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ABTRACT 

Objectives: To explore the clinical effects of less invasive surfactant administration (LISA) with the INSURE (intubation-surfactant-

extubation) procedure on the treatment of respiratory distress syndrome (RDS) in premature infants. Methods: A total of 206 

premature infants with RDS aged 26 to 32 weeks since birth were admitted from August 2017 to July 2018 in Vietnam. In the LISA 

group, 6F gastric tubes were inserted into the trachea through direct laryngoscopy under nasal continuous positive airway pressure 
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(NCPAP), and pulmonary surfactant (PS) was injected. In the INSURE group, PS was injected via tracheal intubation and NCPAP was 

performed after extubation. The incidence of technical-related adverse events and various complications in the two groups were 

observed. Results: The mean of gestational age was approximately 29 weeks between the two groups. Infants who were treated with 

the LISA method showed better indicators, such as change in FiO2 and SpO2, as well as lower incidence of pneumonia or death. The 

less invasive surfactant pump group had a shorter hospital stay than the INSURE group. Conclusion: LISA is currently the most 

suitable method of surfactant administration and should be the first choice in spontaneously breathing infants considering its 

favorable effects on respiratory morbidities in preterm infants with RDS. 

 

Keywords: infant, INSURE, respiratory distress syndrome, RDS, LISA, Vietnam. 

 

 

1. INTRODUCTION 

The surfactant was more important with neonatal, it was associated with high morbidity and mortality in preterm infants got 

respiratory distress syndrome (RDS) (Jobe, 2011; Isayama et al., 2015). Two thirds of preterm infants born prior to 33 weeks’ 

gestational age develops RDS after birth and require surfactant therapy (Isayama et al., 2015). Using surfactant involves endotracheal 

intubation and mechanical ventilation was an effective method, but it is associated with a risk of barotrauma and volutrauma. 

Activation of the complex inflammatory cascade typically ensues in these infants with mechanical ventilation, which increases their 

risk for developing bronchopulmonary dysplasia (BPD) (Walsh et al., 2004; Jobe, 2011; More et al., 2014). Other approaches to 

surfactant delivery have been developed utilizing noninvasive ventilatory techniques, such as early nasal continuous positive airway 

pressure (More et al., 2014; Isayama et al., 2015; Lista et al., 2015). There has been a noninvasive trend to use nasal continuous 

positive airway pressure (nCPAP) more frequently to avoid mechanical ventilation (MV)-related adverse effects (Diblasi, 2009). 

Victorin et al. (1990) introduced an approach involving intubation, surfactant administration during brief mechanical ventilation, and 

extubation, known as the INSURE (intubation-surfactant-extubation) technique. Furthermore, endotracheal intubation in neonates is 

associated with complications, including neonatal desaturation, tracheal injury, and perforation (O'Donnell et al., 2006; Lagoo et al., 

2013). 

Less invasive surfactant administration (LISA), also known as minimally invasive surfactant therapy (MIST), has gained attention 

by achieving surfactant delivery while maintaining spontaneous breathing and avoiding the need for intubation even for a brief 

period of time. Systematic reviews and meta-analysis comparing LISA via thin catheter with the standard method of surfactant 

delivery showed a lesser need for mechanical ventilation within the first 72 hours of the infant’s life, shorter duration of mechanical 

ventilation, lesser need for supplemental oxygen and nCPAP, as well as a favorable effect on the composite outcome of death or 

BPD at 36 weeks (Aldana-Aguirre et al., 2017; Lau et al., 2017). 

At present, the experience regarding surfactant administration of LISA via thin catheter techniques among preterm infants is 

limited. Although the technique can decrease the mortality rates of very preterm infants (Klebermass-Schrehof et al., 2013) improve 

lung outcomes, reduce the incidence of BPD (and MV), shorten oxygen supplementation times, and reduce the risk of death 

(Dargaville et al., 2011; Gopel et al., 2011; Gopel et al., 2015; van der Burg et al., 2016). However, the research populations have 

focused on premature infants under 32 weeks of gestational age around the world. In fact, in the absence of a safe airway, 

administration of pulmonary surfactant (PS) can have negative impacts on reflux, which can then hinder the deposition of substance 

in the lungs that leads to serious adverse events, including asphyxia. 

