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Mask ventilation with two different face masks in the delivery
room for preterm infants: a randomized controlled trial
D Cheung1, Q Mian1, P-Y Cheung1,2, M O’Reilly1,2, K Aziz1,2, S van Os1, G Pichler1,2,3 and GM Schmölzer1,2,3

BACKGROUND: If an infant fails to initiate spontaneous breathing after birth, international guidelines recommend a positive
pressure ventilation (PPV). However, PPV by face mask is frequently inadequate because of leak between the face and mask.
Despite a variety of available face masks, none have been prospectively compared in a randomized fashion. We aimed to evaluate
and compare leak between two commercially available round face masks (Fisher & Paykel (F&P) and Laerdal) in preterm infants
o33 weeks gestational age in the delivery room.
METHODS: Infants born at the Royal Alexandra Hospital from April to September 2013 at o33 weeks gestational age who received
mask PPV in the delivery room routinely had a flow sensor placed between the mask and T-piece resuscitator. Infants were
randomly assigned to receive PPV with either a F&P or Laerdal face mask. All resuscitators were trained in the use of both face
masks. We compared mask leak, airway pressures, tidal volume and ventilation rate between the two groups.
RESULTS: Fifty-six preterm infants (n= 28 in each group) were enrolled; mean± s.d. gestational age 28 ± 3 weeks; birth weight
1210 ± 448 g; and 30 (52%) were male. Apgar scores at 1 and 5min were 5 ± 3 and 7± 2, respectively. Infants randomized to the F&P
face mask and Laerdal face mask had similar mask leak (30 (25–38) versus 35 (24–46)%, median (interquartile range), respectively,
P= 0.40) and tidal volume (7.1 (4.9–8.9) versus 6.6 (5.2–8.9) ml kg− 1, P= 0.69) during PPV. There were no significant differences in
ventilation rate, inflation time or airway pressures between groups.
CONCLUSION: The use of either face mask during PPV in the delivery room yields similar mask leak in preterm infants o33 weeks
gestational age.
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INTRODUCTION
Respiratory support is the cornerstone of neonatal resuscitation in
the delivery room (DR).1,2 Although recent randomized controlled
trials reported similar outcomes by using either a face mask or
nasal prong during the positive pressure ventilation (PPV), face
mask ventilation remains the primary mode of resuscitation. At
this time, there are a variety of face masks available to provide
PPV.3,4 However, one issue is that face mask ventilation is often
complicated by mask leak.5,6 Effective and consistent face mask
ventilation is important to facilitate gas exchange and should
occur in a predictable manner so that the clinician can avoid
under- or over-inflating the lungs.7

The Fisher & Paykel (F&P) (Fisher & Paykel Healthcare, Auckland,
New Zealand) and Laerdal round masks are commonly used
commercially available products.8 To our knowledge, no study has
compared the efficacy of the F&P and Laerdal mask during PPV in
the DR. We therefore aimed to compare the performance of both
masks in a randomized controlled trial. Based on manufacturer’s
information, we hypothesized that the F&P mask would result in
less mask leak during PPV compared with the Laerdal mask in
preterm infants o33 weeks gestational age.

METHODS
This study was carried out at the Royal Alexandra Hospital in Edmonton,
Canada, a tertiary perinatal center admitting approximately 350 infants
with a birth weight of o1500 g annually. The trial was conducted between

April 2013 and September 2013. Infants o33 weeks post menstrual age
and who were judged clinically to have inadequate breathing in the first
minutes after birth were eligible for the trial. Potentially eligible infants
were randomized immediately prior to delivery. Infants were excluded if
there was uncertainty about their gestational age or if they had a
congenital abnormality that might adversely affect their breathing. The
research team attended deliveries in addition to the resuscitation-
stabilization-triage team (usually a neonatal nurse, neonatal respiratory
therapist and neonatal nurse practitioner and/or neonatal fellow). The
research team was not involved in the clinical care of the infants. The Royal
Alexandra Hospital Research Committee and Health Ethics Research Board,
University of Alberta approved the study and was registered with
clinicaltrials.gov: NCT01685697.

