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Abstract

Background Surfactant is a well-established therapy for preterm neonates affected by respiratory distress syndrome
(RDS). The goals of different methods of surfactant administration are to reduce the duration of mechanical ventila-
tion and the severity of bronchopulmonary dysplasia (BPD); however, the optimal administration method remains
unknown. This study compares the effectiveness of the INtubate-RECruit-SURfactant-Extubate (IN-REC-SUR-E)
technique with the less-invasive surfactant administration (LISA) technique, in increasing BPD-free survival of preterm
infants. This is an international unblinded multicenter randomized controlled study in which preterm infants will be
randomized into two groups to receive IN-REC-SUR-E or LISA surfactant administration.

Methods In this study, 382 infants born at 24%-27%° weeks' gestation, not intubated in the delivery room and fail-
ing nasal continuous positive airway pressure (NCPAP) or nasal intermittent positive pressure ventilation (NIPPV) dur-
ing the first 24 h of life, will be randomized 1:1 to receive IN-REC-SUR-E or LISA surfactant administration. The primary
outcome is a composite outcome of death or BPD at 36 weeks’ postmenstrual age. The secondary outcomes are BPD
at 36 weeks' postmenstrual age; death; pulse oximetry/fraction of inspired oxygen; severe intraventricular hemor-
rhage; pneumothorax; duration of respiratory support and oxygen therapy; pulmonary hemorrhage; patent ductus
arteriosus undergoing treatment; percentage of infants receiving more doses of surfactant; periventricular leukoma-
lacia, severe retinopathy of prematurity, necrotizing enterocolitis, sepsis; total in-hospital stay; systemic postnatal
steroids; neurodevelopmental outcomes; and respiratory function testing at 24 months of age. Randomization will be
centrally provided using both stratification and permuted blocks with random block sizes and block order. Stratifica-
tion factors will include center and gestational age (24%° to 257 weeks or 267 to 27 weeks).

Analyses will be conducted in both intention-to-treat and per-protocol populations, utilizing a log-binomial regres-
sion model that corrects for stratification factors to estimate the adjusted relative risk (RR).

Discussion This trial is designed to provide robust data on the best method of surfactant administration in spon-
taneously breathing preterm infants born at 247°-27% weeks' gestation affected by RDS and failing nCPAP or NIPPV
during the first 24 h of life, comparing IN-REC-SUR-E to LISA technique, in increasing BPD-free survival at 36 weeks'
postmenstrual age of life.

Trial registration ClinicalTrials.gov NCT05711966. Registered on February 3, 2023.

Keywords Preterm infants, Lung recruitment, HFOV, INRECSURE, LISA, Surfactant
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Introduction

Background and rationale {6a}

Respiratory distress syndrome (RDS) represents the main
cause of respiratory insufficiency in preterm infants and is
one of the major causes of perinatal morbidity and mor-
tality. Surfactant is a well-established therapy in neona-
tology. However, the optimal surfactant administration
method remains unresolved, especially with the recent
clinical focus on avoiding mechanical ventilation in pre-
term infants born before 28 weeks’ gestational age (i.e.,
extremely preterm infants). Duration of mechanical ven-
tilation is a key determinant of the severity of bronchopul-
monary dysplasia (BPD) [1]. Although attractive and
beneficial in clinical practice, the INtubate, SURfactant,
Extubate (IN-SUR-E) method cannot be universally
applied to all preterm neonates due to non-homogeneous
surfactant distribution and lung derecruitment during
intubation, resulting in failure of IN-SUR-E in the event
of severe RDS. IN-SUR-E also has a failure rate in pre-
term infants ranging from 19 to 69% [2, 3]. Risk factors for
failure of IN-SUR-E are low birth weight, low gestational
age, the severity of initial respiratory disease, and a low
hemoglobin concentration prior to surfactant administra-
tion [2, 4, 5]. A recent randomized clinical trial showed
that the application of a recruitment maneuver just before
surfactant administration, followed by rapid extubation
(INtubate-RECruit-SURfactant-Extubate [IN-REC-SUR-
E]), decreased the need for mechanical ventilation during
the first 72 h of life compared with IN-SUR-E technique
in extremely preterm neonates, without increasing the
risk of adverse neonatal outcomes [6]. Recently, a less-
invasive surfactant administration (LISA) method was
developed with surfactant introduced into the trachea of
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infants breathing spontaneously using a small catheter
instead of an endotracheal tube [7]. The popularity of the
LISA technique has increased because it potentially com-
bines the benefits of early surfactant treatment with con-
tinuous positive airway pressure (CPAP) and consequent
avoidance of mechanical ventilation. The last network
meta-analyses on the comparative efficacy of methods
for surfactant administration found that among preterm
infants, the LISA technique was associated with a lower
likelihood of mortality, need for mechanical ventilation,
and BPD compared with IN-SUR-E, but these findings did
not include a comparison to the IN-REC-SUR-E method
[8]. More importantly, data for neonates <28 weeks’ ges-
tation are not as robust as for the higher gestational age
groups due to a smaller number of neonates [9]. Therefore,
the safety and efficacy of LISA in this population remain
to be confirmed, also considering that extreme prematu-
rity is an independent risk factor for LISA failure [10]. The
same authors of meta-analysis agree that data for neo-
nates <28 weeks are not as robust as for higher gestation
age group and that lung recruitment before surfactant
administration (IN-REC-SUR-E) represents a promis-
ing novel alternative; hence, future randomized evidence
directly comparing it to LISA is warranted to draw con-
clusions concerning the optimal method of surfactant
treatment, especially among extremely low gestational age
newborns [11]. We therefore designed this study to com-
pare the IN-REC-SUR-E technique with LISA, as recently
suggested [11, 12], for evaluating the comparative effec-
tiveness of these techniques in increasing the survival
without BPD of extremely preterm infants.

