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Evaluation of methods of surfactant administration  
in the delivery suite?

Hemant Ambulkar, Theodore Dassios, Anne Greenough

A b s t r a c t

Surfactant administered in the  delivery suite might prevent or reduce the 
severity of subsequent respiratory distress syndrome. This review describes 
the evidence for surfactant delivery methods with relationship to their 
relevance in the delivery suite. The techniques include delivery using a thin 
catheter with the  first breath, by the  intubation-surfactant extubation 
procedure, less invasive surfactant administration (LISA) technique, using 
a  laryngeal mask airway (LMA), or by nebulisation. There have been few 
randomised trials that have evaluated outcomes using these techniques 
in the  delivery suite, and these were early trials. Currently, practitioners 
favour use of  nasal continuous positive airway pressure with early rescue 
surfactant. Whether prophylactic surfactant given by the LISA technique or 
other techniques, such as via a LMA in the delivery suite, is more beneficial 
merits testing. This will require appropriately designed randomised trials 
with long-term outcomes. 

Key words: nebulisation, intubation, laryngeal mask, less invasive 
surfactant administration.

Introduction

Delivery of exogenous surfactant to preterm infants for the treatment 
of respiratory distress syndrome (RDS) was first described in 1980 [1]. 
A  Cochrane review from 2001 included eight randomised controlled tri-
als (RCTs) and compared the effects of prophylactic surfactant admin-
istration to surfactant treatment of  infants with established RDS. In 
a secon dary analysis of the results of infants born at less than 30 weeks 
of gestational age, prophylactic surfactant resulted in a decreased risk 
of pneumothorax, pulmonary interstitial emphysema (PIE), and mortali-
ty, with no significant untoward effects [2]. In contrast, a subsequent Co-
chrane review that included large trials, greater utilisation of maternal 
corticosteroids, and routine stabilisation of infants on nasal continuous 
positive airway pressure (nCPAP) did not demonstrate greater benefits 
of prophylactic surfactant [3]. The  increased use of non-invasive respi-
ratory support techniques has meant that fewer infants are receiving 
prophylactic surfactant. There are now, however, new modes of adminis-
tration of surfactant available, particularly those that are less invasive or 
non-invasive. Such techniques could be applicable in the delivery suite. 
The aim of  this review is to assess the efficacy of methods of  surfac-
tant administration in the delivery suite set in the context of what we 
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have learned regarding the efficacy of surfactant 
administration techniques in other delivery suite 
settings. 

Nasopharyngeal administration 

One of the earliest randomised trials assessing 
surfactant administration investigated the  use 
of  artificial lung expanding compound (ALEC) in 
the  delivery suite delivered as close as possible 
to the first breath. Artificial lung expanding com-
pound was delivered as a  liquid to the  pharynx 
of preterm infants born between 25 and 29 weeks  
of  gestational age. The  controls received nor-
mal saline. Three more doses could be given if 
the  infant remained intubated in the  first 24 h.  
The researchers hypothesised that the surfactant 
so administered would be spread as lung fluid was 
absorbed from the airway. The  trial demonstrat-
ed that surfactant administered in such a  way 
was associated with a reduction in RDS severity, 
mortality, and intracerebral haemorrhage [4]. In 
another study in the delivery suite [5], the naso-
pharynxes of 23 infants born between 27 and 30 
weeks of gestational age were suctioned as their 
head appeared on the  perineum or at operative 
caesarean section incision. Surfactant was in-
stilled into the posterior pharynx before the first 
breath, and then CPAP was administered for 48 h. 
Thirteen of 15 infants delivered vaginally weaned 
quickly to room air and required no further dose 
of  surfactant or endotracheal intubation. Five 
of  the  eight infants delivered by caesarean sec-
tion required subsequent endotracheal intubation 
soon after birth, and two received further surfac-
tant via the endotracheal tube. A Cochrane review, 
however, did not find any RCTs or quasi RCTs that 
evaluated the effect of this method of surfactant 
administration. The  authors of  the  Cochrane re-
view, however, commented that evidence from 
animal and observational human studies suggest-
ed that this method was potentially safe, feasible, 
and may be effective, and that well designed trials 
were needed [6]. 

Insure

Surfactant given by transient intubation was 
first described in 1990 [7]. The IN-SUR-E technique 
is Intubation followed by SURfactant administra-
tion and extubation as early as possible. A  Co-
chrane review reported the  findings of  six RCTs 
that compared INSURE to late selective surfactant. 
The former technique was associated with a lower 
incidence of mechanical ventilation, air leak syn-
drome, and BPD. A larger proportion of infants in 
the early surfactant group received surfactant and 
received more doses of surfactant [8]. The failure 
rate of the INSURE method of surfactant admini-

stration has been variably reported from 19% to 
69%. A  systematic review demonstrated that in 
15 studies, the predictors for INSURE failure were 
lower gestational age and greater RDS severity [9].

