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Abstract 

Background: Preterm infants with severe respiratory distress syndrome (RDS) are 

usually managed with endotracheal intubation and surfactant administration followed by 

mechanical ventilation however this has immediate and long-term complications. Hence, 

INSURE (Intubate, surfactant administration and extubate) method combined with 

continuous positive airway pressure (CPAP) support has been accepted as an alternative 

method in eligible infants. Aim of this study is to look at our experience of 

administering INSURE and to look at the factors predisposing to the failure of INSURE.  

Methods: A retrospective chart review was done of all the babies who were born in a 

tertiary hospital between 1st January 2014 to 31st December 2015 (2 years) and received 

surfactant through INSURE method. Infants requiring reintubation and mechanical 

ventilation within 3 days post INSURE are considered as INSURE failure for our study 

purpose. 

Results: Eighty-five infants were included in the review with gestational age (GA) 

ranging from 26+3 to 35+5 weeks and birth weight ranging from 680 to 3340 grams. Of 
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these, 22 infants (26%) had INSURE failure. INSURE failure rate was higher in infants 

born <30 weeks gestation (40%). Higher FiO2 requirement prior to INSURE (mean 

FIO2 0.5 vs 0.3, P value <0.001) and preeclampsia in mothers of infants < 30 weeks of 

GA (P value 0.027) were strongly associated with INSURE failure. No mortality was 

noted in either group. 

Conclusion: We found that INSURE method may be useful in preventing the need for 

mechanical ventilation in late preterm infants with RDS. However, this method may be 

less successful in preterm infants with lower GA (<30 weeks) and higher FiO2 

requirement (≥0.5). More prospective studies are needed to assess the effectiveness of 

INSURE method. 

 

Full text 

 

Background 

Respiratory distress syndrome (RDS), also known as Hyaline Membrane Disease is a 

major cause of morbidity and mortality in preterm infants.  RDS is a result of surfactant 

deficiency, which causes increased surface tension in the air-liquid interface of the 

terminal respiratory units leading to atelectasis, increased ventilation perfusion 

mismatch, and potential lung injury due to a marked pulmonary inflammatory response 

(1).  The incidence of RDS increases with decreasing GA, and infants born below 30 

weeks GA are at the greatest risk for RDS related complications (2). 

 

Early surfactant treatment reduces mortality, and decreases the incidence of air leaks and 

chronic lung disease (CLD) in preterm infants at risk of RDS (3-5). These infants are 

usually managed with endotracheal intubation and surfactant administration followed by 



3	

	

mechanical ventilation however this has immediate and long-term complications. 

Evidence from animal research showed that mechanical ventilation triggers 

inflammatory lung injury resulting in CLD, which is decreased with the use of 

continuous positive airway pressure (CPAP) (6). Multiple reviews comparing the nasal 

CPAP and mechanical ventilation have shown that risk of CLD is decreased in CPAP 

group (7-9). Other reported complications associated with prolonged intubation and 

mechanical ventilation include subglottic stenosis (10) or voice abnormalities at school 

age (11).  

 

Since the introduction of Continuous positive airway pressure (CPAP) support in the 

treatment of RDS there has been significant reduction in mortality and morbidity. 

Gregory et al has shown reduction in mortality from 50% to 20% with the use of CPAP 

in RDS (12). Another study showed that the use of CPAP along with the surfactant 

administration has further reduced the mortality rate from 20% to 10% (13). Therefore, 

early use of nasal CPAP and surfactant administration without using mechanical 

ventilation has been accepted as an alternate method of managing preterm infants with 

RDS. This can be achieved by INSURE method, which involves endotracheal intubation 

and surfactant administration followed by extubation to CPAP support, or by less 

invasive method of surfactant administrations (LISA) through thin endotracheal catheter 

(14-16). Non-invasive methods of surfactant administration though pharyngeal 

instillation (17), laryngeal mask airway (18) and nebulization (19) have also been 

reported. 

