
An Evaluation of Peak Inspiratory Pressure, Tidal Volume,
and Ventilatory Frequency During Ventilation With a

Neonatal Self-Inflating Bag Resuscitator

Mariana Almada Bassani RPT MSc, Francisco Mezzacappa Filho MD,
Maria Regina de Carvalho Coppo RPT MSc, and Sérgio Tadeu Martins Marba MD PhD

BACKGROUND: Although the self-inflating bag is widely used in the hospital setting, variability
of delivered ventilatory parameters is usually high, which might result in both hypoventilation and
lung injury. The aims of this study were to assess possible sources of the high variability and to
evaluate the adequacy of obtained values in relation to the recommended values for neonatal
resuscitation. METHODS: This was an experimental study in which 172 health professionals (phy-
sicians, resident physicians, physiotherapists, nurses, and nursing technicians) who work with
neonatal intensive care manually ventilated a test lung (adjusted to simulate the lungs of an
intubated term newborn) with a self-inflating bag in 5 different handling techniques, using 10, 5, 4,
3, and 2 fingers. Delivered values of peak inspiratory pressure (PIP), tidal volume (VT), and
ventilatory frequency (f) were compared, taking into account the different handling modalities and
professions by analysis of variance for repeated measures. Chi-square, the Friedman test and the
Fisher exact tests were performed to compare the delivered and standard values. RESULTS: PIP
and VT were significantly affected by the handling technique, with higher values for a greater
number of fingers used for ventilation. Profession also influenced VT and f significantly: physio-
therapists tended to deliver higher volumes and lower rates. Nevertheless, we observed high vari-
ability of all studied ventilatory parameters and overall inadequacy of obtained values. Most
volunteers delivered excessive pressures and volumes at insufficient ventilatory frequency. CON-
CLUSIONS: Delivered values seem to depend on operators’ individual and professional differences,
as well as on the number of fingers used to compress the bag. However, from the clinical point of
view, it is important to point out the high occurrence of inadequate delivered values, regardless of
handling technique and profession. Key words: cardiopulmonary resuscitation; newborn infant; baro-
trauma; positive pressure respiration; pulmonary ventilation; tidal volume. [Respir Care 2012;57(4):
525–530. © 2012 Daedalus Enterprises]

Introduction

Self-inflating bags are widely used in the hospital set-
ting, especially for emergency ventilation during cardio-
pulmonary resuscitation.1-3 When used adequately, posi-
tive-pressure ventilation is sufficient to resuscitate almost
all of apneic or bradycardic newborns.2 However, it is well

known that manual ventilation with self-inflating bags has
limitations, and the literature has not yet established whether
or not the benefits are worth the risks.2 There is evidence
that the ventilatory parameters delivered with this device
may be influenced by several factors such as circuit con-
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figuration and brand,4,5 the use of 1 or 2 hands to venti-
late,4,6-11 and operator’s hand size,4,7,12 profession,6,13 and
experience.14 This may cause high variability of the abso-
lute values of these parameters,11,15-18 causing delivery of
either excessive or insufficient values. In the former case
the risk for pulmonary injury (barotrauma and volutrauma)
is increased, and in the latter there is a higher risk for
hypoventilation.11 Both situations are potentially harm-
ful to the newborn and might lead to a worse prognosis,
longer hospital stay, and development of chronic lung
disease.

SEE THE RELATED EDITORIAL ON PAGE 655

The aim of this study was to evaluate how peak inspira-
tory pressure (PIP), tidal volume (VT), and ventilatory
frequency (f) are affected by the number of fingers used to
compress the self-inflating bag (handling technique) and
the operator’s profession. We also compared delivered val-
ues with those recommended for neonatal resuscitation,
and examined the influence of profession and handling
technique in the adequacy of the delivered values.

Methods

This is an experimental study involving health profes-
sionals of 5 different groups (physicians, resident physi-
cians, physiotherapists, nurses, and nursing technicians)
who work at the Neonatal Intensive Care Unit of the Cen-
tro de Atenção Integral à Saúde da Mulher (Center for
Integral Attention to Women’s Health, CAISM) of the
University of Campinas, São Paulo, Brazil. After reading
and signing a written consent form, each subject was in-
structed to manually ventilate a test lung (Adult/Infant
Ventilator Tester model VT-2, Bio-Tek, Winooski, Ver-
mont) set with compliance (0.003 L/cm H2O) and resis-
tance (200 cm H2O/L/min) levels to simulate the lungs of
an intubated term newborn of approximately 3 kg. The test
lung complies with the requirements of the American So-
ciety for Testing and Materials, F920–93.19 A new sili-
cone neonatal self-inflating bag resuscitator (JG Moriya,
São Paulo, Brazil) with maximal capacity of 300 mL was
used for ventilation. This self-inflating bag was chosen for
this study because it is currently the model most com-
monly used in our hospital. In these experiments, com-
pressed gas source and reservoir bag were not used. The
resuscitator is equipped with a pressure-relief valve set to
activate at 40 cm H2O (according to the manufacturer), to
prevent the administration of excessive pressures.

