HE4 - _ ,

The Report from The Japanese Registry of CPR for In-hospital Cardiac Arrest (J-RCPR) -
PEAX ~ | |
[Backgrounds] In-hospital cardiopulmonary arrest (CPA) is an important matter and
National Registry of Cardiopulmonary Resuscitation (NRCPR) from the United States
reported that the rate of survival of hospital discharge following CPA was 18%. However,
limited data are available in-hospital CPA in Japan.[Methods] Major pre&#8722;cardiac
arrest and event, therapeutic interventions and time intervals and the data about
condition of patients finally confirmed alive before CPA were collected. The patients
with in-hospital CPA were registered prospectively from 11 hospitals, during January
2008 to December 2009 in J apan. All patients, visitors, employees, and staff within the |
faéi]ity campus, who experience a cardiopulmonary resuscitation event defined as either
a pulselessness or a pulse with | L

inadequate perfusion requiring chest compressions and/or defibrillation of ventricular
fibrillation or pulseless ventricular tachycardia were registered with J -RCPR.[Results]
490 adults (71.0&plusmn;14.9, M/F 310/180) enrolled. The prevalence of VF/VT as first
documented rhythm was 28.3%, asystole wds 30.0% and PEA was 41.7%. ROSC (return
of spontaneous contraction) was 64.7%, rates of survival on 24 hr after CPA was 50.2%,
‘and rates of good neurological out come at 30 days after CPA was 21.4%. These
prognbsis of in-hospital CPA weré similar aé the report from NRCPR. Immediate
cause(s) of event were arrhythmia 31.0%, hypotension 15.9%, and acute respiratory
insufficiency 26.3%. 67.1% of the patients were confirmed alive within 10 min before
CPA, 53.9% of the patients were monitored and 78. 4 ’ ’

0% of the patients were witnessed at CPA. [Conclusion] This is the first report of
in'hospitali CPA in J aplan. These results were similar as the results reported from
NRCPR in the United States. '
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Quallty of chest compressions during continuous CPR; comparison between
chest compression-only CPR and conventional CPR*

Chika Nishiyama?, Taku Iwami 2*, Takashi Kawamura?; Masahiko Ando?,
Naohiro Yonemoto®, Atsushi Hiraide®, Hiroshi Nonogi4

2 Department of Preventive Services, Kyoto University School of Public Health, Yoshida-Honmachi, Sakyo-ku, Kyoto 606-8501, Japan

b Department of Epidemiology and Biostatistics, National Center of Neurology and Psychiatry, 4-1-1 Ogawahigashimachi , Kodaira, Tokyo 187-8553, japan
€ Center for Medical Education, Kyoto University Graduate School of Medicine, Yoshida-Konoe-cho, Sakyo-ku, Kyoto 606-8501, Japan

4 Department of Cardiovascular Medicine, National Cerebral and Cardiovascular Center, 5-7-1 Fujishirodai, Suita, Osaka 565-8565, japan

ARTICLE INFO ABSTRACT

Article history: Objectives: This study aimed to compare the time-dependent deterioration of chest compressions
Received 28 January 2010 between chest compression-only cardiopulmonary resuscitation (CPR) and conventional CPR.

Received in revised form 11 April 2010 Methods: This study involved 106 and 107 participants randomly assigned to chest compression-only
Accepted 8 May 2010 - CPR training and conventional CPR training, respectively. Immediately after training, participants were
: asked to perform CPR for 2min and the quality of their CPR skills were evaluated. The number of chest
g?s':‘;{g‘su ort (BLS) compressions in total and those with appropriate depth were counted every 20-s CPR period from the start
Bystander Cl;?! of CPR. The primary outcome was the CPR quality index calculated as the proportion of chest compressions

with appropriate depth among total chest compressions.
Results: The total number of chest compressions remained stable over time both in the chest compression-

Cardiac arrest
Cardiopulmonary resuscitation (CPR)

Chest compression only and the conventional CPR groups. The CPR quality index, however, decreased from 86.6 +25.0 to
Education 58.2+36.9 in the chest compression-only CPR group from 0-20s through 61-80s. The reduction was
Manikin

greater than in the conventional CPR group (85.9+ 25.5 to 74.3 +34.0). The difference in the CPR quality
index reached statistical significance (p=0.003) at 61-80s period.

Conclusions: Chest compressions with appropriate depth decreased more rapidly during chest
compression-only CPR than conventional CPR. We recommend that CPR providers change their roles
every 1min to maintain the quality of chest compressions during chest compression-only CPR. (UMIN-
CTR C0000000321)

Randomized controlled trial

© 2010 Elsevier Ireland Ltd. All rights reserved.

" The quality of chest compressions has been recognized as a key

1. Introduction
' determinant of successful CPR and the importance of continuous

Bystander-initiated cardiopulmonary resuscitation (CPR) plays
a major role in the chain of survival to save cardiac arrest victims.
_ Recently, chest compression-only CPR without ventilations, has
been advocated as the alternative to chest compression plus rescue
breathing resuscitation (conventional CPR).2-7 Chest compression-
- only CPR is attractive because not only can it deliver a greater
number of chest compressions without interruption but also it
is simpler and easier to learn and perform CPR than conven-
tional CPR.2 We demonstrated that people who attended chest
compression-only CPR training programs performed better chest
compressions than those who attended conventional CPR training
programs in a randomized controlled trial.?

