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Abstract

Background The issue of retreatment with surfactant of infants with respiratory distress syndrome (RDS) has been
poorly investigated. Our aim was to identify possible clinical predictors of the need for multiple doses of surfactant in
a large cohort of very preterm infants.

Methods Data were analyzed from three previous studies on infants born between 25% and 31%° weeks of gestation
with RDS who were treated with surfactant.

Results We studied 448 infants. Among them 306 (68%) were treated with a single dose of surfactant and 142 (32%)
were treated with multiple doses. Multivariable mixed effects logistic regression analysis showed that the odd of
requiring multiple doses of surfactant was significantly lower in patients with higher gestational age (27-28 vs. 25-26
wks: OR 0.46, 95% C.I. 0.26-0.79; =29 vs. 25-26 wks: OR 0.34, 95% C.I. 0.13-0.85; overall P=0.013), while it increased

in infants born to mothers with hypertensive disorders of pregnancy (OR 2.53,95% C.I. 1.49-4.31; P<0.001) and with
hemodynamically significant PDA (OR 2.74,95% C.I. 1.66-4.53, P<0.001).

Conclusions Gestational age, hypertension in pregnancy, and hemodynamically significant PDA can predict the
need for multiple doses of surfactant. Further investigation is needed to evaluate if these sub-groups of preterm
infants represent specific phenotypes of RDS who deserve a peculiar surfactant treatment.
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Background

The occurrence of respiratory distress syndrome (RDS)
in very preterm (gestational age<32 weeks of gestation)
and extremely preterm (gestational age <26 weeks of ges-
tation) infants is very high, ranging from 60 to 90% [1].
The cornerstones of RDS management are surfactant
treatment and artificial respiratory supports. In fact, pre-
vious meta-analyses demonstrated that surfactant treat-
ment significantly decreased mortality and the risk of
air-leak in preterm infants with RDS [2], while the com-
bination of early nasal continuous positive airway pres-
sure (NCPAP) [3] and surfactant treatment [4] decreased
the need for mechanical ventilation and the incidence of
bronchopulmonary dysplasia (BPD) [5-7].

Great effort was made for establishing the most effec-
tive threshold for surfactant administration in preterm
infants with RDS [8]. Current recommendations sug-
gest treatment with surfactant when FiO,>0.30 [9], but
lung ultrasound score is becoming the first-choice tool in
many centers due to its higher predictive accuracy in this
decision-making process [10, 11]. However, this relevant
debate only concerns the administration of the first dose
of surfactant because, although it is the most studied
drug in the preterm infant, the issue of retreatment with
further doses of surfactant has been poorly investigated.

A meta-analysis of two earlier studies found that mul-
tiple doses of surfactant compared to single reduced the
risk of pneumothorax with a trend towards a decrease in
mortality [12], but these studies differ from the current
clinical practice due to the patients’ limited antenatal
prophylaxis and the fixed timing of surfactant treatment.
Nevertheless, recent data from the Canadian Neona-
tal Network (CNN) has shown that 25% of infants with
gestational age <29 weeks received>1 dose of surfactant
and that these patients have a higher risk of an adverse
outcome [13]. These findings were partially confirmed
by Ferri et al., who found a surfactant retreatment rate of
15% in very low birth weight infants and a similar asso-
ciation with adverse outcomes in these patients [14].
Other authors investigated the risk factors for surfactant
retreatment and found that infants with lower gestational
age [15], birth weight [16], and those small for gestational
age (SGA) [15, 17] or born to mothers with hypertensive
pregnancy disorders [15] are at a higher risk of surfac-
tant retreatment. However, the evidence regarding the
retreatment with surfactant in preterm infants with RDS
remains incomplete, due to the limited number of stud-
ies, contradictory results, and the single-center design of
previous studies [15-17].

Based on these considerations, we planned this study
with the aim of identifying possible clinical predictors
of the need for multiple doses of surfactant in a large
cohort of very preterm infants. To achieve this objec-
tive, we compared clinical characteristics of infants
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who were treated with a single dose of surfactant with
those of infants who were treated with multiple doses of
surfactant.

Methods

Study design

Our pooled analysis used data from the data set of three
previous studies: data from infants enrolled in the SLI
trial (#=291) from October 1, 2011, to January 31, 2013
at 15 Italian sites [18]; data from infants enrolled in the
NIPAL trial (=200) from 1 December, 2020, to 31 Octo-
ber, 2022 at 15 Italian sites [19]; and data from infants
enrolled in a study on caffeine in the delivery room
(n=29) from September 2019 to June 2021 at the NICU
of the Careggi University Hospital of Florence [20]. All
studies were approved by pediatric ethics committees
of Tuscany (ID 29/2011, ID 234/2019, and ID 58/2019,
respectively) and carried out in accordance with the Dec-
laration of Helsinki. Infants were enrolled after informed
parental consent. Only data of infants who were treated
with surfactant were analyzed.