The trial setup was based on the method reported by
Bassani et al11 In summary, all volunteers ventilated man-
ually the test lung with all of the 5 different handling
techniques, using 10 fingers (both hands), or only the dom-

inant hand with either 5, 4, 3, or 2 fingers to compress the
bag. A 1 min interval was allowed between each test con-
dition. All volunteers were blind to their results during the
trials, and the sequence of handling techniques was pre-
determined with a random number table.20 Delivered val-
ues of PIP, VT, and f recorded after approximately 5 ven-
tilatory cycles were provided by each subject.

For each ventilatory parameter, 3 categories (high, ad-
equate, and low) were defined based on standard guide-
lines for neonatal resuscitation. The ranges of values con-
sidered as adequate were: PIP 20–25 cm H2O,3,21 VT 24–
30 mL (8 –10 mL/kg considering a newborn of
approximately 3 kg),22 and f 40–60 compressions/min.23

This study protocol was approved by the institutional re-
view board of the Faculty of Medical Sciences, Universi-
dade Estadual de Campinas, São Paulo, Brazil.

Statistical analysis was performed using software
(SAS System for Windows, version 9.1.3, SAS Insti-
tute, Cary, North Carolina). The effects of handling
technique and profession on PIP, VT, and f were eval-
uated by analysis of variance for repeated measures,
followed by contrast profile and the Tukey post hoc test.
Chi-square, the Friedman test, and the Fisher exact test
were used to compare delivered and recommended val-
ues, considering the different handling techniques and
professions. A P value � .05 was considered statisti-
cally significant.

Results

One hundred seventy-two volunteers of 5 different pro-
fessional groups were recruited for this study. Fifteen
(8.7%) were attending physicians, 28 (16.3%) were resi-
dent physicians in pediatrics or neonatology, 43 (25.0%)
were physiotherapists, 30 (17.4%) were nurses, and 56
(32.6%) were nursing technicians.

QUICK LOOK

Current knowledge

Manual ventilation using a self-inflating bag is a com-
mon procedure in neonatal intensive care. The optimum
technique and monitoring of manual ventilation is un-
known.

What this paper contributes to our knowledge

Regardless of technique or the operator’s profession,
high airway pressures and high volumes are delivered
that were far outside the recommended range. During
manual ventilation there is a high variability of deliv-
ered tidal volume, peak inspiratory pressure, and respi-
ratory frequency.
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The handling technique significantly affected PIP
(P � .001) and VT (P � .043), but not f (P � .39).
Post hoc analysis showed significant increase and decrease
of PIP when using 10 fingers and 2 fingers, respectively,
compared with the other techniques. Similar results were
found for VT, for which the use of 2 hands (10 fingers)
produced significant higher volumes, when compared to
the use of one hand.

Profession had an isolated influence on VT (P � .001)
and f (P � .001) (Table 1). Physiotherapists delivered
significantly higher volumes than attending and resident
physicians, and nursing technicians (P � .001), although
the f values were lower, compared to all other professional
groups (P � .001). Significant interaction between pro-
fession and handling technique was not observed for any
of the ventilatory parameters.

More importantly, a large discrepancy between the de-
livered and the current guideline values was observed for
all parameters. Regardless of profession or handling tech-
nique, 155 out of the 172 participants (ie, 88.4%) delivered
excessive pressures (� 25 cm H2O), whereas 127 (73.8%)
exceeded the recommended range of volume (� 30 mL)
(Fig. 1). On the other hand, 85 volunteers (49.4%) venti-
lated at insufficient rates (� 40 breaths/min) (see Fig. 1).
There were no significant effects of the handling tech-
niques on the inadequacy of PIP (P � .55), VT (P � .09),
and f (P � .13), regarding the categorized variables. The
same was observed with relation to the effects of profes-
sion on PIP (P � .98) and VT (P � .051). This indicates

that the great majority of participants of all professional
groups delivered excessive pressures and volumes, inde-
pendently of the number of fingers used for ventilation.
However, a significant effect of profession was observed
for f (P � .001). An insufficient number of delivered
breaths was generated by most physiotherapists (81.4%),
as opposed to nurses (53.3%), resident physicians (46.4%),
and nursing technicians (35.7%), who achieved adequate
rates of ventilation in a higher proportion. Among physi-
cians we observed an equal proportion (26.7%) of partic-
ipants who delivered adequate and low f values.

