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Abstract The standard of care in treating respiratory distress syndrome in preterm infants is
respiratory support with nasal continuous positive airway pressure or a combination of
continuous positive airway pressure and exogenous surfactant replacement. Endotra-
cheal intubation, the conventional method for surfactant administration, is an invasive
procedure associated with procedural and mechanical ventilation complications. The
INSURE (intubation, surfactant administration, and extubation soon after) technique is
an accepted method aimed at reducing the short-term complications and long-term
morbidities related to mechanical ventilation but does not eliminate risks associated
with endotracheal intubation and mechanical ventilation. Alternative methods of
surfactant delivery that can overcome the problems associated with the INSURE
technique are surfactant through a laryngeal mask, surfactant through a thin intra-
tracheal catheter, and aerosolized surfactant delivered using nebulizers. The three
alternative methods of surfactant delivery studied in the last two decades have
advantages and limitations. More than a dozen randomized controlled trials have
aimed to study the benefits of the three alternative techniques of surfactant delivery
compared with INSURE as the control arm, with promising results in terms of reduction
in mortality, need for mechanical ventilation, and bronchopulmonary dysplasia. The
need to find a less invasive surfactant administration technique is a clinically relevant
problem. Before broader adoption in routine clinical practice, the most beneficial
technique among the three alternative strategies should be identified. This review aims
to summarize the current evidence for using the three alternative techniques of
surfactant administration in neonates, compare the three techniques, highlight the
knowledge gaps, and suggest future directions.

Key Points
• The need to find a less invasive alternative method of surfactant delivery is a clinically relevant problem.
• Clinical trials that have studied alternative surfactant delivery methods have shown promising results but are

inconclusive for broader adoption into clinical practice.
• Future studies should explore novel clinical trial methodologies and select clinically significant long term outcomes for

comparison.
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Respiratory distress syndrome (RDS) is a disorder affecting
preterm infants due to pulmonary surfactant deficiency. This
condition’s standard treatment is respiratory support with
nasal continuous positive airway pressure (nCPAP) or a
combination of CPAP and exogenous surfactant replace-
ment.1 Surfactant is conventionally administered through
the endotracheal tube.2,3

Endotracheal intubation for surfactant administration
is an invasive procedure associated with procedural and
mechanical ventilation complications.4 The availability of
health care personnel skilled in the neonatal airway is a
limiting factor that makes early surfactant administration
difficult in resource-limited settings. Elective neonatal
endotracheal intubation for surfactant administration
may require premedication, like sedatives and vagolytics.5

Despite using premedication, the infant may poorly toler-
ate the procedure of direct laryngoscopy with complica-
tions of autonomic disturbances manifesting as apnea,
bradycardia, hypoxemia, and systemic or intracranial
hypertension.6

Even a short period of mechanical ventilation (<24hours)
of the developing lung (late canalicular and saccular stages)
can result in volutrauma due to overdistension of the lung,
barotrauma due to excessive pressure, atelectotrauma due to
cyclical recruitment and de-recruitment, biotrauma due to
inflammation and oxidative stress, and rheotrauma due to
inappropriate airway flow.7,8 The long-term morbidities
associated with mechanical ventilation include bronchopul-
monary dysplasia and poor neurodevelopmental outcomes.9

INSURE (intubation, surfactant administration, and extuba-
tion soon after) is an acceptedmethod aimed at reducing the
short-term complications and long-termmorbidities related
to mechanical ventilation, especially in extreme (<28.0
weeks of gestational age [GA]) and very (<32.0 weeks of
GA) preterm infants.10 The INSURE technique still carries
several risks associated with endotracheal intubation and
mechanical ventilation.

In this review, we aim to summarize the current evidence
from randomized controlled trials (RCTs) and meta-analysis
for using the alternative techniques of surfactant adminis-
tration in neonates, compare the three well-studied techni-
ques, highlight the knowledge gaps, and suggest future
directions.

Alternative Surfactant Delivery Methods

The search for alternativemethods that are less invasive than
the INSURE technique began in the early 2000s. Three
important alternative methods can overcome the problems
associated with the INSURE technique. These are (1) surfac-
tant through a laryngeal mask, (2) surfactant through a thin
intratracheal catheter, and (3) aerosolized surfactant using
nebulizers.

