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Abstract
Background: A major proportion of preterm neonates re-
quire positive pressure ventilation (PPV) immediately after
delivery. PPVmay be administered through a face mask (FM)
or nasal prongs. Current literature indicates that either of
these are associated with similar outcomes. Summary:
Nonetheless, FM remains the most utilized and the best
choice. However, most available FM sizes are too large for
extremely preterm infants, which leads to mask leak and
ineffective PPV. Challenges to providing effective PPV in-
clude poor respiratory drive, complaint chest wall, weak
thoracic muscle, delayed liquid clearance, and surfactant
deficiency in preterm infants. Mask leak, airway obstruction,
poor technique, and inappropriate size are correctable
causes of ineffective PPV. Visual assessment of chest rise is
often used to assess the efficacy of PPV. However, its ac-
curacy is debatable. Though end tidal CO2 may adjudge the
effectiveness of PPV, clinical studies are limited. The com-
pliance of a preterm lung is highly dynamic. The inflating

pressure set on T-piece is constant throughout the resus-
citation, but the lung volume and dynamics changes with
every breath. This leads to huge fluctuations of tidal volume
delivery and can trigger inflammatory cascade in preterm
infants leading to brain and lung injury. Respiratory function
monitoring in the delivery room has potential for guiding
and optimizing delivery room resuscitation. This is, however,
limited by high costs, complex information that is difficult to
interpret during resuscitation, and absence of clinical trials.
Key Messages: This review summarizes the existing litera-
ture on PPV in preterm infants, the various aspects related to
it such as the pathophysiology, interfaces, devices utilized to
deliver it, appropriate technique, emerging technologies,
and future directions. © 2024 S. Karger AG, Basel

Introduction

Most neonates born at term gestation transition from
fetal to neonatal life without any significant assistance.
However, around 10% of newborns may require respi-
ratory support immediately after birth [1]. The Inter-
national Liaison Committee on Resuscitation (ILCOR)
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and several national resuscitation councils identify ef-
fective positive pressure ventilation (PPV) to be the
cornerstone of neonatal resuscitation [2–4]. PPV im-
proves the functional residual capacity, delivers tidal
volume (VT), initiates spontaneous breathing, and fa-
cilitates gas exchange with the goal of minimizing lung
and brain injury [5]. During face mask (FM) PPV, a
relatively fixed peak inflation pressure (PIP) is used with
the assumption that this will deliver an adequate VT.
However, the delivered VT is rarely measured [2–4].
Instead, indirect clinical signs such as chest rise and
improvement in heart rate are used to gauge the effec-
tiveness of PPV [2–4]. As the lung gets aerated, the lung
compliance changes. Hence, relying on a fixed PIP de-
livered through a T-piece resuscitator might result in over
or under ventilation of the lung, thereby contributing to
lung and brain injury [6]. In contrast to term neonates, up
to 77% of preterm neonates require PPV immediately
after birth during delivery room (DR) stabilization. In-
appropriate resuscitation puts them at the risk of major
morbidities such as bronchopulmonary dysplasia (BPD)
and intraventricular hemorrhage (IVH). Even PPV de-
livered through non-invasive interfaces can trigger in-
flammatory cascades that could injure the lung, brain,
and other developing organs [7–9]. In this article, we
review the current evidence on PPV in preterm infants,
the pathophysiology behind it, currently utilized inter-
faces and devices used to deliver PPV, emerging tech-
nologies, and future directions.

Devices

A T-piece resuscitator, self-inflating bag (SIB), or flow-
inflating bag (FIB) can be used to provide PPV in the DR.
Simulation studies have reported that a T-piece resusci-
tator delivers a relatively consistent PIP and positive end
expiratory pressure (PEEP) while an SIB is shown to be
associated with inconsistent PIP delivery and does not
have the provision to provide PEEP effectively [10].
Though PIP and PEEP delivered by an FIB may be highly
variable, this inference was derived from studies, which
were conducted with health personnel who were unfa-
miliar with the use of FIB [10]. In a cohort study,
Guinsburg et al. [11] compared a T-piece resuscitator (n =
1,456) with an SIB (n = 506) and found that the T-piece
resuscitator group had a higher likelihood of survival until
hospital discharge (69% vs. 56%, p = <0.001), survival until
hospital discharge without BPD (53% vs. 39%, p = <0.001),
survival without BPD. The adverse outcomes of severe
IVH (>grade 2) or periventricular leukomalacia were

found to be decreased in the T-piece group when com-
pared to the SIB group (47% vs. 35%, p = <0.001). Fur-
thermore, a recent meta-analysis of four trials (n = 1,247)
reported that respiratory support with a T-piece resusci-
tator decreases the risk of BPD (risk ratio 0.64; 95%
confidence interval [CI] 0.43–0.95) when compared to SIB.
In-house mortality was comparable between the two
groups [12]. These data suggest that a T-piece resuscitator
may bemore efficacious than SIB in neonates for providing
PPV. Future studies may also consider evaluating FIB
provided the healthcare personnel involved in these studies
are appropriately trained in using FIB.

Interfaces

PPV can be delivered through an FM or short binasal
prongs (SBPs) or nasopharyngeal tube (NPT). Concerns
with FM use include incorrect sizing and triggering of the
trigeminocardiac reflex (TCR) [13, 14]. A recent meta-
analysis (5 trials, n = 873) reported no difference in in-
hospital mortality (risk ratio [95%CI] 0.98 [0.63–1.52], p =
0.92) or morbidities when neonates are provided PPVwith
an SBP/NPT or an FM [15]. However, the meta-analysis
excluded the largest randomized controlled trial (RCT) by
Donaldsson et al. [16], which randomized neonates of >28
weeks’ gestation to SBP (n = 124) or FM (n = 122).
Donaldsson et al. [16] reported a decreased risk of DR
intubations and mortality in the SBP group when com-
pared to the FM group (33% vs. 45%, adjusted odds ratio
[95% CI] 0.53 [0.30–0.94]; p = 0.03). There were no dif-
ferences between the two groups for any of the secondary
outcomes (use of surfactant, air leak syndromes, any IVH).

