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Abstract
Objectives: To compare LISA with INSURE technique for surfactant administration in preterm
with gestational age (GA) < 36 weeks with RDS in respect to the incidence of pneumothorax,
bronchopulmonary dysplasia (BPD), need for mechanical ventilation (MV), regional cerebral oxy-
gen saturation (rSO2), peri‑intraventricular hemorrhage (PIVH) and mortality.
Methods: A systematic search in PubMed, Embase, Lilacs, CINAHL, SciELO databases, Brazilian Reg-
istry of Randomized Clinical Trials (ReBEC), Clinicaltrials.gov, and Cochrane Central Register of Con-
trolled Trials (CENTRAL) was performed. RCTs evaluating the effects of the LISA technique versus
INSURE in preterm infants with gestational age < 36 weeks and that had as outcomes evaluation of
the rates of pneumothorax, BPD, need for MV, rSO2, PIVH, and mortality were included in the meta-
analysis. Random effects and hazard ratio models were used to combine all study results. Inter-study
heterogeneity was assessed using Cochrane Q statistics and Higgin’s I2 statistics.
Results: Sixteen RCTs published between 2012 and 2020 met the inclusion criteria, a total of
1,944 preterms. Eleven studies showed a shorter duration of MV and CPAP in the LISA group than
in INSURE group. Two studies evaluated rSO2 and suggested that LISA and INSURE transiently
affect brain autoregulation during surfactant administration. INSURE group had a higher risk for
MV in the first 72 h of life, pneumothorax, PIVH and mortality in comparison to the LISA group.
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Conclusion: This systematic review and meta-analyses provided evidence for the benefits of the
LISA technique in the treatment of RDS, decreasing CPAP time, need for MV, BPD, pneumothorax,
PIVH, and mortality when compared to INSURE.
© 2023 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
Introduction

Respiratory distress syndrome (RDS) is a condition that has a
high incidence in premature newborns (NB), and it is one of
the main causes of morbidity. Despite this, management has
gradually evolved over the years and has resulted in greater
survival, especially in the 24 to 26 weeks of gestational age
(GA).1,2 Its main cause is surfactant deficiency, a fundamen-
tal substance in lung mechanics, responsible for reducing
surface tension and preventing alveolar collapse during
expiration.3

Thus, in the absence of surfactant, the NB has diffi-
culty in performing inspiration, causing a large work of
breathing and causing respiratory failure in the first hours
of life. Major complications include pneumothorax, need
for mechanical ventilation, bronchopulmonary dysplasia
(BPD), peri‑intraventricular hemorrhage (PIVH), and mor-
tality.4 Guidelines for the management of RDS determine
that surfactant replacement therapy plays an essential
role in treatment, due to its effectiveness in reducing
morbidity. Recent protocols recommend that early
rescue should be standard as soon as clinical signs of RDS
occur.5

Among the surfactant administration techniques, one of
the most frequently used is called Intubation-Surfactant-
Extubation (INSURE), in which surfactant is administered
after intubation, followed by rapid extubation. However, its
use should be cautious, since intubation and mechanical
ventilation (MV) with positive pressure, even for a short
period, may be related to lung and tracheal injuries.6

Recently, less invasive surfactant administration (LISA)
has been developed in which a thin intratracheal cathe-
ter is introduced into the airway during spontaneous
breathing using continuous positive airway pressure
(CPAP).7 Application of LISA while using CPAP is associ-
ated with less alveolar damage compared to MV,8 being a
strategy of choice for the management of RDS in many
hospital centers.9-11

Several randomized clinical trials (RCT) compared the
LISA versus INSURE method and showed that LISA pre-
sented a decrease in the need and time of MV,8 and con-
sequently, a reduction in the rate of BPD12 and death.13

A meta-analysis using pooled data from RCT that ana-
lyzed LISA versus control, covering various therapies such
as INSURE, MV only, or CPAP, showed that the LISA tech-
nique reduces the risk of BPD and death among NB with a
36-week GA.14

A systematic review with meta-analysis carried out com-
paring the use of tracheal intubation and LISA included stud-
ies that did not clearly determine the use of the INSURE
protocol in the control group.15 On the other side, an excel-
lent Cochrane Database of Systematic Review and meta-
analysis including 10 randomized clinical trials showed that
9

administration of surfactant via thin catheter is associated
with reduced risk of death or BPD, less intubation in the first
72 h, and reduced mortality than INSURE, suggesting more
studies to confirm and refine these findings, clarify whether
surfactant therapy via thin tracheal catheter provides
benefits.16

Thus, exclusively comparing outcomes involving safety
and efficacy between the two methods of surfactant admin-
istration is mandatory, and understanding the best strategy
for pulmonary surfactant administration may improve the
future quality of life of preterm infants.
Materials and methods

Type of study

Systematic Review and meta-analysis, submitted to the
International Prospective Register of Ongoing Systematic
Reviews (PROSPERO), an international database of prospec-
tive registry of systematic reviews in the health area, under
registration number: CRD42021241287. In addition, the
study followed the PRISMA Statement and the Cochrane Col-
laboration Recommendations; and used Review Manager
Software 5.4.

Eligibility criteria

RCT that evaluated the effects of the LISA technique versus
INSURE in preterm NB < 36 weeks GA and whose endpoints
were pneumothorax, BPD, need for mechanical ventilation,
mortality, regional cerebral oxygen saturation and peri‑in-
traventricular hemorrhage were included.

Research question

P (Population) - Premature infants with RDS and GA of less
than 36 weeks.

I (Intervention) - Administration of LISA.
C (Comparator) - Compared to INSURE administration.
O (Outcome) - Mortality, bronchopulmonary dysplasia,

pneumothorax, need for mechanical ventilation, regional
cerebral oxygen saturation, and peri‑intraventricular hem-
orrhage.

T (Type of Studies) - Randomized clinical trials.

Search sources

The bibliographic searches were carried out in the following
electronic databases: PubMed, Embase, Lilacs, CINAHL,
SciELO, and search at Registro Brasileiro de ensaios clínicos
randomizados (ReBEC), Clinicaltrials.gov and Cochrane Cen-
tral Register of Controlled Trials (CENTRAL). The search
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terms were built specifically for each of the databases used,
considering their specificities and in order not to neglect any
article that would fulfill the inclusion criteria of this work.
Also, a search was carried out in the references of the
articles found in the databases. Articles published and
indexed in these databases in the last ten years and avail-
able in Portuguese or English were included.
Table 1 Search terms used in the database.