In the Vietnamese clinical practice context, doctors have not yet begun to apply this bold technique. Therefore, this study was 

conducted to investigate the need for mechanical ventilation, as well as the efficiency and feasibility of the less invasive surfactant 

pump technique in the condition of Vietnam’s facilities and human resources. 

 

2. METHODS 

General data  

Premature infants with RDS aged 26 to 32 weeks birth admitted to Tu Du Hospital from August 2017 to July 2018 were included in 

this prospective study. This study was approved by the ethics committee at the University of Medicine, Pham Ngoc Thach, and Tu Du 

Hospital, Vietnam. Written informed consent from participating family members was obtained.  

Inclusion criteria: (1) Aged from 26 weeks to 32 weeks preterm, requiring NCPAP treatment after birth within 6 hours; (2) Diagnosed 

RDS and has received surfactant. 



                             

© 2020 Discovery Publication. All Rights Reserved. www.discoveryjournals.org     OPEN ACCESS 

 
 

P
ag

e1
8

4
7
 

ARTICLE ANALYSIS 

Exclusion criteria: (1) Major congenital anomalies or heart failure; (2) Tracheal intubation before receiving surfactant; (3) Respiratory 

function effected by congenital developmental abnormalities; (4) Family members of infants did not agree to participate or to have 

their infants receive surfactant. 

 

Procedures  

In the LISA group, 32 - 34 weeks groups were inserted 2 cm of 6F gastric tube, and 32 - 34 weeks groups were 2.5 cm; diagnosing 

with direct laryngoscope was conducted. The tube was grasped with forceps, and the infant was intubated up to the mark; the tube 

was fixed in this position, and the laryngoscope and Magill forceps were removed. The infant’s mouth was closed, and PS was slowly 

injected for 1–3 minutes. After this, 1ml of air was introduced, followed by the removal of the gastric tube. Positive pressure 

ventilation and intubation were conducted in infants with INSURE group. Positive pressure ventilation continued for 3 minutes after 

PS injection, and NCPAP was used post-extubation, with 200mg/kg used as the drug standard between the groups.  

During the process of surfactant administration, the FiO2 was adjusted using a blender to maintain pulse oxygen saturation 

(SpO2) within the range of 90%–95%. After the procedure, when FiO2 ≥ 0.6 or severe apnea occurred, infants were provided with 

MV through tracheal intubation and a repeated PS of 100mg/kg if required. After surfactant administration and stabilization on NIV, 

patients’ symptoms in terms of work in breathing and oxygen requirements to keep the target oxygen saturation were observed 

closely to titrate CPAP pressures. In case of clinical deterioration or unresponsiveness to surfactant that is described as requirement 

if fraction of inspired oxygen (FiO2)> 0.40, a second dose of surfactant (100 mg/kg) was administered. The administration technique 

for any further doses was determined at the clinicians’ discretion. Intubation with the subclinical of CPAP pressures beyond 7cm H2O 

along with a FiO2 of 0.6 or signs of respiratory acidosis (pH 7.2) or recurrent apnea. 

 

Observed indicators 

The study recorded the incidences of adverse events such as reflux, asphyxia, bradycardia<100 beats/minute and apnea during 

medication; subclinical such as FiO2, SpO2, and blood pressure (every minute). Changes in PaO2 and PaCO2 at 1-hour post-

treatment, the rate of PS re-use, the rate of MV within 72 hours, and complications were recorded. Weight at birth (grams), sex, 

prenatal steroids, type of birth, Critical Risk Index for Babies (CRIB) score, age of surfactant pump, need for second surfactant dose, 

and duration of hospitalization were other outcomes measured. 

Statistical analysis  

Data was analyzed according to assignments and expressed as mean±standard deviation (m±SD) or n (%). Binary logistic regression 

was used for analysis of the primary outcomes. Crude and adjusted odds ratios (OR) with 95% confidence intervals were calculated. 

Statistical significance was set at P < 0.05. Statistical analysis was carried out using SPSS software, version 21.0 (SPSS, Chicago, IL). 

 

Ethical approval 

The study protocol was approved by the Council of Medical Ethics at Hospital (No. 212/BVTD-HDDD). 