* A Spanish translated version of the abstract of this article appears as Appendix
in the final online version at doi:10.1016/j.resuscitation.2010.05.008.
* Corresponding author. Tel.: +81 75 753 2401; fax: +81 75 753 2424.
E-mail address: iwamit@e-mail.jp (T. lwami).

0300-9572/$ - see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
doi: 10.1016/j.resuscitation.2010.05.008

chest compressions with adequate depth is emphasized.! Major
concern is that the rescuer’s fatigue might deteriorate the qual-
ity of CPR during continuous chest compressions.!!! Some study
showed that the quality of chest compression declines over time
during chest compression-only CPR and conventional CPR, but in
these studies experimental conditions were insufficient.’®-13 This
study aimed to compare the time-dependent deterioration of chest
compressions between the two types of CPR as an additional anal-
ysis in our abovementioned study.?

»

2. Methods
2.1, Study design and participants
This study was designed as a randomized controlled trial (RCT)

and the details are shown in our previous report.? Briefly, vol-
unteers aged 18 years or more were recruited from the general
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Table1
Baseline characteristics of participants.

Chest compression-only CPR (n=106) Conventional CPR (n=107) p-value
Men, n (%) 55(51.9) ' . 56(52.3) 0.528
Age, year, means + SD 3874200 38.1£145 0.780
Previous CPR training, n (%) 42(39.6) 47(43.9) 0.309
Experience of actual CPR, n {%) 4(3.8) 2(1.9) 0.337
Family history of sudden cardiac death, n (%) 3(2.8) 7(6.5) 0.170
CPR denotes cardiopulmonary resuscitation.
public (December 2005 through July 2006) and randomly assigned 50+
to either the chest compression-only CPR group or the conven- .
tional CPR (30:2) group with stratification by sex and age (<40 5 : :
or >40 years) using permuted blocks. Health care professionals or § 401 I I l 1
medical/co-medical students were excluded from this study. a p-
A total of 223 participants were enrolled, 112 of whom under- § a0l 341 351 351 358
went a 120-min training program consisting of continuous chest u 240
compressions and an automated external defibrillator (AED) oper- . .,..--T'---...,m 202 -
ation. The remaining 111 were given with a 180-min training - 207 17'-"_,",,,,,,"_17'5.0""' h
program consisting of chest compressions, ventilations,and an AED o T T ,
operation based on the 2005 American Heart Association guidelines ’é 104 . ,
for cardiopulmonary resuscitation and emergency cardiovascular 2
care {chest compression/ventilation ratio of 30:2). Mean age of == Chest compression-only CPR **{lle= ConventionaiCPR
participants was 38 years, and 52% were men. 0+- - . . )
0-20 sec 21-40 sec 41-60 sec 61-80 sec
' CPR period

2.2. Data collection

After the training and a short break, we evaluated participants’
resuscitation skills using a case-based scenario. In this test, a partic-
ipant was called into the testing room and said: “Imagine, you are
atadepartment store. Suddenly a man collapses in front of you. You
are the only person around. Do whatever you ‘can do to help this
man." We gave the same scenario for all participants and evaluated
their CPR skills, After presentation of the scenario, we evaluated

their CPR skills including initial assessment, calling for 119 (emer-

gency call number in Japan), chest compressions, and ventilations
(for the conventional CPR group) for 2 min. The data on CPR skills
were collected automatically by use of Laerdal Resusci Anne PC
Skillreporting Manikin System® (Laerdal Medical, Stavanger, Nor-
way).

2.3. Measure quality of chest compression

We counted the number of chest compressions in total and
those with appropriate depth during every 20-s CPR period from
the start of CPR (i.e., start of chest compressions in the chest
compression-only CPR group and either start of ventilations or
chest compressions in the conventional CPR group). The primary
outcome of this analysis was CPR quality index calculated as the
proportion of chest compressions with appropriate depth among
the total chest compressions during every 20-s CPR period. The
appropriate depth was defined as 3.5-5.5cm according to the
Japanese CPR guideline.! We also evaluated the number of chest
‘compr»essions. time to CPR, and no-flow time.

2.4. Statistical methods

Analyses were performed on an intention-to-treat basis, The
data were compared across groups using chi-square test for cat-
egorical variables and Student's t-test for continuous variables.
Analyses were performed using SPSS Ver.12 (SPSS, Inc., Chicago,
IL). A two-tailed value of p<0.05 was considered statistically sig-
nificant.

Fig. 1. Number of chest compres'sion’s during every 20-s CPR period of chest
compression-only CPR and conventional CPR. Error bar indicates standard deviation,

2.5. Ethical considerations

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

3. Results
3.1. Baseline characteristics

In this RCT, 6 participants assigned to the chest compression-
only CPR group and 4 to the conventional CPR group were absent
from training because of urgent business or poor physical con-
dition. Therefore, the remaining 106 participants in the chest
compression-only CPR group and 107 participants in the con-
ventional CPR group were evaluated for their CPR skills. Baseline
characteristics of the two groups are shown in Table 1. There were
no significant differences in age, sex ratio, previous CPR training,
experience of actual CPR, and family history of sudden cardiac arrest
between the groups. :

3.2. Decline in quality of chest compressions over time

Fig. 1 illustrates the time-course of the number of chest com-
pressions. The numbers were 34.1+4.2, 35.1+4.7, 35.1+4.7 and
35.6 £+ 5.1 in the chest compression-only CPR group and 17.7 £6.7,
17.544.7, 24.0+6.2 and 20.2 +7.9 in the conventional CPR group
during 0-20, 21-40, 41-60 and 61-80s, respectively. The numbers
of chest compressions remained stable in both groups, but they
were greater in the chest compression-only CPR group than in the
conventional CPR group at any CPR period.

