 4 minutes after collapse had no 
neurological improvement over the CoSTR 2005 and 
2010 eras (Figure 4B). In other words, early defibrilla-
tion was paramount to improvements in neurologically 
intact survival.

P
 v

al
u

e 
fo

r 
tr

en
d

Y
ea

r
20

05
20

0
6

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

C
hu

go
ku

27
3 

(6
.1

)
30

5 
(6

.0
)

24
9 

(4
.9

)
34

9 
(6

.4
)

35
0 

(6
.0

)
34

8 
(5

.9
)

32
1 

(5
.5

)
27

0 
(4

.6
)

31
2 

(5
.1

)
28

8 
(5

.0
)

28
4 

(5
.0

)

S
hi

ko
ku

13
2 

(2
.9

)
16

1 
(3

.2
)

14
7 

(2
.9

)
16

1 
(2

.9
)

17
2 

(3
.0

)
14

7 
(2

.5
)

15
5 

(2
.7

)
14

6 
(2

.5
)

17
0 

(2
.8

)
14

6 
(2

.5
)

14
6 

(2
.6

)

K
yu

sh
u

42
8 

(9
.5

)
50

1 
(9

.9
)

60
9 

(1
2.

0)
61

0 
(1

1.
0)

61
7 

(1
0.

6)
64

2 
(1

0.
9)

64
0 

(1
1.

0)
60

3 
(1

0.
2)

52
2 

(8
.6

)
58

7 
(1

0.
1)

62
4 

(1
1.

0)

Ti
m

e 
in

te
rv

al
 fr

om
 (m

in
)§

C
ol

la
ps

e 
to

 c
al

l 
re

ce
ip

t
2 

(0
–4

)
2 

(0
–4

)
2 

(0
–4

)
2 

(0
–4

)
2 

(0
–4

)
2 

(0
–3

)
2 

(0
–4

)
2 

(0
–4

)
2 

(0
–4

)
2 

(0
–4

)
2 

(0
–4

)
<

0.
00

1

C
al

l r
ec

ei
pt

 to
 s

ce
ne

6 
(4

–8
)

6 
(5

–8
)

6 
(5

–8
)

6 
(5

–8
)

7 
(5

–8
)

7 
(5

–9
)

7 
(5

–9
)

7 
(5

–9
)

7 
(5

–9
)

7 
(5

–9
)

7 
(5

–9
)

<
0.

00
1

C
ol

la
ps

e 
to

 fi
rs

t 
d

ef
ib

ril
la

tio
n

11
 (8

–1
5)

11
 (8

–1
4)

12
 (9

–1
5)

12
 (9

–1
5)

12
 (9

–1
5)

12
 (9

–1
5)

12
 (9

–1
5)

12
 (9

–1
5)

12
 (9

–1
6)

12
 (9

–1
5)

12
 (9

–1
5)

<
0.

00
1

S
ce

ne
 to

 h
os

p
ita

l 
ar

riv
al

22
 (1

7–
28

)
22

 (1
7–

29
)

23
 (1

8
–2

9)
23

 (1
8

–2
9)

23
 (1

8
–3

0)
24

 (1
8

–3
0)

24
 (1

8
–3

1)
24

 (1
9

–3
1)

24
 (1

9
–3

1)
24

 (1
9

–3
1)

24
 (1

9
–3

1)
<

0.
00

1

*V
al

ue
s 

ar
e 

m
ed

ia
n 

(in
te

rq
ua

rt
ile

 r
an

ge
) o

r 
nu

m
er

at
or

/t
ot

al
 n

um
b

er
 (%

). 
C

P
R

 in
d

ic
at

es
 c

ar
d

io
p

ul
m

on
ar

y 
re

su
sc

ita
tio

n;
 a

nd
 E

M
S

, e
m

er
ge

nc
y 

m
ed

ic
al

 s
er

vi
ce

.
† C

P
R

 r
ef

er
s 

to
 c

he
st

 c
om

p
re

ss
io

ns
 w

ith
 o

r 
w

ith
ou

t r
es

cu
e 

b
re

at
hi

ng
s.

