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Abstract

Background: Minimally invasive surfactant therapy (MIST) is a new strategy to avoid mechanical ventilation (MV) in 
respiratory distress syndrome. The primary aim of this study was to test MIST as a means of avoiding MV exposure and pneu-
mothorax occurrence in moderate and late preterm infants (32 to 36 weeks’ gestational age).
Methods: This was a randomized controlled trial including three Canadian centres. Patients were randomized to standard 
management or to the intervention if they required nasal continuous positive airway pressure of 6 cm H2O and 35% FiO2 in 
the first 24 hours of life. Patients from the intervention group received MIST immediately after inclusion. The primary out-
come was either need for MV or development of a pneumothorax requiring a chest tube. To ensure that clinicians were not 
biased toward delaying intubation in the intervention group, clinical failure criteria were also used as a primary outcome. The 
primary outcome was analyzed using bivariate and multivariate logistic regressions.
Results: Among 45 randomized patients, 24 were assigned to MIST and 21 to standard management. Eight infants (33%) 
from the intervention group met the primary outcome criteria versus 19 (90%) in the control group (absolute risk reduction 
0.57, 95% confidence interval 0.54 to 0.60). One patient in each group reached the primary outcome because of pneumotho-
rax occurrence. The other patients were exposed to MV. None of the patients reached the clinical failure criteria.
Conclusion: MIST for respiratory distress syndrome management in moderate and late preterm infants was associated with 
a significant reduction of MV exposure and pneumothorax occurrence.

Keywords: Hyaline membrane disease; Infant; Premature; Pulmonary surfactants; Respiratory distress syndrome; Spontaneous 
breathing.

Moderate and late preterm infants (320/7 to 366/7 weeks’ gestational age [GA]) 
account for the largest group of infants hospitalized in neonatal intensive care 
unit (NICU) (1). Respiratory distress syndrome (RDS) and pneumothorax 
cause significant morbidity in those infants (2–5). Up to 14% and 2.5% of all 
late preterm infants hospitalized in Canadian NICU presented with RDS and 
pneumothorax, respectively (2). No recommendation specifically addresses 
moderate and late preterm infants for ventilation strategies and surfactant 
administration. Noninvasive ventilation (NIV) is often the primary option for 
RDS management.

It is well established that invasive mechanical ventilation (MV), even 
for a short period, may cause or exacerbate pre-existing lung injuries 
(6,7). A growing literature supports that avoidance of MV in very preterm 
infants improves respiratory outcomes (8–11). Selective administration of 

surfactant after an initial period of nasal continuous positive airway pres-
sure (NCPAP) is now recognized as an appropriate option for RDS man-
agement. It is thought that NCPAP provides more physiological air volume 
distribution than MV so it is safer (12,13). However, NCPAP without sur-
factant administration is associated with an increased risk of pneumothorax 
(8,14,15). On the other hand, early surfactant administration decreases the 
risk of pneumothorax but requires MV when using the standard mode of 
delivery (16).

Minimally invasive surfactant therapy (MIST) has been used as an alterna-
tive (17–24) and appears to potentially reduce the incidence of MV exposure 
(17–21). End-expiratory lung volume is improved after MIST and is associated 
with oxygenation improvement (25). In some studies, improvement of oxygen 
requirements and reduction of MV exposure were more impressive in older 
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preterm infants (17,18,20,26). However, the efficacy of MIST in moderate and 
late preterm infants has not been studied and they were only included in limited 
numbers in previous cohorts studies (20,26,27).

This study aimed to evaluate the efficacy of MIST to reduce MV exposure 
and pneumothorax in a moderate and late preterm population with RDS.

METHODS

Trial design, setting and participants
This was a multicentre randomized control trial involving three Canadian 
level 3 NICUs conducted from January 6, 2014 to May 4, 2016. Preterm 
infants between 320/7 and 366/7 weeks GA presenting with RDS were eligible 
in their first 24 hours of life. Inclusion criteria were: a requirement of a frac-
tion of inspired oxygen (FiO2) of 35% and NCPAP support of 6  cm of H2O 
to maintain saturation ≥90%. The 35% oxygen threshold was chosen based on 
a questionnaire completed by the neonatologists involved with the study and 
fits with the threshold used in previous studies (20,21,26). Exclusion criteria 
were lethal conditions or significant congenital malformations or intubation 
or pneumothorax prior to enrollment. Immediate extubation after surfactant 
administration (INSURE procedure) is not routinely performed in the three 
units involved. The trial was approved by the research ethics board from each 
participating centre and written parental consent was obtained for eligible 
infants after admission to the NICU.

