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Abstract

Objective To compare surfactant administration via supraglottic airway device (SAD) vs. nasal CPAP alone or INSURE.

Study design A systematic search of PubMed, EMBASE, SCOPUS, Cochrane Central Register of Controlled Trials and

Clinicaltrials.gov was performed. Articles meeting inclusion criteria (RCT, surfactant administration via SAD, laryngeal

mask, I-gel) were assessed

Results Five RCTs were eligible. Surfactant administration via SAD reduced the need for intubation/mechanical ventilation

(RR 0.57, 95%CI 0.38–0.85) and short-term oxygen requirements (MD −8.00, 95%CI −11.09 to −4.91) compared to

nCPAP alone. Surfactant administration via SAD reduced the need for intubation/mechanical ventilation (RR 0.43, 95%CI

0.31–0.61), but increased short-term oxygen requirements (MD 3.10, 95%CI 0.51–5.69) compared to INSURE approach.

Conclusions In preterm infants with RDS, surfactant administration via SAD reduces the need for intubation/mechanical

ventilation. Overall, available literature includes few, small, poor-quality studies. Surfactant administration via SAD should

be limited to clinical trials.

Introduction

Respiratory distress syndrome (RDS), caused by surfactant

deficiency, is the most frequent neonatal condition in

preterm infants [1, 2]. Surfactant treatment has been

extensively studied in preterm infants and has been shown

to significantly decrease air leaks and neonatal mortality

[3–6]. In 1994, Verder et al. showed that the INSURE

(INtubation, SURfactant delivery using an endotracheal

tube and Extubation after a brief period of mechanical

ventilation) approach was effective in reducing the need for

subsequent mechanical ventilation in preterm infants with

moderate-to-severe RDS receiving nasal continuous posi-

tive airway pressure (nCPAP) [7]. Premedication with

opioids are used during this procedure [8].

Endotracheal intubation is an extremely distressing,

painful procedure and has the potential for airway injury;

in addition, it may be associated with significant hemody-

namic instability including hypoxia, bradycardia, blood

pressure fluctuations and increased intracranial pressure

[9, 10].

Recently, new methods of modified INSURE without

using an endotracheal tube are increasingly being used around

the world. These techniques, known as less invasive surfac-

tant administration (LISA) or minimally invasive surfactant

treatment (MIST), refer to surfactant administration through

a thin feeding tube or a small angiocatheter positioned in

the trachea while the patient is breathing spontaneously and

receiving noninvasive respiratory support [11–14]. Unfortu-

nately, as happens with the INSURE approach, LISA or

MIST techniques also require laryngoscopy, limiting their

advantage to the avoidance of mechanical ventilation during

surfactant delivery.
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Surfactant administration via a supraglottic airway

device (SAD) has been initially described in few, small

studies showing feasibility and safety in preterm infants

[15, 16]. The reported advantages of SAD over endo-

tracheal tubes comprise a reduced invasiveness because the

airway is not instrumented with a laryngoscope and easier

positioning [17, 18]. These benefits suggest that surfactant

administration via SAD may be a very promising approach

for the treatment of preterm infants with RDS [19].

The objective of this systematic review and meta-analysis

of randomized controlled trials (RCTs) was to compare

surfactant administration via SAD under two alternative

scenarios: (1) continued nasal CPAP without surfactant

administration and (2) surfactant administration via endo-

tracheal tube (INSURE) in terms of need for intubation and/

or mechanical ventilation, oxygen requirements and major

neonatal outcomes in preterm infants with RDS.