Patients

Infants included in the study were born between 25*% and
31"® weeks of gestation and were affected by RDS requir-
ing respiratory support [18—20]. RDS was defined as the
presence of clinical signs of respiratory distress, oxygen
dependence during the first 24 h of life, consistent chest
radiograph appearances (decreased lung air content,
reticulogranular pattern of the lungs, and air broncho-
grams), and the exclusion of other causes of respiratory
failure [21]. Exclusion criteria were the presence of major
congenital malformations, chromosomal disorders, and
inherited metabolic diseases.

Respiratory management

Resuscitation in the delivery room was performed fol-
lowing the guidelines of the AAP/AAH [22]. Consis-
tently, infants who needed respiratory support were
assisted with nasal continuous airway pressure (NCPAP)
when they autonomously breathed or with positive pres-
sure ventilation (PPV) when their breathing was ineffec-
tive, or they were apneic or persistently bradycardic [22].
Mechanical ventilation was started if patients had a heart
rate <60 bpm despite proper positive pressure ventilation
[22]. In the neonatal intensive care unit (NICU), nonin-
vasive respiratory support was performed using NCPAP,
bi-level NCPAP, or nasal intermittent positive pressure
ventilation (NIPPV). Moreover, infants were started on
MYV when the pH was <7.20 with PaCO,>65 mmHg,
or Pa0,<50 mmHg with FiO,=0.50, after surfactant
treatment, or if they had frequent episodes of apnea (>4
episodes in 1 h, or >2 episodes requiring bag-and-mask
ventilation) despite adequate NCPAP (5-7 cmH,0)
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delivery and oxygenation. Mechanical ventilation was
performed using patient triggered ventilation with or
without volume guarantee or high frequency ventilation.
Respiratory supports were set to maintain a PaCO, of
55—-65 mmHg and 88-95% SpO,,.

Infants were treated with surfactant (Curosurf®, Chiesi
Farmaceutici Spa, Parma, Italy: 200 mg/Kg) if they
required MV or a Fi0,>0.30 [19, 20] or >0.40 [18] was
necessary to maintain an adequate SpO,. Additional
doses of surfactant (100 mg/Kg) were given to infants at
the discretion of the attending neonatologist. Less inva-
sive surfactant administration (LISA) and INtubation-
SURfactant-Extubation (InSURE) procedure were both
used to administer surfactant to non-intubated patients.

Infants were commonly treated with intravenous or
oral caffeine (Peyona®; Chiesi Farmaceutici S.p.A.; load-
ing dose 20 mg/kg, maintenance dose 5 mg/kg).

Collected data

We collected the following data from each trial [18-20]:
gestational age, birth weight, birth weight<10th, sex,
singleton or twin, need for noninvasive respiratory sup-
port and MV, occurrence of patent ductus arteriosus
(PDA) requiring treatment, intraventricular hemor-
rhage (IVH) >3° grade [23], periventricular leukomala-
cia (PVL) [24], sepsis, retinopathy of prematurity (ROP)
[25], necrotizing enterocolitis (NEC) [26], BPD [27], and
mortality.

The diagnosis of PDA requiring pharmacological treat-
ment was made by echocardiographic demonstration of
a ductal left- to-right shunt, with a left atrium to aortic
root ratio>1.3 or a ductal size>1.5 mm.

The examined maternal variables included antenatal
steroid treatment, type of delivery, placental abruption,
hypertensive disorders, prolonged premature rupture of
membranes (pPROM)>18 h, and clinical chorioamnion-
itis (defined as the presence of fever with one or more of
the following: maternal leukocytosis > 15,000/ mm?, uter-
ine tenderness, fetal tachycardia, or foul-smelling amni-
otic fluid).

Primary and secondary outcomes

The primary outcome measure was the number of surfac-
tant doses administered per patient, categorized as single
dose versus multiple doses. Secondary outcomes were
the main clinical events observed during the hospitaliza-
tion reported above.

Statistical analysis

Categorical baseline characteristics were summarized as
frequencies and percentages. Continuous variables were
reported as mean and standard deviation. The Wilcoxon
rank-sum test was used to compare continuous variables.
Odds ratios with 95% confidence limits were estimated
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according to univariate and multivariate mixed effects
logistic regression models, considering the trial a random
factor. The F test was used to quantify the statistical sig-
nificance of all coefficients. Only variables with a P value
equal to or less than 0.20 at the univariate analysis were
included in the multivariate model. All statistical tests
were two-sided, and P values <0.05 were considered to be
statistically significant. No adjustment for multiple com-
parisons was made. Statistical analyses were performed
by LB using SAS version 9.4 (SAS Institute, Cary, NC).