 

3. RESULTS 

Demographic and clinical characteristics 

During the study period, 206 infants treated for RDS were included. Eligible infants were divided into LISA (103 cases) and INSURE 

groups (103 cases). The mean of gestational age was approximately 29 weeks between the two groups. More than one in three of 

the infants were born weeks 28–30 in both groups. Birth weight in the INSURE groups were higher compared to the LISA group 

(1308.5g±309.1 vs. 1248.1g±311.6). In addition, there was a balance in the number of infants in terms of sex and type of birth in the 

INSURE and LISA groups. Time from birth to PS use was higher in the INSURE groups than in the LISA groups (243.49 hour±13.6 vs. 

204.53 hour±13.6). Demographic and clinical characteristics of the infants in the LISA and INSURE groups were similar, as 

summarized in Table 1. 

 

Table 1 Comparison of general data in the two groups of infants. 

Characteristics 
INSURE 

(n=53, %) 

LISA 

(n=53, %) 

Gestational age (weeks)* 29.7± 1.6 29.1 ± 1.9 

 

< 28 weeks 15 (28.30) 7 (13.21) 

28 – 30 weeks 20 (37.74) 22 (41.51) 

> 30 weeks 18 (33.96) 24 (45.28) 
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Birth weight (g)* 1308.5 ± 309.1 1248.1 ± 311.6 

Gender 

 
Male 29 (54.7) 27 (50.9) 

Female 24 (45.3) 26 (49.1) 

Postnatal systemic corticosteroids 

 

None 24 (45.3) 28 (52.8) 

Insufficient dose 13 (24.5) 9 (17.0) 

Sufficient dose 16 (30.2) 16 (30.2) 

Type of birth 

 
Natural birth 23 (43.4) 21 (39.6) 

Caesarean 30 (56.6) 32 (60.4) 

CRIB Score* 2.07 ± 1.45 2.28 ± 1.16 

Time from birth to PS use (hours) 

* 
243.49 ± 13.6 204.53 ± 13.6 

* mean ± SD 

Abbreviations: SD: standard deviation, CRIB: clinical risk index for babies, 

PS: pulmonary surfactant, INSURE: intubation-surfactant-extubation, 

LISA: less invasive surfactant administration 

 

Results of observed indicators 

Data on the number of infants requiring mechanical ventilation within the first 72 hours in both the LISA and INSURE groups was 

reported in this study. Fewer infants in the LISA group required mechanical ventilation within the first 72 hours, compared to the 

control group who received surfactant via INSURE (5/103 [9.4%] vs. 8/103 [15.1%]). Additionally, the mean MV duration was 

significantly shorter for patients treated via LISA (26.5 days compared to 33.2 days). The change in SpO2 and FiO2 before and after 

administration was substantially better in the LISA groups. The incidence of pneumothorax was reported in 2 infants in the INSURE 

group, while the incidence of pneumonia was lower in the LISA groups (40/103 [75.5%] vs. 32/103 [60.4%]) (Table 2). 

 

Table 2 Comparison of the observed indicators in the two groups of infants. 

Characteristics 
INSURE 

(n=53) 

LISA 

(n=53) 

MV cases 72 h after birth┴ 8 (15.1) 5 (9.4) 

MV above 1 hour ┴ 11 (20.8) 12 (22.6) 

MV days* 33.2 ± 15.8 26.5 ± 12.3 

SpO2 before administration (%)* 92% ± 2.4 92.1% ± 2.9 

SpO2 after administration (%)* 94.9% ± 2.1 95.3% ± 1.9 

FiO2 before administration (%)* 40.6% ± 5.9 40.8% ± 6.7 

FiO2 after administration (%)* 32.1% ± 5.2 29.1% ± 3.8 

Change of FiO2 after administration above 20%┴ 38 (71.7) 48 (90.6) 

Second dose surfactant┴ 1 (1.9) - 

Pneumothorax┴ 2 (3.8) - 

Pneumonia┴ 40 (75.5) 32 (60.4) 

Death┴ 8 (15.1) 5 (9.4) 

Days of treatment* 33.2 ± 15.8 26.5 ± 12.3 

* mean ± SD, ┴ n (%) 

Abbreviations: SD: standard deviation. MV: mechanical ventilation, SD: standard 

deviation, INSURE: intubation-surfactant-extubation, LISA: less invasive surfactant 

administration 

 

In the adjusted binary logistic regression analysis, mechanical ventilation during hospitalization showed a significant reduction 

with the LISA method, with an adjusted OR of 0.6 (95%: CI 0.20-2.2). Furthermore, a decrease in pneumonia and death was found in 

the LISA group (adjusted OR 0.50, 95% CI 0.20–1.23 and adjusted OR 0.59, 95% CI 0.14-2.21, respectively) (Table 3 & figure 1). 
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Table 3 Results of adjusted binary logistic regression analysis for perinatal outcomes between LISA and INSURE methods. 