DATABASE SEARCH TERMS

PubMed
("Pulmonary Surfactants/administration and dosa
"Surface-Active Agents/administration and dosage
Surfactant*[tw] OR Surface-Active[tw] OR Amphip
drome, Newborn/therapy"[mh] OR Respiratory Di
Transient Tachypnea*[tw]) AND (Infant, Prematur
[tw] OR endotracheal[tw] OR minimally invasive[t
bat*[tw] AND Extubat*[tw]) OR insure[tw] OR isx[

EMBASE
(’lung surfactant’/exp OR ’surfactant’/exp OR Surfa
ab,kw OR Tenside*:ti,ab,kw) AND (’neonatal respira
ti,ab,kw OR ’Hyaline Membrane Disease*’:ti,ab,kw
Prematur*:ti,ab,kw OR Preterm*:ti,ab,kw) AND (’le
ab,kw OR endotracheal:ti,ab,kw OR ’minimally inva
OR smooth:ti,ab,kw OR (Intubat*:ti,ab,kw AND Extu
domized controlled trial’/exp OR ’randomized cont
’controlled clinical trial (topic)’/exp OR ’randomiza
cedure’/exp OR ’clinical trial’/exp OR ’placebo’/ex
study’/exp OR ’crossover procedure’/exp OR ’clinic
trebl*:ti,ab,kw OR tripl*:ti,ab,kw) AND (mask*:ti,ab
ti,ab,kw OR random*:ti,ab,kw OR control*:ti,ab,kw
exp NOT ’human’/exp))

CINAHL
(MH "Pulmonary Surfactants/administration and dos
Active Agents/administration and dosage" OR "Surfa
Active" OR Amphiphilic* OR Tenside* OR AB Surfacta
"Respiratory Distress Syndrome, Newborn/therapy"
ease*" OR "Transient Tachypnea*" OR AB "Respiratory
sient Tachypnea*") AND (MH "Infant, Premature" OR
"less invasive" OR endotracheal OR "minimally invas
bat*) OR insure OR isx OR AB "less invasive" OR endo
OR lisa OR (Intubat* AND Extubat*) OR insure OR isx)
trial" OR "clinical trial" OR MH "randomized controlle
"single-blind method" OR "clinical trials" OR placebo
studies" OR TI "clinical trial" OR ((singl* OR doubl* OR
cebo* OR random* OR control* OR prospectiv* OR vo
tripl*) AND (mask* OR blind*)) OR "latin square" OR p

LILACS
(mh:("Pulmonary Surfactants" OR "Surface-Active Age
amphiphilic* OR tensid* OR amphiphilic*)) AND (mh:C
tory Distress Syndrome" OR "Síndrome de Dificultad R
Distress Syndrome" OR "Síndrome Dysneico Respirato
"doenca da membrana hyalina" OR "traquipneia trans
transitoria")) AND (mh:M01.060.703.520.520* OR tw:
OR endotracheal OR "minimally invasive" OR aerosoli
isx OR "less invasive" OR "less invasive" OR endotrache
OR aerosolised*)).

SCIELO
(surfactant* OR surfactant* OR "Surface-Active" OR A
Syndrome" OR "Respiratory Distress Syndrome" OR "Re
OR "Respiratory Distress Syndrome" OR "Respiratory D
Tachypnea" OR "Hyaline Membrane Disease" OR "Tran
"Transient Trachepnea") AND (Prematur* OR Preterm*
invasive" OR aerosolized OR aerosolised OR lisa OR (In
invasive" OR endotracheal OR "minimally invasive" OR

10
Search terms

The search terms were built specifically for each of the data-
bases used � PubMed, Embase, Cinahl Lilacs and SciELO �,
considering their specificities and in order not to neglect any
article that could meet the inclusion criteria of this work
(Table 1).
ge"[mh] OR "Pulmonary Surfactants/therapeutic use"[mh] OR
"[mh] OR "Surface-Active Agents/therapeutic use"[mh] OR
hilic*[tw] OR Tenside*[tw]) AND ("Respiratory Distress Syn-
stress Syndrome[tw] OR Hyaline Membrane Disease*[tw] OR
e[mh] OR Prematur*[tw] OR Preterm*[tw]) AND (less invasive
w] OR aerosolized[tw] OR aerosolised[tw] OR lisa[tw] OR (Intu-
tw]).
ctant*:ti,ab,kw OR ’Surface-Active’:ti,ab,kw OR Amphiphilic*:ti,
tory distress syndrome’/exp OR ’Respiratory Distress Syndrome’:
OR ’Transient Tachypnea*’:ti,ab,kw) AND (’prematurity’/exp OR
ss invasive surfactant administration’/exp OR ’less invasive’:ti,
sive’:ti,ab,kw OR aerosolized:ti,ab,kw OR aerosolised:ti,ab,kw
bat*:ti,ab,kw) OR insure:ti,ab,kw OR isx:ti,ab,kw) AND ((’ran-
rolled trial (topic)’/exp OR ’controlled clinical trial’/exp OR
tion’/exp OR ’double blind procedure/exp OR ’single blind pro-
p OR ’methodology’/exp OR ’follow up’/exp OR ’prospective
al trial’:ti,ab,kw OR ((singl*:ti,ab,kw OR doubl*:ti,ab,kw OR
,kw OR blind*:ti,ab,kw)) OR ’Latin square’:ti,ab,kw OR placebo*:
OR prospectiv*:ti,ab,kw OR volunteer*:ti,ab,kw) NOT (’animal’/

age" OR "Pulmonary Surfactants/therapeutic use" OR "Surface-
ce-Active Agents/therapeutic use" OR TI Surfactant* OR "Surface-
nt* OR "Surface- Active" OR Amphiphilic* OR Tenside*) AND (MH
OR TI "Respiratory Distress Syndrome" OR "Hyaline Membrane Dis-
Distress Syndrome" OR "Hyaline Membrane Disease*" OR "Tran-
TI Prematur* OR Preterm* OR AB Prematur* OR Preterm*) AND (TI
ive" OR aerosolized OR aerosolised OR lisa OR (Intubat* AND Extu-
tracheal OR "minimally invasive" OR aerosolized OR aerosolised
AND (PT "randomized controlled trial" OR "controlled clinical
d trials" OR "random allocation" OR "double-blind method" OR
s OR "follow-up studies" OR "prospective studies" OR "cross-over
trebl* OR tripl*) AND (mask* OR blind*)) OR "latin square" OR pla-
lunteer* OR AB "clinical trial" OR ((singl* OR doubl* OR trebl* OR
lacebo* OR random* OR control* OR prospectiv* OR volunteer*)
nts") OR tw:(surfactant* OR surfactant* OR "Surface-Active" OR
08.381.842* OR tw:("Respiratory Distress Syndrome" OR "Respira-
espiratoria" OR "Respiratory Distress Syndrome" OR "Respiratory
rio" OR "Hyaline Membrane Disease" OR "Transient Tachypnea" OR
itoria" OR "Enfermedad de la Membrana Hialina" OR "traquipnea
(Prematur* OR Preterm* OR pre-termo*)) AND (tw:("less invasive"
zed OR aerosolised OR lisa OR (Intuba* AND Extuba*) OR insure OR
al OR "minimally invasive" OR "minimally invasive" OR aerosolized

mphiphilic* OR Tensid* OR amphiphilic*) AND ("Respiratory Distress
spiratory Dificultad Syndrome" OR "Respiratory Distress Syndrome"
yspnoea Syndrome" OR "Hyaline Membrane Disease" OR "Transient
sient Trachepnea" OR "Enfermedad de la Membrana Hialina" OR
OR pretermo*) AND ("less invasive" OR endotracheal OR "minimally
tuba* AND Extuba*) OR insure OR isx OR "less invasive" OR "less
"minimally invasive" OR aerosolized OR aerosolised*)
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Study selection

After carrying out the research using these search strate-
gies, the generated list of articles was downloaded, which
was inserted into the Zotero Reference Manager, in which
each article found was subject to the inclusion and exclusion
criteria determined to, finally, select the articles that are
part of this Systematic Review. Study selection was per-
formed by two independent researchers (N. M and A. F), ini-
tially by reading the titles and abstracts and, later, by
reading the complete version of the articles.

