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Abstract

Introduction: As emergency medical services (EMS) personnel in Japan are not allowed to perform termination of
resuscitation in the field, most patients experiencing an out-of-hospital cardiac arrest (OHCA) are transported to
hospitals without a prehospital return of spontaneous circulation (ROSC). As the crucial prehospital factors for
outcomes are not clear in patients who had an OHCA without a prehospital ROSC, we aimed to determine the
prehospital factors associated with 1-month favorable neurological outcomes (Cerebral Performance Category scale
1 or 2 (CPC 1–2)).

Methods: We analyzed the data of 398,121 adult OHCA patients without a prehospital ROSC from a prospectively
recorded nationwide Utstein-style Japanese database from 2007 to 2010. The primary endpoint was 1-month CPC
1–2.

Results: The rate of 1-month CPC 1–2 was 0.49%. Multivariate logistic regression analysis indicated that the
independent variables associated with CPC 1–2 were the following nine prehospital factors: (1) initial non-asystole
rhythm (ventricular fibrillation (VF): adjusted odds ratio (aOR), 9.37; 95% confidence interval (CI), 7.71 to 11.4;
pulseless ventricular tachycardia (VT): aOR, 8.50; 95% CI, 5.36 to 12.9; pulseless electrical activity (PEA): aOR, 2.75; 95%
CI, 2.40 to 3.15), (2) age <65 years (aOR, 3.90; 95% CI, 3.28 to 4.67), (3) arrest witnessed by EMS personnel (aOR, 2.82;
95% CI, 2.48 to 3.19), (4) call-to-hospital arrival time <24 minutes (aOR, 2.58; 95% CI, 2.22 to 3.01), (5) arrest witnessed
by any layperson, (6) physician-staffed ambulance, (7) call-to-response time <5 minutes, (8) prehospital shock
delivery, and (9) presumed cardiac cause. When four crucial key factors (with an aOR >2.0 in the regression model:
initial non-asystole rhythm, age <65 years, EMS-witnessed arrest, and call-to-hospital arrival time <24 minutes) were
present, the rates of 1-month CPC 1–2 and 1-month survival were 16.1% and 23.2% in initial VF, 8.3% and 16.7% in
pulseless VT, and 3.8% and 9.4% in PEA, respectively.

Conclusions: In OHCA patients transported to hospitals without a prehospital ROSC, nine prehospital factors were
significantly associated with 1-month CPC 1–2. Of those, four are crucial key factors: initial non-asystole rhythm,
age <65 years, EMS-witnessed arrest, and call-to-hospital arrival time <24 minutes.
Introduction
Out-of-hospital cardiac arrest (OHCA) is an increasing
public health concern in industrial countries [1-3].
Despite decades of research, the survival rates after an
OHCA have remained virtually unchanged in the last
three decades [3]. The outcomes of patients with OHCA
are associated with a multitude of variables, including
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age, comorbidities, initial recorded cardiac rhythm, and
other circumstances related to cardiac arrest, such as the
time to return of spontaneous circulation (ROSC) [4].
Two termination-of-resuscitation rules [5,6] for emer-

gency medical services (EMS) personnel in prehospital
settings have been introduced worldwide to predict sur-
vival from OHCA. These rules include five prehospital
predictors: arrest witnessed by a bystander, arrest wit-
nessed by EMS personnel, provision of cardiopulmonary
resuscitation (CPR) by a bystander, shockable cardiac
rhythm, and ROSC in the field. By far the most powerful
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criterion associated with survival from OHCA is ROSC
in the field, irrespective of the sophistication of the sub-
sequent in-hospital care [3]. However, the crucial pre-
hospital factors for long-term survival with meaningful
neurological outcomes in OHCA patients transported to
hospitals without prehospital ROSC are not clear.
This study aimed to determine the prehospital factors

that influence the 1-month favorable neurological out-
comes in patients transported to hospitals without a
prehospital ROSC after an OHCA.

Materials and methods
Study design and data source
The present investigation was a nationwide population-
based observational study of all adult patients (age ≥18 years)
for whom resuscitation had been attempted after an OHCA
in Japan between January 1 2007 and December 31 2010.
Cardiac arrest was defined as the cessation of cardiac mech-
anical activities, as confirmed by the absence of signs of cir-
culation [1]. The cause of arrest was presumed to be cardiac
unless evidence suggested external causes (trauma, hanging,
drowning, drug overdose, or asphyxia), respiratory diseases,
cerebrovascular diseases, malignant tumors, or any other
non-cardiac cause. The attribution of cause as non-cardiac
or cardiac was made by the physicians in charge in collabor-
ation with the EMS personnel. This study was approved by
the Ethical Committee of Kanazawa University. According
to the informed consent guidelines in Japan [7], it is un-
necessary to have informed consent from each patient to
use secondary data such as on this anonymous database.
Therefore, the requirement for written informed consent
was waived.

