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ABSTRACT
Objective Compared with no music (NM), does listening
to ‘Achy breaky heart’ (ABH) or ‘Disco science’ (DS)
increase the proportion of prehospital professionals
delivering chest compressions at 2010 guidelinecompliant rates of 100e120 bpm and 50e60 mm
depths?
Methods A randomised crossover trial recruiting at an
Australian ambulance conference. Volunteers performed
three 1-min sequences of continuous chest
compressions on a manikin accompanied by NM,
repeated choruses of ABH and DS, prerandomised for
order.
Results 37 of 74 participants were men; median age 37
years; 61% were paramedics, 20% students and 19%
other health professionals. 54% had taken
cardiopulmonary resuscitation training within 1 year.
Differences in compression rate (mode, IQR) were
significant for NM (105, 99e116) versus ABH
(120, 107e120) and DS (104, 103e107) versus ABH
(p<0.001) but not NM versus DS (p¼0.478).
Differences in proportions of participants compressing
at 100e120 bpm were significant for DS (61/74,
82%) versus NM (48/74, 65%, p¼0.007) and DS versus
ABH (47/74, 64%, p¼0.007) but not NM versus ABH
(p¼1). Differences in compression depth were
significant for NM (48 mm, 46e59 mm) versus DS
(54 mm, 44e58 mm, p¼0.042) but not NM versus ABH
(54 mm, 43e59 mm, p¼0.065) and DS versus ABH
(p¼0.879). Differences in proportions of subjects
compressing at 50e60 mm were not significant
(NM 31/74 (42%); ABH 32/74 (43%); DS 29/74
(39%); all p>0.5).
Conclusions Listening to DS significantly increased the
proportion of prehospital professionals compressing at
2010 guideline-compliant rates. Regardless of
intervention more than half gave compressions that were
too shallow. Alternative audible feedback mechanisms
may be more effective.