‡ N
o.

/t
ot

al
 n

o.
 o

f E
M

S
 d

is
pa

tc
he

r 
C

P
R

 in
st

ru
ct

io
n.

§ T
ot

al
 n

um
b

er
 o

f 
pa

tie
nt

s 
ca

lc
ul

at
in

g 
tim

e 
in

te
rv

al
s;

 6
0 

19
0 

in
 t

he
 c

ol
la

ps
e-

to
-c

al
l-r

ec
ei

pt
 in

te
rv

al
; 

61
 0

32
 in

 t
he

 c
al

l-r
ec

ei
pt

-t
o-

sc
en

e 
in

te
rv

al
, 

54
 2

98
 in

 t
he

 c
ol

la
ps

e-
to

-f
irs

t-
d

ef
ib

ril
la

tio
n 

in
te

rv
al

, 
an

d 
60

 7
96

 in
 t

he
 

sc
en

e-
to

-h
os

p
ita

l-a
rr

iv
al

 in
te

rv
al

.

Ta
b

le
 1

. 
C

o
n

ti
n

u
e

d



J Am Heart Assoc. 2024;13:e031394. DOI: 10.1161/JAHA.123.031394� 8

Yagi et al� Impact of Updating CPR Guidelines

Ta
b

le
 2

. 
B

as
el

in
e 

C
h

a
ra

c
te

ri
st

ic
s 

o
f 

th
e 

P
at

ie
n

ts
 W

it
h 

E
M

S
-R

es
p

o
n

d
e

r-
W

it
n

es
se

d
 S

h
o

ck
a

b
le

 C
a

rd
ia

c 
A

rr
es

t 
(S

h
o

ck
a

b
le

 A
rr

es
t 

A
ft

e
r 

A
rr

iv
a

l o
f 

E
M

S
 R

es
p

o
n

d
e

rs
) 

(n
=1

2 
49

8)
*

P
 v

al
u

e 
fo

r 
tr

en
d

Y
ea

r
20

05
20

0
6

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

n=
10

80
97

8
10

30
10

67
11

28
12

33
11

94
11

79
11

68
12

57
11

84

A
ge

 (y
)

69
 (5

8
–7

9)
69

 (5
7–

79
)

69
 (5

6
–7

8)
68

 (5
8

–8
0)

69
 (5

8
–8

0)
69

 (5
8

–7
9)

69
 (5

9
–8

0)
70

 (6
0

–8
1)

70
 (5

8
–8

0)
70

 (5
9

–8
0)

70
 (5

9
–8

1)
0.

11
8

M
al

e 
se

x
76

7 
(7

1.
0)

71
7 

(7
3.

3)
74

0 
(7

1.
8)

73
7 

(6
9.

1)
81

6 
(7

2.
3)

88
6 

(7
1.

9)
84

3 
(7

0.
6)

83
6 

(7
0.

9)
80

7 
(6

9.
1)

87
6 

(6
9.

7)
86

0 
(7

2.
6)

0.
36

0

C
ar

d
ia

c 
ca

us
e

80
8 

(7
4.

8)
75

5 
(7

7.
2)

79
3 

(7
7.

0)
84

8 
(7

9.
5)

92
0 

(8
1.

6)
92

2 
(8

0.
5)

95
2 

(7
9.

7)
94

4 
(8

0.
1)

93
6 

(8
0.

1)
10

31
 (8

2.
0)

98
9 

(8
3.

5)
<

0.
00

1

B
ip

ha
si

c 
w

av
ef

or
m

 
d

ef
ib

ril
la

to
rs

41
1 

(3
8.

1)
53

7 
(5

4.
9)

68
0 

(6
6.

0)
80

2 
(7

5.
2)

91
1 

(8
0.

8)
10

60
 (8

6.
0)

10
64

 (8
9.

1)
10

61
 (9

0.
0)

10
30

 (8
8.

2)
11

17
 (8

8.
9)

10
68

 (9
0.