EMS system in Japan
Japan has approximately 127 million residents in an area
of 378,000 km2, approximately two-thirds of which is
uninhabited mountainous terrain [1,8,9]. Details about
the Japanese EMS system have been described previously
[1,8,9]. Briefly, municipal governments provide EMS
through approximately 800 fire stations with dispatch
centers. The Fire and Disaster Management Agency
(FDMA) of Japan supervises the nationwide EMS system
[1,8,9], whereas each local EMS system is operated by
the local fire station. Generally, an ambulance crew in-
cludes three EMS staff, including at least one emergency
life-saving technician (ELST) [1,9]. ELSTs are allowed to
use several resuscitation methods, including use of semi-
automated external defibrillators, insertion of a supra-
glottic airway device (laryngeal mask airway, laryngeal
tube, and esophageal-tracheal twin-lumen airway device),
insertion of a peripheral intravenous line, and administra-
tion of Ringer lactate solution [1,9]. Since July 2004, only
specially trained ELSTs are permitted to insert a tracheal
tube, and since April 2006 they have been permitted to
administer intravenous epinephrine in the field under the
instruction of an online physician [1,9]. All EMS providers
perform CPR according to the Japanese CPR guidelines
[10], based on the 2005 American Heart Association
guidelines [11], since October, 2006. As EMS personnel in
Japan are legally prohibited from terminating resuscitation
in the field, most OHCA patients receive CPR from EMS
providers and are transported to hospitals, except in cases
where fatality is certain [1]. Epinephrine use is imple-
mented according to the FDMA resuscitation guidelines
for ELSTs [10,12]. The guidelines allow ELSTs to attempt
intravenous access only twice, and each attempt must take
no longer than 90 s. The allowed dosage of epinephrine is
1 mg per attempt, and repeated doses may be adminis-
tered under a physician’s instruction.

Data collection and quality control
The FDMA launched a prospective population-based
observational study including all OHCA patients who
received EMS in Japan since January 2005 [1,9]. EMS
personnel at each center recorded the data for OHCA
patients with the cooperation of the physician in charge,
using an Utstein-style template [13]. The data were
transferred to their fire stations and were then integrated
into the registry system on the FDMA database server.
The data were checked for consistency by the computer
system and were confirmed by the FDMA. If the data
form was incomplete, the FDMA returned it to the re-
spective fire station, and the form was completed [1]. All
data were stored in the nationwide database developed
by the FDMA for public use. The FDMA provided per-
mission to analyze this database and provided all the
anonymous data to our research group. The main items
included in the dataset were as follows: sex, age, causes of
arrest (presumed cardiac origin or not), bystander witness
status, bystander CPR with or without automated external
defibrillator use, initial identified cardiac rhythm, bystander
category (that is, the presence or absence of a bystander, or
whether the bystander was a layperson or EMS personnel),
whether epinephrine was administered, whether advanced
airway management techniques (including endotracheal
tube, laryngeal mask airway, and esophageal-tracheal tube)
were used, whether ROSC was attained before arrival at
the hospital, time of the emergency call, time of vehicle ar-
rival at the scene, time of ROSC, time of vehicle arrival at
the hospital, time of epinephrine administration, 1-month
survival, and neurological outcome at 1 month after car-
diac arrest. The neurological outcome was defined using
the cerebral performance category (CPC) scale as follows:
category 1, good cerebral performance; category 2, moder-
ate cerebral disability; category 3, severe cerebral disability;
category 4, coma or vegetative state; and category 5, death
[13]. The CPC categorization was determined by the phys-
ician in charge. The call-to-response time was calculated as
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the time from the emergency call to the time of vehicle
arrival at the scene. The call-to-hospital arrival time was
calculated as the time from the emergency call to the time
of vehicle arrival at the hospital.

End points
The primary study end point was 1-month favorable
neurological outcome (defined as a CPC of 1 or 2) [13].
The secondary end point was survival at 1 month after
the OHCA.

Statistical analysis
Kolmogorov-Smirnov-Lilliefors tests were performed to
evaluate the distributions of continuous variables, and
we found that all continuous variables were not normally
distributed (all P-values <0.01). Therefore, the Wilcoxon
and Kruskal-Wallis tests for continuous variables and
the chi-square test for categorical variables were per-
formed to compare the characteristics or outcomes
between the cohorts. Multivariate logistic regression
analysis including 14 variables was performed to assess
the factors contributing to 1-month survival and 1-month
CPC 1 to 2 for all eligible patients. The 14 selected vari-
ables included year, age, sex, arrest witnessed by any
layperson, arrest witnessed by EMS personnel, bystander
CPR, presumed cause of arrest, initial cardiac rhythm, pre-
hospital shock delivery, advanced airway management,
physician-staffed ambulance, call-to-response time, call-
to-hospital arrival time, and prehospital epinephrine ad-
ministration for the model as an independent variable.
These models yielded concordance statistics of 0.78 for 1-
month survival and 0.84 for 1-month CPC 1 to 2, which
indicated good discrimination.
In the multivariate logistic regression analysis of

outcomes, we classified the following three continuous
variables into three categories according to the IQR of
each variable: age (<65 years, 65 to 85 years, >85 years), call-
to-response time (<5 minutes, 5 to 9 minutes, >9 minutes),
and call-to-hospital arrival time (<24 minutes, 24 to
37 minutes, >37 minutes).
Continuous variables are expressed as means and

standard deviations. Categorical variables are expressed
as percentages. As an estimate of effect size and variabil-
ity, we report odds ratios (ORs) with 95% (CIs. All statis-
tical analyses were performed using the JMP statistical
package version 10 (SAS Institute Inc., Cary, NC, USA).
All tests were two-tailed, and a value of P <0.05 was
considered statistically significant.