Disagreements regarding the inclusion of studies were
resolved by consensus and with a third evaluator (RCS). The
selection of articles for this Systematic Review did not limit
the results by date, therefore, all articles that emerged
because of the search terms were submitted to the decision
of inclusion or not by the researchers.

In the meta-analysis, the included trials for administering
surfactant were randomized or quasi-randomized studies
selected in the systematic review during the last ten years.
Quality of evidence and risk of bias assessment

The methodological qualities of the studies were assessed by
two researchers. The quality of evidence from the selected
studies was assessed using the GRADE checklist (Grading of
Recommendations, Assessment, Development, and Evalua-
tion), while the risk of bias was assessed using the Cochrane
collaboration tool (ROB 1.0 tool). The review authors’ judg-
ments about each risk of bias item are presented as percen-
tages across all included studies (Figures 1 and 2).
Figure 1 Risk of bias graph: review authors’ judgements about ea
studies.

Figure 2 Risk of bias summary: review authors’ judgemen
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Data analysis

The meta-analysis was performed using Comprehensive
Meta-Analysis version 3.3 (Biostat, Englewood, NJ, USA).
Odds ratio (OR) with a 95% confidence interval (CI) and P-
value were calculated from the data provided in each study.
A random-effects model was used to combine all study
results. Data extracted from each study were used to calcu-
late the frequency of patients in each variable studied (need
for MV in the first 72 h of life, BPD, pneumothorax, mortality,
and PIVH) and then a meta-analysis was performed to com-
pare the LISA and INSURE groups through from Review Man-
ager Software 5.4. Random effects and hazard ratio models
were used to combine all study results. Inter-study hetero-
geneity was assessed using Cochrane Q statistic and Higgin’s
I2 statistics were derived from Q Statistic; with low, moder-
ate, and high I2 values of 25%, 50%, and 75%, respectively.17
Results

A total of 679 articles were identified, after initial screening
and removal of duplicates, 487 articles remained, of which
46 were selected for detailed analysis. After analysis, 16
articles met the eligibility criteria and were included in this
systematic review, with a total of 1944 patients (Figure 3).

The size of the populations of NB included in the studies
ranged from n = 20 to n = 350 neonates. All studies involved
premature infants, with gestational age (GA) ranging from
25 to 36 weeks (Table 2).18-29 All studies excluded previously
intubated NB and those with major congenital anomalies.
ch risk of bias item presented as percentages across all included

ts about each risk of bias item for each included study.



Figure 3 Flowchart of studies included in the systematic review. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mul-
row CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/
bmj.n71. For more information, visit: http://www.prisma-statement.org/.
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Effects of interventions

Need for mechanical ventilation
The study interventions had as a primary objective to assess
the need for MV in the first 72 h of life. Six studies showed a
statistically significant difference in the primary endpoint
between the groups, showing a lower need for MV in the first
72 in the LISA group participants. The other studies also sug-
gested a lower need for MV in the first 72 h in patients in the
LISA group, although this was not significant. In addition,
three studies showed satisfactory results regarding the dura-
tion of MV and CPAP in the LISA group, when compared to
the INSURE group.

In Halim et al.8 the need for MV was significantly higher in
the INSURE group, 60% versus 30% (p < 0.05) compared to
the LISA group. Kanmaz et al.12 observed that the LISA tech-
nique significantly reduced the need for MV (30% vs 45%,
p = 0.02).

Jena et al.19 found a significant reduction in the need for
MV in the LISA group, 19% versus 40% in the INSURE group (p
< 0.01). Boskabaldi et al.20 also concluded that the LISA
technique reduces the need for MV in NBs (p = 0.02). The
same results were found in Kribs et al.22 in which the dura-
tion of MV was shorter in the LISA group (p = 0.001).

G€opel et al.25 showed that the administration of surfac-
tant using the LISA technique reduces the need for MV. In
this study, only 22% of NBs in the LISA group received MV on
the 2�3rd day after birth, compared to 43% in the INSURE
group. In addition, the total number of ventilation days was
599 days in the INSURE group versus 242 days in the LISA
group (< 0.001).

Bao et al.24 did not find significant differences in MV rates
in the first 72 h, but the duration of MV and CPAP was signifi-
cantly shorter in the LISA group when compared to the
INSURE group. In Mirnia et al.13 although there were no
12
differences in the duration of MV between the groups, the
mean duration of CPAP was shorter in the LISA group, in con-
trast to INSURE (p < 0.01).

Bronchopulmonary dysplasia
BPD rates were significantly reduced in two studies in the
LISA group. Kanmaz et al.12 found that the rate of BPD was
significantly lower in the LISA group (13.6%) when compared
to the INSURE group (26.2%), and the incidence of moderate
to severe BPD among patients who survived the disease was
significantly higher in the INSURE group (p = 0.009). Jena et
al.19 also concluded that there was a significant decrease in
BPD rates in the LISA group, 3% versus 17% (p � 0.01) when
compared to INSURE.

In the study by Han et al.23 although the comparison did
not show clear benefits with LISA on the incidence of BPD,
there was a trend towards a reduction in the incidence of
BPD, 19.2% versus 25.9% (p = 0.170).

Pneumothorax, mortality, and peri‑intraventricular
hemorrhage
All selected studies investigated at least one of the second-
ary outcomes, pneumothorax, mortality, and PIVH rates,
which were similar between the two groups in most studies,
as shown in Table 3.

Only in Kribs et al.22 there was a significant effect in favor
of the LISA group with lower rates of pneumothorax and PIVH
when compared to the INSURE group. Suggesting a higher
uncomplicated survival rate in those who received less inva-
sive surfactant.

Regional cerebral oxygen saturation
Li et al.29 and Bertini et al.26 evaluated regional brain oxy-
gen saturation (rSO2), monitored using near-infrared spec-
troscopy (NIRS) technology. The results of Li et al. suggest a



Table 2 Characteristics of the studies included in the systematic review.