Results

Data from 448 infants were analysed. Among them 306
(68%) were treated with a single dose of surfactant while
142 (32%) were treated with multiple doses. (Fig. 1)
Infants who received multiple doses had lower gesta-
tional age (26.8%+1.5 vs. 28.0+£1.8 wks, P<0.001) and
lower birth weight (866+272 vs. 1083£319 g, P<0.001)
(Table 1).

At the univariate analysis the administration of mul-
tiple doses of surfactant was significantly associated,
among possible predictors, with lower gestational age,
lower birth weight, birth weight<10th percentile, PDA,
and birth to mother with hypertensive disorders of preg-
nancy (Table 2).

Multivariable mixed effects logistic regression analysis
showed that the odd of requiring multiple doses of sur-
factant was significantly lower in patients with higher
gestational age (27-28 vs. 25-26 wks: OR 0.46, 95% C.L
0.26-0.79; 229 vs. 25-26 wks: OR 0.34, 95% C.L 0.13-
0.85; overall P=0.013), while it increased in infants born
to mothers with hypertensive disorders of pregnancy (OR
2.53, 95% C.l. 1.49-4.31; P<0.001) and with hemody-
namically significant PDA (OR 2.74, 95% C.l. 1.66—4.53,
P<0.001) increased it (Table 3).

An increased need for MV and occurrence of PDA, > 3°
grade IVH, BPD, ROP, late-onset sepsis, and mortality
were significantly associated with the administration of
multiple doses of surfactant (Table 4).

Discussion

In this study we evaluated the need for surfactant retreat-
ment in a large cohort of very preterm infants with the
aim of identifying possible clinical predictors of sur-
factant redosing. We found that lower gestational age,
hypertensive disorders of pregnancy, and PDA predicted
the need for multiple doses of surfactant.

The effect of lower gestational age in increasing the
surfactant retreatment rate was previously reported [13,
15, 17]. This finding is consistent with previous data
demonstrating that in the animal model the synthesis of
surfactant progressively increases during the last trimes-
ter of pregnancy [28], as also suggested by the simulta-
neous increase in lecithin/ sphingomyelin (L/S) ratio in
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=
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Allocatedin the
multiple dose group
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Fig. 1 Flow chart of infants enrolled in the SLI trial [18], in the NIPAL trial [19] and in the study on caffeine in the delivery room [20] to perform the pooled

data analysis

Table 1 Baseline clinical characteristics of the infants and their
mothers who received single or multiple doses of surfactant.
Mean = (SD) or rate and (%)

Characteristics Single dose Multiple P

(n=306) doses

(n=142)

Infants
Gestational age (wks) 280+1.8 268+15 <0.001
25-26 61 (20) 66 (47)
27-28 136 (44) 60 (23)
>29 109 (36) 16 (12)
Birth weight (g) 1082+319 868 +273 <0.001
<10th percentile 49 (16) 36 (39) 0.019
Female sex 149 (49) 62 (44) 0.321
Twins 112 (37) 44 (31) 0.246
Mothers
Antenatal steroids 268 (88) 130 (92) 0.218
Cesarean section 260 (85) 121 (85) 0.947
Placental abruption 37(12) 14 (10) 0.490
Hypertensive disorders of 58(19) 49 (35) <0.001
pregnancy
pPROM* 58(19) 28 (20) 0.848
Chorioamnionitis 20 (7) 13(9) 0326

the amniotic fluid [29]. On the other hand, the endog-
enous pool size of surfactant before treatment can vary
largely in preterm infants with RDS ranging from 1 to
15 mg/kg [30]. Moreover, the effect of exogenous surfac-
tant on endogenous synthesis seems to be associated in
preterm infants with an increase in its synthesis as well

its turnover [31]. These different aspects of surfactant
metabolism can contribute to explain the subjective dif-
ferences of need for single or multiple doses of surfac-
tant, but with the common denominator that the more
immature the lungs, the more vulnerable they are to ven-
tilation-induced lung injury (VILI), oxidative stress, and
inflammation and this can explain the lower response to
the first dose of surfactant.

