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Abstract

To evaluate nursing students’ CPR skills using mouth-to-mouth (MMYV) and bag-valve-
mask (BMV) ventilation techniques on manikin simulators for infant and adult victims
after practical and theoretical training. A quasi-experimental randomised cross-over
design study with 44 nursing students was carried out. The participants attended a
5-hour theoretical and practical CPR training session using MMV and BMV on adult
and infant manikins. A month later, four 4-minute CPR tests were performed in pairs.
Two tests were performed on the infant manikin and two on the adult, using the two
ventilation techniques (MMV and BMV). No significant differences between the tests
were observed in the quality of chest compression (p > 0.008). Significantly higher
values of effective ventilations were observed with MMV as compared with BMV in
both age groups: Adult (MMV: 98 + 7% / BMV: 84 + 17% / p = 0.003) and Infant
(MMV: 97 + 11%/BMV: 76 + 26% / p=0.001). CPR quality was significantly higher
when using MMV on the infant (68 £ 16%; p < 0.001) than in the other tests. The
nursing students did not manage to master BMV with either victim. New complementary

strategies to help them grasp the necessary BMV skills will be required.
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1. Introduction

Cardiorespiratory arrest (CRA) is one of the main causes of
death globally [1]. Between 20-40% of out-of-hospital CRAs
are non-cardiac and show low survival rates [2, 3]. In the
paediatric environment, most arrests are respiratory-related
[4, 5], showing low recovery rates [0, 7]. The strategy of
performing only compressions is very widespread among pos-
sible rescuers without a duty of care [8]. However, healthcare
professionals should perform ventilations, especially in cardiac
arrests (CA) of longer duration or noncardiac-related ones
[8, 9]. In paediatrics, the main cause of CRA is asphyxia,
which requires early respiratory support in order to re-establish
oxygen reserves [10—12].

Nurses are an element of staff who are generally the first
responders to cardiac arrests in hospitals, clinics and other
facilities [13, 14]. The aim of healthcare staff with regard
to CPR is to ensure the quality of the manoeuvres being
performed. Despite having carried out training sessions, it
is still a challenge for healthcare workers to achieve high
CPR quality levels [14—16]. In particular, the mistakes that
reduce CPR quality usually occur as a result of incorrect
ventilation delivery skills [17, 18]. Nursing staff learn how to

perform basic ventilation techniques during their university de-
gree training. The techniques used when performing insuffla-
tions during practical training are mouth-to-mouth ventilation
(MMV) and bag-valve-mask ventilation (BMV). These simple
ventilation techniques are widespread, and both are effective in
successfully performing insufflations [19]. Nursing students
are also possible first responders and future nurses. Mastering
BMYV requires more experience and there is evidence that
students do not use it as effectively as MMV [20]. In spite of
this, there is scant evidence provided by random designs thus
making it hard to evaluate which of the two is better applied
[21].

The aim of this study was to evaluate nursing students’ CPR
skills with two ventilation techniques (MMV and BMV) in
adult and infant victim simulation manikins after a practical
and theoretical 5-hour training session.

2. Methods

2.1 Sample

A total of 44 nursing students from Vigo University (Spain)
took part in this study. We used a convenience sample by
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FIGURE 1. Flow chart. Study design.
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4-minute CPR test with
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Rate: 100-120
Depth: 38-45
Volume: 35-55

MMYV: Mouth-to-Mouth Ventilation. BMV: Bag-valve-Mask Ventilation. Rate: in compressions per minute; Depth: in mm;

Volume: in ml.

including all students in the second year of their degree course
who voluntarily agreed to take part in the study. The exclusion
criteria consisted of having some kind of physical limitation
that impeded CPR delivery or not having carried out any one
of the evaluation tests. No participant was excluded. The data
was anonymised. This research was approved by the Ethics
Committee of Pontevedra University School of Nursing and
complied with the Helsinki Declaration’s ethical principles.
80% of the students were female (N = 35) and 20% were male
(N =9). The age of the overall sample was 25 £ 6 years of
age; weight was 67 + 14 kg and height was 166 £ 10 cm.

