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ABSTRACT
Surfactant is an effective treatment for respiratory
distress syndrome, being particularly important for
infants in whom continuous positive airway pressure
(CPAP) provides insufficient support. Supraglottic airway
devices present an attractive option for surfactant
delivery, particularly as an alternative to methods
dependent on direct laryngoscopy, a procedural skill
that is both difficult to learn and in which to maintain
competence. Published studies provide encouraging data
that surfactant administration by supraglottic airway
device can be performed with a high rate of success
and may reduce the need for subsequent intubation
compared with either continued CPAP or surfactant
administration via endotracheal tube. However, existing
randomised controlled trials (RCTs) are heterogeneous
in design and include just over 350 infants in total. To
date, all RCT evidence has been generated in tertiary
units, whereas the greatest potential for benefit from
the use of these devices is likely to be in non-tertiary
settings. Future research should investigate choice and
utility of device in addition to safety and effectiveness of
procedure. Importantly, studies conducted in non-tertiary
settings should evaluate feasibility, meaningful clinical
outcomes and the impact that this approach might
have on infants and their families. Supraglottic airway
devices may represent a simple and effective mode of
surfactant administration that can be widely used by
a variety of clinicians. However, further well-designed
RCTs are required to determine their role, safety and
effectiveness in both tertiary and non-tertiary settings
before introduction into routine clinical practice.

SURFACTANT TREATMENT FOR RESPIRATORY
DISTRESS SYNDROME (RDS)
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Current international recommendations for the
treatment of preterm infants with RDS emphasise
the use of non-invasive respiratory support, with
the aim of avoiding mechanical ventilation (MV)
via endotracheal tube.1 2 Approaches favouring
non-invasive modalities, specifically nasal continuous positive airway pressure (CPAP), rather than
elective intubation, may result in reduced rates of
adverse outcomes including death or bronchopulmonary dysplasia.3
However, CPAP will provide insufficient support
for many infants, resulting in subsequent need for
MV. Exposure to MV, and RDS, is associated with
increased risk of morbidity and mortality, with

income and
particularly high risks seen in low-
middle-income settings, where mortality can exceed
50%.4
Exogenous surfactant is an effective treatment
for RDS, traditionally administered via endotracheal tube after intubation. Approaches combining
the benefit of surfactant treatment with that of early
CPAP, minimising the likelihood of MV, may reduce
the risk of adverse outcomes. These include intubation followed by early extubation (commonly
referred to as intubation-
surfactant-
extubation
(INSURE))5 or surfactant administration by a thin
catheter during ongoing CPAP support (less invasive surfactant administration (LISA)).6 7 Current
European RDS guidelines recommend LISA as ‘the
preferred mode of surfactant administration for
spontaneously breathing babies on CPAP, provided
that clinicians are experienced with this technique’.2
While these guidelines are prepared for infants of
all gestational ages, most LISA trials have included
very preterm infants (born <32 weeks’ gestation),
and there are few data relating to moderate to late
preterm infants.8
Importantly, LISA and INSURE require skill in
direct laryngoscopy and are therefore likely to be
effective only when performed by operators with
substantial experience in this technique (typically
from previous endotracheal intubations). Historically, intubation was performed frequently, both at
birth, and in tertiary neonatal intensive care units
(NICUs) and could be learnt early during paediatric training. However, advances in perinatal
care, cessation of routine direct laryngoscopy for
infants born through meconium stained liquor and
increased reliance on CPAP have resulted in a reduction in both intubation attempts, and success rates,
among trainees. A recent study reported success
rates of only 49% on first attempt, 46% for non-
premedicated intubations in the delivery room and
24% for the most junior trainees.9 Intubation is still
commonly performed in tertiary NICUs. However,
opportunities to build and maintain competence
are much less frequent for clinicians in non-tertiary
settings, leading some experts to question whether it
remains realistic to expect non-neonatologist paediatricians caring for newborn infants to be proficient
in intubation.10 A study describing the practice of
11 general paediatricians working in an Australian
special care nursery (SCN) with >3500 births annually found that each individual performed neonatal
intubation on average once per year.11
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Adverse events are commonly reported during intubation,
centre NICU
complicating 22% of encounters in one single-
report.12 Success rates are lower, and adverse events more
frequent, during intubation without muscle relaxants. Importantly such medications cannot be used during LISA. Anecdotally, laryngoscopy without premedication is more challenging in
infants of greater gestational age and birth weight, the population commonly treated in SCNs.
Given that many infants with RDS are cared for in non-tertiary
SCNs, identifying a surfactant administration technique best
suited to this setting presents an important challenge. In countries such as Australia, neonatal transfers may take place over
hundreds of kilometres and may result in separation of infant
and mother, or separation of the mother–infant pair from their
local support network. If an easier, effective and safe technique
for surfactant administration was available in SCNs, this might
prevent the need for endotracheal intubation and MV, and subsequent NICU transfer, in some cases. Surfactant nebulisation is an
attractive and truly ‘non-invasive’ option, but suitable devices
are not yet widely available.13 Supraglottic airway devices incorporate an airway tube attached to a small mask and are inserted
without laryngoscopy.14 In this review, we will summarise the
current evidence for supraglottic airway device use in neonates,
specifically as a route for surfactant administration in infants
with RDS.