An alternative for either SBP, NPT, or FM is supra-
glottic airway device (SAD), which has been shown to be
effective in providing PPV in late-preterm and term
infants. However, as of present a small-sized SAD that
could be used in extremely low gestational age neonates is
not available [17]. Smallest neonates where SAD was
inserted in the studies on surfactant administration were
those whose birth weight was between 1,000 and
1,250 g [17]. SADs, specifically laryngeal mask airways,
have evolved over the past three decades. The advantages
of laryngeal mask airways when compared to an FM
include a decreased propensity to stimulate TCA reflex
and a lesser risk of inadvertent placement in the
esophagus or the right bronchus when compared to an
endotracheal tube. Kamlin et al. [18] evaluated oropha-
ryngeal airway for providing PPV in preterm neo-
nates >34 weeks’ gestation. The authors concluded that
use of an oropharyngeal airway as an adjunct to FM PPV
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significantly increased the risk of airway obstruction. This
emphasizes the fact that the most important aspect of
delivering effective PPV is the familiarity with the
available equipment supplemented by frequent training
in its usage.

Hand Positions during Mask Ventilation

There are currently no evidence-based recommenda-
tions on how to hold an FM during PPV. However, the
European Resuscitation Guidelines recommend the two-
person mask hold technique if PPV is ineffective [4].
Simulation studies have examined the two-point top hold
[19, 20], stem hold [19], rim hold [19], spider hold [20],
and the two-person mask hold techniques [20, 21]. Wood
et al. [19] reported that the Laerdal round mask (Laerdal
Medical, Stavanger, Norway) had a median (IQR) FM leak
rate of 15% (0–18) with two-point top hold, 42% (17–62)
with stem hold, and 23% (3–50) with rim hold.Meanwhile,
the Fisher & Paykel round mask (Fisher & Paykel
Healthcare, Auckland, New Zealand) leak rates were 40%
(15–63) with two-point top hold, 50% (38–70) with stem
hold, and 2% (1–10) with rim hold [19]. This study
suggests that the leak around a particular type of FM is
predominantly influenced by the holding technique. Ad-
ditional studies have also showed high variability in FM
leak rate with the aforementioned FM types and holds,
suggesting that leak rate is heavily influenced by the
provider as well. Wilson et al. randomized 53 participants
to perform PPV with a Laerdal round mask using three
different FM holds and reported no differences in FM leak
rates (median [IQR]): two-point top hold 19% (2–38),
spider hold 10% (3–49), two-personmask hold 9% (2–51))
[20]. A study with 48 participants (21,578 inflations)
demonstrated that a single-person FM hold results in
greater FM air leak compared to a two-person hold,
whether an SIB (MD [95% CI] 6.1% [1.5–10.7], p < 0.01)
or a T-piece resuscitator is used (MD [95% CI] 13.1%
[3.6–22.6], p < 0.01) [21]. Shah et al. [22] randomized 25
preterm neonates of >30 weeks’ gestation to PPV with
either one-person or two-person mask hold and reported
the mean (SD) FM leak with one-person technique being
26% (19) and with two-person technique being 18% (9).
These studies suggest that the use of two-person FM PPV
at birth is not only feasible but also may reduce FM air leak
rates, thereby providing relatively more efficacious PPV.
However, the two-person technique does require addi-
tional manpower (Fig. 1, 2). Though there is a biological
plausibility that FM leak and consequent ineffective PPV
may be associated with inadequate VT delivery resulting in

poorer clinical outcomes, however, there is a lack of data to
associate FM leak with adverse clinical outcomes. van
Vonderen et al. [23] compared FM with nasal tube during
PPV in preterm neonates of >30 weeks’ gestation that
reported a significantly high leak with nasal tube compared
to FM {[98% (33–100%) vs. 14 (0–39%); p < 0.0001]}. On
the contrary, Kamlin et al. [24] randomized preterm ne-
onates born at >30 weeks’ gestation to FM versus nasal
tube and did not report any differences in the critical
outcomes of death and/or BPD. There was also no dif-
ference in endotracheal intubation, severe grade IVH, and
necrotizing enterocolitis. The major limitation of this
study was that the leak around the FM or nasal tube was
not assessed precluding any reasonable conclusions.

FM Leak

Mannequin studies have reported variable FM leak
rates, which occur irrespective of the level of training [25,
26]. FM leak during PPV is often underrecognized and
can result in ineffective ventilation [6, 27, 28]. A major
reason for FM leak is the unavailability of FMs of ap-
propriate size. O’Shea et al. [29] photographed faces of
preterm infants of gestational age 24–33 weeks and re-
ported that the smallest available size of FM is too large
for many of the preterm infants. However, two RCTs
compared smaller and larger FMs during PPV in the DR
and reported no difference in FM leak (between 30 and
42% for both the types of FMs) [30, 31].

FM leaks may be recognized and corrected timely
using a feedback device such as a respiratory function
monitor (RFM) [32–35]. Furthermore, RFM when used
as adjunct to traditional training has been shown to
improve the efficacy of FM PPV. Of the three studies
conducted till date on RFM, two had reported a reduction
in the FM leak with RFM. Though these are encouraging
findings, there is a concern that additional information
provided by an RFM may not be adequately interpreted
by the healthcare professional [36, 37]. More recently,
newer RFMs featuring more user-friendly features and
improved efficiency in detecting FM leak have been in-
troduced. Further studies evaluating their performance
are warranted.

Airway Obstruction and Glottis Closure

Airway obstruction might occur during PPV due to
excessive force applied during FM ventilation, incorrect
positioning of the head in relation to the neck,
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inappropriate mask size, or secretions obstructing the
airway [27, 38]. Studies from the last decade had in-
dicated that airway obstruction during FM PPV occurs
in up to 75% of cases (based on exhaled CO2 [ECO2] or
RFM waveforms) [27, 38]. These findings have led to

studies suggesting that ECO2 detectors or RFMs may
help identify airway obstruction [39]. While an RFM can
display obstructed waveforms, more recent studies have
highlighted that airway obstruction might be due to
glottis closure. Glottis closure is a fetal mechanism,

Fig. 1. Type of available devices to deliver PPV: SIB (top), FIB (middle), T-piece (bottom).
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which allows for adequate maintenance of fluid and
pressure within the developing fetal lung thereby
keeping them distended and allowing for the adequate
fetal lung growth and development. During stabilization
after birth, a closed glottis impedes the delivery of re-
spiratory support [40]. Craswshaw et al. [41] reported
that in rabbit pups, the larynx and epiglottis were
predominantly closed (open in only ~20%) with una-
erated lungs or unstable breathing patterns immediately
after birth. However, when the lungs were aerated with
stable breathing pattern, the larynx and the epiglottis

were mostly open (~90% of the time) [41]. van Von-
deren et al. [40] reported that glottis closure affects the
delivery of effective PPV and a sustained inflation for
10 s and 25 cm H2O was infective unless infants initiated
breathing. Rarely, in the setting of severe in-utero
hypoxia, the fetal glottis may be functionally compro-
mised and can remain open for a prolonged period of
time resulting in aspiration of amniotic fluid containing
fetal lung fluid, urine, skin debris, and other particulate
matter such as meconium resulting in various types of
aspiration syndrome.