Results
During the 4-year study period, 461,633 patients were
documented in the database. We excluded patients with
any prehospital ROSC, no matter how transient, and
finally considered 398,121 (86.2%) patients eligible for
enrollment into this study. Figure 1 shows a flow dia-
gram depicting the inclusion and exclusion criteria for
subjects in the present study. The overall 1-month sur-
vival and favorable neurological outcome (CPC 1 to 2)
rates were 1.89% (n = 7,532) and 0.49% (n = 1,957),
respectively.
Table 1 shows the baseline characteristics of study pa-

tients according to 1-month survival after OHCA. No
significant difference was found in year and the use of
advanced airway management. Age, call-to-response
time, and call-to-hospital arrival time in the survival co-
hort were significantly lower than those in the death co-
hort (P <0.0001). The values of the other nine variables
in the survival cohort were significantly higher than
those in the 1-month death cohort (all P <0.0001, except
bystander CPR with P = 0.027).
Table 2 shows the baseline characteristics of the study

patients according to 1-month neurological outcomes
after OHCA. In the CPC 1 to 2 cohort, patients were ap-
proximately 10 years younger and a higher proportion
was male, as well as higher rates of bystander-witnessed
arrest, EMS-witnessed arrest, bystander CPR, presumed
cardiac cause, ventricular fibrillation (VF), prehospital
actual shock delivery, and physician-staffed ambulance
than those in the CPC 3 to 5 cohort (all P <0.0001,
except bystander CPR with P = 0.009). The number of
times advanced airway management was used in the
CPC 1 to 2 cohort was significantly less than that in the
CPC 3 to 5 cohort (P <0.0001). Call-to-response and
call-to-hospital arrival times in the CPC 1 to 2 cohort
were significantly shorter that those in the CPC 3 to 5
cohort by approximately 1 minute and 4 minutes, re-
spectively. There were no significant differences between
the two cohorts in the year or prehospital epinephrine
administration.
Table 3 shows the results of multivariate logistic re-

gression analysis including 14 variables to determine the
factors associated with 1-month survival and 1-month
CPC 1 to 2. Ten of the fourteen variables were associ-
ated with increased odds of survival. The highest
adjusted OR was initial VF rhythm with an OR of 5.50
(95% CI 4.96, 6.10) compared with initial asystole
rhythm. Other initial non-asystole rhythm types (pulse-
less ventricular tachycardia (VT): OR 4.58, 95% CI 3.40,
6.05; pulseless electrical activity (PEA): OR 2.38, 95% CI
2.24, 2.52) also had a strong association with survival
followed by call-to-hospital arrival time <24 minutes,
arrest witnessed by any layperson, and age <65 years. Of
the fourteen variables, nine variables were associated with
increased odds of CPC 1 to 2. The highest adjusted OR
was initial VF rhythm with an OR of 9.37 (95% CI 7.71,
11.4) compared with initial asystole rhythm. Other initial
non-asystole rhythm types (pulseless VT: OR 8.50, 95% CI
5.36, 12.9; PEA: OR 2.75, 95% CI 2.40, 3.15) also had a



n = 461,633

n = 7,856 Excluded Age <18 years or unknown

n = 28,978 Excluded
20,736 ECG data unknown
3,661 AED use unknown
3,194 Epinephrine administration unknown
1,280 Lack of time variables
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CPC unknown

Eligible patients (adult with OHCA without prehospital ROSC)

OHCA in Japan between January 1, 2007 and December 31, 2010

Due to insufficient information

Figure 1 Study profile with the selection of participants. AED, automated external defibrillator; CPC, cerebral performance category;
ECG, electrocardiogram; OHCA, out-of-hospital cardiac arrest; ROSC, return of spontaneous circulation.

Goto et al. Critical Care 2013, 17:R274 Page 4 of 10
http://ccforum.com/content/17/6/R274
strong association with survival followed by age <65 years,
arrest witnessed by EMS personnel, and call-to-hospital
arrival time <24 minutes.
Figure 2 shows the rates of crude 1-month survival

and 1-month CPC 1 to 2 according to the initial cardiac
rhythm. The rates of 1-month CPC 1 to 2 and 1-month
survival were 3.9% and 9.1% in initial VF, 3.3% and 7.4%
in initial pulseless VT, 0.68% and 3.2% in initial PEA,
and 0.15% and 1.89% in initial asystole, respectively.
We selected a prehospital variable as a crucial key

prehospital factor when the adjusted OR of each vari-
able was >2.0 in the multivariate logistic regression
model for 1-month CPC 1 to 2. There were four crucial
key factors that met the criterion: initial non-asystole
rhythm (VF, pulseless VT, and PEA), age <65 years, ar-
rest witnessed by EMS personnel, and call-to-hospital
arrival time <24 minutes. Figure 3 shows the rates of 1-
month outcomes according to the initial rhythm when
all four crucial key prehospital factors were present.
The rates of 1-month CPC 1 to 2 and 1-month survival
were 16.1% and 23.2% in initial VF, 8.3% and 16.7% in
initial pulseless VT, 3.8% and 9.4% in initial PEA, and
0% and 3.64% in initial asystole, respectively.

