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ABSTRACT

Purpose: Minimally invasive surfactant therapy (MIST) is currently used as a method of
surfactant replacement therapy (SRT) for the treatment of respiratory distress syndrome
(RDS) in preterm infants with a gestational age of less than 30 weeks. However, few stud-
ies have been conducted on MIST in neonates with a gestational age of 30 weeks or
more. In this study, we compared MIST with endotracheal intubation as a rescue SRT for
spontaneously breathing neonates with a gestational age of 30 weeks or more who were
diagnosed with RDS.

Methods: We investigated the clinical characteristics of spontaneously breathing neo-
nates admitted to the neonatal intensive care unit of the Inje University Sanggye Paik
Hospital from January 1, 2014 to December 31, 2016. These neonates were born at a ges-
tational age of 30 weeks or more and were diagnosed with RDS. The neonates who were
administered surfactant by MIST were categorized into the MIST group (n=16) and those
who underwent endotracheal intubation were categorized into the control group (n=45).
Thereafter, the clinical characteristics between the groups were compared.

Results: Compared to the control group, the MIST group was less likely to require me-
chanical ventilation within 72 hours (P<0.001). The frequency of bradycardia during SRT
was also low in the MIST group (P=0.033).

Conclusion: MIST is considered relatively feasible and safe for treating RDS for reducing
the need for mechanical ventilation and decreasing the occurrence of bradycardia
during surfactant administration in neonates with a gestational age of 30 weeks or more.

Key Words: Noninvasive ventilation, Minimally invasive surfactant therapy, Respiratory
distress syndrome, Mechanical ventilation, Bradycardia

INTRODUCTION

Respiratory distress syndrome (RDS) is one of the most common neonatal respiratory
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diseases, and it is an important cause of neonatal respiratory mor-
bidity and mortalityl). The treatment of neonatal RDS requires
invasive or noninvasive ventilation with surfactant replacement
therapy (SRT). It is now recognized that primary nasal continuous
positive airway pressure (CPAP) is a reasonable alternative to early
intubation and/or SRT in preterm infants with respiratory distress
after birth*”. Increased use of CPAP as a primary therapy for
neonates with respiratory distress is accompanied by the dilemma
regarding the exact time and method of starting SRT. To overcome
this problem, Verder et al.*” devised the INtubation-SURfactant-
Extubation (INSURE) method, which has been reported to reduce
the frequency and duration of invasive ventilation. However, the
INSURE method is associated with problems such as the need
for endotracheal intubation, positive pressure ventilation (PPV),
and sedation®”. Thus, many neonatologists are investigating
minimally invasive surfactant therapy (MIST) to overcome these
problemsm).

To date, there have been many studies on preterm infants
with a gestational age of 24 to 29 weeks who were diagnosed with

RDS and were administered surfactant by MIST"”

. However,
few studies have reported on moderately preterm infants, late
preterm infants, and term infants in whom RDS was treated via
MIST. Accordingly, we aimed to compare the clinical outcomes
of the MIST group (SRT by MIST) and control group (SRT by
endotracheal intubation) to determine the optimal rescue SRT in
the management of RDS for spontaneously breathing neonates

with a gestational age of 30 weeks or more.

MATERIALS AND METHODS

This was a single-center, retrospective study conducted in the
neonatal intensive care unit (NICU) of the Inje University Sanggye
Paik Hospital from January 1, 2014 to December 31, 2016. The
study protocol was reviewed and approved by the Institutional
Review Board (IRB) of the hospital (approval number: SGPAIK
2017-08-008). The IRB waived the need for informed consent for

this retrospective chart review.

