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Abstract
Background: The ability to perform high-quality cardiopulmonary resuscitation is one of the basic
skills for lifeguards. The aim of the study was to assess the influence of chest compression frequency on
the quality of the parameters of chest compressions performed by lifeguards.
Methods: This prospective observational, randomized, crossover simulation study was performed with
40 lifeguards working in Warsaw, Wroclaw, and Poznan, Poland. The subjects then participated in
a target study, in which they were asked to perform 2-min cycles of metronome-guided chest compressions at different rates: 80, 90, 100, 110, 120, 130, 140, and 150 compressions per minute (CPM).
Results: The study involved 40 lifeguards. Optimal chest compression score calculated by manikin
software was achieved for 110–120 CPM. Chest compression depth achieved 53 (interquartile range
[IQR] 52–54) mm, 56 (IQR 54–57) mm, 52.5 (IQR 50–54) mm, 53 (IQR 52–53) mm, 50 (IQR 49–51)
mm, 47 (IQR 44–51) mm, 41 (IQR 40–42) mm, 38 (IQR 38–43) mm for 80, 90, 100, 110, 120, 130,
140 and 150 CPM, respectively. The percentage of chest compressions with the correct depth was lower
for rates exceeding 120 CPM.
Conclusions: The rate of 100–120 CPM, as recommended by international guidelines, is the optimal
chest compression rate for cardiopulmonary resuscitation performed by lifeguards. A rate above 120 CPM
was associated with a dramatic decrease in chest compression depth and overall chest compression
quality. The role of full chest recoil should be emphasized in basic life support training. (Cardiol J 2019;
26, 6: 769–776)
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Introduction
An ability to perform cardiopulmonary resuscitation is one of the basic skills that lifeguards
should possess [1, 2]. According to numerous
studies, high-quality chest compression has
a direct impact on the effectiveness for the return
of spontaneous circulation [3, 4]. Current cardiopulmonary resuscitation guidelines of both
the European Resuscitation Council (ERC) and
the American Heart Association (AHA) emphasize the need to minimize interruptions in chest
compressions and to perform high-quality chest
compressions as determined by the correct rate
and depth of compressions, full chest recoil, and
appropriate positioning of hands on the chest
[5–7]. All these factors have a significant impact
on the effectiveness of cardiopulmonary resuscitation. The ERC and AHA guidelines recommend
that chest compressions should be performed at
a rate of 100–120 compressions per minute (CPM).
However, there is no clear consensus that would
indicate an optimal chest compression frequency
for adults and children [8].
The aim of the study was to assess the influence of chest compression frequency on the quality
of parameters of chest compressions performed
by lifeguards.

Methods
Setting and participants
The study was designed as a prospective
observational, randomized, crossover simulation
study. The study protocol was approved by the
institutional review board of the Polish Society of
Disaster Medicine (approval No., 19.02.2018.IRB).
The survey was conducted among lifeguards working in Warsaw, Wroclaw, and Poznan, Poland. Being
an active lifeguard and a voluntary participant in the
survey constituted criteria for inclusion. Among
exclusion criteria were: failure to meet the inclusion criteria, as well as back pain or upper limb
pain or injury that would prevent performing chest
compressions. Written voluntary informed consent
was obtained from each participant.
Material and methods
In order to simulate a patient requiring cardiopulmonary resuscitation, an adult simulator,
the Resusci Anne Simulator (Laerdal, Stavanger,
Norway) was utilized and placed on a flat surface
in a brightly lit room [9, 10]. The simulator was
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equipped with a SimPad PLUS device (Laerdal,
Stavanger, Norway), which allowed for control of
the simulator and record parameters related to the
resuscitation procedure.
Before entering the study, all subjects participated in a course on basic life support (BLS)
conducted by AHA instructors. The training was
based on the AHA 2015 guidelines [5].
The lifeguards then participated in the targeted study in which they were asked to perform
2-min cycles of chest compressions at different
rates: 80, 90, 100, 110, 120, 130, 140, and 150 CPM.
For this purpose, a metronome was used,
which was set at the appropriate frequency. After
each 2-min cycle of compressions at a certain
rate, the participants had a 20-min break after
which they performed compressions at a different
rate. The order of both the participants and the
frequency of chest compressions was random. The
Research Randomizer software (www.randomizer.
org) was used for this purpose.