 

INSURE method has been evaluated as the method of initial stabilization in the delivery 

room or shorty after birth (early INSURE) (20-22) and/or at the later course of RDS 
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when preterm infants had already been commenced on nasal CPAP (late INSURE) (3, 

23-25).  INSURE method has been compared with various other methods like nasal 

CPAP without surfactant administration, less invasive surfactant administration (LISA), 

and conventional standard approach (intubation, surfactant administration and 

mechanical ventilation) (20, 24, 26-29). INSURE method has been shown to reduce the 

incidence of CLD when compared to conventional approach due to avoidance of 

mechanical ventilation (30). 

 

INSURE method is not always successful in preterm infants with RDS. Failure rate from 

INSURE method ranges from 15% - 69% (31-33). The various risk factors that have 

been attributed to the failure rate were lower GA, low haemoglobin level, higher oxygen 

requirement, higher pCO2 level and radiological evidence of severe RDS. We aimed to 

look at the experience of administering INSURE in our cohort, estimate INSURE failure 

rate and identify the factors predisposing to the failure of INSURE. We will consider a 

prospective follow up study based on the results from this retrospective study.   

 

Methods 

We conducted a retrospective review of all the preterm babies who were born with RDS 

and received surfactant through INSURE method in a regional tertiary care level 3 

hospital between 1st January 2014 to 31st December 2015 (2 years). 

 

Cases were identified using hospital neonatal database. Relevant clinical details were 

obtained by reviewing the medical records.  Data on antenatal factors that include pre-

eclampsia, antepartum haemorrhage, gestational diabetes, pregnancy induced 

hypertension, premature prolonged rupture of membrane (PPROM), antenatal steroids 
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and chorioamnionitis was recorded. Chorioamnionitis is diagnosed clinically in the 

setting of maternal pyrexia, offensive vaginal discharge and fetal tachycardia (34), and 

confirmed by histological examination of placenta. Data on delivery details that include 

mode of delivery, presentation and meconium stained amniotic fluid, and infant’s data 

that include gestational age, birth weight, gender, multiple pregnancies, APGAR scores 

and resuscitation required at birth was collected.  Further data on infants characteristics 

prior to INSURE that include respiratory distress status, administration of caffeine, 

duration of CPAP, highest positive end-expiratory pressure (PEEP), maximum FIO2 

required, blood gas analysis results within one hour prior to surfactant administration, 

radiological diagnosis of RDS, age of infants when the first dose of surfactant was 

administered and the type of surfactant administered was also collected. Clinical and 

biochemical data on post INSURE details that were collected include duration of CPAP, 

highest PEEP, blood gas analysis within 4 hours of surfactant administration, subsequent 

intubation, mechanical ventilation duration, further dose of surfactant, air leak 

syndrome, sepsis, necrotizing enterocolitis, patent ductus arteriosus (PDA), retinopathy 

of prematurity (ROP), intraventricular haemorrhage (IVH), periventricular leukomalacia 

(PVL), chronic lung disease (CLD) and death during inpatient stay. CLD was defined as 

the need for respiratory support beyond 36 weeks post-conceptual age (35). 

 

INSURE method has been used regularly in this unit since 2014. All the infants who 

were treated with INSURE method were identified using the identifiable label in their 

case record stating this. As per the unit guideline, any preterm infant with respiratory 

distress needing CPAP support ≤ 7cm H2O and FiO2 ≥ 0.3 to maintain O2 saturation 

between 91% - 95% and/or blood gas analysis (arterial, venous or capillary) showing 

respiratory acidosis with pH < 7.25 and pCO2 > 60 mm of Hg, and chest x-ray changes 
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consistent with RDS were eligible for INSURE. Infants who were intubated for apnoea, 

or received extensive cardiopulmonary resuscitation, and infants who had other medical 

conditions such as anaemia, congenital heart disease, or chromosomal anomalies were 

not considered eligible for INSURE method. 

