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Aim: The quality of cardiopulmonary resuscitation (CPR) is a crucial determinant of outcome following
cardiac arrest. Interruptions in chest compressions are detrimental. We aimed to compare the effect
of mouth-to-mouth ventilation (MMV), mouth-to-pocket mask ventilation (MPV) and bag-valve-mask
ventilation (BMV) on the quality of CPR.
Materials and methods: Surf lifeguards in active service were included in the study. Each surf lifeguard was
randomized to perform three sessions of single-rescuer CPR using each of the three ventilation techniques
(MMV, MPV and BMV) separated by 5 min of rest. Data were obtained from a resuscitation manikin and
video recordings.
Results: A total of 60 surf lifeguards were included (67% male, 33% female, mean age 25 years). Inter-
ruptions in chest compressions were significantly reduced by MMV (8.9 ± 1.6 s) when compared to MPV
(10.7 ± 3.0 s, P < 0.001) and BMV (12.5 ± 3.5 s, P < 0.001). Significantly more effective ventilations (visible
chest rise) were delivered using MMV (91%) when compared to MPV (79%, P < 0.001) and BMV (59%,

P < 0.001). The inspiratory time was longer during MMV (0.7 ± 0.2 s) and MPV (0.7 ± 0.2 s, P < 0.001 for
both) compared to BMV (0.5 ± 0.2 s). Tidal volumes were significantly lower using BMV (0.4 ± 0.2 L)
compared to MMV (0.6 ± 0.2 L, P < 0.001) and MPV (0.6 ± 0.3 L, P < 0.001), whereas no differences were
observed when comparing MMV and MPV.
Conclusion: MMV reduces interruptions in chest compressions and produces a higher proportion of effec-
tive ventilations during lifeguard CPR. This suggests that CPR quality is improved using MMV compared
to MPV and BMV.

© 2011 Elsevier Ireland Ltd. All rights reserved.
. Introduction
Administration of ventilations plays an important role in car-
iopulmonary resuscitation (CPR), especially in asphyxial cardiac
rrests.1 The European Resuscitation Council recommends a venti-
ation duration of one second to achieve chest rise and effective

� A Spanish translated version of the abstract of this article appears as Appendix
n the final online version at doi:10.1016/j.resuscitation.2011.01.009.
∗ Corresponding author at: Department of Cardiology, Aarhus University Hospital,

kejby, Brendstrupgaardsvej 100, DK-8200 Aarhus N, Denmark. Tel.: +45 8949 9072;
ax: +45 8949 6009.

E-mail address: bo.loefgren@ki.au.dk (B. Løfgren).
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ventilation. Likewise, reduction of interruptions in chest com-
pressions (no-flow time) is crucial for maintaining coronary and
cerebral perfusion.2,3 Consequently, survival increases and neuro-
logical injuries following cardiac arrest can be reduced.4–6 Previous
studies have compared the ability of different ventilation tech-
niques to deliver the recommended tidal volume7 and inspiratory
rates.8 Except from over-ventilation resulting in gastric infla-
tion and potential secondary lung injury, these variables are of
unknown clinical importance.9 No previous studies have compared

the effect of ventilation techniques on no-flow time. Lay rescuers
are recommended to use mouth-to-mouth ventilation (MMV),2

while healthcare professionals provide bag-valve-mask ventilation
(BMV) during CPR.10 Mouth-to-pocket mask ventilation (MPV) is
an effective alternative.2 In the resuscitation of a drowning victim,

dx.doi.org/10.1016/j.resuscitation.2011.01.009
http://www.sciencedirect.com/science/journal/03009572
http://www.elsevier.com/locate/resuscitation
http://dx.doi.org/10.1016/j.resuscitation.2011.01.009
mailto:bo.loefgren@ki.au.dk
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Table 1
Characteristics of study participants (n = 60).

Mean age ± SD (years) 25.4 ± 5.9
Sex (n, %)

Female 20 (33%)
Male 40 (67%)
Surf lifeguard certification year (mean ± SD) 2006 ± 4.4
Surf lifeguard experience (mean years ± SD) 4.4 ± 4.0

Preferred ventilation technique (n, %)
Mouth-to-mouth ventilation 11 (18%)
Mouth-to-pocket-mask ventilation 42 (70%)
Bag-valve-mask ventilation 6 (10%)
No reply 1 (2%)

Healthcare professional (n, %)
Yes 7 (12%)
No 53 (88%)

Educational level (n, %)
None 1 (2%)
Primary and lower secondary school 2 (3%)
Gymnasium (equivalent to VI form college, preuniversity) 41 (68%)
Higher education (<2 years) 1 (2%)
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effective ventilations compared to MPV and BMV. When MPV and
Higher education (2–4.5 years) 7 (12%)
Higher education (>5 years) 8 (13%)

ifeguards are recommended to use MPV.11 However, this recom-
endation is not evidence-based. The objective of this study was

o compare the effect of MMV, MPV and BMV on CPR quality among
urf lifeguards.

