
1Reigstad H, et al. BMJ Paediatrics Open 2022;6:e001527. doi:10.1136/bmjpo-2022-001527

Open access�

Early surfactant and non-invasive 
ventilation versus intubation and 
surfactant: a propensity score-matched 
national study

Hallvard Reigstad  ‍ ‍ ,1 Karl Ove Hufthammer  ‍ ‍ ,2 Arild E Rønnestad,3,4 
Claus Klingenberg,5,6 Hans Jørgen Stensvold,7,8 Trond Markestad  ‍ ‍ ,9,10 On behalf 
of the Norwegian Neonatal Network 

To cite: Reigstad H, 
Hufthammer KO, Rønnestad AE, 
et al. Early surfactant and 
non-invasive ventilation 
versus intubation and 
surfactant: a propensity 
score-matched national 
study. BMJ Paediatrics Open 
2022;6:e001527. doi:10.1136/
bmjpo-2022-001527

Received 27 April 2022
Accepted 23 June 2022

For numbered affiliations see 
end of article.

Correspondence to
Dr Hallvard Reigstad; ​hallvard.​
reigstad@​helse-​bergen.​no

Original research

© Author(s) (or their 
employer(s)) 2022. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objective  To compare outcome after less invasive 
surfactant administration (LISA) and primary endotracheal 
intubation (non-LISA) in infants born before gestational age 
(GA) 28 weeks.
Setting  All neonatal intensive care units (NICUs) in 
Norway during 2012–2018.
Methods  Defined population-based data were 
prospectively entered into a national registry. We compared 
LISA infants with all non-LISA infants and with non-LISA 
infants who received surfactant following intubation. We 
used propensity score (PS) matching to identify non-LISA 
infants who were similar regarding potential confounders.
Main outcome variables  Rate and duration of 
mechanical ventilation (MV), survival, neurological and 
gastrointestinal morbidity, and need of supplemental 
oxygen or positive pressure respiratory support at 
postmenstrual age (PMA) 36 and 40 weeks.
Results  We restricted analyses to GA 25–27 weeks 
(n=843, 26% LISA) because LISA was rarely used at lower 
GAs. There was no significant association between NICUs 
regarding proportions treated with LISA and proportions 
receiving MV. In the PS-matched datasets, fewer LISA 
infants received MV (61% vs 78%, p<0.001), and they 
had fewer days on MV (mean difference 4.1, 95% CI 0.0 to 
8.2 days) and lower mortality at PMA 40 weeks (absolute 
difference 6%, p=0.06) compared with all the non-
LISA infants, but only a lower rate of MV (64% vs 97%, 
p<0.001) and fewer days on MV (mean difference 5.8, 
95% CI 0.6 to 10.9 days) compared with non-LISA infants 
who received surfactant after intubation.
Conclusion  LISA reduced the rate and duration of MV 
but had no other clear benefits.

INTRODUCTION
The 2019 European Consensus Guidelines 
on the management of respiratory distress 
syndrome (RDS) recommends less inva-
sive surfactant administration (LISA) as the 
preferred mode of surfactant administra-
tion in spontaneously breathing infants with 
respiratory distress.1 The method implies 
the administration of surfactant through a 

thin catheter, which is briefly placed in the 
trachea under direct laryngoscopy while 
the infant is on continuous positive airway 
pressure (CPAP). The guideline is based 
on interpretations of randomised clinical 
trials (RCTs) and meta-analyses suggesting 
that LISA reduces the need of endotracheal 
intubation and mechanical ventilation (MV) 
and is associated with lower risks of death 
and bronchopulmonary dysplasia (BPD), as 
compared with administration of surfactant 
after intubation and MV.1 The recommenda-
tion was considered weak because some of the 
background studies were open to bias.1

The later updated Cochrane review 
confirmed the findings reported in the Euro-
pean guidelines and also found that LISA 
reduced the risk of severe intracranial haemor-
rhage (ICH).2 However, the Cochrane authors 
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expressed concerns that the meta-analysis did not allow 
reliable subgroup analyses and that the number of infants 
with gestational age (GA) less than 28 weeks was limited.2 
A recent large multicentre RCT of infants with GA 25–28 
weeks did not find a significant reduction in the composite 
outcome of death and BPD when using minimally invasive 
surfactant therapy via a thin catheter compared with sham 
treatment.3 Others have also pointed out that there is 
insufficient evidence that LISA is preferable to surfactant 
administration after intubation.4 It may also be a concern 
that a failed trial of LISA and the subsequent need of endo-
tracheal intubation may cause prolonged hypoxia which is 
known to be associated with ICH.5