1. Study population

Infants who were admitted to the NICU of Inje University
Sanggye Paik Hospital at a gestational age of 30 weeks and over
and who required respiratory support within 2 hours after birth

were screened from January 1, 2014 to December 31, 2016. The
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study period was set since January 1, 2014, when MIST was
introduced in this hospital. The MIST method includes tracheal
catheterization, intrapharyngeal instillation, and aerosolization.
Among the various MIST methods, our clinic uses the Cologne
method"”. This method uses a 4 to 5 FG (French Gauge) gastric
tube as a conduit for insertion into the airway. The procedure
involves checking the vocal cords using laryngoscopy, insertion
of the gastric tube into the airway using Magill forceps, and

administration of the surfactant'”

. The following infants were
included in the study: (1) spontaneously breathing infants who
were born at no less than 30 weeks of gestation and (2) infants
diagnosed with RDS, who required a fraction of inspired oxygen
of 20.35 and who were administered pulmonary surfactant
within 48 hours. Infants who were transferred to other hospitals,
those who required aggressive resuscitation such as endotracheal
intubation in the delivery room, and those diagnosed with chro-
mosomal abnormalities, or multiple congenital anomalies were
excluded.

Infants who had received a pulmonary surfactant (200 mg/
kg Curosurf” , Chiesi Pharmaceuticals, Parma, Italy) for the
treatment of RDS were divided into two groups: the MIST group
and the control group. The MIST group was defined as the
group in which the surfactant was administered by MIST via
a sterile 5-French, orogastric tube while receiving CPAP (peek
end-expiratory pressure, 5 to 8 cm H-0) without endotracheal
intubation. This protocol was based on the MIST procedure
described by Gopel et al."". The control group was defined
as the group in which the surfactant was administered by the
conventional endotracheal intubation procedure. Subsequently,
each group was subdivided into two groups according to gesta-
tional age, with neonates with gestational age less than 35 weeks
in one subgroup and those with age =35 weeks in the other
group.

Prenatal parameters such as twin delivery, type of delivery,
birth in our clinic, nulliparity, maternal age, maternal diabetes
mellitus, maternal hypertension, use of antenatal steroids,
premature rupture of membrane (PROM), and pathologic cho-
rioamnionitis were reviewed. In addition, neonatal clinical
characteristics such as gestational age, birth weight, small for
gestational age (SGA, defined as birth weight below the 10th
percentile for infants of the same gestational age), large for
gestational age (LGA, defined as birth weight above the 90th
percentile for infants of the same gestational age), sex, Apgar score

(1- and 5-minute), meconium staining, and need for PPV support
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at birth were studied. Treatment data including time interval
from birth to surfactant administration, failure to administer
procedure on the first attempt, need for mechanical ventilation
within 72 hours of birth or at any time, need for multiple doses of
surfactant, bradycardia during surfactant administration, need
for PPV during surfactant administration, duration of respiratory
support, and duration of hospital stay were collected. Neonatal
morbidities such as air-leak syndrome, pulmonary hemorrhage,
patent ductus arteriosus (PDA), necrotizing enterocolitis (NEC),
retinopathy of prematurity (ROP), intraventricular hemorrhage
(IVH), hypoxic brain injury, bronchopulmonary dysplasia (BPD),
use of antibiotic therapy for suspected infection, and culture pro-
ven sepsis were reviewed. Thereafter, we compared the results

between groups through statistical analysis.

2. Primary and secondary outcomes

The primary outcomes of this study were need for mechanical
ventilation within 72 hours of birth or at any time (failure of
non-invasive respiratory support) and requirement of addi-
tional surfactant. Additional surfactant supplementation was
considered in patients without clinical improvement even
after SRT, consistent between the groups. The secondary out-
comes were bradycardia during surfactant administration,
air-leak syndrome, pulmonary hemorrhage, BPD, duration of
mechanical ventilation, duration of CPAP, and duration of heated
humidified high-flow nasal cannula. In addition, hospital days,
PDA (requiring treatment), NEC (higher than stage 2), ROP,
IVH (higher than stage 2), hypoxic brain injury, use of antibiotic
therapy for suspected infection, and culture proven sepsis were

investigated.