 

Eligible infants were intubated orally as per the standard technique using appropriate 

size endotracheal tube (ETT), and ETT placement was confirmed by pedicap CO2 

detector and auscultation of the chest. Surfactant, either Beractant (survanta) 100 mg/kg 

or Poractant Alfa (curosurf) 200 mg/kg, was administered in 2 boluses through ETT, and 

subsequently extubated to nasal CPAP. None of the infants received premedication or 

induction drugs for intubation as per unit policy. For our study purpose INSURE failure 

is defined as clinical deterioration along with increasing oxygen requirement with FiO2 

≥ 0.6 and CPAP ≤ 7cm H2O or worsening respiratory acidosis with pH <7.25 and pCO2 

>60 mm of Hg or significant apneic episode requiring Bag & Mask ventilation. These 

infants were reintubated and they received mechanical ventilator support. 

 

 Primary outcome was to measure INSURE failure rate in this population and to identify 

potential causes for INSURE failure. Secondary outcomes measured were air leak 

syndrome (pulmonary interstitial emphysema, pneumothorax or pneumomediastinum), 

chronic lung disease, intraventricular haemorrhage, periventricular leukomalacia, 

necrotizing enterocolitis and death during inpatient stay. 

 

Approval from the institutional quality improvement (QI) projects committee and 

research screening committee was obtained prior to study. 
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Statistical Analysis 

For descriptive data analysis, continuous data was presented as median and interquartile 

range, and categorical data as frequencies and percentages. Comparison of groups were 

done using Chi square test or Mann-Whitney Rank Sum Test. Sigma Stat v3.5 (SPSS, 

http://www.spss.com) was used for conducting the above statistics and a P value of < 

0.05 was considered to be significant.   

 

Results 

Over the study period, a total of 85 preterm infants received surfactant through INSURE 

method. Of these, 22 infants (26%) had INSURE failure that required reintubation and 

received mechanical ventilation. Figure 1 flow chart details the number of preterm 

infants who received various respiratory support and INSURE during the 2-year review 

period. 

 

Table 1 illustrates the baseline characteristics of two groups. Most of the variables were 

comparable between the two groups. GA (median GA 32+4 weeks in both groups) and 

birth weight (BW) (median BW 1765g vs 1940g) were similar in both groups.  Eleven 

out of 85 infants were noted to have intrauterine growth retardation. There were 52 

males, 49 singleton infants and majority were born by cesarean section (69%).  All of 

them had clear liquor at delivery and 81 (out of 85) infants required positive pressure 

ventilation (PPV) followed by CPAP at birth.  Median PEEP (6 cm in both groups) and 

duration of CPAP support administered (3 hour vs 2 hour) prior to INSURE were similar 

in both groups. Caffeine was administered in 53 infants (out of 85) and no difference 

was noted between the groups. There was no difference in carbon dioxide level on blood 

gas analysis (capillary blood gas) that was performed in 30 infants (out of 85). However, 
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when compared between the groups there was significant difference in FiO2 requirement 

prior to INSURE. FiO2 requirement was higher in INSURE failure group when 

compared to INSURE success group (mean FiO2: 0.5 vs 0.3, p value <0.001). 

 

There was no difference for maternal characteristics between groups in our cohort. Sixty 

(95%) mothers received at least 1 dose of antenatal steroid in INSURE success group vs 

18 (81%) in INSURE failure group and the proportion of mothers who received 

complete course of antenatal steroids was similar in both groups (71% vs 72%). Other 

maternal risk factors such as pre-eclampsia (16), gestational diabetes (13), antepartum 

haemorrhage (22), preterm prolonged rupture of membrane (15) and chorioamnionitis 

(3) were comparable between groups. 

 

Table 2 summarizes the post INSURE characteristics and comparison of outcomes 

between the groups.  Median age of infants at the time of INSURE administration was 

similar (3.1 hour vs 2.9 hour) and majority of them received Beractant (89%). In the 

INSURE failure group, infants were re-intubated at median time of 4 hours post 

INSURE, all of them received second dose of surfactant and subsequently received 

mechanical ventilation for mean duration of 22 hours.  Blood gas analysis (capillary 

blood gas) on 50 infants (out of 85) did not show any significant difference in carbon 

dioxide level. We found a non-significant trend towards longer median duration of 