In agreement with Coshal [13] and Lanciotti [15], we
found that hypertensive disorders of pregnancy increase
the probability of preterm infants with RDS requiring
retreatment with surfactant. This result is expected since
hypertensive disorders of pregnancy were found to be
correlated with a higher risk of severe RDS [31]. This cor-
relation has been at least partially explained by a low level
of the vascular endothelial growth factor (VEGF) and
high level of the anti-angiogenic factors found in the cord
blood of preterm infants born to mothers with hyperten-
sive disorders of pregnancy which could negatively affect
alveolarization and pulmonary vessels development [32].
Moreover, it has been observed in the animal model that
high levels of VEGF are associated with an increased
synthesis of surfactant [33] suggesting that an antena-
tal exposure to an anti-VEGF environment, as occurs in
infants born to mothers with hypertensive disorders of
pregnancy, could reduce the lung surfactant pool size
leading to the need for multiple doses as shown by our
study.
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Table 2 Univariate analysis of the association between potential clinical predictors and number of surfactant doses administered per

patient. Rate and (%)

Variable Total Single dose Multiple doses Odds ratio 95% CI Pvalue*
(N=448) (N=306) (N=142)

Infants

Sex 0.234

Male 237 157 (66) 80 (34) 1 (ref)

Female 211 149 (71) 62 (29) 0.78 0.51-1.18

Gestational age (wks) <0.001

25-26 127 61 (48) 66 (52) 1 (ref)

27-28 196 136 (69) 60 (31) 043 0.27-0.69

>29 125 109 (87) 16 (13) 0.24 0.11-0.50

Birth weight <0.001

I tercile 150 76 (51) 74 (49) 1 (ref)

Il tercile 150 107 (71) 43 (29) 043 0.26-0.71

Il tercile 148 123 (83) 25(17) 033 0.19-0.60

Small for gestational age 0.078

No 363 257 (71) 106 (29) 1 (ref)

Yes 85 49 (58) 36 (42) 1.59 0.95-2.65

Twin pregnancy 0.531

No 292 194 (66) 98 (34) 1 (ref)

Yes 156 112 (72) 44 (28) 0.87 0.56-1.36

Patent ductus arteriosus <0.001

No 235 192 (82) 43(18) 1 (ref)

Yes 213 114 (54) 99 (46) 2.81 1.78-4.45

Mothers

Antenatal steroids 0.356

No 50 38(76) 12 (24) 1 (ref)

Yes 398 268 (67) 130 (33) 1.40 0.69-2.86

Type of delivery 0.660

Vaginal 67 46 (69) 21331 1 (ref)

Cesarean 381 260 (68) 121 (32) 1.14 0.63-2.06

Hypertensive disorders of pregnancy <0.001

No 339 249 (73) 90 (27) 1 (ref)

Yes 109 57(52) 109 (48) 231 145-3.70

Placental abruption 0.145

No 397 269 (68) 128 (32) 1 (ref)

Yes 51 37(73) 14(27) 061 0.31-1.19

pPROM 0.250

No 362 248 (69) 114 (31) 1 (ref)

Yes 86 58 (67) 28 (33) 0.73 0.43-1.25

Chorioamnionitis 0.767

No 415 286 (69) 129 (31) 1 (ref)

Yes 33 20 (61) 13 (39) 112 0.53-2.40

*Mixed effects logistic regression model F test

Abbreviations: Cl, confidence interval; ref., reference value; pPROM, prolonged premature rupture of membranes

We found for the first time that PDA requiring treat-
ment is an independent risk factor for multiple treatment
with surfactant. Previous studies have rarely explored
this possible correlation [13, 14, 17] and those that did
only found an association which was not confirmed by
logistic regression analysis [15]. These different results
could be due to the different characteristics of stud-
ied populations, a different amount of the first dose of

surfactant (100 or 200 *° vs. 200 mg/kg), and possible dif-
ferent criteria for the diagnosis and management of PDA.
However, our finding is in agreement with Beauchene
et al., who recently reported that the status of PDA sig-
nificantly affects the response to late (>6 days of life)
surfactant treatment which they mostly gave as retreat-
ment in extremely preterm infants with persisting severe
RDS [34]. On the other hand, it is well known that a
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Table 3 Multivariate analysis of the association between
potential clinical predictors and number of surfactant doses
administered per patient

Odds ratio 95%Cl P value*

Gestational age (wks) 0.013
25-26 1 (ref)

27-28 046 026-0.79

>29 0.34 0.13-0.85

Birth weight 0.243
I tercile 1 (ref)

Il tercile 0.61 0.33-1.11

Il tercile 0.80 036-1.78

Small for age 0.982
No 1 (ref)

Yes 1.01 052-1.96

Patent ductus arteriosus <0.001
No 1 (ref)

Yes 2.74 1.66-4.53
Hypertensive disorders of pregnancy <0.001
No 1(ref)

Yes 2.53 149-4.31
Placental abruption 0.529
No 1 (ref)

Yes 0.79 0.39-163

*Mixed effects logistic regression model F test
Abbreviations: Cl, confidence interval; ref., reference value