Author
(year)

Participants
(N-I/C)

Group Intervention Group Control Primary
endpoint

Results

Gupta et al.
(2020)18

58 (29/29) Insertion of a probe by direct
laryngoscopy using forceps.
After placement of the
probe, the laryngoscope was
removed.

The neonates were intu-
bated for surfactant
replacement therapy, on
positive pressure ventilation
and a self-inflating resusci-
tation bag. Neonates were
extubated immediately
after surfactant administra-
tion and placed back on
NIPPV.

Need for IMV in
the first 72 h of
life.

Need for IMV in 72h:
There was no statistically significant difference
between the LISA group (10.34%) and the
INSURE group (20.69%).
Persistence of the ductus arteriosus,
PIVH > grade 2, BPD and BPD outcome/pre-
discharge mortality: No differences were
observed between the two groups.
Hospital stay:
Neonates in the INSURE group stayed in the hos-
pital longer than in the LISA group (mean
41.6 days vs 29.76 days).
Need for a second dose of surfactant: There
was no difference.

Mirnia et al.
(2013)13

80 (38/42) Tracheal instillation via
catheter during spontaneous
breathing under nCPAP.

The neonates were intu-
bated, received positive
pressure ventilation for 30 s
while surfactant was admin-
istered. After surfactant
instillation, they were
placed on nCPAP immedi-
ately.

� Duration of ventilation:
There was no difference between the duration
of mechanical ventilation between the two
groups (p < 0.2), but the mean total duration of
CPAP was shorter in the LISA group, in contrast
to the INSURE group (p < 0.01).
Morbidities:
There was no difference in the prevalence of
BPD, patent ductus arteriosus, PIVH, pneumo-
thorax, sepsis and retinopathy of prematurity
between the two groups.
O2 supplement need and length of stay: Lower
rates in the LISA group compared to the INSURE
group, but not statistically significant.

Jena et al.
(2019)19

350 (175/
175)

Direct laryngoscopy was per-
formed and the catheter or
feeding tube was inserted
through the vocal cords to
the desired depth. Mean-
while, the CPAP prong was
fitted to the face. After
placement of the catheter,
the laryngoscope was
removed. Surfactant was
administered as a single
bolus over 60 to 90 s and the

The infants were intubated
and administered as in the
intervention group, while
they received PPV with a T
piece resuscitator. After
extubation, nCPAP was
started as in the interven-
tion group.

Effect of the
LISA technique
on the need for
MV in the first
72 h of life.

Need for MV:
There was a significant reduction in the need for
MV in the LISA group (19% vs 40%, p < 0.01).
Second dose of surfactant and morbidities:
There was no difference between the two
groups in the need for the second dose of sur-
factant, EOS, PDA, PIVH and mortality before
hospital discharge.
In addition, duration of oxygen therapy, necro-
tizing enterocolitis and duration of NICU stay
were significantly shorter in the LISA group.
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Table 2 (Continued)

Author
(year)

Participants
(N-I/C)

Group Intervention Group Control Primary
endpoint

Results

tracheal catheter was imme-
diately withdrawn.

Baskabadi et
al.
(2019)20

40 (20/20) Direct laryngoscopy was per-
formed to place a feeding
tube into the infant’s tra-
chea. Then, during sponta-
neous breathing using nCPAP,
surfactant was used for
1�3 min through the feeding
tube, then the feeding tube
was removed and NCPAP
continued.

The infants on NCPAP were
intubated for surfactant
administration and received
the same amount of surfac-
tant through the tracheal
tube, then for 30�60 s they
were submitted to bag-valve
mask ventilation, then the
tracheal tube was removed
and NCPAP was restarted.

� Duration of ventilation and duration of hospi-
talization:
The use of LISA reduced the need for MV in
infants (p = 0.027), did not increase the side
effects of RDS, and did not change the duration
of the need for NCPAP and the duration of hospi-
talization (p > 0.05).

Olivier et al.
(2017)21

45 (24/21) Laryngoscopy was per-
formed while patients
received nCPAP support in
which a sterile, flexible
probe with forceps was
inserted.

Surfactant was administered
only after intubation based
on the judgment of the
attending physician.

Need for MV or
the develop-
ment of a pneu-
mothorax
requiring chest
drainage.

Mechanical ventilation or pneumothorax:
The incidence of the primary outcome was sig-
nificantly lower in the intervention group (p <

0.001).

Kribs et al.
(2015)22

211 (107/
104)

Laryngoscopy was per-
formed while the child was
breathing with the aid of
nasal CPAP, then a catheter
was introduced with forceps
at an angle of approximately
120°; the catheter was fixed
in this position and the
laryngoscope removed. The
infant’s mouth was closed,
and the surfactant was man-
ually instilled for 30 to 120 s
per minibolus.

The infants were intubated,
mechanical ventilation was
started, and surfactant was
administered through the
endotracheal tube. Sedation
and analgesia for intubation
were not routinely used.
After administration, the
infants were extubated and
placed on non-invasive ven-
tilation.

Survival with-
out bronchopul-
monary dyspla-
sia at 36 weeks
GA, as deter-
mined by a
standardized
test.

Bronchopulmonary dysplasia:
In the intervention group, 67.3% of all infants
survived without BPD compared to 58.7% in the
control group, i.e., no significant difference.
The absolute risk reduction for the primary out-
come was 8.6% (p = 0.20).
Mechanical ventilation:
Duration was shorter in the intervention group.
No significant differences were observed in
duration of respiratory support, use of supple-
mental oxygen, or incidence of pulmonary hem-
orrhage.
Pneumothorax:
The occurrence was significantly lower in the
intervention vs control group (4.8% vs 12.6%;
p = 0.04).
Intraventricular hemorrhage:
The intervention group had significantly less
severe PIVH (10.3% vs 22.1%; p = 0.02).
Duration of hospitalization:
It was not significantly lower in the intervention
group (103 vs 105 days; p = 0.11).
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Table 2 (Continued)

Author
(year)

Participants
(N-I/C)

Group Intervention Group Control Primary
endpoint

Results

Han et al.
(2020)23

298 (151/
147)

A laryngoscope was intro-
duced through which the
catheter tip was positioned
with the aid of forceps up to
1.0 cm below the vocal
cords. The laryngoscope and
forceps were removed, and
the child’s mouth closed.
The surfactant was instilled
for 60 to 300 s per minibolus.
The catheter was removed
immediately after adminis-
tration. Sedation and anal-
gesia were not used. During
surfactant administration,
nCPAP therapy was contin-
ued.

They were intubated and
received positive pressure
ventilatory support. The sur-
factant was administered
through an endotracheal
tube. Positive pressure ven-
tilatory support was per-
formed following predefined
patterns. Extubation criteria
were established as FiO 2 <

0.3 and mean airway pres-
sure (MAP) < 8 cm H2O.