2)
<

0.
00

1

P
re

ho
sp

ita
l a

d
va

nc
e 

lif
e 

su
p

p
or

t

A
d

va
nc

ed
 a

irw
ay

 
m

an
ag

em
en

t
24

3 
(2

2.
5)

22
8 

(2
3.

3)
23

8 
(2

3.
1)

19
9 

(1
8.

7)
22

3 
(1

9.
8)

22
8 

(1
8.

5)
22

8 
(1

9.
1)

21
4 

(1
8.

2)
23

8 
(2

0.
4)

20
5 

(1
6.

3)
18

0 
(1

5.
2)

<
0.

00
1

In
tr

av
en

ou
s 

ep
in

ep
hr

in
e

1 
(0

.1
4 

(0
.4

)
37

 (3
.6

)
45

 (4
.2

)
75

 (6
.6

)
93

 (7
.5

)
12

4 
(1

0.
4)

13
1 

(1
1.

1)
13

9 
(1

1.
9)

15
0 

(1
1.

9)
13

2 
(1

1.
1)

<
0.

00
1

D
is

tr
ic

t
<

0.
00

1

H
ok

ka
id

o
56

 (5
.2

)
37

 (3
.8

)
57

 (5
.5

)
62

 (5
.8

)
53

 (4
.7

)
51

 (4
.1

)
65

 (5
.4

)
69

 (5
.9

)
64

 (5
.5

)
73

 (5
.8

)
48

 (4
.1

)

To
ho

ku
10

1 
(9

.4
)

78
 (8

.0
)

95
 (9

.2
)

87
 (8

.2
)

99
 (8

.8
)

10
2 

(8
.3

)
10

4 
(8

.7
)

74
 (6

.3
)

10
0 

(8
.6

)
11

1 
(8

.8
)

10
1 

(8
.5

)

K
an

to
36

7 
(3

3.
4)

32
5 

(3
3.

2)
36

5 
(3

5.
4)

37
2 

(3
4.

9)
35

9 
(3

1.
8)

40
8 

(3
3.

1)
36

6 
(3

0.
7)

42
1 

(3
5.

7)
42

6 
(3

6.
5)

47
7 

(3
7.

9)
41

5 
(3

5.
1)

C
hu

b
u

17
3 

(1
6.

0)
14

6 
(1

4.
9)

13
8 

(1
3.

4)
14

0 
(1

3.
1)

15
5 

(1
3.

7)
21

5 
(1

7.
4)

19
7 

(1
6.

5)
22

0 
(1

8.
7)

20
4 

(1
7.

5)
20

0 
(1

5.
9)

21
1 

(1
7.

8)

K
in

ki
17

2 
(1

5.
9)

17
6 

(1
8.

0)
20

1 
(1

9.
5)

18
1 

(1
7.

0)
22

8 
(2

0.
2)

22
7 

(1
8.

4)
21

4 
(1

7.
9)

21
0 

(1
7.

8)
16

0 
(1

3.
7)

17
1 

(1
3.

6)
17

8 
(1

5.
0)

C
hu

go
ku

72
 (6

.2
)

75
 (7

.7
)

47
 (4

.6
)

66
 (6

.2
)

79
 (7

.0
)

57
 (4

.6
)

69
 (5

.8
)

53
 (4

.5
)

66
 (5

.7
)

61
 (4

.9
)

69
 (5

.8
)

S
hi

ko
ku

28
 (2

.6
)

28
 (2

.9
)

35
 (3

.4
)

36
 (3

.4
)

36
 (3

.5
)

33
 (2

.7
)

36
 (3

.0
)

37
 (3

.1
)

35
 (3

.0
)

47
 (3

.7
)

35
 (3

.0
)

K
yu

sh
u

11
7 

(1
0.

8)
11

3 
(1

1.
6)

11
3 

(1
1.

6)
12

3 
(1

1.
5)

11
6 

(1
0.

3)
14

0 
(1

1.
4)

14
3 

(1
2.

