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Abstract

Abstract Background: The effects of minimally invasive surfactant administration (MISA) in preterm infants with neonatal

respiratory distress syndrome (NRDS) are unclear. Methods: We searched randomized controlled trials (RCTs) and compared

MISA techniques with intubation for surfactant delivery in preterm infants with NRDS in PubMed, Embase, Cochrane Library,

and Web of Science. Results: Thirteen RCTs (1931 infants) were included in the meta-analysis. The use of MISA techniques

decrease the incidence of bronchopulmonary dysplasia (BPD) at 36 weeks, pneumothorax, and hemodynamically significant

patent ductus arteriosus (hsPDA) (Risk Ratio(RR) : 0.59, 95% confidence interval (CI) : 0.46 to 0.75, p < .0001; RR : 0.60,

95% CI : 0.39 to 0.93, p= .02 and RR : 0.88, 95% CI : 0.78 to 1.00, p= .04, respectively). In addition, infants in the MISA

group required less mechanical ventilation within 72 h of life or during hospitalization (RR : 0.60, 95% CI : 0.48 to 0.75, p<

.00001 and RR : 0.64, 95% CI : 0.49 to 0.82, p = .0005, respectively) compared with infants in the control group. However, the

rate of surfactant reflux was higher in the MISA group than that in the control group (RR : 2.12, 95% CI : 1.37 to 3.29, p =

.0008). There were no significant differences in mortality and other outcomes beteween the MISA group and the control group.

Conclusions: The administration of surfactant with MISA techniques could lower the requirement for mechanical ventilation,

and decrease the incidence of BPD at 36 weeks, pneumothorax, and hsPDA.
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Abstract

Background:The effects of minimally invasive surfactant administration (MISA) in preterm infants with
neonatal respiratory distress syndrome (NRDS) are unclear.

Methods: We searched randomized controlled trials (RCTs) and compared MISA techniques with intuba-
tion for surfactant delivery in preterm infants with NRDS in PubMed, Embase, Cochrane Library, and Web
of Science.

Results: Thirteen RCTs (1931 infants) were included in the meta-analysis. The use of MISA techniques
decrease the incidence of bronchopulmonary dysplasia (BPD) at 36 weeks, pneumothorax, and hemodynam-
ically significant patent ductus arteriosus (hsPDA) (Risk Ratio(RR) : 0.59, 95% confidence interval (CI) :
0.46 to 0.75, p < .0001; RR : 0.60, 95% CI : 0.39 to 0.93, p= .02 and RR : 0.88, 95% CI : 0.78 to 1.00,
p= .04, respectively). In addition, infants in the MISA group required less mechanical ventilation within
72 h of life or during hospitalization (RR : 0.60, 95% CI : 0.48 to 0.75, p< .00001 and RR : 0.64, 95% CI
: 0.49 to 0.82, p = .0005, respectively) compared with infants in the control group. However, the rate of
surfactant reflux was higher in the MISA group than that in the control group (RR : 2.12, 95% CI : 1.37 to
3.29, p = .0008). There were no significant differences in mortality and other outcomes beteween the MISA
group and the control group.

Conclusions: The administration of surfactant with MISA techniques could lower the requirement for
mechanical ventilation, and decrease the incidence of BPD at 36 weeks, pneumothorax, and hsPDA.

KEYWORDS

bronchopulmonary dysplasia; neonatal respiratory distress syndrome; minimally invasive surfactant admin-
istration; intubation-surfactant-extubation strategy; meta analysis1 | INTRODUCTION

Neonatal respiratory distress syndrome (NRDS), one of the most common respiratory diseases in preterm
infants, is mainly due to the lack of pulmonary surfactant, which often results in neonatal death1. Exoge-
nous pulmonary surfactant replacement therapy can reduce the incidence of NRDS and neonatal mortality
and improve the long-term outcome; therefore, it is currently recognized as the most effective treatment for
NRDS 2-4. Previous treatment options for NRDS included mechanical ventilation with surfactant replace-
ment therapy, except that this approach resulted in a high incidence of ventilator-associated lung injury and
bronchopulmonary dysplasia (BPD) 5,6. Intubation, surfactant administration, and extubation (INSURE)
techniques were later developed, which could effectively reduce the incidence of BPD and the duration of
mechanical ventilation 7,8. However, endotracheal intubation can damage the airway 9, and transient positive
pressure ventilation can cause significant lung injury10.