Fig. 2 shows the chronological change in the quality of CPR.
The quality index gradually decreased from 86.6 +25.0 (0-205) to
58.2+36.9(61-80s) in the chest compression-only CPR group and
from 85.9+25.5 (0-205s) to 74.3 £34.0 (61-80s) in the conven-

—-256—



1154 C. Nishiyama et al. / Resuscitation 81 (2010) 1152-1155

100 1
80.3
80 1 . 85.9 '-vu..-u...,'7.7...1 743
) .. *hevicanp, [
3 A
£ 80 88.2 .
2 p=0.670
gg-.; 1 58.2
@ 40 pe0.8%0
'Y . L
o
20 - p*0.110 e0503
0 === Chest compression-only CPR ** 8i*+ Conventional CPR
0-20 sec 2140 sec 41-60 sec 81-80 sec
CPR peried

) Fig. 2. CPR quality index, the proportion of chest compressions with appropri-
ate depth among the total chest compressions during 20-s CPR period, for chest
compression-only CPR and conventional CPR. Error bar indicates standard deviation.

tional CPR group over time. The decay of CPR was greater during

the chest compression-only CPR, and the intergroup difference in’

the CPR quality index increased, reaching statistical significance at
61-80s period (p =0.003). .

3.3, Interruption of chest compressions during 2-min CPR

Time to the first resuscitation (either chest compression
or ventilation) was 32.0+£80s and 35.0:+9.0s in the chest
compression-only CPR group and in the conventional CPR
group, respectively (p=0.005). No-flow time was 32.0+9.0s and
81.0 + 10.05 in the chest compression-only CPR group and the con-
ventional CPR group, respectively (p <0.001).

4. Discussion

To our knowledge, this is the first RCT indicating a difference in
the time-dependent deterioration of chest compressions between
chest compression-only CPR and conventional CPR with compres-
sion/ventilation ratio of 30:2. It demonstrated that the quality of
. chest compressions declined more rapidly in chest compression-

only CPR than in conventional CPR and the difference reached
" statistical significance 1min after start of CPR. Previous studies
evaluating the influence of rescuer fatigue on the quality of chest
compressions had some weak points including the non-controlled
study design, biased participants such as medical students,!2 and
no CPR training before skills evaluation.’® In the latter study, it
is not clear whether their fatigue or lack of CPR knowledge skills
hindered their CPR performance, because their CPR were evalu-
ated without prior CPR training. In addition, they compared chest
compression-only CPR with the conventional CPR with compres-
sion/ventilation ratio of 15:2.'2 Hence, our study provided valid
and updated evidence on the time-dependent CPR deterioration.
Although the number of total chest compressions did notchange
over time, the percentage of correct compressions with sufficient
depth was gradually reduced with ongoing resuscitation as pre-
viously reported.'215.16 Most plausible explanation of this quality
deterioration is the cumulative fatigue resulting from continuous
chest compressions.}'%11:15 One clinical study evaluating actual
in-hospital resuscitation also found time-dependent deterioration
of chest compression by rescuer's fatigue.'” This inference was
already confirmed by some studies using physiological markers
such as heart rate, oxygen saturation by pulse oximetry, blood

lactate concentration, and neuromuscular function.'8-21 In these
reports, physical fitness may be beneficial to CPR providers to
ensure the adequacy of chest compressions during CPR.1%.16.18-21 |p
the conventional CPR, longer hands-off time caused by ventilations -
might serve as a rest and result in a recovery from fatigue.

The 2005 American Heart Association guidelines for CPR and
emergency cardiovascular care recommend that rescuers change
their chest compressions every 2min during conventional CPR,!
but it does not refer to a change during chest compression-
only CPR due to insufficient evidence. Rescuers generally do not
become aware when their fatigue-induced compression impair-
ment begins,!? Unless the rescuer complains of fatigue, he/she
should be replaced with others in order to maintain the quality
of chest compressions, According to the findings of this study, we
recommend that rescuers should change their roles in CPR every
1 min for chest compression-only CPR. .

Even if chest compression-only CPR has the drawback of easy
fatigability, much larger numbers of chest compressions during 2-
min CPR than the conventional CPR32 would amply compensate
for this weakness. It is simpler, easier to learn and perform?®® and
is expected to increase the number of lay people who could per-
form bystander-initiated CPR.%22 Bearing these features in mind,
we should disseminate chest compression-only CPR in order to

_ increase bystander CPR and improve survival after OHCA.

This study has some limitations. First, we did not measure the
intermediate factors that lowered the quality of CPR and could not
thoroughly infer the biological mechanism of chest compression
decay. Second, the resuscitation skills were evaluated by a case-
based scenario test and actual resuscitation performances were
unknown. Third, although rescuers’ characteristics such as gen-
der, height, and weight also would influence the quality of chest
compressions,!? we did not evaluate these factors in this study. We
are planning to assess the associations between rescuers’ charac-
teristics and CPR quality in the next study. Finally, we cannot rule
out the possibility that the difference in duration of CPR training
might affect the outcomes.”

