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Surfactant utilization and short-term outcomes in an era of
non-invasive respiratory support in Canadian neonatal
intensive care units
K Raghuram1, A Mukerji2, J Young1,3, W Yee4, M Seshia5, K Dow6 and V Shah1,3 on behalf of the Canadian Neonatal Network7

OBJECTIVE: Increased use of non-invasive respiratory support (NRS) in the delivery room management of preterm neonates has
resulted in delayed surfactant treatment, yet the short-term effects of this change are unknown. The aim of this study was to
comparatively evaluate the use of surfactant and the short-term outcomes prior to and after the implementation of early routine
use of NRS.
STUDY DESIGN: Eligible infants of o29 weeks gestational age (GA) admitted to a Canadian tertiary neonatal center during two
time periods (2005 to 2008 and 2010 to 2013) were included in this retrospective cohort study. Timing of surfactant (prophylactic vs
therapeutic) and short-term outcomes were compared between the two groups. Univariate and multivariate regression analysis
was performed to determine the adjusted odds ratio (AOR) along with 95% confidence interval (CI) of receiving exogenous
surfactant and developing bronchopulmonary dysplasia (BPD) using the later cohort as the reference group. Subgroup analyses
were also performed for infants o26 and 26 to 286/7 weeks GA, respectively.
RESULTS: A total of 3980 and 5137 infants were included in the first and second time periods, respectively. There was no significant
difference in overall surfactant utilization between the two time periods (AOR 1.00, 95% CI 0.89, 1.13). However, between 2005 and
2008, a lower proportion of neonates received therapeutic surfactant compared with the later cohort (47.1% vs 56.9%, Po0.01) but
were more likely to receive prophylactic surfactant (52.9% vs 43.1%, Po0.01). BPD overall was significantly higher in the earlier
cohort (AOR 1.19, 95% CI 1.07, 1.33), particularly among the o26 weeks gestation subgroup (AOR 1.34, 95% CI 1.08, 1.66).
CONCLUSION: Early routine use of NRS did not impact overall surfactant utilization rate, although therapeutic surfactant
administration rates were higher with a concomitant decrease in BPD rates.
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INTRODUCTION
Surfactant replacement therapy is now a well-established treat-
ment for infants with respiratory distress syndrome (RDS). Several
large meta-analyses, including the early clinical trials carried out in
the 1980s and 1990s,1,2 have shown that surfactant therapy
reduces mortality with an approximate number needed to treat of
11 to prevent 1 neonatal death. These meta-analyses further
confirmed that surfactant decreases the risk of pneumothorax,
pulmonary interstitial emphysema and the combined outcome of
death or bronchopulmonary dysplasia (BPD), primarily by redu-
cing death rather than BPD.3–6

Traditionally, surfactant is administered invasively with endo-
tracheal intubation. Invasive surfactant delivery is accompanied by
several possible complications, including bradycardia, hypoxemia
and blockage of the endotracheal tube.7 In recent literature, less-
invasive surfactant delivery has been associated with decreased
use of mechanical ventilation and a lower likelihood of death or
BPD but still carries with it the acute complications similar to
invasive delivery.8

In order to reduce or eliminate invasive ventilation altogether,
early non-invasive respiratory support (NRS) is increasingly used in

the delivery room management of preterm neonates.9,10 Many
studies have suggested lower rates of BPD with NRS.10–12 A meta-
analysis of seven trials, including two large randomized controlled
trials of NRS vs prophylactic intubation, suggested that avoidance
of endotracheal intubation had a beneficial impact of preventing
BPD in infants o30 weeks gestational age (GA).13–15 This is of
considerable importance given that BPD has been independently
associated with poor neurological outcomes.16

The introduction of early NRS in the delivery room has led to
questions regarding the ideal timing of surfactant administration.
Recent systematic reviews have favored selective surfactant use
(treatment of infants only after a period of observation for clinical
signs and symptoms of RDS or respiratory failure) over prophy-
lactic surfactant use (treatment at the time of birth or shortly
thereafter to a selected group of infants at high risk of developing
RDS based on GA)17 and early selective surfactant, as compared
with delayed surfactant treatment.18,19 With more consistent use
of early NRS in the delivery room, it is important to understand the
trends of surfactant use and the outcomes related to this
evolution. Avoidance of endotracheal intubation and mechanical
ventilation and increased use of NRS is likely to result in delayed
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use of surfactant. The use of early NRS may in fact eliminate the
need for surfactant altogether in up to 50% of preterm neonates.20

During the implementation of the quality improvement project,
Evidence-based Practice for Improving Quality in 2009, the use of
NRS became increasingly adopted by neonatal units participating
in the Canadian Neonatal Network (CNN).21 The aim of this study
was to comparatively evaluate the use of surfactant therapy prior
to the implementation of routine early use of NRS (2005 to 2008)
and after its implementation (2010 to 2013) and to compare the
short-term neonatal outcomes, including development of BPD,
during the two time periods.