Table 4 Univariate analysis of the association between the
number of surfactant doses administered per patient and the
evaluated clinical outcomes. Rate and (%)

Single Multiple Odds 95% P
dose doses ratio ClI value*
(N=306) (N=142)

Noninvasive mechani- 294 (96)  131(92) 068 029- 0390

cal ventilation 1.63

Mechanical ventilation 129 (42) 120(85) 6.78 3.80- <0.001
12.1

Grade 3-4 intraven- 15 (5) 17(12) 264 1.28- 0.009
tricular haemorrhage 546
Bronchopulmonary 101 (33) 86(61) 276 1.78- <0.001
dysplasia 4.28
Periventricular 6(2) 5(4) 184  055- 0324
leukomalacia 6.15
Necrotizing 9(3) 7(5) 1.71 0.62- 0.297
enterocolitis 4.70
Retinopathy of 18 (6) 19 (13) 228 1.12- 0.023
prematurity 463
Early-onset sepsis 12(4) 6 (4) 1.08  040- 0879
295
Late-onset sepsis 77 (25) 64 (45) 244 1.60- <0.001
3.72
Death during 20 (7) 24.(17) 291 1.55- 0.001
hospitalization 548
Bronchopulmonary 115(38) 101 (71) 332 2.12- <0.001
dysplasia and/or death 5.21

*Mixed effects logistic regression model F test
Abbreviations: Cl, confidence interval
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hemodynamically significant PDA can lead to pulmonary
fluid overload and subsequent pulmonary edema which,
in turn, can induce surfactant inactivation [35]. This is
caused by capillary-alveolar leakage of plasma compo-
nents that interfere with the formation of the alveolar
monolayer and impair functioning in a formed mono-
layer [35]. In fact, all soluble proteins, such as fibrinogen,
hemoglobin, and albumin have been found to interfere
with surfactant phospholipid de novo adsorption, since
phospholipids adsorb more slowly than small amphiphi-
lic proteins, which adsorb rapidly by molecular diffusion
(35, 36].

We found that multiple surfactant doses were given
more frequently to SGA infants than to no-SGA infants,
but multivariate logistic regression analysis did not con-
firm this correlation in contrast with previous findings by
Lanciotti et al. [15]. This different result might depend on
the different characteristics of the study population (in
our study the frequency of SGA was higher) and study
design (multicenter vs. single-center [15] study; 200 vs.
100 mg/kg as initial dose of surfactant in about 1/3rd
of patients [15]). In addition, in our study cohort, SGA
infants more frequently had a lower birth weight and
maternal hypertensive disorders of pregnancy. More-
over, among non-SGA infants, multiple doses of surfac-
tant were strongly associated with lower birth weight and
maternal hypertensive disorders of pregnancy, indicat-
ing the presence of population-based confounding fac-
tors (data not shown). However, since previous studies in
animal model showed contradictory results [37, 38], we
believe that further studies on the possible correlation
between SGA condition in preterm infants and the need
for multiple doses of surfactant would be useful.

The strength of our study includes the large size of our
population, its multicenter design that supports the gen-
eralizability of findings, and the rigorousness of statistical
analysis which supports the accuracy of results. A limita-
tion of our study is that it represents a secondary analysis
of data from three previous study data sets [18—20]. This
precluded the possibility of evaluating important vari-
ables, such as severity of RDS, timing of PDA diagnosis
and surfactant administration, mode of surfactant deliv-
ery (LISA or INSURE), and clinical response of treated
patients.

Conclusions

We found that the need for multiple doses of surfactant
is higher in more immature infants, in infants born to
mothers with hypertensive disorders of pregnancy, and
in infants with PDA requiring treatment, most likely
because of more severe RDS. Currently, it is not possible
to know if it depends on decreased surfactant synthesis,
increased turnover and inactivation, or the combination
of these mechanisms. Further investigation is needed to
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evaluate if these sub-groups of preterm infants represent
specific phenotypes of RDS who deserve a peculiar sur-
factant treatment.

Abbreviations

BPD bronchopulmonary dysplasia

INSURE INtubation-SURfactant-Extubation

IVH intraventricular hemorrhage

LISA less invasive surfactant administration
NCPAP nasal continuous positive airway pressure
NIPPV nasal intermittent positive pressure ventilation
NEC necrotizing enterocolitis

PDA patent ductus arteriosus

PVL periventricular leukomalacia

pPROM  prolonged premature rupture of membranes
RDS respiratory distress syndrome

ROP retinopathy of prematurity

SGA small for gestational age

VEGF vascular endothelial growth factor

Supplementary Information
The online version contains supplementary material available at https://doi.or
g9/10.1186/513052-024-01828-1.