The Norwegian Neonatal Network (NNN) collects 
detailed information on infants admitted to all the 
neonatal intensive care units (NICUs) in Norway, 
including data on early surfactant administration and 
whether this is given by LISA or after endotracheal intu-
bation. For extremely preterm (EPT) infants (GA<28 
weeks), we aimed to investigate (1) to what extent LISA 
was used in Norway and (2) whether LISA was associ-
ated with benefits in terms of risk of death and cere-
bral and intestinal morbidities, need of and duration of 
MV, and prevalence of BPD. We hypothesised that these 
outcomes based on a large national quality register with 
diversity in intensive care practises might differ from 
outcomes obtained in trials conducted under stan-
dardised and more optimal conditions.

MATERIAL AND METHODS
Participants
We included all live-born infants with GA less than 28 
weeks admitted to the 16 Norwegian NICUs during 

2012–2018 and registered in the NNN. With few excep-
tions, GA was based on routine ultrasound assessments at 
17–19 gestational weeks, otherwise on the date of the last 
menstrual period. In Norway, treatment of infants with 
GA less than 26–28 weeks is centralised to seven univer-
sity hospitals (hospitals 1–7, table 1). The other hospitals 
treated some infants with a GA above 26 weeks and some 
with a lower GA if the mother could not be transferred to 
a university hospital.

Data
The NNN systematically collected data on GA, birth weight 
(BW), sex, provision of antenatal steroids, mode of delivery, 
Apgar scores at 1 and 5 min, data allowing calculation of 
clinical risk index for babies II (CRIB II),6 survival during 
the initial hospital stay or age at death, treatment and 
mode of delivery of surfactant, days on MV, days on posi-
tive pressure respiratory support or supplemental oxygen 
to maintain oxygen saturation above approximately 90% as 
measured by pulse oximetry, occurrence of severe cerebral 
morbidity, defined as ICH grade 3 or 4 according to Papile et 
al7 or cystic periventricular leukomalacia (ICH/PVL), and 
verified necrotising enterocolitis (NEC), defined as Bell 
stage 2–3.8 We defined BPD as the need of supplemental 
oxygen or positive pressure respiratory support at postmen-
strual age (PMA) 36 weeks (BPD-36).9 We also retrieved the 
same information at PMA 40 weeks (BPD-40) as a surrogate 
measure of severity of BPD. Small for gestational age (SGA) 
was defined as a BW below the 10th percentile for GA and 
sex according to Norwegian references.10

Exposure and controls
We defined LISA infants as infants who received the first 
dose of surfactant by thin catheter placed in the trachea. 

Table 1  Infants born before 28 weeks’ gestational age (GA) during 2012–2018 in Norway

All

Survived to PMA 40 weeks

All Received surfactant

n LISA (%) MV (%) Surf. (%) n Mean GA BPD-36 (%) BPD-40 (%) Mean (SD) MV n
Mean (SD) 
MV

Hospital 1 307 25 83 89 257 25.8 55 23 23 (34) 226 25 (35)

Hospital 2 250 24 85 90 202 25.9 60 22 16 (19) 184 17 (20)

Hospital 3 163 4 84 73 135 26.3 60 16 9 (12) 94 11 (12)

Hospital 4 115 44 78 83 92 26.4 42 15 19 (39) 73 22 (42)

Hospital 5 97 5 84 74 72 26.1 54 25 12 (16) 48 15 (18)

Hospital 6 71 21 85 82 54 26.2 63 31 17 (21) 42 20 (22)

Hospital 7 53 8 70 62 45 26.7 44 7 7 (12) 26 11 (14)

Hospital 8 46 15 89 93 32 26.1 72 34 33 (29) 30 33 (30)

Hospital 9 31 13 81 71 24 26.6 38 12 13 (19) 15 17 (22)

Hospital 10 26 15 85 81 21 26.3 33 10 9 (16) 16 8 (9)

6 smaller 
hospitals

15 7 73 73 12 26.7 33 17 11 (17) 8 17 (18)

Total 1174 20 83 83 946 26.1 55 21 17 (26) 762 19 (28)

