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ABSTRACT
Objectives: To assess how the quality of metronome-
guided cardiopulmonary resuscitation (CPR) was
affected by the chest compression rate familiarised by
training before the performance and to determine a
possible mechanism for any effect shown.
Design: Prospective crossover trial of a simulated,
one-person, chest-compression-only CPR.
Setting: Participants were recruited from a medical
school and two paramedic schools of South Korea.
Participants: 42 senior students of a medical school
and two paramedic schools were enrolled but five
dropped out due to physical restraints.
Intervention: Senior medical and paramedic students
performed 1 min of metronome-guided CPR with chest
compressions only at a speed of 120 compressions/
min after training for chest compression with three
different rates (100, 120 and 140 compressions/min).
Friedman’s test was used to compare average
compression depths based on the different rates used
during training.
Results: Average compression depths were
significantly different according to the rate used in
training (p<0.001). A post hoc analysis showed that
average compression depths were significantly different
between trials after training at a speed of 100
compressions/min and those at speeds of 120 and 140
compressions/min (both p<0.001).
Conclusions: The depth of chest compression during
metronome-guided CPR is affected by the relative
difference between the rate of metronome guidance
and the chest compression rate practised in previous
training.

INTRODUCTION
Results of recent clinical studies which
showed a significant relationship between
chest compression rate and survival after

out-of-hospital cardiac arrest suggested the
necessity for keeping the rate of chest com-
pressions between 100 and 120/min.1 2

Metronome guidance may be a good assist-
ance to keep chest compression rate at this
relatively narrow target range, considering
the prior evidence which showed its efficacy
in keeping chest compression rate without
compromising other quality components of
cardiopulmonary resuscitation (CPR).3–6

Performance of chest compression follow-
ing metronome guidance at a certain rate
may be a slowdown of chest compression for a
rescuer who is familiarised with faster chest
compression by training, while it may be a
speed-up of chest compression for a rescuer
who is familiarised with slower chest compres-
sion. Limitation of chest compression speed
may limit its depth, considering the linear cor-
relation of chest compression rate and depth
shown in a prior study performed under an
experimental condition in which the effect of

Strengths and limitations of this study

▪ This is the first study to assess directly how the
rate of chest compression used in previous train-
ing affects the quality of metronome-guided car-
diopulmonary resuscitation (CPR).

▪ Our study suggests the necessity for considering
the training status of rescuers regarding chest
compression rate before planning metronome-
guided CPR.

▪ Our results provide a clue to explain the discord-
ance in the results of prior research assessing
the effect of the rate of guiding sound on the
quality of metronome-guided CPR.

▪ Our results were derived from a simulated trial of
chest compression only CPR, which may not
represent all aspects of a real clinical setting.
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rescuer fatigue could relatively be excluded.7 However,
none of the prior researches studying the usefulness of a
metronome for assisting CPR specifically assessed how a
baseline training status regarding chest compression rate
affected the quality of metronome-guided CPR. We
hypothesised that induction of chest compression at a
certain rate during metronome-guided CPR would
decrease its depth if a rescuer was familiarised with faster
chest compression in previous training, while it would
increase the depth if he (or she) was familiarised with
slower chest compression. To test the hypothesis, we
aimed to assess how the quality of metronome-guided
CPR was affected by the change of chest compression rate
used in training. We also aimed to determine a possible
mechanism for any such difference regarding critical
quality factors such as the depth of chest compression.