Laryngeal Mask-Assisted Surfactant
Delivery

The success of surfactant delivery feasibility through supra-
glottic airway devices in preterm infantswasfirst reported in
2004 (►Fig. 1).11 Following this, eight RCTs were conducted
to compare the efficacy of surfactant administration through
laryngeal mask or supraglottic airway (SALSA) against nCPAP
without surfactant12,13 or INSURE technique surfactant de-
livery (►Table 1).14–19

The critical limitation of these trials is that they either did
not report the prior sample size estimate or did not recruit
enough participants to meet the calculated sample size. Six
out of eight clinical trials were single-center trials which
reduces the external validity of the results. Single-center
trials tend to show larger treatment effects than multicenter
RCTs.20 The primary outcomes studied in most trials were
the need for invasive mechanical ventilation (from 1hour to
7 days) or improvement in oxygenation. However, the need
for invasive mechanical ventilation cannot be automatically

Fig. 1 Surfactant delivery through LMA with the use of a syringe and 5 Fr catheter inserted into the LMA. (Image courtesy: Dr. Satyan
Lakshminrusimha, modified with permission).
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construed as a failure of surfactant therapy because preterm
diseases like a hemodynamically significant patent ductus
arteriosus, congenital pneumonia, early pulmonary hyper-
tension, perinatal asphyxia, and apnea of prematurity can
lead to invasive mechanical ventilation or contribute to the
outcome in varying proportions.

A meta-analysis including five of seven RCTs found that
surfactant administration through laryngeal mask airway
(LMA) reduces the need for invasive mechanical ventilation
compared with nCPAP alone without any surfactant or
surfactant delivery by INSURE.21 The meta-analysis showed
that surfactant delivery via LMA is associated with a reduc-
tion in oxygen requirement compared with nCPAP alone and
increased oxygen requirement comparedwith INSURE in 1 to
6hours after treatment. However, this meta-analysis did not
find evidence supporting SALSA for reducing mortality or
short-term morbidities like pneumothorax, bronchopulmo-
nary dysplasia, intraventricular hemorrhage, and length of
hospital stay. None of the trials investigated long-term
neurodevelopmental outcomes. The heterogeneity in the
type of surfactant used, the type of LMA device, and the
premedication use in the control arm (INSURE group) of
these trials provides low-quality evidence, which limits our
ability to make meaningful conclusions regarding its routine
use in clinical practice

Thin Intratracheal Catheter-Assisted
Surfactant Delivery

Kribs et al in 2007 demonstrated the feasibility and safety of
the surfactant administration by intratracheal catheter in
extremely preterm infants up to the limits of viability (23
weeks GA).22 In this study, a 0.04 Charrière catheter was
clamped with Magill forceps at an angle of 120degree and
inserted into the trachea using a laryngoscope to deliver the
liquid surfactant (see ►Fig. 2). Eight RCTs compared surfac-
tant administration using a thin catheter, also known as less

invasive surfactant administration (LISA) or minimally inva-
sive surfactant therapy (MIST), with the standard delivery
method through an endotracheal tube (►Table 2).23–30 One
RCT compared surfactant delivery by a thin catheter tech-
nique with the continuation of CPAP alone without
surfactant.31

Six out of the nine RCTs were multicenter trials. Two
studies included only very preterm infants, and three includ-
ed only extremely preterm infants. Two studies included a
combination of both. Six trials studied the LISA technique
using a porcine surfactant, and three RCTs used a bovine
surfactant. Seven trials used either a feeding tube or a
vascular catheter for surfactant administration. Three trials
used Magill forceps, and one used ophthalmic forceps to
guide the catheter through the vocal cords. Two RCTs used a
narrow-bore vascular catheter (16-gauge Angiocath, Becton
Dickinson, Sandy, UT), of which one trial also used a propri-
etary semirigid catheter called LISAcath (Chiesi Farmaceutici
SpA, Parma, Italy) for endotracheal instillation of surfactant.
These catheters can be inserted endotracheally using a
laryngoscope without Magill forceps by the Hobart meth-
od.32 Three studies used atropine as premedication for the
procedure. One study did not use any premedication. Other
studies did not report premedication use specifically.