2.2 Design

A quasi-experimental random cross-over design study was car-
ried out (Fig. 1). Research Randomizer (www.randomizer.
org) computer software program was used to form the pairs
that would carry out the test jointly and to assign the order in
which the four tests would be performed.

2.3 CPR training

All of the participants took part in a 5-hour practical and
theoretical CPR training session using MMV and BMV with
both adult and infant victims. The theoretical training was
provided by two university teachers in the form of a 60-
minute a presentation-based lecture. The practical training
comprised a 60-minute CPR training session using MMV on
adult victims, followed by a 60-minute CPR session using
MMV on infant victims. This was followed by a 60-minute
CPR training session using BMV on adult victims and a fur-
ther 60-minute session using BMV on infant victims. The
student/teacher proportion in the theoretical session was 44/2,
while the proportion in the practical sessions was 8-9/1.

The practical training was carried out on a Laerdal Resus-
ciAnne QCPR® (Stavanger, Norway) adult manikin and a
Laerdal Resusci Baby QCPR® infant manikin, using Laerdal
Simpad® software version 1.6 for visual feedback (Fig. 2).
The software was configured in accordance with the recom-
mendations of the European Resuscitation Council (ERC) [1,
22]. Regarding ventilation volumes in infant victims, a de-
livery of between 35 and 55 ml of air per breath was chosen
as being correct, as this is a value which is suggested by
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FIGURE 2. Description of the study variables by Laerdal Session Viewer Software.
Study variables. Calculation formulas of some variables. mm: millimetres; ml: millilitres.

Rodriguez-Nufiez for mechanical ventilation in 3-month-old
pediatric victims weighing approximately 5.5 kg [23]. For the
BMYV technique, Laerdal’s self-inflating Bag I adult w/mask
no. 5, with a capacity of 1600 ml, and Laerdal’s self-inflating
Bag II infant w/mask no. 2, with a capacity of 500 ml, were
used.

2.4 CPR tests

The CPR evaluation tests took place a month after training had
finished. The participants were randomly paired to carry out
four CPR tests. Adult manikins were used in two of these
tests adult manikins were used, with two different ventilation
techniques (MMV and BMV). The two remaining tests were
carried out on infant manikins, using the same ventilation
techniques as on an adult. The order of the tests performed by
each pair was randomly assigned. Each test lasted 4 minutes
in in all, during which time one of the participants began
delivering ventilations and the other compressions, switching
tasks half-way through the test. The two tests with the adult
manikin were performed with the ERC-recommended com-
pression to ventilation ratio for adult victims (30/2) [ 1] The two
tests with the infant manikin were carried out with the ERC-
recommended compression to ventilation ratio for paediatric

victims (15/2), preceded by 5 initial insufflations [22] The
instruments used for CPR evaluation were the same as for the
practical training, and the same configurations were applied.

2.5 Variables

All the variables were provided by the above devices. Despite
different protocols in adult and pediatric victims, all variables
were compared. In all cases (adult MMYV; adult BMV; pediatric
MMV, pediatric BMV) the following variables were recorded
and compared according to the type test.

2.5.1 Compression variables

The following compression variables were recorded for the
study: mean rate in compressions per minute, mean depth in
mm, compressions performed with correct release (REL), in
percentage terms, compressions performed with correct depth
(DEP), in percentage terms, compressions with correct rate
(RAT), in percentage terms, and total number of compressions.
These variables were provided by Laerdal’s Session Viewer®
software (Fig. 2). The compression quality variable was
calculated, in percentage terms, by using the formula [(REL
+ DEP + RAT)/3].
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2.5.2 Ventilation variables