Difference in
BPD morbidity
between two
groups of
infants with
LISA and INSUR
at 36 weeks
corrected ges-
tational age.

Bronchopulmonary dysplasia:
There were no clear benefits of LISA therapy on
the incidence of BPD, but there was a trend
towards a reduction in the incidence of BPD in
the intervention group (29/151 vs. 138/147,
19.2 vs. 25.9%, p = 0.170).
BPD and PDA morbidity:
There was a significant reduction in morbidity in
the BPD intervention group (9/31, 29.0 vs. 14/
20, 70.0%, p = 0.004) and PDA (9/31, 29.0, vs.
13/21, 65.0%, p = 0.011).
Duration of ventilatory support:
There were no differences in the duration of
nCPAP respiratory support and supplemental
oxygen between the two groups.
Duration of hospitalization:
The infants in both groups remained in the NICU
for almost 40 days.
Persistence of the ductus arteriosus:
Children in the INSURE group had higher rates
compared to children in the LISA group (60.5 vs.
41.1%, p = 0.001).

Bao et al.
(2015)24

90 (47/43) A 16-gage, 130 mm vascular
catheter was marked to indi-
cate the desired insertion
depth (28�29 weeks:
1.5 cm, 30�32 weeks:
2 cm). While the neonates
were on nCPAP, direct laryn-
goscopy was performed, and
the catheter was inserted
beyond the vocal cords to
the required depth. Surfac-
tant was administered in a
standard dose with 5 bolus
or more over 3�5 min. The
tracheal catheter was imme-
diately removed, and the
infants were left on nCPAP.

Surfactant instillation via
endotracheal tube was per-
formed with a few brief
mechanical ventilations, a
standard dose of surfactant
was always divided into 2 or
3 bolus. The endotracheal
tube was removed as soon as
clinically possible after PS
instillation, and the infant
was switched to nCPAP. The
entire procedure lasted
about 3 min and took place
without continuous distend-
ing pressure.

� Mechanical ventilation:
The duration of MV and nCPAP was significantly
shorter in the intervention group.
There were no significant differences in both
rates of MV in the first 72 h and mean duration
of oxygen need.
Mortality and morbidities:
There were no differences in mortality or in the
incidence of bronchopulmonary dysplasia,
intraventricular hemorrhage, retinopathy of
prematurity and necrotizing enterocolitis.
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Table 2 (Continued)

Author
(year)

Participants
(N-I/C)

Group Intervention Group Control Primary
endpoint

Results

Mosayebi et
al.
(2017)6

53 (24/26) The surfactant was instilled
through a thin tracheal cath-
eter, which was then
removed.

The infants were first intu-
bated, administered surfac-
tant by passing a feeding
tube through the endotra-
cheal tube, and then extu-
bated after 30 s of positive
pressure ventilation.

� Ventilatory support:
The amount of oxygen needed by the LISA group
was consistently lower than the other group in
the first 48 h of life. The overall mean FiO2 was
42.5 § 19.6 in the LISA group and 48.4 § 21.6 in
the INSURE group (p = 0.009).
Duration of hospitalization:
The mean length of stay in the neonatal inten-
sive care unit was 7.3 § 7.2 days in the MIST
group and 9 § 10.4 days in the INSURE group
(p = 0.81).
Complications:
In terms of early and late complications, no dif-
ference was observed between the two groups.

G€opel et al.
(2011)25

220 (108/
112)

The infants received surfac-
tant treatment during spon-
taneous breathing through a
thin catheter inserted into
the trachea by laryngoscopy
if they required an inspired
fraction of oxygen greater
than 0.30.

The infants in the standard
care group were assigned to
receive CPAP, rescue intuba-
tion, and surfactant treat-
ment if needed.

Any mechanical
ventilation, or
not being venti-
lated, but hav-
ing a PCO2
greater than
65 mm Hg
(8.6 kPa) or an
FiO2 greater
than 0.060 or
both, for more
than 2 h
between 25 and
72 h of age.

Need for mechanical ventilation:
The number of infants who received MV during
the hospitalization was lower in the interven-
tion group than in the control group (28% vs 46%;
p = 0¢008).
Duration of ventilatory support:
The total number of ventilation days was 599 in
the control group vs 242 days in the
intervention group.

Bertini et al.
(2017)26

20 (10/10) A flexible nasogastric tube was
placed in the trachea after
direct visualization of the
vocal cords with a laryngo-
scope and forceps. After
placement of the catheter,
the laryngoscope was
removed, and surfactant was
administered intratracheally
within 30 to 60 s. After instilla-
tion, the catheter was imme-
diately removed. The nCPAP
support wasmaintained during
the procedure.

Performed with endotra-
cheal tube and surfactant
was instilled into the tra-
chea within 30 s. After sur-
factant instillation,
mechanical ventilation was
performed for 1 min using a
T piece device set at 18/
5 cm H 2 O. Then, patients
were immediately extu-
bated and nCPAP resumed.

Changes in
measurement
of cerebral
regional oxy-
genation
induced by LISA
and INSURE pro-
cedures
and the possi-
ble differences
between them.

Regional cerebral oxygen saturation:
The LISA and INSURE procedures transiently
decreased rSO2C in both groups, but the
decrease was greater in the LISA group
(p � 0.001).
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Table 2 (Continued)

Author
(year)

Participants
(N-I/C)

Group Intervention Group Control Primary
endpoint

Results

Mohammadi-
zadeh et
al.
(2015)27

38 (19/19) Using the laryngoscope, a
flexible catheter was
inserted into the trachea
and fixed with the aid of for-
ceps at an angle of 120° This
was fixed with two fingers
and the laryngoscope
removed. Then, surfactant
was injected into the tra-
chea for 1�3 min. At the end
of the procedure, to ensure
that the drug was not acci-
dentally injected into the
stomach, the orogastric tube
was aspirated. During the
procedure, nCPAP was
applied continuously. After
surfactant administration,
FIO2 was gradually
decreased as in the control
group.

The surfactant was adminis-
tered through a 2.5F or 3F
endotracheal tube inserted
into the trachea. The child
was temporarily separated
from the CPAP. After bolus
injection of drug into the
trachea, positive pressure
ventilation was applied using
neopuff and continued for at
least 1 min or until SpO2

reached 87% or greater. The
endotracheal tube was then
removed, and the child was
switched back to nCPAP at
the previous pressure.
FIO 2 was decreased at a rate
of 5% every 1�2 min while
SpO2 was maintained at the
above-desired level.

Need for
mechanical
ventilation up
to 72 h after
birth.