Randomization
Infants were randomly allocated in 1:1 ratios to either have a F&P or
Laerdal mask during PPV. Infants randomized to the F&P group were given
either the F&P mask size of ∅ 35 or ∅ 42mm. Allocation was block
randomized with variable sized blocks (4–8). A sequentially numbered,
sealed, opaque envelope containing the allocation was opened by a
researcher before the birth of a potentially eligible infant. Twins and
triplets were randomized as individuals.

Blinding
There was no blinding of the resuscitation-stabilization-triage team, as it
would not be feasible to conduct a study with mask ventilation with two
different face masks without the resuscitation-stabilization-triage team
knowing the actual intervention that the subject will receive. However,
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after admission the clinical team was not aware of the treatment allocation.
In addition, the data collector and outcome assessor were both unaware of
the group allocation.

Consent
The Royal Alexandra Hospital Research Committee and Health Ethics
Research Board, University of Alberta granted deferred consent as both
face masks as well as respiratory function monitoring were already
routinely used in the DR at the Royal Alexandra Hospital. The study was
therefore classified as 'minimal risk'. Written consent was sought from the
parents of these infants as soon as possible after the birth so acquired data
could be utilized for research.

Face masks and ventilation devices
Potentially eligible infants were randomized immediately prior to delivery
and then received PPV as clinically necessary with either the F&P ∅35 or
∅42mm F&P mask or Laerdal size 0 (Laerdal, Stavanger, Norway) round
silicone face masks. Respiratory support was provided with a T-piece
device (Giraffe Warmer, GE Health Care, Burnaby, BC, Canada), which is a
continuous flow, pressure-limited device with a built-in manometer and
a positive end expiratory pressure (PEEP) valve. The default settings used
were a gas flow of 8 l min− 1, peak inflation pressure of 24 cm H2O and
PEEP of 6 cm H2O. Staff members attending deliveries were trained to use
the ventilation devices and both face masks. In addition, all staff members
were trained in the mask holds recommended by Wood et al.8,9

Monitoring systems
A Respironics NM3 respiratory profile monitor (Philips Healthcare, Philips
Electronics, Markham, ON, Canada) was used to continuously measure tidal
volume (VT), airway pressures, gas flow and exhaled CO2 (ECO2). The
combined flow and ECO2 sensor was placed between the T-Piece and the
face mask. Airway pressure and gas flow were measured by using a fixed
orifice differential pressure pneumotachometer. VT was calculated by
integrating the flow signal. ECO2 was measured by using nondispersive
infrared absorption technique. According to the manufacturer the accuracy
for gas flow is ± 0.125 l min ml kg− 1 and for ECO2 is ± 2mmHg, with
a dead space of o1ml. In the DR, neither the respiratory profile monitor
nor the computer screen was visible to the resuscitation-stabilization-
triage team and the monitor’s alarm was disabled.
An IntelliVue MP50 patient monitor (Philips Healthcare, Philips Electro-

nics, Markham, ON, Canada) was used to continuously measure the heart
rate, arterial oxygen saturation and intermittent blood pressure. A Masimo
pulse oximeter (Masimo Corporation, Irvine CA, USA) probe set at
maximum sensitivity and two second averaging was placed around the
infant’s right wrist to measure oxygen saturation.10 Heart rate was
measured using three Micro-Premie leads (Vermed, Bellows Falls, VT,
USA) and blood pressure by using a noninvasive blood pressure cuff of
appropriate size on the left upper arm. The left upper arm was chosen to
avoid interference with the pulse oximetry measurements.
An Invos Cerebral/Somatic Oximeter Monitor (Invos 5100, Somanetics,

Troy, MI, USA) with the neonatal sensor was applied to the infant’s
forehead to measure cerebral regional tissue oxygen saturation (crSO2).
The sensor contains a light emitting diode and two detectors at different
distances from the light source. The Invos Cerebral/Somatic Oximeter
Monitor calculates the rSO2, which is expressed as the percentage of
oxygenated hemoglobin. The transducer was positioned on the left
frontoparietal forehead in each infant regardless of mode of delivery. The
sensor on the forehead was secured with a wrap.