Objectives {7}

The primary hypothesis of this study is that IN-REC-
SUR-E via a high-frequency oscillatory ventilation
recruitment maneuver increases survival without
BPD at 36 weeks’ postmenstrual age in spontaneously
breathing infants born at 247°-27%® weeks’ gestation
and failing nasal CPAP or nasal intermittent positive
pressure ventilation (NIPPV) during the first 24 h of life
compared to LISA treatment.

To confirm this hypothesis, we planned an inter-
national multicenter randomized controlled study in
which preterm infants will be randomized into two
groups: one will receive surfactant with IN-REC-SUR-E
modality, and the other one will receive surfactant with
LISA treatment.

The study flow chart is detailed in Fig. 1.

Trial design {8}
The study is an unblinded multicenter randomized
superiority trial of the IN-REC-SUR-E vs. LISA
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technique in infants born at 2470-27%° weeks’
gestation.

The methods of this study are reported according to
SPIRIT 2013 Explanation and Elaboration: Guidance

for protocols of clinical trials [13].

Methods: participants, interventions,

and outcomes

Study setting {9}

The following centers are involved in the recruitment
for the trial: Fondazione Policlinico Universitario A.
Gemelli IRCCS, Universita Cattolica del Sacro Cuore,
Rome, Italy; S.Pietro Fatebenefratelli, Rome; Fatebenefr-
atelli-Isola Tiberina, Rome; Policlinico Umberto I, Rome;
Bel Colle Hospital Viterbo; Fondazione Poliambulanza
Brescia; Fondazione MBBM—Ospedale San Gerardo
Monza; Niguarda Hospital Milan; Fondazione IRCCS
Ca Granda Ospedale Maggiore Policlinico, University
Milan; Azienda Ospedaliera Carlo Poma Mantova; SS
Antonio e Biagio e Cesare Arrigo Hospital Alessandria;
Maggiore Hospital Novara; Azienda Ospedaliera-Univer-
sitaria Ospedali Riuniti Foggia; Azienda Ospedaliera Vito
Fazzi Lecce; Careggi University Florence; Pineta Grande
Castelvolturno; Azienda Ospedaliera S.Anna-S.Sebas-
tiano Caserta; Maggiore Hospital Bologna; AOU Ferrara;
AO Cosenza; Di Venere Hospital Bari; Panico Hospital
Tricase; Central Teaching Hospital of Bolzano/Bozen;
Arcispedale Santa Maria Nuova Reggio Emilia; Barone
Romeo Hospital Patti; AOU Policlinico Vittorio Ema-
nuele-Gaspare Rodolico Catania; Universita degli Studi
di Messina; ARNAS Civico Hospital Palermo; ARNAS
Garibaldi, Catania; San Bortolo Hospital Vicenza; AOU
Policlinico Modena; San Salvatore Hospital L'Aquila;
AO Bianchi-Melacrino-Morelli Reggio Calabria; AO
Ca Foncello Treviso; Ospedale PO S. Anna; AOU Citta
della Salute e della Scienza, Torino; Universita di Pavia;
Neonatologia Universitaria, Ospedale S.Anna - Citta
della Salute e della Scienza di Torino; Policlinico Casilino,
Rome; Ospedale Evangelico Betania — Napoli; Federico II
University, Napoli; University of Padua, Padua; Ospedale
San Pio, Benevento; “V.Buzzi” Children’s Hospital, ASST-
FBF-Sacco, Milan; Ospedale “Ss Annunziata’, Chieti—
Universita degli Studi G. D’Annunzio Chieti-Pescara;
Azienda Ospedaliera Bolognini, Seriate (BG); ASST Papa
Giovanni XXIII, Bergamo; ASST Sette Laghi, Varese,
Universita degli Studi dell'Insubria; Azienda OU Policlin-
ico “Rodolico-San Marco’, Catania; Policlinico S. Orsola-
Malpighi, Universita di Bologna, Bologna; Azienda
Ospedaliera Universitaria Senese, Siena; Azienda Ospe-
daliera “Spedali Civili, Brescia; Azienda Ospedaliera
San Giovanni Addolorata, Roma; Azienda Ospedaliera
S. Croce e Carle, Cuneo; Azienda Ospedaliera San
Camillo Forlanini, Roma; IRCCS materno-infantile
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Fig. 1 Study flow chart

Burlo Garofolo, Trieste; Istituto Giannina Gaslini,
Genova; Azienda sanitaria universitaria Friuli Cen-
trale, Udine; Universita degli Studi, Palermo; Ospedale
“Sant’Eugenio”—ASL Roma 2, Roma; Ospedale Infermi,
Rimini; Azienda Ospedaliero Universitaria Ospedali Riu-
niti, Ancona; Ospedale M. Bufalini, Cesena; Ospedale
“Giovanni Paolo II’, Ragusa; Ospedale Buccheri-La Ferla,
Palermo; Azienda Ospedaliera di Catanzaro “Pugliese
Ciaccio’, Catanzaro; Azienda Sanitaria Provinciale di
Siracusa, PO Umberto 1°, Siracusa; Presidio Ospedaliero
Ingrassia ASP Palermo; Presidio Ospedaliero S. Antonio
Abate — Azienda Sanitaria Provinciale, Trapani; Azienda
Sanitaria Provinciale, Enna; Ospedale Vincenzo Cervello,
Palermo; Azienda Ospedaliera per l'emergenza Can-
nizzaro, Catania; U.O.C T.ILN. e Neonatologia, P.O.C
Taranto “Santissima Annunziata”; Azienda Ospedaliera
Universitaria Parma; P.P. “A. Perrino” Brindisi — ASL BR;
Universita AOUC Policlinico Bari; Ospedale Generale
Regionale “F. Miulli”"—Acquaviva delle Fonti — BR; Dr.