In order to prevent intubation for surfactant delivery in preterm infants with NRDS, MISA techniques are
recommended, including less invasive surfactant administration (LISA) and minimally invasive surfactant
therapy (MIST) 11. These techniques are characterized with the use of a thin catheter for surfactant delivery
while the infant breathes spontaneously with the support of nasal continuous positive airway pressure (nC-
PAP). Nevertheless, it is still unknown whether MISA techniques can reduce the mortality rate, as well as
the incidence of BPD and other neonatal complications compared with conventional intubation techniques.
Therefore, we systematically searched randomized controlled trials (RCTs), compared MISA techniques with
endotracheal intubation for surfactant delivery, and conducted meta-analysis to further clarify their efficacy
and safety.
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. 2 | METHODS

This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines 12.

2.1 | Search strategy

Searches were conducted in PubMed, Embase, Cochrane Library, and Web of Science databases from in-
ception to November 4, 2020. Keywords and MeSH terms were as follows: “Infant, Premature”, “Infant,
Extremely Premature”, “Premature Birth”, “MISA”, “MIST”, “LISA”, “less invasive”, “minimally invasive”,
“thin catheter”, “gastric tube”, “nasogastric tube”, “non-intubated”, “non-intubation”, “noninvasive”, “lung
surfactant”, “pulmonary surfactant”, and “surfactant”. We also reviewed the references in each included
study to identify any relevant papers that might have been missed from the search.

2.2 | Inclusion criteria

(1) Participants: premature infants diagnosed with NRDS (gestational age, <37 weeks).

(2) Research type: published clinical RCTs written in English.

(3) Intervention measures: the intervention group applied MISA techniques for surfactant delivery, whereas
the control group applied endotracheal instillation.

(4) One or more of the following outcomes was measured in the literature: the mortality rate, the requirement
for mechanical ventilation, or the presence of any other neonatal morbidity.

2.3 | Study selection and data extraction

After Endnote software was used to remove duplicate studies, two reviewers (Xiaohong Wu and Zhoushan
Feng) independently selected eligible studies and extracted data according to the inclusion criteria. Differ-
ences were settled by discussion and consensus. For studies with incomplete information, if the missing data
could not be obtained after contacting the author, a group discussion was conducted to decide whether the
study should be included.

2.4 | Study quality assessment

Two reviewers (Xiaohong Wu and Zhoushan Feng) independently evaluated data in randomized studies using
the Cochrane “Risk of Bias Assessment Tool” 13. Parameters for evaluation were as follows: adequacy of
random sequence generation, allocation concealment, blinding of the caregivers and the assessors, incomplete
outcome data reporting, and selective reporting. Discrepancies were settled by discussion and consensus.

2.5 | Data analysis

Meta-analysis was performed by Review Manager 5.3 (The Cochrane Collaboration, Copenhagen, Denmark)
and Stata 14.0 (Stata Corporation, College Station, TX, USA). Effect sizes computed for the analyses were
presented as risk ratios (RR) with 95% confidence intervals (CI). The RR was not estimable when the
events were zero in both groups. I2<50% was indicative of no heterogeneity, and the fixed effect model was
adopted. By contrast, I2 >50% was indicative of heterogeneity, and the random effect model was applied
after sensitivity analysis. Publication bias was assessed visually by funnel plots and then by Egger tests. P
< .05 was considered statistically significant.