Discussion
In OHCA patients transported to hospitals without a
prehospital ROSC, the present analysis of >398,000 adult
patients with OHCA in Japan demonstrates that the
most crucial prehospital variable for favorable neuro-
logical outcomes at 1 month after OHCA was initial
non-asystole rhythm (VF, pulseless VT, and PEA)
followed by age <65 years, arrest witnessed by EMS
personnel, and call-to-hospital arrival time <24 minutes.
When all these four crucial key predictors for favorable
neurological outcomes were present, approximately one
of every six patients with initial VF rhythm had 1-month
favorable neurological outcomes after OHCA without
prehospital ROSC.
As EMS personnel in Japan are not allowed to perform

termination of resuscitation in the field [10], 93.7%
(398,121 of 424,799) of patients experiencing OHCA are
transported to hospital without a prehospital ROSC.
This enabled us to investigate in the present study a
large number of OHCA patients without a prehospital
ROSC. A meta-analysis by Sasson et al. [3] indicated
that ROSC in the field is the most powerful factor asso-
ciated with survival from OHCA followed by EMS-
witnessed arrest, initial VF/pulseless VT, bystander CPR,
bystander-witnessed arrest, and initial non-asystole rhythm.
In their paper, the pooled OR for survival to hospital
discharge in patients who achieved ROSC in the field
(versus those who did not) ranged from 20.96 (95% CI
7.43, 59.13) to 99.84 (95% CI 14.30, 696.89) according
to the baseline survival rates, and the rate for survival
to discharge after OHCA without prehospital ROSC
ranged from 0.1% to 1.8%. Therefore, the absence of
prehospital ROSC indicates that patients with OHCA
will not likely survive or will not have favorable neuro-
logical outcomes. As our 1-month survival rate of
OHCA patients without prehospital ROSC was 1.89%,
our results were consistent with high baseline survival-
rates in the study cohort of Sasson et al. [3]. Even in



Table 1 Baseline characteristics of the study patients according to 1-month survival

Characteristic Survival (n = 7,532) Death (n = 390,589) P-value

Year

2007 1,734 (23.0) 89,078 (22.8) 0.7152

2008 1,899 (25.2) 97,715 (25.0)

2009 1,861 (24.7) 98,802 (25.3)

2010 2,038 (27.1) 104,994 (26.9)

Age, years (median 77, IQR 65 to 85) 69.0 ± 16.2 73.8 ± 16.2 <0.0001

< 65 2,632 (34.9) 91,697 (23.5) <0.0001

65 to 85 3,875 (51.5) 204,762 (52.4)

> 85 1,025 (13.6) 94,130 (24.1)

Male 4,743 (63.0) 224,814 (57.6) <0.0001

Arrest witnessed by any layperson 5,112 (67.9) 140,948 (36.1) <0.0001

Arrest witnessed by EMS personnel 1,039 (13.8) 17,562 (4.5) <0.0001

Bystander CPR 3,429 (45.5) 172,815 (44.2) 0.0266

Presumed cardiac cause 4,444 (59.0) 218,477 (55.9) <0.0001

Initial cardiac rhythm

Ventricular fibrillation 2,144 (28.5) 21,352 (5.5) <0.0001

Pulseless ventricular tachycardia 54 (0.7) 673 (0.2)

Pulseless electrical activity 2,696 (35.8) 81,312 (20.8)

Asystole 2,638 (35.0) 287,252 (73.5)

Prehospital actual shock delivery 2,311 (30.7) 33,809 (8.7) <0.0001

Use of advanced airway management 2,414 (32.1) 125,583 (32.2) 0.889

Epinephrine administration 698 (9.3) 29,519 (7.6) <0.0001

Physician-staffed ambulance 282 (3.7) 8,132 (2.1) <0.0001

Call-to-response time, minutes (median 7, IQR 5 to 9) 6.6 ± 3.1 7.5 ± 3.8 <0.0001

< 5 1,608 (21.4) 63,019 (16.1) <0.0001

5 to 9 5,014 (66.6) 248,769 (63.7)

> 9 910 (12.1) 78,801 (20.2)

Call-to-hospital arrival time, minutes (median 30, IQR 24 to 37) 27.8 ± 11.1 31.9 ± 11.7 <0.0001

< 24 2,808 (37.3) 86,614 (22.2) <0.0001

24 to 37 3,817 (50.7) 216,927 (55.5)

> 37 907 (12.0) 87,048 (22.3)