The first major column (all) describes the number treated at each hospital, and the proportions treated with LISA, MV and surfactant. The second major column describes infants who 
survived to 40 weeks’ PMA in terms of mean GA, proportions treated with supplemental oxygen or positive pressure respiratory support at PMA 36 (BPD-36) and 40 (BPD-40) weeks, 
and mean days and SD of MV (including infants who were not ventilated) of all and of those who received surfactant (LISA or after endotracheal intubation). Hospitals 1–7 were 
university hospitals. Data from the Norwegian Neonatal Network (n=1174 infants, 16 hospitals).
BPD-36 and BPD-40, supplemental oxygen or positive respiratory support at 36 and 40 weeks’ PMA; GA, gestational age (weeks); LISA, less invasive surfactant administration; mean 
(SD) MV, mean (SD) number of days on MV; MV, mechanical ventilation; n, number of infants; PMA, postmenstrual age (weeks); Surf., received surfactant.
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There was no national policy on indications or details on 
how LISA was performed. We compared LISA with two 
control groups: the rest of the cohort (non-LISA) and the 
non-LISA infants who received the first dose of surfactant 
after endotracheal intubation (non-LISA+S).

Statistics
Descriptive data are reported as means, medians, SD, 
95% CIs, Spearman’s correlation, counts or proportions, 
as appropriate.

Because LISA was only used in 13/318 (4.1%) of infants 
with GA less than 25 weeks, we restricted comparisons 
to those with GA 25–27 weeks. First, we assessed if there 
were correlations between the rates of LISA and rates 
and mean duration of MV between NICUs. Correlations 
disclosed differences in background data and treatment 
policies between NICUs. We therefore used propensity 
score (PS) analyses to reduce potential bias when esti-
mating the effect of administering LISA. First, we created 
a probability model for receiving LISA based on baseline 
variables thought to predict the use of LISA and/or the 
outcome variables: sex, GA, antenatal steroids or not, 
mode of delivery (vaginal vs caesarean section), Apgar 
score at 5 min, CRIB II score, year of birth and hospital 
of treatment. Most of these variables are also presented 
as central background data in the OPTIMIST trial.3 We 
used a mixed-effects logistic regression model, and, for 
maximum flexibility, GA, Apgar and CRIB II scores, 
and year of birth were modelled as non-linear terms—
restricted cubic splines with three knots. Hospital was 
included as a random intercept. We used the estimated 
probabilities from this model (with conditional mode 
used for hospital effects) as PSs. For each LISA infant, 
we selected the non-LISA and the non-LISA+S infant 
with the closest PS within a calliper of 0.2 on the logit 
scale as a match (1:1 ratio), without replacement and 
with ties broken at random. With this method, we esti-
mate the average treatment effect in those treated (ATT) 
with LISA, that is, the effect of receiving LISA among the 
subjects who received it. To assess the comparability of 
baseline characteristics, we report means or percentages 
of all variables included in the PS model both before and 
after matching.

We analysed the outcome variables from the PS dataset 
as non-paired, using Welch’s t-test to compare the 
number of days on MV for infants receiving LISA versus 
non-LISA and non-LISA+S. To estimate the expected 
difference in the number of days on MV at the individual 
(not population) level, remove the effect of any residual 
baseline imbalance and potentially increase the preci-
sion of the estimates, we additionally used a linear mixed-
effects model with the same explanatory variables as in 
the PS model. We used χ2 tests to compare all categorical 
variables.

We performed two post-hoc sensitivity analyses, both 
for the PS and regression analyses: one after removing an 
infant with an unusually large number of days on MV, and 
one after removing CRIB II scores as a predictor variable, 

since the CRIB II score was missing for 40 infants. There 
were no other missing data in the predictors. One infant 
had missing data on NEC and was excluded from analyses 
involving this variable.

We used R V.4.1.211 for all analyses. The mixed-effect 
model was fitted by using the lme4 package V.1.1–
V.27.1,12 and the PS matching was performed by using 
the ‘Matching’ package V.4.9–V.11.13 All CIs reported are 
95% CIs.14

RESULTS
Of 1174 registered infants (45% girls), 843 were born 
at GA 25–27 weeks and included in the analyses; 26% 
received LISA (figure  1). The use of LISA increased 
during the 7-year period, especially during the last 2 years 
(data not shown). There were marked differences in the 
use of LISA between hospitals (table 1). There was a posi-
tive association between hospitals regarding the propor-
tion of infants who received LISA and the mean duration 
of MV (table  1, figure  2, Spearman’s r=0.75, p=0.001), 
but no convincing association between the proportion 
who received LISA and the proportion treated with MV 
(Spearman’s r=0.11, p=0.75).