The following ventilation variables were also recorded: ven-
tilation time per cycle in seconds, effective ventilations, ven-
tilation volume in ml, ventilations with adequate volume, in
percentage terms. These variables were provided by Laerdal’s
Session Viewer® software (Fig. 2). The ventilations attempted
by the participants were recorded by one of the researchers
in real time. Effective ventilations in percentage terms were
calculated via the following formula [effective ventilations
captured by software x 100/ attempted ventilations recorded by
the researcher]. The ratio of ventilation to time was measured
in ventilations per second and calculated via the following
formula [Ventilations per cycle / Ventilation time per cycle].
Ventilations per cycle were calculated previously by relating
the number of ventilations to the number of cycles.

2.5.3 CPR quality variables

CPR quality in percentage terms was calculated via the fol-
lowing formula [(compression quality + correct volumes of
ventilations)/2].

The formulae applied to calculate the variables are based
on studies carried out previously with simulators of similar
characteristics [24].

2.6 Statistical analysis

The statistical analysis was performed with IBM SPSS Statis-
tics 20 software for Windows (SPSS, Inc, Armonk, NY, USA).
The variables were described by measures of central tendency
(mean), measures of dispersion (standard deviation) and con-
fidence estimates (confidence intervals).

In the comparisons between the four tests, firstly we used the
Shapiro Wilk test to verify that the variables were normally
distributed. For the variables that met the normality criteria,
we used a repeated measures ANOVA test with a Bonferroni-
adjusted p value of 0.05. For the variables that did not meet
the normality criteria, we used a Kruskal-Wallis test for related
samples. In these cases, the Bonferroni correction was applied
in the pairwise comparisons using the Wilcoxon signed rank
test with an adjusted p value between the number of compar-
isons carried out [0.05/6], giving rise to a p value = 0.008.
For the comparisons that showed significant differences, we
calculated the effect size. In the case of the variables that met
the normality criterion, this was calculated using Cohen’s test,
while Rosenthal’s test was used for the variables that did not
meet said criterion.

3. Results

The results of the CPR variables derived from the four tests
carried out in pairs are shown in Table I. Both the mean
rate and the mean depth of compressions complied with the
ERC’s 2015 guidelines recommendations. No significant dif-
ferences were observed in relation with compression quality,
with average values of 78 % (MMV infant); 81 % (BMV
infant); 84 % (MMYV adult) and 86 % (BMV adult) (p > 0.008).
With reference to ventilations, significantly higher values were
observed in the MMV tests as opposed to the BMV tests: Adult
MMV (98 £+ 7 %); Adult BMV (84 + 17 %); (p = 0.003;
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TE = 0.44) / Infant MMV (97 £+ 11 %); Infant BMV (76 +
26 %); (p = 0.001; TE = 0.59). A trend towards higher than
recommended volumes were observed when MMV was used in
the adult MMV (737 &£ 1052 ml), where they were significantly
higher than those observed when BMV was used (440 £+ 149
ml) (p = 0.008; TE = 0.40). With regard to the infant, higher
than recommended volumes were observed when BMV was
used (61 £ 26 ml), where they were significantly higher than
those observed when MMV was used (42 + 9 ml) (p = 0.001;
TE = 0.51). No significant differences were observed in the
ratio of ventilation to time in the infant test: MMV (0.45 +
0.08 ventilations per second); BMV (0.49 4+ 0.12 ventilations
per second) (p = 0.01). However, what was observed were
significant differences between the adult tests: MMV (0.32 £+
0.06 ventilations per second); BMV (0.40 £ 0.08 ventilations
per second) (p < 0.001; TE = 0.59). The highest overall CPR
quality was achieved when MMV was used on the infant victim
(68 = 16 %), revealing significantly higher values than the
other tests: MMV adult (52 £ 10 %) (p = 0.001; TE = 1.23);
BMYV adult (48 4+ 10 %) (p < 0.001; TE = 1.53); BMV infant
(55 £ 12 %) (p < 0.001; TE = 0.94).