SUPRAGLOTTIC AIRWAY DEVICE USE IN NEONATES

The laryngeal mask airway (LMA), the first supraglottic airway
device, was introduced in the 1980s, with reports of use in
infants in the early 1990s.15 Initial studies focused on their use
as an alternative to intubation or face mask to deliver intermittent positive pressure ventilation (IPPV) during neonatal
resuscitation.
A recent Cochrane Review included six randomised controlled
trials (RCTs) and one quasirandomised trial comparing IPPV
provided by supraglottic airway with use of face mask or intubation.14 On pooled analysis of five studies enrolling 661 neonates,
the authors found that, compared with face mask, use of supraglottic airway for IPPV was associated with reduced need for
endotracheal intubation with risk ratio (RR) 0.24 (95% CI 0.12
to 0.47) and typical risk difference −0.10 (95% CI −0.14 to
0.06), with number needed to treat 10. Supraglottic airways
were found in two RCTs (108 infants) to offer comparable efficacy to endotracheal intubation.16 17 These trials reported 90%
first attempt intubation success, considerably higher than rates
seen in more recently published data. First attempt success of
supraglottic airway insertion, by resuscitators including anaesthetists, nurses and paediatricians was achieved in 287/301
infants (95%).18–20 In contrast, studies of neonatal intubation
and LISA in tertiary NICUs report first attempt success rates of
44%–90%.21–24 A meta-analysis of RCTs comparing LISA and

Table 1

intubation for surfactant, including 572 infants, reported first-
attempt success rates of 80.6% and 80.9%, respectively.8
The Cochrane Review authors concluded that supraglottic
airway use was more effective than face mask for providing IPPV
during resuscitation, and of comparable efficacy to endotracheal
intubation, but classed the evidence as very low to moderate
quality. They recommended more proactive use of supraglottic airway in infants not responding to face mask IPPV or
when attempts at endotracheal intubation are unsuccessful but
cautioned that there was limited evidence for infants with birth
weight <1500 g or born <34 weeks’ gestation. Current international consensus guidance recommends use of supraglottic
airway devices during resuscitation for infants born >34 weeks’
gestation.25

CASE REPORTS OF SURFACTANT ADMINISTRATION BY
SUPRAGLOTTIC AIRWAY

The use of a supraglottic airway to administer surfactant was
first described in 1992.26 In 2004, Brimacombe et al27 reported
this approach in two infants with RDS, noting improvements
in oxygen requirement and blood gases, with neither infant
receiving MV. Several further case reports and series have
been published since, using various supraglottic airway devices
(table 1). Included infants ranged from 28 to 40 weeks’ gestation
and 880–3624 g at birth, with the majority avoiding MV after
surfactant treatment, although just 18 infants were included in
five publications.27–31

RANDOMISED TRIALS OF SURFACTANT ADMINISTRATION
BY SUPRAGLOTTIC AIRWAY

The most recent Cochrane Review of surfactant administration via supraglottic airway, published in 2011, included only
one small RCT.32 This study of 26 infants randomised infants
of >1200 g at birth, receiving CPAP with fractional inspired
oxygen (FiO2) 0.30–0.60, to either supraglottic airway surfactant or continued CPAP treatment, with the primary outcome of
intubation. The trial was ceased early due to slow recruitment;
intubation rates did not differ significantly between intervention
and control groups (8% vs 23%, p=0.59).
Since 2011, several further RCTs have been published
(table 2). The largest of these compared surfactant administration via supraglottic airway versus continued CPAP treatment,
in preterm infants ≥1250 g receiving CPAP for RDS with FiO2
0.30–0.40.33 This study was also ceased early, after recruitment
of 103 of the planned 144 infants. Intubation and MV in the
first 7 days were significantly reduced in the supraglottic airway
surfactant group (38% vs 64%, p<0.01). No adverse events
were recorded in either group.
Four RCTs, including 228 infants, have compared surfactant
administration via supraglottic airway versus administration via