The UK incidence of out-of-hospital cardiac arrest
from cardiac causes is 123 per 100 000 per year in
those under 76 years of age.1 Starting cardiopulmonary resuscitation (CPR) as soon as possible
after out-of-hospital cardiac arrest signiﬁcantly
increases survival rates,2 and bystander-administered CPR can nearly triple discharge rates (OR
2.98, 95% CI 2.07 to 4.29) if commenced before
emergency services arrive.3
The International Liaison Committee on Resuscitation 2010 consensus recommends a compression rate of ‘at least 100 per minute’ at a depth of
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‘at least 5 cm’ highlighting that there is insufﬁcient
evidence to recommend a speciﬁc upper limit for
either variable,4 and the Australian Resuscitation
Council guidelines for adult basic life support 2011
recommend a compression rate of ‘approximately
100’, highlighting the lack of evidence for an
advantage with compression rates over 120, and
that ‘The lower half of the sternum should be
depressed approximately one-third of the depth of
the chest with each compression. This equates to
more than 5 cm in adults.’.5 Resuscitation
Council (UK) 2010 adult basic life support guidelines include less open-ended recommendations,
indicating that the chest should be compressed to
a depth of 5e6 cm at a rate of 100e120 per min,
and this was the rationale for the selection of the
upper limits for these variables in the current
study’s analysis.6
Failure to maintain adequate chest compression
rates and to minimise interruptions to compressions is associated with a reduced chance of
survival.7 However, the quality of CPR is often
poor, even when delivered by trained health
professionals.8 9
The authors of a pilot study that encouraged
healthcare workers to mentally recall the song
‘Stayin’ alive’ by the Bee Gees while performing
CPR reported that participants felt this helped
them to deliver compressions in accordance with
the then extant 2005 American Heart Association
resuscitation guidelines of 100 bpm,10 although the
group’s mean CPR rate was 113 bpm.11 In the UK
the children’s tune ‘Nellie the elephant’ by Ralph
Butler has similarly been proposed as helping
learners maintain a rate of 100 compressions per
minute, as recommended in the Resuscitation
Council (UK) 2005 guidelines.12 Research has
reported that listening to Nellie did indeed increase
the proportion of previously untrained lay
responders compressing at a rate of 95e105 per
minute compared with no music (42/130 (32%) vs
15/130 (12%), p<0.0001). However, it also determined that a greater proportion of compressions
were delivered at too shallow a depth when
participants listened to Nellie compared with no
music (56 vs 47%; p¼0.022).13 The authors consequently suggested that Nellie the elephant should
no longer be used as a CPR training aid.
This randomised crossover trial sought to test
the hypothesis that alternative tunes with more
pronounced beats might increase the proportion of
prehospital health professionals delivering chest
compressions at the correct rate and depth in
comparison with CPR without musical prompts.
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METHODS
Study design
This prospective randomised crossover trial assessed chest
compression performance using a resuscitation manikin (Laerdal
Resusci Anne simulator attached to a laptop computer running
the Laerdal PC skill reporting system; Laerdal New Zealand
Limited, PO Box 11952, Ellerslie, Auckland 1542, New Zealand).
Participants were asked to perform three 1-min sequences of
continuous chest compressions (ventilations being omitted for
simplicity and in anticipation of potential resuscitation guideline changes)4 14 with a rest interval of 1 min between each
sequence. The three sequences were carried out without musical
accompaniment (no music; NM); repeated choruses of ‘Achy
breaky heart’ (ABH), sung by Billy Ray Cyrus (written by Don
Von Tress, PolyGram/Mercury, 1992); or an edited section of
‘Disco science’ (DS) by Mirwais (Naive records, 1999) via
headphones in accordance with a prerandomised order generated
by the chief investigator using an Excel spreadsheet. This was
concealed until recruitment started. The nature of the study
meant it was impossible to blind the subjects and investigators
as to which intervention was being used during each sequence of
chest compressions.
Both songs were analysed using MixMeister BPM Analyser
(MixMeister Technology LLC, Fort Lauderdale, Florida, USA) to
verify the tempo of the songs (which were 121 bpm for ABH and
105 bpm for DS), and were edited using WavePad Sound Editor
(NCH Software Inc, Greenwood Village, Colorado, USA) so that
relevant portions were repeated for an appropriate interval.

Study population and setting
Individuals attending an Australian College of Ambulance
Professionals conference in Auckland, New Zealand, were
invited to participate on an opportunistic basis by the study’s
researchers if they were health professionals trained in CPR,
working in the prehospital setting, and aged over 18 years.

Demographic data were collected on age, gender, occupational
grade (professional qualiﬁcation) and the interval since previous
CPR training, using an anonymised data collection sheet.
Quantitative data on chest compression performance was
obtained from the laptop computer running the Laerdal PC skill
reporting system by the researchers immediately after each
1-min sequence.

Sample size
Based on previous research that reported a SD of 13.125 for
a paired difference in mean compression rates,13 it was estimated
that 64 subjects would be required to detect a mean paired
difference between any two interventions of ﬁve compressions
per minute with a power of 0.85 and an a of 0.05.

Statistical methods
PASW statistics software (version 17.0.2) was used to calculate
descriptive statistics and p values using Wilcoxon’s rank sum
test to compare differences in compression rates and median
proportions of correct compressions, compressions too shallow,
compressions too deep, compressions with incomplete hand
release, compressions with incorrect hand position and
compressions at the correct depth; and Spearman’s correlation
coefﬁcient for the relationship between compression rate and
average compression depth for each intervention. StatsDirect
software (version 2.7.8) was used to calculate p values and
95% CI for paired between-interventions comparisons of the
respective proportions of participants delivering average
compression rates within the range of 100e120 per minute,
average compression depth within the range 50e60 mm, and RR
and NNT for a compression rate of 100e120 and a depth of
50e60 mm; and within-interventions comparisons of the
proportion of participants with averaged compression depth too
shallow versus the proportion with averaged compression depth
too deep.

