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and analyze information on in-hospital cardiac arrest and
resuscitation to understand the present status of in-hospital
cardiac arrest in Japan.

Methods

Design and Setting

The J-RCPR is a prospective multisite observational study of
in-hospital cardiac arrest and resuscitation in Japan. Because
the primary purpose of the J-RCPR is quality improvement,
participating hospitals are not required to obtain individual
informed consent, as is the case for the NRCPR. This study
was conducted in accordance with the ethical guidelines for
epidemiological studies and was approved by the Ethics Com-
mittee of the National Cerebral and Cardiovascular Center.

Data Collection

We designed the J-RCPR Data Collection software in a stan-
dardized format for the entering of information about each
cardiac arrest and distributed the J-RCPR software to the 12
hospitals that participated in this study. Data were accumu-
lated and registered between January 2008 and December
2009. The information was abstracted from hospital medical
records. The database on in-hospital cardiac arrest and resus-
citation was defined according to the international standard
from the Utstein in-hospital guidelines.*!! Each patient was
assigned a unique code, and no specific patient identifiers
were transmitted to the central database repository. The data
were submitted on diskette or sent by encrypted transmission
over the secure Internet.

Case Inclusion and Exclusion Criteria for the J-RCPR

The eligibility criteria for enrollment of patients who experi-
enced in-hospital cardiac arrest in the J-RCPR were: (1) all
victims (adult, pediatric and neonatal) of in-hospital cardiac
arrest that required chest compression or electrical defi-
brillation, or both, that elicited an emergency resuscitation
response by facility personnel and resulted in a resuscitation
record, (2) all in-hospital cardiac arrests that occurred not
only in hospitalized patients, but also in outpatients, visitors,
employees, and staff in a hospital, (3) out-of-hospital cardiac
arrest patients transported to hospital, or an event that began
outside the facility, spontaneous circulation was maintained
for 20min or more after hospital arrival, but cardiac arrest
occurred again. Cardiac arrest was defined as cessation of
cardiac mechanical activity, determined by the absence of
a palpable central pulse, unresponsiveness, and abnormal
respiration (apnea or gasping). Patients who had not had
an attempt at resuscitation or who had defibrillation of ven-
tricular fibrillation (VF) or pulseless ventricular tachycardia
(VT) only by an implantable cardioverter-defibrillator were
excluded. In this article, cardiac arrests occurring in operat-
ing rooms or in children <18 years of age were excluded,
because of the different pathologies involved in these cases.

Major Categories

Data in the J-RCPR were collected in 6 major categories of
variables: facility data, patient demographic data, pre-event
data, event data, outcome data, and quality improvement data.

(1) Facility data: number of total beds in the hospital and
number of intensive care unit (ICU) beds.

(2) Patient demographic data: major reason for hospital
admission was classified as cardiac, such as acute coronary
syndromes (ACS), arthythmia, congestive heart failure, car-
diomyopathy, aortic disease (acute aortic dissection or aortic

aneurysm), and noncardiac, such as respiratory disease, cere-
brovascular disease, renal failure, and other. In the in-hospi-
tal Utstein style, summary categories were used, because full
clinical details and diagnoses may not be immediately avail-
able to the event team.

(3) Pre-event data: information on the situation before the
onset of in-hospital cardiac arrest (direct cause of the arrest
and the recorded status at the last confirmation prior to the
occurrence of the arrest) was registered. The immediate cause
of in-hospital cardiac arrest (single or multiple choice), pres-
ent within 1h before arrest, was classified as arrhythmia, acute
respiratory insufficiency, hypotension (systolic blood pres-
sure <90 mmHg or mean blood pressure <60 mmHg, irrespec-
tive of the use of vasopressors and intra-aortic balloon pump-
ing), ACS, metabolic and electrolyte abnormalities, and other
causes (acute pulmonary edema, acute pulmonary throm-
boembolism, airway obstruction and toxicological problem
etc). The heart rate during arrhythmia was not requested, fol-
lowing the in-hospital Utstein style. The interval from the
time of the last confirmation of absence of signs of cardiac
arrest in the patient prior to the occurrence of the in-hospital
arrest was collected from medical record.

(4) Event data: location of onset (general ward, ICU, emer-
gency room, clinical laboratory (including catheterization
laboratories), and other), discovery status at the time of the
in-hospital cardiac arrest (presence/absence of a witness,
presence/absence of ECG monitoring, time at which cardiac
arrest was confirmed, initial ECG rhythm at the time of the
sudden change). First documented pulseless thythm was de-
fined as the first ECG rhythm documented at the time the
patient became pulseless or, for those patients with an unwit-
nessed/unmonitored arrest, it was the first thythm documented
at the time a monitor arrived and was applied. Index events
were defined as the patient’s first cardiac arrest event during
this hospitalization. In this study, the categories of acute respi-
ratory compromise leading to cardiopulmonary arrest (CPA)
and CPA were combined into 1 category ‘cardiac arrest’.

(5) Outcome data: the primary endpoint was a favorable
neurological outcome at 1 month after cardiac arrest defined
according to the Glasgow-Pittsburgh cerebral-performance
category (CPC) of 1 (good performance) or 2 (moderate dis-
ability) on a 5-category scale (the other categories are 3 (severe
disability), 4 (vegetative state), and 5 (death)),!®12 and the
secondary outcome was return of spontaneous circulation
(ROSC), the 24-h outcome and mortality at 30 days.

(6) Quality improvement data: information on the first re-
sponder, the status of the cardiopulmonary resuscitation (CPR)
activities (time at which CPR was started, time at which
a defibrillator was placed, time at which electrical defibrilla-
tion was performed, presence/absence of automated external
defibrillator [AED] use). Resuscitation attempts were docu-
mented according to the in-hospial Utstein style guidelines.

Definition of the End of an Event

The end of an event was defined as ROSC, including with
the support of a pace maker or cardiopulmonary bypass, last-
ing >20min or the termination of the resuscitation event with
the patient declared dead due to being unresponsive to re-
suscitative efforts, a medical futility advance directive, or
restrictions imposed by family members. The typical descrip-
tor ‘spontaneous’ was included in the definition because this is
the standard accepted terminology, same as in the NRPCR.”

Statistical Analysis
Participant baseline characteristics and outcomes are reported
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through means and standard deviation, and frequency and per-
centage for comparison between groups. Chi-square test or
Fisher’s exact test was used for binary or categorical compari-
sons, and unpaired t-test was used to compare continuous data.
Odds ratio and 95% confidence intervals in the logistic regres-
sion model were used to compare the incidences in primary
and secondary outcomes between groups in the study. All sta-
tistical analyses were performed using a commercially available
statistical package (JMP software version 8.0J and Statistical
Applications Software 8, SAS Institute, Cary, NC, USA).

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

Results

Facility Data

In the J-RCPR study, participating hospital had a median of
490 total hospital beds (from 129 to 780) and a median of
14 ICU beds (from O to 74). Figure 1 shows the distribution
of the 12 participating hospitals across Japan.

Patient Demographic Data

During the 2-year study period, data for 491 adult patients
with an in-hospital cardiac arrest in the 12 participating facil-
ities were analyzed in the J-RCPR. The average number of
events per year per facility was 20.5£22.1; however, the aver-
age number of index events, defined as the cardiac arrest event
overall per bed per year was 0.053+0.046 events/bed annu-
ally. Patient demographic data are shown in Table 1. The
mean age of the patients was 71.0£14.9 years and 63.3% of
all the patients (n=311) were male. As for the reasons for hos-
pital admission, cardiac disease comprised 55.1% (n=269)
and noncardiac disease 44.9% (n=219). A witness to the car-
diac arrest was present in 77.2% of cases, and 78.0% of
the patients were under ECG monitoring at the time of the
cardiac arrest. Figure 2 shows the distribution of the patients
stratified by age at 5-year intervals. The number of events
increased with age and the incidence was the highest in

J-RCPR Participants

Figure 1. Geographic distribution of 12 hospitals from alll
around Japan participating in the Japanese Registry of CPR
for In-hospital Cardiac Arrest (J-RCPR).
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Age (years); mean=SD 71.0£14.9
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180 (37.7%)
Reason for hospital admission n (%)
Cardiac disease
Noncardiac disease
Presence of witness to cardiac arrest n (%)”
Presence of ECG monitoring n (%)*

269 (55.1%)
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383 (78.0%)

*At the time of the occurrence of the cardiac arrest.
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Figure 2. Distribution of the patients stratified by age at 5-year intervals. The number of events increased with age and the inci-
dence was the highest in the group between 80 and 84 years of age.
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Immediate cause of in-hospital cardiac arrest, Arrhythmia was the most cornmon cause, accounting for 30.6% of all
cases (n=150), followed by respiratory insufficiency 26.7% (n=131), hypotension 15.7% (n=77), acute coronary syndrome
(ACS) 10.2% (n=50), metabolic and electrolyte abnormality 5.3% (n=26), and others 23.8% (n=117). Because the selection was
single or multiple choice, sum total proportion exceeds 100%.

ACS Other

Metabolicf
electrolyte causes
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Table 2. Pre-Event and Event Data

First documented buléeléss rhythrh
Ventricular fibrillation/pulseless VT
Pulseless electrical activity

138 (28.1%)
202 (41.1%)

Asystole 145 (29.5%)
Unidentified 6 (1.2%)
Electrical defibrillation (includes use of AED) 141 (28.7%)
AED use 26 (5.4%)

Last confirmation prior to occurrence of cardiac arrest
<10min 328 (78.1%)
210-<20min 34 (5.7%)
220-<30min 39 (4.8%)
>60min 45 (9.2%)
Unknown 25 (5.1%)

First documented pulseless rhythm defined as the first ECG
rhythm documented at the time the patient became pulseless
and for those patients with an unwitnessed/unmonitored arrest, it
represents the first rhythm documented at the time a monitor
arrived and was applied.