Behcet Uz Children’s Hospital, Izmir, Turkey; The Royal
Children’s Hospital, Melbourne, Australia; Shengjing
Hospital of China Medical University, Shenyang,China;
S. Maria Goretti Hospital Latina; S. Spirito Hospital Pes-
cara; and Azienda Ospedaliera Universitaria Integrata di
Verona.

Eligibility criteria {10}

Inclusion criteria

Infants satisfying the following inclusion criteria will be
eligible to participate:

(1) Born at 247°-27% in a tertiary neonatal intensive
care unit participating in the trial

(2) Breathing independently and sufficiently with only
nasal CPAP or NIPPV for respiratory support

(3) Written parental consent has been obtained

(4) Failing nasal CPAP or NIPPV during the first 24 h
of life
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Exclusion criteria
The following are the exclusion criteria:

(1) Severe birth asphyxia or a 5-min Apgar score of less
than 3

(2) Prior endotracheal intubation for resuscitation or
insufficient respiratory drive

(3) Prolonged (>21 days) premature rupture of mem-
branes

(4) Presence of major congenital abnormalities with
possible effects on cardiorespiratory function

(5) Hydrops fetalis

(6) Inherited disorders of metabolism

Who will take informed consent? {26a}

The fully trained specific researchers who are on-site will
obtain informed prospective consent from participants.
Written and oral information will, whenever possible, be
offered to parents prior to birth if the mother is at risk
for preterm delivery and the infant is likely to be eligible.
Informed written consent will be signed by both parents,
and sufficient time will be provided for consent. If par-
ents do not speak the local language, consent will only
be obtained if an independent interpreter is available.
The informed consent will be obtained by the principal
investigator of each participating center and their col-
laborators in charge. A senior investigator will be always
available to discuss concerns raised by parents or clini-
cians during the course of the trial.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}

No additional consents are required. This trial does not
involve collecting biological specimens for storage.

Interventions

Explanation for the choice of comparators {6b}

Infants will be allocated to one of the two treatment
groups (1:1) according to a restricted randomization pro-
cedure [14]. A study investigator (TP) will generate the
allocation sequences using both stratification and per-
muted blocks with random block sizes and block order.
The assignment to intervention will be unmasked to all
trial participants: parents, research staff, and medical
team will be only aware of the study group assignment
after randomization procedures.

Intervention description {11a}
Management in the delivery room Neonates will be

stabilized after birth with positive pressure using a neo-
natal mask and a T-piece system (for example, Neopuff
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Infant Resuscitator ®, Fisher and Paykel, Auckland, New
Zealand). All neonates will be started on nasal CPAP of at
least 6 cmH,O via mask or nasal prongs [15]. Newborns
who do not breathe or who are persistently bradycardic
(heart rate less than 100/min) within the first 60 s after
birth will receive positive-pressure ventilation at a rate
of 40 to 60 inhalations/min [15] with initial FiO, of 0.30.
Infants that will be transitioned successfully to spontane-
ous breathing will be transferred to the neonatal inten-
sive care unit on nasal CPAP (6-7 cm H,0O) or NIPPV
(PEEP 6-7 cmH,O, PIP 12-15 ¢cmH,0O, respiratory rate
30-40 breaths/min). The decision to intubate and start
invasive mechanical ventilation in the delivery room will
be in accordance with the American Heart Association
Guidelines [16].

The method and timing of umbilical cord clamping will
be as per standard practice at each site.

CPAP or NIPPV failure criteria Nasal CPAP or NIPPV
will be administered in the neonatal intensive care
unit via nasal prongs or nasal mask using the standard
method of each participating center, with a pressure of
7-8 cmH,O or with a setting of peak inspiratory pres-
sure of 12-15 ¢cmH,0, positive end-expiratory pressure
of 7-8 ¢cmH,0, and rate of 30—40 breaths/min. Infants
will receive surfactant with IN-REC-SUR-E or LISA if
they need a FiO, of 0.30 or greater to maintain a SpO,
between 90 and 94% for at least 30 min, regardless of the
non-invasive respiratory support used (CPAP or NIPPV).
Infants will also be given surfactant if their clinical sta-
tus deteriorates rapidly characterized by a rapid increase
in oxygen requirements or if they will develop respira-
tory acidosis defined as a pCO, more than 65 mmHg
(8.5 kPa) and a pH less than 7.20, or with lung ultrasound
scoring > 8.

A loading dose of intravenous caffeine citrate (20 mg/
kg) will be given in the delivery room or immediately
after admission to the neonatal intensive care unit
(within 2 h of life) and always prior to surfactant admin-
istration, followed by a morning intravenous/oral dose of
5-10 mg/kg/day as required.

If a patient, before non-invasive ventilation failure cri-
teria and randomization, will develop severe apnea (more
than four episodes of apnea per hour or more than two
episodes of apnea per hour requiring ventilation with bag
and mask), despite optimal nasal CPAP, nasal intermit-
tent positive pressure ventilation, or bilevel positive air-
way pressure, the baby will no longer be eligible for the
study.
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Premedications All neonates of both groups will receive
pre-procedural medications, according to local protocols.
Suggested schemes are as follows:

- Intravenous atropine (10 pg/kg) in 1 min followed
by intravenous fentanyl: 0.5 ug/kg by pump infusion
in no less than 5 min (possibly repeatable dose if sat-
isfactory analgosedation is not obtained)

or

- Intravenous atropine (10 pg/kg) in 1 min followed
by intravenous ketamine: 0.5 mg/kg in no less than
1 min (possibly repeatable dose if satisfactory anal-
gosedation is not obtained)

The method of premedication will be documented in
each participating center.