5. Conclusions

Quality of chest compressions rapidly declined in the chest
compression-only CPR compared with the conventional CPR. We
recommend that rescuers should change their roles in CPR every
1 min to maintain the quality of chest compressions during chest
compression-only CPR.
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Efficacy of Out-Patient Cardiac Rehabilitation in Low
Prognostic Risk Patients After Acute Myocardial
Infarction in Primary Intervention Era

Tsukasa Kamakura, MD; Rika Kawakami, MD; Michio Nakanishi, MD; Muneaki Ibuki, MD;
Takahiro Ohara, MD; Masanobu Yanase, MD; Naohiko Aihara, MD;
Teruo Noguchi, MD; Hiroshi Nonogi, MD; Yoichi Goto, MD

Background: The efficacy of out-patient cardiac rehabilitation (OPCR) in patients with a low prognostic risk
after acute myocardial infarction (AMI) is unclear in the recent primary intervention era.

Methods and Results: A total of 637 AMI patients who participated in in-hospital cardiac rehabilitation were
divided into 2 groups; low prognostic risk group (n=219; age <65 years, successful reperfusion, Killip class |, peak
serum creatine kinase <6,000U/L, and left ventricular ejection fraction >40%) and non-low prognostic risk group
(n=418). The prevalence of coronary risk factors (CRF) was compared between the 2 groups. Then, in the low-
risk group, the efficacy of OPCR was compared between active OPCR participants (n=52; 220 sessions/3 months)
and non-active participants (n=60; <6 sessions/3 months). Compared with the non-low prognostic risk group, the
low prognostic risk group had a significantly higher prevalence of current smokers (72% vs. 49%, P<0.05) and
patients with multiple CRF (3 or more; 49% vs. 39%, P<0.05). Among the low- risk group, active OPCR partici-
pants showed a significantly greater improvement in exercise capacity (peak VO2, P<0.05) and maintained a bet-
ter CRF profile (total cholesterol, triglyceride and blood pressure, all P<0.05) than inactive participants at 3
months.

Conclusions: Low prognostic risk AMI patients have a higher prevalence of multiple CRF than non-low risk
patients. Even in this low risk group, active participation in OPCR is associated with improved exercise capacity

and better CRF profile. (CircJ 2011; 75: 315—-321)

Key Words: Acute myocardial infarction; Cardiac rehabilitation; Coronary risk factors; Exercise capacity; Low

prognostic risk

vention including medically supervised exercise

training, risk factor control, patient education, and
psychosocial counseling. CR has been reported to be effec-
tive in improving numerous intermediate endpoints, includ-
ing exertional ischemic symptoms, overall feelings of well-
ness, exercise tolerance, and coronary risk factors (CRF) in
patients with coronary artery disease (CAD).!-6 In addition,
recent meta-analyses of randomized studies on the effects of
exercise-based CR in patients with CAD have demonstrated
a statistically significant reduction in total and cardiac mor-
tality ranging from 20% to 32%’ in patients undergoing
CR compared with those receiving standard medical care.
The guidelines from the American College of Cardiology/
American Heart Association and Japanese Circulation Soci-
ety recommend the use of CR after acute myocardial infarc-

C ardiac rehabilitation (CR) is a comprehehsive inter-

tion (AMI) as Class L.10-14

Recently, the widespread use of primary percutaneous
coronary interventions (PCI) has enabled early ambulation
of patients with AMI by reducing acute phase complications,
resulting in minimal physical deconditioning. As a result,
many AMI patients leave a hospital early without participat-
ing in a recovery phase (phase II) out-patient CR (OPCR)
program.'5 However, the necessity and efficacy of OPCR

_ remain unclear in AMI patients who are anticipated to be at

low risk in terms of long-term prognosis (ie, non-elderly,
successful reperfusion, absence of heart failure, and pre-
served left ventricular (LV) systolic function).

Accordingly, the purpose of the present study was to clar-
ify the prevalence of CRF and to determine the efficacy of a
3-month OPCR program in such presumably low prognostic

risk patients after AML
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Methods

Patients

We studied a total of 637 consecutive patients with AMI who
participated in a recovery phase CR program and underwent
cardiopulmonary exercise testing (CPX) at the beginning and
end of a 3-month program in our hospital. The patients were
divided into 2 groups: a low prognostic risk group and a non-
low prognostic risk group. The low prognostic risk group
comprised of 219 patients who fulfilled all of the following
criteria indicative of favorable prognosis; age under 65 years,
successful reperfusion, Killip class I (an indicator of absence
of acute phase heart failure), peak serum creatine kinase
(CK) <6,000U/L, LV ejection fraction (LVEF) 240%. The
remaining 417 patients who did not fulfill 1 or more of the
above 5 criteria were referred to as the non-low prognostic
risk group.

As the first step of data analysis, the prevalence each of
the CRF (hypertension, hyperlipidemia, diabetes mellitus,
obesity and smoking habit) was compared between the low
prognostic group and the non-low prognostic group.

