
ABSTRACT

Purpose: The study aimed to examine whether prophylactic surfactant replacement 

therapy (SRT) with less invasive surfactant administration (LISA) by tracheal cathe

terization in a group of spontaneously breathing preterm infants would improve 

clinical outcomes compared to prophylactic SRT with the INtubationSURfactant

Extubation (INSURE) method.

Methods: We compared 20 spontaneously breathing preterm infants, 25 to 29 weeks 

of gestation or with a birth weight of less than 1,250 g, treated with prophylactic SRT 

using a gastric tube (LISA group), to the 20 spontaneously breathing preterm infants 

matched by gestational age and birth weight, managed with prophylactic SRT via the 

INSURE method (INSURE group, historical control).

Results: The LISA group had lower rates of mechanical ventilation (MV) 72 hours 

after birth (P=0.019) and at any time (P=0.025), lower frequency of bradycardia during 

SRT (P=0.031), and lower median duration of MV than the INSURE group (P=0.038). 

In multivariate analysis, the LISA method was associated with a significantly lower 

likelihood of receiving invasive ventilation during hospitalization (odds ratio [OR], 

0.029; 95% confidence interval [CI], 0.001 to 0.938; P=0.046) and a decreased fre

quency of bradycardia during SRT (OR, 0.020; 95% CI, 0.001 to 0.535; P=0.020) as 

compared to the INSURE method.

Conclusion: Prophylactic SRT using LISA via tracheal catheterization in preterm 

infants may significantly reduce exposure to MV during hospitalization and brady

cardia during surfactant administration.

Key Words: Respiratory distress syndrome; Preterm infants; Pulmonary surfactant; 

Bradycardia

INTRODUCTION

Respiratory distress syndrome (RDS) is the leading cause of respiratory morbidity and 
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mortality in preterm infants1,2). Previously, neonates with RDS 

were treated with surfactant replacement therapy (SRT) through 

endotracheal intubation and subsequent invasive mechanical 

ventilation (MV). SRT is an effective treatment for reducing 

pulmonary morbidities and mortality in neonates2). Prophylactic 

SRT could reduce respiratory morbidities and mortality com-

pared to selective SRT, leading to widespread acceptance of 

prophylactic SRT as a form of management for neonatal RDS in 

the late 1990s and the early 2000s3).

However, conventional SRT requiring endotracheal intubation 

and invasive ventilation is potentially harmful to the premature 

lungs, increasing the risk for acute injury4,5). To overcome these 

problems, nasal continuous positive airway pressure (CPAP) is 

recognized as the suitable substitute for invasive ventilation in 

preterm infants6).

However, optimal technique for administration of surfactants 

to the non-intubated neonates remains unknown7). Verder et 

al.8,9) introduced the intubation-SURfactant-Extubation (INSURE) 

method to overcome CPAP-surfactant dilemma. However, this 

method has several problems, such as the need to use sedatives, 

increased risk for apnea, bradycardia, cardiopulmonary inst-

ability, and difficulty in extubation7). To solve these problems, 

less invasive surfactant administration (LISA) by tracheal 

catheterization was introduced in spontaneously breathing 

preterm infants who underwent non-invasive ventila tion, 

such as nasal CPAP, in the 1st week after birth10,11). In recent 

studies, primary nasal CPAP and selective SRT with LISA by 

tracheal catheterization in preterm infants improved respiratory 

outcomes12,13). However, only a few studies have investigated 

prophylactic SRT using the LISA method. In this study, we 

administered “prophylactic” SRT by tracheal catheterization 

without endotracheal intubation in preterm infants who 

underwent nasal CPAP. We prospectively assessed the neonatal 

outcomes of prophylactic SRT by tracheal catheterization in 

preterm infants at 25 to 29 weeks of gestation or with a birth 

weight of less than 1,250 g, and compared them to a historical 

cohort of preterm infants who initially received prophylactic SRT 

using the INSURE method.