Materials and methods

Search strategy and selection of studies

To identify relevant studies, we systematically searched

MEDLINE/PubMed, EMBASE, SCOPUS, Cochrane Cen-

tral Register of Controlled Trials and Clinicaltrials.gov, as

well as the abstracts of the annual Pediatric Academic

Societies meetings from 1990. We also hand-searched the

reference lists of retrieved articles to identify additional

studies of interest. The search strategy was carried out

without language restrictions from database inception

until 31 December 2017. Two researchers (MM and PC)

independently reviewed the search results and screened

the titles and abstracts. We obtained the full texts of all

potentially eligible studies. In PubMed, the following search

strategy was used: (Laryngeal mask) OR (supraglottic air-

way device) OR (intubation) AND (surfactant) AND

(respiratory distress syndrome) AND (newborn OR neona-

tal OR neonate OR neonates OR “Low Birth Weight” OR

“Small for Gestational Age” OR prematur* OR preterm

OR Postmature OR infant* OR birth). This search strategy

was adapted to suit the other electronic sources. Conference

abstracts and reference lists of included articles were hand-

searched to identify any potential additional relevant arti-

cles. Data were checked and any inconsistencies were

resolved by consensus with a third author (DT).

Criteria for considering studies for this review

Randomized controlled trials (RCTs) comparing nCPAP

plus surfactant delivery via LMA vs nCPAP without

surfactant administration and nCPAP plus surfactant via

LMA vs n-CPAP plus surfactant via ETT were considered

eligible for this review. Inclusion criteria for this meta-

analysis were: (i) RCT design; (ii) preterm and term infants

with a radiograph and clinical presentation consistent with

RDS; (iii) surfactant administration via SAD. Studies not

including humans were excluded. No language restriction

was placed on the included studies.

Data collection extraction For each article, we extracted

all specified outcome measures and the following additional

data: title, first author, journal, year of publication, country,

type of surfactant used in the treated group, number of

participants, age, gender, mode of delivery, birth weight,

gestational age, and the use of antenatal steroids. When

queries arose or additional data were required, we contacted

the trial authors.

Outcomes We included as primary outcomes:

1. intubation and/or mechanical ventilation (Y/N)

2. oxygen supplementation from the time of administra-

tion of surfactant (expressed as FiO2 at 1–6 h),

(mean and SD)

3. oxygen supplementation from the time of administra-

tion of surfactant (expressed as FiO2 at 12–24 h)

(mean and SD)

We considered as secondary outcomes:

1. number of surfactant doses, (mean and SD)

2. administration of ≥2 surfactant doses, (Y/N)

3. pulmonary air leak, (Y/N)

4. intraventricular hemorrhage, grade III or IV (IVH)

based on Levine classification, (Y/N)

5. bronchopulmonary dysplasia (BPD), defined as

dependence on O2 or any ventilator support at the

later of 28 days of age or 36 weeks postmenstrual

age, (Y/N)

6. mortality before discharge, (Y/N)

7. length of hospital stay, (mean and SD)

8. bradycardia (<90 bpm) during the procedure, (Y/N)

9. serious adverse events (including severe desaturation,

emergent intubation, pulmonary hemorrhage, pro-

longed bradycardia, or apnea) (Y/N)

10. surfactant reflux and/or gastric residuals, (Y/N)

Assessment of risk of bias Two authors (MGC, NV)

independently appraised the risk of bias of the included

studies using the Cochrane Collaboration’s tool through

seven aspects of potential bias; random sequence genera-

tion, allocation concealment, blinding of participants and

personnel, blinding of outcome assessment, incomplete

outcome data, selective reporting, and other bias (including
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early termination and absence of prospective sample size

calculation) [20]. The risk of bias was categorized as high,

low, unclear.

Quality of evidence We used the Grading of Recommen-

dations Assessment, Development, and Evaluation

(GRADE) approach, as outlined in the GRADE Handbook

[21, 22], to assess the quality of evidence for the above

outcomes. Two authors (MGC, FC) independently assessed

the quality of evidence for each outcome. We considered

evidence from RCTs as high quality, but downgraded evi-

dence one level for serious (or two levels for very serious)

limitations on the basis of the following: design (risk of bias),

consistency across studies, directness of evidence, precision

of estimates, and presence of publication bias. We used the

GRADEpro GDT Guideline Development Tool to create a

“Summary of findings” table to report the quality of evidence

[23]. As described, this approach yields an assessment of the

quality of a body of evidence according to one of four

grades: high, moderate, low and very low. The:high” rating

indicates that the true effect lies close to the estimate of the

effect, while the “very low” grade indicates that the true

effect is likely substantially different from the estimate.