3 | RESULTS

3.1 | Study selection and characteristics of included studies

A total of 915 studies were obtained during the initial search. Subsequently, 371 duplicates were distinguished
and excluded with Endnote software. From the remaining 544 articles, 496 articles were exempted after
scanning titles and abstracts. Finally, 35 articles were excluded after reading the full text, and 13 articles14-26

were included in the meta-analysis with a total of 1931 infants, including 964 in the MISA group and 967 in
the control group.

3
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. The control groups in two articles 14,19 chose mechanical ventilation after intubation for surfactant delivery,
whereas the intervention groups in 11 articles 15-18,20-26chose INSURE techniques. The MISA techniques
used in the intervention groups were as follows: eight articles 14,16-20,22,26used LISA techniques, two articles
21,24 used MIST techniques, two articles 23,25 used both techniques, and one article 15 only mentioned
administration of a surfactant via a thin catheter but did not specify which technique was used.

The application of cesarean sections and antenatal steroids was similar between the two groups in each study.
All studies described similar criteria for surfactant delivery with similar values of fractional oxygen inhalation
(FiO2) and/or respiratory distress severity, whereas 12 articles 14,16-26 described criteria for rescue intubation.
In ten articles14-21,24,26, the type of pulmonary surfactant was Curosurf, whereas in three articles 22,23,25,
three other kinds of pulmonary surfactant were used. The literature screening process is shown in Figure 1,
and the basic characteristics of the included studies are given in Table 1.

3.2 | Risk of bias assessment for all included studies

All included studies were generally considered to be low or moderate risk according to the Cochrane as-
sessment standards for RCT. Among them, 11 trials 14,16,18-26 reported the method of random sequence
generation, and 11 trials 14,16,19-26described the specific allocation concealment methods. Due to the partic-
ularity of the intervention, blinding was not possible in all trials, and blinding of researchers and subjects
was assessed as high risk. However, almost all studies described the criteria for surfactant delivery 14-26

and rescue intubation14,16-26, so as to minimize such bias. Twelve articles14,16-26 reported complete outcome
data. For reporting bias, five studies 15,17,18,22,23,26 showed unclear bias because they were not registered in
a public trial registry, and three studies 20,24,25 showed high risk (Table 2).

3.3 | Outcomes

3.3.1 | All-cause mortality

Mortality data were reported in 11 studies 14-23,26, in which one study 26 had a mortality rate of 0, so it
was not included in the meta-analysis. There was no significant difference in the mortality rate between the
MISA group and the control group (Risk ratio (RR) : 0.75, 95% confidence interval (CI) : 0.56 to 1.00, I2 =
8%, p = .05, 10 studies14-23 (n = 1478)).

As the subjects in two studies 14,19 were preterm infants at < 29 weeks and for the control group, instead of
choosing INSURE techniques for surfactant delivery, the authors selected a more traditional approach, that
is, continuous mechanical ventilation after surfactant instillation with endotracheal intubation, sensitivity
analysis yielded different results (RR : 0.69, 95% CI : 0.51 to 0.95, p = .02, I2 = 17%, 8 studies15-18,20-23 (n
= 1047)) (Figure 2A).

3.3.2 | BPD at 36 weeks

Twelve trials 14-21,23-26 involving 1831 newborns reported the incidence of BPD at 36 weeks. Meta-analysis
revealed that MISA techniques brought about a significant decrease in this outcome (RR : 0.59, 95% CI :
0.46 to 0.75, I2 = 3%, p < .0001). Sensitivity analysis limited to studies that unequivocally stated the use
of the INSURE regimen in the control group showed similar results (RR : 0.59, 95% CI : 0.45 to 0.78, I2 =
20%, p = .0002, 10 studies15-18,20,21,23-26 (n = 1400)) (Figure 2B).

