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Aim: Bag-mask ventilation (BMV) is often applied during advanced

cardiopulmonary resuscitation (CPR). Lay rescuers usually apply mouth-to-mouth

ventilation, which is contraindicated in case of potential disease transmission (e.g.,

during the COVID-19 pandemic). This study evaluates the influence of rescuers’

before BMV training in following the correct BMV procedures during adult and

infant CPR.

Methods: Medical students (n = 112) were enrolled in a randomized cross-

over manikin study: 60 first-year students (53.6%) (untrained, without any prior

knowledge of CPR) and 52 fourth-year students (46.4%) (BLS-trained, with three

consecutive years of basic CPR training), excluding Basic Life Support (BLS)

certificate holders or lifeguards. Student-formed duos (i.e., two students from the

same year working together) received a 15-min just-in-time onsite training in full

CPR cycle using BMV andwere tested during five cycles of 2-personCPR following

the European Resuscitation Council (ERC) guidelines with the inclusion of BMV.

Tidal volumes of 300–600ml (adults) and 20–60ml (infants) were considered as

correct ventilations.

Results: From the initial 56 duos, 17 (30.4%) were excluded after applying incorrect

numbers of ventilation or uninterpretable values. In adult CPR, comparing BLS-

trained rescuers to untrained ones in correctly administrating ventilations using

BMV after a 15-min just-in-time onsite training revealed no statistically significant

di�erence [first years: 63.0% (n = 136 out of 216 ventilations); fourth years: 59.5%

(n = 119 out of 200 ventilations); with a proportional di�erence of −3.5% (−12.8;

5.9)]. In infant CPR, a significant di�erence was observed in e�ective ventilations

[first years: 55.5% (n = 120 out of 216 ventilations); fourth years: 72.3% (n = 133

out of 184 ventilations); with a proportional di�erence of 16.8 (7.25; 26.21)].

Conclusion: Two-person BMV is a complex skill to perform both in adults and

children, requiring su�cient and regular training. Lay rescuers receiving a 15-

min just-in-time onsite BMV training could perform decent BMV in an adult CPR

setting. BMV during infant CPR requires more extensive prior training and should

not be entrusted to lay rescuers, even after a 15-min just-in-time onsite training.
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1. Introduction

In adults, the global average of out-of-hospital cardiac arrests

(OHCA) was ∼95.9/100,000/year in 2017. OHCA is the leading

cause of death in developed industrial countries with the highest

incidence happening at home (>66%), followed by the workplace

and public places (±20%). A small increase in OHCA has

been described in the European Resuscitation Council (ERC)

2020 guidelines. Cardiopulmonary resuscitation (CPR) should be

provided to victims of cardiac arrest (CA), and usage of bag-

mask ventilation (BMV) is strongly recommended in the first-line

setting (1–5). In the pediatric population, OHCA is quite rare, with

∼16,000 children worldwide going into OHCA, of which 40–50%

occur in infants (6–9). With the leading cause of CA in children

being a respiratory event, emphasis is put on the importance of

ventilation and oxygenation support (10). From a technical point of

view, BMV using the one-person technique produces a significantly

smaller volume compared to the two-person BMV technique (11,

12) and increases the risk of a leak. Therefore, a two-person BMV

technique is recommended by the ERC, especially in all cases where

there is a risk of an inadequate seal or where the possibility of

infectious disease transmission via aerosols may occur (7).

Investigation of BMV usage in untrained and BLS-trained

rescuers formed the basis of this study. The evaluation focused

on the difference in experience between the two groups and

its influence on the number of effective ventilations. The main

question explored was whether a layman is able to provide

ventilations correctly during CPR using BMV both in adult and

infant CPR. We define “layman” as persons with no to almost no

knowledge of CPR. They may have witnessed CPR but have never

carried out CPR themselves.

2. Methods

Recruitment of medical students from the Faculty of Medicine

and Health Sciences, Ghent University, Belgium, started after

receiving approval from the medical ethics committee of Ghent

University Hospital. Students were invited to participate via a

message posted on the official communication forum of the

University (Ufora). The inclusion criteria were as follows: (1) being

a medical student and (2) being able to perform five cycles of CPR.