SAD used in the studies The SAD used in the studies

included classic LMA (3 studies) [24–26], ProSeal LMA

(1 study) [27] and I-gel (1 study) [28]. (Fig. 1) The classic

LMA, made of medical grade silicone, consists of an oval

shaped mask with an inflatable outer rim; a wide bore airway

tube, which originates from the back plate, is joined at the

proximal end with a 15mm standard connector (Teleflex

Medical Europe Ltd, Westmeath, Ireland). The ProSeal

LMA is a type of LMA with modified features (larger and

deeper bowl, enlarged and softer mask, gastric drainage

tube) potentially resulting in a better seal with periglottic

tissues (Teleflex Medical Europe Ltd, Westmeath, Ireland).

The I-gel is a disposable SAD whose cuff, made from medical

grade thermoplastic elastomer gel, does not require inflation

with air to provide an efficient seal (Intersurgical Ltd,

Berkshire, UK).

Data synthesis and statistical analysis Review Manager

version 5.3 software was used to perform statistical analysis

[29]. The standard methods of the Cochrane Collaboration

were used to synthesize the data. For categorical data we

calculated relative risk (RR). Mean and standard deviation

(SD) were obtained for continuous data and analysis per-

formed using mean difference (MD) and weighted mean

difference when appropriate. For each measure of the effect

the 95 per cent confidence intervals (CIs) were calculated.

We combined the trials using the fixed-effect model. For

estimates of RR and RD, we used the Mantel-Haenszel

method. For all outcome measures, we assessed the statis-

tical heterogeneity between trials using the I2. I2 > 50% was

interpreted as significant heterogeneity.

Results

Search results

Altogether, the searches yielded 575 non-duplicated arti-

cles. After excluding 518 articles based on title/abstract,

57 articles were retrieved for full text review. Finally, five

RCTs were included in the qualitative and quantitative

synthesis [24–28]. (Fig. 2)

Fig. 1 Supraglottic airway devices used in the studies
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Study and patient characteristics

Five trials recruiting 307 newborns (154 in intervention

groups, 153 in control groups) met the inclusion criteria

[24–28] (Table 1). Four studies were conducted in North

[24–26], or South America [27], and one in Asia (Iran) [28].

Two RCT recruiting 129 newborns (63 in intervention

groups, 66 in control groups) compared nCPAP plus sur-

factant delivery via LMA vs nCPAP without surfactant

administration [24, 26]. Three studies recruiting 178 new-

borns (91 in intervention groups, 87 in control groups) were

randomized controlled trials comparing nCPAP plus sur-

factant via LMA vs nCPAP plus surfactant via endotracheal

tube [25, 27, 28]

Risk of bias in included studies

As reported in Fig. 3, all included RCTs were at high risk of

bias, mainly due to the lack of blinding of health care

providers and outcome assessors. One trial had high risk of

selection bias: mode for random sequence generation was

not reported and did not use opaque envelopes [28]. In

Barbosa et al., the risk of selection bias was low regarding

random sequence generation, but high regarding allocation

concealment [27]. In the other three trials, the risk of

selection bias was low as regards random sequence gen-

eration and allocation concealment [24–26]. Owing to the

nature of the intervention, all trials were unblinded, leading

to high risk of performance bias. In addition, no trials

blinded researchers assessing trial endpoints of study

treatments. Most trials accounted for all outcomes [24–27].

In Sadeghnia et al., this information was not clear [28].

Three trials provided complete results for all reported out-

comes [24, 25, 27]. The primary outcome was changed in

Attridge et al. [26] and the study protocol was not available

in Sadeghnia et al. [28]. In Attridge et al., an early termi-

nation of the trial was decided due to slow enrollment [26].