In a study of 208 infants born between 25 and 
28 weeks of gestational age, there was no signifi-
cant difference in the primary outcome (mechan-
ical ventilation in the first 5 days) between those 
given prophylactic surfactant and then extubation 
to CPAP as soon as possible and selective surfac-
tant according to CPAP failure [10]. In the multi-
centre, Surfactant, Positive Pressure, and Pulse 
Oximetry Randomised (SUPPORT) Trial of 1316 in-
fants born between 24 and 27 weeks of gestation, 
nasal CPAP was compared to intubation and sur-
factant treatment initiated in the  delivery room. 
The  rates of  death or BPD did not differ signifi-
cantly between the two groups, but infants treat-
ed with nCPAP required less intubation or post-
natal corticosteroids for BPD (p < 0.001), required 
fewer days of  mechanical ventilation (p  =  0.03), 
and were more likely to be alive and free from 
the need for mechanical ventilation at 7 days after 
birth (p = 0.01) [11]. 

Intra-tracheal administration 
of budesonide-surfactant

A systematic review of  two trials of  intra-tra-
cheal administration of  budesonide-surfactant 
demonstrated a  43% reduced risk of  BPD and 
a 40% reduced risk of the composite outcome of 
death/BPD in very low birth weight infants [12]. 
None of  the  infants appeared to have received 
the treatment in the delivery suite. Whether these 
results can be replicated in a large multi-centre trial 
needs investigating.

Laryngeal mask airway

There are a number of adverse effects associ-
ated with tracheal intubation of  surfactant such 
as hypoxia and bradycardia and delivery when 
the  tracheal tube is malpositioned. Those risks 
can be minimised with the  use of  a  laryngeal 
mask airway (LMA) [13]. In a  randomised, multi-
centre trial, 103 infants between 28 and 35 weeks 
of gestation ≤ 36 h old on CPAP were randomised 
to receive surfactant through an LMA, then placed 
back on CPAP with no surfactant administered. 
Surfactant administration through an  LMA sig-
nificantly decreased the  rate of  intubation and 
mechanical ventilation (38% vs. 64%) (p = 0.006). 
There were no serious adverse effects associated 
with the placement of the LMA or surfactant ad-
ministration [13]. Although LMAs are typically used 
for infants with a weight greater than 2 kg [14],  
a feasibility study found that LMA could be used 
to deliver surfactant to premature babies born un-
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der 35 weeks of gestational age with birth weight 
above 800 g [15]. 

A laryngeal mask airway has the  advantage 
of ease of technique of insertion without the need 
for a  laryngoscope and rapidity of the procedure 
with minimal side effects [16]. In a  multicentre 
RCT, videotape of  LMA placement was reviewed 
to determine total procedures, and the time and 
number of attempts to place the device. The av-
erage time to place the device in 36 infants was 
88 s, and successful placement was achieved on 
the  first attempt in 69% of  cases. As compared 
to baseline, heart rate and oxygen saturation in-
creased on average of  1 pbm and decreased on 
average by 6%, respectively [16]. Thus, use of LMA 
may be useful in resource-limited settings or for 
use during transport with personnel with lim-
ited expertise in airway management [17–19]. 
Surfactant administration through LMA fitted 
with a  Y-piece has the  advantage over catheter 
methods of  surfactant administration that PEEP 
can be maintained during delivery of  the surfac-
tant, which will keep the alveoli recruited. There 
can, however, be leakage of  surfactant around 
the  LMA cuff; in one study 18% of  infants had 
more than 50% of  the dose administered recov-
ered from the gastric aspirate [20]. Nevertheless, 
the authors concluded that surfactant must have 
reached the lungs in the majority of cases because 
there was improvement in the  fraction of  in-
spired oxygen – more than half of  the neonates 
in the  study were weaned to air within 30 min  
of receiving the surfactant [13].    

There have been case reports of administration 
of surfactant through the LMA and an RCT in in-
fants, with moderately preterm infants receiving 
nCPAP with fraction of  inspired oxygen (FiO

2) of 
0.30 to 0.60, which demonstrated that delivery 
of surfactant via an LMA decreased the need for 
mechanical ventilation as compared to surfactant 
administration by endotracheal intubation [21]. 
The Cochrane review concluded that surfactant 
administration by LMA resulted in a  reduction 
in the mean FiO

2 required to maintain the oxy-
gen saturation between 88% and 92% for 12 h  
after the intervention. No significant difference, 
however, was reported in the need for subsequent 
mechanical ventilation and endotracheal surfac-
tant administration, pneumothorax, days on in-
termittent positive pressure ventilation, or supple-
mentary oxygen [22]. To date, however, there have 
been no studies determining whether this is an 
efficacious method of delivering surfactant in the 
delivery suite.

