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Abstract

Background Our survey aimed to compare information on respiratory care in Neonatal Intensive Care Units (NICUs)
in Italy and in the European and Mediterranean region.

Methods Cross-sectional electronic survey. An 89-item questionnaire focusing on the current modes, devices, and
strategies employed in neonatal units in the domain of respiratory care was sent to directors/heads of 528 NICUs.

Results The response rate was 75% (397/528 units). The median number of NICU beds and the admission rate

per unit/year of preterm infants < 1500 g was significantly lower in Italy compared with Europe (p <0.001). In most
ltalian Delivery Rooms (DR) full resuscitation is given from 22 to 23 weeks gestational age, while 21.0% of the
European units initiate from 24 weeks. Initial FiO, is set as per American Academy of Pediatrics guidelines in 81.1%

of Italian units compared to 30.9% of the European ones (p <0.001). DR surfactant is less often given through Less-
Invasive-Surfactant-Administration (LISA) in Italy (53.4% vs. 76.2% of units, p < 0.03). Volume-targeted, synchronized
intermittent positive-pressure ventilation (IPPV) is the preferred invasive mechanical ventilation (MV) mode to

treat acute RDS across the surveyed units, however 22.9% % of Italian centers vs. 6.8% of the European ones use
HFOV as first choice (p <0.001). During HFOV, 78% of Italian NICUs set mean airway pressure (MAP) following a lung
recruitment procedure compared to 41% of the centers in Europe (p <0.001). In the NICUs, most of the non-invasive
(NIV) modes used are nasal CPAP and nasal IPPV. For infants on NIV, LISA strategy is used in 25.6% of Italian vs. 60.0% of
European units (p <0.001). 70% of surveyed units use a brand caffeine. Inhaled steroids are used in 42.3% of Italian vs.
65.4% of European NICUs (p <0.001).
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Conclusions respiratory support strategies among the surveyed Italian and European NICUs are quite dissimilar in
some areas, particularly where high-quality evidence is lacking. We believe that hese data will allow stakeholders to
make comparisons and to identify opportunities for improvement.

Keywords Mechanical ventilation, Delivery room, Preterm infants, RDS, Surfactant, Survey, Caffeine, Steroids

Introduction

Respiratory care in Neonatal Intensive Care Units
(NICU) has a significant impact on neonatal survival and
outcomes. In recent years, novel technologies and strate-
gies for respiratory support have been introduced in neo-
natology with the aim of protecting the developing lungs
of ventilated infants. Indeed, preventing the use, or short-
ening the length, of invasive mechanical ventilation (MV)
significantly decrease the risk of bronchopulmonary dys-
plasia (BPD) and neurodevelopmental impairment (NDI)
[1, 2]. In the context of conventional invasive MV, the
volume-targeted ventilation (VIV) or volume guaran-
tee (VG) seems to highly impact outcomes like BPD or
severe intraventricular haemorrhage (IVH) [3]. Similarly,
High Frequency Oscillatory Ventilation (HFOV) coupled
with VG seems to be more effective in maintaining pCO,
levels within the target range [4, 5] and may also reduce
proinflammatory systemic reactions, length of ventilation
[6] and BPD [7], although there is no equally solid evi-
dence in the literature on its benefits. In the context of
non-invasive ventilation (NIV) advances have been made
in improving technologies to provide nasal continuous
positive airway pressure (NCPAP), as the innovative jet
systems [8] and to synchronize nasal intermittent posi-
tive pressure ventilation (NIPPV) to the infant’s sponta-
neous breathing [9], making these modes more effective.
Finally, among strategies, the novel surfactant adminis-
tration techniques coupled with NIV and early caffeine
are able to further reduce the number of infants requir-
ing invasive MV [10, 11]. Nevertheless, several studies
report that is difficult to translate research results into
actual clinical practice. Neonatal units often do not base
their choices on the evidence coming from large random-
ized controlled trials (RCT) [12], indicating that there is
a need for more effective methods to ensure evidence-
based practice [13]. The above-mentioned considerations
prompted the Union of European Neonatal and Perina-
tal Societies (UENPS) and the Pulmonology Board of the
Italian Society of Neonatology (SIN) to perform a Euro-
pean survey with the aim of comparing practices of neo-
natal respiratory support in NICUs in Italy and in Europe,
and evaluating its relationship with the evidence from
the literature. A better understanding of the variations
in practice between neonatal networks can help identify
best practices and opportunities for improvement.