[ Supplementary Material 1 ]

Acknowledgements
None.

Author contributions

Conceptualization/design: CD, MN, GS, FM, EG, LC, GV, LB, GL; Methodology:
CD, LB; GL; Investigation: CP, MA, MB, PB, PB, LC, RF, CF, DG, EG, CG, PL, GL, GM,
FM, MN, GS, FS, DT, GV, IC, SP; Supervision/oversight: CD, LB; Data curation: CD,
LB; Formal analysis: LB; Writing — drafting the initial manuscript: CD; Writing —
review or editing of manuscript: CD, CP, MA, MB, PB, PB, LC, RF, CF, DG, EG, CG,
PL, GL, GM, FM, MN, GS, FS, DT, GV, IC, SP, LB; Give final approval of the version
to be published: All authors; Agree to be accountable for all aspect of the
work: All authors.

Funding
The study was performed without specific funds.

Data availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All studies used for pooled analyses were approved by pediatric ethics
committees of Tuscany (ID 29/2011, ID 234/2019, and ID 58/2019, respectively)
and carried out in accordance with the 1964 Declaration of Helsinki. Infants
were enrolled after informed parental consent. Only data of infants who were
treated with surfactant were analyzed. Local ethics committees approved the
study. Parental consent was not required because this is a retrospective study
and data were anonymized.

Consent for publication
Not applicable.

Competing interests

Prof. Carlo Dani received honoraria from Chiesi Farmaceutici SpA and Vyaire
Medical Inc. for scientific consultancies. Other authors declare that there
are no conflicts of interests. Prof. Carlo Dani and Dr. Raffaele Falsaperla are
members of the Editorial Board of the Italian Journal of Pediatrics.

Page 7 of 8

Author details

'Department of Neurosciences, Psychology, Drug Research and Child
Health, University of Florence, Florence, Italy

“Division of Neonatology, Careggi University Hospital of Florence,
Florence, Italy

3Maternal and Child Health Department, Del Ponte Hospital, A.O. Di
Circolo Fondazione Macchi, Varese, Italy

“Division of Neonatology, Ospedale San Bortolo, Vicenza, Italy
Neonatal Intensive Care Unit, Azienda Ospedaliero-Universitaria
Policlinico - Vittorio Emanuele of Catania, Catania, Italy

Department of Pediatrics, Pediatric and Neonatal intensive Care Unit,
Azienda Ospedaliera Universitaria Integrata, Verona, Italy

’Neonatal Intensive Care Unit, Department of Medical and Surgical
Sciences, IRCCS AOUBO, University of Bologna, Bologna, Italy

Neonatal Intensive Care Unit and Neonatal Accompaniment Unit, San
Marco Hospital, Azienda Ospedaliero-Universitaria Policlinico “Rodolico-
San Marco’, University of Catania, Catania, Italy

9Department of Maternal Fetal and Neonatal Medicine, C. Arrigo
Children’s Hospital, Alessandria, Italy

"%Department of Human Pathology in Adult and Developmental Age
“Gaetano Barresi’, Neonatal and Paediatric Intensive Care Unit, University
of Messina, Messina, Italy

'"Division of Neonatology, S. Giovanni Calibita Hospital Fatebenefratelli,
Isola Tiberina, Rome, Italy

?Neonatal Intensive Care Unit and High-Risk Follow up program, Ca
Foncello Regional Hospital, Azienda ULSS 2 Marca Trevigiana of Treviso,
Treviso, Italy

3Division of Neonatology, “V. Buzzi" Children’s Hospital - ASST-FBF-Sacco,
Milan, Italy

“Division of Neonatology, Neonatal Intensive Care Unit, Azienda
Ospedaliero-Universitaria, Foggia, Italy

>Neonatal Intensive Care Unit, Fondazione IRCCS Ca’Granda Ospedale
Maggiore Policlinico of Milan, Milan, Italy

"%Department of Clinical Sciences and Community Health, University of
Milan, Milan 20122, Italy

""Division of Neonatology and Neonatal Intensive Care Unit, Ospedale
Evangelico Betania of Naples, Naples, Italy

"8Division of Neonatology and Neonatal Intensive Care Unit, Azienda
Ospedaliero Universitaria of Cosenza, Cosenza, Italy

"“Maternal and Pediatrics Department, Maggiore Hospital, Bologna, Italy
“Department of Pediatrics, Padua, Italy

“'Division of Neonatology, Catholic University of Rome, Rome, Italy
225C Epidemiologia Clinica, Istituto di Ricovero e Cura a Carattere
Scientifico Ospedale Policlinico San Martino of Genova, Genoa, ltaly
“Division of Neonatology, Careggi University Hospital, Largo Brambilla 3,
Firenze 50134, Italy

Received: 8 July 2024 / Accepted: 26 November 2024
Published online: 05 January 2025

References

1. Bancalari EH, Jobe AH. The respiratory course of extremely preterm infants: a
dilemma for diagnosis and terminology. J Pediatr. 2012;161:585-8.