METHODS
This study was performed under the approval of the
CHA University Bundang Medical Center Institutional
Review Board (IRB approval # BD2014-019, 2 February
2014). This was a single-blinded, randomised, prospect-
ive crossover trial of simulated, one-person,
chest-compression-only CPR.
The study was performed at the CHA University

Bundang Medical Center, Gyeonggi-Do, Korea, from
March 2014 to February 2015. We enrolled senior stu-
dents of a medical school (CHA University) and two
paramedic schools (Seojeong College and Eulji
University) who, within the previous year, had finished
two sessions of regular CPR training courses based on
the American Heart Association (AHA) Basic Life
Support course according to the 2010 AHA guidelines
for CPR and emergency cardiovascular care.8 Any
student who declined to participate in the study for any
reason was excluded. Written informed consent was
obtained from every participant.
A ResusciAnne manikin with a PC skill-reporting

system (Laerdal, Stavanger, Norway) was used to
measure and record CPR data. Chest compression
guiding sounds at speeds of 100, 120 and 140 compres-
sions/min were synthesised using Reason audio synthesis
software (Propellerhead, Stockholm, Sweden).
The experimental procedure consisted of three trials

with two phases: a training phase for the participants to
become accustomed to a certain chest compression rate,
and a measuring phase to measure the quality of chest
compressions while performing CPR following metro-
nome guidance at a conventional rate of chest compres-
sion (120/min). The participants practised
chest-compression-only CPR following the metronome-
guided sound at a rate randomly selected from 100, 120
or 140 compressions/min for 2 h as a training phase.
Randomised selection of a rate was based on a random
number table generated by Microsoft Office Excel 2010
(Redmond, Washington, USA). The rate and the depth
of chest compression without metronome guidance

were measured for 1 min shortly after the practice.
After 1 h of rest, the participants performed chest
compression-only CPR for 1 min following the
metronome-guided sound at a rate of 120 compressions/
min, and their quality was measured. This was the first
trial. As the training phase for the second trial, the parti-
cipants again performed chest compression-only CPR fol-
lowing the metronome-guided sound at a rate randomly
selected between the two not selected in the first trial.
Then the rest of the trial was repeated. For the third
trial, a training phase was performed using the guiding
sound at the rate unselected in the prior two trials. The
duration of the interval between each trial was guaran-
teed to be least 2 days to prevent a possible interaction of
different chest compression rates practised in each train-
ing phase (figure 1). Only one participant was included
at a time in each trial. The rate of metronome guidance
used in every trial was blinded to the participants.
The sex, age, body weight and height of the partici-

pants were collected. Average compression depth (ACD,
mm), average compression rate (ACR, counts/min), duty
cycle (%), and the fractions of chest compressions with
incomplete release and incorrect hand position (%) were
measured and recorded during the measuring phase of
the procedure using the PC skill-reporting system.
The data following a normal distribution were described

as mean±SD, and non-parametric data were described as
median (IQR). A repeated measures analysis of variance
(ANOVA) was conducted to compare normally distributed
variables, and a paired t-test with a Bonferroni correction
was performed as a post hoc test. A Friedman test was
used to compare non-normally distributed variables, and a
Wilcoxon signed rank test with Bonferroni correction was
performed as a post hoc test. Statistical significance was set
at p<0.05, which was calculated from a two-sided test, if
applicable. A sample size of 32 was required to have suffi-
cient power to detect a significant difference in the ACD
of each trial using repeated measure ANOVA (effect size
f=0.25, power=0.80). Microsoft Office Excel 2010 was used
to record and analyse data, and IBM SPSS Statistics 21.0
(IBM Corp., Armonk, New York, USA) was used for statis-
tical calculations. R V.3.1.3 (R-project, http://www.
r-project.org) was used to build a parallel-coordinates plot
and a box plot of the between-group difference for visua-
lising the results of Friedman’s test. G*Power 3.1
(Heinlich-Heine Universität, Düsseldorf, Germany) was
used to calculate the sample size.9