Less invasive surfactant administration

Administration of  surfactant via a  thin cathe ter 
placed in the trachea was first described in 1992 [23]. 

Less invasive surfactant administration (LISA) is 
widely practiced in neonatal units in Europe [24]. 
The gestational age criteria for using LISA is vari-
able, ranging from 23 to 34 weeks of  gestation 
[25–29]. There are variations in the technique in-
cluding using a feeding tube being guided with or 
without Magill’s forceps [26, 28, 30], a rigid vascu-
lar catheter [25, 27, 29], or a specially made cathe-
ter (Chiesi Farmaceutici S.p.A). The dose of surfac-
tant to be used for LISA varies from 100 mg/kg to 
200 mg/kg. When the higher dose of surfactant is 
used, it results in more pronounced and persistent 
improvement in oxygenation [31] and less need for 
re-dosing [32, 33]. European consensus guidelines 
on the management of RDS have recommended 
the dose of 200 mg/kg surfactant [32]. Nasal inter-
mittent positive pressure ventilation (NIPPV) can 
also be used as support during LISA. A randomised 
controlled trial compared the  use of nCPAP to  
NIPPV as the initial respiratory support, and using 
LISA if the  infant required an  FiO2 of  more than  
0.4 to maintain the target oxygen saturation lev-
el between 90 and 95%. There was also reduced 
need for surfactant in the NIPPV compared to the 
nCPAP group (OR = 0.32, p = 0.002), but no signifi-
cant difference in the  incidence of  moderate to 
severe BPD between the two groups [34]. 

Adverse effects of LISA include coughing, vomi-
ting, surfactant reflux, bradycardia, apnoea, and 
desaturation. Bradycardia and desaturation may 
cease, however, if the  procedure is temporarily 
suspended, and a  longer duration of administra-
tion may prevent those adverse effects. Non-phar-
macological interventions such as wrapping/
swaddling the infant have been used with the LISA 
technique to keep the  infant calm. Others have 
used oral sucrose or medications such as atro-
pine, ketamine, propofol, morphine, and fentanyl 
[35–38]. Morphine has the disadvantage of having 
a long half-life, and propofol use can be associated 
with significant hypotension [39]. Remifentanil is 
a synthetic opioid with a short duration of action; 
using that agent in a pilot study of 21 infants with 
a gestational age of 29 to 32 weeks, none of the in-
fants had significant bradycardia, hypotension, or 
chest wall rigidity [40]. In a Nordic survey, approxi-
mately half the clinicians preferred giving pre-med-
ications before the procedure [41]. In a UK nation-
wide survey, 49% of units used no medication with 
LISA and most commonly opioids were used (31% 
of  respondents) [35]. In an  RCT, 78 infants were 
randomised to receive either low dose sedation  
(1 mg/kg propofol intravenous) or no premedi-
cation. Low-dose sedation was associated with 
an increased comfort score, but the need for tran-
sient non-invasive ventilation was increased [42]. 
A catheter inserted too deep can result in unilat-
eral surfactant deposition leading to pneumotho-
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rax and PIE secondary to unilateral lung hyper-
inflation, but this has not been seen as a  major 
problem in studies to date [43]. There are other 
possible adverse effects of LISA. In an animal mod-
el, the surfactant distribution was lower following 
LISA compared to surfactant delivered via an en-
dotracheal tube; nevertheless, the  “LISA” lambs 
had better oxygenation [44]. In an  in vitro study, 
CPAP transmission was significantly and variably 
reduced during LISA [45]. A retrospective observa-
tional study showed that the failure rates of LISA 
were around 30%. This may relate to the  poorer 
respiratory drive in more immature infants [46]. 

A meta-analysis showed a  reduction in the 
composite outcome of death or BPD at 36 weeks 
(RR  =  0.75, p  =  0.01), occurrence of  BPD at  
36 weeks (RR = 0.72, p = 0.03), and the need for 
ventilation when compared to the standard meth-
od of surfactant delivery [47]. Whether LISA used 
in the delivery suite is of benefit or harm has not 
been tested in RCTs. 

In a  large observational, cohort study from the 
German Neonatal Network including 7533 VLBW 
infants, LISA was associated with improved out-
comes, but in infants less than 26 weeks of ges-
tational age there was an increase in focal intesti-
nal perforations [48]. Future RCTs should integrate 
safety analyses in this particular sub-group.