Ethics approval
Ethics approval was obtained through the Charles Sturt
University School of Biomedical Sciences research ethics
committee and written informed consent was obtained from all
participants.

RESULTS
Participant flow
Figure 1 shows the participant ﬂow through the study.

Demographics
Outcome measures
Primary outcome measure
Between-intervention paired differences in average compression
rates.

Secondary outcome measures
Between-interventions paired difference in proportions of:
Compressions too shallow
Compressions too deep
Compressions with incomplete hand release
Compressions with incorrect hand position
Compressions at the correct depth
Participants delivering compression rates within the range of
100e120 per minute
Participants delivering compression depths between 50 and
60 mm
Between-interventions paired differences in:
RR for compression rate of 100e120
Numbers needed to treat (NNT) to achieve a compression rate
of 100e120
RR for compression depth of 50e60 mm
NNT to achieve a compression depth of 50e60 mm
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Of 74 subjects, 37/74 (50%) were men, and the median age was
37 years (IQR 27e43). With respect to professional qualiﬁcations, 26/74 (35%) were intensive care paramedics, 19/74 (26%)
were paramedics, 15/74 (20%) were students and 14/74 (19%)
were other qualiﬁed healthcare professionals. CPR training had
been undertaken by 40/74 (54%) of participants in the previous
year.

Main results
All analysis was by ‘intention to treat’.
Table 1 compares compression rate and depth performance for
each intervention.
Differences between interventions in average (modal)
compression rates were signiﬁcant for NM versus ABH and DS
versus ABH (p<0.001) but not NM versus DS (p¼0.478).
Differences in the proportion of participants achieving average
compression rates of 100e120 were signiﬁcant for DS versus
NM (p¼0.007, 95% CI for difference +6% to +29%) and DS
versus ABH (p¼0.007, 95% CI +6% to +31%) but not for NM
versus ABH (p¼1, 95% CI 12% to +15%). The RR of achieving
a compression rate of 100e120 was 1.27 (95% CI 1.05 to 1.57)
for DS versus NM with a NNT of six (95% CI 4 to 30), and for
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Figure 1 Participant flow (modified
CONSORT flowchart). ABH, ‘Achy
breaky heart’; CPR, cardiopulmonary
resuscitation; DS, ‘Disco science’; NM,
no music.

DS versus ABH was 1.30 (95% CI 1.07 to 1.61) with a NNT of
six (95% CI 4 to 22): RR and NNT were not statistically
signiﬁcant for NM versus ABH.
Differences between interventions in average (modal)
compression depths were signiﬁcant for NM versus DS
(p¼0.042) but not for NM versus ABH (p¼0.065) and DS versus
ABH (p¼0.879). Differences in the proportion of participants
achieving average compression depths of 50e60 mm were not
signiﬁcant for NM versus ABH (p¼1, 95% CI 12% to +9%),
DS versus NM (p¼0.824, 95% CI 15% to +9%) or ABH
versus DS (p¼0.581, 95% CI 6% to +14%). The RR and NNT
of achieving a compression depth of 50e60 mm were not
statistically signiﬁcant for any comparison of interventions.
Table 2 compares the error rates for chest compressions with
each intervention. Missing data were due to a technical error
with the manikin software.
The variations between interventions did not reach statistical
signiﬁcance, with the exception of the difference in the median

Table 1

proportion of compressions with incomplete hand release for
NM versus ABH (p¼0.007).
The within-intervention differences in proportions of participants with an average compression depth that was too shallow
as opposed to too deep was signiﬁcant for NM (difference 20%,
95% CI for difference +5% to +34%, p¼0.010), ABH (24%, +9%
to +38%, p¼0.002) and DS (28%, +13% to +42%, p<0.001).
Faster compression rates were weakly correlated with greater
average compression depth for NM (Spearman’s r¼0.262,
p¼0.027) and DS (Spearman’s r¼0.305, p¼0.011) but this
correlation was not statistically signiﬁcant for ABH (Spearman’s
r¼0.120, p¼0.329).