Resuscitation
Resuscitation was started with air for infants ⩾ 29 weeks and with 30%
oxygen for infants o29 weeks postmenstrual age. Intubation criteria were
defined a priori as (i) a heart rate o100 beats per minute despite adequate
PPV for 60 s; (ii) a heart rate o60 beats per minute despite adequate PPV
for 30 s (in which case chest compressions and 100% oxygen would be
indicated); (iii) persistent or significant apnea requiring ongoing PPV for
more then 10min; and (iv) a sustained fraction of inspired oxygen 440%
despite PEEP of 6 cm H2O or more after 10min of birth. All resuscitative
measures (for example use of supplemental oxygen, intubation, cardiac
massage or drugs) were at the discretion of the clinical team, following the
2010 guidelines for neonatal resuscitation.11

Sample size and power estimates
Our primary outcome measure was face mask leak during PPV. Our
previous observational data showed a mean (± s.d.) mask leak of 55 (20)%.
We hypothesized that the mask leak would be less in the F&P mask group.
A sample size of 56 (28 in each group) was sufficient to detect a clinically
important (15%) reduction in mask leak, that is, 55 versus 40%, with 80%
power and a two-tailed alpha error of 0.05.

Data collection and analysis
Demographics and clinical characteristics of study infants were recorded.
All variables were stored continuously in a multichannel system ‘alpha-
trace digital MM’ (B.E.S.T. Medical Systems, Vienna, Austria) for subsequent
analysis. Values of gas flow, VT, airway pressure, and ECO2 were recorded at
200 Hz, arterial oxygen saturation, and heart rate were stored every
second, and the sampling time of rSO2 was every 8 s (0.13 Hz). Blood
pressure was measured every minute for the first 15 min, then at 20, 25
and 30min. A breath-by-breath analysis (total of 8940 inflations) of airway
pressure, gas flow, VT and ECO2 waves were performed and peak inflation
pressure, PEEP, VT and ECO2, inflation time, ventilation rate and minute
ventilation were measured. We calculated the leak from the mask by
expressing the volume of gas that did not return through the flow sensor
during expiration as a percentage of the volume that passed through the
flow sensor during inflation (Leak (%) = [(inspiratory tidal volume –
expiratory tidal volume) ÷ inspiratory tidal volume] × 100).12 In each infant,
the duration of mask ventilation was included in the analysis. In addition,
the secondary outcomes (including intraventricular hemorrhage, necrotiz-
ing enterocolitis, patent ductus arteriosus, retinopathy of prematurity,
bronchopulmonary dysplasia, length of hospital stay and mortality) were
collected during the hospital stay until discharge. The data are presented
as mean (s.d. for normally distributed continuous variables and median
(interquartile range (IQR)) when the distribution was skewed. All infants
were analyzed according to their group at randomization (that is, analysis
was by intention-to-treat). The clinical characteristics and outcome
parameters were compared by using Student’s t-test for parametric and
Mann–Whitney U-test for nonparametric comparisons of continuous
variables, and χ2 for categorical variables. For all respiratory parameters,
the median value for each infant was calculated first, and then either the
mean or median of the median values were analyzed and presented for
normal or skewed distribution, respectively. Mean (s.d.) measurements
of every minute of arterial and regional oxygen saturation, heart rate, and
fraction of inspired oxygen were compared using Student’s t-tests with
correction for multiple comparisons using Holm–Sidak method. P-values
are two sided and Po0.05 was considered statistically significant.
Statistical analyses were performed with Stata (Intercooled 10, Statacorp,
College Station, TX, USA).