Projected sample size was for 183 infants, but after

33 months a total of only 26 subjects had been enrolled. In

Barbosa et al., the sample size was calculated as 30 patients

per group [27]. An interim analysis, after 48 patients were

enrolled and randomized, showed that both groups were

equivalent. Therefore, due to ethical reasons, it was decided

to interrupt the study since the primary outcome was

achieved with 26 patients in LMA group. In Pinheiro et al.,

patient enrollment was stopped (not predefined in the pro-

tocol) after 60 patients instead of the 88 originally planned

[25]. In Roberts et al., the study was stopped after 4 years

due to slow enrollment, 103 out of 144 planned patients had

been enrolled [24]. Sardeghnia et al. did not report the

sample size calculation [28]. The quality of the evidence

supporting the pooled outcome measures was very low

according to the GRADE guidelines, due to limitations in

the study design, early termination in some studies and

imprecision of the estimates (few studies; few events).

Effects of intervention

nCPAP plus surfactant delivery via LMA vs nCPAP without

surfactant administration

Meta-analysis of the pooled outcome measures is shown in

Table 2.

Primary outcome measures Two trials (n= 129) reported

data on the progression to intubation and/or mechanical

ventilation [24, 26]. Meta-analysis showed a significant

reduction of the number of infants needing intubation

and/or mechanical ventilation in nCPAP plus surfactant

groups (RR 0.57, 95% CI 0.38 to 0.85; participants= 129).

(Fig. 4)

As shown in Table 2, only Roberts et al. reported the

FiO2 at 1–6 h after surfactant administration as mean and

SD [24]. Surfactant administration via SAD was more

effective than CPAP without surfactant in improving

FiO2 at 1–6 h (MD −8.00, 95% CI −11.09 to −4.91;

participants= 103). (Fig. 5) In Attridge et al., median FiO2

at 1 h after surfactant administration was significantly lower

in the LMA group than in controls: 0.25 (IQR 0.21–0.27)

vs. 0.37 (IQR 0.34–0.49) (p= 0.002) [26]. In Roberts et al.,

no significant differences emerged in terms of FiO2

at 12–24 h (MD −1.00, 95% CI −5.28–3.28; participants

= 103) [24]. However, in Attridge et al., median FiO2 at

12 h from the surfactant administration remained signifi-

cantly lower in the LMA group than in controls: 0.27

(IQR 0.24–0.36) vs. 0.40 (IQR 0.31–0.45) in 26 participants

(p= 0.04 as reported by authors) [26].

Secondary outcome measures Only Roberts et al. reported

data on the number of surfactant doses [24]; LMA group

was associated with increased number of surfactant doses

(MD 0.70, 95% CI 0.35–1.05; participants= 103) (data

obtained by authors) and the need for ≥2 doses (RR 2.01,

95% CI 1.04–3.90; participants= 103) than the group

nCPAP without surfactant.

Meta-analysis showed no significant difference in pul-

monary/air leak and bronchopulmonary dysplasia. (Table 2)

Only Roberts et al. reported data on intraventricular

hemorrhage and mortality (no events) [24]. No serious

adverse events were reported in either study [24, 26]. In

Roberts et al., 9 out of 50 (18%) subjects who received

surfactant via LMA had >50% of the administered dose

aspirated from the stomach [24]. In Attridge et al., one

infant (7.7%) in the LMA group had >25% of the surfactant

volume in the stomach contents [26]. Length of hospital

stay was not reported in either study.
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nCPAP plus surfactant delivery via LMA vs n-CPAP plus

surfactant via ETT

Meta-analysis of the pooled outcome measures is shown in

Table 3.

Primary outcome measures In all three studies, progres-

sion to intubation and/or mechanical ventilation was

reported as an outcome measure [25, 27, 28]. Sadeghnia

et al. reported no events in either group [28]. The meta-

analysis showed a significant reduction in the need for

intubation and/or mechanical ventilation in the interven-

tional group (RR 0.43, 95%CI 0.31 to 0.61; participants=

178). (Fig. 6) Surfactant administration via SAD was less

effective than surfactant via ETT in improving FiO2 at

1–6 h (MD 3.1, 95% CI 0.51–5.69; participants 108)

(Fig. 7), while no significant difference was observed at

12–24 h (MD 3.00, 95% CI −2.59–8.59; participants= 60).

(data obtained by authors)

Secondary outcome measures Only Pinheiro et al. repor-

ted data on the number of surfactant doses [25]; the LMA

group was associated with increased number of surfactant

doses (MD 0.60, 95% CI 0.08–1.12; participants= 60).