Need for mechanical ventilation:
There was no significant difference between the
groups regarding the need for
mechanical ventilation during the first 72 h of
birth (3 [15.8%] in the control group vs. 2
[10.5%] in the
intervention group; p = 0.99).
Duration of ventilatory support:
The duration of oxygen therapy in the interven-
tion group (fine catheter inserted into the tra-
chea) was significantly shorter
than the control group (endotracheal tube)
(243.7 § 74.3 h vs. 476.8 § 106.8 h; p = 0.018).
Adverse events:
The number of adverse events during surfactant
administration was significantly lower in the
intervention group than in the control group (6
[31.6%] vs.12 [63.2%]; p = 0.049).
Morbidities and mortality:
There was no significant difference between the
two groups in terms of intraventricular hemor-
rhage rate, mortality and chronic lung disease.

Yang et al.
(2020)28

97 (47/50) A gastric tube with an outer
diameter of 2 mm was
marked to indicate the
desired insertion depth
(32�34 weeks: 2 cm, 34�36
weeks: 2.5 cm). While the
child was breathing via CPAP,
a direct laryngoscope was
introduced while the probe
was grasped with Magill for-
ceps to the desired position.
The laryngoscope and clamp
were removed. The infant’s
mouth was closed, and the
surfactant was slowly
injected over 1 to 3 min.
After this step, 1 ml of air

The infants in the INSURE
group were treated with tra-
cheal intubation and posi-
tive pressure artificial
ventilation. Positive pres-
sure ventilation continued
for 3 min after surfactant
injection and NCPAP was
used after extubation.

� There were no significant differences in reflux,
asphyxia, Bradycardia (< 100 beats/min),
apnea, FiO2, changes in PaO2 and PaCO2 1 hour
after treatment between the groups.
During administration, blood pressure and SpO2
in the LISA group were more stable, and signifi-
cant differences between the 2 groups were
observed.
However, there were no significant differences
in complications and outcomes between the 2
groups.
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Table 2 (Continued)

Author
(year)

Participants
(N-I/C)

Group Intervention Group Control Primary
endpoint

Results

was introduced, and the gas-
tric tube was removed.

Li et al.
(2016)29

44 (22/22) Surfactant via LISA was
administered within 6 h of
birth. The detailed protocol
for LISA was derived from
the literature.

Surfactant via INSURE was
administered within 6 h of
birth. The detailed protocol
for INSURE was derived from
the literature.

To compare the
effect of the
two methods of
surfactant
administration
on brain autor-
egulation.

Regional cerebral oxygen saturation: INSURE
and LISA caused a transient impairment of brain
autoregulation in infants with RDS, LISA was
better than the INSURE technique in terms of
duration of effect (< 5 min for LISA vs.
5�10 min for INSURE).

Kanmaz et
al.
(2013)12

200 (100/
100)

A laryngoscope was used to
introduce a flexible and ster-
ile nasogastric tube. The
desired insertion depths
beyond the vocal cords for
preterm infants at 25 to 26,
27 to 28, and 29 to 32 weeks
GA were 1.0, 1.5, and
2.0 cm, respectively. After
placement of the catheter,
the laryngoscope was
removed. Surfactant was
prepared and administered
as a 1 bolus over 30 to 60 s
and the tracheal catheter
was immediately with-
drawn. During the proce-
dure, CPAP support was not
interrupted.

Patients were first intubated
orally with a double-lumen
endotracheal tube and sur-
factant was instilled into the
trachea within 30 s. During
surfactant instillation, man-
ual lung inflation was per-
formed using a T piece
device with a pressure of 20/
5 cm H2O, and then the
patient was promptly extu-
bated. Soon after extuba-
tion, nCPAP support was
restarted, depending on the
intervention group. No pre-
medication, such as sedation
or atropine, was used during
either procedure.

Need for
mechanical
ventilation in
the first 72 h of
life.

Need for mechanical ventilation:
The need for mechanical ventilation in the first
72 h of life was significantly lower in the LISA
group when compared to the INSURE group (30%
vs 45%, p = 0.02).
Duration of ventilatory support:
The average duration of nCPAP and MV were sig-
nificantly shorter in the LISA group (P values
0.006 and 0.002, respectively).
Bronchopulmonary dysplasia:
The rate was significantly lower among children
treated with LISA and the incidence of moder-
ate to severe BPD among patients who survived
the disease was significantly higher in the
INSURE Group (20.2% vs 10.3%, p = 0.009).
Mortality:
Overall mortality rates were similar in both
groups (16% and 13%, p = 0.68).

Halim et al.
(2019)8

100 (50/50) Surfactant was administered
with the aid of a nasogastric
tube. The upper respiratory
tract was visualized with a
laryngoscope and the cathe-
ter was passed 1�2 cm
beyond the vocal cords. Sur-
factant was delivered within
1�3 min in small doses,
while the child continued to
breathe with nCPAP, during
and after the procedure.

Infants were intubated and
surfactant was successfully
administered in 2�3 doses
with an endotracheal tube
at the same dose as the
intervention group, while
they received positive pres-
sure ventilation via a T-piece
resuscitator. After a brief
period of positive pressure
ventilation for 15�20 min,
the endotracheal tube was

Need for
mechanical
ventilation.

Need for mechanical ventilation:
The need for invasive mechanical ventilation
was significantly higher in the INSURE group
(60% (n = 30) vs. 30% (n = 15), p < 0.05} com-
pared to the LISA group.
Duration of mechanical ventilation:
The duration of mechanical ventilation was also
significantly longer in the INSURE group with a
median of 71 (IQR 62) vs. 40 (IQR 75) hours, p <

0.05 when compared to the LISA group.
Morbidities:
No significant differences were observed in
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transient impairment of cerebral autoregulation during and
after the two procedures and concluded that the effect of
duration of impairment in the LISA technique was smaller
than in the INSURE technique (< 5 min in LISA vs. 5�10 min
in INSURE).

Bertini et al.26 showed that both procedures transiently
decreased rSO2, and the decrease was greater in the LISA
group (p < 0.001). Thus, Li et al.29 and Bertini et al.26 sug-
gest that LISA and INSURE transiently affect brain autoregu-
lation during surfactant administration.

The authors reviewed all articles included in this system-
atic review to identify those reported subgroup analyses of
prematurity. Only Kanmaz et al.12 and Han et al.23 present
analyses considering subgroups of prematurity; therefore,
performing a meta-analysis of subgroups is not feasible.

Meta-analysis results
The first analysis for comparison included the 14 studies that
reported the frequency of patients who required MV in the
first 72 h of life. A total of 798 and 801 patients in the LISA
and INSURE groups, respectively. The INSURE group had
more risk of MV in the first 72 h of life, with an overall risk
ratio of 0.60 (95% CI 0.47 � 0.76), compared to the LISA
group. Moderate heterogeneity was observed between stud-
ies (I2 = 62%) (Figure 4).

When comparing groups for BPD, 13 studies were included
in the analyzes reporting the frequency of this outcome with
a total of 878 patients in the LISA group and 880 in the
INSURE group. The INSURE group had an increased risk for
BPD than the LISA group; 0.65 (95% CI 0.51� 0.82) (Figure 5).

