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Abstract
Introduction: Respiratory distress syndrome (RDS) continues to be the leading cause of illness and death in preterm 
infants. Studies indicate that INSURE strategy (INtubate-SURfactant administration and Extubate to nasal continuous 
positive airway pressure [nCPAP]) is better than mechanical ventilation (MV) with rescue surfactant, for the manage-
ment of respiratory distress syndrome (RDS) in very low birth weight (VLBW) neonates, as it  has a synergistic effect 
on alveolar stability.
Aim of the study: To identify the factors associated with INSURE strategy failure in preterm infants with gestational 
age (GA) ≤ 32 weeks.
Materials and Methods: This was a  retrospective cohort study, based on data collected in the Romanian National 
Registry for RDS patients by three regional (level III) centers between 01.01.2010 and 31.12.2011. All preterm in-
fants of ≤ 32 weeks GA were included. Prenatal and neonatal information were compared between  (Group 1),  the 
preterm infants successfully treated using INtubation-SURfactant-Extubation on nasal CPAP (INSURE) strategy and 
(Group 2 ), those who needed mechanical ventilation within seventy two hours after INSURE. 
Results: A total of 637 preterm infants with GA ≤ 32 weeks were included in the study. INSURE strategy was per-
formed in fifty seven cases (8.9%) [ Group 1] and was successful  in thirty one  patients (54.4%). No differences were 
found as regards the studied prenatal and intranatal characteristics between (Group 1) and Group 2 who needed 
mechanical ventilation.  Group 2  preterm infants who needed mechanical ventilation within 72 hours after INSURE 
had significantly lower mean Apgar scores at 1 and 5 minutes and lower peripheral oxygen saturation (SpO2) during 
resuscitation at birth (p<0.05). Successful INSURE strategy was associated with greater GA, birth weight (BW), frac-
tion of inspired oxygen (FiO2) during resuscitation, and an increased mean dose of surfactant but these associations 
were not statistically significant (p>0.5).
Conclusion: In preterm infants ≤ 32 weeks gestation, increased INSURE failure rates are associated with complicated 
pregnancies, significantly lower Apgar scores at 1 and 5 minutes, and lower peripheral oxygen saturation during 
resuscitation.
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��Introduction

Respiratory distress syndrome (RDS) is the leading 
cause of morbidity and death in preterm infants. The 
incidence of RDS increases with decreasing gestational 
age (GA) and birth weight (BW) [1],  occurring in over 
50% of the preterm infants with BW< 1.500 g and in 
approximately 90% of those weighing less than 750 g at 
birth [2].

Recent important developments in RDS treatment 
include the use of continuous positive airway pressure 
(CPAP) [3], antenatal corticosteroid prophylaxis [4,5]  
and surfactant replacement [6]. These and the  improve-
ment in mechanical ventilation (MV) of the neonates 
in the 1990s, lead to a significant decrease in morbidity 
and mortality of the preterm infants [7,8].

Increasingly a “new disease”, bronchopulmonary 
dysplasia (BPD) [9], was observed in association with 
MV, the most severe adverse neonatal outcome of the 
preterm birth. By the beginning of the 21 century, neo-
natologists turned their attention towards less invasive 
respiratory therapies.