In unadjusted analyses, the LISA infants had higher 
survival rates at 7 days and at PMA 36 and 40 weeks, and 
lower rates of BPD-36 (42% vs 50%, p=0.03), but not of 
BPD-40 (12% vs 16%, p=0.17) than the non-LISA infants 
(table 2 and panel 1 in table 3). In contrast to the pattern 
when the data were aggregated to hospital level (figure 2), 
fewer LISA infants received MV (62% vs 81%, p<0.001), 
and the LISA infants had fewer mean days on MV than 
the non-LISA infants (8.3 vs 11.3 days, p=0.007, tables 2 
and 3). There was no significant difference in days on 
MV between LISA and non-LISA infants who were venti-
lated (13 vs 14 days, p=0.69), nor on the proportion of 
the survivors who had ICH/PVL (8% vs 10%, p=0.34) or 
NEC (5% vs 5%, p=0.79) (table 2).

There was a suitable overlap in the PS distribution 
between the LISA and non-LISA infants (figure 3), and a 
match was found for 198 of the 214 LISA patients (93% 
matching success rate; eight LISA infants were excluded 
due to missing CRIB II scores). Before matching, there 
were differences in the distribution of baseline charac-
teristics, most notably for Apgar score, but the LISA and 
non-LISA infants were similar across all major variables 
(table 4).

After PS matching, the survival rate was still margin-
ally in favour of LISA compared with all non-LISA infants 
(table 3, panel 2), and the LISA infants had an estimated 
4.1 (95% CI 0.0 to 8.2) fewer mean days on MV, also after 
adjusting for additional variables (4.1, 95% CI 0.3 to 8.0). 
After removing a non-LISA infant with 288 days on MV, 
the estimated mean difference was 2.7 days (95% CI −0.3 
to 5.8, p=0.08). The difference in medians was 1 day in 
favour of LISA. There were minor differences between 
the LISA and non-LISA infants in the point estimates for 
rates of BPD-36 or BPD-40, NEC and ICH/PVL.
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When restricting the analysis to the infants who 
received surfactant (LISA vs non-LISA+S, table 3, panel 
3), a match was found for fewer LISA infants (146) in the 
PS analysis (table 4). In this subset, there was no longer 
any significant difference in survival, but days on MV 
was still in favour of LISA (mean difference 5.8, 95% CI 
0.6 to 10.9 days, p=0.03). After removing the infant with 
288 days on MV, the difference was 3.9 days (95% CI 0.3 
to 7.5, p=0.03). For all analyses, the results were similar 
when CRIB II was removed from the PS model (results 
not shown).

DISCUSSION
In this national multi-centre quality register study which 
included all EPT infants admitted to NICUs in Norway 
during 2012–2018, LISA was rarely used in infants born 

with a GA less than 25 weeks, but in around 1 of 4 infants 
born between GA 25 and 27 weeks. The rates of endotra-
cheal intubation and MV varied substantially between 
NICUs but were unrelated to their LISA strategy. After PS 
matching, there were differences in favour of the LISA 
infants regarding rates and duration of MV, but no statis-
tically significant differences in rates of neurological or 
gastrointestinal morbidities, or in rates and probably not 
in severity of BPD, since the decline in rates of BPD from 

Figure 2  Association between the proportion of infants with 
gestational age 25–27 weeks (n=843 infants, 16 hospitals) 
who received less invasive surfactant administration (LISA) in 
each hospital* and the proportion who received mechanical 
ventilation (MV) at that hospital (Spearman’s r=0.11, p=0.75), 
and the mean number of days** on MV (Spearman’s r=0.75, 
p=0.001). The size of each point is proportional to the 
number of infants born at the hospital. *The six smallest 
hospitals, with a total of ten infants, are grouped together 
and represented as one point. **Also including patients with 
no days on MV.

Figure 1  Patient flow chart for main analysis (n=1174). 
ant., antenatal; CRIB II, clinical risk index for babies II; GA, 
gestational age; LISA, less invasive surfactant administration; 
n, number of infants; NEC, necrotising enterocolitis.
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PMA 36 to 40 weeks was the same for the LISA and non-
LISA infants.

The positive association between NICUs regarding 
proportions treated with LISA and mean duration of MV 
probably reflects differences in both indications for treat-
ment with surfactant and MV, and in accepting permis-
sive hypercapnia before discontinuing MV. However, the 
PS analyses suggest that different treatment policies did 
not affect outcomes in terms of rates of BPD, or neuro-
logical or gastrointestinal morbidity. The lack of effect 
on occurrence of BPD corresponds with the result of the 

OPTIMIST trial, although the latter study had a different 
design.3 We speculate that the marginal effects of LISA in 
the PS models may be overestimated since the reason for 
electing LISA was not defined in the dataset; it is possible 
that infants who were intubated before surfactant admin-
istration in the NICUs with a LISA strategy had apnoea or 
more severe lung disease than those who received LISA.