CPAP use (122 hours) in INSURE failure group when compared to INSURE success 

group (59 hours) (P = 0.055). In INSURE failure group there were more number of 

infants requiring antibiotics and higher incidence of CLD. ROP screening was 

performed in 25 infants (out of 85) and none of these infants had significant disease 

warranting treatment. PDA assessment by clinician performed cardiac ultrasound was 
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done in 13 infants (out of 85) and 4 infants showed haemodyanamically significant PDA 

(all in INSURE failure group). Cranial ultrasound was performed in 55 infants (out of 

85) that showed grade 1 unilateral IVH (Volpe’s classification) in four infants and PVL 

in 1 infant.  Seven infants were found to have air leak syndrome (pneumothorax in 4, 

pneumothorax and pulmonary interstitial emphysema in 2, and pneumomediastinum in 

1). There was no episode of necrotizing enterocolitis, or neonatal death in either group. 

 

Subgroup analysis was performed for infants with GA < 30 weeks.  Our cohort included 

15 infants with GA < 30 weeks, of these 14 were born at GA between 28 weeks and 30 

weeks and one infant was born at 26.6 weeks gestation. Nine out of 15 were in the 

INSURE success group (60%). All the previously mentioned risk factors were assessed 

for this subgroup of infants, which showed pre-eclampsia as an association for INSURE 

failure (p= 0.027) 

 

Discussion 

Our retrospective study of 85 preterm infants (<37 weeks of GA) who received 

surfactant through INSURE method showed INSURE failure rate of 26 % and this rose 

to 40% if we consider infants with GA <30 weeks only. We found that higher FiO2 

requirement (prior to INSURE) and pre-eclampsia (in mothers of infant with GA<30 

weeks) were strongly associated with failure of INSURE (P values <0.001 and 0.027 

respectively). 

 

INSURE failure rate in other studies range from 15% - 69% (31, 32, 36-38). The wide 

range is probably secondary to variation in the included study population and variable 

threshold point for reintubation. Brix et al reported the highest incidence of INSURE 
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failure rate (69%). In their cohort, 51%, (162 out of 322) were extreme premature 

infants (<28 weeks gestation). They have noted failure rate of 54% for infants with GA 

28 – 32 weeks and 84% for infants with GA <28 weeks. Similarly, we also noted 

increase in failure rate for preterm infants with lower gestational age (22% for infants 

with GA ≥ 30 weeks gestation vs 40% for infants with GA <30 weeks). 

 

Premedication with induction drugs for intubation can potentially increase the failure 

rate of INSURE method (39). Premedication is not widely used in preterm population 

because of undesirable immediate side effects such as hypotension and respiratory 

depression, and lack of evidence on long-term neurodevelopmental outcome (40-43). 

Our current unit guideline do not recommend premedication for intubation prior to 

INSURE.   

 

The study by Cherif et al (32) is one of the first studies to identify the risk factors for 

Insure failure, which included infants from 27 weeks to 34 weeks of GA (total 109), and 

had failure rate of 32%. They reported that the arterial partial pressure of carbon dioxide 

(mean pCO2 55.4 vs 41.4, adjusted odds ratio [OR] = 1.82; 95% confidence interval 

[CI] = 1.76 to 90.56), mean arterial-to-alveolar oxygen tension ratio (mean a/ApO2 0.16 

vs 0,24, adjusted OR = 1.13; 95% CI = 1.06 to 85.34) and severe radiological grade 

(adjusted OR = 1.31; 95% CI = 1.15 to 70.16) as independent predictors for INSURE 

failure. Subsequent studies have also showed higher oxygen requirement is associated 

with INSURE failure (31, 36, 37). Cochrane review by Stevens et al concluded that 

treatment with surfactant by transient intubation using a low treatment threshold (FiO2< 

0.45) is preferable (4). Similar to the above studies, we noted higher FiO2 is associated 

with INSURE failure. 
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Randomized trial on INSURE method vs CPAP support without surfactant 

administration showed that there was no benefit in mortality and morbidity when the 

surfactant was administered at the infant’s mean age of 5.1 hours in INSURE group 

(44). In our cohort, the surfactant was administered at infant’s mean age of 4.7 hours, 

which was similar in both groups (mean age of 4.8 hour vs 4.3 hour). 