3.3.3 | Need for mechanical ventilation within 72 h of life

Eight trials 14,16-18,20,21,24,26 showed data on the requirement of mechanical ventilation within 72 h of life
with a total of 892 infants. Meta-analysis revealed that infants in the MISA group required less mechanical
ventilation within 72 h of life (RR : 0.60, 95% CI : 0.48 to 0.75, I2 = 36%, p < .00001). Sensitivity analysis
showed similar results (RR : 0.76, 95% CI : 0.58 to 0.99, I2 = 0%, p = .04, 7 studies16-18,20,21,24,26 (n = 672))
(Figure 2C).

3.3.4 | Need for mechanical ventilation during hospitalization

4
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. In this meta-analysis, the random effect model (REM) was applied, as significant heterogeneity was observed
in the fixed-effect model (FEM) (I2 = 72%). Meta-analysis estimated that the MISA group had a lesser
need for mechanical ventilation during hospitalization (RR : 0.64, 95% CI : 0.49 to 0.82, p = .0005, 8
studies14-17,19,21-23 (n = 1350)). The heterogeneity did not change significantly after removing each trial
one by one. The exclusion of two studies 14,19 yielded similar results and failed to significantly reduce
the heterogeneity (RR : 0.66, 95% CI : 0.48 to 0.91, I2 = 51%, p = .01, 6 studies15-17,21-23 (n = 919)) (Figure
2D).

3.3.5 | Other outcome measures

Meta-analysis revealed a significantly lower incidence of pneumothorax and hsPDA in the MISA group than
that in the control group (RR : 0.60, 95% CI : 0.39 to 0.93], p = .02, 9 studies14-19,21,22,26 (n = 1187) and RR :
0.88, 95% CI : 0.78 to 1.00, p = .04, 11 studies 14-19,21-25 (n = 1796), respectively). There were no significant
differences between the two groups in the other neonatal complications, namely, pulmonary hemorrhage,
retinopathy of prematurity (ROP) (>stage II or the need for treatment), intraventricular haemorrhage
(IVH) (all grades), severe IVH (grade III or higher), and periventricular leukomalacia (PVL). For procedure-
related outcomes, meta-analysis showed that MISA techniques increased the rate of surfactant reflux (RR
: 2.12, 95% CI : 1.37 to 3.29, p = .0008, 5 trials16-18,21,26 (n = 576)), but did not increase the need for
additional surfactant compared with the control group (RR : 1.17, 95% CI : 0.95 to 1.45, p = .15, 11 trials
15-22,24-26(n = 1658)). Sensitivity analysis was performed, and the heterogeneity of each outcome did not
change significantly (Table 3).

3.4 | Publication bias

Publication bias in the literature reporting the mortality rate was assessed by constructing a funnel plots
and performing the Egger test. The funnel plot was symmetrical visually and verified by the Egger test (p
= .896) (Figure 3).

4 | DISCUSSION

In this study, a systematic review of 13 RCTs demonstrated that the use of MISA techniques could sig-
nificantly reduce the incidence of BPD at 36 weeks, pneumothorax, and hsPDA without increasing the
incidence of other neonatal complications compared with endotracheal intubation for surfactant delivery.
MISA techniques also reduced the need for mechanical ventilation within 72 h of life or during hospitaliza-
tion. Although MISA techniques increased the rate of surfactant reflux, they did not increase the need for
additional surfactant, indicating that MISA techniques did not reduce the efficiency of surfactant.

In addition, there was no significant difference in the mortality rate between the two groups. On the one
hand, the mortality rate was lower in the MISA group than that in the control group (9.1% vs. 12.1%), and
it was right on the edge of statistical significance (p = .05), so further analysis is needed after additional
RCT studies are published. On the other hand, the mortality rate was significantly reduced in the MISA
group after sensitivity analysis (RR = 0.69, 95% CI : 0.51 to 0.95, p = .02). This reduction might have
been due to the younger gestational age of subjects in the excluded study (gestational age, < 29 weeks)
14,19. The younger the gestational age, the higher the mortality rate 27,28. The effect of gestational age
on mortality was greater than that of surfactant delivery techniques between the two groups. Overall, the
results concluded here were robust to most sensitivity analyses.