Values are reported either as n (%) or mean ± standard deviation. CPC, cerebral performance category; CPR, cardiopulmonary resuscitation; EMS, emergency
medical service.
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such difficult conditions, the presence of the above-
mentioned four key factors would increase the rates of
survival and favorable neurological outcomes at
1 month after an OHCA. Especially, the rate of 1-
month CPC 1 to 2 in initial VF patients who also had
the other three key factors was approximately 4-fold
higher than that in patients who did not have those
factors (Figures 2 and 3).
The most important factor for an increased chance of

favorable neurological outcomes was initial non-asystole
rhythm, especially VF rhythm in OHCA patients without
prehospital ROSC. The percentage of initial VF rhythm
in our study subjects was 5.9% (n = 23,496). The crude
ORs of initial VF for the association with 1-month sur-
vival and 1-month CPC 1 to 2 (versus non-VF) were
6.88 (95% CI 6.53, 7.25) and 14.74 (95% CI 13.48, 16.13),
respectively. This implies that patients with initial VF
had approximately 15-fold higher increased chance of fa-
vorable neurological outcomes than patients without ini-
tial VF. The likelihood that the initial recorded rhythm
will be VF depends on the time interval since the onset
of arrest [14]. When cardiac arrest is witnessed by EMS,
as the time interval from collapse to the recording of ini-
tial cardiac rhythm may be minimum, the rates of initial



Table 2 Baseline characteristics of the study patients according to 1-month neurological outcomes

Characteristic CPC 1 to 2 (n = 1,957) CPC 3 to 5 (n = 396,164) P-value

Year

2007 428 (21.9) 90,384 (22.8) 0.391

2008 508 (26.0) 99,106 (25.0)

2009 475 (24.3) 100,188 (25.3)

2010 546 (27.9) 106,486 (26.9)

Age, years (median 77, IQR 65 to 85) 64.4 ± 16.3 73.7 ± 16.2 <0.0001

< 65 938 (47.9) 93,391 (23.6) <0.0001

65 to 85 861 (44.0) 207,776 (52.4)

> 85 158 (8.1) 94,997 (24.0)

Male 1,374 (70.2) 228,183 (57.6) <0.0001

Arrest witnessed by any layperson 1,430 (73.1) 144,630 (36.5) <0.0001

Arrest witnessed by EMS personnel 398 (20.3) 18,203 (4.6) <0.0001

Bystander CPR 924 (47.2) 175,320 (44.3) 0.009

Presumed cardiac cause 1,431 (73.1) 221,490 (55.9) <0.0001

Initial cardiac rhythm

Ventricular fibrillation 922 (47.1) 22,574 (5.7) <0.0001

Pulseless ventricular tachycardia 24 (1.2) 703 (0.2)

Pulseless electrical activity 573 (29.3) 83,435 (21.1)

Asystole 438 (22.4) 289,452 (73.1)

Prehospital actual shock delivery 938 (47.9) 35,182 (8.9) <0.0001

Use of advanced airway management 502 (25.7) 127,497 (32.2) <0.0001

Epinephrine administration 168 (8.6) 30,049 (7.6) 0.10

Physician-staffed ambulance 96 (4.9) 8,318 (2.1) <0.0001

Call-to-response time, minutes (median 7, IQR 5 to 9) 6.4 ± 3.2 7.5 ± 3.8 <0.0001

< 5 468 (23.9) 64,159 (16.2) <0.0001

5 to 9 1,290 (65.9) 252,493 (63.8)

> 9 199 (10.2) 79,512 (20.1)

Call-to-hospital arrival time, minutes (median 30, IQR 24 to 37) 28.1 ± 12.8 31.8 ± 11.6 <0.0001

< 24 774 (39.5) 88,648 (22.4) <0.0001

24 to 37 917 (46.9) 219,827 (55.5)

> 37 266 (13.6) 87,689 (22.1)

Values are reported either as n (%) or mean ± standard deviation. CPC, cerebral performance category; CPR, cardiopulmonary resuscitation; EMS, emergency
medical service.
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VF rhythm will be increased. In the present study, the
rate of initial VF rhythm in patients with EMS-
witnessed arrest was higher than that in patients with
non-EMS-witnessed arrest (7.6% (1408/18,601) versus
5.8% (22,088/379,519), P <0.0001). Accordingly, initial
VF rhythm and EMS-witnessed arrest seemed to be
closely associated with outcomes after OHCA without
prehospital ROSC.
The second most important factor was age <65 years.

Many studies have shown that the overall prognosis for
survival is worse for older patients [15-18]. However, it
is unknown whether comorbid disease is responsible for
worse prognosis in elderly patients with OHCA [19]. We
did not evaluate comorbid disease in this study because
of lack of information in the database. Moreover, arrests
in elderly persons less frequently present with VF as an
initial rhythm [15]. This may also worsen the outcomes
after OHCA. As termination of resuscitation in the field
is not permitted in Japan, almost all patients with
OHCA are transported to hospital. Accordingly, the
mean age of patients transported to the hospital in the
present study (mean 73.7 years, standard deviation 16.2)
was higher than that in the United States [15] (mean
64.0 years, standard deviation 18.2) and European



Table 3 Results of multivariate logistic regression analyses for variables associated with 1-month outcomes

Adjusted odds ratio (95% CI)

Variables One-month survival One-month CPC 1 to 2

Year

2007 Reference Reference

2008 1.04 (0.97, 1.11) 1.12 (0.98, 1.28)

2009 1.03 (0.97, 1.11) 1.07 (0.93, 1.22)

2010 1.15 (1.07, 1.24) 1.15 (1.00, 1.31)

Age, years

< 65 2.13 (1.97, 2.30) 3.90 (3.28, 4.67)

65 to 85 1.59 (1.48, 1.71) 2.00 (1.69, 2.40)