AED, automated external defibrillator.

the group between 80 and 84 years of age.

Pre-Event Data

The immediate causes of the in-hospital cardiac arrest (single
or multiple choice) are presented in Figure 3. Arrhythmia
was the most common cause and accounted for 30.6% of all
the cases (n=150), followed by acute respiratory insufficiency
26.7% (n=131), hypotension 15.7% (n=77), ACS 10.2% (n=
50), metabolic and electrolyte abnormality 5.3% (n=26), and

others 23.8% (n=117). As shown in Table 2, regarding the
interval from the time of the last confirmation of absence of
signs of cardiac arrest in the patient prior to the occurrence
of the cardiac arrest, 66.9% (n=328) developed cardiac arrest
within 10min of the last checking time, 73.7% (n=362) with-
in 20min, 81.7% (n=401) within 30min, and 9.2% (n=45)
over 1h after, and the time of the last check was unknown
in 5.1% (n=25).

Event Data

As for the initial ECG rhythm at the time of occurrence of
the in-hospital cardiac arrest, 28.1% (n=138) had shock-
able rhythm (pulseless VI/VE), 41.1% (n=202) had pulseless
electrical activity, 29.5% (n=145) had asystole, and 1.2%
(n=6) had a pacemaker rhythm. In regard to the location of
onset of the in-hospital cardiac arrest, it occurred in the gen-
eral ward in 54.0% of cases (n=265), in the intensive care unit
in 25.4% (n=125), in the emergency room in 8.0% (n=39), in
clinical laboratories in 5.8% (n=28), and in other locations in
6.8% (n=33) (Figure 4).

Outcome Data
Figure 5 shows the outcomes and acute prognosis in refer-
ence to assessment of neurological function in patients resus-
citated from an in-hospital cardiac arrest. The proportion of
ROSC was 64.7%, the proportion of 24-h survival was 49.8%,
the proportion of 30-day survival was 27.8%, and the propor-
tion of 30-day favorable neurological outcome with a CPC
score of 1 or 2 was 21.4%.

Patients were classified according to the initial ECG rhythm
at the time of the occurrence of the cardiac arrest, and the
outcomes were compared, as shown in Figure 6. The propor-
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Figure 4. Location of the in-hospital cardiac arrest: in the general ward (n=265), in the intensive care unit (n=125), in the emer-
gency room (n=39), in clinical laboratories including catheterization laboratories (n=28), and in other locations (n=33).
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Figure 5. Outcomes of in-hospital car-
diac arrest. The proportion of return of
spontaneous circulation (ROSC) was
64.7%, the proportion of 24-h survival
after cardiac arrest was 49.8%, the pro-
portion of 30-day survival after cardiac
arrest was 27.8%, and the proportion
of 30-day favorable neurological out-
come (FNO) with a Glasgow-Pittsburgh
cerebral-performance category score
of 1 or 2was 21.4%.

Proportion of
30-day FNO

tion of ROSC, the proportion of 30-day survival, and the pro-
portion of favorable 30-day neurological outcome with a CPC
score of 1 or 2 was 79.3%, 46.0% and 40.1%, respectively,
in patients with pulseless VI/VF; 65.5%, 23.7%, and 17.3%,
respectively, in patients with pulseless electrical activity;
and 49.7%, 17.2%, and 9.0%, respectively, in patients with
asystole.

Quality Improvement Data

CPR was performed by 96.3% of the first responders to the
cardiac arrest. The median interval from cardiac arrest to the
initiation of CPR was Omin. Electrical defibrillation was per-
formed during the resuscitation in 136 cases, and in 26 cases
an AED was used.

Discussion

The J-RCPR is the first multicenter registry of in-hospital
cardiac arrests and resuscitation in Japan. During the 2-year
study period, data for 491 adult patients with in-hospital car-
diac arrest in the 12 participating facilities were analyzed
in the J-RCPR. Results of large-scale registry studies have
also been reported from the UK*5 and Australia.® The British
hospital Resuscitation study (BRESUS),* reported in 1992,
registered 3,765 patients in 12 hospitals across the United
Kingdom. However, nearly one-quarter of the patients in that
registry had cardiac arrest in the prehospital setting. The Brain
Resuscitation Clinical Trials (BRCT), a series of 3 interna-
tional, multicenter, prospective, randomized, controlled cere-
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less electrical activity.

bral resuscitation studies, were conducted from 1979 through
1992, but only 13-36% of events occurred in hospitals. A
large-scale registry study, the NRCPR, was started in 2000 to
collect data on in-hospital cardiac arrests in the United States,
and the results of more than 110,000 enrolled cases from 550
US acute care hospitals were reported in 2008-2010.5.13.14

Facility Data

The circumstances and management methods of in-hospital
cardiac arrest are greatly affected by the medical and health-
care systems in each country. In the J-RCPR, the 12 partici-
pating hospitals had a median of 14 ICU beds and a median of
490 total hospital beds. Participating hospitals in the NRCPR
had a median of 20 ICU beds.” This result was consistent with
a previous study that reported that Japanese hospitals have
a mean 8 ICU beds and US hospitals have 22 ICU beds per
hospital.’s These differences in the medical and healthcare
systems also may affect the average number of index events.
The incidence of in-hospital cardiac arrest can be calculated
either as the number of events per hospital bed per year or as
the number of events per number of patient admissions. In the
J-RPCR, we reported an incidence of 0.053 events/bed annu-
ally over a total of 491 arrests. The NRCPR reported in the
same way an incidence of 0.174 events/bed/year over a total
of 14,720 arrests. Other studies have used the second method
and report an incidence of 1-5 arrests per 1,000 patient admis-
sions.16-18

Patient Demographic Data

Several studies report that the older the patient, the lower the
proportion of survival to hospital discharge after in-hospi-
tal cardiac arrest.’**?® In the J-RCPR, the mean age of the
patients was 71.0+14.9 years. The number of occurrences
increased with age and the incidence was the highest in the
group between 80 and 84 years of age.

Pre-Event Data

The direct causes of in-hospital cardiac arrest in the J-RCPR
were arrhythmia (30.6%), acute respiratory insufficiency
(26.7%) and hypotension (15.7%). These causes were re-
ported from the NRCPR,™ in which arthythmia was 65%,
acute respiratory insufficiency was 41% and hypotension was

44%. Thus according to both reports, the 3 most common
reasons for in-hospital cardiac arrest are cardiac arrhythmia,
acute respiratory insufficiency, and hypotension.

Event Data

As the initial ECG rhythm at the time of occurrence of the
in-hospital cardiac arrest, the frequency of pulseless VI/VF
was 28.1% in the J-RPCR. In the published literature, pulse-
less VI/VF on initial ECG in patients with in-hospital cardiac
arrest has been reported to be detected at the rate of 20—
35% 57172021 Because VF is present in the majority of out-
of-hospital cardiac arrests that occur with a continuous car-
diac monitor in place,? it is surprising that the data showed
an infrequent presence of pulseless VT/VF as the initial ECG
rhythm at the time of occurrence of the in-hospital cardiac
arrest. It may be that the low incidence of pulseless VI/VF
and the predominance of asystole and pulseless electrical
activity is because in-hospital cardiac arrest differs from out-
of-hospital cardiac arrest in terms of mechanism and patho-
physiology. As a reason for the lower frequency of pulseless
VT/VF in in-hospital cardiac arrests than in out-of-hospital
cardiac arrests, it has been suggested that cardiac arrest caused
by hypoxemia and hypotension is more likely in the case of
in-hospital cardiac arrest.®” In addition, the shorter the inter-
val between the onset and detection of cardiac arrest, the
higher the frequency of VF and the lower the frequency of
asystole.

In the comparison of the location of onset of the in-hospi-
tal cardiac arrests between the J-RCPR and the NRCPR,* the
incidence in general wards was 55% and 35%, respectively,
and that in ICU was 24% and 45%, respectively. The inci-
dence in general wards was higher according to the J-RCPR
and that in the ICU was higher according to the NRCPR,
which might be a result of differences in the healthcare sys-
tems, reflected as less ICU beds in the J-RCPR than in the
NRCPR.

Outcome Data

With regard to the outcomes of adult patients with in-hos-
pital cardiac arrest, the proportion of ROSC was 64.7%, the
proportion of 24-h survival after cardiac arrest was 49.5%
and the proportion of 30-day survival was 27.8% in the
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J-RCPR. The proportion of survival discharge is most widely
used as an outcome measure for in-hospital cardiac arrests,
and has been reported to be approximately 20%.*5723-25 How-
ever, it can not be concluded from the present result that the
resuscitation rate for in-hospital cardiac arrest is better in
Japan than in the United States, because the circumstances
and management methods of in-hospital cardiac arrests might
be greatly affected by the medical and healthcare systems
of each country. Use of the term ‘overall survival’ to describe
outcome may be misleading. Because the proportion of sur-
vival is very different for pulseless VI/VE, asystole and
pulseless electrical activity as the initial ECG rhythm at the
time of occurrence of the in-hospital cardiac arrest, descrip-
tions of outcome should be based on each of the initial arrest
rhythms, not the overall survival from all arrest thythms com-
bined. In this study, the patients were stratified into 3 groups
according to the initial ECG rhythm at the time of occur-
rence of the cardiac arrest, to investigate the proportion of
ROSC. The proportion of ROSC for pulseless VI/VF was
79.3% and for pulseless electrical activity it was 65.5% in
the J-RCPR. In contrast, the proportion of ROSC was 67%
for pulseless VI/VF, 45% for pulseless electrical activity,
and 52% for asystole in the NRCPR.8 Also careful attention
should be paid if the proportion of 24-h survival is selected
to describe outcome. In the NRCPR, it has been reported that
a large number of patients with ROSC after an in-hospital car-
diac arrest are declared DNAR (do not attempt resuscitation)
and nearly half of those have life support withdrawn, whereas
only less than 10% are declared clinically brain dead. The
aggressiveness with which an individual hospital withdraws
care and withholds future resuscitation attempts has a signifi-
cant bearing on both individual and aggregate survival data
and can have a tremendous impact on a clinical trial with
survival to hospital discharge as a primary endpoint. Further
investigation is needed to evaluated the clinical factors and
practice patterns that have an impact on these data. Also, if
spontaneous circulation is successfully restored after a sudden
in-hospital cardiac arrest, the original disease condition pro-
gresses to directly cause death in many patients. Therefore,
it is necessary to investigate the causal relationships between
the in-hospital cardiac arrest, the underlying disease and death
when the proportion of survival is assessed as the primary
outcome. As an outcome prediction model, the incidence of
respiratory failure, shockable rhythm, chronic renal insuffi-
ciency, body mass index, and the interval from hospitalization
to the occurrence of in-hospital CPA have been reported in
the literature.?6 In addition, a relationship between the onset
time and the outcome has also been reported.®?” In order to
construct an outcome prediction model for patients with in-
hospital CPA, more detailed investigation is required in the
future.