Early CPAP is associated with reduced pulmonary 
morbidity and lower rates of BPD [10]. Currently CPAP 
is recommended as the first line therapy alternative to 
intubation and MV for pulmonary stabilization [6,11] 
even in the delivery room [12-14]. Early surfactant ad-
ministration has been shown to be  more efficient than 
late treatment [15] and is associated with decreased 
neonatal mortality, incidence of air leak syndromes, 
and BPD [9,16]. Combining early CPAP with early 
surfactant administration seemed logical and a study 
reporting the use of surfactant administration in spon-
taneously breathing preterm infants [17]  was followed 
by a randomized controlled study [18]. The strategy 
was named INtubation-SURfactant-Extubation (on na-
sal CPAP) - INSURE - [19] based on the synergistic ef-
fect on functional residual capacity. CPAP was shown 
to distends alveoli, maintain the patency of the airways 
during expiration, prevent surfactant depletion and the  
prevention of  alveolar collapse.   The INSURE strategy 
reduces the need and duration of MV, length of oxygen 
therapy, the need of additional surfactant doses, and 
length of hospitalization in the neonatal intensive care 
unit [17-20].  A decreased rate of BPD was reported 
compared to classical surfactant administration plus 
MV strategy [16]. However, the reported failure rates 
vary between 9-50%, [11,18-27] restricting the univer-
sal adaptation of the  beneficial effects the strategy.

The aim of this study was to identify the factors as-
sociated with INSURE failure in preterm infants with 
GA ≤ 32 weeks.

��Material and Methods
The study is a retrospective analysis based on data col-
lected from the Romanian National Registry for RDS by 
three regional (level III) centers - Institute for Mother 
and Child Care Polizu București, Regional Neonatal In-
tensive Care Center Tirgu Mureș, and Neonatology De-
partment of Clinical County Emergency Hospital Sibiu 
- between 01.01.2010 and 31.12.2011.

The study was approved by the institutional review 
board and was in accordance with the principles stated 
in the Declaration of Helsinki.

All preterm infants of ≤ 32 weeks GA were included 
in the study.

INSURE strategy was defined as surfactant adminis-
tration (poractant alpha, Curosurf®, Chiesi Pharmaceu-
ticals, Parma, Italy) after intubation, in  doses between 
100-200mg/kg, within two hours after birth, followed 
by manual (bag) or conventional MV, and extubation 
on nasal CPAP in the following two hours. INSURE fail-
ure was defined as the need for MV within seventy two  
hours after the initiation of  INSURE strategy. Infant 
Flow SiPAP (Viasys Healthcare. Palm Springs, USA) 
and Bubble CPAP were used to provide nasal CPAP. The 
use of INSURE strategy or other strategies,  nasal CPAP, 
surfactant administration and MV, or MV alone,  was 
decided by physicians, and  based on severity of RDS.  
Termination of   nCPAP was decided by the presence of 
spontaneous respirations, haemodynamic stability, oxy-
gen saturations of 88-92%, and the fraction of inspired 
oxygen (FiO2) being at least 10% lower than before sur-
factant administration. On CPAP, the pressure and FiO2 
were adjusted based on clinical signs of RDS, transcuta-
neous or arterial oxygen tension, and peripheral oxygen 
saturation (SpO2 between 86-93%). Guidelines on RDS 
management and oxygen therapy, according to Europe-
an Guidelines recommendations [13] were revised and 
implemented in Romania in  2011 [28,29]. 

Resuscitation and alveolar recruitment was under-
taken  in the delivery room using Neopuff Infant Resus-
citator (Fisher & Paykel Healthcare Corporation Lim-
ited, Auckland, New Zealand). Pulsoximetry was used 
to measure FiO2.

The Romanian National Registry for RDS collects 
epidemiological data, information regarding the treat-
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ment and severity of RDS ,  and the  short term out-
come in preterm infants with GA ≤ 32 weeks. 

The following information was extracted and ana-
lyzed:

•	 Prenatal - pregnancy complications:  maternal 
diabetes mellitus, preeclampsia, pregnancy hy-
pertension, chorioamnionitis, antenatal cortico-
steroid administration, preterm rupture of the 
membranes > 18 hours, multiple pregnancy, de-
livery mode, presentation. 

•	 Neonatal characteristics and data:  GA, BW, small 
for gestational age (SGA), gender, Apgar score at 
1 and 5 minutes, peripheral oxygen saturation 
during resuscitation at birth, FiO2 before and one 
hour after surfactant administration, surfactant 
dose.