Data collection and analysis
The parameters recorded by the SimPad PLUS
software were analyzed. The frequency of chest
compressions, chest compression fraction, mean
time of breaks in chest compressions, correct hand
position, chest compression depth, full chest recoil,
and proportion of compressions with appropriate
depth were studied. Chest compression fraction was
defined as the percentage of time during which chest
compressions were performed. Chest compression
score (0–100%) was calculated by manikin software
on the basis of the following parameters: compression depth, compression rate, share of incomplete
chest recoil, number of compressions per cycle,
and correct hand position on the manikin’s chest.
According to resuscitation guidelines, the depth of
chest compressions should equal 50–60 mm.
Additionally, background information was recorded about the participants, including their age,
sex, and work experience.
Statistical analysis
All statistical analysis was performed with
Statistica 13.1EN for Windows statistical package
(TIBCO Software Inc, Tulsa, OK, USA). Data were
described as percentages or medians and interquartile ranges (IQR). Non-parametric tests were
applied when data distribution was not normal,
as implied by the Shapiro-Wilk and KolmogorovSmirnov tests. Values of p < 0.05 were considered
significant.
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NS — not statistically significant

< 0.0001

< 0.0001
14 (12–16)
20 (17–31)
58 (56–63)
69 (64–72)
81 (79–89)
89 (87–93)
91 (84–93)
Compressions with correct depth [%]

86 (84–89)

< 0.0001
38 (38–43)

13 (11–16)
17.5 (16–20)

41 (40–42)
47 (44–51)

16 (7–15)
11 (9–21)

50 (49–51)
53 (52–53)

34.5 (31–40.5)
39 (18–44)

52.5 (50–54)
56 (54–57)

71 (49–76)
Full chest recoil [%]

28 (14–41.5)

53 (52–54)
Chest compression depth [mm]

NS

0.0003
0 (0–0)

98 (96–100)
97 (96–99.5)

0 (0–1)
0 (0–0)
0 (0–0)

100 (99–100) 99 (98–100)
99 (98–100)

0 (0–0)
0 (0–0)
0 (0–0)
0 (0–0)

100 (100–100) 100 (99–100) 100 (99–100)
Correct hand position [%]

No flow time [s]

84 (82–88)

92 (87–93)

93.5 (91.5–97) 73 (71.5–80)

67 (64–69)

34 (29–39.5)

19 (18–21)
62 (58–65)

99 (98–100) 100 (99–100) 100 (100–100) 100 (100–100) 100 (98–100) 100 (98–100) 100 (100–100) 100 (100–100)
Chest compression fraction [%]

120/min
110/min
80/min

90/min

100/min

Chest compression rate

130/min

140/min

150/min

P

www.cardiologyjournal.org

Chest compression score [%]

Lifeguards fulfil their duties at swimming pools
and on beaches, and can also perform cardiopulmonary resuscitation as bystanders in emergency
situations [11–13]. They are obliged to participate
in courses on BLS and automated external defibrillators (AED) on a regular basis [14]. There
are several factors influencing high-quality adult
chest compression, including trunk and arm muscle
mass, basal metabolic rate, mean fat-free mass, and
other individual parameters [15–18]. Lifeguards

Parameter

Discussion

Table 1. Chest compression quality parameters with different chest compression rates.

The study included 40 lifeguards (14 females,
35%), whose median age was 25.6 (IQR 23–32)
years, and median work experience equaled 6.5
(IQR 2–10) years.
The chest compression parameters, including chest compression score, chest compression
fraction, no flow time, correct hand position, chest
compression depth, full chest recoil, and the proportion of compressions with correct depth for
different chest compression rates are shown in
Table 1.
The overall chest compression score (Fig. 1)
achieved 62 (IQR 58–65), 84 (IQR 82–88), 92 (IQR
87–93), 93.5 (IQR 91.5–97), 73 (IQR 71.5–80), 67
(IQR 64–69), 34 (IQR 29–39.5), 19 (IQR 18–21)
for 80, 90, 100, 110, 120, 130, 140 and 150 CPM,
respectively.
Median chest compression fraction (Fig. 2)
was 99% for 80 CPM and 100% all 90–150 CPM
and no flow time was 0 s was for all studied chest
compression rates. The percentage of chest compressions with correct hand position achieved
100 (IQR 100–100), 100 (IQR 99–100), 100 (IQR
99–100), 99 (IQR 98–100), 100 (IQR 99–100), 99
(IQR 98–100), 97 (IQR 96–99.5), 98 (IQR 96–100)
for 80, 90, 100, 110, 120, 130, 140 and 150 CPM,
respectively.
Chest compression depth (Fig. 3) was 53 (IQR
52–54) mm, 56 (IQR 54–57) mm, 52.5 (IQR 50–54)
mm, 53 (IQR 52–53) mm, 50 (IQR 49–51) mm, 47
(IQR 44–51) mm, 41 (IQR 40–42) mm, 38 (IQR
38–43) mm for 80, 90, 100, 110, 120, 130, 140 and
150 CPM, respectively.
The percentage of compression with full chest
recoil (Fig. 4) achieved 71 (IQR 49–76), 28 (IQR
14–41.5), 39 (IQR 18–44), 34.5 (31–40.5), 11 (IQR
9–21), 16 (IQR 7–15), 17.5 (IQR 16–20), 13 (IQR
11–16) for 80, 90, 100, 110, 120, 130, 140 and
150 CPM, respectively.