IN-REC-SUR-E group Infants randomly assigned to the
IN-REC-SUR-E group will receive pre-intubation medica-
tions and will start after intubation on high-frequency oscil-
latory ventilation (HFOV) using the following ventilator
settings: mean airway pressure 8 cmH,0O, frequency 15 Hz,
and volume guarantee 1.5-1.7 mL/kg [17]. The inspira-
tory to expiratory ratio will be 1:1. Infants will undergo an
oxygenation-guided lung recruitment procedure using step-
wise increments and then decrements in the mean airway
pressure to recruit and stabilize collapsed alveoli using the
de Jaegere method [18]. In particular, optimal recruitment
is defined as adequate oxygenation using a FiO, of 0.25 or
less. Starting at 8 cmH,0, the mean airway pressure will
be increased stepwise (2 cmH,O every 2—3 min) as long as
SpO, improves. The FiO, will be reduced stepwise, keep-
ing SpO, within the target range (90-94%). The recruit-
ment procedure will be stopped if oxygenation no longer
improves or if the FiO, is equal to or less than 0.25. The cor-
responding mean airway pressure will be called the opening
pressure. Next, the mean airway pressure will be reduced
stepwise (1-2 cmH,O every 2—3 min) until the SpO, dete-
riorates (of at least 2—3 percentage points). The correspond-
ing mean airway pressure will be called the closing pressure.
After a second recruitment maneuver at the opening pres-
sure for 2 min, the optimal mean airway pressure will be set
at 2 cmH,O above the closing pressure for at least 3 min.
Immediately after the recruitment procedure, infants in the
IN-REC-SUR-E group will receive 200 mg/kg of poractant
alfa (Chiesi Farmaceutici S.p.A., Parma, Italy) via a closed
administration system in one or two aliquots, while con-
tinuing high-frequency oscillatory ventilation. Infants with
sufficient respiratory drive and stable clinical conditions
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will be extubated within 30 min after surfactant administra-
tion irrespective of the FiO, and will recommence on nasal
CPAP (7-9 cm H,0) [19] or NIPPV. Cases of failure to extu-
bate due to complications or intercurrent conditions will be
reported, defined, and included in the statistical analysis.

LISA group By contrast, infants allocated to the LISA
group will receive 200 mg/kg of poractant alfa (Chiesi
Farmaceutici S.p.A., Parma, Italy) according to the fol-
lowing protocol: during nasal CPAP with a pressure
of 7-8 cm H,0O, surfactant will be administered over
0.5-3 min using the SurfCath™ tracheal instillation cath-
eter (VYGON S.A. — Ecouen, France), or a 4—6-F end-
hole catheter, according to local protocols. After pre-
procedural medications, the catheters will be positioned
during laryngoscopy with or without Magill forceps. The
catheter will be connected to a syringe pre-filled with
the surfactant, and the surfactant is instilled slowly. The
infant’s mouth will be closed. In cases of apnea or brady-
cardia, positive pressure ventilation will be performed
until recovery by nasal prongs or mask or by endotra-
cheal tube if necessary. After surfactant administration,
CPAP (7-9 cm H,0O) [19] or NIPPV will be provided
unless failure criteria are met (see below).

Transcutaneous PaCO, will be recorded during sur-
factant administration in both procedures (IN-REC-SUR-
E and LISA), if available. Changes in respiratory support
settings are permitted to maintain transcutaneous CO,
values in each site’s accepted range.

In both groups, maintaining a FiO,<0.30 to obtain
SpO, values in the desired range (90-94%) will drive
weaning of the level of CPAP or in the rate of NIPPV in
the following days. In the babies managed with CPAP, the
decision as to whether to begin bilevel-positive airway
pressure or NIPPV to prevent the need for re-intubation
in infants of both groups will be up to the neonatologist
on duty and will be considered in the final analysis.

Infants in both groups who meet the CPAP/NIPPYV fail-
ure criteria again during the following 24 h will receive a
second dose of surfactant (100 mg/kg of poractant alfa)
according to the randomized group (IN-REC-SUR-E or
LISA). The minimum time interval between the first and
second doses of surfactant is 6 h. In case of respiratory
deterioration requiring endotracheal intubation imme-
diately after the first surfactant administration, this will
be interpreted as extubation failure in the INRECSURE
group or as severe respiratory failure requiring intuba-
tion in the LISA group.
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The indications for invasive mechanical ventilation via
endotracheal tube after IN-REC-SUR-E or LISA will be as
follows:

— Door oxygenation with FiO, above 0.40 for more than
6 h to maintain a SpO, between 90 and 94% despite
CPAP (7-9 ¢cm H,0O) or NIPPV (with peak inspira-
tory pressure of 15-20 cmH,O, positive end-expiratory
pressure of 6-8 cmH,O, and rate of 40-60 breaths/
min)

— Respiratory acidosis (either capillary pCO, or
PaCO,>65 mm Hg [8.5 kPa] and pH <7.20)

— Apnea (more than four episodes of apnea per hour or
more than two episodes of apnea per hour requiring
ventilation with bag and mask), despite optimal nasal
CPAP, nasal intermittent positive pressure ventilation,
or bilevel positive airway pressure

Criteria for discontinuing or modifying allocated
interventions {11b}

On the consent form, participants are informed that
they can withdraw from the study at any time without
losing any rights to treatment, either current or future.
Clinical data will be destroyed only if the right to be
forgotten will be requested according to GDPR [ref:
https://gdpr-info.eu/art-17-gdpr/]. In this case, the
record ID and the allocation arm will be traced, and the
reason for withdrawal will be recorded in the eCRF. The
trial may be stopped if during the trial or after interim
analysis, unwanted effects have occurred, new infor-
mation becomes available and the experimentation is
no longer in the best interests of this population, the
agreed rules for participation in the trial are not fol-
lowed, and the trial is interrupted by the component
authorities or by the promoter.

Strategies to improve adherence to interventions {11c}

Given the nature of the intervention only after adher-
ence to the protocol by the participating centers, no
specific strategy is envisaged to improve intervention
adherence.