. Methods

.1. Participant recruitment and ethics

Eligible participants were professional, paid surf lifeguards
n active service (seasonal: May–August) aged 18 or above.
articipants were recruited from two Danish lifeguard organ-
sations. All surf lifeguards complete annual mandatory CPR
e-training before commencing active service. Demographic
ata on age, sex, certification year, surf lifeguard experience,
ccupation and preferred ventilation technique were collected
Table 1).

Study participation was voluntary and oral and writ-
en consent were obtained. In conformity with the Danish
ational Committee on Biomedical Research Ethics, no
thical review committee approval was required. The per-
ormance of individual lifeguards was only available to the
nvestigators and was not disclosed to the lifeguard service
eadership.

.2. Design

Participants were randomized into six groups (Fig. 1) each per-
orming three sessions of single-rescuer CPR on a manikin (AmbuTM

an, Ambu, Ballerup, Denmark), using three ventilation methods:
MV, MPV (Pocket MaskTM, Laerdel, Stavanger, Norway) and BMV

the BAG IITM Disposable Resuscitator, Laerdal, Stavanger, Norway).
ach session was of 3 min duration and separated by 5 min of rest.
PR was performed according to the European Resuscitation Coun-
il 2005 guidelines.2 Standardised information about the test was
iven to participants without disclosing the hypothesis of the study.
o instructions were given on how to perform CPR as participants
omplete mandatory annual pre-service training. Participants were

llowed to kneel at both sides of the manikin, but they used the
ame side during all three sessions. Prior to each session, partici-
ants were allowed to familiarise themselves with the equipment.
ll sessions were conducted on the beach.
on 82 (2011) 618–622 619

2.3. Data analysis

Throughout the study, the same manikin and mask system
was used. The manikin was connected to a laptop, and data were
recorded using Ambu® CPR Software (Ambu, Ballerup, Denmark).
The equipment was calibrated before each session. The first
four cycles of ventilations and compressions were examined and
included in the data analysis. When participants stopped CPR to
state that they would call the emergency medical services (EMS)
or comparable statements, the cycle was excluded from analysis
and substituted with the subsequent cycle. Custom-made software
was employed to calculate the following variables: time to starting
compression, compression rate and depth, no-flow time, tidal vol-
ume and inspiratory time. Each session was recorded on video and
reviewed by two investigators assessing the proportion of effective
breaths (visible chest rise). In case of disagreement, the video was
reassessed and consensus was reached.

2.4. Statistics

All variables were tested for normality using D’Agostino-
Pearson’s test. The proportions of effective breaths were compared
using McNemar’s test. Continuous variables are reported as
mean ± SD. Overall comparisons were made using analysis
of variance (ANOVA) or Kruskal–Wallis test, and post hoc
tests were performed when appropriate. P < 0.05 were con-
sidered statistically significant. Calculations were performed
using GraphPad Prism (version 5.01; GraphPad Software, La
Jolla, CA, USA) and QuickCalcs Online Calculators for Scientists
(http://www.graphpad.com/quickcalcs/mcnemar1.cfm).

3. Results

A total of 63 surf lifeguards were invited to participate in the
study of which two declined to participate. Of the 61 randomized
individuals, one was excluded due to nightfall, as it was impossible
to complete video recordings. Demographic information is shown
in Table 1 (mean age: 25.4 years, male: 67% and female: 33%).

Results from single-rescuer scenarios are shown in Fig. 2. Over-
all, no-flow time significantly differed between the three groups
(MMV: 8.9 ± 1.6 s, MPV: 10.7 ± 3.0 s and BMV: 12.5 ± 3.5 s) (Fig. 2A).
MMV (91%) produced a significantly higher proportion of effec-
tive ventilations compared to MPV (79%, P < 0.001) and BMV (59%,
P < 0.001). Inspiratory time was longer during MMV (0.7 ± 0.2 s) and
MPV (0.7 ± 0.2 s) compared to BMV (0.5 ± 0.2 s) (Fig. 2B). During
BMV, tidal volumes were significantly lower (0.4 ± 0.2 L) compared
to MMV (0.6 ± 0.2 L) and MPV (0.6 ± 0.3 L), whereas no signif-
icant difference was observed when comparing MMV to MPV
(Fig. 2C). No difference in time to starting compression was found
(MMV: 21.1 ± 8.7 s, MPV: 23.1 ± 10.2 s and BMV: 23.7 ± 13.4 s)
(Fig. 2D). A comparison of compression depth (MMV 32.1 ± 8.9 mm,
MPV 31.7 ± 8.7 mm and BMV 31.5 ± 9.0 mm) and compression rate
(MMV 112 ± 13 min−1, MPV 110 ± 13 min−1, BMV 112 ± 14 min−1)
revealed no significant differences between the three ventilation
techniques (Fig. 2E + F).

