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Abstract
Objectives: It is unclear how much the length of a cardiopulmonary resuscitation (CPR) training
program can be reduced without ruining its effectiveness. The authors aimed to compare CPR skills
6 months and 1 year after training between shortened chest compression–only CPR training and
conventional CPR training.

Methods: Participants were randomly assigned to either the compression-only CPR group, which
underwent a 45-minute training program consisting of chest compressions and automated external
defibrillator (AED) use with personal training manikins, or the conventional CPR group, which
underwent a 180-minute training program with chest compressions, rescue breathing, and AED use.
Participants’ resuscitation skills were evaluated 6 months and 1 year after the training. The primary
outcome measure was the proportion of appropriate chest compressions 1 year after the training.

Results: A total of 146 persons were enrolled, and 63 (87.5%) in the compression-only CPR group and 56
(75.7%) in the conventional CPR group completed the 1-year evaluation. The compression-only CPR
group was superior to the conventional CPR group regarding the proportion of appropriate chest
compression (mean � SD = 59.8% � 40.0% vs. 46.3% � 28.6%; p = 0.036) and the number of appropriate
chest compressions (mean � SD = 119.5 � 80.0 vs. 77.2 � 47.8; p = 0.001). Time without chest
compression in the compression-only CPR group was significantly shorter than that in the conventional
CPR group (mean � SD = 11.8 � 21.1 seconds vs. 52.9 � 14.9 seconds; p < 0.001).

Conclusions: The shortened compression-only CPR training program appears to help the general public
retain CPR skills better than the conventional CPR training program.

ACADEMIC EMERGENCY MEDICINE 2014; 21:47–54 © 2013 by the Society for Academic Emergency
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Out-of-hospital cardiac arrest (OHCA) continues
to be a leading cause of death in many regions
of the world.1–3 Bystander cardiopulmonary

resuscitation (CPR) can double or triple the likelihood of
survival after OHCAs.4,5 To increase bystander CPR,
elaborate training programs are provided to over
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1,420,000 persons every year in Japan.6 However,
bystander CPR is not often provided until the arrival of
professional emergency responders.1,2,7,8 Fear of injur-
ing the victim,9 fear of poor performance,9,10 liability,11

and reluctance to perform mouth-to-mouth resucita-
tion12 are noted as reasons for the low frequency of
bystander CPR. Additionally, the 3 to 4 hour length of
current classes for CPR training can be a barrier to fur-
ther dissemination of CPR.13

Chest compression is an especially critical component
of CPR.1 Animal and clinical investigations suggest that
continuous chest compressions without ventilation are
as effective as chest compression plus rescue breathing
for most cardiac arrest cases14–16 and even more effec-
tive for some types of cardiac arrests.17–19 Chest com-
pression–only CPR is quite attractive not only because it
is easier to learn and perform than conventional CPR,
but also because it can provide a greater number of
chest compressions without interruption.

We previously demonstrated that the 2-hour chest
compression–only CPR training resulted in members of
the general public performing greater numbers of
appropriate chest compressions than the 3-hour con-
ventional CPR program.20 However, it is unclear how
much we can reduce the length of a CPR training pro-
gram without ruining its effectiveness. In addition, little
is known about long-term CPR skill retention in associa-
tion with a CPR training program. The aim of this study
was to compare CPR skill retention at 6 months after
and 1 year after training, between the 45-minute chest
compression–only CPR training program and the 180-
minute conventional CPR training program.

METHODS

Study Design
This study was a randomized controlled trial and was
conducted between December 2009 and December
2010. All procedures were conducted according to the
Declaration of Helsinki. Participants submitted written
informed consent prior to participation. This study was
approved by the Ethics Committee of Kyoto University
Graduate School of Medicine.

Study Setting and Population
Students of a college in Osaka City were invited to this
study via school bulletin boards. Health care profes-
sionals; medical and co-medical students such as nurs-
ing students, pharmacy students; and students who
went to schools of nutrition, medical technology, reha-
bilitation, medical engineering, and paramedicine were
excluded. Participants were offered each $20 as an
incentive to be retested at both 6 months and 1 year
after the initial training. Participants were randomly
assigned to either the 45-minute chest compression-
only CPR training, or the 180-minute conventional CPR
training, with stratification by sex using permuted
blocks, because female sex has been reported as one of
the major factors affecting the quality of chest compres-
sions.21 An independent biostatistician assigned the stu-
dents to either the compression-only CPR group or the
conventional CPR group according to a computer-gen-
erated randomization list. The allocation results were

concealed from all participants and instructors until the
day of training.