METHODS
Study population
The CNN is a consortium of all tertiary-level neonatal units across the
country. All newborn infants o29 weeks GA admitted to a CNN center
between 1 January 2005 and 31 December 2008 and between 1 January
2010 and 31 December 2013 were evaluated for inclusion in this study.
Infants who had major congenital anomalies, were outborn, were offered
palliative care or were moribund at birth were excluded from the analysis.

Study design
This retrospective cohort study was conducted by extracting data from the
CNN database from the two time periods described above. Data were
extracted for the following categories: (1) Maternal data: age, gravity,
parity, singleton or multiple gestation, antenatal steroids, maternal health
problems (including diabetes mellitus, hypertension or urinary tract
infection), Group B streptococcus status, prolonged rupture of membranes
before delivery, maternal fever, chorioamnionitis, and intrapartum
antibiotics; (2) Delivery and resuscitation measures: mode of delivery,
presence of meconium, Apgar scores o7 at 5 min, requirement for
resuscitation (positive-pressure ventilation and/or chest compressions);
and (3) Neonatal data: GA, sex, birth weight, small for GA, Score for
Neonatal Acute Physiology II, outborn/inborn, use of NRS including
continuous positive airway pressure (CPAP), use of intubation and
mechanical ventilation at birth, prophylactic (defined as surfactant
administration ⩽ 30 min of life) or therapeutic (defined as administration
after 30 min) surfactant administration, number of doses of surfactant,
early use of caffeine (first 3 days of life), duration of endotracheal
mechanical ventilation, duration of CPAP, duration of oxygen therapy,
length of hospital stay and short-term outcomes (BPD, defined as need for
oxygen at 36 weeks postmenstrual age (PMA)22 or at time of transfer to a
level 2 unit, retinopathy of prematurity (ROP, stage ⩾ 3 according to
international classification23), necrotizing enterocolitis (stage ⩾ 2 using
Bell’s criteria24), sepsis (early and late onset), grade 3 or 4 intraven-
tricular hemorrhage,25 mortality before discharge, air leak syndromes
(pneumothorax, pneumomediastinum) and the need for chest tubes).

Statistical analysis
Maternal and neonatal baseline characteristics and short-term clinical
outcomes were compared using Pearson’s Chi-square test for categorical
variables and Student’s t-test for continuous variables. Non-parametric
data were analyzed using the Wilcoxon’s Rank-Sum test. Univariate and
multivariate analyses were conducted separately to assess the impact of
the use of NRS on patient mortality and morbidity. Univariate and
multivariate logistic regression analysis was performed using surfactant
exposure and BPD as outcomes with maternal and neonatal factors as
potential predictors. Adjustments were made for the following confound-
ing variables found to be significantly different in a comparison of baseline
characteristics: GA, sex, prolonged rupture of membranes, intrapartum
antibiotics, maternal diabetes, antenatal steroid use, early caffeine use,
Apgar score at 5 min of age, and maternal age (see Table 1).
Chorioamnionitis was not adjusted for because of missing data in a large
number of participants (approximately one-third). Odds ratios (ORs) with
95% confidence intervals (CIs) for surfactant utilization and BPD in the
earlier time period compared with the later time period were generated
from these analyses. Further, a subgroup analysis based on GA categories
(o26 weeks and 26 to 286/7 weeks) was performed to determine whether
the early use of NRS and delayed use of surfactant corresponded with
similar trends in BPD across all GA groups. Statistical analyses wereTa
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conducted using SAS V.9.3 (SAS Institute, Cary, NC, USA), and a P-value of
0.05 was considered significant.

Ethical approval
Data collection was approved by either research ethics boards or hospital
quality improvement committees at each participating hospital. Approval
for this particular study was obtained from Mount Sinai Hospital’s Research
Ethics Board and the Executive Committee of the CNN.