The exclusion criteria involved lifeguards and officially certified

Basic Life Support (BLS) providers. The enrolled students had

limited to no experience with BMV. First-year medical students

were enrolled in the study before following the compulsory CPR

training in their curriculum. As such, they had no experience

in CPR and received a 15-min just-in-time onsite training. They

were considered to be untrained rescuers. Fourth-year medical

students had already received three consecutive training sessions

in CPR spread over 3 years as per their curriculum. They were

considered BLS-trained rescuers in both adult and infant CPR. A

priori data were not available and, taking into account recruitment

difficulties within the available time period (COVID-19 pandemic),

a convenience sample of 112 participants was gathered.

Students formed duos within their year (n = 56 with each duo

consisting of two students working together) and followed a 15-

min just-in-time onsite training about the full CPR cycle, including

the use of bag-mask ventilation (BMV). For first-year students,

this was their first CPR training during their medical curriculum,

whereas fourth years received their fourth CPR training during

their medical training. This 15-min just-in-time onsite training

was not part of the actual testing. Actual testing consisted of

providing five cycles of CPR with BMV on the manikin (adult

and infant). Details are explained in the study by Geerts et al.

(13). BMV was administered using the Ambu R© SPUR R© II–

Disposable Resuscitator (Ambu, Copenhagen, Denmark) in adults,

with a resuscitator volume of 1,475ml and a stroke volume of

600ml for one hand and a stroke volume of 1,000ml for two

hands. The AMBU was coupled to an AERObag R©-BM06-3V, PVC

resuscitation mask with a valve, and the mask used was size 3. In

infant manikins, a BAG II child resuscitator and a size 1 disposable

mask were applied (Laerdal R©, Stavenger, Norway).

All data were registered using Laerdal’s Resusci Anne QCPR

and the Resusci Baby QCPR manikin (Laerdal R©). The following

outcomes were measured: tidal volume [TV] (in ml) and frequency

of ventilations, compression depth (in mm), recoil, and hands-off

time (in seconds). The primary outcome consisted of the number

of correctly administered ventilations, the frequency, and the TV.

Secondary outcomes focused on the mean ventilation volume,

compression depth, recoil, and hands-off time, all registered

using the Resusci Adult QCPR and Resusci Baby QCPR manikin

(Laerdal R©). Student duos failing in the adult or pediatric BLS

algorithms or delivering volumes above 60ml (maximum volume

reported by infant QCPR system) were not retained in the

analysis (Figure 1). The standard normal for TV with the infant

QCPR system is 20–40ml. However, 40–60ml was considered an

alternative acceptable normal. Indeed, an estimated normal TV

according to ERC guidelines would oscillate between 6 and 8 ml/kg

ideal body weight. A ventilation interval of 400–600ml in adults

was chosen, which usually applies to an adult weighing 70 kg.

Overall, 39 duos (69.6%) from the initial 56 were able to

perform the adult, initial rescue breaths (IRB), and infant protocols

in a way that conformed to the ERC guidelines 2020 and were,

therefore, further included for statistical analysis (Figure 1). In the

adult manikin, the excluded duos (n= 2) achieved overinsufflation.

This exclusion resulted in a bias of 3.7%. From the excluded

duos during infant CPR, one duo performed an incorrect number

of ventilations and five duos overinsufflated the infant. Their

exclusion yielded a bias in results of 10%.

Statistical analysis involved using the chi-squared test for

categorical and ordinal variables. The Shapiro-Wilk test assessed

normality in continuous variables by screening the QQ plots. This

was followed by either the Mann-Whitney-U test, the unpaired

Student’s t-test, or the Wilcoxon Signed-Rank test accordingly

(IBM SPSS Statistics 27). The significance level was set at

0.05. Differences between proportions were analyzed using the

Miettinen-Nurminen method (Statsdirect R© 3.3.5).