Study Protocol
Our 45-minute chest compression–only CPR training
course included the following: 1) instruction and prac-
tice for making an emergency call and recognizing car-
diac arrest, 2) instruction and practice for chest
compression, and 3) instruction and practice for the use
of an automated external defibrillator (AED). The course
used a digital video disk (DVD) and was established by
the Osaka Life Support Association (http://osakalife
support.jp/osakalsa/), a nonprofit organization that was
one of the most active institutions to spread CPR train-
ing in Japanese communities. Every attendee of the
chest compression–only course was given a CPR train-
ing kit “CPR AnytimeR” (Laerdal Medical, Stavanger,
Norway) containing the body and an AED kit only dur-
ing the 45-minute training course as a training material.
We did not allow them to take the kits home. Twenty to
100 participants were trained together in each session.
A main instructor conducted the course with a DVD,22

and a supporting instructor was assigned to every 20
participants (http://osakalifesupport.jp/push_e/index.html).

The conventional 180-minute CPR training course
was instructor-based and included chest compressions,
mouth-to-mouth ventilation, and AED use with ResusciR

Anne CPR manikins and AED trainers (both of Laerdal
Medical), based on the 2005 American Heart Associa-
tion Guidelines for CPR and emergency cardiovascular
care (chest compressions/ventilation ratio of 30:2).23 The
instructor/participant ratio was 1:4.

A total of 20 physicians, nurses, and emergency medi-
cal technicians, all of whom were instructors of the
Immediate Cardiac Life Support (ICLS) course certified
by the Japanese Association for Acute Medicine, were
specifically trained for this study to maintain the homo-
geneity of CPR course among instructors.

Using a case-based scenario, resuscitation skills were
evaluated 6 months and 1 year after the training. In this
test, each participant was called individually into the
test room and provided with the following scenario:
“Imagine that you are at a department store. Suddenly
a man collapses in front of you. You are the only per-
son present. Do whatever you can to help this man.”
After presentation of the scenario, we evaluated each
subject’s CPR skills including initial assessment, call for
1-1-9 (the emergency call number in Japan), call for an
AED, chest compressions, and ventilations (for the con-
ventional CPR group). CPR skills were evaluated for
2 minutes, as in previous studies.24–27 In addition, we
chose the initial 2 minutes because we wanted to avoid
the influence of fatigue, because some studies have
indicated differences in the deterioration of CPR quality
by type of CPR during long-duration CPR. After a 2-
minute CPR evaluation, an AED was brought to the
participant by the instructor and he or she was encour-
aged to use it. The Laerdal PC skill reporting softwareR

(Laerdal Medical) automatically recorded the following
CPR performance variables for each subject: total num-
ber of compressions, appropriate compressions, com-
pression depth, hand position, duty cycle, total number
of ventilations, average ventilation, volume and flow
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rate, compression–ventilation ratio, and time without
chest compression.

The primary outcome measure was the proportion of
appropriate chest compressions made during the 2-min-
ute test period 1 year after the training. It was calcu-
lated as the actual number of appropriate chest
compressions made divided by the theoretically attain-
able number based on the 2005 American Heart Associ-
ation Guidelines: 200 in compression-only CPR and 167
in the conventional CPR.23 An appropriate chest com-
pression was defined as one with a depth of 3.5 to
5.5 cm at the center of the chest.

The secondary outcome measures included the num-
ber of total chest compressions, number of appropriate
chest compressions, number of total ventilations, num-
ber of appropriate ventilations with tidal volumes of
500 to 800 mL, time to the first resuscitation procedure
(earlier chest compression or ventilation), time without
chest compressions, and time to the first defibrillation
during the 2-minute test period, 6 months and 1 year
after the training. The number of chest compressions
was recorded as those with depths of at least 10 mm
at any hand position with or without recoil. Calls for
1-1-9 and AED, correct positioning of defibrillator
pads, clearing the area, and assuring the safety of the
victim were recorded as secondary outcome measures
by the instructors using a check list at both evaluation
points.