Randomization and masking
All infants were initially managed with NCPAP. Different NIV modes, including 
synchronized and nonsynchronized nasal intermittent positive pressure ventila-
tion, could be used after randomization. If those NIV modes were used prior to 
randomization, patients were switched back to NCPAP following enrollment. 
The randomization sequence was created by an independent statistician with 
SAS 9.3 (SAS Institute Inc., Cary, NC). Participants were randomized imme-
diately after inclusion using sealed opaque envelopes (prepared by a nurse not 
involved in the study), in a 1:1 ratio by blocks of four stratified for GA to stan-
dard management or to the intervention. In the situation of multiple births, all 
infants were allocated to the same group.

Intervention
In the standard management group (control group), surfactant was only 
given after intubation based on the judgment of the attending physician. In 
the intervention group, infants received surfactant (Beractant, 4 mL/kg, 25 
mg of phospholipids/mL) immediately after randomization. Atropine (20 
mcg/kg) and fentanyl (1 mcg/kg) were administered prior to the procedure. 
A laryngoscopy was performed while patients were supported on NCPAP 
and surfactant was administered after tracheal insertion of a 5 French sterile 
and flexible gavage tube with Magill forceps. If desaturation or bradycardia 
occurred, the procedure was temporarily interrupted. Repeating MIST was 
allowed if the FiO2 rose to or remained above 30% as per Canadian recom-
mendations (28).

Outcomes
The primary outcome was either a need for MV or the occurrence of a pneumo-
thorax requiring chest tube insertion in the first 3 days on the study. Because the 
study was not blinded, to ensure that clinicians were not biased toward delaying 
intubation in the intervention group, two additional criteria for respiratory fail-
ure were used as primary outcomes for the patients in the intervention group: 
(i) development of respiratory acidosis confirmed by two pH results lower than 
7.20 associated with partial pressure of carbon dioxide (pCO2) greater than 70 
(mmHg) or (ii) lack of improvement of oxygen requirements in the 4 hours fol-
lowing MIST. Patients who met failure criteria were regarded as having reached 

the primary outcome in the analysis even if MV was not initiated. Those criteria 
were not applied to the control group to prevent overestimation of the inter-
vention efficacy.

Secondary outcomes were the number of laryngoscopy attempts and the 
adverse events documented during MIST procedures (surfactant reflux and 
desaturations), or for intubation procedures (desaturations). The presence or 
absence of surfactant reflux was observed during laryngoscopy by the person 
performing the MIST procedure. Desaturations were classified as moderate 
(between 80% and 60%) or severe (below 60%).

Statistical analysis and sample size
Unpublished data from a previous study in one of the involved centres 
(CHU de Québec, 2013) revealed a combined rate of MV and pneumotho-
rax of 60% in late preterm infants who required FiO2 level ≥35% in the first 
day of life. Because moderate preterm infants were also included in the pres-
ent trial, we expected the primary outcome to occur in more than 60% of 
patients in the control group. Based on previous studies in which intubation 
rate after MIST in 28 to 34 weeks GA preterm infants ranged between 0% 
and 22% in the 72 hours after MIST, we hypothesized a primary event rate 
lower than 15% in the intervention group (17,20). Therefore, 44 participants 
would be required for a power of 80% and a type 1 error of 5% using the 
Fisher Exact Test.

The analysis was done according to the intention-to-treat principle. 
Patients' characteristics and respiratory outcomes were compared between 
groups using an exact-chi square test or Wilcoxon Mann–Whitney test, for 
qualitative and quantitative variables, respectively. The primary dichotomous 
outcome variables were analyzed using bivariate and multivariate logistic 
regressions with a Firth correction for bias when appropriate. Two sets of 
variables were considered and chosen a priori for the multivariate analysis. A 
first model (model 1) was adjusted for GA, antenatal corticosteroids adminis-
tration, sex and inborn status. A second model (model 2) was adjusted for the 
previous variables as well as the following: age at oxygen introduction (< or 
≥2 hours of life), age at surfactant administration (< or ≥12 hours of life), pH 
(< or ≥7.25) and pCO2 level (< or ≥65 mmHg) previous to surfactant admin-
istration. Those variables and their value were chosen a priori based on the 
average value for each parameter presented by the intubated patients in our 
previous cohort study. Absolute risk reduction, adjusted odds ratio (AOR) 
and number needed to treat were calculated with their 95% confidence inter-
vals (95% CIs). The analyses were made with SAS 9.3 (SAS Institute Inc., 
Cary, NC) by an independent statistician.

RESULTS
There were 237 infants screened (Figure 1). Forty-five were enrolled and ran-
domized. All participants were analyzed according to their allocated group. 
Clinical characteristics of both groups are presented in Table 1. Among the 24 
patients of the intervention group, 3 had repeated MIST. One of those three 
patients and six additional patients were intubated to receive extra doses of 
surfactant. Among the 21 patients of the control group, 19 were intubated and 
received surfactant (2 doses for five infants). Additional information concern-
ing respiratory outcomes is presented in Table 2.