Published case reports and series describing surfactant administration by supraglottic airway
Number of
infants

Gestation at birth (weeks)

Birth weight (g)

Device*

Surfactant dose (mg/kg)

Brimacombe et al27

2

30 and 37

1360 and 3200

Classic LMA, size 1

75–100 (first dose), 50 (second dose)

0/2

Trevisanuto et al30

8

Range 28–35

Range 880–2520

Classic LMA, size 1

100

2/8

Micaglio et al29

3

32, 34 and 37

1530, 2050 and 3500

ProSeal LMA, size 1

100

Not reported

Barbosa et al28

1

31

1335

ProSeal LMA, size 1

200

0/1

Vannozzi et al31

4

Range 34–40

Range 1900–3624

Air-Q LM, size 0.5–1

150–200

Not reported

MV

*Manufacturer details: Classic LMA and ProSeal LMA, Teleflex Medical, Wayne, Pennsylvania, USA; Air-Q LM, Cookgas LLC, Mercury Medical, Clearwater, Florida, USA.
LMA, laryngeal mask airway; MV, mechanical ventilation.
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*Data are median (IQR) or mean±SD unless stated.
†Manufacturer details: Classic LMA, LMA Unique and ProSeal LMA, Teleflex Medical, Wayne, Pennsylvania, USA; i-gel, Wokingham, Berkshire, UK; Hangzhou Laryngeal Mask, Hangzhou Shanyou Co Ltd, Hangzhou, Zhejiang, China.
CPAP, continuous positive airway pressure; LMA, laryngeal mask airway.

22/22 (100%)

4/25 (16%)
1/25 (4%)

12/26 (46%)
200
ProSeal LMA, size 1

Hangzhou Laryngeal
Mask, size 1

1495 (range 1005–2515)

2198±669
2078±669
34±2
50
Gharehbaghi et al36

33±1

48
Barbosa et al37

31 (range 28–34)

32 (range 28–35)

1515 (range 1025–2295)

100

21/30 (70%)

0/35 (0%)
0/35 (0%)

9/30 (30%)
107
1945 (range 1015–3700)
2118 (range 1150–3984)

Classic LMA

i-gel
2999±523
2352±318

60%<33 weeks,
40%≥33 weeks
37%<33 weeks,
63%≥33 weeks
60

35±1
34±1
70

Supraglottic airway
Sadeghnia et al34
surfactant versus surfactant Pinheiro et al35
by endotracheal tube

103

33±2

33±2

1968±506

LMA Unique, size 1

100

3/13 (23%)

34/53 (64%)
19/50 (38%)

Control group

1995±483

200

1/13 (8%)
107
Classic LMA
2130 (1799–2570)

Supraglottic airway
Attridge et al42
surfactant versus continued Roberts et al33
CPAP

26

34 (31–35)

32 (31–35)

2001 (1670–2820)

Surfactant
Supraglottic
dose (mg/kg) airway
Comparison

Study

Number of
infants
Supraglottic airway

Control group

Device†
Control group
Supraglottic airway

Mechanical ventilation rate
Birth weight (g)*
Gestation at birth (weeks)*

Published randomised controlled trials describing surfactant administration by supraglottic airway
Table 2
F338

endotracheal tube. In three of these studies, infants randomised
to the control group received INSURE. Sadeghnia et al34 studied
70 infants of ≥2 kg at birth, receiving CPAP with FiO2 ≥0.30
for RDS. None of the infants in either group required MV, and
other clinical outcomes were similar. Pinheiro et al 35 included
60 preterm infants ≥29 weeks’ gestation with RDS; the supraglottic airway group had a lower rate of intubation (30% vs
70%, p<0.01). Secondary outcomes and adverse effects did
not differ between groups. Gharehbaghi et al36 reported on
50 infants 33–37 weeks’ gestation, and birth weight ≥1800 g,
treated with surfactant for RDS. Clinical outcomes were similar
in the two groups, with 4% of supraglottic airway infants and
16% of INSURE infants receiving MV after surfactant (p=0.16).
One RCT compared the use of supraglottic airway surfactant
with intubation and continued MV in 48 infants of 28–35
weeks’ gestation and ≥1000 g at birth.37 Of the 26 infants in the
supraglottic airway group, 46% received MV, while all control
group infants received MV as per the trial protocol. Other clinical outcomes were similar.
A recent systematic review and meta-analysis38 included five
of the RCTs and found supraglottic airway surfactant administration to be associated with a reduction in MV in comparison
with both continued CPAP (RR 0.57, 95% CI 0.38 to 0.85)
and with surfactant administration via endotracheal tube (RR
0.43, 95% CI 0.31 to 0.61). However, the authors cautioned
that these findings were based on a limited number of infants in
studies of varying design, in some cases ceased prior to completion of enrolment, and classed the evidence as very low quality.
They recommended that use of surfactant administration via
supraglottic airway be limited to clinical trials.