RESULTS
Between April 2013 and September 2013, there were 99 eligible
infants o33 weeks gestational age (Figure 1). Sixty-two preterm
infants (n= 31 in each group) were enrolled and randomized;
within the F&P group, 10 infants were stratified to the ∅35mm
F&P mask group and 18 infants to the ∅42mm F&P mask group.
During the study period, 37 infants were not enrolled (born before
arrival of neonatal team (n= 9), no research team available (n= 20)
or trial coordinator not contacted (n= 8)). After randomization, a
further three infants in each group were excluded because (i) no
or incomplete data recorded (n= 2), or (ii) did not require mask
PPV (n= 4) (Figure 1). A total of 28 infants in each group were
included in the final analysis. The median (IQR) level of experience
of the primary resuscitator was similar in both groups; 12 (5–36)
months in infants resuscitated with F&P mask and 10 (6–14)
months with the Laerdal mask. The groups did not differ in
demographic characteristics (Table 1). The demographic charac-
teristics of babies enrolled in the study were similar to those not
included (Table 1). One infant in each group received chest
compression, however, none required epinephrine. A total of 4
sets of twins and no triplets were included in the study.
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Primary outcome measures
The primary outcome measure was a reduction of mask leak with
the F&P mask compared with the Laerdal mask. However, median
(IQR) mask leak did not differ between the two groups 30
(25–36)% in the F&P mask and 35 (24–46)% in the Laerdal mask
(P= 0.40) (Table 2 and Figure 2). In the F&P group, infants
randomized to the ∅35m F&P mask had 31 (22–36)% leak and
∅42mm F&P mask had 30 (24–36)% leak (P= 0.90).

Tidal volume, airway pressures, ventilation rate
All respiratory parameters are presented in Table 2. Tidal volume
did not differ between groups with VT 7.1 (4.9–8.9)ml kg−1 in the
F&P group versus 6.6 (5.2–8.9)ml kg−1 in the Laerdal group. Peak
inflation pressure and PEEP were, respectively, 25 (2) and 6 (1) cmH2

O in the F&P group and 25 (2) and 6 (1) cmH2O in the Laerdal group.

Heart rate, arterial oxygen saturation, cerebral regional tissue
oxygen saturation, fraction of inspired oxygen, and blood pressure
We found no significant differences in heart rate, arterial and
crSO2 or fraction of inspired oxygen in either the F&P or Laerdal

group. In addition, the systolic and diastolic blood pressure did
not differ between the groups over the first 30 min. However,
mean (s.d.) arterial blood pressure was significantly higher in the
F&P group at 25 and 30min compared with the Laerdal group (at
25min 40 (9) versus 33 (9) mmHg (Po0.0001) and at 30 min:
38 (5) versus 32 (5) (Po0.0001)), respectively.

Secondary outcomes
Major neonatal morbidities (including intraventricular hemor-
rhage, necrotizing enterocolitis, patent ductus arteriosus, retino-
pathy of prematurity, bronchopulmonary dysplasia, length of
hospital stay and mortality) did not differ between groups
(Table 3).

DISCUSSION
International guidelines recommend that an appropriate sized
face mask must seal around the mouth and nose, but not cover
the eyes or overlap the chin.11 In addition, the shape of the face
mask can be either round or triangular: ‘anatomically’ shaped
with a cushioned rim.13,14 Unfortunately, mask leak remains a
common problem during PPV, which can potentially lead to
underventilation.15,16 Currently, there are several different face
masks available; however, the majority of them are too large for
very-small preterm infants and little data exist to demonstrate the
superiority of one face mask versus another.13,17 In our institution,
we recently introduced the F&P mask in addition to the Laerdal
mask. We therefore aimed to compare both masks in a
randomized controlled trial to assess mask leak during PPV. Our
study demonstrated that the mask leak did not differ between
both the F&P and Laerdal masks. In addition, DR room outcomes
and secondary outcomes, although our trial was not powered
to find significant differences, did not appear to differ between
groups.
When preterm infants fail to breathe adequately immediately

after birth, it is important to apply PPV to create a functional
residual capacity, facilitate gas exchange and initiate spontaneous
breathing. Although some mask leak is likely unavoidable, the
delivery of adequate PPV in the DR is dependent on good face
mask technique. Good face mask techniques include maintenance
of upper airway patency with various opening maneuvers,11,18

correct positioning and holding of the mask8,19 and an appro-
priate face mask.13,17 Several factors can reduce the effectiveness
of PPV including poor face mask technique resulting in leak or
airway obstruction, spontaneous movements of the baby, move-
ments by or distraction of the resuscitator and procedures such as
changing the wraps or fitting a hat.15,20 In addition, resuscitator
fatigue and stress factors have been reported to exaggerate the
mask leak during PPV in neonatal resuscitation.15

A manikin study by Wood et al.8 reported similar mask
leaks between the F&P and Laerdal mask with 57% and 55%,Figure 1. Study flow diagram.