Data Analysis
The sample size was calculated for the proportion of
appropriate chest compressions made 1 year after the
training. We estimated that the reduction in appropri-
ate chest compressions among the general public
would be 10% in the compression-only group and 20%
in the conventional CPR group 1 year after the train-
ing, based on previous reports.20,24 Under the condi-
tion of an alpha error of 5% and a power of 80%, 58

subjects were needed from each group. Expecting a
20% dropout, the sample size was estimated to be 140
subjects in total. Analyses were performed on an inten-
tion-to-treat basis, but participants who were absent
from any evaluation were not included in the analyses.
The data were compared across groups using the chi-
square test for categorical variables and Student’s t-test
for continuous variables. An analysis of covariance was
conducted to adjust for sex. Resuscitation skills
6 months and 1 year after the training were compared
using McNemar’s test for categorical variables and
paired t-test for continuous variables. Analyses were
performed using SPSS Ver.18J (SPSS, Inc., Chicago,
IL). A two-tailed value of p < 0.05 was considered sta-
tistically significant.

RESULTS

Flow and Baseline Characteristics
Among 146 participants, 72 were assigned to the
compression-only CPR group and 74 were assigned to
the conventional CPR group. Participants were
recruited from October 2009 to December 2009 and
followed for up to 1 year after the initial training. Sev-
enty participants (97.2%) in the compression-only CPR
group and 68 participants (91.9%) in the conventional
CPR group attended the CPR training. At the 1-year
evaluation, 63 of those (87.5%) in the compression-
only CPR group and 56 of those (75.7%) in the
conventional CPR group were completely evaluated
(Figure 1). The demographic data for the two groups
are summarized in Table 1. There were no significant
differences in sex ratio, age, previous CPR training,
experience with actual CPR, or family history of
sudden cardiac arrest between the groups. Eight par-
ticipants who did not attend the CPR training, eight
who did not attend the 6-month evaluation, and 11
who did not attend the 1-year evaluation were not

Randomized n = 146

Compression-only CPR n = 72 

Absent from training
Urgent business n = 2

Training n = 70

Conventional CPR n = 74 

Absent from training
Urgent business n = 6  

Training n = 68

Absent from 6-month evaluation
Urgent business n = 4

Absent from 6-month evaluation
Urgent business n = 3
Poor health n = 1  

6-month evaluation n = 66 6-month evaluation n = 64

Absent from one-year evaluation
Urgent business n = 3

Absent from one-year evaluation
Urgent business n = 8

One-year evaluation n = 63 One-year evaluation n = 56

Figure 1. Participants flow.
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significantly different in demographic data from those
who completed the study.

Resuscitation Skills Six Months After Training
Table 2 shows the participants’ CPR performance and
AED use 6 months after the training. Among those who
had 6-month evaluations, 63 (95.5%) performed CPR in
the compression-only CPR group, compared to 62
(96.9%) in the conventional CPR group. The rest of them
performed neither chest compressions nor ventilations
during a 2-minute period. Meanwhile, all participants
attempted to use the AEDs.

The proportions of appropriate chest compression
were similar between the compression-only CPR group
and with the conventional CPR group. However, the

number of total chest compressions and the number of
appropriately performed chest compressions during a
2-minute test period were significantly greater in the
compression-only CPR group than in the conventional
CPR group. The mean (�SD) numbers of total and
appropriate ventilations performed during the 2 min-
utes in the conventional CPR group were 7.1 (� 5.1) and
2.6 (� 3.2), respectively. In terms of AED use, there
were no significant differences between the groups. The
conventional CPR group took an average of 10 seconds
more to start their first resuscitation procedure, and
time without chest compressions was significantly
longer in the conventional CPR group.

Resuscitation Skills One Year After Training
Table 3 shows the participants’ CPR performance and
AED use 1 year after training. Differences in chest com-
pressions, AED use, and resuscitation time course
between the groups were similar to the 6-month data.
The proportion of appropriate chest compressions, the
number of total chest compressions, and the number of
appropriate chest compressions were all significantly
greater in the compression-only CPR group compared
to the conventional CPR group. Time to first resuscita-
tion procedure and time without chest compressions
were significantly shorter in the compression-only CPR
group.

