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Summary. Background and aim of the work: Respiratory distress syndrome (RDS) is the most common cause
of respiratory failure among premature infants. The most important choice for the treatment of RDS is still
exogenous surfactant replacement therapy and respiratory support. Today, there are some different surfactant applying techniques. In this study, we aimed to evaluate the effects of the surfactant administration techniques in
premature infants less than 33 weeks of gestational age. Methods: The medical data were collected retrospectively
from the medical records of Baskent University, Konya Training and Research Hospital between 2010 and 2016.
The patient divided into two subgroups as Less Invasive Surfactant Administration (LISA) group (n: 35) and
Intubation- Surfactant administration and rapid Extubation (INSURE) group (n: 30). Two surfactant administration techniques were evaluated on the neonatal morbidities and mortality among premature infants. Results:
There were no significant differences in maternal and neonatal characteristics between the two groups. Duration
on the nasal continues positive airway pressure (nCPAP) is significantly higher in the LISA group as compared
with the INSURE group (p<0.001). And also between two groups, there were no significant differences in term
of neonatal mortality and morbidities. Conclusion: The technique of the surfactant administration has no effect
on the postnatal morbidities. LISA method is safe and effective as much as INSURE method, which is still a
good alternative in centers with lack of experience about LISA. We need to perform studies that have larger
sample size and prospective randomized controlled trials. (www.actabiomedica.it)
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Introduction
Respiratory distress syndrome (RDS) is the most
common cause of respiratory failure among premature
infants, especially less than 34 weeks of gestational age
infants (1). The main causes of RDS are lack of the
endogenous surfactant and lung immaturity (2). The
most important choice for the treatment of RDS is
still exogenous surfactant replacement therapy and
respiratory support. Japan scientist Fujiwara published
the results of the administration of bovine surfactant
in preterm infants in the Lancet (4). Formerly, it was

only applied to intubated infants and was usually given
via the endotracheal tube during mechanical ventilation (MV). With time, different forms of surfactant
and different applying techniques were tried. Metaanalyses of randomized controlled trials (RCTs) have
confirmed that the natural surfactant administration in
preterm infants with RDS reduces mortality, decreases
the incidence of pulmonary air leak and the risk of
bronchopulmonary dysplasia (BPD) or death at 28
days of age (3).
Before nasal CPAP, INSURE technique; intubation surfactant instillation during brief MV and
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extubation has been previously been used (5, 6). Intubation solely for surfactant administration is a common practice in many countries. Although treating
RDS with the surfactant improves clinical outcomes,
MV can cause lung injury in preterm infants with
RDS and contribute to the development of chronic
lung disease and BPD.
With the understanding that intubation or MV
of premature infants has some harmful effects such
as BPD or need more oxygen supplementation; some
papers about application surfactant with a thin catheter among spontaneous breathing infants with RDS
have been published (7, 8, 9). The first published randomized and controlled study about LISA is the avoidance of mechanical ventilation trial (9). In this study,
the surfactant treated group with LISA technique had
a lower rate of subsequent MV. After these investigations, the less invasive technique has been widely used
in many countries.
In this retrospective study, we aim to evaluate the
results of LISA and INSURE techniques in terms of
pulmonary outcomes and the other secondary outcomes.