Table 1. Demographic characteristics of study infants

Fisher & Paykel mask (n= 28) Laerdal mask (n=28) Not enrolled infants (n=37)

Birth weight (g) 1234 (440) 1186 (448) 1256 (374)
Gestational age (weeks) 28 (2) 28 (3) 29 (2)
Male* 15 (52) 15 (52) 13 (35)
Antenatal steroids* 27 (93) 28 (97) 27 (93)
Cesarean section* 18 (62) 17 (60) 18 (49)
Antenatal use of MgS04* 13 (45) 14 (48) 13 (35)
Admission temperature (°C) 36.5 (0.5) 36.5 (0.5) 35.5 (0.4)
Delayed cord clamping* 16 (55) 14 (48) 22 (59)

Abbreviation: IQR, interquartile range. Data are presented as mean (SD) unless indicated, *n (%).
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respectively. In addition, when participants were instructed in
optimal mask positioning, mask leak was reduced to 33% and
32%, respectively.9 In the current study, all providers were
instructed on the correct mask position described by Wood
et al,9 which resulted in similar mask leaks as described in the
manikin study. In addition, several manikin and DR studies have
reported similar percentages of mask leak during PPV.6,14,16,21 At
this point, none of the face masks have been shown to be superior
to the others. Face masks should be chosen based on familiarity,
preference, and prior experience. It appears that skilled operators,
not mask selection, remains the most significant factor for
effective ventilation.9,14,22

Limitations
One limitation of the study was that we only examined mask leak
within the first five minutes after birth. However, a recent study
by Schmölzer et al.15 suggested that mask leak more commonly
appears at the start of PPV. We aimed to observe a 15% reduction
in mask leak, which we regarded as clinically important; however,
mask leak improved in both groups compared with our pretrial
observation period. We can only speculate why mask leak was
much improved compared with the pretrial period. A greater
awareness of the resuscitation team that mask leak was being
measured or the pretrial education of correct mask placement
might have contributed to the improved mask ventilation

Table 2. Respiratory outcomes

Fisher & Paykel mask (n=28) Laerdal mask (n=28) P-value

Mask leak (%)# 30 (25–36) 35 (24–46) 0.40
VT (ml kg− 1)# 7.1 (4.9–8.9) 6.6 (5.2–8.9) 0.89
Peak inspiratory pressure (cm H2O) 25 (2) 25 (2) 0.69
Peak end expiratory pressure (cm H2O) 6.3 (1.4) 6.1 (1.6) 0.63
Ventilation rate (inflations per min) 42 (11) 42 (13) 1.00

Data are presented as mean (SD) unless indicated #median (IQR).

Figure 2. Changes in heart rate, oxygen saturation, fraction of inspired oxygen and cerebral tissue oxygen saturation over the first 30min
after birth.
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technique. An additional area of future research would be to
compare an anatomically shaped mask to a round mask given the
lack of significant difference between two round face masks. Our
current study was not powered to examine long-term outcomes;
however, our early evidence suggests that face mask selection will
not affect important long-term outcomes such as broncho-
pulmonary dysplasia. Finally, it should be noted that the neonatal
resuscitation team could not be blinded to the mask allocation;
however, subsequent data analysis was completed in a blinded
fashion.

CONCLUSIONS
F&P and Laerdal face masks did not differ in mask leak during PPV
in the DR. Given the limited availability of adequate face masks
currently, both masks are comparable options for respiratory
support of preterm infants o33 weeks gestational age.
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