The current European guidelines1 suggest early nasal 
CPAP as the first-line strategy in spontaneously breathing 
preterm infants with respiratory distress, and non-invasive 
surfactant administration, such as LISA, if respiratory 
distress is diagnosed. However, only two of the studies 
that these guidelines were based on included infants with 
GA 23–28 weeks15 16; most of the analyses also included 
or were restricted to more mature infants.15–30 To extrap-
olate recommendations based on the treatment of rela-
tively mature and robust infants to more vulnerable 
infants carries a risk of causing harm, for example, from 
prolonged early hypoxia in the case when LISA fails to 
cause improvement. We found no evidence of increased 
harm associated with the use of LISA, and, reassuringly, 
no trend towards increased IVH/PVL. However, the study 
was not powered to conclude on these adverse outcomes. 
In the OPTIMIST trial, the mortality was higher in the 
LISA than in the control group for the infants born at GA 
25–26 weeks, which may be a cause for some concern.3

The strengths of the study were the inclusion of virtu-
ally all liveborn EPT infants in Norway where resuscita-
tion was attempted, and prospective collection of data 
in a uniform manner in a national quality register. In 
Norway, prenatal and postnatal life support is generally 
provided from GA 24 weeks, while decisions are made 
more individually at earlier GAs. The overlap in PS distri-
bution, the resulting high (93%) matching success rate 
and the close balance in baseline characteristics after 

Figure 3  Distribution of propensity scores stratified by use 
of LISA (n=803). The figure shows an overlap in the score 
distributions between the two groups of infants, which 
makes a propensity score analysis feasible. LISA, less 
invasive surfactant administration.

Table 4  Balance of baseline characteristics for infants with gestational age 25–27 weeks (n=843) before and after propensity 
score matching for infants treated with less invasive surfactant administration (LISA) and the rest of the infants (non-LISA, 
panel 1), and for LISA infants and infants who received their initial dose of surfactant after endotracheal intubation (non-
LISA+S, panel 2)

All patients Only patients who received surfactant

Before matching After matching Before matching After matching

LISA Non-LISA LISA Non-LISA LISA Non-LISA+S LISA Non-LISA+S

Number of infants 222 621 198 198 222 441 146 146

Gestational age, days, mean 187 186 187 187 187 185 186 186

Birth weight*, g, mean 877 865 879 875 877 835 877 873

Apgar score, 5 min, mean 7.6 6.6 7.5 7.5 7.6 6.2 7.2 7.2

CRIB II score 10.2 10.7 10.2 10.2 10.2 11.2 10.4 10.5

Year of birth 2015.1 2014.6 2015.0 2015.0 2015.1 2014.6 2014.8 2015.0

Small for gestational age*, % 23% 24% 23% 22% 23% 25% 21% 21%

Antenatal steroids, % 94% 90% 94% 93% 94% 90% 93% 93%

Caesarean section, % 47% 51% 46% 45% 47% 55% 47% 44%

Sex, female, % 46% 45% 44% 42% 46% 42% 42% 45%

*Not included in propensity score model, but shown for comparison.
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matching indicate that the PS model was suitable in 
reducing bias from confounders. There are, however, 
several limitations, including unavailable or unmeasur-
able confounders. For instance, BPD is a multifactorial 
disease, and unrecognised differences in care may have 
contributed to differences in a diagnosis of BPD-36 and 
BPD-40.31 32 Moreover, the study was underpowered 
to detect small differences in BPD incidence. It is also 
important to bear in mind that the PS analyses estimate 
the treatment effect for the patients actually treated with 
LISA (the ‘ATT’). The findings thus cannot be gener-
alised to patients where LISA was not seen as a viable 
treatment option.

CONCLUSION
Our results suggest that the use of LISA may reduce 
the need for and duration of MV in infants born at GA 
25–27 weeks, but that it has little or no effect on reducing 
mortality or pulmonary, neurological or gastrointestinal 
morbidity. Marked variations in the use of LISA and 
outcomes between NICUs may indicate that individual 
NICU routines may be equally or more important than a 
LISA versus a non-LISA strategy. Further research should 
aim at defining clinical circumstances where LISA may be 
clearly beneficial or potentially cause harm.
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