4. Discussion

In this study, a five-hour practical and theoretical training
session involving nursing students was held, after which the
participants had acquired skills enabling them to perform two
basic ventilation techniques (MMV and BMV) on simulation
manikins. The aim of this study was to evaluate said skills with
adult and infant manikins.

With regard to the compression variables, no differences that
might have influenced the CPR quality were observed. Nor
did any other studies reveal any differences in the compression
variables when evaluating different ventilation techniques per-
formed on a manikin [20, 25]. The compression values were
high quality (higher than 70%) and are in line with the values
recommended under current guidelines [1, 22, 26]. Other
studies with samples from nursing or nursing students revealed
lower compression quality results than those observed by us
[17, 20]. The compression quality results in this study are
higher than the ventilation values, which has already been
described in other training programmes [27].This could be
due to the fact that performing quality chest compressions
entails less training time than ventilations, which entail greater
difficulty [1, 12].

Ventilation effectiveness is hugely important for a cardiac
arrest victim’s chances of survival [28]. In a cardiac arrest,
oxygen reserves are maintained sufficiently high during the
initial minutes, and therefore compression-only CPR could
be a suitable strategy [8]. However, in cases of paediatric
cardiac arrest, when a long time has passed or if the cause
is respiratory, ventilations play a vital role in the victim’s
prognosis [0, 7, 9, 10]. This is why ventilation effectiveness
is a highly valuable quality criterion, as low results would
indicate an interruption in compressions which has been of no
benefit to the victim [28]. The participants in this study have
demonstrated greater effectiveness using the MMV technique
as opposed to BMV, both in adults and infants. Evidence in-
dicating greater effectiveness using the MMV technique exists
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TABLE 1. Four CPR test variables performed.

N = 22 nursing student by pairs

Mouth-to-mouth ventilation (MMV) Bag-valve-mask ventilation (BMV) MMV vs BMV

Mean (SD) CI Mean (SD) CI
115 111 111 108 p=0.004+
Mean rate Adult A ) 119 ©) 114 (0.56)
112 107 112 107 _
Infant I (10) 116 a1 117 p =0.807
Avsl p=10.33F p =0.66F
53 52 53 51
= *
Mean depth (mm) Adult A @) 54 3) 55 p=0.50
41 40 41 41 _ *
Infant I @) 1 @) 47 p=20.61
Avsl p <0.001* (0.62) p <0.001* (0.62)
. . 84 79 86 80
o = %
Compression quality (%) Adult A (12) 29 (12) 91 p=0.39
78 72 81 74 _ N
Infant I (14) 25 (15) Q7 p=0.41
Avsl p=0.28% p = 0.34%*
. S 98 95 84 76 p=0.003*
0
Effective ventilation (%) Adult A ) 101 a7 91 (0.44)
Infant I 97 92 76 65 p<0.001*
(11) 101 (26) 88 (0.59)
Avsl p=0.18*% p=0.66*
I 737 271 440 374 p=0.008*
Ventilation volume (ml) Adult A (1052) 1204 (149) 506 (0.40)
42 38 61 49 p=0.001*
Infant I ) 46 (26) 7 0.51)
Avsl p <0.001* (0.62) p <0.001* (0.62)

. I 0.32 0.29 0.40 0.37 p<0.001*
Ratlo of .VeI.l'[lla'[IOIl to Adult A (0.06) 035 (0.08) 0.44 (0.59)
time (ventilations/sec)

0.45 0.41 0.49 0.44 _ *
Infant I (0.08) 0.48 (0.12) 0.55 p=001
Avsl p <0.001* (0.60) p=0.002* (0.47)
52 47 48 43
oo =
CPR quality (%) Adult A (10) 56 (10) 53 p=0.197%
68 61 55 49 p<0.001F
Infant I (16) 74 (12) 60 (0.94)
Avsl p=0.0011 (1.23) p=0.10F

* Friedman test for related samples with Bonferroni correction aplied with Wilcoxon signed ranked test (p = 0.008).
ANOVA test for repeated measures with Bonferroni correction (p = 0.05).
In brackets, the effect size calculation with Rosenthal or Cohen test.