Relevant concomitant care permitted or prohibited

during the trial {11d}

For ethical reasons, all types of care as usual are per-
mitted during the trial.

Provisions for post-trial care {30}
There will not be a specific post-trial care. No harm
from participation in the trial is expected. All preterm
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infants enrolled in the trial, after discharge, will start
a “preterm-follow-up program” as a normal clinical
practice for all preterm discharged from hospitals par-
ticipating in the study. Infants enrolled in trials will be
tested for neurodevelopmental outcomes and respira-
tory function at 24 months, the last of the secondary
outcomes (see section below).

Outcomes {12}

Primary outcome measure

A composite outcome of death or bronchopulmonary
dysplasia (BPD) at 36 weeks’ postmenstrual age [20] is
the primary outcome because BPD represents the most
severe respiratory morbidity of preterm infants, and
death is a competing risk. The diagnosis of BPD will be
ascertained by a standardized test [21]. Infants remain-
ing on mechanical ventilation or CPAP at 36 weeks’
postmenstrual age, or those with a supplemental oxy-
gen concentration>0.30 to obtain SpO, between 90
and 94% will receive a BPD diagnosis without addi-
tional testing. Infants with a supplemental oxygen con-
centration<0.30 to obtain SpO, between 90 and 94%
or those receiving high-flow nasal cannula therapy will
undergo a timed stepwise reduction to room air with-
out any flow. Those in whom the reduction will not be
tolerated will receive a BPD diagnosis.

Secondary outcome measures
The following are the secondary outcome measures:

(1) BPD at 36 weeks’ postmenstrual age.

(2) Grade of BPD at 36 weeks’ postmenstrual age.

(3) Death at 36 weeks’ postmenstrual age or before
discharge.

(4) SpO,/FiO, at 3 days, 7 days, and thereafter every
7 days until 36 weeks’ postmenstrual age [22]

(5) Severe intraventricular hemorrhage (IVH) (grade
3 or 4 based on the Papile criteria) [23].

(6) Occurrence of air leaks including pneumothorax
or pulmonary interstitial emphysema before dis-

charge.

(7) Need and duration of invasive respiratory sup-
port.

(8) Duration of non-invasive respiratory support.

(9) Duration of oxygen therapy.

(10) Pulmonary hemorrhage.

(11) PDAhs (patent ductus arteriosus; hemodynami-
cally significant), i.e., requiring pharmacological
treatment with ibuprofen/indomethacin/aceta-
minophen).

(12)  Percentage of infants receiving two or more

doses of surfactant.
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(13) Incidence of PVL (periventricular leukomalacia)
[24].

(14) Incidence of ROP (retinopathy of prematurity)
grade 3 or above [25].

(15)  Incidence of NEC (necrotizing enterocolitis)
grade 2 or above [26].

(16) Incidence of sepsis defined as a positive blood
culture or suggestive clinical and laboratory find-
ings leading to treatment with antibiotics for
at least 7 days despite the absence of a positive
blood culture.

(17) Total in-hospital stay.

(18) Use of systemic postnatal steroids.

(19) Neurodevelopmental outcomes via Bayley scales

of infant development-III and respiratory func-
tion testing at 24 months of age. In particular,
lung function tests will be performed at 2 years
of life according to current American Thoracic
Society (ATS)/European Respiratory Society
(ERS) guidelines. Tidal breathing flow volume
loop (TBFVL) and multiple-breath nitrogen
washout (MBNW) will be performed during
spontaneous sleep. An appropriately sized face
mask will be gently placed covering the mouth
and nose of infants lying supine. The reported
MBNW outcomes will be the functional resid-
ual capacity (FRC) and the lung clearance index
(LCI), which represents a measure of the number
of times the volume of gas in the lung at the start
of the washout (the FRC) must be turned over in
order to wash out the tracer to the pre-defined

Table 1 Overview of enrolment, interventions, and assessments
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endpoint. Pulmonary function testing will be
offered to all infants in selected centers distrib-
uted in different geographic areas, equipped with
specific devices and with expertise in data inter-
pretation.

Other collected data

The following data will be recorded for each infant: gesta-
tional age (GA), birth weight (BW), BW z score, sex, Apgar
score at 5 min, antenatal steroid treatment (complete
course), preterm PROM > 18 h, diagnosis of clinical chori-
oamnionitis (defined as maternal fever, uterine tenderness,
abdominal pain, foul-smelling vaginal discharge, maternal
and fetal tachycardia, elevated white blood cell count),
maternal hypertension disorders, and type of delivery.

Participant timeline {13}
All participants will complete the same outcome assess-
ments as presented in Fig. 1 and Table 1.

Sample size {14}

In order to assess the superiority of the IN-REC-SUR-E
with respect to the LISA technique, we hypothesized that
employing the IN-REC-SUR-E technique for surfactant
administration in extremely preterm infants could lead
to an increased survival rate without BPD at 36 weeks of
postmenstrual age compared to the LISA approach, rais-
ing it from 65 to 80%. Our estimation of a 15% difference
is grounded in data from the German Neonatal Network
(GNN) regarding the LISA approach, findings from the

Study period
Enrollment Allocation Post-allocation Close-out
Time point - 0 t 6* i3 ty
Enrollment
Eligibility screen X
Informed consent X
Allocation X
Interventions
INRECSURE group X X X X
LISA group X X X
Assessments
Information on backgroundand X
randomization
Primary outcome X
Secondary outcomes X X X X
Other collected data X

—t; before or after birth, 0 at the time of allocation, t, first surfactant administration within 2 h of life, t,* possible second dose of surfactant during the following 24 h

after the first dose, t; at discharge or death, t, follow up at 24 months of age
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recently published OPTIMIST trial [27], and updated
information on the IN-REC-SUR-E technique from select
Italian centers, which continued its use post the conclusion
of the INRECSURE study. To achieve 90% statistical power
at a 0.05 significance level, we determined that 181 new-
borns must be enrolled in each group. Factoring in a 5%
risk of including patients who do not meet the inclusion
criteria after randomization, a total of 382 patients will be
randomly assigned. Twins will be randomized separately.