Outcome and risk factors 
LISA compared with INSURE 

Adjusted OR (95% CI) P value 

MV above 1 hour 1.11(0.40 – 3.14) 0.81 

MV cases 72 h after birth 0.60(0.2 – 2.2) 0.37 

Pneumonia 0.50(0.20 – 1.23) 0.09 

Death 0.59(0.14 – 2.21) 0.37 

Abbreviations: MV: mechanical ventilation. OR: odd ratio, CI: 

Confidence Intervals,INSURE: intubation-surfactant-extubation, 

LISA: less invasive surfactant administration 

 

 

 

Figure 1 Comparing perinatal outcomes between LISA and INSURE methods 

 

4. DISCUSSION 

Endometrial disease in preterm infants is a disorder caused by a primary deficiency of surfactant or the presence of surfactant in 

immature lungs, resulting in progressive, widespread alveolar collapse and early respiratory failure at birth, which is a leading cause 

of morbidity and mortality in preterm infants. Surfactant replacement therapy reduces the risk of death and complications of 

bronchopulmonary dysplasia (Aguar et al., 2014; Göpel et al., 2016). The combination of prenatal sterocorticoid use, early 

postpartum nCPAP, and alternative surfactant therapy improved the outcomes of preterm neonates. There have been many studies 

on techniques of pumping surfactant into the lungs. Until now, the INSURE technique has been considered the standard in 

surfactant replacement therapy. However, with the INSURE technique, endotracheal intubation is still needed to pump surfactant, 

and consequently the child undergoes mechanical ventilation during the procedure. To minimize the child’s exposure to invasive 

mechanical ventilation, clinicians have improved the technique of pumping surfactant into the lungs without the need for 

mechanical ventilation, called a minimally invasive surfactant. 

 

Basic characteristics of LISA and INSURE groups 

There was no difference between the two groups in the study in terms of primary features or prenatal risk factors, except that CRIB 

scores were higher in the LISA group, indicating a more severe clinical condition at baseline. In this study, the mean gestational age 

was 29.7±0.22 weeks in the INSURE group and 29.06±0.26 weeks in the less invasive surfactant pump group. In a study by Ramos-

Navarro et al., (2016) the average gestational age in the INSURE group was 29.1 weeks and 28.4 weeks in the less invasive surfactant 

pump group; the difference was not statistically significant. In a study by Bao et al. (2015), the average gestational age of an INSURE 

group and a less invasive surfactant pump group was 29.3±1.6 weeks and 29.1±1.5 weeks, respectively; the difference was not 

statistically significant (p=0.54). In a study by Mohammadizadeh et al., 2015, the average gestational age was higher in the INSURE 
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group than in the invasive surfactant pump group (31±2 weeks, 30±2 weeks, p=0.2). The mean gestational age in our study was 

nearly the same as the average gestational age of other studies that looked at preterm infants under 32 weeks’ gestation. When we 

grouped participants by gestational age into smaller groups, this study found no difference in each gestational age group. Children 

under the age of 28 weeks have the worst outcomes among those of higher gestational age, especially given the effects of 

mechanical ventilation on immature lungs. Therefore, this age group is at particular risk for bronchopulmonary dysplasia. In addition, 

other organs are immature, so these subjects are susceptible to systemic infections, pneumonia, arterial duct disease, necrotizing 

enterocolitis, and retinopathy in preterm infants. 

Regarding prenatal corticosteroid use, in the study by Ramos-Navarro et al., (2016) the rate of prenatal corticosteroid use in the 

INSURE group was 70% and 73% in the less invasive surfactant pump group; the difference was not statistically significant. In the 

study by Bao et al. (2015), the use of antenatal corticosteroids between INSURE group and the less invasive surfactant pump group 

was 93% and 89.4%; the difference was not statistically significant (p=0.54). In the study by Mohammadizadeh et al. (2015), the use 

of antenatal corticosteroids in the INSURE group and the less invasive surfactant pump group was 89.5% and 84.2% (p=0.2). In our 

study, the rate of adequate use of antenatal corticosteroids was lower than that of other studies, but there was no difference 

between two less invasive surfactant and INSURE groups. The use of antenatal corticoids for pregnant women at risk of preterm 

birth contributes to improved adverse outcomes for preterm neonates. The effect of antenatal corticoids reduces the incidence and 

severity of respiratory endothelial respiratory depression in preterm neonates.  