Fig. 2. Various interfaces available to deliver PPV (top row) and holding techniques (bottom row).
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Trigeminocardiac Reflex

TCR, also known as the diving reflex, can be triggered by
stimulating either of the three branches of trigeminal nerve.
The TCR is triggered by exposure to cold air, water, or
pressure over maxilla or mandible and is inherently de-
signed by the body to prevent aspiration [42]. The TCR
leads to the closure of the glottis to prevent aspiration, often
followed by peripheral vasoconstriction, slowing of the heart

rate, and breathing to preserve oxygen consumption [42]. In
preterm neonates, application of an FM may trigger the
TCR [13, 14]. This may be accompanied by apnea, lower
heart rate, lower oxygen saturations, as well as requirement
of a higher rate of PPV [13, 14]. An alternative interface
might be SBPs. However, a recent meta-analysis of available
trials did not find any differences in clinical outcomes and
none of the studies assessed the outcomes of apnea, heart
rate, and oxygen saturation in the DR [15].

Fig. 3. PPV and its effects.
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Peak Inflation Pressure and VT

The ILCOR Neonatal Task Force and the American
Heart Association guidelines on neonatal resuscitation
recommend initiating PPVwith a PIP of 20–25 cmH2O in
preterm infants [2–4]. However, this recommendation is
not based on high evidence certainty. Animal studies have
demonstrated that lung injury can occur with just a few
large manual inflations of 35 mL/kg and that lung injury is
mainly caused by volutrauma and not barotrauma [43, 44].
In the DR, the delivered VT ranges from 0 to 30 mL/kg [6,
45], and excessive VT delivery has been shown to be as-
sociated with adverse outcomes of BPD and IVH [8, 9, 46].
Since the neonatal lung is initially fluid filled, the VT

delivery will depend on the lung compliance, airway re-
sistance, and PIP [47, 48]. As the lung aerates, lung
compliance rapidly improves, which results in higher VT

delivery if a static PIP is used. While an RFM has been
shown to reduce excessive VT delivery, none of the studies
published to date have demonstrated improvements in
critical or important clinical outcomes [32–35]. An al-
ternative might be a ventilator-delivered targeted VT as
practiced in the NICU. Simulation studies have reported
that PPV using a set VT on a ventilator reduced FM leaks
and variations in VT delivery [49–51]. Further studies are
necessary before implementing these practices in the DR.
The adverse effects associated with delivering inadequate
VT during neonatal resuscitation is depicted in Figure 3.

Inflation Times (Ti)

The European Resuscitation Guidelines recommend a Ti
of up to 2–3 s for the first 5 inflations. However, the optimal
Ti remains unknown [4]. In spontaneously breathing pre-
term neonates, the Ti varies between 0.35 and
0.40 s depending on the breathing pattern [52]. Klingenberg
et al. [53] compared PPV with a Ti of 0.5 s, 5 breaths of
3 s inflations, and a single 30 s inflation in near-term as-
phyxiated lambs and reported that the median time to reach
a HR of 120 beats/min was significantly shorter in the single
30 s inflation group when compared to the 5 breaths of
3 s inflations group and the conventional ventilation group
(8 s, 38 s, and 64 s), respectively. However, there have been
no study in preterm neonates or animal models evaluating
the optimal Ti to be used during FM PPV. As the lung is
initially liquid filled, the Ti required will be different when
compared to an aerated lung to achieve similar VT [47, 48,
54]. Though the exact pathophysiology behind clearance of
lung fluid immediately after birth is not fully understood,
pre-clinical studies demonstrated that lung fluid clearance

depends on many factors including gestational age, onset of
labor (spontaneous vs. induced), and mode of delivery
(vaginal vs. caesarean section). Hence, it is plausible that the
Ti required to adequately expand the lung might vary based
on these aspects and future studiesmay evaluate the different
Ti required based on these factors. The SustainedAeration of
Infant Lung (SAIL) trial randomized preterm neonates of
23–26weeks’ gestation to sustained inflations or intermittent
PPV [55]. The outcome of mortality within the first 48 h of
life was significantly higher in the sustained inflation group
when compared to the standard resuscitation group (7.4%
vs. 1.4%, aRD [95% CI] 5.6% [2.1–9.1%], p = 0.02).

Positive End Expiratory Pressure

One of the most important aspects of DR stabilization is
providing optimal PEEP. Providing appropriate PEEP aids
in recruiting the alveoli and keeping the lungs open, es-
pecially those born extremely premature. It remains un-
clear what the optimal PEEP is to maintain an open lung.
There are two types of PEEP delivery strategies either using
a static PEEP or a dynamic PEEP approach [56, 57]. The
static approach uses a PEEP of 5–8 cmH2O while with the
dynamic PEEP approach, the PEEP level is individualized
and varies based on the clinical status of a pretermneonate.
The concept of dynamic PEEP involves varying the PEEP
level between 8 and 12 cmH2O based on clinical response.
A large multi-center trial is currently ongoing (the POLAR
trial, NCT04372953), which will provide further insights
into the dynamic PEEP approach.