> 85 Reference Reference

Male 0.89 (0.85, 0.94) 0.95 (0.86, 1.06)

Arrest witnessed by any layperson 2.15 (2.04, 2.28) 1.90 (1.69, 2.13)

Arrest witnessed by EMS personnel 1.73 (1.60, 1.86) 2.82 (2.48, 3.19)

Bystander CPR 1.00 (0.96, 1.05) 1.04 (0.95, 1.14)

Presumed cardiac cause 0.87 (0.83, 0.91) 1.41 (1.26, 1.57)

Initial cardiac rhythm

Ventricular fibrillation 5.50 (4.96, 6.10) 9.37 (7.71, 11.4)

Pulseless ventricular tachycardia 4.58 (3.40, 6.05) 8.50 (5.36, 12.9)

Pulseless electrical activity 2.38 (2.24, 2.52) 2.75 (2.40, 3.15)

Asystole Reference Reference

Prehospital actual shock delivery 1.40 (1.28, 1.54) 1.61 (1.35, 1.91)

Use of advanced airway management 1.14 (1.07, 1.20) 0.79 (0.71, 0.89)

Epinephrine administration 0.97 (0.89, 1.05) 0.79 (0.67, 0.94)

Physician-staffed ambulance 1.46 (1.28, 1.65) 1.68 (1.35, 2.07)

Call-to-response time, minutes

< 5 1.29 (1.18, 1.41) 1.67 (1.40, 2.00)

5 to 9 1.24 (1.15, 1.34) 1.46 (1.25, 1.71)

> 9 Reference Reference

Call-to-hospital arrival time, minutes

< 24 3.19 (2.93, 3.46) 2.58 (2.21, 3.01)

24 to 37 1.74 (1.62, 1.88) 1.37 (1.19, 1.58)

> 37 Reference Reference

CPC, cerebral performance category; CPR, cardiopulmonary resuscitation; EMS, emergency medical service.
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countries [16,18]. Therefore, the beneficial association of
age with neurological outcomes may be reduced in other
countries where termination of resuscitation in patients
with refractory OHCA [5,6] is applied.
The third most important factor was EMS-witnessed

arrest. In this special situation, patients have called for
help before the cardiac arrest and thus, are able to re-
ceive good-quality resuscitation without delay. However,
the percentage of EMS-witnessed arrest in our study
subjects was only 4.7% (n = 18,601). An earlier observa-
tional study [20] indicated that over 60% of OHCA pa-
tients had symptoms prior to their cardiac arrest and
40% of such symptoms had been manifested at least
several minutes before cardiac arrest. Therefore, the im-
portance of early recognition of the prior signs of subse-
quent cardiac arrest and early activation of the EMS
systems should be more emphasized to increase the fre-
quency of EMS-witnessed arrest and achieve favorable
neurological outcomes.
The fourth most important factor was call-to-hospital

arrival time. Although call-to-hospital arrival time is
considered a surrogate to the overall length of prehospi-
tal CPR, this value is affected by many factors, including
call-to-response time, CPR time at the site by EMS
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personnel, distance from the site of arrest to the hos-
pital, and traffic congestion. In Japan, living in the rural
area was associated with an independent risk of delay in
ambulance response, and a low survival-rate in cases of
OHCA [8]. Although call-to-response time was an inde-
pendent factor associated with 1-month CPC 1 to 2, the
adjusted OR was less than that of call-to-hospital arrival
time in our analytic model (Table 3). This implies that
early transport to the hospital from the site is essential
for OHCA patients without prehospital ROSC and may
enable the implementation of more aggressive medica-
tions, such as assisted extracorporeal life support [21,22]
followed by mild therapeutic hypothermia [23,24].

Study limitations
The potential limitations of the current analysis are as
follows. First, our database lacked detailed data to make
further risk adjustment for outcomes, for example, co-
morbid disease of patients, location where the OHCA
occurred, quality of EMS personnel, the degree of re-
gional differences among EMS centers, in-hospital medi-
cation, and the availability of specialists in emergency
care (cardiologists). These deficient data were associated
with our study design of a retrospective record review.
Second, the categories for age, call-to-response time,
and call-to-hospital arrival time were made on the basis
of the IQR of each variable. However, such division
could not be generalized to other countries with differ-
ent EMS systems. Third, although we used a uniform
data collection procedure on the basis of the Utstein-
style guidelines for reporting cardiac arrest, a large sam-
ple size, and a population-based design, we cannot
exclude the possibility of uncontrolled confounders.
Fourth, as with all epidemiological studies, the integrity,
validity, and ascertainment bias of the data were poten-
tial limitations.

Conclusions
In OHCA patients transported to hospitals without a
prehospital ROSC, nine prehospital factors were signifi-
cantly associated with 1-month favorable neurological
outcomes. Of those, four are crucial key factors: (1)
initial non-asystole rhythm (VF, pulseless VT, and PEA);
(2) age <65 years; (3) EMS-witnessed arrest; and (4) call-
to-hospital arrival time <24 minutes.