Despite the high pressures and volumes delivered by
most volunteers, we observed a high variability of both

Table 1. Ventilatory Variables According to Handling Technique and Profession (n � 172)

10 Fingers 5 Fingers 4 Fingers 3 Fingers 2 Fingers

Peak Inspiratory Pressure, cm H2O*
Nurses 41.9 � 12.9 38.6 � 13.5 39.1 � 11.9 39.7 � 14.1 37.2 � 12.4
Nursing technicians 45.5 � 19.3 40.6 � 14.3 40.4 � 15.0 39.9 � 14.5 39.5 � 13.8
Physicians 43.8 � 13.1 40.4 � 8.9 38.3 � 10.7 39.9 � 12.0 38.9 � 8.2
Resident physicians 42.4 � 17.7 40.4 � 15.3 39.9 � 15.5 40.2 � 11.5 37.9 � 12.1
Physiotherapists 42.1 � 17.1 41.5 � 15.5 40.7 � 14.9 39.6 � 16.7 37.7 � 13.1

Tidal Volume, mL†
Nurses 42.2 � 12.3 39.5 � 13.8 39.3 � 11.9 39.8 � 11.7 40.4 � 15.3
Nursing technicians 39.1 � 15.1 38.0 � 15.0 37.1 � 15.1 36.6 � 14.1 35.4 � 15.7
Physicians 38.7 � 12.9 38.3 � 13.2 36.9 � 15.7 37.1 � 13.3 37.8 � 13.1
Resident physicians 37.3 � 18.2 35.7 � 13.4 34.7 � 13.7 35.9 � 12.7 32.6 � 15.4
Physiotherapists 51.1 � 19.2 47.6 � 18.5 46.4 � 16.1 46.4 � 15.9 46.6 � 15.9

Ventilatory Frequency, breaths/min‡
Nurses 45.3 � 10.5 45.6 � 11.5 45.7 � 9.9 45.2 � 10.5 41.8 � 12.7
Nursing technicians 46.2 � 19.9 46.9 � 15.7 48.4 � 19.6 48.5 � 20.4 48.4 � 17.9
Physicians 51.2 � 22.4 48.1 � 16.6 48.9 � 18.6 48.3 � 17.6 48.0 � 18.3
Resident physicians 51.4 � 18.2 48.0 � 15.6 49.1 � 15.0 47.8 � 11.9 49.1 � 16.4
Physiotherapists 31.8 � 9.1 32.0 � 10.7 32.6 � 9.3 32.6 � 9.6 32.2 � 9.8

Values are mean � SD.
* Main effect of profession P � .87. Main effect of the handling technique P � .001. Profession � technique interaction P � .58.
† P Main effect of profession P � .001. Main effect of the handling technique P � .004. Profession � technique interaction P � .96.
‡ P Main effect of profession P � .001. Main effect of the handling technique P � .50. Profession � technique interaction P � .29.

Fig. 1. Percent distribution of categorized values of delivered peak
inspiratory pressure (PIP), tidal volume (VT), and ventilatory fre-
quency (f) during manual ventilation of test lung.
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ventilatory parameters. PIP ranged from 2.5 to
103.6 cm H2O, and VT from 4 to 96 mL. Ventilatory
frequency also showed high variability: 4.3 to 54.05 com-
pressions/min.

Discussion

Over the past 3 decades, evaluation of the self-inflating
bag resuscitator has been the goal of a number of pub-
lished studies, some of which focused on how the resus-
citator handling may affect its performance and the poten-
tial clinical implications. However, most of these studies
were directed to adult patients,4,6-9 and only a few of them
addressed this aspect in newborns.11,24 Ganga-Zandzou
et al24 and Bassani et al11 demonstrated that delivered peak
pressures are higher when more fingers are used to com-
press the bag. Bassani et al11 observed that this relation-
ship also occurs for VT, as shown in earlier studies that
compared the use of 1 or 2 hands to simulate ventilation in
adults.4,6-9 These observations are confirmed in the present
study with a larger volunteer sample.

Rezende et al evaluated PIP, VT, and f, during ventila-
tion with self-inflating bag in an analogue neonatal lung
model,17 as well as in term and preterm newborn sheep.18

Both studies showed wide variability of delivered pres-
sures and volumes, which frequently exceeded standard
values for safe ventilation.17,18 The present study shows
that the high variability does not seem to be an artifact due
to restricted sample size, because it was still observed even
with a considerably greater number of volunteers (n �
172). This is in agreement with the results of Roehr et al,25

in which high variability of PIP (2.7–58.9 cm H2O) and
VT (1–14.6 mL) was observed in a sample of 120 volun-
teers during ventilation of a neonatal mannequin with a
self-inflating bag.