Quality Improvement Data

In the J-RCPR, 96.3% of the first responders to the cardiac
arrest performed CPR and the median interval from the oc-
currence of cardiac arrest to the initiation of resuscitation
was Omin. In regard to the interval from the occurrence of
cardiac arrest to defibrillation for shockable cardiac arrest
rhythm and its effect, although the median interval from car-
diac arrest to defibrillation was only 1min, a delay in admin-
istration of defibrillation by 3 min or more was found in 30.1%
of the cases, and in the NRCPR the proportion of survival to
hospital discharge was reduced in cases with such a delay.?
However, the J-RCPR had not enough number of cases to
analysis the time relation between onset of cardiac arrest and

effect of defibrillation.

In the J-RPCR, electrical defibrillation was performed dur-
ing CPR in 27.7% of cases (n=136), and in 5.3% of these
cases (n=26) an AED was used. It was recently reported by
the NRCPR that an AED was used in 38.6% of the 11,695
patients with in-hospital cardiac arrests, including 9,616 pa-
tients (82.2%) with non-shockable rhythms, and that although
no differences were found in the proportion of survival to
hospital discharge between patients with a shockable rhythm
in whom an AED had been used and those in whom it had
not been used, the proportion of survival was significantly
reduced by the use of an AED in patients with a non-shock-
able rhythm.! In the J-RCPR, 53.8% of the patients in whom
an AED had been used had a CPC score of 1 or 2 at 30 days,
which was better than the proportion of 30.9% found in pa-
tients who had received manual electrical defibrillation with-
out the use of an AED. The influence of the use of an AED
was not investigated in this study. The aforementioned differ-
ence was caused by patients in the J-RCPR actually receiving
electrical defibrillation, and more detailed investigation is
necessary in the future to determine the circumstances sur-
rounding the use of AED in hospitals. The J-RCPR did not
provide a quality-improvement tool for hospitals that allows
them to compare their performance against other institutions
nationally and regionally, such as the NRCPR provides.

Study Limitations

The limitations of the J-RCPR include (1) not being a ran-
domized controlled trial, although it is difficult to conduct a
randomized controlled trial to investigate the effects of treat-
ment for patients with in-of hospital cardiac arrest; (2) the
participating J-RCPR hospitals not representing a random
sample of Japanese hospitals, so a further, large sample size
investigation is needed to collect representative data in Japan;
(3) lack of on-site validation of data collection and processes
for data checking; although data cleaning was performed,
these limitations are similar to those of other contemporary
in-hospital registries; (4) not using the in-hospital Utstein
style template for prognosis; because this is the first report in
Japan of in-hospital cardiac arrest, not only the prognosis of
pulseless VI/VF but also that of pulseless electrical activity
and asystole is important; (5) not collecting data for the heart
rate of arrhythmia cases, even bradycardia/tachycardia, as
the cause for hospital admission, the immediate cause of in-
hospital cardiac arrest and initial ECG rhythm at the time of
occurrence of the cardiac arrest. The heart rate may play an
important role in-hospital cardiac arrest, but as it was not
indicated as collected data in the in-hospital Utstein style nor
as a parameter of the NRCPR, we did not collect the heart
rate in this study protocol; (6) not analyzing the reason for
hospital admission, which may also play an important role in
the in-hospital cardiac arrest; however, full clinical details
and diagnoses may not be immediately available to the event
team, so we did not analyze these data in this study.

Gonclusion

The status and management methods of in-hospital cardiac
arrests are greatly affected by the medical and healthcare
systems of a country. In this study, a multicenter prospective
registry study of in-hospital cardiac arrests (the J-RCPR) was
conducted for the first time in Japan. Measures to improve the
proportion of survival of in-hospital cardiac arrests in Japan
must be devised by conducting further detailed analysis of
the assessment items related to in-hospital cardiac arrests.
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Appendix

Participating hospitals were: Division of Cardiac Care Unit, Depart-
ment of Cardiovascular Medicine, National Cerebral and Cardiovascular
Center, Osaka; Division of Cardiology, Hakodate National Hospital,
Hokkaido; Division of Cardiology, Tokyo Medical Center, Tokyo; Divi-
sion of Pediatric, Tokyo Metropolitan Children’s Medical Centre, Tokyo;
Department of Emergency Medicine, Osaka Medical College Hospital,
Osaka; Division of Cardiology, Takamatsu Medical Center National Hos-
pital, Kagawa; Division of Cardiology, Sakaide City Hospital, Kagawa;
Advanced Medical Emergency and Critical Care Center, Yamaguchi Uni-
versity Hospital, Yamaguchi; Division of Cardiology, Kanmon Medical
Center, Yamaguchi; Division of Cardiology, Iwakuni Clinical Center,
Yamaguchi; Division of Cardiology, Kokubu Seikyo Hospital, Kagoshima;
Division of Cardiology, Kagoshima Medical Center, Kagoshima.
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Background: Mild hypothermia is an effective therapy for patients with return of spontaneous circulation (ROSC)
after out-of-hospital cardiac arrest. However, evidence of the effectiveness of therapeutic hypothermia (TH) remains
unclear.

Methods and Resulis: A multicenter registry in Japan (J-PULSE-HYPO study registry) was conducted to in-
vestigate the effectiveness of TH for post-resuscitation neurological dysfunction developing after out-of-hospital
cardiac arrest from 14 institutions, between January 2005 and December 2009. The committee entrusted each
hospital with the timing of cooling, cooling methods, target temperature, duration, and rewarming. There were
452 patients (375 men) enrolled into the registry. The mean age was 58.6+13.5 years. Initial electrocardiogram
rhythm at the time of occurrence of the cardiac arrest showed 68.9% had ventricular fibrillation or pulseless ven-
tricular tachycardia, 13.7% had pulseless electrical activity, and 9.1% had asystole. The median interval from
the occurrence of cardiac arrest to ROSC was 26 min. The target core temperature during TH was 33.9+£0.4°C
and the mean duration of cooling was 31.5+13.9h. Intra-aortic balloon pumping was used in 40.1% and percuta-
neous cardiopulmonary support in 22.6% of patients. At 30 days after cardiac arrest, the proportion of survival
was 80.1% and the proportion of patients with favorable neurological functions, with a cerebral performance cat-

LATE BREAKING CLINICAL TRIAL (JCS 2011)

egory score of 1 or 2, was 55.3%.

Conclusions: The J-PULSE-HYPO study registry showed a clinical aspect of TH.

Key Words:

(Circ J 2011; 75: 1063—1070)

Multicenter registry; Out-of-hospital cardiac arrest; Therapeutic hypothermia

he proportion of survival of out-of-hospital cardiac

arrest is improving with increased implementation

of prompt bystander cardiopulmonary resuscitation

(CPR) and early defibrillation; however, the neurologically
intact survival for patients of out-of-hospital cardiac arrest
still remains low worldwide. Furthermore, development of
support measures such as pharmacological circulatory sup-

port for patients with post-resuscitation neurological dys-
function in whom circulation was restored by successful
resuscitation but brain function did not show full recovery
for the patient to return to society, is an urgent issue to be
resolved.! In recent years, close attention has been paid to
the effects of therapeutic hypothermia (TH) instituted in the
metabolic phase even after 15min of the onset of cardiac
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Figwe 1. Clinical questions related to therapeutic hypothermia for out-of-hospital cardiac arrest. There are clinical questions
related to therapeutic hypothermia for out-of-hospital cardiac arrest that remain to be resolved, such as the optimal candidate
of therapeutic hypothermia for out-of-hospital cardiac arrest, optimal cooling techniques for therapeutic hypothermia, optimal
target core temperature during hypothermia, optimal induction timing as the time windows of opportunity for therapeutic hypo-
thermia, optimal duration of cooling, and optimal timing of rewarming.

arrest, and this therapy is expected to be effective for main-
taining and improving brain function after resuscitation.*-
Mild TH had been proposed by Peter Safar in the 1960s as
therapy following successful resuscitation after cardiac arrest,”
and its effectiveness was confirmed by 2 randomized clini-
cal trials (RCT) in 2002.3° The 2005 CPR guidelines!? state
“unconscious adult patients with return of spontaneous circu-
lation (ROSC) after out-of-hospital cardiac arrest should be
cooled to 32-34°C for 12-24h when the initial rhythm was
ventricular fibrillation (VF)” as a class Ila recommendation.
Furthermore, in the 2010 CPR guidelines published in 2010,3
TH for adults who do not regain consciousness after ROSC
following out-of-hospital cardiac arrest due to ventricular
fibrillation was upgraded to a class I recommendation. How-
ever, clinical trials on TH have not yet sufficiently addressed
all the relevant issues, and a number of problems remain to
be resolved, such as the optimal candidate of TH for out-of
hospital cardiac arrest, optimal cooling techniques for TH,
optimal target core temperature during hypothermia, optimal
induction timing as the time windows of opportunity for TH,
optimal duration of cooling, and optimal timing of rewarm-
-ing (Figure 1).