DISCUSSION
Principal findings
The proportion of subjects providing compressions within the
rate range of 100e120 was signiﬁcantly higher while they
listened to DS compared with ABH or NM. However the

Between-interventions paired comparison of chest compression rate and depth

Mode for compression rate (IQR, range)
Proportion of participants compressing at
a rate of 100e120
Mode for compression depth (IQR, range)
(recommended depth 50e60 mm)
Proportion of participants compressing at
an average depth of 50e60 mm

NM (n[74)

ABH (n[74)

DS (n[74)

105 (99 to 116, 58 to 157)
48/74 (65%)

120 (107 to 120, 57 to 127)
47/74 (64%)

104 (103 to 107, 60 to 124)
61/74 (82%)

48 mm (46 to 59 mm,
34 to 65 mm)
31/74 (42%)

54 mm (43 to 59 mm,
29 to 64 mm)
32/74 (43%)

54 mm (44 to 58 mm,
30 to 65 mm)
29/74 (39%)

ABH, ‘Achy breaky heart’; DS, ‘Disco science’; NM, no music.
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Table 2

Between-interventions paired comparison of chest compression error rates

Median, mode for proportion of
compressions incomplete hand release
(IQR, range)
Median, mode for proportion of
compressions with incorrect hand
position (IQR, range)
Proportion of participants with averaged
compression depth too shallow (%, 95% CI)
Proportion of participants with averaged
compression depth too deep (%, 95% CI)

NM (n[71)*

ABH (n[68)y

DS (n[68)y

8%, 0% (0 to 94%, 0 to 100%)

34%, 0% (1 to 97%, 0 to 100%)

25%, 0% (0 to 94%, 0 to 100%)

52%, 0% (0 to 99%, 0 to 100%)

71%, 0% (0 to 98%, 0 to 100%)

63%, 0% (2 to 97%, 0 to 100%)

27/71 (38%, 27 to 50%)

26/68 (38%, 27 to 51%)

29/68 (43%, 31 to 55%)

13/71 (18%, 10 to 29%)

10/68 (15%, 7 to 25%)

10/68 (15%, 7 to 25%)

*Data missing for three subjects.
yData missing for six subjects.
ABH, ‘Achy breaky heart’; DS, ‘Disco science’; NM, no music.

average (modal) compression rate fell within the 2010 guidelines
regardless of intervention. The modal compression depth was
too shallow when no musical prompt was provided, but
although this fell within the recommended range for both ABH
and DS only the latter was statistically signiﬁcantly different
from NM. The proportion of subjects compressing at the correct
depth did not differ signiﬁcantly between the three interventions, and over a third of compressions were delivered at too
shallow a depth.
Incorrect hand position was recorded for over half of
compressions across all interventions, and incomplete hand
release was noted for a quarter of compressions in the DS
intervention and for over a third for ABH, although only the
latter was statistically greater than with NM.
A pilot non-randomised observational study has previously
investigated the effect of listening to Stayin’ alive by the Bee
Gees on compression rates performed by healthcare professionals, but had a small sample size of 15 and has only been
published as an abstract.11 The investigators reported that the
medical students and resident physicians enrolled delivered
compression at a mean rate of 109 bpm while listening to the
music and at 113 bpm 5 weeks later when asked to give CPR
while ‘remembering’ the tune. It was reported that the participants felt that ‘utilising’ the music helped them deliver CPR in
accordance with the then extant American Heart Association
guidelines of 100 compressions per minute although the
objectively measured results did not support this conclusion.
A previous study by some of the authors of the current paper
evaluated the effect of lay members of the public listening to the
children’s tune Nellie the elephant and the disco song ‘That’s
the way (I like it)’ (TTW) on their ability to perform a sequence
of 100 compressions at then recommended rate of 100 per
minute.13 This found that listening to Nellie conferred a statistically signiﬁcant advantage on modal compression rates (106 vs
109 for TTW vs 111 for no music). Furthermore, a greater
proportion of participants delivered compressions within an
‘acceptable’ range of 95e105 bpm when Nellie was played (42/
130 (32%)) than with TTW (12/130 (9%)) and no music (15/130
(12%)). Disappointingly, however, it was determined that
listening to a song about an elephant leaving home was not the
panacea that it ﬁrst appeared, as it also resulted in an increase in
the proportion of compressions delivered at too shallow
a depthd56% with Nellie versus 47% with no music, p¼0.022.
The increase in the recommended upper rate of compressions
contained in the 2010 resuscitation guidelines suggests that
listening to any of the music evaluated in the research literature
should aid the delivery of compressions at the correct rate, both
for lay people and health professionals. However, when the
4 of 5