3. Definitions

The diagnosis of RDS was confirmed by a pediatric radiologist
after observing reduced lung volumes, a reticulogranular pattern
of lung consolidation, and air bronchogramsm. Pulmonary
hemorrhage was diagnosed on obtaining blood-tinge tracheal
aspirate and the need for increasing fraction of inspired oxygen.
BPD was defined according to the definition of the National
Institutes of Health Consensus'”. NEC was diagnosed as stage
2 or more, according to modified Bell’s stagingm. International
Classification of Retinopathy of Prematurity was used to classify
ROP"™. Grading of IVH was carried out as per the Papile grading

system'”.,
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4, Statistical analysis

Continuous variables were analyzed using Student’s ¢-test or
Mann-Whitney U-test. Chi-square test or Fisher’s exact test was
used for categorical variables. In addition, multiple regression
analysis was performed on related factors with a P-value below
0.05 in the univariate analysis. All analyses were considered
statistically significant when the P-value was less than 0.05. Sta-
tistical analysis was carried out using the SPSS software version
19.0 for Windows (IBM Co., Armonk, NY, USA).

RESULTS

We investigated the perinatal characteristics and neonatal
outcomes of 307 neonates who were born at no less than 30
weeks of gestation and had respiratory distress within 2 hours
of birth from January 1, 2014 to December 31, 2016. Infants who
died during hospitalization (n=3), infants who were transferred
to other hospitals (n=2), neonates who required aggressive
resuscitation such as tracheal intubation in the delivery room
(n=2), and neonates already diagnosed with persistent pulmo-
nary hypertension of the newborn or meconium aspiration
syndrome at birth (n=3) were excluded from the study. Of the
297 newborns, those who were administered surfactant for
the treatment of RDS (n=61) were divided into two groups: the
gestational age group of 30 to 35 weeks (n=26) and the gesta-
tional age group of 35 weeks or more (n=35). Thereafter, each
group was further divided into two groups, the MIST group and
the control group (Figure 1).

1. Perinatal characteristics

Baseline demographic data analysis showed no significant
difference between the MIST and control groups with respect to
gestational age, birth weight, twin delivery, C-section, nulliparity,
maternal age, maternal diabetes, maternal hypertension, ante-
natal steroid use, sex, LGA, SGA, 1- and 5-minute Apgar scores,
PROM, pathologic chorioamnionitis, need for PPV at birth, and
time interval from birth to surfactant administration. Of the total
study population, the neonates who were born at our hospital
were significantly more likely to receive MIST (P=0.036) (Table 1).

2. Neonatal outcomes
The MIST group was significantly less likely to receive mecha-

nical ventilation within the hospitalization period than the



Moon Young Seo, et al.

neonatal

12 Minimally Invasive Surfactant Therapy in Neonates with 30 Weeks or More meqad li(jlﬂt‘/
Spontaneously breathing neonates who were born at a
gestational age of 30*°-41*6 weeks with RDS & SRT admitted
to the NICU of the Inje University Sanggye Paik Hospital
from January 1, 2014 to December 31, 2016.
(n=61)
3010-34+6 3540-41+6
weeks of gestation weeks of gestation
(n=35) (n=26)
MIST group Control group MIST group Control group
(n=10) (n=25) (n=6) (n=20)

Figure 1. Study population of this study and subgrouping by minimally invasive surfactant

therapy (MIST) and control groups. Abbreviations: RDS, respiratory distress syndrome;

SRT, surfactant replacement therapy; NICU, neonatal intensive care unit.
Table 1. Baseline Demographic Data of Each Group

Total (n=61) GA 30"-34"° (n=35) GA 35"°-41"° (n=26)
Baseline demographic MIST Control p- MIST Control p- MIST Control P-
(n=16) (n=45) value (n=10) (n=25) value (n=6) (n=20) value