All the clinical trials that studied the LISA technique have
reported the prior sample size estimation except one study.
Six studies enrolled enough participants to meet the sample
size. Two studies did not fulfill the sample size requirement.
Six of the nine clinical trials evaluated the need for invasive
mechanical ventilation as the primary outcome. Five of them
specifically looked at the need for invasive mechanical
ventilation within 72 hours. Three studies had bronchopul-
monary dysplasia at 36 weeks as their primary outcome. Of
the three studies, one evaluated death or bronchopulmonary
dysplasia (BPD) at 36 weeks as a composite outcome, and
another studied survival without BPD and death as two
different outcomes.

Fig. 2 Surfactant delivery through a intratracheal 4 Fr catheter inserted with the help of magill forceps and laryngoscope (Image courtesy: Dr.
Satyan Lakshminrusimha, modified with permission).
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Subsequently, a meta-analysis of six out of nine trials
showed that in preterm infants receiving nCPAP as the
respiratory support, the intratracheal catheter technique
for surfactant delivery compared with endotracheal intuba-
tion was beneficial in terms of reduction in the composite
outcome ofdeath or BPDat 36weeks, BPD at 36weeks among
survivors, and the need for mechanical ventilation with a
trend toward lower rates of air leaks.33

Noninvasive Surfactant Delivery by
Aerosolization

Early attempts to study surfactant delivery by aerosolization
through a jet nebulizer in an RCTshowed no difference in the
arterial/alveolar PO2 and the need for mechanical ventila-
tion.34 The authors of this study felt that the failure of
effective aerosolized surfactant delivery could be the reason
for their negative results. Finer et al showed the feasibility
and safety of aerosolized delivery of Aerosurf, a peptide-
containing synthetic surfactant by nCPAP, to preterm infants
at risk for RDS using a clinically approved vibrating mem-
brane nebulizer called Aeroneb Pro.35 Following this, an RCT
using aerosolized surfactant (poractant alfa) through a new-
generation vibrating membrane nebulizer called eFlow neo-
natal showed that early postnatal administration of nebu-
lized surfactant might reduce the need for intubation in
preterm infants with mild RDS (►Table 3).36

Among the two strata of preterm infants (29.0–31.6 and
32.0–33.6 weeks of GA) studied in this trial, the nebulized
surfactant aided the successful establishment of noninvasive
support in the 32.0 to 33.6 weeks of group alone. This study’s
resultswere limited by the single-center enrollment and small
sample size (n¼32/group). A recently published multicenter
pragmatic RCT including457 infants (23–41weeksofGA) used
a modified Solarys nebulizer to deliver aerosolized surfactant
into themouth (►Fig. 3).37 The study has reported an approx-
imately 50% reduction in the need for subsequent intubation
for liquid surfactant administration. This difference was not
consistent among infants born at various GA strata, especially
extreme preterm infants. A single-center phase 2 trial investi-
gated four dosing schedules of beractantαdelivered using two
nebulizers, compared the data between three gestational
strata, and found that aerosolized surfactant therapy is feasible
without serious adverse outcomes.38

A multicenter RCT enrolled spontaneously breathing pre-
term infants (28.0–32.6weeks of GA)withmild-to-moderate
RDS to investigate the safety, tolerability, and efficacy of
nebulized poractant alfa, a porcine surfactant in comparison
with nCPAP alone.39 After the interim evaluation of the first
120 randomized neonates, the trial was terminated prema-
turely because the nebulized surfactant was found to have
negligible efficacy in the study population. The authors
analyzed the randomized infants and found that the nebu-
lized surfactant did not reduce the likelihood of intubation
within 72 hours of life compared with CPAP alone. Although
the trialwas conceptualized based on robust preclinical data,
it could not be translated to clinical efficacy. The authors
speculate that significant surfactant aerosol loss due to a leak

at the nasal interface leading to decreased deposition in the
lungs could be a reason for the loss of efficacy.

