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Abstract:
OBJECTIVE: Whether the use of metronome affects the quality of cardiopulmonary resuscitation (CPR)
remains unclear. In this study, we investigated the effect of metronome use on CPR quality.
METHODS: This was a prospective, simulation‑based CPR manikin study. There were two phases:
without and with metronome use. Chest compression was performed for 2 min, and three CPR quality
criteria including chest compression depth, recoil, and rate were recorded with TrueCPR Feedback
Device in both phases.
RESULTS: In all, 102 resident physicians were included. The achievement of optimal chest compression
depth and complete recoil was better with metronome use than without (83% and 77% vs. 78% and
39%, P ≤ 0.001, respectively). Optimal chest compression rate was also reached with metronome
use because the range of the compression rate was closer to the normal limits than those without
metronome use (110 [interquartile range (IQR) 109–113] vs. 120 [IQR 109–129], P ≤ 0.001). Of all
the participants, 70.6% stated that metronome use had a positive effect on their performance during
the CPR application and 66.7% stated that they wished to use the metronome in their daily practice.
CONCLUSION: Using a metronome during simulation‑based CPR improved the compression depth
and recoil by fixing chest compression rate. We suggested that metronome should be used in CPR
trainings of health‑care professionals.
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Introduction

H

igh‑quality cardiopulmonary
resuscitation (CPR) is essential to
improve the survival rates. Therefore,
guidelines try to set clear and simple
criteria for high‑quality CPR, and adequate
application of these criteria is attempted in
all CPR trainings. Despite all the efforts, a
standard CPR application is generally not
possible because resuscitation providers are
different groups and have different personal
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approaches and experiences. Moreover,
even among health‑care professionals, these
criteria can be achieved at different rates.[1]
Many resuscitation assisting devices have
been described in literature, of which
some are currently in use. [2] The most
well known of these are mechanical CPR
devices. Although these devices can apply
standard compression in every application,
they are not available in every health‑care
facility. The use of metronome is a simple
and economic guidance method for
health‑care professionals in manual CPR.[3]
The metronome that produces an audible
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Equipment

Box‑ED
What is already known on the study topic?
High‑quality cardiopulmonary resuscitation (CPR) is
essential to improve the survival rates
The use of metronome is a simple and economic guidance
method for health‑care professionals in manual CPR.
What does this study tell us?
Usage of a metronome device improved the quality of
compression depth, and chest recoil by fixing chest
compression rate
Two‑thirds of the participants stated that the use of
metronome had a positive effect on their performance
and they wanted to use the metronome in their routine
CPR practices.

beat at regular intervals has become popular to acquire
a stable rhythm (tempo) and increases the quality of
chest compressions during CPR.[4] Some defibrillation
devices that include a metronome guidance have been
manufactured, but their use is negligible. Different
studies have reported different results regarding
metronome‑guided CPR quality because they differ in
their methods and study group characteristics.[5‑7]
We hypothesized that usage of a metronome will
positively affect the three high‑quality criteria of
CPR (adequate chest compression depth, rate, and full
chest recoil) according to the European Resuscitation
Council Guidelines for Resuscitation 2015,[8] which are
applied by intensive care and emergency medicine
resident physicians who frequently perform CPR in their
daily practice in tertiary care hospitals.

Methods
Study design

This study was a prospective, simulation‑based,
single‑blind, pre‑post phase study conducted between
June 1 and July 31, 2017, in a tertiary care hospital.
The study was approved by Gazi University’s Ethics
Committee (Approval date: 31.06.2017, Approval
number: 06). Written informed consent was obtained
from each participant before the study.