CPR Skill Variation During One Year
We also observed the variation of CPR skills during
1 year subsequent to the training (Tables 4 and 5). In
the compression-only CPR group, the number of total
chest compressions at 1 year after the training was

Table 1
Baseline Characteristics of Participants

Characteristic
Compression-only

CPR (n = 72)
Conventional
CPR (n = 74)

Men 66 (91.7) 68 (91.9)
Age (yr) 21.9 � 1.8 21.6 � 1.8
Previous CPR
training

41 (56.9) 48 (64.9)

Experience of actual
CPR

2 (2.8) 1 (1.4)

Family history of
sudden cardiac
death

4 (5.6) 1 (1.4)

Data are reported as n (%) or mean � SD.

Table 2
Resuscitation Skills Six Months After Training

Skill Compression-only CPR (n = 66) Conventional CPR (n = 64) p-value

Activation of EMS*
Call 1-1-9 for help 49 (77.8) 58 (93.5) 0.020
Call for AED 52 (82.5) 61 (98.4) 0.004

Chest compressions during 2-minute test period*
Proportion of appropriate chest compressions (%)† 52.6 � 33.3 46.3 � 27.9 0.260
Total chest compressions, n 154.6 � 56.1 116.6 � 31.3 <0.001
Appropriate chest compressions, n 105.1 � 66.6 77.4 � 46.6 0.008

Ventilations during 2-minute test period, n*
Total ventilations — 7.1 � 5.1 —
Appropriate ventilations — 2.6 � 3.2 —

AED operations
Correct positioning of defibrillator pad 52 (78.8) 47 (73.4) 0.385
Clear self and area 42 (63.6) 44 (68.8) 0.700
Time to first defibrillation (seconds) 81.0 � 13.2 76.8 � 15.7 0.114

Resuscitation time course (seconds)*
Time to first resuscitation‡ 28.1 � 17.9 38.0 � 23.7 0.010
Time from ventilation to chest compression — 6.3 � 9.3 —
Time without chest compression 20.5 � 24.3 54.0 � 13.6 <0.001

Data are reported as n (%) or mean � sd. p-values were derived by analysis of covariance adjusting for sex for continuous vari-
ables.
1-1-9 is the emergency call number in Japan.
AED = automated external defibrillator.
*Data are available for those with chest compression and/or ventilation (n = 63 in the compression-only CPR group; n = 62 in
the conventional CPR group).
†Proportion of appropriate chest compressions over theoretically attainable number.
‡Time to first ventilation in the conventional CPR group or first chest compression in the compression-only CPR group.
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greater than the number observed at 6 months after
training. Moreover, time to the first resuscitation proce-
dure and time without chest compressions at 1 year
after the training was shorter than those at 6 months
after the training.

In the conventional CPR group, the number of total
chest compressions at 1 year after training was similar
to that at 6 months. The number of total ventilations
and the number of appropriate ventilations showed a
downward trend.

DISCUSSION

To the best of our knowledge, this is the first random-
ized control trial to compare the long-term retention of
CPR skills by the general public between those receiv-
ing shortened compression-only CPR training and those
receiving conventional CPR training. One year after
training, the number of both total and appropriate chest
compressions was significantly greater in the compres-
sion-only CPR group than in the conventional CPR
group, even though the compression-only CPR training
program was markedly shorter in time. This study’s
results showing the superiority of compression-only
CPR training in terms of long-term skill retention is
consistent with the findings of previous studies.20,24

Nevertheless, compared with previous studies demon-
strating the short-term retention of CPR skills such as 2
or 6 months after training,28 or assessing CPR skills by
instructors’ subjective judgment without objective mea-
sures,29,30 our study has an advantage in terms of study
design, data collection, and follow-up duration. There-
fore, our study strongly indicates that the general public
can acquire and maintain CPR and AED skills by short,

simplified, compression-only CPR training using a per-
sonal CPR training mannequin.