There were no differences between the groups treated with

surfactant via LMA or via ETT in terms of need for ≥2

doses of surfactant (RR 1.02, 95% CI 0.44–2.36; studies=

3; participants= 178).

Occurrence of pneumothorax/pulmonary air leak (RR

1.63, 95% CI 0.55–4.83; studies= 3; participants= 178)

and bronchopulmonary dysplasia (RR 3.05, 95% CI 0.87–

10.75; studies= 2; participants= 108) were not different

between the two groups. Only one study reported data

on intraventricular hemorrhage: 5 (19.2%) events occurred

in LMA group and 3 (13.6%) in the ETT group (RR 1.41,

95% CI 0.38–5.25; participants= 48) [27]. No difference

in terms of mortality was observed between the groups

(RR 0.17, 95% CI 0.01 to 3.37; studies= 2; participants=

108). Length of hospital was similar between the groups

receiving surfactant via LMA or via ETT (RR −3.88,

95% CI −11.06 to 3.29; participants= 108). (data obtained

by authors)Fig. 3 Risk of bias summary

Table 2 Data and analysis: nCPAP plus surfactant delivery via LMA vs nCPAP without surfactant administration

Outcome No. of studies Participants Statistical method Effect estimate

Primary outcomes

Need for intubation and/or mechanical ventilation 2 129 Risk ratio (M-H, Fixed, 95% CI) 0.57 [0.38, 0.85]

FiO2 at 1–6 h after surfactant administration 1 103 Mean difference (IV, Fixed, 95% CI) −8.00 [−11.09, −4.91]

FiO2 at 12–24 h after surfactant administration 1 103 Mean difference (IV, Fixed, 95% CI) −1.00 [−5.28, 3.28]

Secondary outcomes

Number of surfactant doses 1 103 Mean difference (IV, Fixed, 95% CI) 0.70 [0.35, 1.05]

Need ≥ 2 doses of surfactant 1 103 Risk ratio (M-H, Fixed, 95% CI) 2.01 [1.04, 3.90]

Pulmonary air leak 2 129 Risk ratio (M-H, Fixed, 95% CI) 0.65 [0.23, 1.88]

Intraventricular hemorrhage (grade 3/4) 1 103 Risk ratio (M-H, Fixed, 95% CI) Not estimable

Bronchopulmonary dysplasia (BPD) 2 129 Risk ratio (M-H, Fixed, 95% CI) 1.65 [0.85, 3.22]

Mortality before discharge 1 103 Risk ratio (M-H, Fixed, 95% CI) Not estimable

Serious adverse events 2 129 Risk ratio (M-H, Fixed, 95% CI) Not estimable
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Data on bradycardia was reported only by Pinheiro et al.

observing 2 events in the LMA group and 6 in the control

group (RR 0.33, 95% CI 0.07–1.52; participants= 60) [25].

Pinheiro et al. did not report serious adverse events [25],

while this information was not available in Barbosa et al.

and Sadeghnia et al. [27, 28]. Gastric residuals was reported

in Pinheiro et al. (8/30 vs 10/30) and Sadeghnia et al. (8/35

vs 6/35) (RR 1.00, 95% CI 0.55–1.82; participants= 130)

[25, 28]. Barbosa et al. reported that 4 out of 23 (17.4%)

patients had gastric contents > 1.5 ml [27].

Fig. 4 Need for intubation and/or mechanical ventilation: nCPAP plus surfactant via LMA vs. nCPAP without surfactant (forest plot)

Fig. 5 Oxygen supplementation (FiO2) at 1–6 h after surfactant treatment: nCPAP plus surfactant via LMA vs. nCPAP without surfactant (forest

plot)

Table 3 Data and analysis: nCPAP plus surfactant delivery via LMA vs nCPAP plus surfactant delivery via ETT

Outcome No. of studies Participants Statistical method Effect estimate

Primary outcomes

Need for intubation and/or mechanical ventilation 3 178 Risk Ratio (M-H, Fixed, 95% CI) 0.43 [0.31–061]