Materials and methods

This is a large cross-sectional electronic survey enti-
tled “European survey on neonatal respiratory care in
NICUs” The questionnaire was developed by a commit-
tee of experts on neonatal pneumology gathered from
the Pulmonology Board of the Italian Society of Neona-
tology and the UENPS Scientific Board and designed as
web-based following the Checklist for Reporting Results
of Internet E-Surveys (CHERRIES) guidelines [14]. It was
composed of 89 questions related to neonatal respiratory
management (questionnaire available as Additional file
1). The survey addressed five domains: (A) general infor-
mation, (B) the modes, devices and strategies employed
in the Delivery Room (DR); (C) the modes, devices and
strategies employed in the NICU; (D) the drugs used in
NICU for neonatal respiratory diseases; (E) the mechani-
cal ventilators available in NICU. The items included
multiple-choice, fill-in, and ‘yes/no’ questions. For dis-
tribution purposes, the Presidents or Secretaries of all
National Neonatal Societies in Europe were emailed
by the study coordinator on behalf of the president of
UENPS, requesting the list of directors of NICUs at the
national level. The directors subsequently received an
email invitation containing a unique access link to the
web-based survey, powered by SurveyMonkey ° (San
Mateo, CA, USA). Participants were informed that all
responses would be anonymized and encrypted before
analysis. Completion of the survey encompassed the
informed consent for the respondents’ participation. A
reminder was sent to non-responders every 3 weeks, for
a maximum of 4 times. After that, non-responders were
registered as such. In those countries with a restricted
contact information policy (France, Germany, Spain,
the Netherlands, Switzerland, Slovakia, Serbia, Croatia,
Montenegro, Belgium, Austria, Denmark), the invitation
to participate in the Survey was distributed at national
level through the National Society’s mailing list. Direc-
tors who accepted to participate gave their consent by
writing their email address on an online contact form set
up on purpose. Participation was completely voluntary.
The survey was first sent in February 2022 and closed by
July 2022. The study was submitted to the Ethics Com-
mittee of the Azienda Ospedale Universita di Padova,
which reviewed it and awarded an exemption letter
(protocol n. 396n/A0/23), as it did not meet criteria for
human-subject research. Research was carried out in line
with the principles of the Declaration of Helsinki.
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Statistical analysis

The completed questionnaires were reviewed by two
independent investigators to avoid technical errors (e.g.,
duplications). All the data were examined via descrip-
tive analysis. Categorical data were expressed as numbers
and percentages while continuous data were expressed as
median and interquartile range (IQR). The comparisons
between Italy and Europe were performed using Kruskal
Wallis distribution-free analysis of variance (for continu-
ous variables) or Chi-square (x%) tests (for categorical
variables), as appropriate. No post hoc multiple compari-
sons between groups were performed. Statistical analy-
sis was performed using the Stata 15 statistical Package
(StataCorp, College Station, TX, USA).

Results

Five-hundred and twenty-eight NICUs across 37coun-
tries in the European and Mediterranean geographic area
were contacted (Fig. 1). The United Kingdom and Ireland
were not involved in this study, as their scientific societies
did not respond to our invitation. The overall response
rate was 75%: out of 528 units contacted, 410 responded;
13 of these were not NICUs and were excluded from

Participation rate
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further analysis. At closure, 397 NICUs were included in
the study, 94 in Italy and 303 in the rest of Europe (list
available as Additional File 2). Ninety-seven out of the
397 participating NICUs (24.4%) did not belong to Euro-
pean Union (EU) countries. The Italian response rate was
81.7% (94/115).

General information

In Italy, less than half (34.7%) of the responding units
were academic hospitals, while 79.0% of the European
participating centers were academic (p<0.001). The
median (IQR) number of NICU beds in Italy was 8 (6-10)
compared with 15 (10-23) in Europe (p <0.0001). Conse-
quently, the admission rate per unit per year of preterm
infants weighing<1500 g was statistically different in
Italy compared with Europe, reflecting different policies
on perinatal care regionalization: in Italy 40.2% of NICUs
admit<30 VLBW infants per year; 38.5% 30-50; 20.6%
50-100; and 1.1% >100, compared to 19.3%, 24.7%, 30.4%,
and 25.5% respectively (p <0.001). The patient/nurse ratio
is 2:1 in 44.1% of Italian NICUs, 3:1 in 39.8%, and 4:1 in
14.0%. These percentages changes in Europe in 28.4%
s, 31.0%, and 16.2%, respectively (p<0.001). General
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information was also compared between academic and
non-academic hospitals in Italy and in Europe. In Italy,
the median (IQR) number of NICU beds was 10 (6.5-15)
in academic centres and 6 (5-9) in non-academic ones
(p=0.0001), and the admission rate of VLBW infants per
year was <30 in 12.9%; 30-50 in 41.9%; 50—100 in 41.9%;
and >100 in 3.2% of academic units, compared to 54.1%,
36.1%, 9.8%, and 0.0% of non-academic units, respec-
tively (p=0.000). In Europe, the median (IQR) number
of NICU beds was 15 (10-24) in academic centres and 12
(8-17) in non-academic ones (p =0.0003), and the admis-
sion rate of VLBW infants per year was <30 in 15.7%;
30-50 in 23.8%; 50-100 in 31.9%; and >100 in 28.5% of
academic units, compared to 32.7%, 27.9%, 24.6%, and
14.7% of non-academic units, respectively (p =0.007).