Nebulisation 

Instillation of a surfactant “bolus” into the tra-
chea can cause transient airway obstruction, 
which may lead to hypoxia and hypotension. This 
complication is avoided by nebulisation or aero-
solisation of  the  surfactant, which can result in 
a  more homogenous distribution in the  lungs. 
There can, however, be a  lag period in the  re-
sponse to surfactant when administered via 
nebuliser [49]. The particle size of aerosol droplets 
should be between 1 to 5 µm to be best delivered 
to the lungs [50]. The aerosol particles should be 
small enough to bypass the nasopharynx, but also 
large enough not to be exhaled. Vibrating mesh 
nebulisers have been found to be most effective in 
delivering medications to the lungs [51]. The dis-
advantage of nebulisation is that it leads to loss 
of  surfactant in the  upper airways and oesoph-
agus, with less than 10% delivered to the  lower 
airways [52]. Even with this lower deposition in 
the lungs, nebulised surfactant improved ventila-
tion and lung mechanics in animal models [53]. 
Surfactant by aerosolisation has been shown to 
be delivered effectively to infants on non-invasive 
respiratory support such as high-flow nasal can-
nula, CPAP, and synchronised inspiratory positive 
airway pressure [54]. Animal studies have shown 
that it is possible to deliver aerosols with high- 
frequency oscillatory ventilation (HFOV) [55]. 

In a  randomised trial nebulised surfactant in 
combination with nasal CPAP was compared to na-
sal CPAP alone in 360 neonates of  29–31 + 6 or  
32–33 + 6 weeks gestational age with mild to mod-
erate respiratory distress (a fraction of inspired ox-
ygen of 0.22–0.30). The infants were all less than  
4 h of age, had clinical signs suggestive of evolv-
ing mild to moderate RDS, and required nCPAP  
of  5 to 8 cmH

2O and supplemental fractional in-
spired oxygen (FiO

2) of  0.22 to 0.30 to maintain 
an  oxygen saturation between 86% and 94%. 
Surfactant was given at a dose of 200 mg/kg by 
a  vibrating membrane nebuliser soon after ran-
domisation and repeated 12 h after for persistent 
respiratory distress or oxygen requirement. There 
was a  reduction in mechanical ventilation in the 
32–33 + 6 weeks of  gestation infants who re-
ceived surfactant nebulisation with CPAP [45]. In 
another study, there was a  significant reduction 
in the  clinical manifestations of  severe RDS as 
demonstrated by the Silverman score, alveolar-ar-
terial oxygen [(A-a) O

2] gradient, and the  PaCO2 
levels when comparing aerosolised surfactant 
with CPAP to CPAP alone [56]. 

Comparison of techniques

A systematic review compared seven different 
respiratory strategies in 5598 infants born before 
33 weeks of gestational age: nCPAP alone, LISA, 
INSURE, nebulised surfactant while receiving CPAP, 
NIPPV, surfactant given by LMA followed by CPAP 
and mechanical ventilation [57]. The report used 
network meta-analyses or multiple treatment 
comparison meta-analyses to provide a  frame-
work for analysing and interpretating more than 
two interventions to understand the  evidence 
of network of multiple interventions as a whole. 
Compared with mechanical ventilation, it was re-
ported that LISA had lower odds of primary out-
come (death or BPD at 36 weeks PMA, odds ratio 
(OR = 0.49), BPD (OR  =  0.53), and severe intra-
ventricular haemorrhage (OR = 0.44)). Compared 
with nasal CPAP alone, it was reported that LISA 
had lower odds of primary outcome (OR = 0.58) 
and air leak (OR = 0.24). Ranking probabilities in-
dicated that LISA was the best strategy with a sur-
face under the cumulative ranking curve of 0.85 
to 0.94. However, when limited to high-quality 
evidence, some significant findings for LISA com-
pared to other strategies became non-significant 
and the lower likelihood of death associated with 
LISA was not robust. Furthermore, there was no 
direct RCT comparing LISA to LMA, LMA to aero-
solisation, or LISA to aerosolisation. Furthermore, 
the studies performed and analysed used differ-
ent surfactants, although both LMA and LISA and 
some of INSURE trials mostly used Curosurf, while 
aerosolised surfactant studies have used several 
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surfactants. Thus, no definitive conclusions can be 
drawn. Direct comparisons are required.

Conclusions

Other than the widely used administration via 
the endotracheal tube, a number of other methods 
have emerged in recent years as alternatives for 
surfactant administration in prematurely born in-
fants. Administration of surfactant via a laryngeal 
mask is safe and efficient but has not been ade-
quately tested in very prematurely born infants. 
Less invasive surfactant administration is also 
feasible and efficient, but a number of questions 
remain unanswered regarding the  choice of  se-
dation, equipment, administration in the delivery 
unit or the  neonatal unit, and dosing regimens.  
It has also not been proven whether the most im-
mature infants who have poor respiratory drive 
are suitable candidates for less invasive adminis-
tration. The efficacy of other methods such as sur-
factant nebulisation or the combined intratracheal 
administration of budesonide and surfactant will 
require more conclusive studies before their rou-
tine application in clinical care is recommended.
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