Importantly, the number of appropriate chest com-
pressions was greater at 1 year than at 6 months later.
The 6-month evaluation might play a role as “refresher
training” as Andresen et al.28 suggested. Although com-
pression-only CPR is easier to learn and perform than
conventional CPR,20,24 it is still difficult for members of
the general public to maintain their CPR skills for a long
term. To maintain the quality of CPR performance, the
CPR guidelines recommend that refresher training be
undergone within 12 to 24 months.1 However, the opti-
mal timing and method of reinforcement are unknown.1

Our data show poor CPR quality at 6 months after the
training and better CPR skills at 1 year compared with
the 6-month evaluation, which suggests that the 6-
month evaluation might have a role as refresher train-
ing to improve the CPR skills, in turn suggesting the
need for more frequent (e.g., at least 6 month) training
for the general public, to improve and maintain CPR
skills. Because such frequent retraining will take more
time and money, more effective and efficient refresher
training programs (e.g., Web-based self-learning)
should be developed, as several studies have indi-
cated.31,32

Consistent with many previous studies,20,25,33 most
participants in the conventional CPR group could not
perform ventilations appropriately. In the conventional
CPR training group, it took an average of 38 seconds to
start the two initial rescue breathings, and interruptions
of chest compressions reached 54 seconds during the 2-
minute test period. Minimal delays and interruptions of
chest compressions are crucial to saving lives in
OHCA.34 Referring to many previous experimental35,36

Table 3
Resuscitation Skills One Year After Training

Skill Compression-only CPR (n = 63) Conventional CPR (n = 56) p-value

Activation of EMS*
Call 1-1-9 for help 50 (80.6) 49 (89.1) 0.305
Call for AED 58 (93.5) 51 (92.7) 1.000

Chest compressions during 2-minute test period*
Proportion of appropriate chest compressions (%)† 59.8 � 40.0 46.3 � 28.6 0.036
Total chest compressions, n 191.9 � 52.1 122.7 � 31.6 <0.001
Appropriate chest compressions, n 119.5 � 80.0 77.2 � 47.8 0.001

Ventilations during 2-minute test period, n*
Total ventilations — 5.7 � 5.3 —
Appropriate ventilations — 1.6 � 2.4 —

AED operations
Correct positioning of defibrillator pad 58 (92.1) 49 (87.5) 0.545
Clear self and area 55 (87.3) 52 (92.9) 0.373
Time to first defibrillation‡ (seconds) 79.7 � 11.5 76.5 � 11.3 0.122

Resuscitation time course (seconds)*
Time to first resuscitation‡ 21.3 � 11.9 30.4 � 14.5 <0.001
Time from ventilation to chest compression — 7.8 � 4.7 —
Time without chest compression 11.8 � 21.1 52.9 � 14.9 <0.001

Data are reported as n (%) or mean � SD. p-values were derived by analysis of covariance adjusting for sex for continuous vari-
ables.
1-1-9 is the emergency call number in Japan.
AED = automated external defibrillator.
*Data are available for those with chest compression and/or ventilation (n = 62 in the compression-only CPR group; n = 55 in
the conventional CPR group).
†Proportion of appropriate chest compressions over theoretically attainable number.
‡Time to first ventilation in the conventional CPR group or first chest compression in the compression-only CPR group.
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and clinical studies15,17,19 showing the importance of
continuous chest compressions, simplified chest com-
pression–only CPR provides more effective resuscitation
for the general public in emergency situations than con-
ventional CPR with rescue breathing.

The short chest compression–only CPR training is
reasonable training to acquire CPR skills for the general

public. The 2010 CPR guidelines suggest that compres-
sion-only CPR achieves similar results to conventional
CPR.1 Many reports show the effectiveness of chest
compression-only CPR, and there is no doubt that either
chest compression-only CPR or conventional CPR is
better than no CPR.15,19,37 We believe that it is
important to increase the number of persons in the

Table 4
Resuscitation Skills Six Months and One Year After Training in the Compression-only CPR Group

Skill Six Months (n = 66) One Year (n = 63) p-value

Activation of EMS*
Call 1-1-9 for help 49 (77.8) 50 (80.6) 0.617
Call for AED 52 (82.5) 58 (93.5) 0.052

Chest compressions during 2-minute test period*
Proportion of appropriate chest compressions (%)† 52.6 � 33.3 59.8 � 40.0 0.142
Total chest compressions, n 154.6 � 56.1 191.9 � 52.9 0.001
Appropriate chest compressions, n 105.1 � 66.6 119.5 � 80.0 0.142

Ventilations during 2-minute test period, n*
Total ventilations — —
Appropriate ventilations — —