The purpose of the present study is, through a large-scale
multicenter registry, to investigate the effectiveness of TH for
post-resuscitation neurological dysfunction developing after
out-of-hospital cardiac arrest due to cardiac causes, aiming at
improvement of the outcome of out-of-hospital cardiac arrest
patients and reduction of the number of patients with post-
resuscitation neurological dysfunction who need long-term
hospitalization and management.

Methods

Design and Setting

To investigate the effects of TH on patients who have suffered
from out-of-hospital cardiac arrest, we conducted a multi-
center registry (retrospective and prospective cohort study) in
Japan (J-PULSE-HYPO study registry; Japanese Population-
based Utstein-style study with defibrillation and basic/advanced
Life Support Education and implementation-Hypothermia).
An overview of the study was registered in the UMIN as a
clinical trial (UMINO00001935, available at: https://upload.
umin.ac.jp/cgi-open-bin/ctr/ctr.cgi?function=browsé&action=
brows&type=summary&recptno=R000002348&language=J),
and ClinicalTrials.gov (Identifier: NCT00901134; available
at: http://clinicaltrials.gov/), both accessed 30 January 2011.
Because the primary purpose of the J-PULSE-HYPO study
registry is quality improvement, participating hospitals are not
required to obtain individual informed consent. The present
study was conducted in accordance with the ethical guide-
lines for epidemiological studies and was approved by the
ethics committee of the National Cerebral and Cardiovascu-
lar Center. Also, the relevant review boards in all 14 partici-
pating centers approved the study protocol.

Data Collection

We designed the J-PULSE-HYPO study data collection soft-
ware in a standardized format to enter information about
each case of TH, and distributed this software to 14 hospitals
that participated in this study; the data were accumulated
and registered. The information is abstracted from hospital
medical records. The database contains information about TH
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after ROSC. Each patient was assigned a unique code, and
no specific patient identifiers were transmitted to the central
database repository. The data might be submitted on diskette
or by encrypted transmission over secure internet.

Study Patients

Patients transported to the emergency room after out-of-hos-
pital cardiac arrest were enrolled in the present study when
they met the following criteria: (1) all patients who received
TH at any of the 14 participating facilities during the 5-year
period from January 2005 and December 2009, with success-
ful ROSC after out-of-hospital cardiac arrest; (2) 18 years or
older; (3) having stable hemodynamics after the return of cir-
culation (including stabilization by drugs or assisted circula-
tion, such as intra-aortic balloon pumping (IABP) or percuta-
neous cardiopulmonary support (PCPS); (4) persistent coma
(Japan Coma Scale score of 200 or 300) after ROSC; and (5)
presumed cardiac etiology of cardiac arrest according to
the Utstein style guidelines.!* All event times were measured
by the dispatch center clock, and times of collapse and first
bystander resuscitation attempts were obtained from the
bystanders. Cardiac arrest was defined as the cessation of car-
diac mechanical activity, manifesting as unresponsiveness,
apnea (or gasping breathing), and absence of pulse. The arrest
was presumed to be from a cardiac cause, unless it was known
to have been caused by a non-cardiac cause including trauma,
drowning, and asphyxia. Resuscitation attempts were docu-
mented by both paramedics and the attending physicians
according to Utstein style reporting guidelines.!! Data for
individual patients were entered into a database by J-PULSE-
HYPO study members at each hospital and were indepen-
dently cross-checked twice by different investigators. The
exclusion criteria were: (1) pregnancy; (2) aortic dissection;
(3) pulmonary embolism; (4) drug addiction; and (5) poor
daily activity before onset. Each patient was assigned a unique
code, and no specific patient identifiers were transmitted to
the central database repository. The data might be submitted
on diskette or by encrypted transmission over secure internet.

First documented pulseless rhythm was defined as the first
electrocardiogram rhythm documented at the time the patient
became pulseless and, for those patients with unwitnessed/
unmonitored arrests, it represents the first rhythm documented
at the time a monitor arrives and is applied. Index events are
defined as the patient’s first cardiac arrest event during this
hospitalization. In this study, the categories of acute respi-
ratory compromise leading to cardiopulmonary arrest and
cardiopulmonary arrest are combined into one category that
comprises ‘cardiac arrest’.

The timing of cooling induction, the cooling method, the
target body temperature, the duration of cooling, the speed
of rewarming, management of adverse events and use of
sedatives and muscle relaxants in TH were according to the
standards used during routine clinical practice at the partici-
pating facilities.

As hypothermia protocol, after sedation with analgesia and
in some cases, ice cold intravenous fluid was administered
over 30-60min to initiate hypothermia. The methods of ini-
tiation or maintenance of hypothermia was attempted by one
of the following 4 devices of 2 methods: (1) surface cooling:
(a) Cooling Blanket (Blanketrol I, CSZ Medical, Cincinnati,
OH, USA), and (b) cooling device with self-adhesive, hydro-
gel-coated pads (Arctic Sun, Medivance, Louisville, KY,
USA); and (2) blood cooling: (c¢) extracorporeal direct blood
cooling (KTEK-III, Kawasumi, Tokyo, Japan); and (d) endo-
vascular cooling device (CoolGard 3000, Alsius, Irvine, CA,

J-PULSE-HYPO
participants

Figure 2. Geographic distribution of the 14 participating hos-

pitals across Japan.

USA). Mild hypothermia (32-34°C) was maintained for 24—
72h. Rewarming was conducted slowly and gradually, and
took at least 24-72h. Protocol of hypothermia was deter-
mined in each institutional protocol.

Study Endpoints

The primary endpoint was a favorable neurological out-
come at 30 days after cardiac arrest defined according to the
Glasgow—Pittsburgh cerebral performance category (CPC) of
1 (good performance) or 2 (moderate disability) on a 5-cate-
gory scale; the other categories were 3 (severe disability), 4
(a vegetative state), and 5 (death).!! The secondary outcomes
were the outcomes at 24h, 7 days, and discharge.

Statistical Analysis

The expected sample size was 500 patients. This sample size
had statistical power over 0.80 and a 2-sided alpha value of
0.05 based on risk ratio 1.2 and 45.0% event in control. Par-
ticipant baseline characteristics and outcomes are reported
through means and standard deviation, median and quar-
tile, and frequency and percentage for comparison between
groups. All authors had full access to the study data and take
full responsibility for their integrity. All authors have read
and agreed to the manuscript as written.

Results

A total of 452 consecutive adult patients who did not regain
consciousness after ROSC following cardiac arrest and re-
ceived TH in any of the 14 participating facilities during the
S-year period were enrolled in the J-PULSE-HYPO study
registry. Figure 2 details the geographic distribution of the
participating 14 hospitals across Japan. Clinical character-
istics of patients are shown in Table 1. The mean age was
58.6x13.5 (min—max, 18-86 years). Of the enrolled patients,
82.5% were male, 51.1% had received bystander CPR, and
13.7% had received public-access defibrillation. In the analy-
sis of the initial electrocardiogram (ECG) rhythm at the time
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umber of cases

Age (mean=S8D) 58.6+13.5
Male (%) 373 (82.5)
Initial cardiac rhythm

VF/puiseless VT (%) 314 (68.9)

Pulseless electrical activity (%) 62 (13.7)

Asystole (%) 41 (9.1)

Unidentified (%) 35(7.7)

Witnessed cardiac arrest (%) 392 (86.7)
AED used (%) 61 (13.7)
Bystander CPR (%) 231 (51.1)
ROSC before admission (%) 289 (64.2)
Median interval from collapse to ROSC (min) 26 (17-42)
Median interval from collapse to hospital arrival (min). 32 (25—42)

Initial electrocardiogram rhythm at the time of occurrence of car-
diac arrest.

Data are presented as mean=SD or the number (%) of patients.
mean+SD, median (interquartile range).

VF, ventricular fibrillation; VT, ventricular tachycardia; AED, auto-
mated external defibrillator; CPR, cardiopulmonary resuscitation;
ROSC, return of spontaneous circulation.

Median interval from collapse to induction of TH o, - (49-167)
(min)
Median interval from ROSC to induction of TH 57.5 (21-138)
(min)
g?;;?g ér:(teeggl pf;c;g: J?;i?rc‘:)non of TH to achieve 3.0 (1.3-5.8)
Target core temperature (mean+S8D) (°C) 33.9+0.4
Infusion of 4°C ice-cold fluid (%) 255 (56.4)
Cooling methods
Surface cooling (%) 228 (50.4)
Extracorporeal circulation (%) 218 (48.2)
Median duration of cooling (h) 25 (24-43)
Duration of rewarming
<24h (%) 127 (28.0)
72h< (%) 147 (32.6)
At the time of induction
Systolic blood pressure (mean+SD) (mmHg) 130.3+£36.5
Heart rate (mean=SD) (beats/min) 101.0+27.8

Mean +SD, median (interquartile range).
TH, therapeutic hypothermia; ROSC, return of spontaneous circu-
lation.

of occurrence of the cardiac arrest, 68.9% had VF or pulseless
ventricular tachycardia (VT), 13.7% had pulseless electrical
activity, 9.1% had asystole, and 7.7% had an uninterpretable
ECG rhythm due to pacemaker rhythm or other reasons. Cir-
culation was restored before hospitalization in 64.2% of cases.
The median interval (quartile) from the occurrence of cardiac
arrest to ROSC was 26 (17-42) min, and the median interval
from the occurrence of cardiac arrest to hospital arrival was
32 (25-42) min.