MATERIALS AND METHODS

1. Study population
This single-center prospective cohort study was conducted 

in the neonatal intensive care unit (NICU) of the hospital over 

a 2-year period. We included 20 preterm infants born at 25 to 

29 weeks of gestation or with a birth weight of less than 1,250 

g, who received prophylactic pulmonary surfactant (200 mg/

kg Curosurf, Chiesi Pharmaceuticals, Parma, Italy) by tracheal 

catheterization (5-French gastric tube) while applying nasal 

CPAP without endotracheal intubation between January 1, 2015 

and December 31, 2016 (LISA group). We compared them to the 

INSURE group (historical control) of 20 infants managed in our 

hospital with prophylactic surfactant treatment via the INSURE 

method between January 1, 2013 and December 31, 2014. The 

eligible INSURE group was matched to a case by gestational age 

(within ±7 days) and birth weight (within ±250 g). The inclusion 

criteria of the LISA and INSURE groups were: (1) preterm 

infants with 25 to 29 weeks of gestation or with a birth weight 

of less than 1,250 g; (2) preterm infants born in the hospital and 

admitted to the NICU; and (3) primary use of nasal CPAP (5 to 8 

cm H2O, Infant Flow SiPAP, CareFusion, San Diego, CA, USA) for 

respiratory support. The exclusion criteria were: (1) infants who 

were transferred from another hospital; (2) infants who required 

persistent positive pressure ventilation (PPV) in the delivery 

room during initial resuscitation; (3) infants who were diagnosed 

with chromosomal abnormalities; and (4) infants who were 

diagnosed with multiple congenital anomalies. The LISA group 

was treated with a prophylactic surfactant through a sterile 

5-French gastric tube while applying nasal CPAP. This procedure 

was performed as described by Gopel et al.14) study. The INSURE 

group was treated with prophylactic surfactant using the INSURE 

method. When FiO2 ≥0.6, pH <7.20, and PaCO2 >65 mm Hg or 

recurrent apnea requiring PPV or CPAP setting of FiO2 ≥0.6, peak 

end-expiratory pressure (PEEP) >8 cm of H2O to maintain SpO2 

90% to 95%, invasive ventilation was applied after endotracheal 

intubation. Infants were extubated and weaned to nasal CPAP 

when they had minimal or no signs of respiratory difficulty and 

MV settings of PIP ≤15 cm H2O, PEEP ≤5 cm H2O, rate ≤20 rate 

per min, and FiO2 ≤0.3. If the infant continued to require FiO2 

>0.4 and PEEP >8 cm H2O after 6 h of initial SRT to maintain SpO2 

90% to 95%, the second dose of surfactant (100 mg/kg Curosurf) 

was administered by the LISA or INSURE method.

2. Primary and secondary outcomes
The primary outcomes of our study included the need for MV at 

72 hours after birth or during hospitalization due to failure of non-

invasive respiratory support, failure of the procedure on the first 
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attempt, and requirement of an additional dose of surfactant. The 

secondary outcomes included the presence of bradycardia or reflux 

during SRT, MV duration, nasal CPAP duration, heated humidified 

high-flow nasal cannula (HHHFNC) duration, and hospital stay 

duration. Additionally, patent ductus arteriosus (PDA) requiring 

treatment, necrotizing enterocolitis (NEC, greater than grade 2)15), 

intraventricular hemorrhage (IVH, higher than grade 2)16), cystic 

periventricular leukomalacia, retinopathy of prematurity (ROP)17), 

culture-proven sepsis, pulmonary hemorrhage, pneumothorax, 

death, bronchopulmonary dysplasia (BPD)18), and composite 

outcomes of death or BPD were investigated.

3. Data collection 
Clinical characteristics were compiled prospectively from 

the LISA group and retrospectively from the INSURE group. 

Demographic data, including gestational age, birth weight, 

type of delivery, sex, multiple births, maternal age, antenatal 

steroid use, oligohydramnios, premature rupture of membranes 

(PROMs ≥18 hours), histologic chorioamnionitis, maternal di-

abetes, maternal hypertension, small for gestational age (SGA), 

Apgar score (1- and 5-minute), need for oxygen supplementation 

in the delivery room, and need for PPV support in the delivery 

room, were collected. Data on treatment during hospitalization 

were also collected. Thereafter, the results were compared 

between groups using statistical analysis.

4. Statistical analysis
Continuous variables were analyzed using Student’s t-test 

or Mann–Whitney U-test. Categorical variables were analyzed 

using the chi-squared test or Fisher’s exact test. All analyses 

indicated that the P-value was statistically significant at P<0.05. 