As the second step, the efficacy of OPCR in AMI patients
at low prognostic risk was examined by comparing the data
for exercise capacity and CRF between active participants
and non-active participants in the low prognostic risk group.
Active participants were defined as patients who attended
the OPCR sessions at least 20 times in 3 months (ie, approx-
imately >2times/week), and non-active participants were
those who attended OPCR less than 6 times in 3 months (ie,
approximately <0.5times/week). There were 52 active par-
ticipants and 60 non-active participants in the low prognos-

tic group. We did not include the remaining 107 patients
with intermediate attendance (patients with 6-19 attendances
in 3 months) in the analysis, because the effect of OPCR in
this patient group was considered to be modest, if any, and -
inclusion of this group in the analysis would dilute the mea-
surable efficacy of OPCR. A schematic of the study protocol
is provided in Figure 1.

CR Program
The CR program began approximately 1 week after AMI
and continued after hospital discharge for 3 months. Patients
who had angina or evidence of ischemic changes in their
electrocardiogram (ECG) at a low level of exercise (walking
test), uncontrolled heart failure, and serious arrhythmia were
excluded. Program components included supervised exercise
sessions (walking, bicycle ergometer and calisthenics) and
education, as previously described.!617 The exercise inten-
sity was determined individually at 50-60% of heart rate
reserve (Karvonen’s equation, k=0.5-0.6)'31 or a heart rate
of anaerobic threshold (AT) level obtained in a maximal
symptom-limited CPX testing or at level 12-13 (‘a little
hard’) of the 6-20 scale perceived rating of exercise (origi-
nal Borg’s scale).?® The exercise program was started with
supervised sessions for 2 weeks, followed by home exercise
combined with once or twice-a-week supervised sessions for
the remaining 10 weeks. Home exercise consisted mainly of
brisk walking at a prescribed heart rate for 30 to 60 min, 3-5
times a week.

Patients were encouraged to attend the education classes
that were held 4 times a week with lectures on CAD, sec-
ondary prevention, diet, smoking cessation, medication, and
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Non-low-risk group

(n=418)
659
83
13

3,339+2,639

17

24
44.4+10.4

34

209.8+202.0

56
42
49
27
49
39

P value

<0.01
NS
<0.01
<0.01
<0.001
<0.001
<0.01
<0.001
<0.001
NS
NS
<0.05
NS
<0.001 -

 Table 1. Comparisons of Clinical Characteristics in the Low and Non-Low Prognostic Risk Groups -
o ’ ‘ o Low-risk éroup ' ‘

(n=219)

Age (years) 5547

Male (%) 88

Killip class Il (%) 0

Peak CK (U/L) 2,458+1,444

CK 26,000 U/L (%) 0

Unsuccessful reperfusion (%) . 0

LVEF (%) 49.1:6.8

LVEF <40% (%) 0

'BNP (pg/ml) 75.7+70.9

HT (%) 57

DM/IGT (%) 47

HLP (%) 59

Obesity (%) 28

Smoking habit (%) 72

Coronary. risk factors 23 (%) 49

<0.05

CK, serum concentration of creatine kinase; LVEF, left ventricular ejection fraction; BNP, brain natriuretic peptide;
HT, hypertention; DM, diabetes mellitus; IGT, impaired glucose tolerance; HLP, hyperlipidemia.
Values are mean=+SD.

‘ (n=52)
Age (years) AR 57.0+7.3
Male (%) 83
Peak CK (U/L) , 2,361.1x1,264.2
LVEF (%) 51.4+7.5
BNP (pg/ml) 83.7+106.0
OPCR attendance (times/3 months) 25.5+5.1
HT (%) 58
DMAGT (%) 44
HLP (%) 58
Obesity (%) 29
Smoking habit (%) 56
ACE-I/ARB (%) 42
f3-blocker (%) 19
Ca channel blocker (%) 40
DM medications (%) 8
Statin (%) 44
Rest HR (/min) : - . 72.6+10.8
Rest sBP (mmHg) 123.1x20.2
Rest dBP (mmHg) 77.7+11.0
Peak WR (W) 132.3:25.2
AT (ml-min-*-kg-") " 11.1£2.5
Peak VOz (ml-min-1- kg-) 23.4x4.2
Peak VOa (%predict) , 78.5+14.5

(n=60)
52.8+7.0
95

2,419.5£1,357.1

47.415.7
82.8+74.8
1.3+1.7
52
52
58
30
75
52
43
40
15
43
71.5¢14.9
119.8+21.0
74.7+12.0
136.0+31.3
11,6126
23.615.0
73.7:14.3

Al A cipants in the L
Active participants Non-active participants

P value

<0.01
<0.001
NS
<0.01
NS
<0.001
NS
NS
NS
NS
<0.05
NS
<0.01
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

Values are mean+SD.

OPCR, outpatient cardiac rehabilitation; ACE-1, angioten

sin converting enzyme inhibitor; ARB, angiotensin Il recep-

tor blocker; HR, heart rate; sBP, systolic blood pressure; dBP, diastolic blood pressure; WR, work rate; AT, anaerobic
threshold; Reak VOz2, peak oxygen uptake. Other abbreviations see in Table 1.