National face-to-face courses on neonatal ventilation
are the most attended way to upgrade training on respira-
tory care and techniques in Italy and in Europe.

The modes, devices and strategies employed in the
delivery room

More than 90% of all responding units were birth cen-
ters. Delivery Room technologies and strategies are not
dissimilar among Italian and European units. The lowest
gestational age (GA) at which full resuscitation is initi-
ated is 22-23 weeks in 94.5% of the Italian units, while
21.0% of the European units initiate from 24 weeks. Com-
paring EU and non-EU countries, 23.1% of the EU NICUs
responded to this question 22 weeks; 52.7% 23 weeks;
17.9% 24 weeks; 1.5% 25 weeks; and 0.4% 26 weeks, ver-
sus 45.5%, 26.7%, 10.4%, 1.2%, and 2.3% of the non-EU
NICUs, respectively (p=0.000). A T-piece resuscitator
is available in about 90% of all responding units, while a
mechanical ventilator is available in 41.1% of the Italian
and in 54.3% of the European DRs. The device routinely
used for respiratory stabilization in non-invasive mode is
the T-piece ventilator, used in about 70% of all respond-
ing units. The new R-Pap system [15] has been adopted in
about 9% of Italian and European DRs. In Italy no centers
routinely utilize a self-inflating bag, compared to 3.7% of
the European centers. Only 10% of units across Europe
use a mechanical ventilator for DR stabilization. This
strategy is more frequently used among European aca-
demic units compared to non-academic ones (13.0% vs.
3.8%, p=0.028). Facial masks (about 36%), nasal masks
(about 17%), and short binasal prongs (about 34%) as first
choice for respiratory stabilization in non-invasive mode
are used in a similar percentage of centers in Italy and in
Europe. When setting initial FiO,, the American Acad-
emy of Pediatrics or the European Resuscitation Coun-
cil guidelines for neonatal resuscitation are followed by
81.1% and 17.8% of units in Italy and by 30.9% and 59.1%
in Europe, respectively (p<0.001). When comparing EU
and non-EU centers, the American Academy of Pediatrics
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and European Resuscitation Council guidelines for neo-
natal resuscitation are followed by 37.7% and 54.9% of EU
units, respectively, and by 61.6% and 29.1% of non-EU
units (p =0.000). No significant differences were observed
between the number of Italian and European centers that
aim at the saturation target of 80-85% at 5 min of life for
preterm infants <28 weeks’ gestation and that use heated
and humidified gases for resuscitation, being about 80%
in both groups. Table 1 describes stabilization strate-
gies at birth for spontaneously breathing 23*°- 24*° and
250 27+6 weekers, pulmonary recruitment manoeuvres
used during stabilization, and surfactant administration
strategies used in the DR. Surfactant is given in the DR in
78.9% of Italian participating units compared to 88.5% of
European ones (p=0.023). An ECG monitor is available
in about 70% of the responding centers in Italy compared
to 60% in Europe (p =0.041). End-tidal CO, detectors are
slightly less used in Italy (20.0% vs. 29.3%, p=0.79), while
respiratory function monitors (RFM) are more wide-
spread (26.7% vs. 18.6%, p=0.037). Finally, DR caffeine is
given in about 70% of the units, regardless of geographi-
cal area.

The modes, devices and strategies employed in the NICU

Figure 2 compares the invasive ventilation strategies used
as first choice for treating acute RDS in preterm infants,
in Italy and in Europe. Synchronized intermittent positive
pressure ventilation (SIPPV) + VG is largely the favourite
strategy. However, 22.9% % of Italian centers use HFOV,
with or without VG, as first choice compared to 6.8% of
centers across Europe (p <0.001). In this regard, 13.1% of
the EU NICUs use HFOV, with or without VG, as first-
choice strategy to treat RDS, compared to 3.2% of the
non-EU NICUs (p=0.05). The first-choice strategy is dif-
ferent when treating high-risk infants (i.e. extremely low
GA infants, preterm premature rupture of membranes
(PPROM) with lung hypoplasia, chorioamnionitis, pre-
mature birth without antenatal steroid prophylaxis, etc.)
in about half (44.6%) of the Italian centers, while 72.0%
of the European centers remain on it (p = 0.004). The shift
for centers who change, is from conventional mechanical
ventilation (CMV) towards HFOV or HFOV + VG. While
the infant is on CMYV, inspiratory time (Ti) is set looking
at the flow signal in 62.0% of Italian responding NICUs
and depending on the infant’s GA in 35.8%, while in
Europe the percentages are 42.0% and 52.6%, respectively
(p=0.003). During CMV, positive end expiratory pres-
sure (PEEP) is adjusted by increasing or decreasing its
level according to patient’s conditions in 64.1% of Italian
versus 79.5% of European NICUs, while a dynamic PEEP
(stepwise PEEP increments followed by decrements) is
used in 35.9% and 20.5% of units, respectively (p=0.003).
During HFOV, 78% of Italian NICUs set mean airway
pressure (MAP) following a lung recruitment procedure
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Table 1 Respiratory stabilization strategies in the delivery room