4. Discussion

In this randomized study, we found that MMV significantly
reduces interruptions in CPR and produces a higher proportion of
BMV were used, there was a mean delay in starting compressions
of 1.8 s and 3.6 s in each cycle compared to MMV (MMV 8.9 s, MPV
10.7 s and BMV 12.5 s). In Denmark, surf lifeguards often work on
beaches far from EMS. Assuming 20 min of lifeguard CPR before

http://www.graphpad.com/quickcalcs/mcnemar1.cfm
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ig. 1. Flow chart showing the inclusion of study participants (n = 63). MMV: mout
entilation.

rrival of the EMS at the beach and a compression–ventilation ratio
f 30:2, the use of MMV reduces the total no-flow time by 50 s
nd 94 s compared to MPV and BMV. In the hands-off time during
PR, the coronary and brain perfusion fall precipitously, making
rolonged interruptions in CPR detrimental.4–6 Our study shows
hat using MMV instead of MPV and BMV can reduce the no-flow
ime. Furthermore, we have shown that the proportion of effec-
ive ventilations is higher when using MMV. Effective ventilation
till remain an essential part of CPR12, while it is even more impor-
ant in asphyxial cardiac arrests such as drowning. Importantly,
he above-mentioned differences were observed even though the

ajority of the surf lifeguards listed MPV as their first-choice tech-
ique (Table 1). Our study highlights the importance of training to

urther improve the use of MPV. Consistent with previous inves-
igations we found that BMV also requires considerable skills and
raining.2,13

Our study showed that even among trained rescuers, compres-
ions were generally too shallow. This finding is in accordance with
reviously reported data.14,15 When training surf lifeguards, more
mphasis should be put on this topic, as too shallow compres-
ion reduces survival.16 Care must be taken that ventilations are
ot administered too forcefully or rapidly. In our study, the inspi-
atory time using the three ventilation techniques was too short
0.5–0.7 s) compared to guidelines, and it was significantly shorter
sing BMV. This might indicate that the potential risk of gastric

nflation and lung injury is larger when using BMV.
Although 400,000 people are killed annually in drowning

ccidents worldwide,17 no evidence-based recommendations on

ifeguards’ ventilation techniques are available. Before implement-
ng any recommendation, several aspects should be considered.
mportantly, in MMV no devices are needed, but on the other hand
here is a minimal risk of disease transmission.18,19 Among lay res-
uers, MPV has been shown to deliver a more appropriate tidal
outh ventilation; MPV: mouth-to-pocket mask ventilation; BMV: bag-valve-mask

volume,7 but this has not been investigated among surf lifeguards
previously. Among some surf lifeguards it is common sense that
BMV is a superior ventilation technique, however this differs from
our results. One may argue that BMV delivers the highest propor-
tion of oxygen compared to MMV and BMV, but as demonstrated
in our study, this is not the case, when ventilations are delivered
inefficiently. Although needing further investigations, theoretically
a comparable amount of oxygen can be delivered using effective
MMV combined with high flow oxygen (e.g. a nasal catheter).20

4.1. Limitations

Although manikins are widely employed in simulation studies,
manikins might not adequately reflect a real life situation. Manikins
do not present with any awkward appearance such as vomiting,
which is likely to reduce the willingness to ventilate. Danish surf
lifeguards training might slightly differ from surf lifeguard training
in other countries. We evaluated a single-rescuer scenario because
the majority of lifeguards included in our study work as single res-
cuers and were trained accordingly. Further studies should evaluate
the possible benefit of two-person CPR on ventilation techniques
and CPR quality. The use of BMV is not a mandatory part of the
Danish lifeguard training, and this should be considered when
interpreting our results. Finally, our study evaluates important vari-
ables, but the effect on survival needs to be investigated.

Conclusion
This study is the first to demonstrate that MMV is superior to
MPV and BMV during simulated single-rescuer CPR, as it reduces
the no-flow time and results in more effective ventilations. Our
results suggest that compared to MPV and BMV, CPR quality is
improved using MMV.
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Fig. 2. (A) No-flow time reflecting interruptions in chest compressions due to ventilation. *P < 0.001 compared to MMV. †P < 0.001 compared to MPV. (B) Inspiratory time.
Dotted line shows the recommended inspiratory time of 1 s. *P < 0.001 compared MMV and MPV respectively. (C) Tidal volume. Dotted lines show the recommended tidal
v ting c
c s the
m valve-

C

A

L
S
i
t

M

R

olume of 0.5–0.6 L. *P < 0.001 compared MMV and MPV respectively. (D) Time to star
hest compression rate of 100 min−1. (F) Chest compression depth. Dotted line show
outh-to-mouth ventilation; MPV: mouth-to-pocket mask ventilation; BMV: bag-
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