Subjects and methods of TH are shown in Table 2. The
median interval (quartile) from the occurrence of out-of-hos-
pital cardiac arrest to induction of TH was 82.5 (49-167)
min and the median interval from ROSC to the induction of
TH was 57.5 (21-138) min. The median interval (quartile)

of IABP/

CAG and PCl, a
363 (80.3)

Emergency coronary angiography (%)

Emergency PCI (%) k 202 (44.7)
IABP usage (%) 185 (40.1)
PCPS usage (%) 102 (22.6)

CAG, coronary angiography; IABP, intra-aortic balloon pumping;
PCI, percutaneous coronary intervention; PCPS, percutaneous
cardiopulmonary support.

(%)
100 -

80.1
80 -
60 -

40 -

20+

Proportion of FNO
at30days

Proportion of survival
at :_30 days

Figure 3. The proportion of survival and proportion of pa-
tients with favorable neurological functions (FNO), with a ce-
rebral performance category score of 1 or 2 at 30 days after
the cardiac arrest.

from the induction of TH to achievement of the target core
temperature was 3.0 (1.3-5.8) h and the target core tempera-
ture during TH was 33.9+0.4°C. Ice-cold fluid at 4°C was
infused for the induction of TH in 56.4% (n=255) of cases.
As the method for the induction of TH, surface cooling and
extracorporeal circulation were used in 50.4% (n=228) and
48.2% (n=218) of cases, respectively, and the median dura-
tion of cooling was 25 (24-43) h. The duration of rewarming
was 24h or less in 28.0% (n=127) of cases and 72h or more
in 32.6% (n=147) of cases. The mean systolic blood pressure
and the mean heart rate at the time of induction of TH were
130.3+36.5mmHg and 101.0+27.8 beats/min, respectively.

The frequencies of coronary angiography and percutaneous
coronary intervention, usage of IABP and PCPS are shown in
Table 3. Among the 452 patients who received TH did not
regain consciousness after cardiac arrest, 80.3% (n=363) un-
derwent emergency acute coronary angiography and 44.7%
(n=202) underwent emergency percutaneous coronary inter-
vention. IABP was used in 40.1% (n=185) of cases and PCPS
in 22.6% (n=102). The proportion of patients with a favor-
able neurological outcome at 30 days after cardiac arrest was
58.4% (n=212) of patients who underwent emergency coro-
nary angiography, 53.0% (n=107) of patients who underwent
emergency percutaneous coronary intervention, 47.0% (n=87)
of patients who underwent IABP, and 34.3% (n=35) of pa-
tients who underwent PCPS.

Side-effects of the TH, such as blood transfusion, dis-
seminated intravascular coagulation, arrhythmias, infection
or other, were shown in 138 patients (30.8%). The frequency
of the side-effects of the TH was not different between the
patients with and without ice-cold fluid infusion for the induc-
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Figure 4. Relationship between the interval from cardiac arrest to return of spontaneous circulation (ROSC) and neurological
outcome at 30 days are shown. Patients were grouped according to the interval from cardiac arrest to ROSC (in 5 min inter-
vals), and the proportions of patients with favorable (in red) and poor (in blue) neurological outcomes at 30 days are shown.

aCPC=3
= CPC1~2

40 45 50 55 60

teristics of Patients With Fa

rable Neurological Outcome (CPC 1/2) and Poor Neurological Outcome (CPC

CPC 1(/I12=2t5 (3)!)) days CPC ?'113:1;032(?)0 days P value
Age 55.6+14.0 62.3x11.7 <0.001
Male (%) 205 (82.0) 168 (83.2) NS
Witnessed cardiac arrest (%) 228 (91.2) 164 (81.2) <0.01
Bystander CPR (%) ) 137 (54.8) 94 (46.5) NS
Median interval from collapse to ROSC (median; min) 19 (14-28) 38 (27-53) <0.0001
Median interval from collapse to hospital arrival (median; min) 30 (23-40) 34 (27-44) <0.01
Interval from collapse to induction of TH {(median; min) 80 (45-165) 90 (51-173) NS
Interval from ROSC to induction of TH (median; min) 55.5 (24-141) 59.5 (16-135) NS
Interval from induction of TH to achieving target core temperature (median; h) 3.3 (1.7-6.0) 2.3 (1.0-4.9) <0.01
Target core temperature (°C) 33.9+0.5 33.9:0.4 NS
Infusion of 4°C ice-cold fluid (%) 147 (55.8) 108 (53.4) NS
Cooling method: surface cooling (%) 136 (55.0) 92 (46.0) NS
Duration of cooling (median; h) 25 (24-42) 26 (24-44.5) NS

Mean+SD, median (interquartile range).

CPC, cerebral performance category; CPR, cardiopulmonary resuscitation; ROSC, return of spontaneous circulation; TH, therapeutic hypother-

mia.

tion of TH, 34.5% vs. 26.0%.

Outcome Data

Figure 3 shows the proportion of survival and the propor-
tion of patients with favorable neurological outcome, with
a CPC score of 1 or 2, at 30 days after the cardiac arrest. As
for the 30-day outcome of the 452 patients who received TH,
the proportion of survival was 80.1% (n=362) and the propor-
tion of patients with a favorable neurological outcome was
55.3% (n=250). In 314 patients with the initial ECG rhythm
of pulseless VT/VF, the proportion of 30-day survival was

85.4% and the proportion of patients with a favorable neuro-
logical outcome was 62.4%.

The relationship between the interval from the collapse to
ROSC and the neurological outcome at 30 days are shown in
Figure 4. Patients who received TH, because they did not
regain consciousness after ROSC, were divided according to
the interval from cardiac arrest to ROSC (in 5 min intervals),
and the proportions of patients with a favorable neurological
outcome and those with a poor neurological outcome (CPC
23) at 30 days are shown in Figure 4. In cases where the inter-
val from the occurrence of cardiac arrest to ROSC was 30min
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or less, the proportion of patients with a favorable neurologi-
cal outcome was 50% or more. As the interval from the car-
diac arrest to ROSC increased, the proportion of patients with
a favorable neurological outcome at 30 days decreased.

Table 4 shows the comparison between patients with a
favorable neurological outcome (CPC 1 or 2; n=250) and pa-
tients with a poor neurological outcome (CPC 23; n=202) at
30 days after cardiac arrest. In the patients with a favorable
neurological outcome, the mean age was significantly younger
(55.6+14.0 vs. 62.31£11.7, P<0.001), and the presence of a
witness at the collapse was significantly more frequent (91.2%
vs. 81.2%; P<0.01) than the patients with a poor neurological
outcome. The median interval from cardiac arrest to ROSC
(19 vs. 38 min), and the median interval from cardiac arrest
to hospital arrival (30 vs. 34 min) were significantly shorter
in patients with a favorable neurological outcome than in
patients with a poor neurological outcome. However, the
median intervals from cardiac arrest to induction of TH and
the median intervals from ROSC to induction of TH were not
significantly different between both groups; the median inter-
val from induction of TH to achieve target core temperature
was significantly longer in patients with a favorable neuro-
logical outcome (3.3 vs. 2.3 h). Also, there was no significant
difference between both groups in the target core tempera-
ture, frequency of infusion of ice-cold fluid, surface cooling
as the cooling method and duration of cooling (Table 4).

Discussion

A total of 452 consecutive adult patients who received TH
because they did not regain consciousness after ROSC fol-
lowing cardiac arrest were enrolled in the J-PULSE-HYPO
study registry during the 5-year study period. With regard
to the 30-day outcomes after cardiac arrest among all the
enrolled patients, the proportion of survival was 80.1% and
the proportion of patients with a favorable neurological out-
come with a CPC score of 1 or 2 was 55.3%. There have been
2 multicenter RCT on TH: the HACA study® and a report
from Australia by Bernard et al.® In the HACA study, the
subjects were limited to patients with initial ECG rhythm of
VF or pulseless VT, in whom circulation was restored before
hospitalization and who were 75 years or younger. Surface
cooling was used with a target body temperature of 32-34°C,
cooling duration of 24h, and rewarming duration of 12h.
In the study by Bernard et al, the subjects were limited to
patients with an initial ECG rhythm of VF, in whom circula-
tion was restored before hospitalization, and male patients
aged 19 years or older and female patients aged 51 years or
older. Patients with shock and a systolic blood pressure of
<90 mmHg at hospitalization were excluded. TH was initiated
within 2h of ROSC by surface cooling, with a target body
temperature of 33°C, cooling duration of 12h, and rewarm-
ing duration of 6h. The proportion of patients with a favor-
able neurological outcome was 55% in the HACA study and
49% in the report by Bernard et al. The resuits of these reports
were similar to the 55.3% of patients with a favorable neu-
rological outcome in the J-PULSE-HYPO study registry.
However, in our study, circulation was not restored at the
time of hospital arrival in 35.8% of the enrolled patients and
PCPS was used due to the very unstable hemodynamics after
ROSC in 22.6% of patients. Therefore, the subjects in the
present study included more severe patients than those in the
2 aforementioned RCT. In the present study, when 314 car-
diac arrest patients with an initial ECG rhythm of pulseless
VT/VF were extracted, 62.4% of patients had a favorable

neurological outcome at 30 days, indicating the possibility
that the outcome of patients who received TH was better in
the J-PULSE-HYPO study registry than in the HACA study
and the study by Bernard et al.