Gestational age (wk) 33.9+2.6 34.6+2.8 0.382 32.3+1.7 32.4+1.3 0.850 36.5+1.6 37.3t1.3 0.223
Birth weight (g) 2,272.2+757.6 2,331.7+736.7 0.784 1,885.0+511.7 1,777.0+368.5 0.489 2,917.5+671.6 3,025.0+417.8 0.636
Twin delivery 0 8(18) 0.097 0 7(28) 0.084 0 1(5) 1.000
Cesarean section 13(81) 36(80)  1.000 9(90) 18(72)  0.390 4(67) 18(90)  0.218
Inborn 14 (88) 26(58)  0.036  10(100) 22(23)  0.542 4(67) 4(20)  0.051
Nulliparous 10 (63) 20(44)  0.902 6 (60) 12(48)  0.711 4(67) 8(40)  0.365
Maternal age (yr) 33.5+3.7 33.0+3.7  0.656 33.1+4.1 31.7#3.6  0.331 34.2+3.3 34.74¢3.1  0.741
Maternal DM 5(31) 6(13) 0.109 3(30) 4(16) 0.381 2(33) 2(10) 0.218
Maternal HTN 3(19) 2(4) 0.108 3(30) 2(8) 0.128 0 0 -
Antenatal steroids 7 (44) 14 (31) 0.835 7 (70) 14 (56) 0.704 0 0 -
Male sex 8 (50) 26(58)  0.289 5(50) 16(64)  0.445 3(50) 10(51)  1.000
Large for gestational age 2(13) 2(4) 0.279 1(10) 0 0.286 1(17) 2(10) 1.000
Apgar score-1 min 7.0£1.6 6.9+1.9 0.900 6.3t1.3 5.7+1.4 0.226 8.2+1.3 8.5+1.1 0.540
Apgar score-5 min 8.6x£1.0 8.5+1.4 0.798 8.3+1.0 7.6x£1.2 0.118 9.0+1.1 9.5+0.8 0.214
Meconium-stained fluid 0 1(2) 1.000 0 0 - 0 1(5) 1.000
PROM =18 hr 1(6) 5(11)  1.000 1(10) 5(20)  0.649 0 1(5) 1.000
Pathologic chorioamnionitis 2(13) 2(4) 0.279 2(20) 1(4) 0.190 0 1(5) 1.000
PPV at birth 4(25) 9 (20) 0.800 4 (40) 8(32) 0.849 0 1(5) 0.577
Time interval from birth to sur- 4.9+3.3 7.7¢11.1 0.330 4.7+3.3 5.2+10.1 0.880 5.3+3.6 109+11.7 0.272

factant administration (hr)

Values are expressed as meantstandard deviation or number (%). A P<0.05 represents statistically significant.
Abbreviations: GA, gestational age; MIST, minimally invasive surfactant therapy; DM, diabetes mellitus; HTN, hypertension; PROM, premature
rupture of membrane; PPV, positive pressure ventilation.
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Table 2. Respiratory Outcomes and Relevant Morbidities
Total (n=61) GA 30"°-34"° (n=35) GA 35"-41"° (n=26)