3. Results

In adult CPR, BMV aims to achieve a TV of 5/6–8 ml/kg. A

ventilation volume (VV) of 300–400ml was therefore considered

acceptable in the adult manikin. Untrained students reached an

average VV of 422.95ml (SD 163.07), whereas trained students
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FIGURE 1

(A) Participants’ flow during the study and data cleaning. In both adult and infant CPR, duos not able to perform five cycles of CPR following the ERC

guidelines 2020 or delivering ventilation volumes higher than 60ml in infant CPR were not included in the statistical analysis. (B) Graph showing the

di�erences in results between first-year (untrained) and fourth-year (BLS-trained) medical students. Percentages per year (blue: first years; orange:

fourth years) are displayed per category. Lines 1-3 display results in adult ventilation. Lines 4-7 unveil results about IRB. Lines 8 and 9 show results

about correct ventilations and the number of attempts provided. Lines 10-13 provide infant ventilation percentages, and the last line shows the

correct ventilation percentages across all three categories (adult, IRB, and infant).
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FIGURE 2

Bar graph representing the percentage of duos that administer a certain volume divided by year in adult CPR. The orange bars represent the

percentages of first-year (untrained) duos that deliver a certain ventilation volume in adult manikins (<300, 300–400, 400–600, and >600ml). The

blue bars represent the percentages of fourth-year (BLS-trained) duos that deliver a certain ventilation volume in adult manikins (<300, 300–400,

400–600, and >600ml).

FIGURE 3

Bar graph representing the percentage of duos that administer a certain volume divided by year in infant CPR. The orange bars represent the

percentages of first-year (untrained) duos that deliver a certain ventilation volume in adult manikins (<20, 20–40, 40–60, and >60ml). The blue bars

represent the percentages of fourth-year (BLS-trained) duos that deliver a certain ventilation volume in adult manikins (<20, 20–40, 40–60, and

>60ml).

achieved 435.73ml (SD 137.58), with no significance between the

two groups [t(50) = −0.304; (95% CI: −97.16; 71.62)]. These

average VVs exceed the upper limit. Only 51.9% of the untrained

group (n = 14 out of 27 duos) and 40.0% of the trained group (n

= 10 out of 25 duos) reached the target volume of 400–600ml,

with a Pearson chi-square coefficient of 0.734 (p= 0.392; Figure 2).

This exceeds the proposed significance level, allowing rejection

of the null hypothesis stating that untrained and trained groups

perform differently during BMV in adult CPR. When the interval

was expanded to 300–600ml, the percentage of untrained and

trained duos achieving the target volume increased to 77.8% (n =

21 out of 27 duos) and 64.0% (n = 16 out of 25 duos), respectively

(Figure 1B), with a Pearson chi-square coefficient of 1.201 and

the difference not reaching significance (p = 0.273). Lay rescuers

appear to perform equally in BMV compared to BLS-trained

rescuers during adult CPR after a 15-min just-in-time training.

Prior training of medical students (3 years of medical curriculum

and the CPR training sessions included in that curriculum) did

not appear to be mandatory in delivering decent BMV in adult

CPR. For each volume administered separately, 63.0% (n = 136

out of 216 ventilations) untrained and 59.5% (n = 119 out of 200

ventilations) trained duos reached a volume within the 300–600ml

interval, but without significance (p= 0.632; Figure 2).

In the infant manikin, a VV of 20–40ml was set as the target.

Untrained pairs reached an average VV of 25.78ml (SD 10.04),

and trained students reached 31.15ml (SD 9.11), with both groups
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not reaching significance between them. The percentage of duos

that managed to ventilate the infant during the compressions with

a volume of 20–40ml was 77.8% (n = 21 out of 27 duos) for

untrained and 73.9% (n = 17 out of 23 duos) for trained students

(Figure 3), with no relationship between these differences. When

the interval was extended to 20–60ml, 81.5% untrained and 86.9%

trained participants ventilated in a correct manner (Figure 1B).

When looking at each volume administered separately, 55.5% (n

= 120 out of 216 ventilations) first years and 72.3% (n= 133 out of

184 ventilations) fourth years reached a VV within the interval of

20–60ml (Figure 1B). This difference is statistically significant with

a Pearson chi-square coefficient of 11.960 (p < 0.001). The value

of the Pearson chi-square indicates this significant difference is not

due to coincidence. BMV in infant CPR appears to benefit from

prior training. Lay rescuers seem to be less capable of decent BMV

in infant CPR, even after a 15-min just-in-time training.

4. Discussion

This study suggests that lay rescuers could deliver decent BMV

in adult CPR after a 15-min just-in-time training, whereas BMV

during infant CPR should not be entrusted to them.