PROCEDURE AND DEVICE
Device

A variety of supraglottic airway devices are available for use in
newborn infants and have been included in reports of surfactant
administration (tables 1 and 2). The majority of studies exclusively used size one devices (typically the smallest available),
although the Air-Q LM is provided in size 0.5 and was used for
a single infant in one report.31 Size of device is an important
issue, given that the incidence and severity of RDS increases with
decreasing gestational age and weight. Current evidence comes
almost entirely from infants weighing >1 kg, and it is unclear if
available devices could be used successfully in smaller infants.
Given the importance of surfactant treatment in the extremely
low birthweight population, it is likely that smaller supraglottic
airway devices will be needed if their use for this purpose is to
become truly widespread.
There are no published studies directly comparing these
devices for surfactant administration. However, a manikin study
assessing delivery of IPPV using seven different supraglottic
airway devices found the i-gel to result in the most effective pressure transmission and lowest measured leak (5.7%).39 Low leak
could be beneficial in ensuring effective administration of surfactant from the supraglottic device into the trachea. Two device
comparisons conducted in infants receiving IPPV during anaesthesia demonstrated few differences in performance, although
the i-gel was associated with faster insertion time than the ProSeal
LMA and rated as easier to insert than the Classic LMA.40 41 Use
of an i-gel device to administer surfactant is shown in figure 1.

Premedication and comfort

With the exception of a single case report of intravenous
midazolam use,27 no studies have reported the use of sedative
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administration into the pharynx or by LISA suggest improved
surfactant distribution and lung aeration with this approach.43 44
One animal study, conducted in adult rabbits following lung
lavage, compared supraglottic airway surfactant administration
either with IPPV or via a catheter passed into the supraglottic
airway during spontaneous breathing. No differences in oxygenation or lung histopathology were found between the two
groups.45 Whether this aspect of administration is truly clinically
important requires further evaluation.

Surfactant dosing and delivery

Figure 1 (A) Insertion of i-gel supraglottic airway device in a preterm
infant receiving CPAP. (B) Surfactant administration by a flexible
catheter inserted into the supraglottic airway device. The catheter length
has been measured to reach the distal end of the device lumen. CPAP,
continuous positive airway pressure.

medications or muscle relaxants. Comfort measures applied
during the procedure include administration of oral sucrose33
and application of lignocaine gel to the supraglottic airway
device.28 29 37 Atropine was given, with the aim of reducing the
risk of bradycardia in two studies.33 35
While many studies anecdotally stated that infants tolerated
the procedure well, only one study formally reported pain
scoring. The investigators assessed Neonatal Infant Pain Scale
immediately before and after surfactant administration, finding
similar preprocedure and postprocedure scores in the supraglottic airway group.37

Confirmation of position

When correctly positioned, the mask of the supraglottic airway
device sits within the hypopharynx over the laryngeal opening,
occluding the oesophagus with a low-pressure seal.19 20 Several
studies stated that they confirmed correct positioning of the
device within the airway with the use of carbon dioxide detection, either using a colorimetric device33 35 36 or placement of end-
tidal monitoring at the end of the surfactant catheter.31 Other
reported methods included auscultation of breath sounds,36 42
observation of chest movement during IPPV35 36 and observation
of volume changes to a flow-inflating bag during spontaneous
breathing.42

Respiratory support during procedure

The majority of studies report using IPPV during and/or immediately after surfactant administration with the aim of promoting
distribution of surfactant into the trachea. Although in some
cases a Y-piece was used to allow simultaneous surfactant administration and IPPV, the use of positive end expiratory pressure
during IPPV was not reported. However, in one series of four
infants, surfactant administration was provided to spontaneously
breathing infants during administration of CPAP support via
the supraglottic airway, without the use of IPPV, with apparent
success.31
Administration of surfactant during spontaneous breathing
has been suggested as a preferable approach to IPPV, as it may
reduce volutrauma. Animal and human studies of surfactant