physical activities given by physicians, nurses, dieticians,
pharmacists and exercise instructors. In addition, all patients
received individual counseling on exercise prescription, sec-
ondary prevention, and daily life activities by a physician
and a nurse at the time of hospital discharge and the end of

the 3-month CR program. Patients were scheduled to undergo
blood tests at the beginning and the end of the 3-month CR

program.
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BMI Bp H dBP H AT Increaserate Peak VO2 Increase rate of
sBP (mmHg) . (mmHg) (ml/min/kg) of AT(%) (ml/min/kg) Peak VO2(%)
| |150 —L 20 20 40 20 [ p<0.05
NS p<0.0
3Qo.01 ns [5,PreP150 p<0, L | 1

rr

100 20 10

50 0
A NA A NA A NA A NA A NA
- T-CHO(mg/dl) TG(mg/dl) HDL-C(mg/dl) LDL-C(mg/dl) FBG(mg/dl) HbA1C(%) BNP(pg/ml)
<0.05 p<0.05
p<0.05 NS | |200 100 150 [NS NS | |10
n p<P.05 p<0.05 2996.001 <0/05 100/ A
200 m
p<0.01 p<0.00 100
100 50
100 50
0 0 0 0

Figure 2. Comparison of the active participants and non-active participants before and after 3 months of outpatient cardiac
rehabilitation program. A, active participants; NA, non-active participants; BMI, body mass index; sBP, systolic blood pressure;
dBP, diastolic blood pressure; AT, anaerobic threshold; Peak VOz, peak oxygen uptake; T-CHO, serum concentration of total
cholesterol; TG, serum concentration of triglyceride; HDL-C, serum concentration of high density lipoprotein cholesterol; LDL-

natriuretic peptide.

C, serum concentration of low density lipoprotein cholesterol; FBG, fasting blood gluoose HbA+c, hemoglobin A1c; BNP, brain

CPX.

Patients were scheduled to undergo a symptom-limited CPX
at the beginning and the end of the 3-month CR program.*
After a 2-min rest on the bicycle ergometer in the upright
position, the patients started pedaling at an intensity of 0 W
for 1min (warm-up), and then performed an incremental
exercise test with a ramp protocol (10 or 15W/min) until
exhaustion. Twelve-lead ECG was continuously monitored
and blood pressure (BP) was measured once-a-min with a
sphygmomanometer. Expired gas was collected and ana-
lyzed continuously with an AE-300S gas analyzer (Minato
Co, Osaka, Japan). Peak oxygen uptake (peak VO2) was
defined as the highest VO2 value achieved at peak exercise.
Ventilation (VE) and carbon dioxide output (VCO:2) were
measured and the VO2 value at AT or ventilatory threshold
was determined as the point at which VCO2 increased in a
non-linear fashion relative to the rate of VO2 (according to
the VE/VO2 time trend, the respiratory exchange ratio flec-
tion point, or the V-slope method).!%?

Statistical Analysis
Baseline characteristics between the 2 groups were compared

using unpaired t-test and chi-square test. Data at baseline and
after the 3-month OPCR were compared by paired t-test. A
P-value less than 0.05 was considered statistically signifi-
cant. Data are presented as the mean=*standard deviation.

Results

Prevalences of CRF in Low Prognostic Risk Group vs.
Non-Low Prognostic Risk Group

Clinical characteristics in the low prognostic risk group and
the non-low prognostic risk group are summarized in
Table 1. Compared with the non-low prognostic risk group,
the low prognostic risk group was on average significantly
younger, and did not have heart failure on admission or
unsuccessful reperfusion, but had lower peak CK and B-type
natriuretic peptide (BNP) concentrations and preserved
LVEF. Although these findings were anticipated by the defi-
nition of the group, they reconfirm that the patients in the
low prognostic group were undoubtedly at low prognostic
risk. However, when the prevalence of CRF was compared
between the 2 groups, the percentage of patients with dyslip-
idemia, smoking habit and multiple CRF (equal to or more
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than 3) was significantly higher in the low prognostic risk
group than in the non-low prognostic risk group.

Efficacy of OPCR in Low Prognostic Risk Group: Comparison
Between Active and Non-Active Participants

Baseline characteristics in active participants and non-active
participants in the low prognostic risk group are summarized
in Table 2. Although active participants were significantly
older than the non-active participants, they were both non-
elderly (less than 65 years old). Peak CK was low and LVEF
was relatively preserved in both groups. These findings
reconfirm that both active and non-active participants are
apparently at low prognostic risk. Although there were minor
differences in the prevalence of male patients, smokers and
[-blocker use, there were no significant differences in exer-
cise capacities at baseline between the 2 groups.

During the 3-month OPCR period, only a few patients
experienced changes in medication; statins were introduced
in 3 patients (5.8%) in the active participants and 2 patients
(3.3%) in the non-active participants, and diabetic medica-
tions were started in 2 patients (3.3%) in the non-active par-
ticipants. Thus, the baseline clinical characteristics of active
and non-active participants were almost equivalent, except
for the frequency of OPCR attendance.