Materials and Methods
This study is a retrospective study that was extracted from the medical records of the Konya Training and Research Center of Baskent University
between 2010 and 2016. The study involved 65 premature infants less than 33 weeks of gestational age
with diagnosed RDS. Infants who have the major
lethal malformation and who need tracheal intubation for delivery room stabilization or higher than 33
weeks of gestational age, were excluded. All of the patients were transferred to the neonatal intensive care
unit (NICU) with T – Piece resuscitator (Neopuff
Infant Resuscitator; Fisher and Paykel, Auckland,
New Zealand). And, all of the patients have been
monitored on nCPAP with 5-8 cm H2O positive endexpiratory pressure (PEEP). The surfactant has been
administrated the infants who need supplemental oxygen higher than 0.4 FiO2 and who do not maintain a
SpO2 level above 85.
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The subjects were divided into two groups: those
who had been applied LISA (n: 35) and those who
had been applied INSURE (n: 30). The patients
in both groups were monitored on nasal CPAP initially. Infants who have clinical findings with RDS
such as grunting, retractions, and tachypnea and who
have acidosis need 0.3 - 0.4 more oxygen as an appropriate week with pH less than 7.2, were applied
surfactant with LISA or INSURE techniques. Several
techniques have been described for minimal invasive
surfactant therapy, including nasopharyngeal instillation (10), laryngeal mask placement (11) and aerosolization (12). Another method of less invasive surfactant
administration in which the trachea is catheterized
with a feeding tube has been reported (13). The LISA
technique involves the insertion of a 5 French gauge
feeding tube into the trachea with Magill’s forceps.
Surfactant is then administered over 1 minute, and the
catheter removed after that. Our surfactant administration technique had a little bit different. First, the
patient was positioned as appropriate. The catheter
length was not shortened. 5F or 6F catheter was advanced through the vocal cords under direct vision using a laryngoscope, without the need for Magill’s forceps and any sedation. Then, the gentle pressure was
applied to the trachea avoiding reflux of the surfactant
after the catheter passed through the vocal cords for
1 cm. After the catheter placement, the laryngoscope
was removed. At this position, the second member
of the NICU was administered the surfactant within
30 seconds. Then the catheter was removed. All of the
patients received poractant, Curosurf (Chiesi Farmaceutici, Parma, Italy) at a dose of 200mg/kg was drawn
up in a 5-mL syringe, and an additional 1 mL of air
was drawn up into the syringe taking account of the
dead volume of the instillation catheter.
Patients who received surfactant via the INSURE
technique were first orally intubated with a single lumen appropriate sized endotracheal tube, and poractant at a dose of 200 mg/kg was instilled to the trachea
in 30 seconds. Manual lung inflation by a self-inflating
balloon device with gentle pressure was performed
during the surfactant instillation, and then the patient was rapidly extubated. After extubation, nCPAP
support was maintained. No premedication, such as
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sedation or atropine, was used during both procedures.
As a routine procedure in our NICU; informed parental consent for all treatments and invasive procedures
including tracheal intubation and insertion of the tracheal catheter was obtained on the admission of the
NICU.
Maternal data, including age, diabetes mellitus,
preeclampsia, and mode of delivery, were obtained
from medical records. Infant data at birth, including
gestational age, gender, weight, RDS, intraventricular
hemorrhage (IVH), hemodynamic significant patent
ductus arteriosis (hsPDA), the frequency of sepsis, the
frequency of exitus, the time of hospital stay, the time
on nCPAP, need for MV, the time of invasive MV,
pneumothorax, BPD, the retinopathy of prematurity
(ROP), need for supplemental oxygen, were also recorded.

included 65 cases in our study, predicting a 10% case
data loss. Descriptive statistics of scale variables are
to be defined as mean ± standard deviation or median
(range) as appropriate. Demographic and clinical continuous variables were compared by using a 2-tailed
Student’s t-test for normally distributed values or
Mann Whitney U test for non-normally distributed
values. Z scores of skewness, kurtosis, and Shapiro
Wilks statistics were used to understand whether the
continuous variables are normally distributed. Some
none normally distributed continuous variables were
transformed to normally distributed data using the
two-step approach as described by Gary Templeton
(14). Categorical variables were compared by using X2
or Fisher’s exact test as appropriate. For all tests, the
level of significance was set at 0.05. The analyses were
performed using SPSS 15.0 for Windows (SPSS Inc.,
Chicago, IL, USA).

Statistical analysis
On the basis of Kanmaz et al’s study about the
LISA and INSURE techniques, 50% of applied INSURE patients required intubation and MV in the
first 72 hours of life (13). When we evaluated the first
10 patients, we found a 35% reduction in the need for
intubation in the first 72 hours of life in the LISA
group. The study was designed to test the hypothesis
that LISA would reduce the need for MV compared
with INSURE from 50% to 15%. A power calculation was performed, and a necessary sample size of 56
was determined (28/28) using α=0,05 and β=0,2. We

Results
A total of 65 infants who are under 33 weeks gestational age, were enrolled into the study. The groups
consisted of 35 infants receiving LISA group and 30
infants receiving INSURE group. INSURE, which is
a conventional method, was applied more frequently in
the early stages of our study, but LISA became more
preferred by us with the positive information about
LISA increased. However, there was no demographic
difference between the groups (Table 1, Figure 1). There