Variable MIST  Control  P- MIST  Control  P- MIST Control  P-

(n=16) (n=45) value (n=10) (n=25) value (n=6) (n=20) value
Failure of procedure on the 1st attempt 1(6) 9(20) 0.267 1(10) 4(16) 1.000 0 5(25) 0.298
MV anytime 1(6) 37(82) <0.001 0 20(80) <0.001 1(17) 17(85)  0.004
Need for >1 dose of surfactant 6(38) 4(9) 0.015 4 (40) 2(8) 0.043  2(33) 2(10) 0.218
Bradycardia 2(13)  20(44) 0.033 1(10) 9(36) 0218 1(17) 11(55) 0.170
Air-leak syndrome 4(25) 8(18) 0715  2(20) 2(8) 0561 2(33) 6(30)  1.000
Pulmonary hemorrhage 0 2(4) 1.000 0 1(4) 1.000 0 1(5) 1.000
BPD 0 0 - 0 0 - 0 0 -
Duration of MV (d) 0.3£1.0 3.6+2.7 0.000 0.0+0.0 2.7+2.2 0.000 0.7t1.6 4.9+29 0.003
Duration of MV+CPAP (d) 3.5+1.7 4.7+3.1 0.134 3.6x1.4 3.6£2.6 1.000 3.3+2.3 6.24+3.2 0.054
Duration of MV+CPAP+HHHFNC (d) 7.4+4.1 7.6£3.9 0.846 8.3+4.9 7.1+4.1 0.472 5.8+1.9 8.2+3.6 0.143
Hospital stay (d) 23.6+x14.8 29.7+17.2 0.217 30.5+14.7 39.6+16.8 0.144 12.2+4.1 17.325.9 0.035
PDA requiring treatment 10 (63) 24(53) 0.781 6(60) 15 (60) 1.000  4(67) 9(45) 0.645
NEC >stage 2 0 0 - 0 0 - 0 0 -
ROP 0 0 - 0 0 - 0 0 -
IVH >stage 2 0 1(2) 1.000 0 1(4) 1.000 0 0 -
HIE 1(6) 10(22) 0259  1(10) 4(16) 1000 O 6(30)  0.280
Suspected sepsis 12(75)  41(91) 0.189  6(60)  23(92) 0.043 6(100) 18(90) 1.000
Culture proven sepsis 0 0 - 0 0 - 0 0 -

Values are expressed as number (%) or meantstandard deviation. A P<0.05 represents statistically significant.

Abbreviations: GA, gestational age; MIST, minimally invasive surfactant therapy; MV, mechanical ventilation; BPD, bronchopulmonary dysplasia;
CPAP, continuous positive airway pressure; HHHFNC, heated humidified high flow nasal cannula; PDA, patent ductus arteriosus; NEC,
necrotizing enterocolitis; ROP, retinopathy of prematurity; IVH, intraventricular hemorrhage; HIE, hypoxic ischemic encephalopathy.

control group was, in all study populations (P<0.001) (Table 2).
Compared to neonates in the control group, those in the MIST
group more frequently required additional administration of
pulmonary surfactant (P=0.015) (Table 2, Figure 2A). The inci-
ence of bradycardia during pulmonary surfactant administration
was significantly lower in the MIST group than in the control
group (P=0.033) (Table 2, Figure 2B). In contrast, there were no
significant differences in the occurrence of air-leak syndrome
between the groups (Table 2). The duration of mechanical
ventilation was significantly shorter in the MIST group than in
the control group (Table 2, Figure 2C). For the subgroup with a
gestational age of 35 weeks or more, the duration of hospital stay
was significantly shorter in the MIST group than in the control
group (P=0.035) (Table 2, Figure 2D).

3. Multiple logistic regression

To analyze independent factors, multiple logistic regression
analysis was performed for each gestational age group for
variables with P<0.05 in Tables 1, 2 (Table 3). Altogether, the

MIST group was significantly less likely to receive mechanical
ventilation during the hospitalization period than the control
group was, independently (P<0.001; risk ratio [RR], 0.014; 95%
confidence interval [CI], 0.002 to 0.125). The number of patients
requiring more than secondary administration of pulmonary
surfactant was significantly higher in the MIST group than in
the control group (P=0.008; RR, 6.150; 95% CI, 1.455 to 26.001).
Further, the incidence of bradycardia at the time of pulmonary
SRT was significantly lower in the MIST group than in the control
group (P=0.022; RR, 0.179; 95% CI, 0.036 to 0.879). During the
clinical course, the duration of mechanical ventilation in the
MIST group was found to have a statistically significant effect
independently; however, there was no significant effect on the
hospitalization period.