FiO2 at 1–6 h after surfactant administration 2 108 Mean difference (IV, Fixed, 95% CI) 3.10 [0.51, 5.69]

FiO2 at 12–24 h after surfactant administration 1 60 Mean difference (IV, Fixed, 95% CI) 3.00 [−2.59, 8.59]

Secondary outcomes

Number of surfactant doses 1 60 Mean difference (IV, Fixed, 95% CI) 0.50 [0.08, 0.92]

Need ≥ 2 doses of surfactant 3 178 Risk Ratio (M-H, Fixed, 95% CI) 1.02 [0.44, 2.36]

Pneumothorax 3 178 Risk Ratio (M-H, Fixed, 95% CI) 1.63 [0.55, 4.83]

Intraventricular hemorrhage (IVH) 1 48 Risk Ratio (M-H, Fixed, 95% CI) 1.41 [0.38, 5.25]

Bronchopulmonary dysplasia 2 108 Risk Ratio (M-H, Fixed, 95% CI) 3.05 [0.87, 10.75]

Death 2 108 Risk Ratio (M-H, Fixed, 95% CI) 0.17 [0.01, 3.37]

Length of hospital stay 2 108 Mean Difference (IV, Fixed, 95% CI) −3.88 [−11.06, 3.29]

Bradycardia 1 60 Risk Ratio (M-H, Fixed, 95% CI) 0.33 [0.07, 1.52]

Surfactant reflux and/or gastric residuals 2 130 Risk Ratio (M-H, Fixed, 95% CI) 1.00 [0.55, 1.82]

Fig. 6 Need for intubation and/or mechanical ventilation: nCPAP plus surfactant via LMA vs. nCPAP plus surfactant via intubation (INSURE)

(forest plot)
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Discussion

Currently, the most common method for administering

surfactant to preterm infants is via an endotracheal tube [1,

2, 6]. However, tracheal intubation is an invasive procedure

carrying its own risk of complications and requiring skilled

personnel [9, 30]. As a SAD is less invasive and easier to

place than an endotracheal tube, it could be considered as

the ideal interface for administering surfactant in preterm

infants with RDS [17–19].

This study reviews existing literature on RCTs compar-

ing surfactant administration via SAD versus nCPAP alone

without surfactant (2 studies) [24, 26], or via SAD versus

endotracheal administration of surfactant (3 studies)

[25, 27, 28] in preterm infants with non-invasive respiratory

support.

Our meta-analysis shows that surfactant delivery via

SAD significantly reduces the need for intubation and/or

mechanical ventilation when compared with either nCPAP

alone or surfactant administration via INSURE. Moreover,

surfactant delivery via SAD provides a transient (1–6 h)

reduction in oxygen requirements when compared with no

treatment other than continued CPAP. However, surfactant

delivery via SAD is associated with increased oxygen

requirements at 1–6 h when compared with surfactant

delivery via INSURE. These findings suggest that SAD

technique may replace endotracheal tube in surfactant

administration, but surfactant delivery to the lungs via SAD

seems less effective than via INSURE. In addition, surfac-

tant delivery via SAD is associated with an increased

number of surfactant doses when compared with either

nCPAP alone or surfactant administration via INSURE. It is

likely that a fraction of surfactant dose did not reach the

lungs and was lost in upper airways or stomach when

delivered via SAD. This aspect could increase the costs of

treatment and should be balanced with reduced need for

intubation and mechanical ventilation. Moreover, SAD

positioning is easier when compared with endotracheal

intubation [17–19], thus settings with limited skills in

intubation may benefit from the availability of a SAD.

Surfactant treatment reduces air leak and mortality in

preterm infants with RDS [1–6]. This systematic review

does not identify any advantage of SAD regarding impor-

tant clinical outcomes such as pneumothorax, IVH, BPD,

mortality, and length of hospital stay. Further studies are

needed to evaluate the effect of surfactant administration via

SAD on these relevant clinical outcomes.

This systematic review includes studies using different

SAD models (classic LMA, ProSeal LMA and I-gel);

(Fig. 1) [24–28]. Both classic and ProSeal LMAs are

equipped with an inflatable cuff, while I-gel is a cuffless

SAD. However, available data do not allow the comparison

of different SAD models on surfactant administration.