Stimulation
One of the initial steps of neonatal resuscitation include

stimulation; this could be done by rubbing of the back,
chest, or soles at birth [2–4]. However, the intensity, lo-
cation, and duration of stimulation are yet to be evaluated in
RCTs. Studies in preterm neonates have reported that
stimulation during the initial steps of resuscitation result in
a significant increase in oxygen saturation but not the heart
rate andmay also influence spontaneous breathing [58–60].
Furthermore, Dekker et al. [61] randomized 44 preterm
neonates to repetitive stimulation versus standard tactile
stimulation and reported that SpO2 values were significantly
higher with repetitive stimulations when compared to
standard stimulation practices (87.6 [3.3]% vs. 81.7 [8.7%],
p = 0.01). Katheria et al. [62] randomized preterm neonates
of 23–31 weeks’ gestation to either delayed cord clamping
(DCC)with assisted ventilation versus DCC alone. The time
to spontaneous breathing was similar in both groups.
Furthermore, the DCC alone group received stimulation for
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almost double the time compared to the DCC plus assisted
ventilation group. These results suggest that adequate
stimulation during DCC in preterm infants should be
provided. While these results are promising, further trials
akin to the NEU-STIM trial (NCT05942924) (n = 3,280)
may further strengthen the evidence certainty.

Changes in Heart Rate
The 7th edition of the Neonatal Resuscitation Program

textbook states that “If PPVwas started because the infant
had a low HR, the infant’s heart rate should begin to
increase within the first 15 seconds of PPV assuming that
adequate ventilation is achieved” [63]. DR studies have
reported that heart rate may not always increase within
the first 15 s of PPV [64]. Heart rate increases through
two different patterns: (1) gradual rise to more than
100 beats/min over 60 s or (2) a rapid increase within
5 s after lung aeration [64]. Espinoza et al. [65] further
reported that in asphyxiated piglets receiving PPV,
around 50% of piglets do not display an increase in HR
within 30 s. Linde et al. [66] reported a non-linear re-
lationship between delivered VT and HR increase with a
VT of 9.3 mL/kg resulting in the highest likelihood of an
increase in heart rate during PPV. Frequent interruptions
of PPV to provide stimulation or suctioning occurred in
all cases and was associated with further increase in heart
rate, especially in newborns with an initial heart rate
of >100 beats/min [66]. A rising heart rate remains the
best indirect indicator that gas exchange has been
achieved and thereby is one of the most reliable surrogate
marker indicating adequate ventilation.

Respiratory Function Monitor Guidance
A RFM can be used for training the healthcare per-

sonnel in the DR to guide respiratory support by adding
objectivity to the clinical assessment [67]. It may be used
to teach correct FM hold and positioning techniques
during simulation-based training [68]. O’Currrain et al.
[68] randomized 400 healthcare providers to either have
the RFM displayed (intervention group) or masked to
RFM (control group) during a structured newborn re-
suscitation training course. Overall, providers who were
randomized to have visuals on the RFM had significant
lower mask leak (23% vs. 35% [p < 0.0001]) compared to
providers without RFM guidance. While this study
supports the use of an RFM during training, Fuerch et al.
[69] in their recent ILCOR systematic review, which
included three RCTs (n = 443), concluded that use of an
RFM in the DR during PPV did not result in improved
clinical outcomes of intubation rate, air leaks, mortality
before hospital discharge, severe IVH, and BPD.

Exhaled CO2

ECO2 is an excellent tool to assess lung aeration after
birth [70]. Animal and clinical studies have indicated a
strong correlation between the detection of ECO2 and the
increase in HR during the time of resuscitation [70].
Studies conducted in term neonates have also reported that
it takes only a few breaths (median [IQR] 7 [4–11] breaths)
until the ECO2 could be measured (median [IQR] 15
[12–20] mmHg) [71]. In preterm neonates receiving PPV,
the median time to achieve an ECO2 of more than 10 mm
Hg or a color change in the ECO2 was reported to be 80–95
s. Further, there was a delay of 10–28 s from the time of
ECO2 detection and increase in HR (>100 beats/min) [72].
While the results from the aforementioned studies are
promising, the ILCOR Neonatal Task Force has not
recommended the use of ECO2 during newborn resusci-
tation as the evidence base remains limited [73].

Conclusions

Providing effective PPV is the most important aspect in
neonatal resuscitation, especially in preterm neonates. De-
livering effective PPVmandates repeated training and practice
for bettering clinical outcomes. The efficacy and safety of
delivered PPV may have a major impact on optimizing re-
suscitation in preterm neonates when compared to term
neonates. Henceforth, focusing on improving the delivery of
PPV by reducing the leak around the FM, using a T-piece
resuscitator with appropriately sized FM or SBP, proper
technique andwith knowledge on trouble-shoot issues such as
glottic closure, airway obstruction, and TCR is of utmost
importance. Though the use of ECO2 or RFM in the DR has
been shown to be useful as an adjunct, whether their use
translates to better clinical outcomes needs further studies.

Conflict of Interest Statement

The authors have no conflicts of interest to declare.

Funding Sources

There was no funding source for this work.

Author Contributions

Conception and design: G.M.S. Collection and assembly of data,
analysis and interpretation of the data, critical revision of the article for
important intellectual content, and final approval of the article: G.M.S.,
S.D., V.V.R., J.K., and A.P. 1st draft of the article: G.M.S. and S.D.

Mask Ventilation in the Delivery Room in
Preterm Infants

Neonatology 2024;121:288–297
DOI: 10.1159/000537800

295

D
ow

nloaded from
 http://karger.com

/neo/article-pdf/121/3/288/4257819/000537800.pdf by guest on 14 M
ay 2025

https://doi.org/10.1159/000537800


References

1 Aziz K, Chadwick M, Baker M, Andrews W.
Ante- and intra-partum factors that predict
increased need for neonatal resuscitation.
Resuscitation. 2008;79(3):444–52.

2 Aziz K, Lee HC, Escobedo MB, Hoover AV,
Kamath-Rayne BD, Kapadia VS, et al. Part 5:
Neonatal Resuscitation: 2020 American
Heart Association Guidelines for Cardio-
pulmonary Resuscitation and Emergency
Cardiovascular Care. Circulation. 2020;
142(16 Suppl 2):S524–50.

3 Wyckoff MH, Wyllie JP, Aziz K, de Almeida
MF, Fabres J, Fawke J, et al. Neonatal Life
Support: 2020 International Consensus on
Cardiopulmonary Resuscitation and Emer-
gency Cardiovascular Care Science with
Treatment Recommendations. Circulation.
2020;142(16 Suppl 1):329–37.

4 Madar J, Roehr CC, Ainsworth S, Ersdal H,
Morley C, Rüdiger M, et al. European Re-
suscitation Council Guidelines 2021: new-
born resuscitation and support of transition
of infants at birth. Resuscitation. 2021;161:
291–326.