The preterm infants included in the study were divid-
ed in 5 groups according to respiratory management:

1.		 INSURE, CPAP
2.		 surfactant plus MV 
3.		 MV
4.		 MV plus CPAP (before or after MV) 
5.		 without RDS (no respiratory support, 	  

 no surfactant)
In order to analyze the factors associated with IN-

SURE failure the INSURE group was divided in: 
A. INSURE success
B. INSURE failure groups. 
Data were reported as values, mean values, standard 

deviations (SD), and percentages. SPSS 19 was used for 
data analysis. Independent t-test was used for scale var-
iables while Fisher’s exact test or chi square test (where 
appropriate) were used for the analysis of categorical 
variables. 

The level of significance was set at α= 0.05. Odds 
ratio were calculated and confidence intervals (CI) of 
95% were used. 

��Results
A total of 637 preterm infants with mean GA 29.4 ± 2,2 
weeks (23-32 weeks) and mean BW 1294.3 ± 383.4 g 
(450-2460 g) were included in the study.

RDS was absent in 103 (16.2%). INSURE strategy 
was used in 57 cases (8.9%), mean GA 29.1 ± 1,8 weeks 
(25-32 weeks), mean BW 1205.6 ± 312.4 g (570-2250 
g), successfully in 31 patients (54.4%). 

Different approaches were seen in the three partici-
pating centers (Table 1). CPAP failure was noted with 
different rates between the centers (29 - 100%); the 
highest rate of success (71%) was achieved by the cent-
er with the highest percentage of INSURE use while the 
highest failure rate was seen in the center where IN-
SURE strategy was used in a lesser extent.

The prenatal data regarding pregnancy complica-
tions, maternal diabetes mellitus, preeclampsia, preg-
nancy hypertension, chorioamnionitis, antenatal cor-
ticosteroid administration, preterm rupture of the 
membranes > 18 hours, multiple pregnancy, delivery 
mode, presentation for both study groups are presented 
in Table 2. 

No differences were found between the study groups 
as regards the studied prenatal and intranatal charac-
teristics. When a composite analysis was performed 
evaluating the presence of any complication during 
pregnancy, INSURE failure was associated with an in-
creased frequency of pregnancy complication (Table 2).

The comparison of the neonatal variables, between 
the INSURE success and INSURE failure groups is 
presented in Table 3. The only significant differences 
found between groups were the lower mean Apgar 
scores at 1 and 5 minutes and lower SpO2 during resus-
citation at birth in preterm infants that failed INSURE 
strategy (Table 2). Preterm infants treated successfully 
with INSURE strategy had greater GA, BW, FiO2 dur-
ing resuscitation, and received an increased mean dose 
of surfactant compared to those in the INSURE failure 
group. 

��Discussion
Respiratory distress syndrome, due to lung immatu-
rity and surfactant deficiency, continues to be the chief 
cause of illness and death in preterm infants [1,13].  
Respiratory support and surfactant administration are 
the main therapeutic strategies used in the treatment 
of RDS [7,8].  A Cochrane review [9] concluded that 
early surfactant administration decreases both neona-
tal mortality and pulmonary complications while MV 
increases the risk for BPD. Studies indicate that early 
CPAP decreases neonatal mortality and the risk of  
BPD [10]. It seemed logical that combining early sur-
factant administration with early CPAP would have a 
synergistic effect on alveolar stability, preventing alveo-
lar collapse and maintaining the pulmonary functional 
residual capacity. This effect was demonstrated in ear-
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Table 1. Strategies for RDS management in the centers participating in the study