Strengths and weaknesses of this study have been described

in detail elsewhere (13). Of note is that the abovementioned

results may be subject to some limitations. Indeed, measuring

averages can yield a correct VV when it is calculated as the mean

of a very weak ventilation and a very strong one. This might

explain the absence of statistical difference observed in adult BMV

between untrained and BLS-trained medical students. Therefore,

each ventilation was investigated separately and independently of

the group, revealing a new trend. For the 300–600ml interval,

a slight increase in the number of duos performing correct

ventilations was noticed in BLS-trained students. The expanded

interval of 300–600ml unveiled a small increase in untrained

students, probably forming a more accurate reflection of reality.

Another limitation may be found in the just-in-time training,

as the propensity to administer correct ventilation with BMV is

low in untrained students, thereby achieving similar results as

the BLS-trained students. The experience the fourth-year students

acquired during their medical curriculum is restrained and could

be explained by the lack of sufficient practice opportunities. Of

note is that first-year students may have witnessed CPR on a prior

occasion, thereby inducing a bias. However, lay rescuers might also

have witnessed CPR in their lives.

Although results are encouraging in applying correct

ventilations in adult CPR, the need for regular and thorough

training is crucial in BMV to attain proficiency, as stated by the

American Heart Association and other authors (14–17). Of note

is that the used manikin is not a perfect reflection of reality and

results should be interpreted with caution. Indeed, a body mass

index >26 kg/m2, the presence of a beard, lack of teeth, and a

history of snoring have been shown to be associated with difficult

BMV (18, 19). All these real-life aspects are not present in the adult

manikins. A recent statement paper from the National Association

of EMS Physicians (NAEMSP) proposes that teaching the E-O

grip over the E-C grip to novices is favorable. In the E-O grip, the

operator encircles the mask neck with the first two digits of the

hand and the other digits maintain the chin lift, providing a better

seal of the mask to the face (20). Using a BMV expert-reviewed

checklist during BMV skills teaching to medical students could be

of valuable help (21).

In infant manikin ventilation, no significant differences could

be observed regarding the mean volume between first-year and

fourth-year students. A separate analysis of each individual

ventilation revealed a significant difference between fourth-year

students achieving the interval of 20–60ml as compared to first-

year students. This could partly be explained by better knowledge

of neutral head positioning of the infant by the more experienced

students. Sufficient ventilation was only reached by a smaller

proportion of duos. A possible explanation may reside in the

manikins used in the just-in-time training, which produced a

whistle every time a volume was administered in the interval of

20–40ml. Avoiding hyperventilation in the infant may have been

of influence during BMV. A checklist based on the International

Network for Simulation-based Pediatric Innovation, Research, and

Education (INSPIRE) network checklist for neonatal BMV was

created for the pediatric population. Training in pediatric medicine

shifts toward entrustment-based assessment as competence during

unsupervised practice forms the end point of medical training (22).

Incorporating such a checklist in basic medical training might be

worth considering.

From the results of this study, two different messages can be

conveyed. In infant CPR, the question can be asked whether this

limited success rate in untrained rescuers is worth spending time

on, as themajority of the ventilations turned out to be insufficient to

have an effect. In contrast, 15-min just-in-time adult BMV training

can leave laypersons with a decent capacity to apply correct BMV

in adult CPR. In a study from 1983, half of the emergency medical

technicians failed to ventilate sufficiently with one-person adult

BMV. The present study applied the two-person technique, which

could explain the encouraging results. If possible, the two-person

technique should be favored over the one-person technique, both in

adult and infant BMV, especially considering the great variability in

oxygen delivery in BMV and the necessity to avoid gastric inflation

(23–25). In medical students, the need to teach the two-person

technique in BMV is therefore of great importance (20, 26–32).

5. Conclusion

To conclude, this study evaluated the ability of laypersons

to perform BMV. By providing a short training beforehand,

encouraging results can be achieved in BMV in adult CPR as

opposed to BMV during infant CPR, where prior skills are

deemed necessary. During BMV in infant CPR, laypeople scored

a significantly lower volume than the minimally trained rescuers.

Rescuers are encouraged by the ERC to apply the two-person BMV

technique both in adult and infant CPR, and this recommendation

was further strengthened by these results.
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