RESULTS
A total of 5579 and 6600 infantso29 weeks GA were admitted to
CNN centers between 2005 and 2008 and between 2010 and
2013, respectively. After application of the exclusion criteria, 3980
infants born between 2005 and 2008 and 5137 infants between
2010 and 2013 remained in the analysis (Figure 1).
A comparison of maternal and neonatal characteristics was

performed between the two groups (Table 1). Maternal character-
istics that appeared to be significantly different overall were the
presence of maternal diabetes, the use of antenatal steroids,
rupture of membranes 424 h and the use of intrapartum
antibiotics, all of which were higher in the later time period.
Neonatal factors that were significantly different were GA, male
sex, Apgar score at 5 min and early use of caffeine (first 3 days of
birth). These characteristics were included in the logistic
regression analysis for the overall study population and for
subgroup analysis.
Table 2 shows the utilization of surfactant and ventilation

resources during the two time periods. There was no significant
difference in overall surfactant utilization between the groups
(77.2% in 2005 to 2008 vs 76.1% in 2010 to 2013, P= 0.23).
However, compared with 2005 to 2008, more neonates received
therapeutic surfactant in 2010 to 2013 (56.9% vs 47.1%, Po0.01)
and less prophylactic surfactant (43.1% vs 52.9%, Po0.01). In
addition, a lower proportion of neonates in the later era required
two or more doses of surfactant (35.6% in 2010 to 2013 vs 39.6%
in 2005 to 2008, Po0.01). Stratification into subgroups revealed
differences in surfactant use for infants o26 weeks and 26 to
286/7 weeks. A higher proportion of infants born o26 weeks GA
were administered surfactant in 2010 to 2013 compared with 2005
to 2008 (91.0% vs 85.3%; P o0.01) while the use of surfactant
decreased for infants born 26 to 286/7 weeks (68.8% vs 73.6% in
2005 to 2008; Po0.01) (Table 2). In both the GA groups, there was
increased utilization of therapeutic surfactant and fewer infants
received ⩾ 2 doses in the later cohort (Table 2). The median days
spent on invasive mechanical ventilation were less between 2010
and 2013 (6 vs 9 days in 2005 to 2008, Po0.01), while duration of
CPAP increased (Table 2). However, neonates born between 2010

and 2013 appeared to require significantly more days on oxygen
(27 vs 7 days between 2005 and 2008, Po0.01; Table 2).
The incidences of short-term outcomes of neonates born in

both eras were compared as well (Table 3). Mortality, air leak
syndrome, necrotizing enterocolitis, early-onset sepsis and grades
3 to 4 intraventricular hemorrhage were unchanged overall
between these time periods, with the exception of mortality in
infants o26 weeks GA, which decreased in 2010 to 2013. Despite
there being no difference in the rate of air leak or pneumothorax
(5.9% in 2005 to 2008 vs 5.7% in 2010 to 2013, P= 0.68), babies
born in the later era more frequently required chest tube insertion
(3.4% vs 1.5% in 2005 to 2008, Po0.01). BPD at 36 weeks PMA,
however, was significantly reduced in the more recent group
(38.7% in 2010 to 2013 vs 42.0% in 2005 to 2008, Po0.01;
Table 3). Nosocomial infections were also lower in the later time
period (25.1% in 2010 to 2013 vs 28.6% in 2005 to 2008, Po0.01),
although this reduction was statistically significant only for infants
26 to 286/7 weeks. The rate of ROP also decreased over time
(13.5% in 2010 to 2013 vs 15.6% in 2005 to 2008; P= 0.02). It
should be noted that there was a significant amount of missing
data on ROP, and therefore, the results should be interpreted with
caution.
Univariate logistic regression analysis revealed that the odds of

surfactant use in 2005 to 2008 compared with 2010 to 2013 was
1.06 (95% CI 0.96, 1.17), indicating no significant difference in
overall surfactant use between the two time periods (Table 4).
When adjusted for GA, sex, prolonged rupture of membranes,
intrapartum antibiotics, maternal diabetes, antenatal steroid use,
Apgar score at 5 min of age, early caffeine use and maternal age,
the OR remained nonsignificant (adjusted OR (AOR) 1.00, 95% CI
0.89, 1.13). The odds of developing BPD at 36 weeks PMA was
significantly higher in the earlier era (AOR 1.19, 95% CI 1.07, 1.33)
when adjusted for the same confounding variables. However, in
our subgroup analysis, the adjusted odds of surfactant adminis-
tration in infants o26 and 26 to 286/7 weeks were 0.55 (95% CI
0.42, 0.73) and 1.14 (95% CI 1.00, 1.30), respectively. The odds of
developing BPD at 36 weeks PMA was significantly higher in the
earlier era (AOR 1.34, 95% CI 1.08, 1.66) for infants o26 weeks GA
while a trend was noted for infants 26 to 286/7 weeks (AOR 1.13,
95% CI 0.99, 1.29) when adjusted for the same confounding
variables.