Table 1. Demographic characteristics
LISA

INSURE

(N: 35)

(N:30)

26.9 ± 4.5

27.9 ± 6.1

0.46

Transformed values of birth
weight, mean ± SD

1163 ± 382

1200 ± 383

0.70

Gestational week,

28.2 ± 2.3

28.3 ± 1.9

0.84

Gender, male, N

18

16

0.87

Delivery mode, C/S, N

31

29

0.22

Mother’s age,

P-value

mean ± SD

mean ± SD
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Figure 1. This figure shows that the patient distribution of the groups in term of gestational week was similar.

Table 2. Pulmonary Outcomes
LISA

INSURE

P-value

(N: 35)

(N:30)

Days on nCPAP, median (min-max)

7 (3-43)

3(1-21)

<0.001

Transformed values of days on nCPAP, mean ± SD

12.2 ±5.9

4.4±7.7

<0.001

Need for MV, N (%)

9 (26)

12 (40)

0.22

Days of O2 supplementation, median (min-max)

19(6-84)

24 (3-114)

0.47

Days on the MV, median (min-max)

0 (0-10)

0(0-48)

0.29

BPD, n (%)

17 (49)

13 (43)

0.70

Need for MV first 72 hours, n (%)

3 (8,6)

7 (23,3)

0,167

Two or more dose surfactant, n (%)

9 (25,7)

11 (36,7)

0,422

Abbreviations:
nCPAP: nasal Continuous Positive Airway Pressure
MV: Mechanical Ventilation
BPD: Bronchopulmonary Dysplasia

were no statistically significant differences in days of
supplemental oxygen, days on MV, need for MV, need
for MV during the first 72 hours of life, the requirement of more than one dose of surfactant, and BPD
between two groups (Table 2). Days on the nCPAP are

significantly higher in the LISA group than the INSURE group (p <0.001). Secondary outcomes, including exitus, hospital stay duration, and existing of pneumothorax, IVH, ROP, and sepsis, were evaluated. There
were no statistically significant differences between
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Table 3. Secondary Outcomes
LISA

INSURE

P-value

(N: 35)

(N:30)

Hospital stay, mean ± SD

46.2 ± 24

44.9 ± 28

0.84

Existing of pneumothorax, n (%)

1 (3)

1 (3)

0.71

Existing of IVH, n (%)

5 (14)

3 (10)

0.60

Existing proven sepsis, n (%)

13 (37)

11 (37)

0.99

Exitus, n (%)

4 (11)

5 (17)

0.52

ROP, n (%)

5 (14)

4 (13)

0.99

Abbreviations:
IVH: Intraventricular hemorrhage
ROP: Retinopathy of Prematurity

the two groups (Table 3). The need for MV was significantly higher in BPD existing group (P= 0.04). The
need for MV was seen as a risk factor of BPD. And
also the need for MV was seen significantly higher in
the exitus group as expected. It was detected significant
differences for sepsis and BPD as days on nCPAP. The
days on nCPAP were significantly higher in BPD existing group (p<0.01) and the proven sepsis group (P=
0.022). When birth weight was evaluated, it was significantly lower in the group of need for MV (P=0.01),
IVH existing group (P=0.02), suspected sepsis group
(P=0.03), proven sepsis group (P=0.02), BPD existing
group (P <0.01), exitus observed group (P=0.02) and
ROP group (P=0.036) as expected. Birth weight (853
± 242 VS 1233 ± 395, P= 0.007) and gestational week
(26.4 ± 2.1 VS 28.5 ± 1.9, P= 0.05) were significantly
lower in the group that was observed more exitus. For
gestational age, similar findings were also observed.
BPD was the most important predictor for the duration of hospital stay (P<0.001). The other factors associated with hospital stay duration included sepsis and
ROP. The duration of hospital stay was significantly
higher in the proven sepsis (P=0.007) and suspected
sepsis (P=0.032) groups. Furthermore, ROP observed
group had more hospital stay days (P=0.018). The need
for supplemental oxygen was significantly associated
with proven sepsis. The proven sepsis group had more
days for supplemental oxygen (P<0.001). Infants, who
were born from preeclamptic mother, had more days
on MV even if statistics are not significant (P= 0.051).