Actually, availability of SAD for neonatal use is restricted

to size 1, which is indicated for newborns weighting 2–5 kg,

while a smaller size should be introduced for preterm

newborns. In the included studies, investigators were 100%

successful inserting the SAD (despite the number of

attempts were not reported).

Regarding the applicability of evidence, the use of SAD

does not consistently show any short or long-term advan-

tages over current techniques. Some relevant questions still

remain unanswered, including whether SAD may replace

available approaches for surfactant administration (INSURE

or LISA or MIST) and which is the most adequate SAD for

surfactant delivery among available ones (i.e., preterm

infants may need smaller sizes). Moreover, it is unclear

which is the best procedure for SAD and catheter place-

ment, whether the sedation is needed for the procedure and

which respiratory support (CPAP or PPV) should be used

for surfactant delivery. Overall, there is lack of information

regarding the incidence of side effects (i.e., bradycardia,

hypoxia, blood pressure fluctuations) using SAD compared

to available approaches (INSURE, LISA, MIST), as well as

the effects of surfactant administration via SAD on short

and long-term clinical outcomes.

Compared to the available literature regarding this topic,

a Cochrane review published in 2011 suggested that sur-

factant administration in preterm infants with established

RDS might have a short-term effect in reducing oxygen

requirements [31]. Our review includes five studies and

compares surfactant administration via SAD vs. nasal

CPAP alone or INSURE, while the 2011 Cochrane review

included only one study comparing surfactant administra-

tion via SAD vs. nasal CPAP alone. Six small observational

studies including 22 patients (range 1-8 patients/study) were

excluded from this review [15, 16, 32–35]. All the studies,

except one [33], reported a significant improvement in

Fig. 7 Oxygen supplementation (FiO2) at 1–6 h after surfactant treatment: nCPAP plus surfactant via LMA vs. nCPAP plus surfactant via

endotracheal intubation (INSURE) (forest plot)
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oxygenation after surfactant administration via LMA with-

out side effects. In one study including 4 patients with RDS

[33], surfactant was administered via a catheter passed

‘blindly’ through LMA into the trachea. Oxygenation did

not improve from baseline to 3 h after the treatment sug-

gesting that a large portion of the surfactant did not reach

the lungs. The authors assumed that the diminished

response was due to the wrong positioning of the catheter

tip. Our results confirm that surfactant delivery via LMA is

feasible, but many aspects of the entire procedure need to be

further investigated.

The findings of our study should be interpreted within

its limitations. First, all included studies enrolled a

limited number of newborns. Second, included studies

used three different models of SAD, different procedures,

and different control groups, which may have affected

the study results. Third, the quality of the evidence sup-

porting the pooled outcome measures was very low,

according to the GRADE guidelines, due to limitation in

the study design, early termination in some studies and

imprecision of the estimates (few studies; few events).

Results of smaller studies are subject to greater sampling

variation, and hence are less precise. Indeed, imprecision

is reflected in the confidence interval around the interven-

tion effect estimate from each study and in the weight

given to the results of each study included in the meta-

analysis.

Conclusion

In preterm infants with RDS receiving respiratory support,

surfactant administration via SAD reduces the need for

intubation/mechanical ventilation and increases the amount

of required surfactant. Short-term oxygen requirements

decrease with SAD compared to nCPAP alone, but increase

compared to INSURE approach. This systematic review

does not identify any advantage of SAD regarding impor-

tant clinical outcomes. Overall, available literature includes

few small, poor-quality studies that prevent drawing strong

conclusions.

Additional studies on surfactant administration via SAD

should provide more information on the procedure includ-

ing model and size of SAD, technique of SAD and catheter

placement (i.e., blind or under direct vision), use of local or

systemic anesthetic drugs, respiratory strategy (NCPAP or

PPV) during surfactant delivery. Future RCTs should aim to

enroll a larger number of infants and should assess clinically

relevant outcomes. The development of a smaller size of

SAD for very low birth weight infants should be con-

sidered. Surfactant treatment via SAD should be limited to

clinical trials.
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