DISCUSSION
Prior to 2008, routine use of early NRS in the delivery room was
not practiced. An initial Cochrane review of prophylactic vs rescue
surfactant showed a lower risk of air leak and neonatal morbidity
with prophylactic surfactant. However, when this review was

Figure 1. Flowchart of patient selection from the Canadian Neonatal Network (CNN) database There were 26 CNN neonatal intensive care unit
(NICU) sites that participated in 2005 to 2008 and 29 that participated in 2010 to 2013. GA, gestational age.
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updated to include trials where routine CPAP was used, the
advantage of prophylactic surfactant administration was no longer
apparent. In fact, routine application of CPAP lowered the risk of
chronic lung disease or death.17 As a result, the practice of
stabilization on CPAP in the delivery room was adopted in many
countries, including Canada. The purpose of this study was to
retrospectively analyze the utilization of surfactant in an era where
routine CPAP was applied in the delivery room and compare the
outcomes of these infants to those who were born before this
practice was adopted. To our knowledge, this is the first study to
describe the trend in surfactant utilization and outcomes in
Canadian neonatal intensive care units since the adoption of early
routine CPAP.
Our study shows that, in recent years, surfactant utilization did

not appear to have changed overall despite the use of routine
early delivery room stabilization on NRS. In fact, further examina-
tion revealed that overall surfactant use actually increased in
infants o26 weeks GA, whereas usage declined in the 26 to 286/7

subgroup. Nonetheless, the shift towards decreased prophylactic
surfactant use and increased therapeutic use was similar in both
subgroups. Previous studies have shown that, although some
preterm neonates may never need surfactant after early routine
CPAP, between 38% and 67% of infants will need intubation and
surfactant at some time during their clinical course, depending on
the clinical criteria used to determine CPAP failure and need for
surfactant.13,14,26 Physiologically, although early CPAP may help
establish functional residual capacity, reduce work of breathing
and improve gas exchange, primary surfactant deficiency is
unchanged and thus surfactant therapy would still be required.
This is particularly important in preterm neonates born close to
the limits of viability who have a more significant surfactant
deficiency. In these neonates, it appears that early NRS use may in
fact necessitate the use of surfactant more often than in neonates
born 26 to 286/7 weeks GA. Previous studies have shown that
neonates at the limits of viability are rarely managed with NRS
alone.27,28 However, the use of early NRS is still associated with
reductions in BPD and death in this age group14 and is likely still
the preferred management choice. Interestingly, although the
incidence of air leak or pneumothorax was unchanged in a time
when more NRS and less surfactant was used overall, a higher
proportion of babies born in the later time period required chest
tube insertion. Unfortunately, it is difficult to determine the
severity of the air leak syndrome and the indications for chest
tube insertion are unknown.
As expected, the timing of surfactant administration did differ

between the two time periods with an increased use of rescue
surfactant in more recent years. In addition, fewer infants in both
GA groups required repeated doses of surfactant in the 2010 to
2013 period. This may be related to the increased use of non-
invasive ventilation and the use of higher positive-end expiratory
pressures. The infants in the later time period also spent fewer
days on mechanical ventilation, which again is in keeping with
previous studies.13,14 The decreased use of invasive mechanical
ventilation may in part explain the reductions in BPD, as has been
demonstrated in several publications previously.29–31 In these
studies, both early extubation and shorter cumulative time spent
on mechanical ventilation reduced the risk of BPD.
The infants in the later time period required more days of