Continuous data are expressed as median (interquartile range 

[IQR]) or mean±standard deviation, and dichotomous data are 

expressed as number (%). Additionally, multivariate logistic 

regression analysis was performed for all the statistically signi-

ficant variables in the univariate analysis to adjust for the effect 

of LISA on known confounding variables (gestational age, SGA, 

sex, multiple births, and use of antenatal steroids). Statistical 

analysis was performed using the IBM SPSS software version 

25.0 for Windows (IBM Co., Armonk, NY, USA). 

RESULTS

1. Study population
From January 1, 2015 to December 31, 2016, 30 preterm 

infants, 25 to 29 weeks of gestation, or with a birth weight of less 

than 1,250 g, were treated with prophylactic SRT. Five neonates 

Figure 1. Study population and subgrouping of prophylactic surfactant replace-
ment therapy with less invasive surfactant administration (LISA) (LISA group) 
and INtubation-SURfactant-Extubation (INSURE) method (INSURE group, his-
torical control). Abbreviations: NICU, neonatal intensive care unit; SRT, surfactant 
replacement therapy; PPV, positive pressure ventilation; DR, delivery room; MIST, 
minimally invasive surfactant therapy.
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endotracheal tube were enrolled in the INSURE group (Figure 1).

2. Clinical characteristics
Comparisons of the clinical characteristics between the two 

groups are shown in Table 1. There were no statistically significant 

differences between the groups in terms of gestational age, 

birth weight, type of delivery, sex, maternal age, multiple births, 

antenatal steroids use, maternal diabetes, maternal hypertension, 

SGA, oligohydramnios, PROM, histologic chorioamnionitis, Ap-

gar scores at -1 and 5 minute, oxygen supplementation or PPV 

in the delivery room, baseline concentration of inspired oxygen, 

and baseline capillary blood gas analysis. 

3. Primary and secondary outcomes
In the univariate analysis, the LISA group had a significantly 

lower likelihood of receiving MV within 72 hours after birth 

(P=0.019) or during hospitalization (P=0.025) than the INSURE 

group. However, there were no significant differences in the 

second dose of surfactant use and failure on the first attempt 

using the LISA or INSURE method. The frequency of bradycardia 

during SRT was significantly lower in the LISA group than in the 

control group (P=0.031). The median duration of MV (0 days vs. 6 

days, P=0.038) was shorter in the LISA group than in the INSURE 

group. In contrast, the median duration of nasal CPAP, MV+nasal 

CPAP, HHHFNC, and MV+nasal CPAP+HHHFNC were not 

significantly different between the two groups (Table 2, Figure 

2). In the multivariate analysis, prophylactic SRT with LISA was 

associated with a significantly lower likelihood of receiving MV 

during hospitalization (odds ratio [OR], 0.029; 95% confidence 

interval [CI], 0.001 to 0.938; P=0.046) and a decreased incidence 

of bradycardia during SRT (OR, 0.020; 95% CI, 0.001 to 0.535; 

P=0.020) as compared to the INSURE method. 

There were no significant differences in neonatal morbidities 

(pneumothorax, PDA, NEC, ROP laser, IVH, culture-proven sep-

sis, BPD, mortality, composite outcome of BPD and mort ality, 

and hospital stay) between the two groups (Table 3).

DISCUSSION

The purpose of our study was to evaluate whether prophylactic 

SRT by tracheal catheterization without endotracheal intubation 

in preterm infants who underwent nasal CPAP could be 

beneficial for preterm infants with prophylactic SRT using the 

who required persistent PPV after birth and five who refused to 

provide consent to their parents, were excluded from the study. 

Twenty spontaneously breathing preterm infants managed 

with prophylactic SRT with the LISA method using a 5-French 

gastric tube were enrolled in the LISA group. From January 1, 

2013, to December 31, 2014, 35 preterm infants, at 25 to 29 weeks 

of gestation, or with a birth weight of less than 1,250 g, were 

treated with prophylactic SRT via endotracheal intubation. Eight 

neonates who required persistent PPV after birth during initial 

resuscitation and seven neonates who did not match gestational 

age and birth weight, were excluded from this study. Twenty 

spontaneously breathing preterm infants who were treated 

with prophylactic SRT according to the INSURE method via an 

Table 1. Baseline Demographic Data of the Study Population

LISA
group

(n=20)