The optimal timing of induction of TH for patients with out-
of-hospital cardiac arrest is unknown. In the HACA study,?
the median interval from the occurrence of cardiac arrest to
ROSC was 21 min. Bernard et al® reported that the mean
interval from cardiac arrest to ROSC was 26.5+12.9 min and
that the proportion of patients with a favorable neurological
outcome was reduced by 14% for every 1.5 min increase in the
interval from cardiac arrest to ROSC. In the J-PULSE-HYPO
study registry, the median interval from the occurrence of
cardiac arrest to ROSC was 26 min and the mean interval was
34.7+£34. 1 min. In cases where the interval from the occur-
rence of cardiac arrest to ROSC was 30 min or less, the pro-
portion of patients with a favorable neurological outcome
was 50% or more in this study (Figure 4). These findings
suggest that in the J-PULSE-HYPO study registry there was
a wider therapeutic time window for TH. Also, the median
intervals from cardiac arrest to ROSC and to hospital arrival
were significantly shorter in patients with a favorable neu-
rological outcome than patients with a poor neurological
outcome (Table 4). Therefore, the shorter duration of inter-
val from cardiac arrest to ROSC and to hospital arrival, the
better the neurological outcome.

With regard to the induction speed of TH for patients with
out-of-hospital cardiac arrest, the 2005 American Heart Asso-
ciation/European Resuscitation Council guidelines'® recom-
mend that cooling be started as soon as possible. The interval
from ROSC to the initiation of hypothermia was 2—-6h in the
HACA study and the report by Bernard et al.%® The median
interval from collapse to induction of TH was 82.5 (quartile
49-197) min, and there was no significant difference in that
interval between the patients with favorable and poor neuro-
logical outcomes in this study (Table 4). However, the range
of the interval from collapse to induction of TH was wide in
the present study, therefore more detailed investigation is
required for further clarification.

It has been reported that when the cooling method in which
2L of 4°C cold saline or Ringer’s solution is infused for
30min is used, the core temperature is lowered by 1.2-1.8°C
and the target core temperature is achieved more rapidly.!>13
The median interval from the induction of TH to achieve-
ment of the target core temperature was 3.0 (1.3-5.8) h in
the J-PULSE-HYPO study registry and rapid infusion of 4°C
ice-cold fluid was used in 56.0% of cases. No significant
correlation was found between the interval from induction
of TH to achievement of the target body temperature and
neurological outcomes in an observational study;!* however,
a significant difference was seen in this interval between
patients with favorable and poor neurological outcomes in
the J-PULSE-HYPO study registry (Table 4). However, in
the present study, the cooling method varied at the partici-
pating facilities, therefore further investigation is necessary
for more precise elucidation. Although there might be con-
cern about rapid infusion of a large amount of 4°C cold water
causing circulatory deterioration, deterioration of the heart
rate or oxygenation and pulmonary congestion have not actu-
ally been reported. In the present study, there was no differ-
ence in the side-effects of TH in the patients using or not
using 4°C ice-cold fluid infusions for the induction of TH.

At this time, there is no definite conclusion as to the opti-
mal duration of cooling in TH for patients with out-of-hospital
cardiac arrest. The cooling duration was 24h in the HACA
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study and 12h in the study by Bernard et al. According to
a review by Lyon,!5 the cooling duration was 4-48h in 14
studies, including 5 randomized trials, with the most common
cooling duration of 12-24h in 9 studies, but the relationship
between the cooling duration and the outcome-improving
effects of hypothermia has not yet been elucidated. The 2010
CPR guidelines? state that cooling therapy should be contin-
ued for 12 to 24h as TH for adults who do not regain con-
sciousness after ROSC following out-of-hospital cardiac arrest
due to ventricular fibrillation (class I). The median cooling
duration in the J-PULSE-HYPO study registry was 25.0 (24—
43) h, which is longer than that reported in Europe and the
United States; however, there was no significant difference
in the duration of cooling as TH between the patients with
favorable or poor neurological outcome in this study, there-
fore more detailed investigation is required for further clari-
fication.

There is also no definite conclusion as to the optimal cool-
ing temperature for TH for patients with out-of-hospital car-
diac arrest. It is said that the cooling temperature of 34-
35.5°C causes shivering and that a temperature of less than
31°C is likely to cause arrhythmia.’$ The target body tem-
perature of TH in the J-PULSE-HYPO study registry was
33.910.4°C, which was somewhat higher than the target core
temperature of 33°C in the HACA study and the study by
Bernard et al, and no difference in core temperature was ob-
served between the patients with favorable or poor neuro-
logical outcomes in the present study (Table 4). Previously,
a target core temperature of 32-34°C has been recommended
in TH, considering the balance between the clinical organ-
protective effects and cardiovascular toxicity.1® Because this
is a crucial matter for TH, more detailed investigation for pre-
cise determination of the target core temperature is required
in the future.

In this study, surface cooling was used in 50.4% of cases
and extracorporeal circulation was used in 48.2% of cases as
the continuous cooling methods for TH in patients with out-
of-hospital cardiac arrest. It has been reported that endovascu-
lar cooling enables more rapid and more stable management
of hypothermia than surface cooling.'” Because the cooling
methods varied at the participating facilities in this study,
more detailed investigation on the appropriate cooling method
is necessary in the future.

Cases enrolled in the J-PULSE-HYPO study registry were
characterized by a high frequency of acute emergency coro-
nary angiography and a larger number of serious patients with
unstable hemodynamics compared with those in the HACA
study and the report by Bernard et al.%° Acute emergency
coronary angiography was performed in 80.3% of cases and
emergency percutaneous coronary intervention was per-
formed in 44.7%. IABP was used in 40.1% of cases and
PCPS in 22.6% of cases. In the HACA study and the study
by Bernard et al, the cases that needed PCPS due to collapsed
hemodynamics were excluded from the study population and

there were no data on such cases. Although the number of
~ cases was small, in a study that investigated the effects of TH
in patients with shock after cardiac arrest!® it was reported
that 5 out of 17 (29%) patients in the TH group had a favor-
able neurological outcome, whereas none of the 14 patients
in the non-TH group had a favorable neurological outcome. It
was reported in one study that when an endovascular cooling
device was used in conscious patients with acute myocardial
infarction and 34°C hypothermia was instituted during reper-
fusion therapy, the hemodynamic did not deteriorate due to
hypothermia.!® However, no significant differences were

found in a study that investigated the effects of TH on the out-
comes of patients with cardiac arrest due to acute ST-eleva-
tion myocardial infarction.?® In this study, more than 80% of
the resuscitated patients underwent cardiac catheterization,
even though it was not required in the study protocol. How-
ever, recording of 12-lead ECG at hospital arrival or during
cardiac catheterization were not required in the study pro-
tocol, therefore it was difficult to evaluate how many patients
represented ST elevation at the first recording of 12-lead
ECG. Because only 56% of patients who went to the cardiac
catheterization were treated with emergency percutaneous
coronary intervention, it is possible that patients without ST
elevation at the first recording of the 12-lead ECG went to the
cardiac catheterization, and further investigations on a larger
number of cases are necessary.

Study Limitations

Limitations of the J-PULSE-HYPO registry include: (1) this
study was not a RCT but an observational study, therefore it
might be possible that the criteria of induction for TH in
the participating facilities had variations and the hospital did
not attempt induction of TH on the patients who nearly died,
such as those with very high age or delayed arrival at the hos-
pital. Although it is difficult to conduct a RCT to investigate
the effects of TH for patients with out-of hospital cardiac
arrest, we considered multicenter registry data would answer
the clinical questions associated with the effectiveness of TH
for patients with out-of-hospital cardiac arrest; (2) hospitals
participating in the J-PULUS-HYPO study registry do not
represent a random sample of Japanese hospitals, and there-
fore a further large sample size investigation is needed to
collect representative data in Japan; and (3) there is no on-site
validation of data collection and processes for data checking,
although data cleaning was performed. These limitations are
similar to those of other contemporary in-hospital registries.

Cenclusion

To investigate the effects of TH following resuscitation in pa-
tients with cardiac arrest, we conducted a multicenter registry,
J-PULSE-HYPO study registry, for the first time in Japan,
with 452 patients enrolled during the study period between
2005 and 2009. By analyzing the data of subjects in the
J-PULSE-HYPO study registry, the optimal indications, opti-
mal temperature, optimal induction timing, optimal rewarm-
ing timing, etc, in TH are expected to become possible.
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ARTICLE INFO ABSTRACT

Article history: Background: This study aimed to evaluate the association of cardiopulmonary resuscitation (CPR) train-

Received 23 July 2010 ing with bystander resuscitation performance and patient outcomes after out-of-hospital cardiac arrest

Received in revised form 18 January 2011 (OHCA).

Accepted 22 January 2011 Methods: This was a prospective, population-based cohort study of all persons aged 18 years or older

with OHCA of presumed intrinsic origin and their rescuers from January through December 2008 in

s o Takatsuki, Osaka prefecture, Japan. Data on resuscitation of OHCA patients were obtained by emergency
€ywords: medical service (EMS) personnel in charge based on the Utstein style. Rescuers' characteristics including

Basic Life Support (BLS) R S5 X . ; .

Bystander CPR experience of CPR training were obtained by EMS personnel interview on the scene. The primary outcome

was the attempt of bystander CPR.

Results: Data were collected for 120 cases out of 170 OHCAs of intrinsic origin. Among the available
cases, 60 (50.0%) had previous CPR training (trained rescuer group). The proportion of bystander CPR was
significantly higher in the trained rescuer group than in the untrained rescuer group (75.0% and 43.3%;
p=0.001). Bystanders who had previous experience of CPR training were 3.40 times (95% confidence
interval 1.31-8.85) more likely to perform CPR compared with those without previous CPR training.
The number of patients with neurologically favorable one-month survival was too small to evaluate
statistical difference between the groups (2 [3.3%] in the trained rescuer group versus 1 [1.7%] in the
untrained rescuer group; p=0.500).