Key messages

� We determined the prehospital factors that
influence 1-month favorable neurological outcomes
in patients transported to hospitals without a
prehospital ROSC after an OHCA, using a
prospectively recorded nationwide Utstein-style
Japanese database.
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� Nine prehospital factors were independently
associated with increased odds of 1-month favorable
neurological outcomes: (1) initial non-asystole rhythm
(VF, pulseless VT, and PEA); (2) age <65 years;
(3) arrest witnessed by EMS personnel; (4) call-to-
hospital arrival time <24 minutes; (5) arrest witnessed
by any layperson; (6) physician-staffed ambulance;
(7) call-to-response time <5 minutes; (8) prehospi-
tal shock delivery; and (9) presumed cardiac cause.

� When four crucial key factors (with an adjusted OR
of >2.0 in the multivariate logistic regression model
for 1-month CPC 1 to 2: initial non-asystole rhythm,
age <65 years, EMS-witnessed arrest, and call-to-
hospital arrival time < 24 minutes) were present, the
rates of 1-month CPC 1 to 2 and 1-month survival
were 16.1% and 23.2% in initial VF, 8.3% and 16.7% in
pulseless VT, and 3.8% and 9.4% in PEA, respectively.

Abbreviations
CPC: Cerebral performance category; CPR: Cardiopulmonary resuscitation;
ELST: Emergency life-saving technician; EMS: Emergency medical services;
FDMA: Fire and Disaster Management Agency; OHCA: Out-of-hospital cardiac
arrest; OR: Odds ratio; PEA: Pulseless electrical activity; ROSC: Return of
spontaneous circulation; VF: Ventricular fibrillation; VT: Ventricular tachycardia.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
YG and TM designed the study. YG, TM, and YN conducted data cleaning.
YG and YN analyzed the data. YG drafted the manuscript, and YN, and TM
contributed substantially to its revision. YG takes responsibility for the paper
as a whole. All authors approved the manuscript before submission.

Acknowledgments
We thank all the EMS personnel and participating physicians in Japan, and
the FDMA for their generous cooperation in establishing and maintaining
the database. This work was supported by grants from the Ministry of
Education, Culture, Sports, Science and Technology (no. 23659253).

Author details
1Section of Emergency Medicine, Kanazawa University Hospital, 13-1
Takaramachi, Kanazawa 920-8641, Japan. 2Department of Cardiology, Yawata
Medical Center, 12-7 I Yawata, Komatsu 923-8551, Japan.

Received: 2 August 2013 Accepted: 5 November 2013
Published: 20 November 2013

References
1. Kitamura T, Iwami T, Kawamura T, Nagao K, Tanaka H, Hiraide A, for the

Implementation Working Group for All-Japan Utstein Registry of the
Fire and Disaster Management Agency: Nationwide public access
defibrillation in Japan. N Engl J Med 2010, 362:994–1004.

2. Atwood C, Eisenberg MS, Herlitz J, Rea TD: Incidence of EMS-treated
out-of-hospital cardiac arrest in Europe. Resuscitation 2005, 67:75–80.

3. Sasson C, Rogers MAM, Dahl J, Kellermann AL: Predictors of survival from
out-of-hospital cardiac arrest: A systematic review and meta-analysis.
Cir Cardiovasc Qual Outcomes 2010, 3:63–81.

4. Nielsen N: Predictive scores, friend or foe for the cardiac patient.
Resuscitation 2012, 83:669–670.

5. Verbeek PR, Vermeulen MJ, Ali FH, Messenger DW, Summers J, Morrison LJ:
Derivation of a termination-of-resuscitation guideline for emergency
medical technicians using automated external defibrillators. Acad Emerg
Med 2002, 9:671–678.

6. Morrison LJ, Visentin LM, Kiss A, Theriault R, Eby D, Vermeulen M, Sherbino J,
Verbeek PR, for the TOR investigators: Validation of a rule for
termination of resuscitation in out-of-hospital cardiac arrest. N Engl J Med
2006, 355:478–487.

7. Ministry of Education Culture, Sports, Science and Technology of Japan/
Ministry of Health, Labor and Welfare of Japan: A guideline for epidemiology
studies [in Japanese]. [http://www.lifescience.mext.go.jp/files/pdf/37_139.pdf]
Accessed Feb 11, 2013.

8. Yasunaga H, Miyata H, Horiguch H, Tanabe S, Akahane M, Ogawa T, Koike S,
Imamura T: Polulation density, call-response interval, and survival of out-
of-hospital cardiac arrest. Int J Health Geogr 2011, 10:26.

9. Goto Y, Maeda T, Goto Y: Decision tree model for predicting outcomes
after out-of-hospital cardiac arrest in the emergency department.
Crit Care 2013, 17:R133.

10. Japan Resuscitation Council: Japanese guideline for emergency care and
cardiopulmonary resuscitation. 3rd edition. Tokyo: Health Shupansha; 2007.

11. American Heart Association: 2005 American Heart Association Guideline
for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care.
Circulation 2005, 112:IV 1–IV 203.

12. Tanigawa K, Ito Y, Kondo H, Sakamoto T, Shimizu N, Hase N, Hatanaka T,
Matsumoto N, Yoshida R, Marukawa S: Emergency care activities by ELSTs
based on Japanese guidelines for emergency care and CPR [in Japanese].
[http://kouroukaken-kyukyusosei.info/wpm/archivepdf/18-20/2_02.pdf]
Accessed Nov 16, 2012.