< 0.0001
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Figure 1. Chest compressions score.
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Figure 2. Chest compression fraction.
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Figure 4. Percentage of full chest recoil.

often meet optimal criteria for body mass index and
mean fat-free mass, therefore it can be expected
that resuscitation performed by this professional
group should be of a high-quality; however, water
rescue actions are exhausting and can impede the
quality of resuscitation. The quality of chest compression worsens after a water rescue action by
26–28%, so it has been emphasized that the use of
additional equipment (fins and rescue tubes) provides benefit in emergency situations [19]. Some
publications suggest that lifesavers clear out blood
lactate more efficiently when performing an active
recovery protocol [20]. The quality of cardiopulmonary resuscitation performed by lifeguards using
a CPRmeter monitor improved significantly in the
feedback group, compared with the non-feedback
group [2]. Chest compressions on inflatable rescue
boats (IRBs) were analyzed by Barcala-Furelos et
al. [21] and it was suggested that surf-lifeguards
could deliver good-quality resuscitation even on
a moving IRB, although their performance is worse
than onshore.
Cardiopulmonary resuscitation in a lifeguard’s
daily practice does not occur often, but the quality
of chest compressions performed in victims can
impede their neurological outcome. In the analysis
of interventions undertaken by lifeguards in Brazil,
Szpilman et al. [22] revealed that resuscitation was
performed rarely and took place for only 1 in every
112,000 lifeguarding actions (0.0009%).
In the present study, it was observed that chest
compression rate impeded chest compression quality parameters, including chest compression depth
and complete chest recoil, as well as the number
of compressions per cycle. The optimal chest
compression score was achieved for the rate of