 

Cochrane review by Subramaniam et al, comparing CPAP support and assisted 

ventilation, found that, in CPAP group, there was a small but clinically significant 

reduction in the incidence of CLD at 36 weeks (typical RR 0.89, 95% CI 0.79 to 0.99; 

typical RD −0.04, 95% CI −0.08 to 0.00; 3 studies, 772 infants, moderate-quality 

evidence); and decreased death or BPD (typical RR 0.89, 95% CI 0.81 to 0.97; typical 

RD −0.05, 95% CI −0.09 to 0.01; 3 studies, 1042 infants, moderate-quality evidence) 

(8). In our cohort there were 5 infants with CLD in the INSURE failure group compared 

to none in the INSURE success group (P value <0.001).  

 

We also noted pre-eclampsia as an association for INSURE failure in infants below 30 

weeks of GA (p=0.027), which is contrary to the finding noted by Brix et al (31), who 

reported that pre-eclampsia decreased the risk of INSURE failure. Possible explanation 

is that pre-eclampsia compromises uterine blood flow resulting in hypoxia and 

ischaemia which may restrict fetal angiogenesis and suppress the development of 

alveolarization (“vascular hypothesis of BPD”) (45).  Further study in maternal pre-

eclampsia and fetal lung-vascular pathophysiology might shed light on pulmonary 

vascular development in infants with RDS. 
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The main aim of INSURE method is to prevent mechanical ventilation and avoid lung 

injury, and thus decreasing the morbidity and mortality. This has been indicated by 

multiple RCT’s (20-22, 24-26, 46, 47) and our study also indicates this benefit as there 

were decreased incidence of CLD in infants who were successful on INSURE.  

Even though our study is retrospective in nature, it has assessed large number of well-

matched maternal and infant characteristics. Our study did not have comparator and had 

small number of infants with GA < 30 weeks. We did not repeat the INSURE for the 

infants who were unsuccessful on the first attempt of INSURE. 

 

Conclusion 

One fourth of our preterm population who received surfactant through INSURE method 

required reintubation and mechanical ventilation. Higher FIO2 requirement prior to 

INSURE and maternal pre-eclampsia were strongly associated with INSURE failure. 

We conclude that INSURE method may be useful in avoiding mechanical ventilation in 

late preterm infants with RDS, however this method may be less successful in infants 

with lower gestational age (<30 weeks) and higher FiO2 requirement (≥0.5). More 

prospective studies are required to further assess the effectiveness of INSURE method. 
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Figure 1  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flow diagram detailing the respiratory supports received by preterm infants  

(1st Jan 2014 – 31st Dec 2015) 
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Table 1: Pre-INSURE characteristics: comparison and its significance 

VARIABLE INSURE success  

n (%) (n=63) 

INSURE failure  

n (%) (n=22) 

p-value 

 

Gestation: 30 – 36.6 weeks 

            <30 weeks 

 

54 (77%) 

9 (60%) 

 

16 (23%) 

6 (40%) 

 

N/A 

N/A 

Birth weight (grams) 1765 (1443–2148) 1940 (1420–2355) 0.41 

IUGR 8 (12%) 2 (9%) 0.87 

Females 27 (42%) 6 (27%) 0.18 

Maternal comorbidities  

• Preeclampsia 

• Gestational diabetes 

• APH 

• PPROM 

• Chorioamnionitis 

 

11 (17%) 

10 (15%) 

17 (26%) 

10 (15%) 

2 (3%) 

 

5 (22%) 

3 (13%) 

5 (22%) 

5 (22%) 

1 (4%) 

 

0.61 

0.8 

0.69 

0.5 

0.78 

Antenatal steroids: any dose  

                     Complete 

60 (95%) 

45 (71%) 

18 (81%) 

16 (72%) 

0.14 

0.78 

Multiple pregnancy 

• Singleton 

• Multi 

 