DISCUSSION

Surfactant application by MIST with tracheal catheterization
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Figure 2. Neonatal clinical outcomes: (A) need for >1 dose of surfactant, (B) events for
bradycardia, (C) mean duration of mechanical ventilation, (D) mean duration of hospitali-
zation. Values are expressed as mean. *Statistically significant (P<0.05). Abbreviations: GA,
gestational age; MIST, minimally invasive surfactant therapy.
Table 3. Effect Estimate (RR) of MIST Group Over Non-MIST Group
Total (n=61) GA 30"°-34"° (n=35) GA 35"-41"° (n=26)
Variable Effect Effect Effect p
estimate 95% CI value estimate 95% CI value estimate 95% CI value
(RR) (RR) (RR)
MV anytime RR,0.014 0.002t00.125 0.000 RR,0.200 0.091t00.438 0.000 RR, 0.035 0.003to 0.419 0.001
Need for >1 dose of surfactant RR,6.150  1.455t026.001 0.008 RR,7.667 1.123t052.321 0.023 RR,4.500  0.479t042.248 0.165
Bradycardia RR,0.179 0.036t00.879 0.022 RR,0.198 0.021to1.822 0.124 RR,0.164 0.016to 1.666 0.099
Duration of MV (d) MD, 3.394 2.436t04.353 0.000 MD,2.680 1.759t03.601 0.001 MD,4.183 1.612t06.754 0.004
Hospital stay (d) MD, 6.042 -3.636to0 15.719 0.210 MD, 9.100 -3.282t021.482 0.136 MD, 5.083 -0.282to 10.449 0.059
Antibiotics therapy for suspected RR,0.293  0.064t01.349 0.101 RR,0.130 0.019t00.890 0.023 RR, 0.900 0.778t0 1.042  0.420
infection

A P<0.05 represents statistically significant.

Abbreviations: RR, relative risk ratio; MIST, minimally invasive surfactant therapy; GA, gestational age; CI, confidence interval; MV, mechanical

ventilation; MD, mean difference.

is now recognized as one of the standard methods of SRT in
preterm infants with a gestational age less than 30 weeks who
are diagnosed with RDS, and it may improve their short-term
and long-term outcomes. However, studies concerning the use
of MIST in neonates with gestational ages of 30 weeks or more
are insufficient, and the results are inconclusive'”. Our study
showed that MIST can safely be used and that it improves the

short-term clinical outcomes in newborns with a gestational age

of 30 weeks or more who are diagnosed with RDS.

Early noninvasive forms of ventilation such as CPAP have
been applied as a primary strategy for the management of RDS
in very-low-birth-weight infants with spontaneous breathingls).
This is because the risk of airway and lung injury and respiratory
tract infection, which is commonly associated with invasive
mechanical ventilation, is relatively low in noninvasive ven-

. . 19 . . . .
tilation'”. However, if neonates who received only noninvasive
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ventilation without SRT at the time of birth show a clear sign
of RDS later, the surfactant should be eventually administered
through endotracheal intubation. To overcome this problem,
Verder et al.” devised the INSURE method. However, this method
also required endotracheal intubation; therefore, some physical

20) For

concerns such as tracheal or laryngeal injury remained
this reason, some researchers modified the INSURE method to
*)) The MIST procedure is

commonly referred to as the less invasive surfactant administra-

devise a new method, namely MIST

tion (LISA). Thus, the European Consensus Guidelines, newly
published in 2016” added that INSURE should be considered in
newborns with CPAP failure and that MIST can be substituted
for INSURE in spontaneously breathing infants.

As observed in previous studies'*"”, the rate of application of
mechanical ventilation was significantly reduced by the LISA
method in this study; that is, it was lower in the MIST group

than in the control group. Tomar et al”

published a study using
a modified MIST method (Magill forceps are not used in this
method, and the gastric tube is directly inserted into the airway
by the practitioner). According to this study, in newborn infants
with a gestational age of 24™° to 33" weeks who were diagnosed
with RDS, the durations of mechanical ventilation and CPAP
support were significantly lower in the modified MIST group
than in the INSURE group; however, there were no differences in
the need for mechanical ventilation within the first 72 hours, and
in the other neonatal morbidities and mortalities, between the
groups.