Comparison of Three Alternative Methods
with INSURE

Three alternativemethodsof surfactantdelivery studied in the
last two decades have both advantages and limitations when
comparedwith each other (►Table 4). A recent networkmeta-
analysis compared their efficacy with INSURE.40 Sixteen RCTs
and 20 observational studies with a large sample size
(n¼13,234) were included in the analysis. The primary out-
comes analyzed were mortality (n¼12,155), the need for
mechanical ventilation (n¼5,961), and BPD (n¼10,993).
The sample’s median GA and birth weights were 29 weeks 6
days (interquartile range [IQR]: 28 weeks 1 days–31 weeks)
and 1,289g (IQR: 1,040.8–1,622.5). Compared with the IN-
SUREmethod, surfactant delivery via a thin catheter alone and
not SALSA or nebulization showed a significant decrease in
mortality, need formechanical ventilation (MV), and BPD. The
significance of the difference in mortality and BPD seen with
the thin catheter method was lost when RCTs alone were
included for analysis. Themain limitations of this studyare the
pooling of the results fromRCTs and observational studies, the
exclusion of three RCTs involving SALSA as the interven-
tion,17–19 two RCTs studying thin catheter technique,29,31

and one RCT comparing nebulized surfactant with usual
care,37 and lack of adequate representation of extremely
preterm infants (<28 weeks) in the sample.

Conclusion

The need to find a LISA technique is a clinically relevant
problem. The three alternative methods, namely surfactant
delivery through (1) laryngeal mask, (2) thin intratracheal
catheter, and (3) aerosolization, have shown promising
results in clinical trials. Before broader adoption in routine
clinical practice, we must identify the most beneficial tech-
nique among the three alternative strategies. There is no RCT
comparing these three techniques. An essential challenge of
conducting well-designed RCT is the recruitment of partic-
ipants. A multicenter RCT with a multiarm, multistage
(MAMS) design will be one way to move forward. MAMS
trial design provides the benefit of a smaller sample size,
shorter duration, lower cost, and a shared control arm.41

The recent RCTs, which have studied outcomes like death
and BPD rather than the need for invasive mechanical
ventilation, have shown that equipoise still exists between
the alternative methods of surfactant delivery and nCPAP
alone. So, future trials should have four arms comparing the
three surfactant delivery methods simultaneously with a
control arm of nCPAP without surfactant. Those trials should
study the composite outcome of death or respiratory mor-
bidity as the primary outcome and report the adverse effects
of each modality of surfactant delivery, other short-term
morbidities, and long-term neurodevelopmental outcomes.
Such trials can be resource intensive during the initial
phases, but they might have the potential to provide
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definitive data to make recommendations for standardized
surfactant delivery techniques.
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Fig. 3 Aerosolized surfactant delivered with the help of a modified Solarys nebulizer resembling a pacifier (Image courtesy: Dr. Satyan
Lakshminrusimha, modified with permission).

Table 4 Comparison of alternative methods of surfactant delivery

Alternative methods
of surfactant delivery

Laryngeal mask Thin catheter Aerosolization

Advantages 1. Avoids complications due to direct
laryngoscope

2. Availability of the device in the NICU
3. Familiarity with the use of the device

among NICU providers.
4. Ability to treat apnea/hypoxemia

(potential complication of surfactant
administration) with PPV - potential
complication of surfactant
administration

1. Can be used in the extremely
preterm infants

2. Avoids PPV for surfactant ad-
ministration

3. Reduces the need for intuba-
tion and mechanical ventila-
tion in preterm infants

4. Some evidence for a reduction
in BPD/mortality

1. Truly a noninvasive strategy for
surfactant delivery

2. Allows concurrent use of CPAP
3. Avoids direct laryngoscopy and

PPV
4. Some evidence for the reduced

need for intubation and me-
chanical ventilation

5. No premedication is required

Disadvantages 1. Interruption of CPAP during the pro-
cedure

2. Need for PPV to disperse the surfac-
tant through the lungs.

3. Cannot be used in extremely preterm
infants

4. Lack of evidence for a reduction in BPD

1. Need direct laryngoscopy with
the associated risks

2. Need availability and use of
Magill forceps

3. Need training and providers
with advanced skills.

4. May need premedication
5. Lack of evidence regarding the

long-term neurodevelopmen-
tal outcome

1. Optimal dose of surfactant for the
nebulization route is unknown

2. Deposition of a significant fraction
of the aerosolized dose in the
upper airways

3. Lack of an effective nebulizer to
aerosolize surfactant

4. Lack of evidence for use in severe
RDS

5. Data on the effect on BPD and
NDO is unavailable

Abbreviations: BPD, bronchopulmonary dysplasia; CPAP, continuous positive airway pressure; NDO, neurodevelopmental outcome; NICU, neonatal
intensive care unit; PPV, positive pressure ventilation; RDS, respiratory distress syndrome.
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