Pneumothorax, mortality and PIVH
Comparison analyses were also performed for pneumotho-
rax, mortality and PIVH, showing significant risks for the
INSURE group. Nine studies reported frequencies of pneumo-
thorax, totaling 545 patients in the LISA group and 548 in the
INSURE group, with a hazard ratio of 0.60 (95% CI
0.38�0.96) (Figure 6). Thirteen studies assessed mortality,
776 patients in the LISA group and 782 patients in the INSURE
group, and the hazard ratio was 0.76 (95% CI 0.58�1.00)
(Figure 7). Thirteen studies reported the frequency of PIVH,
a total of 887 patients in the LISA group and 889 in the
INSURE group, and the hazard ratio in the meta-analysis was
0.77 (95%CI 0.54�1.10) (Figure 8).
Discussion

In this study, the primary endpoint was to compare the LISA
versus INSURE technique for pulmonary surfactant adminis-
tration in preterm NB with gestational age (GA) < 36 weeks
with RDS with respect to the incidence of pneumothorax,
BPD, PIVH need for MV, regional cerebral oxygen saturation,
and mortality. The present meta-analyses showed statisti-
cally significant differences in favor to LISA administration,
with a significantly decreased risk of needing Mechanical
ventilation, BPD, pneumothorax, mortality, and PIVH.

Recent studies suggest that the best approach for pre-
term infants who need surfactant administration during non-
invasive respiratory support is the LISA method, as it is less
invasive at a time when the neonate is breathing



Table 3 Pneumothorax, Mortality and PIVH rates.

Author (year) Pneumothorax n (%) Mortality n (%) PIVH n (%)

Gupta et al. (2020)18 � LISA 4 (13.7%)
INSURE 9 (31%)
p = 0.11

LISA 0 (0%)
INSURE 1 (3.45%)
p > 0.99

Mirnia et al. (2013)13 LISA 2 (6%)
INSURE 2 (5%)
p = 0.9

LISA 1 (3%)
INSURE 3 (8%)
p = 0.3

LISA 4 (11%)
INSURE 1 (2%)
p = 0.3

Jena et al. (2019)19 � LISA 9 (5%)
INSURE 17 (10%)
p >0.05

LISA 5 (3%)
INSURE 4 (2%)
p > 0.05

Baskabadi et al. (2019)20 � � LISA 1 (5%)
INSURE 1 (5%)
p = 1

Olivier et al. (2017)21 LISA 1 (4.1%)
INSURE 1 (4.7%)
p > 0.05

� �

Kribs et al. (2015)22 LISA 5 (4.8%)
INSURE 13 (12.6%)
p = 0.04 *

LISA 10 (9.3%)
INSURE 12 (11.5%)
p = 0.59

LISA 11 (10.3%)
INSURE 23 (22.1%)
p = 0.02 *

Han et al. (2020)23 � � LISA 10 (6.6%)
INSURE 10 (6.8%)
p = 0.35

Bao et al. (2015)24 LISA 4 (8.9%)
INSURE 3 (7%)
p = 0.79

LISA 1 (2.1%)
INSURE 0 (0%)
p = 0.34

LISA 1 (2.1%)
INSURE 0 (0%)
p = 0.34

Mosayebi et al. (2017)6 LISA 0 (0%)
INSURE 1 (3.8%)
p = 0.49

LISA 1 (3.7%)
INSURE 0 (0%)
p = 0.98

LISA 0 (0%)
INSURE 1 (3.8%)
p = 0.49

G€opel et al. (2011)25 LISA 4 (4%)
INSURE 8 (7%)
p = 0.37

LISA 7 (7%)
INSURE 5 (5%)
p = 0.56

LISA 8 (7%)
INSURE 6 (5%)
p = 0.59

Bertini et al. (2017)26 � LISA 1 (10%)
INSURE 0 (0%)
p = 1

�

Mohammadizadeh et al. (2015)27 � LISA 1 (5.2%)
INSURE 3 (15.8%)
p = 0.60

LISA 1 (5.2%)
INSURE 1 (5.2%)
p = 1

Yang et al. (2020)28 LISA 2 (4.3%)
INSURE 3 (6%)
p = 0.70

LISA 0 (0%)
INSURE 0 (0%)

LISA 0 (0%)
INSURE 0 (0%)

Li et al. (2016)29 � LISA 0 (0%)
INSURE 1 (4.5%)
p = 0.31

LISA 2 (9.1%)
INSURE 3 (13.6%)
p = 0.60

Kanmaz et al. (2013)12 LISA 7 (7%)
INSURE 10 (10%)
p = 0.61

LISA 16 (16%)
INSURE 13 (13%)
p = 0.68

LISA 10 (10%)
INSURE 16 (16%)
p > 0.05

Halim et al. (2019)8 LISA 2 (4%)
INSURE 5 (10%)
p = 0.63

LISA 19 (38%)
INSURE 28 (56%)
p > 0.05

�
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spontaneously.8,12 Cochrane review including 10 randomized
clinical trials comparing different methods of surfactant
administration found significant advantages in the surfac-
tant administration via a thin catheter, with a decrease in
the following: risk of death or BPD, need for assisted breath-
ing in the first 72 h of life, severe PIVH, death during first
hospitalization, and BPD among survivors.16 In the system-
atic review, all 16 randomized clinical trials included showed
20
favorable results to the use of the LISA technique in compar-
ison to INSURE.

Need and time of mechanical ventilation

Eight studies had as primary objectives to analyze the need
for mechanical ventilation in the first 72 h of life after
administration of LISA versus INSURE, namely Gupta et al.,18



Figure 4 Forest plot of comparison: LISA AND INSURE - overall analysis of 14 studies, outcome: Mechanical Ventilation.

Figure 5 Forest plot of comparison: LISA AND INSURE - overall analysis of 13 studies, outcome: Bronchopulmonary dysplasia.
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Jena et al.,19 Boskabaldi et al.,20 Olivier et al.,21 G€opel et
al.,25 Mohammadizadeh et al.,27 Kanmaz et al.,12 and Halim
et al.,8 Of these studies, 6 suggested that the LISA technique
reduced the need for MV in the first 72 h of life. In the other
studies that addressed the need for MV, either as a primary
or secondary outcome, there was no significant difference
between the groups, but administered by the LISA method
was not inferior to INSURE.

Kanmaz et al.12 included 200 neonates < 32 weeks of GA
in their study, randomized to LISA and INSURE. The LISA
group had a significantly lower need for MV in the first 72 h
Figure 6 Forest plot of comparison: LISA AND INSURE - o

21
of life, mean duration of nCPAP and MV. Furthermore, CPAP
failure in the first 72 h of life was significantly lower in the
LISA group when compared to the INSURE group.