Conclusions: People who had experienced CPR training had a greater tendency to perform bystander CPR
than people without experience of CPR training. Further studies are needed to prove the effectiveness of
CPR training on survival.

Cardiac arrest
Cardiopulmonary
Resuscitation (CPR)
Education
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1. Introduction vious studies indicated that CPR training improved willingness

to perform CPR and would increase the proportion of bystander

Three-quarters of the deaths from coronary heart disease
occur suddenly in the out-of-hospital setting,'2 and approximately
50,000 sudden cardiac arrests are documented every year in Japan.3
The high mortality of out-of-hospital cardiac arrest (OHCA) cases
is one of the most important clinical issues to be addressed. It is
widely accepted that successful resuscitation after OHCA depends
on early initiation of cardiopulmonary resuscitation (CPR) and
defibrillation,*5 and that bystanders CPR could potentially dou-
ble survival after OHCAs.3> Despite the proven effectiveness of
bystander CPR, actual bystander CPR remains infrequent.3-7 Pre-

¥ A Spanish translated version of the abstract of this article appears as Appendix
in the final online version at doi:10.1016/j.resuscitation.2011.01.027.
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To increase bystander CPR, substantial societal resources are
focused on CPR training, and elaborate CPR training programs are
provided for over 1,620,000 persons every year in Japan.3 However,
most studies on the effectiveness of CPR training have evaluated
only the improvements in rescuers’ CPR skills!4-16 or attitude
towards CPR,8-12 and little is known about the effectiveness of CPR
training on the rescuer’s performance in real emergency settings
or OHCA patient outcomes.

The Utstein Osaka project was launched in 1998, and is an ongo-
ing large, prospective, population-based cohort study of OHCA in
Osaka, Japan, covering 8.8 million people.>717-19 In this study,
we collected data on lay rescuer’s characteristics including their
experience of CPR training by interviewing the lay rescuers on the
scene, and linked them to the data on resuscitation simultaneously
obtained according to the Utstein style guidelines. The purpose of
this study was to evaluate the association of people’s CPR train-
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ing with their subsequent resuscitation performances and patient
outcomes after OHCA.

2. Methods
2.1. Study design, population and setting

This was a prospective, population-based cohort study of OHCA
carried out in Takatsuki, Osaka prefecture, from January 28, 2008
through Decernber 31, 2008. All persons aged 18 years or older who
suffered OHCA of intrinsic etiology and were treated by emergency
medical service (EMS) personnel, and their rescuers were enrolled
in this study. Cardiac arrests from trauma, drowning, drug over-
dose, asphyxia, exsanguinations or any other external causes were
excluded and those without trauma nor any external causes was
defined as OHCAs of intrinsic origin. Rescuers who called an ambu-
lance or performed CPR were identified by the EMS personnel at
the event scene. If there were two or more rescuers, one of them
was selected as the main rescuer by the EMS personnel. The main
rescuer was defined as person who played a main role in CPR or
called an ambulance when bystander CPR was not performed.

2.2. Emergency medical service system in Takatsuki

Takatsuki has 358,973 residents in an area of 105km?. The
municipal EMS system is basically the same as the standard of Osaka
prefecture which was previously described.!7-19 The EMS system is
operated by the Takatsuki Fire Department and activated by dial-
ing 119 on the telephone. The population is covered by a single
fire station with an emergency dispatch center. The most highly
trained pre-hospital emergency care providers are the Emergency
Life Saving Technicians (ELSTs). Each ambulance has 3 providers
with at least one ELST. The ELSTs can deliver shocks without online
medical direction, and specially trained ELSTs can insert tracheal
tubes and use epinephrine. When an OHCA occurs in the city, an
additional ambulance with a physician and two staff members fol-
lIows the regular ambulance. At the scene, 6 EMS personnel in total
perform basic and advanced life support.

CPR training programs for the general public were provided
about 220 times by the fire department and a total of 6000 citi-
zens attended the program in 2006.2¢ Public access defibrillation
(PAD) programs were started in July 2004 in Japan.?! The cumu-
lative number of public-access automated external defibrillators
(AEDs) has been increasing year by year and contributes better out-
comes after OHCA in Japan.222 Although we could not know the
whole number of AEDs because many AEDs were located in private
areas, at least 124 AEDs were placed in the city in 2009.23

2.3. Data collection

Data on the rescuers’ performance were obtained by EMS per-
sonnel interview with the main rescuer using a specific data form
for this study. Data included bystander’s sex, age, relationship to
the patient, occupation, experience and the number of previous CPR
training (once, twice, >three times, unknown), the time of the lat-
est CPR training (within a year, between 1 and 3 years, over 3 years,
unknown), knowledge of AEDs, and awareness of the neighborhood
AED locations.

Patients’ data were collected using a data form that included all
core data recommended in the Utstein-style reporting guidelines
for OHCA,2425 including sex, age, location, activities of daily living
before arrest, witness status, initial cardiac rhythm, time-course
of resuscitation, type of bystander-initiated CPR, return of sponta-
neous circulation (ROSC), hospital admission, one-month survival,
and neurological outcome one month after the event. All patients
who survived the cardiac arrest were followed for up to 1 month

after the event by the EMS personnel in charge. One-month neuro-
logical outcome was determined by physician responsible for the
care of the patient, using the Cerebral Performance Category (CPC)
scale: category 1, good cerebral performance; category 2, moderate
cerebral disability; category 3, severe cerebral disability; category
4, coma or vegetative state; and category 5, death.2425 Neurolog-
ically favorable survival was defined as a CPC score of 1 or 2. The
data form was filled out by the EMS personnel in cooperation with
the physicians caring for the patient, transferred to the Information
Center for Emergency Medical Services of Osaka, and then checked
by the investigators. If the data sheet was incomplete, the relevant
EMS personnel were contacted and questioned, and the data sheet
was completed.

2.4. Statistical analyses

The primary outcome measure was the attempt of bystander
CPR. Secondary outcomes included rescuers’ performance includ-
ing bystander CPR with telephone-guidance, knowledge of AEDs,
awareness of the neighborhood AED locations, use of an AED,
resuscitation time course, ventricular fibrillation (VF) as the initial
rhythm, pre-hospital ROSC, one-month survival, and neurologically
favorable one-month survival.

The sample size was calculated based on the proportion of
bystander CPR in Takatsuki during the last 3years and previous
studies, assumed to be 30% in the untrained rescuer group and 50%
in the trained rescuer group. Under the conditions of an alpha error
of 5% and a power of 70%, 47 subjects in the trained rescuer group
and 154 subjects in the untrained rescuer group were needed.
Because approximately 200 people had suffered OHCA in the city
in the recent years, we considered one year of data as sufficient to
achieve our study aim.

The data were compared between groups using the chi-square
test or Fisher's exact test for categorical variables, and Student’s t-
test or Mann-Whitney U test for numerical variables depending on
whether the data were normally distributed or not. Multivariable-
adjusted odds ratios (ORs) and their 95% confidence intervals (CIs)
were calculated to assess the relationship between the bystanders’
previous CPR training and the bystander CPR performance. We
adjusted for bystanders’ sex and age (<40, 40-64, or >65years),
patients’ sex and age (<75 or >75years), and factors which was
reported to affect CPR performance in previous studies: bystander’s
occupation? (health professionals including physician, nurse, EMS
personnel, and care worker or not) and witness status.!3 All anal-
yses were performed using SPSS ver.16.0 (SPSS, Inc., Chicago, IL).
A two-tailed value of p<0.05 was considered to be statistically
significant.

2.5. Ethical considerations

All procedures were conducted according to the Declaration
of Helsinki. This study was approved by the Ethics Committee of
Kyoto University Graduate School of Medicine and the Takatsuki
Fire Department. Oral informed consent was obtained from all par-
ticipants (rescuers) by EMS personnel before the interview. The
requirement of informed consent for the review of patients’ out-
comes was waived by the Personal Information Protection Law and
the national research ethics guidelines of Japan.

3. Results

3.1. Study flow and baseline characteristics of bystanders and
patients

During this study period, 273 adult OHCA patients were doc-
umented, and resuscitation was attempted in 258 cases by EMS
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Population of Takatsuki
n=358,973

Adult cardiac arrest >18year
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——{ Arrest after EMS arrival n=10 [
————| Other n=11 [

Not attempted n=15 l

Trauma n=67 l

Presumed intrinsic origin
n=170
Refuse consent n=12
Hesitate to interview n=38
Study participants
n=120

Fig. 1. Participant flow.

personnel. Among them, 170 subjects met the inclusion criteria
and interviews were completed for 120 cases (Fig. 1). Rescuer and
patient characteristics are shown in Table 1. Just half of the res-
cuers had experienced CPR training (trained rescuer group) and the
remainder did not (untrained rescuer group). In the trained rescuer
group, rescuers were younger (52.5 +£16.1 versus 61.1 & 15.6 years;
p=0.018), less likely to be family members (51.7% versus 83.3%;
p<0.001), and more likely to be health professionals (30.0% versus
5.0%; p<0.001) than in the untrained rescuer group. In the trained
rescuer group, 60.0% had received CPR training only once, 41.7%
had received it more than three years ago, and 50.0% had attended
the CPR training courses that included AED operation.