Recruitment {15}
The obstetricians are aware of the study protocol and will
inform the neonatologists of any case of high-risk pre-
term birth. Written and oral information will, whenever
possible, be offered to parents prior to birth if the mother
is at risk for preterm delivery and the infant is likely to
be eligible. In the few cases of spontaneous preterm labor
and consequent vaginal delivery, the informed consent
will be obtained soon after the birth.

A monthly accrual report about the study will be sent
to participating centers.

Assignment of interventions: allocation

Sequence generation {16a}

Infants will be allocated to one of the two treatment
groups (1:1) according to a restricted randomization pro-
cedure [14]. A biostatistician (TP) will generate the allo-
cation sequences using both stratification and permuted
blocks with random block sizes and block order. Strati-
fication factors will include center and gestational age
(2419 to 25%° weeks or 261 to 27+° weeks).

Concealment mechanism {16b}

The table of allocation will not be disclosed to ensure con-
cealment, and the randomization will be provided through
the Research Electronic Data Capture (REDCap) web appli-
cation  (https://redcap-irccs.policlinicogemelli.it/).  The
assignment to intervention will be unmasked to all trial
participants: parents, research staff, and medical team will
be only aware of the study group assignment after rand-
omization procedures.

Implementation {16c¢}
Enrollment and assigning participants to interventions
will be performed as previously described.

Assignment of interventions: blinding

Who will be blinded {17a}

Except for the biostatistician involved in the analysis, the
assignment to intervention will be unmasked to all trial
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participants: parents, local site research staff, and medi-
cal team will be only aware of the study group assignment
after randomization procedures.

Procedure for unblinding if needed {17b}
Refer to above {17a}.

Data collection and management Plans for assessment
and collection of outcomes {18a}

Local principal investigators are required to participate
in preparatory meetings in which details of the study
protocol, data collection, and IN-REC-SUR-E and LISA
procedures will be accurately discussed. All centers will
receive detailed written instructions on web-based data
recording, and, to resolve any difficulties, it will be possi-
ble to contact the Research Core Facility Data Collection
(Fondazione Policlinico Universitario A. Gemelli IRCCS,
Universita Cattolica del Sacro Cuore). Moreover, it will
be ascertained that IN-REC-SUR-E and LISA procedures
are followed similarly in all participating centers.

Plans to promote participant retention and complete
follow-up {18b}

Each participating investigator will be responsible for
ensuring data quality. Each reported information will be
systematically checked for consistency, completeness,
data processing, and monitoring. All study data will be
(1) screened for out-of-range data, with cross-checks
for conflicting data within and between data collection
forms by a data manager, and (2) referred back to the rel-
evant center for clarification in the event of missing items
or uncertainty.

The data manager will keep a record of all discrepan-
cies and resolutions. The chief investigator and trial stat-
istician will review the results generated for logic and for
patterns or problems. Outlier data will be investigated.

A monthly accrual report about the study will be sent
to participating centers.

Data management {19}

A customized electronic case report form (eCRF) will be
created for the study. Data processing will take place in
compliance with current Italian and European legisla-
tion regarding the General Data Protection Regulation.
Data sharing with non-European Union centers will be
performed according to Standard Contract Clauses. Each
participating center will be identified by a three-digit
code, and within each center, patients will be identified
with a progressive number. Pseudo-anonymized study
data will be collected and managed using REDCap elec-
tronic data capture tools hosted at Fondazione Policlinico
Universitario A. Gemelli, IRCCS (https://redcap-irccs.
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policlinicogemelli.it/). REDCap is a secure, web-based
application designed to support data capture for research
studies, providing (1) an intuitive interface for validated
data entry, (2) audit trails for tracking data manipulation
and export procedures, (3) automated export procedures
for seamless data downloads to common statistical pack-
ages, and (4) procedures for importing data from external
sources [28, 29]. To prevent possible data entry mistakes
and to improve data quality, the eCRF will be imple-
mented by design according to validation, branching, and
skipping logic quality criteria.

Confidentiality {27}

Only people officially registered as study investigators or
data managers will receive a user login to access the RED-
Cap web platform and enter/manage data. All collected
data will be obtained from the clinical records. Each par-
ticipating center must maintain appropriate medical and
research records for this trial and regulatory/institutional
requirements for the protection of the confidentiality of
study subjects. The principal investigator is responsible
for assuring that the data collected are complete, accu-
rate, and recorded in a timely manner. Clinical informa-
tion will be collected at the following times:

(1) At trial entry: information on eligibility, background
information, and randomization

(2) Following randomization: all data above listed in
the “Primary outcome measure’, “Secondary out-
come measure’, and “Other collected data” sections.

Further information will be collected on expected seri-
ous adverse events.

Plans for collection, laboratory evaluation, and storage

of biological specimens for genetic or molecular analysis

in this trial/future use {33}

This trial does not involve collecting biological specimens
for storage.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

Analyses will adhere to both the intention-to-treat and
per-protocol principles, following the recommendations
outlined in the CONSORT guidelines, with the primary
outcome evaluated in the intention-to-treat population [30].
The intention-to-treat group will encompass all participants
assigned to the study intervention, while the per-protocol
population will comprise individuals who receive and com-
plete the study intervention, meeting all the study criteria.
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For the primary outcome, a log-binomial regression
model will be employed, adjusting for the stratification
factors of gestational age and study center to estimate the
adjusted relative risk (RR). Additionally, we will calcu-
late the absolute risk reduction and the number-needed-
to-treat. Statistical analyses will be conducted using the
Stata software, version 16.