Jena et al.19 studied 350 neonates with GA � 34 weeks
with RDS randomized between LISA and INSURE. The need
for MV in the first 72 h was significantly lower in the LISA
than in the INSURE group. In the study by Olivier et al.,21 the
need for MV was also significantly lower in the LISA group.
However, a limitation of the latter study was that there was
no specific criterium for surfactant administration in the
control group, and patients in the control group had more
verall analysis of 9 studies, outcome: Pneumothorax.



Figure 7 Forest plot of comparison: LISA AND INSURE - overall analysis of 9 studies, outcome: MORTALITY.

Figure 8 Forest plot of comparison: LISA AND INSURE - overall analysis of 9 studies, outcome: PIVH.
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severe RDS, as they required oxygen and surfactant adminis-
tration earlier than those in the LISA group.

In Boskabaldi et al. study,20 the use of the LISA signifi-
cantly reduced the need for mechanical ventilation in
infants but did not change the duration of nCPAP and the
duration of hospitalization. Halim et al.8 showed that the
need for invasive mechanical ventilation was also signifi-
cantly lower in the LISA group compared to the INSURE
group, but the duration of respiratory support (CPAP) was
significantly longer in the LISA group.

In G€opel et al.25 study, including 220 neonates of 26 to 28
weeks GA, the primary outcome analyzed was the need for
any type of mechanical ventilation after administration of
surfactant by LISA or INSURE methods. The number of neo-
nates who received MV during hospitalization was lower in
the LISA group. The total number of ventilation days was 599
in the INSURE group versus 242 days in the LISA group. These
results suggested that less invasive surfactant application in
premature infants reduces the need for mechanical ventila-
tion.

Gupta et al.18 found no statistically significant difference
in the need for MV in the first 72 h of life between LISA and
INSURE groups. However, in this study, NIPPV was used as the
primary mode of respiratory support whereas, as in most
previous studies with LISA, NCPAP was the primary mode of
respiratory support. This may have reduced the need for IMV
22
in both study groups, as there is already evidence in the lit-
erature supporting nasal intermittent positive pressure ven-
tilation (NIPPV) as the primary mode of respiratory support
to decrease the need for IMV.

Bao et al.24 and Mohammadizadeh et al.27 found no signif-
icant differences in MV rates in the first 72 h, mortality, nor
in the incidence of bronchopulmonary dysplasia, intraven-
tricular hemorrhage, retinopathy of prematurity, and necro-
tizing enterocolitis, or the duration of respiratory support.
In Mohammadizadeh’s study,25 the number of infants who
experienced adverse events during surfactant administra-
tion was significantly lower in LISA than in INSURE group.
Bronchopulmonary dysplasia

Randomized clinical trials by Kribs et al.22 and Han et al.23

had the analysis of BPD as their primary objectives. Kribs et
al.22 included 211 neonates< 27 weeks of gestation random-
ized to LISA and INSURE groups. The primary aim was to ana-
lyze BPD-free survival at 36 weeks GA. In LISA group, 67.3%
survived without BPD compared to 58.7% in the INSURE
group, showing no significant difference between the
groups. In another study, 298 neonates with RDS were ran-
domized to LISA and INSURE groups with a trend toward a
reduction in the incidence of BPD.21
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Previous studies have looked at BPD analysis as secondary
outcome, only Kanmaz et al.12 found a significantly lower
rate of BPD among children treated with LISA. The incidence
of moderate to severe BPD among patients who survived the
was significantly higher in the INSURE group, suggesting that
LISA shows a tendency to be beneficial.

Pneumothorax, mortality and PIVH

Nine randomized clinical trials looked at the incidence of
pneumothorax, but only Kribs et al.’s study22 showed a sig-
nificantly lower occurrence of pneumothorax in the LISA
group. Although Halim et al.8 found a more than double
occurrence of pneumothorax, in the INSURE group, it did not
reach a statistical significance.

Thirteen studies evaluated mortality and PIVH rates,
none showed a significant difference in mortality. Kribs et
al.22 evaluated PIVH grade 3 or 4 and showed that the LISA
group also had significantly less severe PIVH. It is noted that
LISA is associated with benefits in significant secondary out-
comes, which are associated with lifelong disabilities.

Regional saturation of cerebral oxygen

Two studies evaluated changes in regional cerebral oxygen
saturation (rSO2) induced by the LISA and INSURE proce-
dures. Bertini et al.26 evaluated NB with GA < 33 weeks and
showed that LISA and INSURE transiently decreased rSO2.
The decrease was greater in the LISA group. The decrease in
rSO2 is up to 55% in the LISA group but the duration of this
episode is short (< 1 min). The study also calculated the
fractional oxygen extraction rate from brain tissue (cFTOE),
and it was higher in the LISA group, suggesting a compensa-
tory mechanism to maintain adequate brain oxygenation
during the technique.

Li et al.29 evaluated NB with GA < 32 weeks to detect
rSO2 and mean arterial pressure (MAP) simultaneously. The
correlation of the ScO2 and MAP coefficient (rScO2�MAP)
was evaluated in both groups. It is suggested a transient
impairment of brain autoregulation during and after LISA
and INSURE procedures, but it was concluded that the dura-
tion of impairment in the LISA technique was shorter than in
the INSURE.

The authors couldn’t perform a meta-analysis for the out-
come of regional saturation of cerebral oxygen, despite the
systematic review with a small number of articles has shown
results in favor of LISA administration. A variety of types of
catheters and instruments are used for LISA surfactant
administration, the authors did not explore this aspect in
the meta-analysis and perhaps there are some relationships
with more difficult administration secondary to expertise.
Future studies looking specifically for this outcome need to
be conducted.

LISA and INSURE

The study by Bertini et al.26 hypothesizes that the most
striking effect of the LISA versus INSURE technique is due to
patients breathing spontaneously during LISA, while in
INSURE they receive positive pressure through invasive sup-
port. This appears to facilitate the recruitment of pulmo-
nary alveoli, increasing residual capacity function,
23
improving surfactant distribution, and stabilizing breath
control; reasons that lead to better gas exchange and tissue
oxygenation. Li et al.29 seem to agree, indicating that the
delivery procedure may be the reason for potential damage
to brain regulation, particularly in the INSURE group. On the
other hand, a recent randomized control trial comparing
LISA and INSURE among 26-to-34-week gestation age infants
didn’t find any difference in the total duration of respiratory
support, despite of lesser need for invasive mechanical ven-
tilatory support in the LISA group.30

The systematic review and meta-analysis allowed us to
conclude that surfactant administration via the LISA tech-
nique decreased the need for MV in the first 72 h of life,
BPD, PIVH, pneumothorax, and mortality rates compared to
INSURE, proving to be a safe and easily reproducible tech-
nique. These findings contribute to a decrease in the eco-
nomic and social impact of the use of LISA technique in RDS,
such as a reduction of hospital length of stay and MV compli-
cations, and are closely related to a better survival rate and
reduction of associated morbidities.
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