0)
95

 (8
.1

)
11

3 
(9

.7
)

11
7 

(9
.3

)
12

7 
(1

0.
7)

Ti
m

e 
in

te
rv

al
 fr

om
 (m

in
)†

C
al

l r
ec

ei
pt

 to
 s

ce
ne

6 
(5

–8
)

6 
(4

–8
)

6 
(5

–8
)

6 
(5

–8
)

7 
(5

–9
)

7 
(5

–9
)

7 
(5

–9
)

7 
(5

–9
)

7 
(5

–9
)

7 
(6

–9
)

7 
(5

–1
0)

<
0.

00
1

C
ol

la
ps

e 
to

 fi
rs

t 
d

ef
ib

ril
la

tio
n

2 
(1

–4
)

1 
(1

–3
)

1 
(1

–3
)

1 
(1

–3
)

1 
(1

–3
)

1 
(1

–3
)

1 
(1

–3
)

1 
(1

–2
)

1 
(1

–3
)

1 
(1

–2
)

1 
(1

–2
)

<
0.

00
1

S
ce

ne
 to

 h
os

p
ita

l 
ar

riv
al

25
 (1

8
–3

4)
26

 (1
9

–3
4)

26
 (1

9
–3

6)
26

 (2
0

–3
6)

27
 (2

0
–3

6)
27

 (2
0

–3
6)

27
 (2

0
–3

6)
28

 (2
1–

39
)

28
 (2

0
–3

7)
29

 (2
2–

38
)

28
 (2

1–
37

)
<

0.
00

1

*V
al

ue
s 

ar
e 

m
ed

ia
n 

(2
5t

h–
75

th
 p

er
ce

nt
ile

) o
r 

nu
m

er
at

or
/t

ot
al

 n
um

b
er

 (%
). 

E
M

S
 in

d
ic

at
es

 e
m

er
ge

nc
y 

m
ed

ic
al

 s
er

vi
ce

.
† T

ot
al

 n
um

b
er

 o
f p

at
ie

nt
s 

ca
lc

ul
at

in
g 

tim
e 

in
te

rv
al

s;
 1

2 
48

3 
in

 th
e 

ca
ll-

re
ce

ip
t-

to
-s

ce
ne

 in
te

rv
al

, 1
1 

14
9 

in
 th

e 
co

lla
ps

e-
to

-f
irs

t-
d

ef
ib

ril
la

tio
n 

in
te

rv
al

, a
nd

 1
2 

36
5 

in
 th

e 
sc

en
e-

to
-h

os
p

ita
l-a

rr
iv

al
 in

te
rv

al
.