RESULTS
A total of 42 senior medical and paramedic students
enrolled in the study. Five participants dropped out
during the performance due to physical restraint in the
training phase, so data from 37 students were included
in the analysis. The baseline data of the participants are
summarised in table 1.
There was a significant difference in ACD in the meas-

uring phase according to the rate of chest compression

2 Bae J, et al. BMJ Open 2016;6:e010873. doi:10.1136/bmjopen-2015-010873

Open Access

http://www.r-project.org
http://www.r-project.org
http://www.r-project.org


used in a training phase which was 100, 120 or 140/min
(ACD=55.0 (50.0–60.0), 53.0 (45.5–57.5), and 51.0
(43.5–59.0), mm, respectively) (p<0.001) (figure 2A).
Post hoc analysis revealed the differences between the
trials with a rate of 100/min used in a training phase
(t100) and those with a rate of 120/min (t120)
(p<0.001), and between t100 and those with a rate of
140/min (t140) (p=0.001). There was no significant dif-
ference between t120 and t140 (p=0.517) (figure 2B).
There was also a significant difference of duty cycle

among t100, t120 and t140 (duty cycle=37.0 (33.5–39.0),

40.0 (37.0–43.5) and 40.0 (38.0–42.5), %, respectively)
(p<0.001) (figure 3A). Post hoc analysis revealed
differences between t100 and t120 (p<0.001) and
between t100 and t140 (p<0.001). There was no signifi-
cant difference between t120 and t140 (p=0.801)
(figure 3B).
The rate of chest compression measured shortly after

the training phase was significantly different according
to the rate of metronome guidance used (rate=96.9±8.3,
125.7±9.6, and 142.4±7.4 compressions/min, respect-
ively) (p<0.001), with significant post hoc test results
(p<0.001 for all comparisons), while there was no signifi-
cant difference in the depth(ACD=55.0 (49.5–59.0), 55.0
(43.5–59.0), and 53.0 (43.5–59.0), mm, respectively)
(p=0.063). There was no significant difference in the
ratio of incomplete release or improper hand position
in the measuring phase according to the rate used in
the training phase (both p=0.232 and 0.368).

DISCUSSION
This is the first study to assess directly how the rate of
chest compression used in previous training affects the
quality of metronome-guided CPR. Our results suggest
that the relative difference in the rate of chest

Figure 1 Flow diagram of the experimental procedure. CPR, cardiopulmonary resuscitation.

Table 1 Characteristics of the participants

Age (year) 26 (24–28)

Sex (count, %)

Male 19, 51.4

Female 18, 41.6

Background (count, %)

Medical 26, 70.3

Paramedic 11, 29.7

Weight (kg) 59.4±11.6

Height (cm) 168.0±7.7

Age was described median (IQR). Weight and height were
described as mean±SD.
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compression familiarised in practice affects the depth of
chest compression when CPR is performed following
metronome guidance at a certain rate.

We observed a significant difference in ACD in the
measuring phase according to the rate practised in the
training phase and showed that the depth of chest

Figure 2 (A) Parallel coordinates plot of average compression depths according to the rate of chest compressions used in

training. A red X symbol represents a median of average compression depths in each trial. p value was calculated from a

Friedman test. t100: the trials with a rate of 100 compressions/min used in training, t120: the trials with a rate of 120

compressions/min used in training, t140: the trials with a rate of 140 compressions/min used in training. (B) Box plot of the

between-group difference in average compression depths according to the rate of chest compressions used in training. p Values

were calculated from Wilcoxon signed rank tests. A significant level of p value was adjusted to below 0.017 after Bonferroni

correction.

Figure 3 (A) Parallel coordinates plot of duty cycles according to the rate of chest compressions used in training. The red X

symbol represents a median of duty cycles in each trial. p value was calculated from a Friedman test. t100: the trials with a rate

of 100 compressions/min used in training, t120: the trials with a rate of 120 compressions/min used in training, t140: the trials

with a rate of 140 compressions/min used in training. (B) Box plot of the between-group difference in duty cycles according to

the rate of chest compressions used in training. p values were calculated from Wilcoxon signed rank tests. A significant level of