Pneumothorax occurred less frequently in the MISA group than in the control group, considering that
MISA techniques do not cause pressure or volume damage from brief mechanical ventilation. Similarly, the
incidence of hsPDA in the MISA group was lower than that in the control group, suggesting that MISA
techniques had fewer effects on hemodynamics. Epidemiological studies have reported that hsPDA associates
with BPD 29. hsPDA increased the pressure of pulmonary capillary bed arteries and veins, resulting in more
fluid infiltration into the pulmonary interstitium, which aggravated pulmonary edema. In this study, the
incidence of hsPDA in the MISA group was lower than that in the control group, which might have been
another reason for the low incidence of BPD.
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. The use of INSURE techniques for surfactant delivery has been widely reported in clinical practice, but
many shortcomings remain30,31. Surfactant delivery in a noninvasive approach that reduces the hazards of
endotracheal intubation, and it includes aerosolized administration 32, laryngeal mask airway–guided admin-
istration 33,34, pharyngeal administration 35, and minimally invasive pulmonary surfactant administration.
However, due to the lack of relevant studies on the first three approaches, the results are inconsistent, and
further studies are needed to evaluate their safety and effectiveness36,37. Compared with endotracheal in-
tubation, the possible advantages of minimally invasive administration are as follows. Firstly, thin tubes
can reduce damage to vocal cords and the tracheal mucosa 9. Secondly, MISA techniques can prevent lung
injury in premature infants from high pressure or lung overdistension10,38. Finally, they allow uninterrupted
application of NCPAP during surgery, thereby facilitating the maintenance of stable oxygen saturation 39.

This meta-analysis searched for RCT studies using a thin catheter for surfactant delivery and included
LISA and MIST techniques, leading to differences from other meta-analyses. A previously published meta-
narrative review failed to identify a lesser BPD at 36 weeks in the MISA group 40, but this study observed
a reduction in BPD at 36 weeks, which was consistent with the conclusions of a mesh meta-analysis and
a cross-sectional observational multicenter study41,42. In comparison with a recent meta-analysis43, after
excluding the same two RCTs for sensitivity analysis, this study found a reduction in mortality, whereas the
authors of the previously published meta-analysis did not.

Although we strived for a comprehensive and accurate meta-analysis, there were several limitations. First,
there were differences in the gestational age and the body weight among the studies, and lung tissues at
different stages of development showed different sensitivities to injury from mechanical ventilation, which
might have affected the incidence of BPD at 36 weeks, pneumothorax, and other complications. Second,
different doses and types of surfactant might have affected the outcome of the study. Due to the limited
number of existing studies, it was difficult to evaluate the aforementioned factors in the groups, and additional
large-sample, multi-center clinical studies are needed to further explore the efficacy and safety. Finally, none
of the included studies reported long-term neurodevelopmental follow-up data.

In conclusion, the use of MISA techniques for surfactant delivery not only reduced the need for mechanical
ventilation (within 72 h of life or during hospitalization), but also reduced the incidence of BPD at 36
weeks, pneumothorax, and hsPDA without increasing the incidence of other complications. Therefore,
MISA techniques should be considered as part of the lung protective strategy for premature infants with
NRDS. However, the specifics of these techniques are rarely reported and related large-sample multicenter
studies are scarce. Therefore, additional well-designed, well-targeted RCT studies are needed to evaluate
their efficacy and safety.

A CKNOWLEDGEMENT

We thank International Science Editing ( http://www.internationalscienceediting.com ) for editing this
manuscript.

CONFLICT OF INTERESTS

The authors have no conflicts of interest to declare.