Strategy Center A
n = 246 

Center B
n = 139 

Center C
n = 252

All centers
n = 637

INSURE, n(%) 19 (7.7) 31 (22.3) 7 (2.7) 57 (8.9)
CPAP, n(%) 54 (22) 73 (52.5) 123 (47.6) 250 (39.2)
MV1, n(%) 26 (10.6) 1 (0.7) 11 (4.3) 38 (6)
Surfactant + MV2, n(%) 61 (24.8) 13 (9.4) 29 (11.5) 103 (16.2)
CPAP + MV3, n(%) 15 (6.1) 2 (1.4) 31 (12.3) 48 (7.5)
MV + CPAP4, n(%) 23 (9.3) 2 (1.4) 8 (3.2) 33 (5.2)
Surfactant (late) + CPAP5, n(%) - 3 (2.2) - 3 (0.5)
Surfactant (late) + CPAP + MV6, n(%) - 1 (0.7) 1 (0.4) 2 (0.3)
Surfactant, n(%) 80 (35.5) 48 (34.8) 37 (14.7) 165 (25.9)
CPAP as first approach, n(%) 88 (35.9) 110 (79.1) 162 (64.3) 360 (56.5)
MV as first approach, n(%) 110 (44.6) 16 (11.5) 48 (19.0) 174 (27.3)
No RDS7, n(%) 48 (19.5) 13 (9.4) 42 (16.7) 103 (16.2)

1Mechanical ventilation; 2Surfactant administration followed by elective mechanical ventilation; 3CPAP failure followed by mechanical ventilation; 4Elective mechanical ventilation followed by CPAP; 5Late 
surfactant administration (more than 2 hours after birth) and successful CPAP; 6Late surfactant administration (more than 2 hours after birth), CPAP failure followed by mechanical ventilation; 7Respiratory 
distress syndrome

Table 2. Analysis of the prenatal and intranatal characteristics
INSURE success

n(%)
INSURE failure

n(%) p OR [CI 95%]

Complicated pregnancy 6 (19.4) 13 (50.0) 0.014 4.17[1.28-13.52]
Diabetes mellitus 0 0 - -
Eclampsia 1 (3.2) 3 (11.5) 0.242 3.91[0.38-40.12]
Arterial hypertension 3 (9.7) 6 (23.1) 0.155 2.80[0.62-12.55]
Hemorrhage 0 2 (7.7) 0.204 -
Chorioamnionitis 1 (3.2) 0 0.544 -
PROM1 > 18 hours 6 (19.4) 4 (15.4) 0.486 0.76[0.19-3.04]
Multiple pregnancy (twin) 8 (25.8) 6 (23.1) 0.816 0.86[0.26-2.91]
C-section 13 (41.9) 15 (57.7) 0.244 1.89[0.66-5.43]
Breech 9 (29) 5 (19.2) 0.401 0.58[0.17-2.02]
Antenatal corticosteroids 16 (51.6)* 9 (34.6)* 0.204 0.49[0.17-1.45]
No of corticosteroid doses 1.81±1.22 1.44±0.53 0.402 -

1PROM - premature rupture of the amniotic membranes; *a complete corticosteroid course was performed only in 3 cases in both INSURE groups

Table 3. Analysis of the neonatal characteristics of the study groups

INSURE success
n = 31 

INSURE failure
n = 26 P OR [CI 95%]

BW, mean ± SD, g 1233.1±267.7 1159.4±351.1 0.373 -
GA, mean ± SD, weeks 29.4±1.7 28.7±1.8 0.130 -
Apgar score at 1 minute, mean ± SD 5.8±1.8 4.6±2.3 0.047 -
Apgar score at 5 minutes, mean ± SD 7.8±1.3 6.3±2.6 0.038 -
FiO2 at resuscitation, mean ± SD, % 90.0±22.6 86.3±29.2 0.618 -
SpO2 at resuscitation, mean ± SD, % 93.1±4.9 86.0±14.6 0.045 -
FiO2 before surfactant, mean ± SD, % 68.9±28.0 70.2±30.4 0.871 -
FiO2 1 hour after surfactant, mean ± SD, % 49.48±22.2 49.2±22.6 0.958 -
Surfactant dose, mean ± SD, mg/kg 172.2±32.0 158.8±37.9 0.152 -
Male gender, n(%) 16 (51.6) 12 (46.2) 0.688 0.80[0.28-2.28]
SGA1, n(%) 17(54.8) 12 (46.2) 0.522 0.71[0.25-2.01]

1SGA - small for gestational age
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lier studies [17,18] and confirmed by a meta-analysis 
of six trials [9].  