[20, 25]. BMV is a technique that involves greater difficulty
than MMV and it is therefore less simple to carry out adequate
insufflations with said technique [21, 29]. Its effectiveness
depends to a large extent on the rescuer’s skills [23]. The
results described would suggest that the training received by
nursing students was not sufficient to adequately master the
BMYV technique.

When BMV was used, the results show significantly lower
volumes in the adult and significantly higher ones in the infant.
The MMV volume in the adult is highly variable, with a
trend towards excessive volumes, in keeping with previous
studies [25, 27]. With BMV, the values show less variability,
with a trend towards insufficient volumes, also in keeping

with previous studies [17, 25].In the infant, a trend towards
adequate volumes with MMV and excessive volumes with
BMYV are observed, which is also in line with previous studies
[20]. Ventilations with excessive volume cause an increase in
intrathoracic pressure which affects cardiac output during the
compression phase, rendering them less effective [16, 29, 30].
In turn, the ventilations also affect airway pressure, which
increases gastric inflation and the possible risk of bronchoaspi-
ration [29]. Nursing students require a higher level of training
in order to optimise ventilation volumes and avoid, insofar as
possible, the delivery of excessive volumes.

Normally, healthcare workers tend to ventilate using high-
frequency ventilation (HFV) during CPR, both in adult and



_Jn— Signa Vitae

paediatric victims [29, 31]. HFV increases intrathoracic pres-
sure in the same way as delivering excessive volumes does
[16]. CA victims who receive ventilations in more than half
of the pauses taken during compressions show greater survival
rates [28]. The ERC defends the importance of reducing ven-
tilation times, recommending one-second-long insufflations,
without allowing them to be too sharp or forced [1]. Jo et
al suggest placing greater emphasis on ventilation metrics,
pointing out that they could be included as a component with
which to evaluate CPR quality. Following recommendations,
they propose a delivery rate of 0.5 ventilations per second
during interruptions in chest compressions [32]. In this study,
both techniques have been shown to be far from said value of
0.5 in adult simulations. In the infant simulations, values closer
to 0.5 were observed.

CPR quality is not always optimal, even when performed
by doctors and nurses with prior training [14—16]. In this
study, the nursing students achieved acceptable results insofar
as quality is concerned, especially when using MMV on an
infant. Other studies have also observed acceptable quality
results for CPR with ventilation [20, 27]. Different studies
have evaluated the difficulty of performing CPR with BMV
[17, 18]. Mastering the BMV technique requires more training
time than the MMV technique [21]. A lack of experience
or training leads to human error when delivering ventilations
via BMV, which can be rectified by increasing training [23].
Despite the fact that the quality results obtained by the nursing
students were not low, it is necessary to find a training method
that allows ventilation delivery to be improved, especially
when using BMV.

The nursing student sample received a 5-hour practical and
theoretical training session. However, in spite of all these
measures, high quality results were not obtained. The values
obtained when carrying out compressions did exceed what was
considered the minimum quality level [26]. but ventilation
skills required more time spent on training, especially with the
BMYV technique [17, 18, 25]. One option for improving these
quality results could be to carry out self-guided re-training
sessions using visual feedback in real time after an initial
training session like the one in this design.