Doses of between 100 mg/kg and 200 mg/kg of surfactant have
been used almost universally in published studies, consistent with
the doses typically applied via endotracheal tube. Current European RDS guidelines recommend 200 mg/kg for the first ‘early
rescue’ treatment dose.2 Repeat dosing of surfactant via supraglottic airway was permitted in three RCTs, and in some cases
these infants avoided intubation, although it is difficult to draw
conclusions based on the small number of infants treated.34 35 37
Rates of repeat dosing in the supraglottic airway and endotracheal surfactant groups did not differ.
Published RCTs have all described the insertion of a catheter
into the lumen of the supraglottic airway device to deliver the
surfactant.38–42 46 Variations to this approach include placement
of the catheter tip at the midpoint46 or distal end38 40 of the
airway lumen or to 1 cm beyond the lumen, extending into the
infant’s airway.42
Multiple studies have reported performing gastric aspiration
postprocedure, with the aim of quantifying how much surfactant was not delivered to the lungs. These findings were variable
and often did not correlate with need for intubation.33 37 42 The
validity of this method is questionable, as it presumes that all
aspirated liquid is surfactant and that all surfactant deposited
in the stomach will be aspirated, neither of which is likely to
be correct.47 Surfactant reflux is observed with other modes of
administration including INSURE34 and LISA,7 8 with treatment
success achieved even if a proportion of the administered dose
does not reach the lungs.

Adverse events

Serious adverse events recorded in published studies include
physiological instability during the procedure (prolonged bradycardia and/or desaturation), need for emergent intubation,
tension pneumothorax and pulmonary haemorrhage. Several
studies report that no serious adverse events occurred.33 34 36 37 42
Those RCTs reporting pneumothorax decribed rates from 0%
to 20% in infants managed with a supraglottic airway, which in
all cases were similar to the rates seen in control infants.33–37 42
Some studies described the occurrence of brief desaturation and/
or bradycardia during supraglottic airway insertion, which
were managed with IPPV, without explicitly reporting the incidence.36 37

Training

Ease of use is frequently cited as an important advantage of supraglottic airway devices over face mask ventilation or endotracheal
intubation. Verification of this claim is critical if supraglottic
airway devices are to be more readily adopted into neonatal
practice, where they have historically been used less frequently
than other settings (eg, anaesthetics). During one NICU-based
RCT, providers with minimal prior experience of supraglottic
airway use could be trained to achieve first attempt success in
69% of occasions and success within two attempts in 83%, with
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eventual success in all cases.46 Median placement time was 28
s. Studies of supraglottic airway use during resuscitation have
demonstrated that inexperienced providers can effectively insert
the device after brief training, in both manikins48 and infants.49
These studies include clinicians of varying experience, including
medical staff, nurses, nurse practitioners and midwives.

SUMMARY

Supraglottic airway devices may be a suitable option for delivery
of surfactant, as an alternative to methods that are dependent on
direct laryngoscopy, a skill that is increasingly difficult to learn
and maintain, even for clinicians in tertiary NICUs. Published
studies are encouraging, suggesting that supraglottic airway
surfactant administration can be performed with a high rate
of procedural success and may reduce the need for subsequent
intubation relative to continued CPAP or surfactant administration via INSURE. However, given the heterogeneous design and
limited number of infants studied, further clinical evidence is
required before this approach can be recommended as routine
practice. Beyond assessing efficacy, further research should investigate choice of device, whether to instil surfactant during IPPV
or spontaneous breathing, surfactant dose and infant comfort
during the procedure.
Furthermore, all RCT evidence to date has been generated in
NICUs. The greatest potential for benefit for this technique is
likely to be elsewhere: in non-tertiary centres and low-income
and middle-income settings. In some areas with the capacity to
provide both CPAP and surfactant, this approach has already
been adopted into clinical care. Such an initiative was introduced
in Azerbaijan in late 2018, supported by the Ministry of Health,
and the outcomes of this programme will be of great interest.50
Studies conducted outside of NICUs will need to evaluate
clinical outcomes and whether supraglottic airway use is truly
feasible for clinicians in these centres, how to provide education
and training, cost-effectiveness and the impact on infants and
their families.
Supraglottic airway devices may represent a simple, effective
mode of surfactant administration that can be widely applied by
clinicians with varying skillsets. Further well-designed RCTs are
required to determine whether such an approach can be applied
more widely, in both tertiary and non-tertiary settings.
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