Currently, European experts recommend stabiliza-
tion of the preterm infants in the delivery room using 
early CPAP, prophylactic surfactant administration in 
preterm infants less than 26 weeks gestation and those 
needing intubation for stabilization, early surfactant 
administration in preterm infants with evidence of RDS 
and in those without antenatal steroids prophylaxis, 
early CPAP in preterm infants at risk for RDS until the 
clinical status is evaluated, INSURE strategy in stable 
preterm infants receiving early surfactant [13,14]. 

The Romanian Guideline for RDS treatment was 
revised in 2011 [28,29] though implementation of the 
European recommendations started in some units in 
2010. Different implementation rate of the recommen-
dations is demonstrated by the different strategies used 
in the participating centers (Table 1).

Even though the INSURE strategy can reduce the 
need for MV and the risk of BPD, different studies re-
port different success rates. The reported failure rates of 
INSURE strategies vary between 30-50% [11,19-26] and 
are mainly due to differences in the population studied 
and different definition of INSURE failure. However, 
other factors may influence the results, such as the clini-
cal criteria used to select the patients, different CPAP 
modes, surfactant types, study design, and even the use 
of different definitions for INSURE strategy. 

The present study tried to identify factors associated 
with INSURE failure in preterm infants with GA ≤ 32 
weeks. Of the 637 preterm infants with GA ≤ 32 weeks 
gestation admitted during the study period, INSURE 
strategy was applied in 57 cases (8.9%) with a success 
rate of 54.4% (31/57 cases). The lower rate of INSURE 
strategy use, and success may be due to lack of stand-
ardization before national guideline revision including, 
probably, different criteria for the selection of candi-
dates.

A complicated pregnancy, defined as the presence of 
any of the following complications: diabetes mellitus, 
eclampsia, arterial hypertension, chorioamnionitis, 
PROM > 18 hours, was associated with increased in-
cidence of INSURE failure (p=0.014) (Table 2). Most 
of the studies analyzing the risk factors for INSURE 
failure, evaluated individually these complications and 
found no association with INSURE failure [21,25,26].  
The lack of association between INSURE strategy fail-
ure and pregnancy complications in these studies may 
be due to the limited number of included cases. 

Brix et al. [21], defined INSURE failure as the need 
for intubation at seventy two hours after INSURE. He 
reported that lower GA, lower Apgar score at 5 minutes, 
FiO2 > 50% and paCO2 > 53 mmHg two hours before 
intubation, pH < 7.3 and lactate > 2.5 mmol/l 5 hours 
before intubation, and the need for inotropic support, 
are factors predicting the need for MV for more than 
twenty four hours and suggested that they  also pre-
dict INSURE failure. Ting et al. [23] found that vaginal 
birth is associated with lower INSURE failure. In the 
present study, less preterm infants in the INSURE fail-
ure group were delivered vaginally, though no signifi-
cant difference was observed (Table 2). There was no 
correlations between INSURE strategy failure related 
to single or twin pregnancies, reported in the literature, 
and the present data suggests no association between 
INSURE strategy failure and twin pregnancy (Table 2). 
Complete corticosteroid prophylaxis was performed in 
three patients in both study groups. An analysis was 
undertaken of antenatal corticosteroid administration 
and the number of corticosteroid doses administered 
between the study groups and no significant differences 
was found (p=0.204 and p=0.402). However fewer pa-
tients received prenatal steroids and the mean number 
of doses was lower in those failing INSURE (Table 2). 