Participants

The study participants were resident physicians
working in the emergency department and adult
intensive care units where they perform CPR in their
routine practice. The departments of residents included
emergency medicine, cardiology, anesthesiology and
reanimation, internal medicine, chest diseases, neurology,
cardiovascular surgery, general surgery, and thoracic
surgery. Exclusion criteria were refusal to participate in
the study, pregnancy, orthopedic problems, and not being
able to attend the second phase of the study.
52

A Prestan professional adult CPR training
manikin (Mayfield Village, OH, USA) was used and
placed on an AneticAid QA3 wheeled bed (Baildon, West
Yorkshire, UK) in the study. The participants were free
to use a step booster to assume the appropriate position.
To standardize chest compressions to 2 min, a digital
stopwatch was used by the researcher in both phases.
TrueCPR Coaching Device (Physio‑Control, Redmond,
WA, USA), a feedback device, was used to measure CPR
quality criteria throughout the study, and the audible
metronome feature of the device was used only in the
second phase according to the study methodology.
This device consists of two different parts connected to
each other via a cable. One part is placed on the back of
the patient’s shoulder. The other part is placed on the
sternum, and the device is designed for chest compression
on this part. The device uses three‑dimensional magnetic
fields to measure the distance between two objects (the
chest pad and the back pad); thus, it accurately computes
chest compression depth, rate, and full chest recoil.[9]
The optimal chest compression depth for the device is
5–6 cm, and the appropriate compression depth applied
during the procedure was given as percentage. Similarly,
full chest recoil is considered optimal, and the device
gives a percentage of recoil quality during CPR. In
addition, the device gives average compression rate/
min. During CPR, in both phases, the screen of the device
was completely closed, and all feedback features were
blocked for all participants.

Procedure

The study was planned as two phases consisting of
2‑min chest compressions. The participants were taken
to the room alone where the application was set up
and were asked to perform 2‑min continuous chest
compression. After all participants completed the first
phase without the metronome, the second phase was
commenced. The time duration between participants’
first and second CPR applications was 1 month. In the
second phase, the participants were asked to apply chest
compressions with the help of the metronome sound
set to 110 beats/min. In addition, the participants were
not informed about which parameters were measured
until the all the study phases were completed. During
the study, the tasks of manikin and device placement,
stopwatch use, and data collection were performed by
a single researcher.
At the end of the second phase, the participants were
asked two questions about the effects of the metronome
on CPR application performance and whether they would
use it in CPR applications; their responses were based on a
3‑point Likert scale (disagree, neutral, and agree). Finally,
the following data were noted for each participant: CPR

Turkish Journal of Emergency Medicine - Volume 21, Issue 2, April-June 2021

[Downloaded free from http://www.turkjemergmed.org on Wednesday, April 14, 2021, IP: 10.232.74.26]
Çalışkan, et al.: The effect of metronome use on CPR quality

application more than once a month, CPR training in
the past year, length of residency, and body mass index.

Data analysis

Statistical analyses were performed using IBM SPSS
statistical package for Windows version 15 (IBM Corp.,
Armonk, NY, USA). The Kolmogorov–Smirnov and
Shapiro–Wilk tests were used to determine whether
the continuous variables fit the normal distribution.
Categorical variables were expressed as percentage,
and continuous variables were expressed as median and
interquartile range (IQR). Because the CPR performance
data obtained in the first and second phases did not show
normal distribution, Wilcoxon and sign tests were used
for intergroup comparisons.

Results
In total, 102 of 119 resident physicians were included
in the study. The median age was 28 (IQR 26–29) years,
and 61.8% were male. The median residency length
was 2 years (IQR 1–3). Among them, 86.2% performed
CPR more than once a month and 29.4% received
CPR training in the last year. The three most common
departments of residents were internal medicine (30.4%),
emergency medicine (20.6%), and anesthesiology
and reanimation (14.7%). The characteristics of the
participants are presented in Table 1.
Adequate chest compression depth was applied during
the CPR more frequently with metronome than without
metronome (83% [IQR 77–90] vs. 78% [IQR 60–97],
P < 0.001). The percentage of full chest recoil instances
during CPR was significantly higher with metronome
use (77 [IQR 63–85]) than without (39 [IQR 10–70],
P < 0.001). The optimal compression rate during CPR
was achieved with metronome use (110 [IQR 109–113])
compared with without metronome (120 [IQR 109–129],
P < 0.001) [Figure 1].
Of all the participants, 70.6% stated that metronome use
had a positive effect on their performance during the CPR
application and 66.7% stated that they wished to use the
metronome in their daily practice [Table 2].