 INSURE 
group 

(n=20)

P-
value

Gestational age (wk) 28.3±1.2 28.6±1.1 0.562

Birth weight, g 1146±158 1182±220 0.562

Male 11 (55) 11 (55) >0.99

Multiple birth 5 (25) 3 (15) 0.695

Any antenatal steroids 13 (65) 17 (85) 0.273

Cesarean section 14 (70) 12 (60) 0.741

SGA 1 (5) 2 (10) >0.99

Apgar at 1 minute 4.9±1.3 4.9±1.6 0.917

Apgar at 5 minutes 7.1±1.1 7.1±1.3 0.788

PROM ≥18 hours 5 (25) 11 (55) 0.105

Maternal age 33.8±4.5 32.8±2.8 0.405

Histologic chorioamnionitis 7 (35) 10 (50) 0.523

Oligohydramnios 5 (25) 5 (25) >0.99

Maternal diabetes 3 (15) 5 (25) 0.695

Maternal hypertension 7 (35) 4 (20) 0.480

Oxygen supplement at delivery room 15 (75) 15 (75) >0.99

PPV at birth 6 (30) 7 (35) >0.99

Time interval from birth to

    surfactant administration (min)

28.2±7.5 24.7±10.1 0.196

Baseline FiO2 0.31±0.06 0.32±0.07 0.399

Baseline PEEP 5.40±0.50 5.27±0.45 0.332

Baseline capillary CBGA pH 7.29±0.08 7.29±0.07 0.887

Baseline capillary CBGA pCO2 52.3±13.1 55.5±12.4 0.379

Values are expressed as mean±standard deviation or number (%). A 
P<0.05 represents statistically significant. 
Abbreviations: LISA, less invasive surfactant administration; INSURE, 
INtubationSURfactantExtubation; SGA, small for gestational age; PROM, 
premature rupture of membrane; PPV, positive pressure ventilation; FiO2, 
fraction of inspired oxygen; PEEP, peak endexpiratory pressure; CBGA, 
capillary blood gas analysis.
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Table 2. Primary and Secondary Outcomes

LISA group 
(n=20)

INSURE group 
(n=20)

P-value
Adjusted OR (95% CI); 

P-value

Primary outcomes

MV at 72 hours 3 (15) 11 (55) 0.019 0.043 (0.001–5.396); 0.202

MV anytime 8 (40) 15 (75) 0.025 0.029 (0.001–0.938); 0.046

Failure of procedure on the 1st attempt 2 (10) 4 (20) 0.661

Second dose of surfactant 2 (10) 3 (15) >0.99

Secondary outcomes

Bradycardia during SRT 2 (10) 9 (45) 0.031 0.020 (0.001–0.535); 0.020

Reflux during SRT 5 (25) 9 (45) 0.320

Duration of MV (d) 0 (0–2.75) 6.00 (1.25–14.25) 0.038 0.919 (0.710–1.189); 0.520

Duration of nasal CPAP (d) 10.00 (4.00–14.00) 7.50 (5.00–11.75) 0.767

Duration of MV+nasal CPAP (d) 13.50 (4.00–17.50) 16.50 (10.25–23.75) 0.116

Duration of HHHFNC (d) 15.00 (7.80–20.00) 12.00 (10.00–20.50) 0.938

Duration of MV+nasal CPAP+HHNFNC (d) 29.50 (18.25–34.50) 31.50 (25.00–41.00) 0.129

Duration of oxygen uses (d) 30.50 (21.25–38.25) 36.00 (29.25–45.00) 0.107

Hospital stays (d) 64.00 (52.00–75.50) 68.50 (53.00–79.00) 0.258

Values are expressed as number (%) or median (IQR). A P<0.05 represents statistically significant. Adjusted OR indicate the effect of SRT LISA versus 
INSURE were derived from multivariate logistic regression models including gestational age, small for gestational age, gender, multiple birth, antenatal 
steroids, SRT LISA or INSURE.
Abbreviations: LISA, less invasive surfactant administration; INSURE, INtubationSURfactantExtubation; OR, odds ratio; CI, confidence interval; MV, 
mechanical ventilation; SRT, surfactant replacement therapy; CPAP, continuous positive pressure ventilation; HHHFNC, heated humidified highflow 
nasal cannula.