In this study, the incidence of bradycardia during surfactant
administration was significantly lower in the MIST group than
in the control group in multiple regression analysis. In most
cases, bradycardia results from vagal nerve reflex caused by
uncomfortable stimulation of the pharynx and larynx during
neonatal endotracheal intubation. This bradycardia is usually
referred to as “stable bradycardia,” because it can be easily nor-
malized by temporarily suspending intubation or by sufficient
oxygenationm. MIST does not require endotracheal intubation;
hence, it can be inferred that the occurrence of bradycardia,
which is an adverse effect that can occur during endotracheal
intubation, is reduced. Meanwhile, the American Academy of

Pediatrics™

recommends the use of premedication for endo-
tracheal intubation in neonates, except in emergency situations.
This premedication includes analgesics, sedatives, and muscle
relaxants. Further, vagolytic agents can be used to prevent brady-

cardia that can occur during endotracheal intubation. However,

Neonatal Med 2018 August;25(3):109-117
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according to a European survey published in 2017, 52% of
neonatologists do not use premedication when administering
MIST*. This is because spontaneous breathing plays a major
role in the proper distribution of the pulmonary surfactant in the
lungs in MIST, and the premedication can reduce the respiratory
effort in premature infants in particularze).

Meanwhile, Dargaville et al.”” showed that the incidence of
pneumothorax reduced from 8.0% to 2.4% after introducing
MIST with a vascular catheter in neonates aged 29 to 32 weeks
who were diagnosed with RDS. However, in our study, there was
no significant difference in the occurrence of air-leak syndrome
including pneumothorax between the two groups of neonates.

According to a recent analysis released in 2017 concerning
the results of LISA treatment in premature infants, there was
no significant difference between the LISA group and the con-
trol group with regard to the need for additional surfactant

", Meanwhile,

administration after primary pulmonary SRT
animal studies published in 2005 showed that the distribution
of pulmonary surfactant was better in the noninvasive respira-
tory assist group than in the mechanical ventilation group,
in spontaneously breathing rabbits'”. However, in our study,
compared to the control group, the need for additional admini-
stration of pulmonary surfactant was increased in the MIST
group. These results may be attributable to the lack of experience
of the operator with regard to MIST or the anxiety caused by it.
Additional studies are warranted to explain the results that are
different from those of the previous studies.

We subdivided each group into two more groups according
to gestational age, with neonates with gestational age between
30 and 35 weeks in one group and those with age >35 weeks in
the other group. The reasons for dividing the neonates into two
groups based on the gestational age of 35 weeks as the cut off are
as follows. Moderately premature infants, i.e., newborns with a
gestational age of more than 30 weeks and less than 35 weeks, are
known to contribute to increased neonatal morbidity. Although
extremely preterm births are well known to have a higher risk
of poor outcome, in practice, the number of moderately prema-
ture infant births is relatively higher, which may be perceived
as a major health problem. According to a Swedish national
population-based study published in 2011", transient tachypnea
of the newborn or RDS was observed in about one-third of
moderate premature infants. Therefore, subgroup analysis
was performed to determine whether morbidity was higher in

moderately premature infants.
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The limitations of this study may be that it was retrospective
in nature, the number of subjects was small, randomization
among the comparison groups was not possible, and the clini-
cal severity of the two groups might have differed from the
beginning. Another limitation was that the control group could
not be subdivided into the INSURE group and the mechanical
ventilation maintenance group, because the sample size of the
INSURE group was too small. This was attributed to the cutbacks
in the insurance amount for INSURE during the study period,
and to the fact that INSURE was not performed as a routine pro-
cedure and was executed with early extubation after invasive
ventilator application. Therefore, additional studies to address
these limitations are warranted.

In conclusion, MIST is considered a relatively safe and effec-
tive procedure for treating RDS, and for reducing the need for
mechanical ventilation and the occurrence of endotracheal intu-
bation-induced bradycardia. For well-experienced practitioners,
MIST may be an appropriate choice of treatment for RDS in neo-

nates with a gestational age of 30 weeks or more.
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