35 (55%) 

28 (44%) 

 

14 (63%) 

8 (36%) 

 

0.51 

0.51 

Mode of delivery 

• Vaginal delivery 

• Cesarean section 

 

21 (33%) 

42 (66%) 

 

5 (22%) 

17 (77%) 

 

0.16 

0.33 

Apgar 

• at 1 minute 

• at 5 minutes 

 

7 (6 – 8) 

9 (8 – 9) 

 

7.5 (6 – 9) 

9 (8 – 9) 

 

0.71 

0.74 

Delivery room resuscitation 

• CPAP or PPV  

• Not required 

 

62 (99%) 

1 (1%) 

 

22 (100%) 

0 

 

0.32 

0.32 

Blood gas (total – 30) 

• pH 

• pCO2 (mmHg) 

• BE (mmol/L) 

 

7.26 (7.2 – 7.29) 

58 (49 – 64) 

-2 ((-3) – (-1)) 

 

7.24 (7.2 – 7.28) 

61 (56 – 66) 

-1 ((-2) - 0.5) 

 

0.41 

0.16 

0.13 

CPAP duration (hours) 3 (2 – 4) 2 (1 – 4) 0.48 

Maximum PEEP (cm) 6 (6 – 6) 6 (6 – 7) 0.87 

Pre-INSURE FiO2 0.3 (0.3 – 0.4) 0.5 (0.4 – 0.6) <0.001 

Caffeine given 40 (63%) 13 (59%) 0.72 

Categorical data: number (%); Continuous data: Median (IQR)  

CPAP: Continuous positive airway pressure, PPV: Positive pressure ventilation, IUGR: 

Intrauterine growth retardation, APH: Antepartum hemorrhage, PPROM: Preterm 

prolonged rupture of membrane, N/A: not applicable, NS: Not significant 
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Table 2: Post INSURE characteristics and comparison of outcomes 

 

VARIABLE INSURE success 

n (%) (n=63) 

INSURE failure 

n (%) (n=22) 

p-value 

 

Age at INSURE (hours) 

 

3.1 (2.3 – 5.5) 

 

2.9 (1.9 – 4.1) 

 

0.69 

Surfactant type 

• Beractant (survanta) 

• Poractant alfa 

(curosurf) 

 

56 (88%) 

7 (11%) 

 

20 (90%) 

2 (9%) 

 

 

0.78 

0.78 

Blood gas (total – 50) 

• pH 

• pCO2 (mmHg) 

• BE (mmol/L) 

 

7.28 (7.23 – 7.34) 

53 (43 – 61) 

-2 ((-3) – (-1)) 

 

7.26 (7.2 – 7.3) 

57 (43 – 68) 

-3 ((-4) – (-1)) 

 

0.44 

0.56 

0.43 

CPAP duration (hours) 59 (25 – 158) 122 (41 – 495) 0.055 

Time at reintubation (hours) N/A 4 (1 – 16) N/A 

Surfactant 2nd dose given N/A 22 (100%) N/A 

MV duration (hours) N/A 22 (9 – 69) N/A 

Antibiotics ≥ 5 days 7 (11%) 10 (45%) <0.001 

Air leak syndrome 4 (6%) 3 (13%) 0.37 

Necrotizing enterocolitis 0 0 N/A 

Patent ductus arteriosus 2 (3%) – out of 4 8 (36%) – out of 9 N/A 

Intraventricular hemorrhage 2 (3%) – out of 42 2 (9%) – out of 13 N/A 

Periventricular leukomalacia 0 – out of 42 1 (4%) – out of 13 N/A 

Chronic lung disease 0 5 <0.001 

Retinopathy of prematurity 0 – out of 15 0 – out of 10 N/A 

Neonatal death  0 0 N/A 

Categorical data: number (%); Continuous data: Median (IQR) 

CPAP: Continuous positive airway pressure, MV: Mechanical ventilation, N/A: not 

applicable, NS: Not significant 
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Figure 1

Flow diagram detailing the respiratory supports received by preterm infants (1st Jan 2014 – 31st Dec
2015)