p value was adjusted to below 0.017 after Bonferroni correction.
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compression, which is one of the most important quality
factors of CPR, can differ based on the rate of chest
compression trained in practice, even under the guid-
ance of an identical metronome sound. Moreover, the
results of our post hoc analysis showed that deeper chest
compression was induced when the rate of metronome-
guided sound was faster than in the training phase. This
finding, which is that limitation of chest compression
speed at a rate equal to or below that familiarised by
training may limit its depth, supports our hypothesis,
and suggests that the consideration for training status of
rescuers regarding chest compression rate is quite neces-
sary before planning metronome-guided CPR. This may
also provide a clue to explain the discordance in the
results of prior research assessing the effect of the rate
of guiding sound on the quality of metronome-guided
CPR.7 10 11 Difference in the trained status of the
studied population regarding the practised rate of chest
compression may be a cause of the discordance, because
none of those researches had considered it.
The duty cycle in the measuring phase was signifi-

cantly shorter when the rate of chest compression in the
training phase was slower than the rate of metronome
guidance in the measuring phase. This trend regarding
the duty cycle is similar but in an opposite direction to
those regarding ACD, suggesting that the difference in
chest compression depth according to the pre-trained
rate, shown in our experiment, might be related to the
duty cycle of chest compression. We think that limitation
of chest compression speed also causes a longer duty
cycle, resulting in a lower depth, based on a prior study
that showed an inverse correlation of compression frac-
tion and chest compression depth.12 This effect of the
training status regarding the rate of chest compression
on the depth may be more critical if CPR is performed
by a female or lightweight rescuer, considering the
results of another study which showed that the inverse
correlation of the duty cycle and ACD was more promin-
ent in those groups.13

The results of our analysis of chest compression rates
measured just after the training phase showed that our
experimental intervention to make the participants
accustomed to a certain rate of chest compression
worked successfully. Additionally, the results regarding
the ratios of incomplete release or improper hand pos-
ition showed that alteration of the rate of chest compres-
sion in the training phase did not affect the error rate of
chest compression performance in the measuring phase.
These results confirmed that our experiment was per-
formed as intended.
According to our results, deeper chest compression is

induced during metronome-guided CPR if the rate of
metronome guidance is faster than in practice. This may
be interpreted as that the use of a slower chest compres-
sion rate in training, even more than that recommended
in the guidelines for CPR, is better to acquire higher
chest compression depth in the real practice of
metronome-guided CPR, which is expected to use the

rate recommended in the guidelines. However, great
caution is necessary to translate our results in this
manner, because our experiment was only designed to
assess how the baseline training status of the participants
regarding chest compression rate affects the quality of
metronome-guided CPR. Rather, the results would
better be understood as that metronome-guided CPR
without any consideration for a trained chest compres-
sion rate of rescuers can be useless according to
circumstances.
Our study had a few limitations. First, our results were

based on data measured from simulated chest
compression-only CPR. Furthermore, we adopted some
experimental conditions which might be different from
real practice. Hence, great caution is needed before
implementing our results in clinical settings. Second,
our study was designed as a crossover trial.
Subsequently, there could be an interaction caused by
the different rate of chest compression trained in each
trial. However, we tried to overcome this limitation by
placing enough intervals (more than 2 days) between
each trial and full randomisation of the sequence of the
trials. Moreover, we performed the analysis of chest
compression rate data measured just after the training
phase without metronome guidance to rule out the pos-
sibility of that interaction. Third, we did not consider
the rate of chest compression used in previous CPR
training courses which were requisite for enrolment to
the study. Intervals between those courses and the study
performances were not considered either, which might
be different from each other. These facts could cause
bias of the results. However, the effects were thought to
be minimal, if there had been any, considering the
result from the comparison of chest compression quality
data acquired shortly after the training phase.
Furthermore, this was an important reason why we
chose a crossover design, which makes baseline condi-
tions other than intended intervention equal for each
comparing group.

CONCLUSION
The depth of chest compression during metronome-
guided CPR is affected by the relative difference
between the rate of metronome guidance and chest
compression rate practised in training. Limiting chest
compression rate equal to or below that familiarised in
training may lower chest compression depth during
metronome-guided CPR.
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