Primary outcome
All the patients in the intervention group but one received MIST (Figure 1). 
Eight (33%) met the primary outcome; seven patients required MV and one 
developed a pneumothorax. None met the criteria for respiratory failure during 
the 3 days on study. Among patients requiring MV, two were intubated because 
they had thoracic rigidity after fentanyl administration. One of those two 
patients had previously received MIST and was receiving premedication for a 
second MIST while the second had not yet received MIST. The five remaining 
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patients did not improve after MIST so they were ultimately intubated. Among 
patients of the control group, 19 (90%) met one of the primary outcomes; 18 
were intubated for surfactant administration and 1 developed pneumothorax. 
The mean FiO2 at intubation was 39% in the control group.

The incidence of the primary outcome was significantly lower in the inter-
vention group (odds ratio 0.05, 95% CI 0.01 to 0.28; absolute risk reduction 
0.57, 95% CI 0.54 to 0.60, number needed to treat 1.75, 95% CI 1.67 to 1.85; 
P<0.001). The same association was found using logistic regression (model 1: 
AOR 0.02, 95% CI 0.002 to 0.239, P<0.01 and model 2: AOR 0.05, 95% CI 
0.0001 to 0.2634, P<0.01). Sensitivity analyses showed no difference in any 
outcomes (data not shown) after removing the second twin in the control group 
(for all other multiple births, only one infant was randomized).

Secondary outcomes
The average number of laryngoscopy attempts per patient was 2.3 (SD 1.2) 
in the intervention group and 2.3 (SD 1.9) in the control group (P=0.77). 
Surfactant reflux during MIST was documented in 16 patients (66%). The rates 
of moderate desaturations were 58% and 16% in the intervention and control 
group, respectively (P<0.01). The rates of severe desaturations were 42% and 
58% in the intervention and control group, respectively (P=0.3).

DISCUSSION
This is the first study to assess MIST in moderate and late preterm infants. 
Systematic use of MIST allowed a significant reduction of the primary out-
come compared with conventional management. The efficacy of this simple 

technique is quite remarkable considering its simplicity and lack of major com-
plications. The rate of MV exposure in the control group is high but the study 
was specifically designed to select the most susceptible patients and obtain the 
best perspective on MIST efficacy.

Standardized management prior to study enrollment is a strength of this 
study, because it has promoted the selection of a uniform population and 
avoided delay in intervention. Early and systematic administration of surfac-
tant in the intervention group was chosen in order to prevent as many compli-
cations as possible. Because pneumothorax occurred after 24 hours life in 15 
patients who did not meet the study inclusion criteria as they did not require 
35% FiO2 in the first 24 hours of life, it seems that administration of MIST at 
a lower FiO2 or after 24 hours of life may be useful. Repeating MIST cannot 
be recommended from our results because this was performed in only three 
patients, one of whom was ultimately intubated. Indeed, using a relatively low 
FiO2 threshold for MIST has the advantage of allowing repeating surfactant 
administration after intubation within an appropriate timeframe if required by 
the patient’s condition.

One limitation is that no specific criteria for surfactant administration were 
established in the control group. Nonetheless, avoiding MV where possible is 
the usual practice in the study centres. No patients in the intervention group 
met the criteria for respiratory failure so we do not think that clinicians delayed 
MV in the MIST group. It is possible that by chance patients in the control 
group had more severe RDS as they required both oxygen and surfactant 
administration sooner than did those in the MIST group. Those characteris-
tics were taken into account in the multivariate regression model and did not 
impact the conclusions. However, this limitation must be considered carefully 

Figure 1. Flow diagram. 1Among these, 27 were outborn patients and 4 patients were intubated in delivery room. 2One patient presented with severe RDS and was intubated because parents were not 
available to consent to the study. Clinicians decided not to delay surfactant administration. 3Four eligible patients developed a pneumothorax prior to inclusion and randomization. 4Three patients 
were not included by involuntary omission of the attending physician to recruit them. Three patients were intubated soon after NICU admission because the clinician judged that attempting MIST 
was not appropriate as the infants had a poor respiratory drive. One patient was intubated because the RDS diagnosis was not obvious. 5One patient developed a pneumothorax after he was intubated. 
MIST Minimally invasive surfactant therapy; MV Mechanical ventilation; N Number; NICU Neonatal intensive care unit; RDS Respiratory distress syndrome.
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before generalization of the study results to populations of late preterm affected 
by severe RDS.