Interim analyses {21b}

An interim analysis for safety to evaluate the prespecified
stopping rules will be done at 30% and 60% of recruit-
ment by an independent statistician, masked to the treat-
ment allocation. The prespecified clinical and safety
stopping rules will be in-hospital mortality rate of more
than 40%, a rate of severe intraventricular hemorrhage
of more than 30%, and a pneumothorax rate of more
than 10%, considering overall occurrences. The data and
safety monitoring board will have unmasked access to all
data and will discuss the interim analysis results with the
steering committee in a joint meeting. The steering com-
mittee will then determine the trial’s continuation and
report to the central ethics committee.

Methods for additional analyses (e.g., subgroup analyses)
{20b}

Subgroup analyses will be conducted to explore spe-
cific factors such as gestational age influencing the out-
comes, providing a more nuanced understanding of the
intervention’s effects within distinct subpopulations.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}
Considering the variables collected and the planned
control in the data collection procedure, we do not
anticipate a high percentage of missing data. Each
reported information will be systematically checked for
consistency, completeness, data processing, and moni-
toring (refer to paragraph {18b}). For these reasons, no
imputation will be provided for missing data.

Plans to give access to the full protocol, participant-level
data, and statistical code {31c}

The datasets analyzed during this trial are avail-
able from the corresponding author upon reasonable
request.

Duration of study

In this study, 382 infants will be recruited. The trial will
terminate when the last recruited infant discharged
from the hospital will be evaluated for neurodevelop-
mental outcome and respiratory function at 24 months
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of follow-up. The planned duration for randomization
is 3 years.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

A joint Trial Steering Committee (TSC) and Data and
Safety Monitoring Board (DSMB) will provide super-
vision for the trial, providing advice to the chief and
co-investigators on all aspects of the trial conduct and
affording protection for patients by ensuring the trial is
conducted according to the Guidelines for Good Clini-
cal Practice in Clinical Trials. The chief investigator
and advisory board will chair the TSC. A trial man-
ager, a statistician, and other investigators will form the
DSMB. The trial manager and other investigators will
check randomly the accuracy and consistency of the
data entered from the participating centers. The data
will be reported to the PI and advisory board as “group
A” and “group B” An independent statistician, blinded
to the treatment allocation, will perform the interim
analysis. The statistician will report to the DSMB. The
DSMB will have unblinded access to all data and will
discuss the results of the interim analysis with the
Steering Committee in a joint meeting. The Steering
Committee will decide on the continuation of the trial
and will report to the central Ethics Committee.

Composition of the data monitoring committee, its role,
and reporting structure {21a}
Refer to above {5d}.

Adverse event reporting and harms {22}

Adverse events, device deficiency, and incidents, as iden-
tified by the following definitions, will be recorded and
reported to the Manufacturer and the National Com-
petent Authority as per applicable law (for EU Cent-
ers Regulation 2017/745 and Centers in Italy Circular of
the Ministry of Health Application of the EU Regulation
2017/745 of the European Parliament and of the Council,
of 5 April 2017, in the field of clinical investigations relat-
ing to medical devices).

Site investigators will report any adverse event to the
coordinating center. In case of a serious event involving
a medical device, serious incident, a report (for cent-
ers located in Italy from Dispovigilance—https://www.
salute.gov.it/DispoVigilancePortaleRapportoOperatore-
Web/) will be issued and sent to the Competent Author-
ity, the manufacturer, and the coordinating center, as
per national applicable law. Device deficiency will be
reported by the investigators to the coordinating center
and to the manufacturer, as per applicable law.
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Adverse events, device deficiency, and incidents will be
identified by the following definitions:

— Incident means any malfunction or deterioration in the
characteristics or performance of a device made availa-
ble on the market, including use error due to ergonomic
features, as well as any inadequacy in the informa-
tion supplied by the manufacturer and any undesirable
side effect; “serious incident” means any incident that
directly or indirectly led, might have led, or might lead
to any of the following: (a) the death of a patient, user, or
other persons; (b) the temporary or permanent serious
deterioration of a patient’s, user’s, or other persons’ state
of health; and (c) a serious public health threat.

— Device deficiency means any inadequacy in the iden-
tity, quality, durability, reliability, safety, or perfor-
mance of an investigational device, including mal-
function, use errors, or inadequacy in information
supplied by the manufacturer.

— Adverse event means any untoward medical occur-
rence, unintended disease or injury, or any untoward
clinical signs, including an abnormal laboratory find-
ing, in subjects, users, or other persons, in the con-
text of a clinical investigation, whether or not related
to the investigational device.

— Serious adverse event (SAE) means any adverse event
temporally related to the procedure that led to any
of the following situations during hospitalization:
(a) death and (b) serious deterioration in the health
of the subject that resulted in any of the following:
(i) life-threatening illness or injury, (ii) permanent
impairment of a body structure or a body function,
(iii) hospitalization or prolongation of patient hos-
pitalization, (iv) medical or surgical intervention to
prevent life-threatening illness or injury or perma-
nent impairment to a body structure or a body func-
tion, and (v) chronic disease secondary to adverse
events related to the procedure.

Safety end-point measures will include incidence,
severity, and causality of reported serious adverse effects,
namely changes in the occurrence of the expected com-
mon complications of prematurity and clinical labora-
tory test assessments and the development of unexpected
SAEs in this high-risk population. All SAEs will be
graded according to Common Terminology Criteria for
Adverse Events (CTCAE) version 5.0. All SAEs and seri-
ous incidence (SI) will be followed until satisfactory res-
olution or until the investigator responsible for the care
of the participant deems the event to be chronic or the
patient to be stable. Particular attention will be paid to
the SAEs (in-hospital mortality, serious intraventricular
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hemorrhage, and pneumothorax) considered stopping
rules. They have to be inserted by local investigators in
the eCRF and reported to the PI and advisory board as
soon as possible, no later than 24 h after their occurrence.