5 Schmölzer GM, Te Pas AB, Davis PG, Morley
CJ. Reducing lung injury during neonatal
resuscitation of preterm infants. J Pediatr.
2008;153(6):741–5.

6 Schmölzer GM, Kamlin OCOF, O’Donnell
CPF, Dawson JA, Morley CJ, Davis PG.
Assessment of tidal volume and gas leak
during mask ventilation of preterm infants in
the delivery room. Arch Dis Child Fetal
Neonatal Ed. 2010;95(6):F393–7.

7 Schmölzer GM, Kumar M, Pichler G, Aziz K,
O’ReillyM, Cheung P-Y. Non-invasive versus
invasive respiratory support in preterm in-
fants at birth: systematic review and meta-
analysis. BMJ. 2013;347:f5980.

8 Barton SK, Tolcos M, Miller SL, Roehr C-C,
Schmölzer GM, Davis PG, et al. Unraveling
the links between the initiation of ventilation
and brain injury in preterm infants. Front
Pediatr. 2015;3:97.

9 Barton SK, Tolcos M, Miller SL, Christoph-
Roehr C, Schmölzer GM, Moss TJM, et al.
Ventilation-induced brain injury in preterm
neonates: a review of potential therapies.
Neonatology. 2016;110(2):155–62.

10 Dawson JA, Gerber A, Kamlin COF, Davis
PG, Morley CJ. Providing PEEP during
neonatal resuscitation: which device is best?
J Paediatr Child Heal. 2011;47(10):698–703.

11 Guinsburg R, de Almeida MFB, de Castro JS,
Gonçalves-Ferri WA, Marques PF, Caldas
JPS, et al. T-piece versus self-inflating bag
ventilation in preterm neonates at birth. Arch
Dis Child Fetal Neonatal Ed. 2018;103(1):
F49–55.

12 Trevisanuto D, Roehr CC, Davis PG,
Schmölzer GM,Wyckoff MH, Liley HG, et al.
Devices for administering ventilation at birth:
a systematic review. Pediatrics. 2021;148(1):
e2021050174.

13 Gaertner VD, Rüegger CM, O’Currain E,
Kamlin COF, Hooper SB, Davis PG, et al.
Physiological responses to facemask appli-
cation in newborns immediately after birth.
Arch Dis Child Fetal Neonatal Ed. 2021;
106(4):381–5.

14 Kuypers KLAM, Lamberska T, Martherus T,
Dekker J, Böhringer S, Hooper SB, et al. The
effect of a face mask for respiratory support
on breathing in preterm infants at birth.
Resuscitation. 2019;144:178–84.

15 Mangat A, Bruckner M, Schmölzer GM. Face
mask versus nasal prong or nasopharyngeal
tube for neonatal resuscitation in the delivery
room: a systematic review and meta-analysis.
Arch Dis Child Fetal Neonatal Ed. 2021;
106(5):561–7.

16 Donaldsson S, Drevhammar T, Li Y, Bar-
tocci M, Rettedal SI, Lundberg F, et al.
Comparison of respiratory support after
delivery in infants born before 28 weeks’
gestational age: the CORSAD randomized
clinical trial. JAMA Pediatr. 2021;175(9):
911–8.

17 Diggikar S, Krishnegowda R, Nagesh KN,
Lakshminrusimha S, Trevisanuto D. La-
ryngeal mask airway versus face mask
ventilation or intubation for neonatal re-
suscitation in low-and-middle-income
countries: a systematic review and meta-
analysis. Arch Dis Child Fetal Neonatal Ed.
2023;108(2):156–63.

18 Kamlin COF, Schmölzer GM, Dawson JA,
McGrory L, O’Shea J, Donath S, et al. A ran-
domized trial of oropharyngeal airways to assist
stabilization of preterm infants in the delivery
room. Resuscitation. 2019;144:106–14.

19 Wood FE, Morley CJ, Dawson JA, Kamlin
COF, Owen LS, Donath S, et al. Improved
techniques reduce face mask leak during
simulated neonatal resuscitation: study 2.
Arch Dis Child Fetal Neonatal Ed. 2008;
93(3):F230–4.

20 Wilson EV, O’Shea JE, Thio M, Dawson JA,
Boland R, Davis PG. A comparison of dif-
ferent mask holds for positive pressure
ventilation in a neonatal manikin. Arch Dis
Child Fetal Neonatal Ed. 2014;99(2):F169–71.

21 Tracy MB, Klimek J, Coughtrey H, Shingde
V, Ponnampalam G, Hinder M, et al. Mask
leak in one-person mask ventilation com-
pared to two-person in newborn infant
manikin study. Arch Dis Child Fetal Neo-
natal Ed. 2011;96(3):F195–200.

22 Shah D, Tracy MB, Hinder MK, Badawi N.
One-person versus two-person mask venti-
lation in preterm infants at birth: a pilot
randomised controlled trial. BMJ Paediatr
Open. 2023;7(1):e001768.

23 van Vonderen JJ, Kamlin CO, Dawson JA,
Walther FJ, Davis PG, te Pas AB. Mask versus
nasal tube for stabilization of preterm infants
at birth: respiratory function measurements.
J Pediatr. 2015;167(1):81–5.e1.

24 Kamlin COF, Schilleman K, Dawson JA,
Lopriore E, Donath S, Schmölzer GM, et al.
Mask versus nasal tube for stabilization of
preterm infants at birth: a randomized con-
trolled trial. Pediatrics. 2013;132(2):e381–8.

25 Schilleman K, Witlox RSGM, Lopriore E,
Morley CJ, Walther FJ, te Pas AB. Leak and
obstruction with mask ventilation during sim-
ulated neonatal resuscitation. Arch Dis Child
Fetal Neonatal Ed. 2010;95(6):F398–402.

26 Wood FE, Morley CJ, Dawson JA, Kamlin
COF, Owen LS, Donath S, et al. Assessing the
effectiveness of two round neonatal resusci-
tation masks: study 1. Arch Dis Child Fetal
Neonatal Ed. 2008;93(3):F235–7.

27 Schmölzer GM, Dawson JA, Kamlin COF,
O’Donnell CP, Morley CJ, Davis PG. Airway
obstruction and gas leak during mask ven-
tilation of preterm infants in the delivery
room. Arch Dis Child Fetal Neonatal Ed.
2011;96(4):F254–7.