2. Seger N, Soll R. Animal derived surfactant extract for treatment of respiratory
distress syndrome. Cochrane Database Syst Rev. 2009;2:CD007836.

3. HoJJ, Henderson-Smart DJ, Davis PG. Early versus delayed initiation of
continuous distending pressure for respiratory distress syndrome in preterm
infants. Cochrane Database Syst Rev 2002:CD002975.

4. Stevens TP, Blennow M, Soll RF. Early surfactant administration with brief
ventilation vs. selective surfactant and continued mechanical ventilation
for preterm infants with or at risk for RDS. Cochrane Database Syst Rev
2002:CD003063.

5. DeKlerk AM, De Klerk RK. Nasal continuous positive airway pressure and
outcomes of preterm infants. J Paediatr Child Health. 2001;37:161-7.

6. Gittermann MK, Fusch C, Gittermann AR, Regazzoni BM, Moessinger AC. Early
nasal continuous positive airway pressure treatment reduces the need for
intubation in very low birth weight infants. Eur J Pediatr. 1997;156:384-8.

7. Polin RA, Sahni R. Newer experience with CPAP. Semin Neonatol.
2002;7:379-89.


https://doi.org/10.1186/s13052-024-01828-1
https://doi.org/10.1186/s13052-024-01828-1

Dani et al. Italian Journal of Pediatrics

20.

21

22.

23.

(2025) 51:1

Dani C. Surfactant treatment threshold during ncpap for the treatment

of preterm infants with respiratory distress syndrome. Am J Perinatol.
2016;33:925-9.

Sweet DG, Carnielli VP, Greisen G, Mikko Hallman M, Klebermass-Schrehof K,
Ozek E, et al. European consensus guidelines on the management of respira-
tory distress syndrome: 2022 update. Neonatology. 2023;120:3-23.

Capasso L, Pacella D, Migliaro F, Salomeé S, Grasso F, Corsini |, et al. Can lung
ultrasound score accurately predict surfactant replacement? A systematic
review and meta-analysis of diagnostic test studies-In reply. Pediatr Pulm-
onol. 2023;58:1427-37.

Corsini |, Lenzi MB, Ciarcia M, Matina F, Petoello E, Flore Al, et al. Comparison
among three lung ultrasound scores used to predict the need for surfactant
replacement therapy: a retrospective diagnostic accuracy study in a cohort
of preterm infants. Eur J Pediatr. 2023;182:5375-83.

Soll R, Ozek E. Multiple versus single doses of exogenous surfactant for the
prevention or treatment of neonatal respiratory distress syndrome. Cochrane
Database Syst Rev. 2009;1:CD000141.

Coshal H, Mukerji A, Lemyre B, Ng EH, Alvaro R, Ethier G, Yoon EW, et al. Char-
acteristics and outcomes of preterm neonates according to number of doses
of surfactant received. J Perinatol. 2021;41:39-46.

Ferri WAG, da Silva AC, Sacramento EMF, Calixto C, Aragon DC, Caldas JPS.
Retreatment with surfactant in very low birth weight preterm infants: risk
predictors and their influence on neonatal outcomes. Rev Paul Pediatr.
2020;39:2019360.

Lanciotti L, Pasqualini M, Correani A, Burattini |, Giorgetti C, Palazzi ML,

et al. Who needs a second dose of exogenous surfactant? J Pediatr.
2023;261:113535.

Cogo PE, Facco M, Simonato M, De Luca D, De Terlizi F, Rizzotti U, et al.
Pharmacokinetics and clinical predictors of surfactant redosing in respiratory
distress syndrome. Intensive Care Med. 2011;37:510-7.

Greiner E, Wittwer A, Albuisson E, Hascoét JM. Outcome of very premature
newborn receiving an early second dose of surfactant for persistent respira-
tory distress syndrome. Front Pediatr. 2021,9:663697.

Lista G, Boni L, Scopesi F, Boni L, Agosti M, Biban P, Del Vecchio A, et al. Sus-
tained lung inflation at birth for preterm infants: a randomized clinical trial.
Pediatrics. 2015;135:e457-64.

Dani C, Napolitano M, Barone C, Manna A, Nigro G, Scarpelli G, et al. Nasal
intermittent positive pressure ventilation during less invasive surfactant
administration in preterm infants: an open-label randomized controlled
study. Pediatr Pulmonol. 2024;59:1006-14.