Figure 2 depicts comparisons of parameters before and
after the 3-month OPCR between active and non-active
participants in the low prognostic risk group. After the 3-
month OPCR, only active participants, and not the non-
active participants, showed significant improvements in
body mass index (BMI; 23.3£2.5 to 22.942.5, P<0.01), AT
(11.1+2.5 to 12.742.5ml-min! kg, P<0.001), total cho-
lesterol (208.4+33.7 to 188.8+26.4mg/dl, P<0.05), and tri-
glyceride (130.0£77.4 to 111.0£63.7mg/dl, P<0.05). In addi-
tion, while peak VO: increased in both groups (active
participants 23.4+4.2 to 27.3+5.0ml-min~!-kgt, P<0.001;
non-active participants 23.745.0 to 25.3+5.3ml- min~! - kg,
P<0.001), the magnitude of the increase was significantly
greater in the active participants (15.6% vs. 8.6%, P<0.05).
In contrast, only non-active participants showed significant
worsening in systolic and diastolic BP (systolic. BP: from
119.8421.0 to 126.1£20.4 mmHg, P<0.03, diastolic BP: from
74.7+12.0 to 82.4+11.8mmHg, P<0.001) and triglyceride
(128.0£57.1 to 135.3£63.9mg/d]l, P<0.05). The following
parameters showed significant improvements both in the
active and non-active participants; high density lipoprotein
cholesterol (HDL-C: 43.6t14.1 to 49.0+12.2mg/dl, P<0.01;
39.7+11.0 to 44.8+11.6mg/dl, P<0.001), low density lipo-
protein cholesterol (LDL-C: 140.1+31.9 to 117.6+25.9 mg/dl,
P<0.001; 124.8£31.2 to 115.3%+19.7mg/dl, P<0.01), and
BNP (83.7+106.0 to 39.7+44.8 pg/ml, P<0.05; 82.9£74.8 to
42.4+51.7 pg/ml, P<0.05).

Discussion

The major findings of the present study are that the low
prognostic risk AMI patients had a higher prevalence of
smoking habit, dyslipidemia and multiple CRF than the non-
low prognostic risk patients, and that in the low prognostic
risk group, active participation in OPCR was associated with
better CRF profile (ie, BP, dyslipidemia, and obesity) and
exercise capacity. These findings suggest that, by actively
participating in OPCR after AMI, even the low prognostic
risk patients might gain clinical benefits such as better CRF
modification and physical functioning.

Previous Studies

Various guidelines for management of post-AMI (or estab-
lished CAD) patients recommend aggressive modifications
of CRF for secondary prevention,'™>!? and adherence to
these recommendations and/or reduction of CRF have been
shown to improve long-term prognosis.?*-** In contrast,
Thrombolysis In Myocardial Infarction (TIMI) risk score?’
and Controlled Abciximab and Device Investigation to
Lower Late Angioplasty Complications (CADILLAC) risk
score® have demonstrated that 1-year mortality is very low
in AMI patients with age <65 years, successful reperfusion,
absence of acute phase heart failure, and preserved LV func-
tion, which are compatible with the patient characteristics of
the low prognostic risk group in the present study. However,
little is known about the prevalence of CRF or clinical sig-
nificance of accumulation of multiple CRF in such low prog-
nostic risk patients. In relation to this, it is of note that,
Lloyd-Jones and colleagues demonstrated that young sub-
jects with accumulated CRF, despite low short-term risk,
have a higher ‘lifetime risks for CAD’ and greater progres-
sion of subclinical coronary atherosclerosis compared with
those at low lifetime risk.**** These data suggest that appar-
ently low prognostic risk patients stratified by TIMI or
CADILLAC risk score are likely to have superb short-term
(1 year) prognosis, but not necessarily favorable long-term
or lifetime prognosis.

Present Study

The present study has explicitly demonstrated that the low
prognostic risk patients actually have higher prevalence of
multiple CRF than the non-low prognostic risk patients.
Although the finding that younger AMI patients have higher
prevalences of smoking and hyperlipidemia than elderly
patients is in accordance with previous studies,* there has
been no report demonstrating higher prevalence of multiple
CRF in low prognostic risk AMI patients with successful
reperfusion and preserved LVEF. According to TIMI risk

- score?? or CADILLAC risk score,® this finding might appear

confusing or counterintuitive. However, from the viewpoint
of lifetime CAD risk, 2 this finding might have a signifi-
cant impact on the long-term prognosis of apparently low
prognostic risk AMI patients.

The second major finding in the current study is that active
participation in OPCR improved CRF (BP, dyslipidemia, and
obesity) and exercise capacity even in the low prognostic
risk group. There have been no studies that reported the
effect of OPCR in the low prognostic risk AMI patients. Tay-
lor et al® reported in a meta-analysis of randomized controlled
trials that the effect of OPCR on total mortality did not differ
between studies before and after year 1995 (odds ratio 0.84
before 1995 vs. 0.62 after 1995, NS), but they did not assess
the effect of OPCR on the low prognostic risk patients after
successful reperfusion. Witt et al recently reported that par-
ticipation in OPCR after AMI was associated with improved
survival and reduced recurrent myocardial infarction (MI) at
3 years, but the rate of reperfusion was only 33% in their
patients.3? Squires et al reported that a 3-year coronary dis-
ease management program in OPCR for CAD patients was
effective in achieving the secondary prevention goals, but
their assessment did not target the low prognostic risk
patients.?* Thus, the present study has demonstrated for the
first time the favorable effects of OPCR on CRF and exercise
capacity in the low prognostic AMI patients.
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Clinical Implications

It remains unknown whether the improvements in CRF pro-
files and exercise capacity achieved by active participation
in OPCR can lead to an improved long term prognosis in the
low prognostic risk AMI patients. However, Tani et al
reported that successful life style modification with exercise,
body weight reduction and smoking cessation for 6 months
was associated with coronary plaque volume regression in
low prognostic risk CAD patients.*® Belardinelli et al
reported in the ETICA (Exercise Training Intervention after
Coronary Angioplasty) trial that a 6-month OPCR for the
relatively low risk CAD patients after successful PCI (49%
having AMI) reduced cardiac events and hospital re-admis-
sion during the follow-up period (33%7 months).?* In addi-
tion, because the magnitude of the improvement in endothe-
lial function afforded by OPCR does not correlate with the
improvements in CRF, the general consensus at present is
that the favorable effect of OPCR on the long-term progno-
sis is mediated by a direct anti-atherosclerosis effect of exer-
cise training rather than by improvements in CRF.# There-
fore, further study is necessary to determine the long term
effect of OPCR in AMI patients with low prognostic risk.