oxygen therapy (27 vs 7 days between 2005 and 2008, Po0.01).
This was even more significant in infants born o26 weeks GA
with a mean of 57 days spent on supplemental oxygen compared
with 9 days in 2005 to 2008. This may be a result of earlier
extubation practices with inadequate maintenance of functional
residual capacity on CPAP or an increase in oxygen saturation
targets. Regardless of this increased use of oxygen, there was
actually a decreased rate of both ROP and BPD at 36 weeks PMA in
2010 to 2013 compared with 2005 to 2008, indicating that, despite
this prolonged time on oxygen, the rates of these outcomes wereTa
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unchanged. Of note, however, there was a significant amount of
missing data on ROP and it is difficult to accurately make this
conclusion.
Other short-term neonatal outcomes were also compared

between the two time periods. There was no difference in overall
mortality, necrotizing enterocolitis, early-onset sepsis and grade 3
to 4 intraventricular hemorrhage between the two time periods.
Nosocomial infections appear to be higher in the earlier time
period. This may not only be more reflective of evolving quality
improvement practices in neonatal intensive care units following
Evidence-based Practice for Improving Quality implementation
but may also be related to decreased rates of ventilator-associated
pneumonia caused by prolonged intubation and mechanical
ventilation in the earlier time period.21

In this study, the incidence of BPD was significantly lower in the
later era. This decrease was more pronounced among infants
o26 weeks GA, while a more subtle decline was observed in
infants 26 to 286/7 weeks GA. This was not observed in previous
studies comparing prophylactic surfactant with rescue
surfactant.13,14,17,26,32,33 In this neonatal population, the rate of
antenatal glucocorticoids was comparable to earlier studies.13,14,26

In addition, neonates appeared to spend more days in oxygen in
the later time period, indicating that, despite more oxygen
exposure, the risk of developing BPD was lower. However, other
factors may have contributed to the decline in BPD. For instance,
the use early caffeine significantly increased between the two
time periods that have been previously reported to reduce BPD
rates.34 The decreased rate of nosocomial infections from the
initial time period to 2010 to 2013 may have also contributed to
the decrease in BPD, especially in the older GA group, and the
association between sepsis and subsequent development of BPD
has been suggested in previous studies.35,36 Finally, improved
ventilation strategies between 2008 and 2010 may have
contributed to a lower rate of BPD. This may include earlier
extubation and less use of invasive mechanical ventilation; use of
non-invasive ventilation techniques, such as non-invasive positive-
pressure ventilation or non-invasive high-frequency ventilation; or
the use of alternative mechanical ventilation modes, such as high-
frequency oscillation or high-frequency jet ventilation. Although
chorioamnionitis may contribute to the development of BPD,37 it
was not adjusted for because of missing data. However, the rate of
chorioamnionitis was higher in the later time period, and
therefore, the decrease in BPD may actually be underestimated
from this analysis.
The limitations of this study are that it is an observational study

with data collected retrospectively. It is difficult to determine
indications for certain procedures, such as chest tube insertion, as
well as to determine whether variations in outcomes were in fact
attributable to the implementation of early CPAP and rescue
surfactant therapy. Information on other variables, such as oxygen
saturation targets, type of NRS, type of surfactant or the criteria or
technique used to administer surfactant, were not collected that
may have important implications for the reported outcomes.
In summary, in an era where routine early CPAP is used with

rescue surfactant, although surfactant utilization remains
unchanged, the timing of surfactant has shifted to later rescue
use. A lower incidence of BPD is also noted in this era, although
other factors such as a high rate of antenatal steroid use, lower
rates of nosocomial infection, improved ventilation strategies and
early caffeine use may have also contributed to this improvement.
Early CPAP with a strategy for rescue surfactant has been
suggested as the optimal means of treating neonatal RDS while
improving short-term outcomes, but the ideal timing for
surfactant remains to be determined and may need to be
individualized. In addition, based on recent data, it may be better
to deliver surfactant less invasively through a catheter rather than
through the endotracheal tube.8 This new delivery technique mayTa
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alter the timing of surfactant and further improve short-term
outcomes by avoiding intubation altogether.

CONCLUSIONS
Although it appears that early routine use of non-invasive
ventilation has not led to alterations in overall surfactant use in
very preterm infants, both the timing of surfactant administration
and the overall use in specified GA subgroups (o26 and 26 to
280/7 weeks) has changed between the two time periods. In
addition, there was an observed reduction in BPD in later years.
Further studies are required to accurately determine whether the
underlying cause of this reduction in BPD is related to the delayed
use of invasive mechanical ventilation, early non-invasive ventila-
tion use, changes in surfactant practices or a combination of these
factors.
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