Dani C, Cecchi A, Ciarcia M, Miselli F, Luzzati M, Remaschi G, et al. Enteral and
parenteral treatment with caffeine for preterm infants in the delivery room: a
randomised trial. Paediatr Drugs. 2023;25:79-86.

Dani C, Mosca F, Vento G, Tagliabue P, Picone S, Lista G, et al. Effects of surfac-
tant treatment in late preterm infants with respiratory distress syndrome. J
Matern Fetal Neonatal Med. 2018;31:1259-66.

Wyckof MH, Aziz K, Escobedo MB, Kapadia VS, Kattwinkel J, Perlman JM, et al.
Part 13: neonatal resuscitation: 2015 American Heart Association guidelines
update for cardiopulmonary resuscitation and emergency cardiovascular
care (reprint). Pediatrics. 2015;136:5196-218.

Papile LS, Burstein J, Burstein R, Koffler H. Incidence and evolution of the
sub-ependymal intraventricular hemorrhage; a study of infants weighing less
than 1500 grams. J Pediatr. 1978,92:529-34.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

Page 8 of 8

De Vries LS, Eken P, Dubowitz LM. The spectrum of leukomalacia using cranial
ultrasounds. Beha Brain Res. 1992;49:1-6.

International Committee for the Classification of Retinopathy of Prematurity.
The International classification of retinopathy of Prematurity revisited. Arch
Ophthalmol. 2005;123:991-9.

Bell MJ, Ternberg JL, Feigin RD, Keating JP, Marshall R, Barton L et al. T.
Neonatal necrotizing enterocolitis: Therapeutic decisions based upon clinical
staging. Ann Surg 1978;187:1-12.

Ehrenkranz RA, Walsh MC, Vohr BR, Jobe AH, Wright LL, Fanaroff AA, et al.
National Institutes of Child Health and Human Development Neonatal
Research Network. Validation of the National Institutes of Health consensus
definition of bronchopulmonary dysplasia. Pediatrics. 2005;116:1353-60.
Qulton M, Fraser M, Dolphin M, Yoon R, Faulkner G. Quantification of sur-
factant pool sizes in rabbit lung during perinatal development. J Lipid Res.
1986;27:602-12.

Gluck L, Kulovich MV, Borer RC Jr, Keidel WN. The interpretation and signifi-
cance of the lecithin-sphingomyelin ratio in amniotic fluid. Am J Obstet
Gynecol. 1974;120:142-55.

Torresin M, Zimmermann LJ, Cogo PE, Cavicchioli P, Badon T, Giordano G, et al.
Exogenous surfactant kinetics in infant respiratory distress syndrome: a novel
method with stable isotopes. Am J Respir Crit Care Med. 2000;161:1584-9.
Carnielli VP, Zimmermann LJI, Hamvas A, Cogo PE. Pulmonary surfactant
kinetics of the newborn infant: novel insights from studies with stable
isotopes. J Perinatol. 2009,29(Suppl 2):529-37.

Tagliaferro T, Jain D, Vanbuskirk S, Bancalari E, Claure N. Maternal preeclamp-
sia and respiratory outcomes in extremely premature infants. Pediatr Res.
2019;85:693-6.

Chen CM, Wang LF. High-dose vascular endothelial growth factor increases
surfactant protein gene expressions in preterm rat lung. Early Hum Dev
3007,83:581-4.

Beauchene MS, Cunningham AM, Stanford AH, Bischoff AR, Dagle JM, Rios
DR, et al. Patent ductus arteriosus (PDA) and response to late surfactant treat-
ment in premature infants. J Perinatol. 2023;43:1245-51.

Bruni R, Bunchen RF, David-Cu R, Taeusch HW, Walther FJ. Inactivation of
surfactant in rat lungs. Pediatr Res. 1996;39:234-40.

Krafft MP. Overcoming inactivation of the lung surfactant by serum proteins:
a potential role for fluorocarbons? Soft Matter. 2015;11:5982-94.

Orgeig S, Crittenden TA, Marchant C, McMillen IC, Morrison JL. Intrauterine
growth restriction delays surfactant protein maturation in the sheep fetus.
Am J Physiol Lung Cell Mol Physiol. 2010,298:L575-83.

Gagnon R, Langridge J, Inchley K, Murotsuki J, Possmayer F. Changes in
surfactant-associated protein mRNA profile in growth-restricted fetal sheep.
Am J Physiol. 1999,276:L.459-465.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Clinical predictors for surfactant retreatment in preterm infants with respiratory distress syndrome: the results of a pooled analysis
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design
	﻿Patients
	﻿Respiratory management
	﻿Collected data
	﻿Primary and secondary outcomes
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