We observed that approximately 88% and 74% of the
participants delivered pressure (� 25 cm H2O) and vol-
ume (� 30 mL) values that are excessive for ventilation
of a newborn. We also found that nearly half of the
participants delivered breaths at insufficient rates (� 40
breaths/min), in contrast with the findings by Rezende
at al,17,18 who showed good adequacy for f. This dis-
crepancy is possibly due to differences in the volunteer
population. Rezende et al17,18 studied a small group of
experienced physicians, whereas we studied a larger
sample of subjects from 5 different professions who
work with neonatal intensive care, with variable expe-
rience in resuscitation.

It is important to point out the possible implications of
the present findings, obtained in a heterogeneous sample,
especially regarding the high values of PIP and VT deliv-
ered by over 75% of the participants, which represent a
potential risk for barotrauma and volutrauma, respectively.
If the poor adequacy of these isolated variables increases

the risk of morbidity and mortality, the combination of
excessive ventilatory pressure and volume might be even
more harmful. On the other hand, due to the wide vari-
ability of the 3 variables, insufficient values of PIP, VT,
and f might also be delivered. Low pressures and/or vol-
umes may lead to hypoventilation and, consequently, hy-
poxemia and hypercapnia.

To decrease the variability of ventilatory parameters
delivered by the self-inflating bag, some authors sug-
gest the use of a manometer,26 which was not tested in
our trials. The pop-off valve is another safety item de-
signed to reduce delivered pressures and, consequently,
the risk of lung injury. However, some studies showed
that the valve may be activated at an inconsistent, wide
range of pressures,27 frequently exceeding safe val-
ues.25,27 In the present study, even though the pop-off
valve was kept open, we observed peak pressures over
40 cm H2O (the activation pressure limit indicated by
the manufacturer) in 52% of the cases. Kain et al10

observed higher levels of PIP when the pop-off valve
was kept closed; however, the authors tested different
brands of resuscitators and found high variability in PIP
and VT independently of the position of the valve (opened
or closed).

Although the physiotherapists in the present study
tended to deliver higher volumes at lower rates, most
participants of all professions delivered excessive pres-
sures and volumes, as well as insufficient f values for
the newborn lung model proposed for this study. While
our results are in agreement with some previous re-
ports,6,13 some studies did not find influence of profes-
sion on ventilatory parameters delivered by the self-
inflating bag.5,11,25 Nevertheless, it is important to stress
that it is difficult to compare the results of the several
available studies mainly because of differences in the
professional profile of the volunteers.

There are limitations to our study. First of all, our tests
were conducted in a laboratory environment with a test
lung that does not resemble a newborn and does not sim-
ulate chest expansion, which is a situation far from the
actual clinical setting and may possibly influence volun-
teers’ performance. Additionally, compressed gas source
or reservoir bag, which are commonly used for enhancing
FIO2

, especially during resuscitation, were not used in the
tests. There is evidence that the use of compressed gas in
some models of self-inflating bags may influence deliv-
ered pressures and volumes.28 It has been demonstrated, in
T-piece studies, that there is a wide variability of VT due
to variable inspiratory time.29 This indicates that lack of
monitoring inspiratory time could contribute to wide ranges
of delivered VT. This may also happen during manual
ventilation with the self-inflating bag and may be consid-
ered as another limitation to this study.
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An important issue raised in this study is whether or not
the self-inflating bag should be used to ventilate a new-
born. The answer to this question is quite difficult because,
despite the disadvantages that this resuscitator carries re-
garding patient safety, this equipment is convenient due to
its simplicity of operation and transportation, and rela-
tively low cost. Possibly, these advantages contribute to
the widespread use of the self-inflating bag in most hos-
pitals all over the world.

Based on the results of this study, one cannot conclude
that there is an ideal way of handling the self-inflating bag;
however, it is important to stress that this equipment should
be used only by well trained personnel, highly aware of its
limitations, and in emergency situations.

Conclusions

The self-inflating bag resuscitator permits a wide
range/high variability of delivered pressures, volumes,
and ventilatory frequencies, frequently insufficient or
excessive for neonatal resuscitation. This may contrib-
ute to the occurrence of iatrogenic complications such
as barotrauma and volutrauma, as well as hypoventila-
tion, which can increase hospitalization time and costs
and, consequently, unfavorable prognosis. An impor-
tant, clinically relevant finding of this study was that,
independently of the profession or the number of fin-
gers used to ventilate, in most instances the target value
ranges of ventilatory pressure, volume, and frequency
were not attained.
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