The patients’ age was higher (803+12.6 versus
75.7 +11.4years; p=0.042) and good activities of daily living
before arrest were less frequent (46.7% versus 68.3%; p=0.026)
in the trained rescuer group than in the untrained rescuer group.
Telephone CPR instruction (i.e., dispatcher assisted CPR via tele-
phone) was frequently and equally provided (62.7% in the trained
versus 61.7% in the untrained; p=1.000). The time from call to the
first shock was shorter in the trained rescuer group (9.0 min versus
12.0min; p=0.013).

3.2. Bystander resuscitation performance

Resuscitation performances of the rescuers according to their
experience of CPR training are shown in Table 2. The proportion of
bystander CPR was significantly greater in the trained rescuer group
than in the untrained rescuer group (75.0% versus 43.3%; p=0.001).
In the trained rescuer group, the proportion of bystander CPR was
greater in those with recent CPR training. One-fourth (13/45) in the
trained rescuer group performed CPR without telephone instruc-
tion, while no one did in the untrained rescuer group (p=0.002). In
the telephone CPR instruction cases, 86.5% (32/37) in the trained
rescuer group and 70.3% (26/37) in the untrained rescuer group
were ultimately provided CPR by bystanders. In the trained res-
cuer group, rescuers were more likely to perform CPR with other
persons than in the untrained rescuer group (37.8% versus 11.5%;
p=0.027). The proportion of those who had knowledge of AEDs and
the neighborhood AED location were significantly greater in the
trained rescuer group than in the untrained rescuer group (88.3%
versus 45.0%; p<0.001, 38.6% versus 18.4%; p = 0.043, respectively).
Among those who had knowledge of AEDs, 6 (11.3%) rescuers in
the trained rescuer group actually used an AED, while none in the
untrained rescuer group used it. The resuscitation time course was
similar in both groups.

Fig. 2 shows multivariable adjusted ORs of the factors pos-
sibly associated with bystander CPR performance in attempted
bystander CPR. Rescuers who had experienced previous CPR train-
ing were 3.4 times (95% CI 1.31-8.85) more likely to perform CPR
compared with those without such experience. Middle-aged res-
cuers (40-64 years compared to under 40 years; adjusted OR, 0.21;

Table 1
Rescuer and patient characteristics according to rescuer's CPR training experience.
Trained (n=60) Untrained (n=60) p-Value
Rescuer characteristics
Age, year, SD 52.5£16.1 61.1:£156 0.018
Male, n (%) 22(36.7) 25(41.7) 0.354
Family member, n (%) 31(51.7) 50(83.3) <0.001
Health professional, n (%) 18(30.0) 3(5.0) <0.001
Patient characteristics
Age, year, SD 80.3+12.6 75.7+114 0.042
Male, n (%) 32(53.3) 30(50.0) 0.428
ADL before arrest, good, n (%) 28(46.7) 41(68.3) 0.026
Witnessed, n (%) 18(30.0) 29(483) 0.030
Location of arrest, n (%) <0.001
Home 35(58.3) 52(86.7)
Healthcare facility 17(28.3) 1(1.7)
Other 8(13.3) 7(11.7)
Cardiac origin, n (%) 52(86.7) 50(83.3) 0.799
Rescue situation
Telephone CPR instruction, n (%)* 37(62.7) 37(61.7) 1.000
Resuscitation time course by EMS, min, median (IQR)
Call to CPR? 6.0 (1.0-66.0) 7.0(1.0-13.0) 0.341
Call to shock® 9.0 (4.0-26.0) 12.0(9.0-27.0) 0.013
Call to hospital arrivald 31.0(18.0-99.0) 32.5(19.0-91.0) 0.241

CPR denotes cardiopulmonary resuscitation; SD, standard deviation; ADL, activities of daily living; EMS, emergency medical service; IQR, interquartile range.
2 Data on one participant in trained group were missing (n=59 in trained group, n=60 in untrained group).
b Data available for patients with CPR by EMS (n=15 in trained group, n=34 in untrained group).
¢ Data available for patients with EMS shock (n=12 in trained group, n=13 in untrained group).
4 Data available for patients arriving at hospital (n =34 in trained group, n=48 in untrained group).

—-209-



526 K. Tanigawa et al. / Resuscitation 82 (2011) 523-528

Table 2
Resuscitation performances according to rescuer’s CPR training experience.
Trained (n=60) Untrained (n=60) p-Value
Bystander CPR, n (%) 4560 (75.0) 26/60 (43.3) 0.001
Previous CPR training, n (%)
Within a year 17/21(81.0) - -
Between 1 and 3 years 9/12 (75.0) - -
QOver 3 years 17/25 (68.0) - -
Bystander CPR with telephone CPR instruction, n (%) 32/37(86.5) 26/37(70.3) 0.157
Number of rescuers, >2, n (%) 44/60(73.3) 28/60(46.7) <0.001
Number of CPR performers, >2, n (%) 17/45 (37.8) 3/26(11.5) 0.027
Knowledge of AEDs, n (%) 53/60 (88.3) 27/60 (45.0) <0.001
Knowledge of the neighborhood AED location, n (%) 22/60(38.6) 7/60(18.4) 0.043
Using of AED, n (%) 6/15 (40.0) 0/0(0.0) -
Resuscitation time course, min, median (IQR)
Collapse to call® 2.5(-2.0-17.0) 3.0(-3.0-30.0) 0.918
Collapse to bystander CPRP 2.0(0.0-17.0) 2.0(1.0-6.0) 0.765
Call to guided CPR via telephone® 0.0(0.0-2.0) 0.5 (0.0-2.0) 0.959

CPR denotes cardiopulmonary resuscitation; AED, automated external defibrillator; IQR, interquartile range.
2 Data available for witnessed patients (n=18 in trained group, n=29 in untrained group).
b Data available for witnessed patients with CPR (n=12 in trained group, n=6 in untrained group).
< Data available for patients with bystander CPR and who received telephone-guided CPR (n=23 in trained group, n=22 in untrained group).

Bystander sex, female ——— 0.67 (0.26-1.70)
Bystander age Reference

<40 years

40-64 year —— 0.21 (0.05-0.87)

265 years ————— 0.30 (0.06-1.43)
Previous CPR training et 3.40 (1.31-8.85)
Bystander occupation,

health professionals 0.69 (0.14-3.41)
Patient sex, female i 0.38 (0.15-0.99)
Patient age, 275 years | S 2.64 (0.99-7.05)
Witnessed cardiac arrest 0.25 (0.10-0.61)

T T 1
0.01 0.1 1 10

Fig. 2. Multivariable adjusted odds ratios (95% confidence intervals) of the factors
possibly associated with bystander CPR performances.

95% CI 0.05-0.87) and female patients (adjusted OR, 0.38; 95% CI
0.15-0.99) were associated with lower proportion of bystander
CPR. Surprisingly, patients with witnessed arrest were less likely
to receive bystander CPR compared to those without it (adjusted
OR, 0.25; 95% C10.10-0.61).

3.3. Patient outcomes

Patient outcomes according to the rescuers’ experience of CPR
training are shown in Table 3. One-month survival was 13.3% in the
trained rescuer group, while 8.3% in the untrained rescuer group
(p=0.279). Neurologically favorable one-month survival was 3.3%
in the trained rescuer group, against 1.7% in the untrained rescuer
group (p=0.500). However the number of survivors was too small
to evaluate the difference between the groups.

4. Discussion

This study clearly demonstrated that people who experienced
CPR training were more likely to perform CPR at the cardiac
arrest scene than those without such experience. Because CPR by
bystanders is strongly linked to improved patient survival, increase
in CPR attempts should improve patient outcomes. Our study eval-
uated not only the associations between the rescuers’ previous CPR

training and their CPR performance, but also that between res-
cuers’ previous CPR training and patient survival after OHCA. In this
study, unlike a similar study,'3 which conducted a telephone inter-
view two weeks after the event to obtain data on the rescuers, the
EMS personnel interviewed the actual rescuers at the scene which
assured the quality of data and minimized recall biases.

There was a trend to improved neurologically favorable survival
in the trained rescuer group compared with those in the untrained
rescuer group. But unfortunately, the number of survivors was too
small to evaluate this intergroup difference. Many reports show
bystander CPR increases survival after OHCA.519:2627 The experi-
ence of CPR training could improve rescuers willingness to perform
CPR and could result in better patient outcomes after OHCA.

When telephone CPR instruction was provided, CPR was more
often provided to OHCA cases treated by the rescuers with previ-
ous CPR training. Previous studies reported that CPR instruction by
dispatchers could encourage lay rescuers to perform CPR?82% and
improve the quality of CPR performed by bystanders with previ-
ous CPR training.2® Bystanders with previous CPR training might
have a better understanding of the dispatcher’s directions for CPR
and more likely to perform CPR. In addition, our finding suggested
that rescuers with previous CPR training were sometimes confi-
dent enough to start CPR without telephone instruction. Both CPR
training and telephone CPR instruction could increase bystander
CPR.

This study showed that CPR training increased the knowledge
of not only an AED itself but also the neighborhood AED locations,
which suggested that CPR training engaged their attention to AEDs
because there was no uniform location of public access AEDs and
no established education about AED location in the training. These
improvements in attitudes towards CPR and AEDs would result in
increase in willingness to perform CPR or use an AED. However, the
actual use of an AED was rare even if the lay rescuers had experi-
enced CPR training. In Japan, nationwide dissemination of public
access AEDs produced an increase in public access defibrillation
with an AED and survival after out-of-hospital VF.22 A previous
study pointed out difficulties in the actual use of an AED for the
general public even if they were trained in CPR and AED use.3? We
need to consider ways to increase the number of people who can
use an AED in actual emergency settings.

Our finding is consistent with previous studies showing the
importance of CPR training with practice.!4-1631-33 Some of them
suggested the needs of brief re-assessment or refresher course to
improve CPRskills and its retention.!43! CPR training with practice,
therefore, should be widespread. However, the length of conven-
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