Discussion
This is the first study to demonstrate that metronome use
during CPR by resident physicians who routinely perform
CPR significantly improved the three adult CPR quality
criteria specified in the 2015 CPR guidelines – correct
chest compression depth, complete chest recoil, and
optimal chest compression rate.
Kern et al. showed that metronome is efficacious in
achieving accurate chest compression and ventilation rates

both in bag/valve/mask ventilation and endotracheal
intubation in firefighter/emergency medical technicians
according to the 2005 guidelines.[3] Zimmerman et al.
stated that metronome use optimized chest compression
rates in their study on pediatric mannequins.[10] Another
study found that metronome use facilitated appropriate
chest compression rate, as per 2005 American Heart
Association guidelines, and improved participants’
technical skills and confidence in performing CPR.[4]
Scott et al. reported that a software‑based metronome
tool is effective in getting layperson‑callers to improve
the target compression depth and compression rate in
CPR scenarios.[11] Paal et al. found a higher overall score
and better chest compression rate with a mobile phone
metronome application in lay rescuers.[12] Gündüz et al.
Table 1: Characteristics of the study participants
(n=102)
Parameters
Age, median (IQR)
Male sex, n (%)
Length of residency (year), median (IQR)
Height (cm), median (IQR)
Weight (kg), median (IQR)
BMI (kg/m2), median (IQR)
BMI classification (kg/m2), n (%)
Underweight (<18.5)
Normal weight (18.5- 24.9)
Preobesity (25- 29.9)
Obesity (≥30)
Specialties, n (%)
Internal medicine
Emergency medicine
Anesthesiology and reanimation
General surgery
Cardiology
Chest diseases
Neurology
Cardiovascular surgery
Thoracic surgery
CPR application ≥1 (month), n (%)
CPR training in the last year, n (%)

28 (26- 29)
63 (61.8)
2 (1- 3)
172 (168- 178)
74 (63- 83)
24 (22- 26)
1 (1)
56 (54.9)
40 (39.2)
5 (4.9)
31 (30.4)
21 (20.6)
15 (14.7)
10 (9.8)
6 (5.9)
6 (5.9)
5 (4.9)
4 (3.9)
4 (3.9)
88 (86.2)
30 (29.4)

BMI=Body mass index, CPR=Cardiopulmonary resuscitation,
IQR=Interquartile range

Table 2: Participants’ thoughts about the metronome
n (%)
Do you think the use of the metronome has a positive
effect on your CPR performance?
Agree
Neutral
Disagree
Would you like to use the metronome in your routine
CPR practice?
Agree
Neutral
Disagree
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72 (70.6)
24 (23.5)
6 (5.9)

68 (66.7)
31 (30.4)
3 (2.9)
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Figure 1: Effects of using metronome on the three cardiopulmonary resuscitation quality criteria

showed that basic life support application under the
guidance of metronome standardized compression
rate and decreased provider fatigue among physicians,
emergency medical technicians, and paramedics. On the
other hand, metronome use decreased the compression
depth but still met the requirements of the 2015
guidelines.[13]
By contrast, studies have indicated that metronome
reduces or has no effect on chest compression, causes
delay in the onset of chest compression, and/or requires
more compression rate than recommended in the
guidelines to achieve better compression depth. Jäntti
et al. reported that metronome guidance corrected chest
compression rates but did not affect chest compression
quality or rescuer fatigue among nurses.[14] Chung et al.
reported that metronome guidance was associated with
lower chest compression depth of the first five cycles
and shorter ventilation count in a simulated one‑person
basic life support model performed by medical students.
In addition, they found that metronome did not
affect rescuer fatigue.[5] Oh et al. reported that audio
tone guidance provides better ventilation and chest
compression rate but this does not mean better CPR
quality.[15] However, most of the above‑mentioned
studies performed evaluation according to the 2005
guidelines.
When looking at studies investigating the relationship
between compression rate and depth and/or recoil, a
significant interaction between chest compression depth
and rate was found during simulated resuscitation in
a study performed in Japan.[16] Lee et al. reported that
the number of high‑quality CPR compressions was the
highest at a compression rate of 120 min, and the rate
of incomplete chest recoil was lower at compression
rates of 100 and 120 min among emergency medical
technicians and paramedics, respectively.[17] In another
study, it was found that significantly deeper chest
compression depths were noted at rates over 120/min
but there were significantly more incomplete chest
54