The other parameter with statistically significant about
days of MV is BPD. Days on MV were higher statistically significant in BPD cases (P < 0.001). The factors
associated with BPD were birth weight, gestational
week, any MV, duration of MV, and days on nCPAP in
our study. The birth weight and gestational week were
significantly lower in BPD group 959 ± 204 gram VS
1474 ± 385 grams (P< 0.001) and 27.1 ± 1.3 VS 29.6 ±
1.9 (P<0.001), respectively.

Discussion
Preterm infants require invasive or non-invasive
respiratory support, especially in the early few days of
life. Neonatologists tend to prefer non-invasive treatment modalities for respiratory distress management
with the improvement of technology in the NICU over
time. Although the LISA technique is a more gentle
and popular method, it brings important concerns such
as apnea, bradycardia, desaturation, and hypotension.
Additionally, spontaneous breathing is essential to effectively maintain the neonate on CPAP and also to
move the surfactant from the trachea toward the lower
airways (15). Although we have encountered similar
short-term problems during LISA application in our
study, we did not have any data about them.
In this retrospective study, contrary to our expectation, we did not find any difference in the need for
any MV, the need for MV during the first 72 hours
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of life, the requirement of more than one dose of surfactant, the duration of supplemental oxygen, and the
duration of MV between these two surfactant administration techniques. Kanmaz et al. found that the need
for MV during the first 72 hours of life is significantly
lower in the LISA group than in the INSURE group
(13). This reason was not fully understood. Because
pulmonary outcomes in the early period of life including pneumothorax, pulmonary interstitial emphysema, atelectasis, and pulmonary hemorrhage were not
found significant differences between the groups in
Kanmaz’s study. Although there were no differences
between acute pulmonary complications, we could not
understand the need for early intubation was higher in
INSURE group. This result may be related to differences in clinician’s ventilation modalities. Contrary to
Kanmaz et al’s study we found that LISA group had
higher nasal CPAP duration. This may be related to
the use of different nasal prongs in our study. Used
nasal prongs in INSURE group, which the majority
of them were applied in the older period, had a more
harmful effect on the nasal septum. So the clinician
may have acted quickly to wean off the nasal CPAP.
Contrary to Kanmaz et al.’s results, we did not find
any difference in terms of the MV duration and the
MV requirement in the first three days of life between
the two groups. But similar to us, they found that supplemental oxygen days and any MV requirement were
no significant differences between the groups.
It is also known that intubation and inappropriate
mean airway pressure or barotrauma is linked to BPD.
In our study, we did not see any statistically significant differences for BPD between LISA and INSURE
groups contrary to the study of Kanmaz and colleagues.
It may be related to more understandable effects on the
immature lung traumas such as barotrauma, endotrauma, and atelectotrauma. Gentle ventilation techniques
and advanced intensive care equipment may be associated with this result. For BPD, the most important
risk factors were found as the need for MV, duration
of MV, gestational week, and birth weight. Similar to
Gopel’s study(9), we did not find any differences regarding the surfactant administration technique.
Risk factors of BPD in our patients, we found that
lower gestational age, lower gestational weight, any
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need for MV, duration of MV and, proven sepsis. Also,
days on nasal CPAP are significantly higher in the
BPD observed group. This situation may be explained
that we prefer non-invasive ventilation approaches and
rapid extubation as soon as possible. Another reason
for this, less traumatic nasal prongs and nasal masks
may encourage us to more non-invasive ventilation
than expected. Another risk factor of BPD was proven
sepsis. Positive blood culture with clinical sepsis findings may be starting the inflammatory processing in
the lungs.
The main limitation of our study is a retrospective methodology. In addition, our study has covered
for a long period of time and, there have been many
improvements including devices and more gentle
ventilation strategies. Therefore, they may have an
influence on our results. Lastly, we did not have the
opportunity to analyze other surfactant types because
we preferred poractant in our practice for the volume
advantage.
As a result, we found that the LISA method is
safe and effective as much as the INSURE method,
which is still a good alternative in centers with a lack
of experience about LISA. Further progressive randomized controlled trials are needed to investigate the
effect of these two methods on morbidities, particularly BPD.
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