13. Jacobs I, Nadkami V, Bahr J, Berg RA, Billi JE, Bossaert L, Cassan P, Coovadia A,
D’Este K, Finn J, Halperin H, Handley A, Herlitz J, Hickey R, Idris A, Kloeck W,
Larkin GL, Mancini ME, Mason P, Mears G, Monsieurs K, Montgomery W, Morley P,
Nichol G, Nolan J, Okada K, Perlman J, Shuster M, Steen PA, Sterz F, et al:
Cardiac arrest and cardiopulmonary resuscitation outcome reports: update
and simplification of the Utstein templates for resuscitation registries: a
statement for healthcare professionals from a task force of the
International Liaison Committee on Resuscitation (American Heart
Association, European Resuscitation Council, Australian Resuscitation
Council, New Zealand Resuscitation Council, Heart and Stroke Foundation
of Canada, InterAmerican Heart Foundation, Resuscitation Councils of
Southern Africa). Circulation 2004, 110:3385–3397.

14. Holmberg M, Holmberg S, Herlitz J: Effect of bystander cardiopulmonary
resuscitation in out-of-hospital cardiac arrest patients in Sweden.
Resuscitation 2000, 47:59–70.

15. McNally B, Robb R, Mehta M, Vellano K, Valderrama AL, Yoon PW, Sasson C,
Crouch A, Perez AB, Merritt R, Kellermann A: Out-of-hospital cardiac arrest
surveillance – Cardiac Arrest Registry to Enhance Survival (CARES),
United States, October 1, 2005–December 31, 2010. MMWR Surveill Summ
2011, 60:1–19.

16. Herlitz J, Eek M, Engdahl J, Holmberg M, Holmberg S: Factors at
resuscitation and outcomes among patients suffering from out of
hospital cardiac arrest in relation to age. Resuscitation 2003, 58:309–317.

17. Mosier J, Itty A, Sanders A, Mohler J, Wendel C, Poulsen J, Shellenberger J,
Clark L, Bobrow B: Cardiocerebral resuscitation is associated with
improved survival and neurologic outcome from out-of-hospital cardiac
arrest in elders. Acad Emerg Med 2010, 17:269–275.

18. Peskot M, Hazukova R, Stritecka H, Cermakova E: Five-year survival of
patients after out-of-hospital cardiac arrest depending on age. Arch
Gerontol Geriatr 2011, 3:e88–e92.

19. van de Glind EM, van Munster BC, van de Wetering FT, van Delden JJ,
Scholten RJ, Hooft L: Pre-arrest predictors of survival after resuscitation
from out-of-hospital cardiac arrest in the elderly a systematic review.
BMC Geriatr 2013, 13:68.

20. Nishiyama C, Iwami T, Kawamura T, Kitamura T, Tanigawa K, Sakai T,
Hayashida S, Nishiuchi T, Hayashi Y, Hiraide A: Prodromal symptoms of
out-of-hospital cardiac arrests: a report from a large-scale population-
based cohort study. Resuscitation 2013, 84:558–563.

21. Chen YS, Lin JW, Yu HY, Ko WJ, Jerng JS, Chan WT, Chen WJ, Huang SC,
Chi NH, Wang CH, Chen LC, Tsai PR, Wang SS, Hwang JJ, Lin FY:
Cardiopulmonary resuscitation with assisted extracorporeal life-support
versus conventional cardiopulmonary resuscitation in adults with in-
hospital cardiac arrest: an observational study and propensity analysis.
Lancet 2008, 372:554–561.

22. Kagawa E, Dote K, Kato M, Sasaki S, Nakano Y, Kajikawa M, Higashi A, Itakura K,
Sera A, Inoue I, Kawagoe T, Ishihara M, Shimatani Y, Kurisu S: Should we
emergently revascularize occluded coronaries for cardiac arrest?
Rapid-response extracorporeal membrane oxygenation and intra-arrest
percutaneous coronary intervention. Circulation 2012, 126:1605–1613.

http://www.lifescience.mext.go.jp/files/pdf/37_139.pdf
http://kouroukaken-kyukyusosei.info/wpm/archivepdf/18-20/2_02.pdf


Goto et al. Critical Care 2013, 17:R274 Page 10 of 10
http://ccforum.com/content/17/6/R274
23. Hypothermia after Cardiac Arrest Study Group: Mild therapeutic
hypothermia to improve neurological outcome after cardiac arrest.
N Engl J Med 2002, 346:549–556.

24. Bernard SA, Gray TW, Buist MD, Jones BM, Silvester W, Gutteridge G, Smith K:
Treatment of comatose survivors of out-of-hospital cardiac arrest with
induced hypothermia. N Engl J Med 2002, 346:557–563.

doi:10.1186/cc13121
Cite this article as: Goto et al.: Neurological outcomes in patients
transported to hospital without a prehospital return of spontaneous
circulation after cardiac arrest. Critical Care 2013 17:R274.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Study design and data source
	EMS system in Japan
	Data collection and quality control
	End points
	Statistical analysis

	Results
	Discussion
	Study limitations

	Conclusions
	Key messages
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