Frequency and plans for auditing trial conduct {23}
A monthly accrual report about the study will be sent to
participating centers.

Whenever a SAE/SI will be registered in REDcap’s eCRE,
a progressive ID will be attributed, and a report will be
sent to the local principal investigator in order to verify the
appropriateness of the data and to facilitate the notification
to the chief investigators according to a standardized tem-
plate. More in-depth, all expected and unexpected SAEs/
SIs, whether or not they are attributable to the study inter-
vention, will be reviewed by the local principal investigators
to determine if there is reasonable suspected causal rela-
tionship to the intervention. Revised data will be reported
to chief investigators (in-rec-lisa@policlinicogemelli.it) who
will report to the Ethics Committee and inform all inves-
tigators to guarantee the safety of participants. The DSMB
will be responsible for monitoring the adverse events.

Plans for communicating important protocol amendments

to relevant parties (e.g., trial participants, ethical
committees) {25}

Important protocol modifications will be reported to and
need to be approved by all the medical-ethical commit-
tees. When modifications are approved, these will also be
reported to the participants and be added to the Trials
paper and the study registration on ClinicalTrials.gov.

Dissemination plans {31a}

The outcomes of this study about the effectiveness of
the intervention will be reported in article(s) in interna-
tional peer-reviewed journals. Both positive and nega-
tive outcomes will be reported. The outcomes will also
be reported in professional magazines in the field and in
magazines for parents. The results will be presented in
participating care organizations and at scientific confer-
ences. All presentations and publications are expected to
protect the integrity of the major objectives of the study;
data that break the blind will not be presented prior to
the release of mainline results.

Recommendations as to the timing of the presentation
of such endpoint data and the meetings at which they
might be presented will be given by the Steering Com-
mittee. Substantive contributions to the design, conduct,
interpretation, and reporting of the clinical trial will be
recognized through the granting of authorship on the
final trial report. Individuals who fulfill the authorship cri-
teria will have final authority over the manuscript content.
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Discussion

The primary hypothesis of this trial is that surfactant
administration by IN-REC-SUR-E, via a high-frequency
oscillatory ventilation recruitment maneuver, increases
survival without BPD at 36 weeks of postmenstrual age in
spontaneously breathing infants born at 24°-27"° weeks’
gestation affected by RDS, compared to LISA.

Although surfactant replacement therapy is an estab-
lished treatment in infants with RDS, identifying the
safest and most effective way to administer surfactant
is critically important but not well defined, especially in
extremely preterm infants. It is plausible to expect that
the therapeutic benefits of exogenous surfactant ther-
apy will be maximized by quickly and uniformly aerat-
ing the lung beforehand. The IN-SUR-E method cannot
be universally applied to all preterm neonates; risk fac-
tors for failure of IN-SUR-E are low birth weight, low
gestational age, the severity of initial respiratory disease,
and a low hemoglobin concentration prior to surfactant
administration [2, 4, 5]. New promising evidence from
the randomized clinical trial INRECSURE showed that
the application of a recruitment maneuver just before
surfactant administration, followed by rapid extubation,
decreased the need for mechanical ventilation during the
first 72 h of life compared with the IN-SUR-E technique
in extremely preterm neonates, without increasing the
risk of adverse neonatal outcomes [6]. The recent LISA
technique introduces surfactant into the trachea of spon-
taneously breathing infants via a small catheter instead
of an endotracheal tube [7]. LISA is now widespread and
combines the benefits of early surfactant treatment with
CPAP and consequent avoidance of mechanical ventila-
tion. The last network meta-analyses on the compara-
tive efficacy of methods for surfactant administration
found that among preterm infants, the LISA technique
was associated with a lower likelihood of mortality, need
for mechanical ventilation, and BPD compared with IN-
SUR-E, but these findings did not include the comparison
to IN-REC-SUR-E method [8]. More importantly, data
for neonates < 28 weeks’ gestation are not as robust as for
the higher gestation age groups due to a smaller number
of neonates [9]. For these reasons, the safety and efficacy
of LISA in infants < 28 weeks remain to be confirmed, and
lung recruitment before surfactant administration (IN-
REC-SUR-E) represents a promising new alternative. We
therefore designed this study to compare the IN-REC-
SUR-E technique with LISA, for evaluating the compara-
tive effectiveness of these techniques in increasing the
survival without BPD of extremely preterm infants.

Trial status
The trial is currently recruiting study subjects.
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Abbreviations

BPD Bronchopulmonary dysplasia

BW Birth weight

CTCAE Common Terminology Criteria for Adverse Events
CPAP Continuous positive airway pressure
DSMB Data and Safety Monitoring Board

eCRF Electronic case report form

FiO, Fraction of inspired oxygen

GA Gestational age

GNN German Neonatal Network

HFOV High-frequency oscillatory ventilation
IN-REC-SUR-E  INtubate-RECruit-SURfactant-Extubate
IN-SUR-E Intubate-Surfactant-Extubate

IVH Intraventricular hemorrhage

LISA Less-invasive surfactant administration
nCPAP Nasal continuous positive airway pressure
NEC Necrotizing enterocolitis

NICU Neonatal intensive care unit

NIPPV Nasal intermittent positive pressure ventilation
PDA Patent ductus arteriosus

PDAhs Hemodynamically significant patent ductus arteriosus
PROM Premature rupture of membranes

PVL Periventricular leukomalacia

RedCap Research Electronic Data Capture

RDS Respiratory distress syndrome

ROP Retinopathy of prematurity

RR Relative risk

SpO, Pulse oximetry

SAE Serious adverse event

Sl Serious incidence
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