28 Kaufman J, Schmölzer GM, Kamlin COF,
Davis PG. Mask ventilation of preterm in-
fants in the delivery room. Arch Dis Child
Fetal Neonatal Ed. 2013;98(5):F405–10.

29 O’Shea JE, Thio M, Owen LS, Wong C,
Dawson JA, Davis PG. Measurements from
preterm infants to guide face mask size. Arch
Dis Child Fetal Neonatal Ed. 2016;101(4):
F294–8.

30 Cheung D, Mian QN, Cheung P-Y, O’Reilly
M, Aziz K, van Os S, et al. Mask ventilation
with two different face masks in the delivery
room for preterm infants: a randomized
controlled trial. J Perinatol. 2015;35(7):464–8.

31 O’Currain E, O’Shea JE, McGrory L, Owen L,
Kamlin O, Dawson JA, et al. Smaller face-
masks for positive pressure ventilation in
preterm infants: a randomised trial. Resus-
citation. 2019;134:91–8.

32 Schmölzer GM, Morley CJ, Wong C, Dawson
JA, Kamlin COF, Donath SM, et al. Respi-
ratory function monitor guidance of mask
ventilation in the delivery room: a feasibility
study. J Pediatr. 2012;160(3):377–81.e2.

33 van Zanten HA, Kuypers KLAM, van Zwet
EW, van Vonderen JJ, Kamlin COF, Springer
L, et al. Amulti-centre randomised controlled
trial of respiratory function monitoring
during stabilisation of very preterm infants at
birth. Resuscitation. 2021;167:317–25.

34 Zeballos Sarrato G, Sánchez Luna M, Zeballos
Sarrato S, Pérez Pérez A, Pescador Chamorro I,
Bellón Cano JM. New strategies of pulmonary
protection of preterm infants in the delivery
room with the respiratory function monitoring.
Am J Perinatol. 2019;36(13):1368–76.

35 de Medeiros SM, Mangat A, Polglase GR,
Sarrato GZ, Davis PG, Schmölzer GM. Re-
spiratory function monitoring to improve the
outcomes following neonatal resuscitation: a
systematic review and meta-analysis. Arch
Dis Child Fetal Neonatal Ed. 2022;107(6):
589–96.

296 Neonatology 2024;121:288–297
DOI: 10.1159/000537800

Diggikar/Ramaswamy/Koo/Prasath/
Schmölzer

D
ow

nloaded from
 http://karger.com

/neo/article-pdf/121/3/288/4257819/000537800.pdf by guest on 14 M
ay 2025

https://doi.org/10.1016/j.resuscitation.2008.08.004
https://doi.org/10.1161/CIR.0000000000000902
https://doi.org/10.1161/cir.0000000000000895
https://doi.org/10.1016/j.resuscitation.2021.02.014
https://doi.org/10.1016/j.jpeds.2008.08.016
https://doi.org/10.1136/adc.2009.174003
https://doi.org/10.1136/adc.2009.174003
https://doi.org/10.1136/bmj.f5980
https://doi.org/10.3389/fped.2015.00097
https://doi.org/10.3389/fped.2015.00097
https://doi.org/10.1159/000444918
https://doi.org/10.1111/j.1440-1754.2011.02036.x
https://doi.org/10.1136/archdischild-2016-312360
https://doi.org/10.1136/archdischild-2016-312360
https://doi.org/10.1542/peds.2021-050174
https://doi.org/10.1136/archdischild-2020-320198
https://doi.org/10.1016/j.resuscitation.2019.08.043
https://doi.org/10.1136/archdischild-2020-319460
https://doi.org/10.1001/jamapediatrics.2021.1497
https://doi.org/10.1136/archdischild-2022-324472
https://doi.org/10.1016/j.resuscitation.2019.08.035
https://doi.org/10.1136/adc.2007.117788
https://doi.org/10.1136/archdischild-2013-304582
https://doi.org/10.1136/archdischild-2013-304582
https://doi.org/10.1136/adc.2009.169847
https://doi.org/10.1136/adc.2009.169847
https://doi.org/10.1136/bmjpo-2022-001768
https://doi.org/10.1136/bmjpo-2022-001768
https://doi.org/10.1016/j.jpeds.2015.04.003
https://doi.org/10.1542/peds.2013-0361
https://doi.org/10.1136/adc.2009.182162
https://doi.org/10.1136/adc.2009.182162
https://doi.org/10.1136/adc.2007.117713
https://doi.org/10.1136/adc.2007.117713
https://doi.org/10.1136/adc.2010.191171
https://doi.org/10.1136/archdischild-2012-303313
https://doi.org/10.1136/archdischild-2012-303313
https://doi.org/10.1136/archdischild-2014-307350
https://doi.org/10.1136/archdischild-2014-307350
https://doi.org/10.1038/jp.2015.8
https://doi.org/10.1016/j.resuscitation.2018.12.005
https://doi.org/10.1016/j.resuscitation.2018.12.005
https://doi.org/10.1016/j.jpeds.2011.09.017
https://doi.org/10.1016/j.resuscitation.2021.07.012
https://doi.org/10.1055/s-0038-1676828
https://doi.org/10.1136/archdischild-2021-323017
https://doi.org/10.1136/archdischild-2021-323017
https://doi.org/10.1159/000537800


36 Law BHY, Cheung P-Y, Wagner M, van Os S,
Zheng B, Schmölzer G. Analysis of neonatal
resuscitation using eye tracking: a pilot study.
Arch Dis Child Fetal Neonatal Ed. 2018;
103(1):F82–4.

37 Herrick H,Weinberg D, Cecarelli C, Fishman
CE, Newman H, den Boer MC, et al. Provider
visual attention on a respiratory function
monitor during neonatal resuscitation. Arch
Dis Child Fetal Neonatal Ed. 2020;105(6):
666–8.

38 Finer N, Rich W, Wang CL, Leone TA.
Airway obstruction during mask ventilation
of very low birth weight infants during
neonatal resuscitation. Pediatrics. 2009;
123(3):865–9.

39 Leone TA, Lange A, Rich W, Finer N. Dis-
posable colorimetric carbon dioxide detector
use as an indicator of a patent airway during
noninvasive mask ventilation. Pediatrics.
2006;118(1):e202–4.

40 van Vonderen JJ, Hooper SB, Hummler HD,
Lopriore E, te Pas AB. Effects of a sustained
inflation in preterm infants at birth. J Pediatr.
2014;165(5):903–8.e1.