depth of compressions was measured, none of the studied tunes
resulted in even half of the providers compressing at the correct
depth, regardless of professional background.
A study using a metronome has reported an increase in the
proportion of emergency medical technicians giving compressions at a target rate of 90e110 from three of 34 (9%) to 33/34
(97%) (p<0.001).15 A similar study using a metronome with
intensive care nurses reported a mean compression rate of 137
without versus 98 with a metronome (p<0.001), and a mean
compression depth of 46.9 mm and 43.2 mm, respectively
(p¼0.09).16 The provision of audible feedback from a modiﬁed
deﬁbrillator used in ‘real’ cardiac arrest cases increased the mean
compression depth from 34 to 38 mm (p<0.001) and the median
percentage of compressions with an ‘adequate depth’
(38e51 mm) from 24% to 53% (p<0.001).17 Mean compression
rates decreased from 121 to 109 (p¼0.001). It would appear that
using either a metronome or audible feedback prompts is at least
as effective as listening to music in encouraging the correct rate
for chest compressions, and more effective at facilitating the
delivery of compressions at an appropriate depth.

Limitations
Opportunistic sampling could have led to responder bias, as
those practitioners who perceived themselves as being competent in CPR may be more likely to participate in research, as
might individuals with outgoing personalities. Selection bias
may have occurred as recruitment was solely from attendees
who had self-selected to attend an academic prehospital
conference, and who therefore might be more motivated or have
attained a higher level of education than those electing not to
attend. The researchers may also have unconsciously approached
individuals they perceived as more likely to take part. The study
was carried out in public areas, which may have deterred
potential volunteers and may have resulted in distractions for
participants, although the use of headphones may have reduced
this. Furthermore, the randomised crossover design of the study
ensured that any differences between interventions were not
due to the effects of the sequence in which they were performed;
or differences in the skills, amount of practice, or fatigue of
participants. Due to the limited period of access to the study
participants we were unable to test if the tunes could be retained
in the memory long enough to inﬂuence performance in the
event a real cardiac arrest was encountered.

CONCLUSIONS
Perhaps not surprisingly listening to ABH was unhelpful,
whereas listening to DS resulted in a higher proportion of
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subjects compressing within the range of 100e120 bpm in
comparison with ABH and NM. Although DS resulted in
a signiﬁcantly greater modal depth of compressions, the
proportion of subjects compressing within the recommended
depth range was not statistically different between groups, and
over a third of subjects compressed too shallowly regardless of
the intervention. A half to two-thirds of subjects used an
incorrect hand position regardless of musical accompaniment,
and over a quarter had incomplete hand release when listening
to either tune. High error rates suggest the possibility of reduced
clinical efﬁcacy and indicate a training need. When considering
the combined importance of correct depth and rate, the authors
are unconvinced that music provides any beneﬁt in improving
the quality of CPR compared with a metronome or audible
feedback, and suggest that this interesting but unproductive area
of resuscitation research should be discontinued.
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