 

Performance of the surfactant pump 

Surfactant therapy combined with prenatal corticoid use and early nCPAP breathing has been shown to improve outcomes for 

preterm neonates. The type of surfactant and the dosage of surfactant have also been included in clinical practice recommendations. 

To date, the surfactant used is animal-based surfactant, in a dosage of 100–200 mg/kg of body weight. In terms of administration, 

surfactant has been shown to be effective when administered through the trachea to the lungs. To get surfactant to the lungs, the 

current standards is INSURE, which entails inserting the endotracheal tube, injecting the surfactant, and withdrawing the 

endotracheal tube. A technique has since been developed to solve this problem: the minimally invasive surfactant pumping 

technique. It aims to minimize invasion during the procedure. Using only a laryngoscope to turn on the glottis and insert a small 

catheter into the trachea, the laryngoscope is withdrawn and the surfactant is pumped into the lungs through the catheter while the 

child is still breathing and without using ventilation mechanics. The type of catheter used varies by author; gastric catheters, vascular 

catheters, and custom catheters are all used in less invasive surfactant pumps. In our study, the type of catheter used to pump 

surfactant was a gastric tube. The technique of placing the catheter into the trachea was also different among doctors, with one 

author using the nipper to put the catheter into the trachea, while the other author did not need to use the nipper. This technique 

varies depending on the type of catheter used and the clinical practice skills of the individual author. For our study, the gastric tube 

was hard enough to enter the trachea without using the Magill nipper.  

Of the 103 infants who received a minimally invasive surfactant via gastric tube inserted directly into the windpipe without 

nipper. There are few side effects associated with using thin catheters to pump surfactant, but this technique is not without 

disadvantages. Although considered minimally invasive and requiring no intubation, the procedure involves the use of a 

laryngoscope to see that the vocal cords in the newborn are relatively alert, which can be difficult and traumatic. Mastering the skills 

necessary to successfully pump infant surfactant while maintaining infant comfort and avoiding the need for sedatives and 

analgesics remains a significant clinical challenge. 

 

Limitations 

Due to time and human resource limitations, the sample size was not large enough compared to other studies. No studies in 

Vietnam have been reported, except one article that reported initial results of less invasive surfactant treatment in 10 children 

(Phuong, 2017). The comparative data use studies conducted in other countries differs in terms of socio-economic conditions, 

antenatal care, as well as progress in the care and treatment of preterm infants. The study is limited in investigating serious or long-

term adverse outcome events such as necrotizing enterocolitis, cerebral hemorrhage, retinopathy, and chronic lung disease in 

preterm neonates. 

 

5. CONCLUSION 

Our study found a statistically significant difference in the number of days hospitalized. The less invasive surfactant pump group had 

a shorter hospital stay than the INSURE group. Other studies have shown that the less invasive surfactant pump reduces the need 

for invasive mechanical ventilation, reduces the time for mechanical ventilation, and reduces the need for oxygen. LISA is feasible, 
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with an effective reduction of FiO2 above 20% by up to 90.57%, which may be possible to reduce the need for mechanical 

ventilation within the first 3 days of life, the length of hospital stay, the cost of treatment, overload for the neonatal department in 

hospitals, and contribute to improving the quality of treatment for preterm infants. 

 

Abbreviations 

Full name Abbreviation 

Bronchopulmonary dysplasia  BPD 

Critical Risk Index for Babies   CRIB 

Fraction of inspired oxygen  FiO2 

Intubation-surfactant-extubation INSURE 

Less invasive surfactant administration LISA 

Mechanical ventilation MV 

Minimally invasive surfactant therapy  MIST 

Nasal continuous positive airway pressure  nCPAP 

Odds ratios OR 

Pulmonary surfactant  PS 

Pulse oxygen saturation  SpO2 

Respiratory distress syndrome  RDS 

Standard deviation  SD 
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