100–110 CPM. Chest compression depth was
within the resuscitation guidelines for the rate of
chest compressions not exceeding 120 CPM. The
percentage of full chest recoil was low for all chest
compression rates, excluding the lowest one at
80 CPM, and especially for rates above 110 CPM
which were associated with very low full chest recoil percentage (< 18%). Accurate chest compression depth assessment is difficult for healthcare
professionals during cardiopulmonary resuscitation. When performing chest compressions, it is
possible to precisely differentiate 0.5-cm differences in the compression depth but not possible
to accurately determine overall target depth [23].
In a prospective observational study at a single
academic medical center carried out by Kilgannon
et al. [24], it was suggested that chest compression
rates of 121–140 CPM were bound with the highest odds ratio of return of spontaneous circulation
(ROSC), and the rates exceeding the currently
recommended 100–120 CPM might improve the
chances for ROSC among in-hospital cardiac arrest
patients. This study was based on resuscitation
preformed in a near-ideal in-hospital setting in
intubated patients, and several factors could have
influenced the results.
Lee et al. [25] analyzed chest compression
parameters in 322 students participating in a cardiopulmonary resuscitation contest. The authors
noticed that chest compression depth was proportional to chest compression rate, though with
significantly more incomplete chest recoils at
a rate of more than 120 CPM.
Zou et al. [26] dealt with 2-min chest compression-only resuscitation with guiding sounds at
three rates (100, 120, and 140 CPM) in a random
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sequence. They noticed that the complete chest
compression release and fractions of chest compressions with sufficient depth were deteriorated
at a rate of 140 CPM.
The impact of chest compression rate on
survival outcome has been analyzed in several
publications. Sutton et al. [27] studied the influence of compliance with guidelines referring to
chest compression rate during pediatric in-hospital
resuscitation on survival outcomes. The chest
compression rate within the recommended range
was associated with a slightly better outcome.
Fernando et al. [28] analyzed out-of-hospital cardiac
arrest cases and the quality of cardiopulmonary
resuscitation performed by bystanders using AED
on the basis of data stored by the defibrillator. They
concluded that bystanders performed high-quality
resuscitation, compliant with the international
guidelines, especially during the first 5 min (but
not in the first minute).
Chest compression depth is affected by chest
compression rate even during metronome-guided
simulated manikin resuscitation [29]. In a simulation study concerning adult cardiopulmonary resuscitation performed with the use of a metronome at
different frequencies (80, 100, 120, and 140 ticks/
/min), the average compression depth increased
when the metronome rate increased, and with the
metronome rates of 80 and 100 ticks/min it was
significantly lower than in procedures without
metronome guidance [30].
The achievement of the target chest compression depth and rate, within the international
guidelines recommendation, is difficult for many
laypersons; however, the use of feedback/prompt
devices significantly improves the quality of handsonly resuscitation [31, 32].
Maier et al. [33], in an article published in
1986 in “Circulation”, based on animal studies,
suggested that the optimal chest compression rate
for systemic and coronary perfusion was 120 CPM.
In a study published in 2016, Lee et al. [34]
analyzed metronome-guided adult continuous chest
compressions with the metronome set to 100, 120,
140, and 160 bpm, in a random order. They revealed
that the share of incomplete chest recoils was lower
at the rates of 100 and 120 CPM as compared with
160 CPM. Most importantly, the share of chest
compressions fulfilling the criteria for high-quality
resuscitation at the rate of 120 CPM was significantly higher than at 100 CPM.
Idris et al. [35] suggested in an article published in 2012 in “Circulation” that the chest compression rate was associated with ROSC but not
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with survival to hospital discharge in out-of-hospital cardiac arrest patients. In 2015, Idris et al. [36]
analyzed data abstracted from monitor-defibrillator
recordings for the first 5 min of emergency medical service in adult cardiopulmonary resuscitation.
They concluded that after adjustment for chest
compression fraction and depth, compression rates
of 100–120 CPM were associated with greatest
survival to hospital discharge.
A meta-analysis by Taliowska et al. [37] concerning the impact of cardiopulmonary resuscitation quality parameters, including chest compression depth and rate, on patient survival from cardiac
arrest revealed that chest compression depth and
rate were associated with survival outcomes.
Field et al. [38] published a study comparing
chest compression rates of 80, 100, 120, 140, and
160 CPM during simulated cardiopulmonary resuscitation in adults. Higher chest compression rates
were associated with reduced chest compression
depth (39.5 mm at 80 CPM vs. 34.5 mm at 160 CPM,
p < 0.001). The final conclusion was that rates
above 120 CPM were bound with the greatest
reduction of chest compression quality.
Monsieurs et al. [39] analyzed chest compression rate and depth recorded with an accelerometer
in out-of-hospital cardiac arrest patients. Of all
compressions, 36% were performed at a rate exceeding 120 CPM, and only 19% reached the depth
of more than 5 cm. In 58% of patients, a statistically
significantly lower depth was observed for chest
compression rates above 120 CPM compared with
80–120 CPM. The study has concluded that higher
compression rates were associated with lower
compression depths.

Limitations of the study
There are several limitations in the present
study. The study was performed using manikin
models with all the limitations for this type of
research, however in resuscitation trials, the use
of simulators is standard procedure and enables
equal and repetitive conditions for all participants
[40–43]. The second limitation is the study group.
This study analyzed only lifeguards and results
may not be similar in other professions, medical
personnel or laypersons. However, lifeguards have
generally very good health status and are in first
line during out-of-hospital cardiac arrest resuscitations. The next limitation is chest compression
time. In the present study, a 2-min resuscitation
cycle was evaluated, but different values could be
obtained during longer resuscitations, such as over
a 10-min period. However, it should be noted that
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the ERC recommends changing rescuer after about
2 min of chest compression, hence a 2-min cycle
herein seems to be justified.

Conclusions

9.

10.
11.

The chest compression rate of 100–120 CPM,
recommended by international guidelines, is optimal for cardiopulmonary resuscitation performed
by lifeguards. Rates above 120 CPM are associated
with a dramatic decrease in chest compression
depth and overall chest compression quality. The
role of full chest recoil should be emphasized in
BLS training.
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