In the present study, significant differences were found
between active and inactive OPCR participants in BMI, total
cholesterol, triglyceride and BP, but not in LDL-C or glu-
cose tolerance. One might argue that the prognostic impacts
of BMI, total cholesterol, triglyceride and BP might be less
powerful compared with those of LDL-C and diabetes. How-
ever, Nakatani et al reported that the metabolic syndrome,
diagnosed from the combination of BMI, HDL-C, triglycer-
ide, BP, and fasting blood glucose, was an independent pre-
dictor of subsequent combined cardiac events of cardiac
death and non-fatal MI in Japanese patients after AML¥
Therefore, it is plausible that the improvements in BMI, tri-
glyceride and BP observed in the present study might con-
tribute to the improvement in the long-term prognosis in
Japanese AMI patients.

Future Direction

In the present study, the rate of active OPCR participation
was only 24% (52/219 patients) in the low prognostic risk
group. To reduce lifetime CAD Tisk in these low prognostic
risk AMI patients, a substantial increase in participation rate
in OPCR is necessary. However, according to a recent
nation-wide survey in 526 Japanese Circulation Society

authorized cardiology training hospitals,'s the implementa- -

tion rate was 92% for emergency PCI, but only 9% for
OPCR. In addition, Ades et al reported that, by multivariate
analysis, the strength of the physician’s recommendation for
participation was the most powerful predictor of OPCR par-
ticipation.™ Thus, to increase the participation rate in OPCR,
it is critically important to greatly increase the number of CR
facilities and to enhance physicians’ understanding of the
benefits of OPCR after AMI.

Study Limitations

First, this study was a retrospective analysis and the number
of patients was relatively small. The more active patients
would be expected to participate in OPCR and this might
have introduced a selection bias.

Second, the low prognostic risk group is anticipated to be
at low risk in terms of short-term prognosis¥2® and hence,
whether improvements in CRF profile in such low prognos-
tic risk patients are associated with actual improvements in
outcome is uncertain. A longer follow-up in a larger number

of patients is necessary to increase the statistical power to
demonstrate the beneﬁmal effect of OPCR on the long-term
prognosis.

Conclusions

The low prognostic risk AMI patients have a higher preva-
lence of multiple CRF than the non-low risk patients. Active
participation in OPCR program is associated with improved
exercise capacity and CRF profile in such low prognostic
risk patients. OPCR program can be effective in achieving
secondary prevention goals even in the low prognosuc risk
AMI patients.
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Supported in part by Health and Labor Sciences Research Grant (H19-
011) from the Ministry of Health, Labor and Welfare, Japan.
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Ar ﬁf{e 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
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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
Takatsuki, Osaka prefecture, Japan. Data on resuscitation of OHCA patients were obtained by emergency

Available online xxx

g:’sl i‘gt;,ri‘fi::Suppo rt (BLS) medical service (EMS) personnel in charge based on the Utstein style. Rescuers’ characteristics including
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

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

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,*® and that bystanders CPR could potentially dou-
ble survival after OHCAs.>® 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.
* Corresponding author. Tel.: +81 75 753 2401; fax: +81 75 753 2424.
E-mail address: iwamit@e-mail.jp (T. [wami).

0300-9572/$ - see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.resuscitation.2011.01.027

vious studies indicated that CPR training improved willingness
to perform CPR and would increase the proportion of bystander
CPRE-13

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.? 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.>”17-19 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-

— 267 -



GModel
RESUS-4634; No.of Pages6

2 ' K. TﬁnigaWa ef al./ Re&uQci[&n‘oﬁ xxx. (. 20 1. 1) Xxx-XxX v

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 December 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?2. The
municipal EMS systemis 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-
lows 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 2006.20 Public access defibrillation
(PAD) programs were started in July 2004 in Japan.2! 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.2122 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,?425 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 ¢-
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 (Cls)
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 >65 years),
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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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 (80.3+£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 CPRwas significantly greaterin the trained rescuer group
thanin 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+15.6 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(48.3) 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 arrival? 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).
d Data available for patients arriving at hospital (n=34 in trained group, n=48 in untrained group).
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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) - -
Over 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) 7160 (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 CPR? 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.
# 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 e 0.21 (0.05-0.87)

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

health professionals Lt
Patient sex, female —— 0.38 (0.15-0.99)
Patient age, 275 years | 2.64 (0.99-7.05)
Witnessed cardiac arrest 0.25 (0.10-0.61)

L 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% CI1 0.10-0.61).

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

S —

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,'® 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.51926.27 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?829 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 VE.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.30 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.’-1631-33 Some of them
suggested the needs of brief re-assessment or refresher course to
improve CPR skills and its retention.!43! CPR training with practice,
therefore, should be widespread. However, the length of conven-
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