recoils at the rate of over 120/min among high school
students. [18] We believe that metronome improves
compression depth and recoil by optimizing the heart
compression rate along with preventing fluctuations in
compression rate during CPR.
In real life, results could be different. In an out‑of‑hospital
arrest case, the female rescuer applied metronome‑assisted
chest compressions to her husband at 100/min for
5 min, as per the instruction of the emergency medical
services during her 9‑1‑1 call. The patient was then
taken to the hospital and discharged as neurologically
intact.[19] However, Botelho et al. conducted a case–
control study regarding metronome use during CPR
for real cardiac arrest patients in the emergency
department of a university hospital in Brazil. They
did not find any differences between groups with and
without metronome use related to the rates of return of
spontaneous circulation and death.[6] However, they did
not investigate the effect of quality criteria on survival
between the two groups.

Study limitations

The feedback device evaluating the CPR quality criteria
and the manikin used were different from those of
other studies. Different feedback devices are available,
and we used the TrueCPR manikin, which is stated to
be more effective than other manikin models in CPR
studies.[20] Nevertheless, different results can be obtained
depending on the manikin model and feedback devices.
There are many parameters that determine the quality
of CPR. We assessed only compression depth, chest
recoil, and compression rate, and the effects of these
parameters on real patients are unknown. In our study,
CPR was applied for 2 min without interruption as
suggested in advanced cardiac life support. The effect of
metronome use on ventilation was not investigated. In
addition, because the duration was limited to 2 min, the
effect of the metronome on the development of fatigue
in prolonged CPR was not investigated.
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Conclusion
Using a metronome device during simulation‑based
CPR improved the quality of compression depth, and
chest recoil by fixing chest compression rate. Therefore,
we recommend using a metronome device during CPR
trainings of health‑care professionals. Furthermore,
two‑thirds of the participants stated that the use of
metronome had a positive effect on their performance
and they wanted to use the metronome in their routine
practice.

7.

8.

9.

10.
Author contribution statement
D.Ç., F.B., and A.D. contributed to the conception and data collection
and manuscript writing. M.A.A, İ.K., and A.K., contributed in statistical
analysis and manuscript checking.

11.

Conflicts of interest
None Declared.
Ethical approval
The study was approved by Gazi University Ethics Committee (Approval
date: 31.06.2017, Approval number: 06). Written informed consent was
obtained from each participant before the study.
Funding
None.

2.
3.

4.

5.

6.

13.

14.

References
1.

12.

Meaney PA, Bobrow BJ, Mancini ME, Christenson J, de Caen AR,
Bhanji F, et al. Cardiopulmonary resuscitation quality: [Corrected]
Improving cardiac resuscitation outcomes both inside and outside
the hospital: A consensus statement from the American Heart
Association. Circulation 2013;128:417‑35.
Abella BS. High‑quality cardiopulmonary resuscitation: Current
and future directions. Curr Opin Crit Care 2016;22:218‑24.
Kern KB, Stickney RE, Gallison L, Smith RE. Metronome improves
compression and ventilation rates during CPR on a manikin in a
randomized trial. Resuscitation 2010;81:206‑10.
Hafner JW, Sturgell JL, Matlock DL, Bockewitz EG, Barker LT.
“Stayin’ alive”: A novel mental metronome to maintain compression
rates in simulated cardiac arrests. J Emerg Med 2012;43:e373‑7.
Chung TN, Kim SW, You JS, Cho YS, Chung SP, Park I, et al. The
specific effect of metronome guidance on the quality of one‑person
cardiopulmonary resuscitation and rescuer fatigue. J Emerg Med
2012;43:1049‑54.
Botelho RM, Campanharo CR, Lopes MC, Okuno MF, Góis AF,
Batista RE. The use of a metronome during cardiopulmonary

15.