Figure 2.  Median duration of mechanical ventilation (MV), nasal continuous positive 
airway pressure (nCPAP), heated humidified high-flow nasal cannula (HHHFNC), 
and oxygen uses. Values are expressed as median and interquartile range. *Statistically 
significant (P<0.05). Abbreviation: LISA, less invasive surfactant administration.
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INSURE method. To the best of our knowledge, this is the first 

prospective cohort study to compare LISA and INSURE methods 

for prophylactic SRT in spontaneously breathing preterm 

infants. Our study showed that prophylactic SRT using the LISA 

method in spontaneously breathing preterm infants, 25 to 29 

weeks of gestation or with a birth weight of less than 1,250 g, 

could be used safely and reduce the frequency of MV exposure 

and bradycardia during surfactant administration compared to 

prophylactic SRT using the INSURE method. 

Prophylactic SRT used in preterm infants showed decreased 

respiratory complications compared to the rescue surfactant 

treatment for RDS; however, elective use of invasive MV may 

cause adverse effects4). To avoid the effect of obligatory MV, 

primary nasal CPAP and INSURE methods were introduced as 

first-line treatments for preterm infants with respiratory distress 

to reduce acute lung injury5-9,19). However, how and when the 

surfactants should be administered remains unclear. In addition, 

the INSURE method has the problem of requiring endotracheal 

intubation and PPV7-9). To overcome these problems, including 

endotracheal intubation, PPV, and invasive MV, we believed 

that combining prophylactic SRT with the LISA method was one 

of the best ways. Thus, we planned this study to compare the 

combined prophylactic SRT and LISA methods in which both 

were known to improve respiratory prognosis.

The primary outcome of our study was the need for MV at 

72 hours of birth or during hospital stay. Our study showed 

that three (15%) infants in the LISA group received invasive 

ventilation versus 11 (55%) in the INSURE group (P=0.019) at 72 

hours after birth. Eight (40%) infants in the LISA group received 

invasive ventilation during hospitalization compared to the 15 

(75%) in the INSURE group (P=0.025). As shown in previous 

studies, our study also showed that the proportion of MV needed 

at 72 hours after birth11,14,20), or at any time21,22) was significantly 

reduced in SRT by the LISA method compared to SRT by the 

INSURE method. In addition, the LISA group showed shorter 

median days on MV (0 day; IQR 0 to 2.8) as compared to the 

control group (6 days; IQR, 1.3 to 14.3) (P=0.038). These results 

suggest that prophylactic SRT with the LISA method via a thin 

catheter may reduce the frequency and duration of invasive MV 

application compared to prophylactic SRT using the INSURE 

method. However, there were no significant differences in the 

median duration of MV+nasal CPAP or any respiratory support. 

Taken together, these results show that prophylactic SRT with the 

LISA method may reduce the duration of invasive MV, although 

additional studies are required to determine whether it could 

help to additionally reduce the total duration of respiratory 

support in neonates.

This study showed that the frequency of bradycardia during 

prophylactic SRT was significantly lower in the LISA group 

than that in the INSURE group. The frequency of bradycardia 

was lower than that reported by Dargaville et al.20,23) (30% to 

45%), but was similar to the rates reported by Kanmaz et al.11) 

(12%), Bhattacharya et al.24) (13%), and Kribs et al.25) (17%). It 

is not known why the frequency of bradycardia is relatively 

low in the LISA method. However, the relatively lower rates of 

bradycardia may be related to the lack of sedatives and avoidance 

of endotracheal intubation in all preterm infants. The sedatives 

used for endotracheal intubation may have caused decreased 

breathing, which can lead to secondary bradycardia. Bradycardia 

during endotracheal intubation could be caused by vagal nerve 

reflex due to direct stimulation of the pharynx and larynx. This 

type of bradycardia is called “unstable bradycardia,” because it 

can easily disappear by temporarily suspending endotracheal 

intubation or sufficient oxygen supplement26). This study suggests 

that the LISA method could reduce the occurrence of bradycardia 

because it does not require endotracheal intubation. 