The MIST procedure was associated with a high rate of surfactant reflux, 
indicating that surfactant delivery was probably not optimal for all patients. 
For the purpose of the study, surfactant was administered in a bolus under 
direct vision during laryngoscopy. The Cologne method, which involves clos-
ing the mouth during surfactant administration, would probably have helped 
to reduce surfactant reflux (29). Furthermore, maintaining positive airway 
pressure, which is lost during laryngoscopy because of mouth opening, 
would allow more gradual surfactant administration without compromising 
patients’ respiratory stability (23,29). However, we worried that because they 
are more active than extremely preterm infants, moderate and late preterm 
patients could have displaced the gavage tube during the procedure, resulting 
in esophageal surfactant administration. A solution would be to use a more 
rigid catheter for the procedure, such as the Angiocath used in the Hobart 
method (20). Using a lower volume surfactant formula, such as Curosurf, 
would be another option to decrease surfactant reflux. The MIST procedure 

was also associated with a higher rate of moderate desaturations than the 
intubation procedure. Once again we believed that closing patients’ mouth 
during the procedure and using a lower volume surfactant formula could be 
part of the solution. Nonetheless, severe desaturations rates were not different 
between both interventions.

Finally, sedation remained an issue because two out of eight patients had to 
be intubated before MIST could be attempted because of thoracic rigidity after 
fentanyl administration. Very limited data are available about optimal sedation 
for MIST. Propofol has been used in one study, but it was associated with more 
respiratory complications and double the rate of MV exposure compared with 
patients receiving no sedation (30). Even though there is probably a risk of 
increasing failure of the intervention with sedation, we believe that it should 
not be withheld for patients receiving MIST.

The decision to intubate moderate or late preterm neonates affected by RDS 
is sometimes difficult, mainly when they are in an ‘in between’ condition or 
present with a moderate RDS. It is challenging to find a good balance between 
a safe and optimum management within the window for surfactant efficacy 

Table 1. Patients characteristics

Intervention group (N=24) Standard management (N=21) P value*

Gestational age, mean (SD), weeks 340/7 (1.4) 336/7 (1.5) 0.99
 32 weeks 7 8
 33 weeks 4 3
 34 weeks 7 5
 35 weeks 3 2
 36 weeks 3 3
Birthweight, mean (SD), grams 2157 (487) 2277 (658) 0.56
Apgar score†

 1 min 8.0 (5.5–9.0) 6.0 (5.0–8.0) 0.48
 5 min 9.0 (7.0–9.0) 7.0 (6.0–9.0) 0.13
Males (%) 10 (42%) 15 (71%) 0.07
Multiple births (%) 3 (13%) 6 (29%) 0.19
Antenatal steroids (%) 16 (67%) 11 (52%) 0.37
Caesarean section (%) 18 (75%) 18 (86%) 0.38
Outborn (%) 4 (17%) 6 (29%) 0.48
Age at oxygen initiation, hours† 1.9 (1.2–4.3) 0.5 (0.2–3.1) 0.06
Blood pH before surfactant† 7.28 (7.24–7.29) 7.23 (7.20–7.30) 0.15
pCO2 before surfactant† 57 (52–60) 63 (48–68) 0.16

pCO2 Partial pressure of carbon dioxide; SD Standard deviation.
*Based on an exact Pearson chi-square test or Wilcoxon Mann–Whitney test. †Results presented as median with interquartile range.

Table 2. Respiratory outcomes

Intervention group (N=24) Standard management (N=21) P value*

Age at surfactant administration, hours† 15.4 (6.0–20.4) 7.2 (4.8–17.5) 0.26
Number of surfactant doses per patient, mean (SD) 1.5 (1.2–1.9) 1.2 (0,88–1.40) 0.11
 One surfactant dose, N (%) 15 (62.5%) 14 (66.7%) 1.00
 Two or more surfactant doses, N (%) 9 (37.5%) 5 (23.8%) 0.35
Duration of NIV, days† 4.2 (2.8–5.4) 3.6 (2.3–4.9) 0.56
Duration of MV, days†,‡ 2.9 (1.2–4.0) 1.9 (0.8–3.2) 0.27
Duration of ventilation (NIV + MV), days† 4.5 (3.4–6.7) 6.3 (3.7–7.1) 0.26
Duration of oxygen administration, days† 2.4 (1.9–2.8) 2.3 (0.3–3.6) 0.63
Duration of NICU hospitalization, days† 12.8 (7.0–20.1) 16.2 (7.6–34.3)  0.18

N Numbers; NICU Neonatal intensive care unit; NIV Noninvasive ventilation; MV Mechanical ventilation; SD Standard deviation.
*Based on an exact Pearson chi-square test or Wilcoxon Mann–Whitney test. †Results presented as median with interquartile range. ‡Included 7 patients exposed to MV in the interven-

tion group and 18 patients in the control group.
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without being too aggressive. MIST seems a promising alternative to reduce 
MV exposure and RDS complications, making the decision to administer 
surfactant easier. Future improvements in the technique could optimize the 
benefits.
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