41 Crawshaw JR, Kitchen MJ, Binder-Heschl C,
Thio M,Wallace MJ, Kerr LT, et al. Laryngeal
closure impedes non-invasive ventilation at
birth. Arch Dis Child Fetal Neonatal Ed.
2018;103(2):F112–9.

42 Chowdhury T, Mendelowith D, Golanov E,
Spiriev T, Arasho B, Sandu N, et al. Trige-
minocardiac reflex: the current clinical and
physiological knowledge. J Neurosurg An-
esthesiol. 2015;27(2):136–47.

43 Björklund LJ, Ingimarsson J, Curstedt T, John
J, Robertson B, Werner O, et al. Manual
ventilation with a few large breaths at birth
compromises the therapeutic effect of sub-
sequent surfactant replacement in immature
lambs. Pediatr Res. 1997;42(3):348–55.

44 Hernandez LA, Peevy KJ, Moise AA, Parker
JC. Chest wall restriction limits high airway
pressure-induced lung injury in young rab-
bits. J Appl Physiol. 1989;66(5):2364–8.

45 Poulton DA, Schmölzer GM, Morley CJ,
Davis PG. Assessment of chest rise during
mask ventilation of preterm infants in the
delivery room. Resuscitation. 2011;82(2):
175–9.

46 Mian Q, Cheung P-Y, O’Reilly M, Barton SK,
Polglase GR, Schmölzer GM. Impact of de-
livered tidal volume on the occurrence of
intraventricular haemorrhage in preterm
infants during positive pressure ventilation in
the delivery room. Arch Dis Child Fetal
Neonatal Ed. 2019;104(1):F57–62.

47 Bresesti I, Cavigioli F, Scrivens A, Lista G,
Chaban B, Roehr CC, et al. Pressure and
tidal volume delivery in extremely preterm
infants at birth using different t-piece re-
suscitation devices. Early Hum Dev. 2023;
183:105794.

48 Cavigioli F, Bresesti I, Di Peri A, Cerritelli F,
Gazzolo D, Gavilanes AWD, et al. Tidal
volume optimization and heart rate response

during stabilization of very preterm infants.
Pediatr Pulmonol. 2023;58(2):550–5.

49 Law BHY, Schmölzer GM. Volume-targeted
mask ventilation during simulated neonatal
resuscitation. Arch Dis Child Fetal Neonatal
Ed. 2024;109(2):217–20.

50 Law BHY, Madani Kia T, Trinh F, Schmölzer
GM. Mask ventilation using volume-targeted
neonatal ventilator for neonatal resuscitation:
a randomised cross-over simulation study.
Arch Dis Child Fetal Neonatal Ed. 2023;
109(1):46–51.

51 Tracy MB, Klimek J, Coughtrey H, Shingde
V, Ponnampalam G, Hinder M, et al.
Ventilator-delivered mask ventilation com-
pared with three standard methods of mask
ventilation in a manikin model. Arch Dis
Child Fetal Neonatal Ed. 2011;96(3):F201–5.

52 te Pas AB, Davis PG, Kamlin COF, Dawson J,
O’Donnell CPF, Morley CJ. Spontaneous
breathing patterns of very preterm infants
treated with continuous positive airway
pressure at birth. Pediatr Res. 2008;64(3):
281–5.

53 Klingenberg C, Sobotka K, Ong T, Allison
BJ, Schmölzer GM, Moss TJM, et al. Effect
of sustained inflation duration; resuscita-
tion of near-term asphyxiated lambs. Arch
Dis Child Fetal Neonatal Ed. 2013;98(3):
F222–7.

54 Hooper SB, Te Pas AB, Kitchen MJ. Respi-
ratory transition in the newborn: a three-
phase process. Arch Dis Child Fetal Neona-
tal Ed. 2016;101(3):F266–71.

55 Kirpalani HM, Ratcliffe SJ, Keszler M, Davis
PG, Foglia EE, te Pas A, et al. Effect of sus-
tained inflations vs. intermittent positive
pressure ventilation on bronchopulmonary
dysplasia or death among extremely preterm
infants. JAMA. 2019;321(12):1165–11.

56 Siew ML, Te Pas AB, Wallace MJ, Kitchen
MJ, Lewis RA, Fouras A, et al. Positive end-
expiratory pressure enhances development of
a functional residual capacity in preterm
rabbits ventilated from birth. J Appl Physiol.
2009;106(5):1487–93.

57 Tingay DG, Pereira-Fantini PM,MiedemaM,
McCall KE, Perkins EJ, Dowse G, et al. Dy-
namic positive end-expiratory pressure
strategies using time and pressure recruit-
ment at birth reduce early expression of lung
injury in preterm lambs. Am J Physiol Lung
Cell Mol Physiol. 2022;323(4):L464–72.

58 Baik-Schneditz N, Urlesberger B, Schwa-
berger B, Mileder LP, Schmölzer GM, Avian
A, et al. Tactile stimulation during neonatal
transition and its effect on vital parameters in
neonates during neonatal transition. Acta
Paediatr. 2018;107(6):952–7.

59 Gaertner VD, Flemmer SA, Lorenz L, Davis
PG, Kamlin COF. Physical stimulation of
newborn infants in the delivery room. Arch
Dis Child Fetal Neonatal Ed. 2018;103(2):
F132–6.

60 Cramer SJE, Dekker J, Dankelman J, Pauws
SC, Hooper SB, Te Pas AB. Effect of tactile

stimulation on termination and prevention of
apnea of prematurity: a systematic review.
Front Pediatr. 2018;6:45.

61 Dekker J, Hooper SB, Martherus T, Cramer
SJE, van Geloven N, Te Pas AB. Repetitive
versus standard tactile stimulation of preterm
infants at birth: a randomized controlled trial.
Resuscitation. 2018;127(3):37–43.

62 Katheria AC, Poeltler D, Durham J, Steen J,
Rich W, Arnell K, et al. Neonatal resuscita-
tion with an intact cord: a randomized
clinical trial. J Pediatr. 2016;178:75–80.e3.