16.

17.

18.

19.

20.

resuscitation in the emergency room of a university hospital. Rev
Lat Am Enfermagem 2016;24:e2829.
Bae J, Chung TN, Je SM. Effect of the rate of chest compression
familiarised in previous training on the depth of chest compression
during metronome‑guided cardiopulmonary resuscitation:
A randomised crossover trial. BMJ Open 2016;6:e010873.
Monsieurs KG, Nolan JP, Bossaert LL, Greif R, Maconochie IK,
Nikolaou NI, et al. European resuscitation council guidelines for
resuscitation 2015: Section 1. Executive summary. Resuscitation
2015;95:1‑80.
TrueCPR Coaching Device (Physio Control); 2019. Available from:
https://www.physio‑control.com/ProductDetails.aspx?id=2147
487108&langtype=2057. Last accessed on 2020 Jan 17].
Zimmerman E, Cohen N, Maniaci V, Pena B, Lozano JM,
Linares M. Use of a metronome in cardiopulmonary resuscitation:
A simulation study. Pediatrics 2015;136:905‑11.
Scott G, Barron T, Gardett I, Broadbent M, Downs H, Devey L,
et al. Can a Software‑based metronome tool enhance compression
rate in a realistic 911 call scenario without adversely impacting
compression depth for dispatcher‑assisted CPR? Prehosp Disaster
Med 2018;33:399‑405.
Paal P, Pircher I, Baur T, Gruber E, Strasak AM, Herff H, et al.
Mobile phone‑assisted basic life support augmented with a
metronome. J Emerg Med 2012;43:472‑7.
Gündüz A, Bora S, Çağlar B, Parlak İ. Effectiveness of metronome
use during cardiopulmonary resuscitation on manikin.
Pamukkale Med J 2019;12:49-54.
Jäntti H, Silfvast T, Turpeinen A, Kiviniemi V, Uusaro A.
Influence of chest compression rate guidance on the quality
of cardiopulmonary resuscitation performed on manikins.
Resuscitation 2009;80:453‑7.
Oh JH, Lee SJ, Kim SE, Lee KJ, Choe JW, Kim CW. Effects of audio
tone guidance on performance of CPR in simulated cardiac arrest
with an advanced airway. Resuscitation 2008;79:273‑7.
Nagafuchi K, Hifumi T, Nishimoto N, Kondo Y, Yoshikawa K,
Iwami T, et al. Chest compression depth and rate‑effect on instructor
visual assessment of chest compression quality. Circ J 2019;83:418‑23.
Lee SH, Ryu JH, Min MK, Kim YI, Park MR, Yeom SR, et al.
Optimal chest compression rate in cardiopulmonary resuscitation:
A prospective, randomized crossover study using a manikin
model. Eur J Emerg Med 2016;23:253‑7.
Lee SH, Kim K, Lee JH, Kim T, Kang C, Park C, et al. Does
the quality of chest compressions deteriorate when the chest
compression rate is above 120/min? Emerg Med J 2014;31:645‑8.
Ateyyah KA, Cady CE, Poltrock JT, Pirrallo RG. A novel use of a
metronome in dispatcher‑assisted cardiopulmonary resuscitation.
Prehosp Emerg Care 2015;19:131‑4.
Truszewski Z, Szarpak L, Kurowski A, Evrin T, Zasko P,
Bogdanski L, et al. Randomized trial of the chest compressions
effectiveness comparing 3 feedback CPR devices and standard
basic life support by nurses. Am J Emerg Med 2016;34:381‑5.

Turkish Journal of Emergency Medicine - Volume 21, Issue 2, April-June 2021

55