J Am Heart Assoc. 2024;13:e031394. DOI: 10.1161/JAHA.123.031394� 9

Yagi et al� Impact of Updating CPR Guidelines

Figure 2.  Crude study outcomes in patients with out-of-hospital shockable cardiac arrest stratified by witnessed status.
A, Bystander, (B) EMS-responder. In both witnessed groups, each crude study outcome (prehospital ROSC, 30-day survival, and 
favorable 30-day neurological outcome) increased year by year (P <0.001, respectively). CoSTR indicates international consensus 
on cardiopulmonary resuscitation and emergency cardiovascular care science with treatment recommendations; EMS, emergency 
medical service; and ROSC, return of spontaneous circulation.
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Figure 3.  Adjusted odds ratios for favorable 30-day neurological outcome after out-of-
hospital shockable cardiac arrest stratified by witnessed status.
A, Bystander, (B) EMS-responder. Data for multivariable logistic regression analysis were available 
for 88.8% (54 244/61 080) of the bystander-witnessed cardiac arrest cases and 89.2% (11 142/12 498) 
of the EMS-responder-witnessed cardiac arrest cases. CoSTR indicates international consensus 
on cardiopulmonary resuscitation and emergency cardiovascular care science with treatment 
recommendations; CPR, cardiopulmonary resuscitation; and EMS, emergency medical service.
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Figure 4.  Adjusted odds ratios for favorable 30-day neurological outcome in the subgroups of patients stratified by 
witnessed status.
A, Bystander, (B) EMS-responder. Adjusted odds ratio (95% CI) was significantly different (reference, 2005). CoSTR indicates international 
consensus on cardiopulmonary resuscitation and emergency cardiovascular care science with treatment recommendations; CPR, 
cardiopulmonary resuscitation; and EMS, emergency medical service.
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Advanced Life Support
In the bystander-witnessed subgroups of cases re-
ceiving advanced airway management (Figure 4A), the 
adjusted odds ratios for favorable 30-day neurological 
outcomes increased year by year. During the study pe-
riod, the number of emergency life-saving technicians 
increased from 17 091 to 32 813,24 and this increase 
might be associated with improved outcomes. In ad-
dition, this suggested that more advanced procedures 
might have contributed to the improvements. However, 
epinephrine administration after bystander-witnessed 
arrest was not associated with improvements in neu-
rologically intact survival over the 11-year-long study 
period (Figures 3A and 4A). A possible explanation for 
this finding is that shockable OHCA cases receiving 
prehospital epinephrine administration had more se-
vere pathophysiology, which remained refractory to 
treatment despite CPR maneuver improvements. After 
the publication of CoSTR 2015,8 which gave routine 
epinephrine administration a weak recommendation 
supported by very low-quality evidence, Perkins et al 
reported that epinephrine, when compared with pla-
cebo, increased the 30-day survival in patients with 
nonshockable OHCA but had unclear benefits in those 
with shockable OHCA.25 These findings suggest that 
further epinephrine studies for patients with shockable 
OHCA are needed. In the future, a detailed investiga-
tion of epinephrine administration would be a relevant 
research topic for shockable and nonshockable pa-
tients with OHCA enrolled in the All-Japan Utstein 
Registry.

Limitations
This study has several limitations. First, we did not 
perform a randomized controlled trial, so all conclu-
sions are limited to associations and causality cannot 
be determined. Second, although we planned to add 
an analysis of the CoSTR 2015 era (2016 to 2020), 
due to constraints related to the COVID-19 pandemic, 
the period of this nationwide study was ultimately set 
to 11 years (2005 to 2015). During an epidemic of in-
fectious diseases, such as COVID-19, resuscitation 
algorithms are significantly modified to protect CPR 
providers, and comparisons between 2020 data and 
previous years were not possible. Third, the qual-
ity of CPR affects the ROSC rates and neurological 
outcomes, but data on CPR quality were lacking. 
However, the changes in BLS maneuvers improved 
the neurological outcome, which suggests that those 
changes were associated with improvements in CPR 
quality. Although we excluded patients with nonshock-
able OHCA and/or who did not receive bystander CPR 
in this study, the results of such patients were similar 
to shockable patients with OHCA. Fourth, detailed in-
formation regarding ongoing CPR efforts after hospital 

arrival and detailed information on comorbidities were 
lacking. Although there was a vast array of cardiac 
causes, and they had dramatic differences in progno-
sis,26 we could not access detailed information on spe-
cific cardiac causes in this registry. Fifth, the details on 
postcardiac arrest care,9,27,28 including targeted tem-
perature management and extracorporeal CPR, were 
lacking. Regardless, any improvements resulting from 
advanced life support therapies are less substantial 
than the increases in the neurologically intact survival 
rates reported from successful deployment of citizen 
CPR and automated external defibrillator programs in 
the community. Finally, neurological outcomes were 
measured at 30 days after OHCA, but some patients 
might recover more gradually.29

CONCLUSIONS
In conclusion, compared with CPR maneuvers for 
shockable OHCA recommended in the Guidelines 
2000, CPR maneuver updates in CoSTR 2005 and 
2010 were associated with improved neurologically in-
tact survival year by year in Japan, which might have 
been due to increased public awareness and greater 
dissemination of BLS being responsible for improved 
outcomes. Even if the CPR guidelines were updated, 
however, there was no evidence of any benefit from the 
addition of epinephrine administration or delayed defi-
brillation. These findings suggested the importance of 
high-quality early chest compression skills and early 1-
shock defibrillation protocols. We consider that future 
studies on epinephrine are warranted.
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