Decreased use of prenatal steroids was reported by 
Ting et al. [23] in association with INSURE failure 
while Gharehbaghi et al. [26] found no relationship 
between antenatal corticosteroids and INSURE failure. 
No relationship was found, in the present study, be-
tween presentation at birth and INSURE failure (Table 
2).

Significantly lower BW is consistently reported as a 
risk factor for INSURE failure [19,20,23-26,30].   In the 
present study, preterm infants in the INSURE failure 
group had a lower mean BW but the difference was not 
significant (p>0.05) (Table 3). Some studies [21,26,30] 
reported that lower GA is a risk factor for INSURE fail-
ure. Preterm infants failing INSURE in this study had 
lower mean GA compared to those successfully treated 
with INSURE but data failed to reach statistical signifi-
cance (p>0.05) (Table 3). 

A significantly lower Apgar score at 1 and 5 minutes 
was associated with INSURE failure in one study [26] 
(p<0.001, p=0.007), and lower Apgar scores <7 at 5 
minutes were found to be predictive of need for MV for 
more than 24 hours by Brix et al. [21], while Cherif et 
al. [25] found no relationship between INSURE failure 
and Apgar score. 
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In the present study, the preterm infants in the IN-
SURE failure group had significantly lower mean Ap-
gar scores at 1 and 5 minutes compared to those in the 
INSURE success group in our study (Table 3), both 
mean scores being under seven and suggesting a poor 
condition at birth and a less satisfactory response to 
resuscitation. This is also suggested by a significantly 
lower peripheral oxygen saturation (SpO2) in infants 
failing INSURE strategy (p<0.05) (Table 3). 

Consistent with previous data [21,25,26] no differ-
ence was found in the current study as regards gender 
or association of intrauterine growth restriction and 
INSURE failure (Table 3).

None of the previous studies reported relationships 
between FiO2 before or after surfactant administration 
or surfactant dose with INSURE failure, in agreement 
with the results of the present study (Table 3).

Several differences in study design should be consid-
ered. For example, Brix et al. [21] studied prospectively 
preterm infants with gestational ages < 32 weeks but 
defined INSURE failure as re-intubation within sev-
enty two hours after INSURE, and all infants received 
surfactant in a dose of 200 mg/kg while Cherif et al [25] 
administered surfactant (Curosurf®) divided in two 
doses, to the right and left lung, and defined INSURE 
failure as need for re-intubation within 24 hours if FiO2 
> 45%, or pCO2 > 60 mmHg, or the infant presented 
recurrent apnea. 

The retrospective observational design of the current 
study does not allow causal associations to be made. 
Stratification of the data based on GA and BW may have 
found relationships with INSURE failure, identifying 
lower GA or/and BW as risk factors for INSURE failure 
but this analysis was limited by the number of cases. 

��Conclusions
In preterm infants with gestational ages ≤ 32 weeks, in-
creased INSURE failure rates are associated with com-
plicated pregnancies, significantly lower Apgar scores 
at 1 and 5 minutes, and lower peripheral oxygen satu-
ration during resuscitation. A larger study with better 
inclusion criteria, may identify more clinical variables 
or even a clinical score that can, rapidly and easily, used 
to select patients with greater chances for INSURE 
success, reducing the need for re-intubation and MV 
with their associated risks, including lung and airway 
trauma, hypoxic episodes, BPD incidence, and finan-
cial costs.
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RDS - respiratory distress syndrome; GA - gestational 
age; BW - birth weight; CPAP - continuous positive 
airway pressure; nCPAP - nasal continuous positive 
airway pressure; BPD - bronchopulmonary dysplasia; 
INSURE - INtubation-SURfactant-Extubation; NICU - 
neonatal intensive care unit; MV - mechanical ventila-
tion; FiO2 - inspired fraction of oxygen; SpO2 - periph-
eral oxygen saturation; PROM - premature rupture of 
amniotic membranes; SGA - small for gestational age; 
nIPPV - nasal intermittent positive pressure ventila-
tion.  
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