63 Weiner GM, Zaichkin J. Textbook of Neo-
natal Resuscitation (NRP). 7th ed. American
Academy of Pediatrics; 2016.

64 Yam CH, Dawson JA, Schmölzer GM,
Morley CJ, Davis PG. Heart rate changes
during resuscitation of newly born
infants <30 weeks gestation: an observational
study. Arch Dis Child Fetal Neonatal Ed.
2011;96(2):F102–7.

65 Espinoza ML, Cheung P-Y, Lee T-F, O’Reilly
M, Schmölzer GM. Heart rate changes during
positive pressure ventilation after asphyxia-
induced bradycardia in a porcine model of
neonatal resuscitation. Arch Dis Child Fetal
Neonatal Ed. 2019;104(1):F98–101.

66 Linde JE, Schulz J, Perlman JM, Øymar K,
Blacy L, Kidanto H, et al. The relation be-
tween given volume and heart rate during
newborn resuscitation. Resuscitation. 2017;
117:80–6.

67 Schmölzer GM, Kamlin COF, Dawson JA, te
Pas AB, Morley CJ, Davis PG. Respiratory
monitoring of neonatal resuscitation. Arch
Dis Child Fetal Neonatal Ed. 2010;95(4):
F295–303.

68 O’Currain E, Thio M, Dawson JA, Donath
SM, Davis PG. Respiratory monitors to teach
newborn facemask ventilation: a randomised
trial. Arch Dis Child Fetal Neonatal Ed. 2019;
104(6):F582–6.

69 Fuerch JH, Thio M, Halamek LP, Liley HG,
Wyckoff MH, Rabi Y. Respiratory function
monitoring during neonatal resuscitation: a
systematic review. Resusc Plus. 2022;12:
100327.

70 Hooper SB, Fouras A, Siew ML, Wallace MJ,
Kitchen M, te Pas AB, et al. Expired CO2

levels indicate degree of lung aeration at birth.
PLoS One. 2013;8(8):e70895.

71 Blank DA, Gaertner VD, Kamlin COF, Ny-
land K, Eckard NO, Dawson JA, et al. Re-
spiratory changes in term infants immedi-
ately after birth. Resuscitation. 2018;130:
105–10.

72 Blank DA, Rich W, Leone TA, Garey D, Finer
N. Pedi-cap color change precedes a significant
increase in heart rate during neonatal resus-
citation. Resuscitation. 2014;85(11):1568–72.

73 Monnelly V, Josephsen JB, Isayama T, de
Almeida MFB, Guinsburg R, Schmölzer GM,
et al. Exhaled CO2 monitoring to guide non-
invasive ventilation at birth: a systematic
review. Arch Dis Child Fetal Neonatal Ed.
2023;109(1):74–80.

Mask Ventilation in the Delivery Room in
Preterm Infants

Neonatology 2024;121:288–297
DOI: 10.1159/000537800

297

D
ow

nloaded from
 http://karger.com

/neo/article-pdf/121/3/288/4257819/000537800.pdf by guest on 14 M
ay 2025

https://doi.org/10.1136/archdischild-2017-313114
https://doi.org/10.1136/archdischild-2020-319291
https://doi.org/10.1136/archdischild-2020-319291
https://doi.org/10.1542/peds.2008-0560
https://doi.org/10.1542/peds.2005-2493
https://doi.org/10.1016/j.jpeds.2014.06.007
https://doi.org/10.1136/archdischild-2017-312681
https://doi.org/10.1097/ANA.0000000000000065
https://doi.org/10.1097/ANA.0000000000000065
https://doi.org/10.1203/00006450-199709000-00016
https://doi.org/10.1152/jappl.1989.66.5.2364
https://doi.org/10.1016/j.resuscitation.2010.10.012
https://doi.org/10.1136/archdischild-2017-313864
https://doi.org/10.1136/archdischild-2017-313864
https://doi.org/10.1016/j.earlhumdev.2023.105794
https://doi.org/10.1002/ppul.26229
https://doi.org/10.1136/archdischild-2023-325902
https://doi.org/10.1136/archdischild-2023-325902
https://doi.org/10.1136/archdischild-2023-325320
https://doi.org/10.1136/adc.2009.169730
https://doi.org/10.1136/adc.2009.169730
https://doi.org/10.1203/PDR.0b013e31817d9c35
https://doi.org/10.1136/archdischild-2012-301787
https://doi.org/10.1136/archdischild-2012-301787
https://doi.org/10.1136/archdischild-2013-305704
https://doi.org/10.1136/archdischild-2013-305704
https://doi.org/10.1001/jama.2019.1660
https://doi.org/10.1152/japplphysiol.91591.2008
https://doi.org/10.1152/ajplung.00047.2022
https://doi.org/10.1152/ajplung.00047.2022
https://doi.org/10.1111/apa.14239
https://doi.org/10.1111/apa.14239
https://doi.org/10.1136/archdischild-2016-312311
https://doi.org/10.1136/archdischild-2016-312311
https://doi.org/10.3389/fped.2018.00045
https://doi.org/10.1016/j.resuscitation.2018.03.030
https://doi.org/10.1016/j.jpeds.2016.07.053
https://doi.org/10.1542/9781610020251
https://doi.org/10.1542/9781610020251
https://doi.org/10.1136/adc.2009.180950
https://doi.org/10.1136/archdischild-2017-314637
https://doi.org/10.1136/archdischild-2017-314637
https://doi.org/10.1016/j.resuscitation.2017.06.007
https://doi.org/10.1136/adc.2009.165878
https://doi.org/10.1136/adc.2009.165878
https://doi.org/10.1136/archdischild-2018-316118
https://doi.org/10.1016/j.resplu.2022.100327
https://doi.org/10.1371/journal.pone.0070895
https://doi.org/10.1016/j.resuscitation.2018.07.008
https://doi.org/10.1016/j.resuscitation.2014.08.027
https://doi.org/10.1136/archdischild-2023-325698
https://doi.org/10.1159/000537800

	Positive Pressure Ventilation in Preterm Infants in the Delivery Room: A Review of Current Practices, Challenges, and Emerg ...
	Introduction
	Devices
	Interfaces
	Hand Positions during Mask Ventilation
	FM Leak
	Airway Obstruction and Glottis Closure
	Trigeminocardiac Reflex
	Peak Inflation Pressure and VT
	Inflation Times (Ti)
	Positive End Expiratory Pressure
	Stimulation
	Changes in Heart Rate
	Respiratory Function Monitor Guidance
	Exhaled CO2

	Conclusions
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