AUTHOR CONTRIBUTIONS

Xiaohong Wu and Zhoushan Feng conceptualized and designed research, collected and analyzed data, and
drafted this article. Yiyu Lai and Juan Kong analyzed the data, reviewed the data, and revised the draft.
Chunhong Jia and Zhanyuan Xu participated in design research, collecting and analyzing data. Yaoyong
Chen, Qiliang Cui and Fan Wu supervised the elaboration of the research design, data analysis, and reviewed
the manuscript. All authors have approved the final version of this article.

References

1. Sweet DG, Carnielli V, Greisen G, Hallman M, Ozek E, Te Pas A, Plavka R, Roehr CC, Saugstad OD,
Simeoni U, et al. European Consensus Guidelines on the Management of Respiratory Distress Syndrome -

6



P
os

te
d

on
A

u
th

or
ea

11
F

eb
20

21
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
61

30
58

93
.3

04
73

88
8/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. 2019 Update. Neonatology. 2019;115(4):432-450.

2. Rojas-Reyes MX, Morley CJ, Soll R. Prophylactic versus selective use of surfactant in preventing morbidity
and mortality in preterm infants.Cochrane Database Syst Rev. 2012(3):Cd000510.

3. Zhang L, Cao HY, Zhao S, Yuan LJ, Han D, Jiang H, Wu S, Wu HM. Effect of exogenous pulmonary sur-
factants on mortality rate in neonatal respiratory distress syndrome: A network meta-analysis of randomized
controlled trials. Pulm Pharmacol Ther. 2015;34:46-54.

4. Sardesai S, Biniwale M, Wertheimer F, Garingo A, Ramanathan R. Evolution of surfactant therapy for
respiratory distress syndrome: past, present, and future. Pediatr Res. 2017;81(1-2):240-248.

5. Fischer HS, Buhrer C. Avoiding endotracheal ventilation to prevent bronchopulmonary dysplasia: a
meta-analysis. Pediatrics.2013;132(5):e1351-1360.

6. Carrasco Loza R, Villamizar Rodriguez G, Medel Fernandez N. Ventilator-Induced Lung Injury (VILI)
in Acute Respiratory Distress Syndrome (ARDS): Volutrauma and Molecular Effects. Open Respir Med J.
2015;9:112-119.

7. Leone F, Trevisanuto D, Cavallin F, Parotto M, Zanardo V. Efficacy of INSURE during nasal CPAP in
preterm infants with respiratory distress syndrome. Minerva Pediatr. 2013;65(2):187-192.

8. Najafian B, Fakhraie SH, Afjeh SA, Kazemian M, Shohrati M, Saburi A. Early surfactant therapy
with nasal continuous positive airway pressure or continued mechanical ventilation in very low birth weight
neonates with respiratory distress syndrome. Iran Red Crescent Med J.2014;16(4):e12206.

9. Gomes Cordeiro AM, Fernandes JC, Troster EJ. Possible risk factors associated with moderate or severe
airway injuries in children who underwent endotracheal intubation. Pediatr Crit Care Med.2004;5(4):364-368.

10. Klotz D, Porcaro U, Fleck T, Fuchs H. European perspective on less invasive surfactant administration-a
survey. Eur J Pediatr.2017;176(2):147-154.

11. Wyckoff M, Aziz K, Escobedo M, et al. Part 13: Neonatal Resuscitation: 2015 American Heart Associa-
tion Guidelines Update for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care.Circulation.
2015;132:S543-560.

12. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP, Clarke M, Devereaux PJ,
Kleijnen J, Moher D. The PRISMA statement for reporting systematic reviews and meta-analyses of studies
that evaluate health care interventions: explanation and elaboration.PLoS med. 2009;6(7):e1000100.

13. Higgins JP, Green S, editors. Cochrane handbook for systematic reviews of interventions version 5.1.0..
The Cochrane Collaboration. 2011. p 33–49. Available from: www.handbook.cochrane.org.
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