Given that a certain risk of transmitting disease exists during
mouth-to-mouth contact [33], up to 40% of rescuers who
perform CPR do not use MMV [9]. As for BMV, it is a widely
used technique, perhaps the one used most in emergency and
out-of-hospital situations [29]. This enables rescuers to deliver
ventilations without direct contact with the victim’s mouth and
providing high concentrations of oxygen. After considering
COVID-19 as a pandemic disease, the chances of MMV may
be further reduced. The risks of transmission associated with
the resuscitation components are not clear, but the ERC guide-
lines do not advise MMV so as to safeguard the safety of the
rescuer. However, regarding pediatric recommendations, there
is more discussion around the topic. Although the importance
of preventing transmission is continually pointed out, venti-
lations are more recommended than in adults [34, 35]. The
new recommendations from the COVID-19 era advise against
teaching MMV and warn about the risk of aerosol generation
with BMV in less-skilled or uncomfortable teams. BMV is
the recommended ventilation technique for professionals with
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adequate skills in its use during the COVID-19 era [34]. The
results obtained in the study would suggest that new methods to
extend a program of similar characteristics ought to be trialed.
If students are to master its use, then University teachers are
faced with the challenge of promoting training using the BMV
technique.

5. Practical applications

This study provides evidence relating to nursing students’
ventilation skills using different techniques after receiving the
same amount of training time for both of these techniques.
Mouth-to-mouth ventilation obtained good effectiveness val-
ues, but bag-valve-mask ventilation resulted in fewer insuffla-
tions reaching the lungs. This would indicate that insofar as
MMV is concerned, the training received was sufficient for
students to master the technique in both adults and infants.
However, the results obtained in the study suggest that new
methods to extend a training programme of similar character-
istics ought to be trialled. Currently, University teachers are
faced with the challenge of promoting training with the BMV
technique if students are to fully master its use.

Training of the type carried out in this study might be useful
as a first step, but would need to be reinforced over time
through ongoing training with short, practical sessions in order
to promote improved learning [36—38]. Priority should be
given to improving nursing students’ training [39]. a good
option being to use different times during their university
degree to carry out training sessions, with the learning ob-
jectives becoming progressively more complex. With regard
to healthcare workers, it would be useful to hold monthly
training sessions using manikins with visual feedback. The
evidence clearly shows that the success of ventilation with the
BMYV technique depends on the rescuer’s skill, experience and
training [12, 17, 18, 29]. Acquiring the skills necessary to
master the technique through training is a priority objective
and a responsibility for both university teachers and healthcare
professionals alike.

With respect to the COVID-19 era, training with the BMV
should be prioritized so that future professionals can master
the technique. Training using a high-efficiency particulate
air (HEPA) filter or a heat and moisture exchanger (HME)
filter between the self-inflating bag and the mask would be
interesting and highly recommendable. Similarly, performing
CPR training using personal protective equipment (PPE) could
also improve technique efficiency during the pandemic.

6. Limitations

The use of manikins is widespread in scientific literature, thus
providing valuable information on controlled situations and
making it possible to carry out random studies that would
be unlikely in any other way. However, a simulated envi-
ronment is limited in comparison with a real-life situation,
which should always be borne in mind. Participants in a
simulated environment never experience the same stress levels
as they would in a real-life situation, and therefore should
not be extrapolated to real-life situations without this aspect
being taken into account. Furthermore, the sample size used



50

in this study, which employed non-probability convenience
sampling, was limited. In this case, the size was adapted to
the number of students in an academic year, and it would be
interesting to carry out similar designs with a higher sampling
size.

7. Conclusion

A 5-hour practical and theoretical training programme with
visual feedback is sufficient for nursing students to be able to
perform high quality chest compressions on adult and infant
manikins. Mouth-to-mouth ventilation skills present accept-
able results in both age groups (especially in infants). The
results with the bag-valve-mask technique indicate that the
students had not yet managed to master the technique in either
victim. Trainings sessions with longer practice times are likely
to be required for the bag-valve-mask ventilation. Nursing
students require new innovative strategies that complement
similar training in order to master the bag-valve-mask venti-
lation technique. New studies should be aimed at achieving a
strategy that enables these skills to be assimilated correctly.
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