This study showed that there were no statistically significant 

differences in respiratory morbidities, namely BPD, pneumo-

thorax, and mortality, between the groups. However, previous 

Table 3. Neonatal Morbidities and Respiratory Outcomes

LISA group 
(n=20)

INSURE group 
(n=20)

P-value

PDA requiring treatment 10 (50) 11 (55) >0.99

NEC ≥stage 2 1 (5) 3 (15) 0.605

ROP laser 2 (10) 3 (15) >0.99

IVH ≥stage 2 1 (5) 3 (15) 0.605

Cystic PVL 1 (5) 3 (15) 0.605

Culture proven sepsis 2 (10) 2 (10) >0.99

Pneumothorax 0 1 (5) >0.99

Oxygen uses at 28 days 10 (50) 12 (60) 0.525

BPD 4 (20) 6 (30) 0.716

Death 1 (5) 1 (5) >0.99

BPD or death 5 (25) 7 (35) 0.490

Values are expressed as number (%). A P<0.05 represents statistically 
significant. 
Abbreviations: LISA, less invasive surfactant administration; INSURE, 
INtubationSurfactantExtubation; PDA, patent ductus arteriosus; 
NEC, necrotizing enterocolitis; ROP, retinopathy of prematurity; IVH, 
intraventricular hemorrhage; PVL, periventricular leukomalacia; BPD, 
bronchopulmonary dysplasia.
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studies have shown that the LISA method using a thin catheter 

can reduce the prevalence of neonatal morbidities and 

mortality. Moreover, the LISA method via a thin catheter can 

reduce the incidence of BPD10,11,14,21,22), pneumothorax27), NEC28), 

severe IVH25), mortality25), and the composite outcome of BPD or 

mortality21). Two meta-analyses showed that SRT with the LISA 

method via a thin catheter may decrease BPD and the composite 

outcome of BPD or mortality12,29). However, many previous 

studies have shown significant differences in gestational age, 

catheter type, and control groups. Therefore, additional studies 

are required to determine the optimal age and catheter type. 

In our study, the side effects of prophylactic SRT using the LISA 

method were not higher than those of the conventional methods. 

The theoretical advantages of prophylactic SRT through LISA 

include avoiding endotracheal intubation, minimizing PPV, 

and reducing the frequency of MV application to reduce MV-

induce lung injury3-7). Additionally, it can prevent a delay in the 

time required for the administration of pulmonary surfactants. 

If prophylactic SRT through LISA is confirmed to have fewer 

side effects, as in our current study, it could be considered as an 

alternative method to solve some problems, such as delay of SRT 

from nasal CPAP and selective SRT.

As shown in our study, the LISA method via a thin catheter 

has advantages over SRT with endotracheal intubation, includ-

ing INSURE, but the exact mechanisms have not yet been clearly 

elucidated. However, the results of animal experiments and 

clinical trials have shown that the LISA method has the follow-

ing theoretical advantages compared to SRT by endotracheal 

intubation: (1) prevention of lung injury induced by PPV30,31); (2) 

reduction of tracheal trauma through the use of a small-diameter 

catheter for SRT32,33); and (3) improvement of lung recruitment 

and aeration by maintaining spontaneous breathing34,35).

This study had several limitations. First, the study was observa-

tional and exploratory in nature. The observational design is a 

barrier to causal conclusions; therefore, randomization studies 

are needed for further investigation. Second, the use of historical 

control limits the direct comparison between the two methods. 

It should be considered that there may be differences in the level 

of medical services according to different periods when using 

historical controls. Third, the study was a single-center pilot trial 

and the sample size was too small. Therefore, further prospective, 

large-scale, and multicenter trials are required. Fourth, some 

patients who did not need pulmonary surfactants were included 

in this study because all patients received prophylactic SRT via 

LISA or INSURE. In addition, we did not include the nasal CPAP 

alone group in this study because of the widespread use of nasal 

CPAP. To overcome this problem, it is necessary to conduct a 

new study comparing prophylactic and selective SRT via the 

LISA method in spontaneously breathing preterm infants with 

nasal CPAP. Therefore, this is a pilot study on the possibility of 

prophylactic SRT using the LISA method in preterm infants who 

underwent nasal CPAP rather than prophylactic SRT using the 

INSURE method.

In conclusion, we observed that prophylactic SRT with the 

LISA method by tracheal catheterization in preterm infants, 

25 to 29 weeks of gestation, or with a birth weight of less than 

1,250 g, could be used safely and may reduce the frequency of 

MV exposure at any time and bradycardia during surfactant 

administration.
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