AED operations
Correct positioning of defibrillator pad 52 (78.8) 58 (92.1) 0.083
Clear self and area 42 (63.6) 55 (87.3) 0.001
Time to first defibrillation (seconds) 81.0 � 13.2 79.7 � 11.5 0.027

Resuscitation time course (seconds)*
Time to first chest compression 28.1 � 17.9 21.3 � 11.9 0.001
Time from ventilation to chest compression — —
Time without chest compression 20.5 � 24.3 11.8 � 21.1 0.005

Data are reported as n (%) or mean � sd. p-values were derived by analysis of covariance adjusting for sex for continuous vari-
ables.
1-1-9 is the emergency call number in Japan.
AED = automated external defibrillator.
*Data are available for those with chest compression.
†Proportion of appropriate chest compressions over theoretically attainable number.

Table 5
Resuscitation Skills Six Months and One Year After Training in the Conventional CPR Group

Skill Six Months (n = 64) One Year (n = 56) p-value

Activation of EMS*
Call 1-1-9 for help 58 (93.5) 49 (89.1) 0.317
Call for AED 61 (98.4) 51 (92.7) 0.317

Chest compressions during 2-minute test period*
Proportion of appropriate chest compressions (%)† 46.3 � 27.9 48.3 � 28.6 0.514
Total chest compressions, n 116.6 � 31.3 122.7 � 31.6 0.060
Appropriate chest compressions, n 77.6 � 46.6 77.2 � 47.8 0.513

Ventilations during 2-minute test period, n*
Total ventilations 7.1 � 5.1 5.7 � 5.3 0.009
Appropriate ventilations 2.6 � 3.2 1.6 � 2.4 0.040

AED operations
Correct positioning of defibrillator pad 47 (73.4) 49 (87.5) 0.071
Clear self and area 44 (68.8) 52 (92.9) 0.011
Time to first defibrillation‡ (seconds) 76.8 � 15.7 76.5 � 11.3 0.610

Resuscitation time course (seconds)*
Time to first ventilation 38.0 � 23.7 30.4 � 14.5 0.018
Time from ventilation to chest compression 6.3 � 9.3 7.8 � 4.7 0.181
Time without chest compression 54.0 � 13.6 52.9 � 14.9 0.141

Data are reported as n (%) or mean � SD. p-values were derived by analysis of covariance adjusting for sex for continuous vari-
ables.
1-1-9 is the emergency call number in Japan.
AED = automated external defibrillator.
*Data are available for those with chest compression.
†Proportion of appropriate chest compressions over theoretically attainable number.
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general public who can perform at least chest compres-
sions and use AEDs. Considering these data, difficulties
in performing CPR in real settings, the low proportion
of bystander CPR in many communities, and the length
of CPR training, chest compression–only CPR training
is a useful way to spread CPR training for the general
public and increase survival after OHCA in the commu-
nity.

As for AED use, all participants were willing to use
AEDs in this study, both 6 months and 1 year after
training. Prior studies found that most untrained layper-
sons could deliver shocks according to voice prompts.
Even brief training encouraged bystanders to use AEDs
and improved their performance.38–40 Our previous
study also showed that 70% of the untrained citizens
who were provided with self-learning videos before
attending CPR training courses attempted to use AEDs,
and all participants could operate AEDs well after the
short training.41 To maximize the willingness to use
AEDs and implement the public access defibrillation
(PAD) program effectively, AED training should be
included in the basic CPR training program for the gen-
eral public, even if the time available is very short.

LIMITATIONS

The evaluation at 6 months later might play a role as
“refresher training” and modify the actual deterioration
of CPR and AED skills over time. Also, the resuscitation
skills were evaluated by a case-based scenario test, and
resuscitation performance in a real setting where lay
persons could easily panic is unknown. Finally, our
study CPR training protocol was established before the
publication of the 2010 CPR guidelines. These guidelines
recommend that the adults’ sternum should be
depressed at least 5 cm1; however, our definition of
appropriate chest compression depth was 3.5 to 5.5 cm.
Hence, based on the 2010 guidelines, our results might
change.

CONCLUSIONS

The shortened chest compression-only cardiopulmonary
resuscitation mass training program appears to help
members of the general public retain cardiopulmonary
resuscitation skills better than the conventional cardio-
pulmonary resuscitation training program.
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