Respiratory stabilization strategy at birth for a spontaneously
breathing 23+%- 24" Sweeker

Italy Europe p

(n.90)*  (n.269)**
NCPAP 35(38.9) 108 (40.1)
NIPPV 19(21.1) 51(19.0)
Synchronized NIPPV 6(6.7) 15 (5.6)
NBiPAP 4(4.4) 14 (5.2)
Nasal High Flow Therapy (nHFT) 0(0.0) 2(0.7)
Invasive ventilation 26 (28.9) 74 (27.5)
Resuscitation not initiated at these GA 0 (0.0) 5(1.8)

p=0.835

Respiratory stabilization strategy at birth for a spontaneously
breathing 25*°- 27+ Sweeker

NCPAP 57 (633) 178(66.2)
NIPPV 21(233) 44(164)
Synchronized NIPPV 5(5.6) 16 (5.9)
NBiPAP 6 (6.7) 21(7.8)
Nasal High Flow Therapy (nHFT) 0(0.0) 2(0.7)
Invasive ventilation 1(1.1) 8 (3.0)

p=0603

Pulmonary recruitment manoeuvre used during stabilization of
preterm infants

None 27 (30.0) 85(31.6)
Sustained Lung Inflation 4(44) 40 (14.9)
Incremental CPAP/PEEP trial 33(36.7) 88(32.7)
Incremental/decremental CPAP/PEEP 24 (26.7) 52 (19.3)

trial

« Initial CPAP/PEEP level (cmH,0) 54(0.8) 54(09) 0.84
+ Max CPAP/PEEP level (cmH,0) 80(1.0) 83(1L1) 0.18
Decremental CPAP/PEEP trial 2(2.2) 4(1.5)

Other 0(0.0) 0(0.0)

p=0.082

CPAP/PEEP level set during non-invasive ventilation (NIV) for
stabilization

CPAP/PEEP (cmH,0) 58(0.7) 59(1.0) 045
Delivery Room surfactant administration strategies (multiple choice)
Italy Europe
(n.73)°  (n.240)*
Conventional mode 32(43.8) 164 (68.3) 0.002
(=intubation +MV)
INSURE 59(80.8) 174(725) 024
INRECSURE 22(30.1) 10(4.2) <0.001
LISA /MIST 39(534) 183(76.2) 0.03
Laryngeal mask 1(1.4) 3(1.2) 0.93
Pharyngeal instillation 0(0.0) 2(0.8) 044

Data are expressed as number (%), initial and max CPAP/PEEP pressure levels are
expressed as mean (SD); *ITA responding units 90/94 (95.7%); **EU responding
units 269/303 (88.8%); °ITA responding units 73/94 (77.6%); °°EU responding
units 240/303 (79.2%). See also text. NCPAP =Nasal Continuous Positive Airway
Pressure; NIPPV =Nasal Intermittent Positive Pressure Ventilation; NBiPAP = Nasal
Bilevel Positive Airway Pressure; PEEP=Positive End Expiratory Pressure;
INSURE = INtubation-SURfactant-Extubation; INRECSURE = INtubation—
RECruitment of the lung -SURfactant- Extubation; LISA/MIST=Less Invasive
Surfactant Administration/Minimally Invasive Surfactant Therapy
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(stepwise increments followed by decrements) compared
to 41% of the centers in Europe (p <0.001). A ‘closed loop’
oxygen control is used in about 30% of all responding
units. Nitric Oxide (NO) is available in 88.0% of NICUs
in Italy compared to 72.7% in Europe (p<0.003). Fig-
ure 3 compares the invasive ventilation strategies used as
first-choice for weaning infants from MYV, in Italy and in
Europe. Moving to non-invasive ventilation, Fig. 4 shows
the modes used in Italian and European units. NCPAP is
the main used mode, followed by NIPPV. Indeed, 53,9%
of Italian and 57,8% of European NICUs preferentially
use NCPAP. Among NCPAP pressure generators, jet sys-
tems are available in more than 30% of responding units,
however these are selected as first choice to deliver CPAP
in less than 20%, both in Italy and in Europe. NIPPV, syn-
chronized and non-synchronized, is considered as the
main non-invasive mode in 33.0% of Italian vs. 28.7%
of European centers (p=0.165). In European academic
units, NIPPV is more widely used, while nasal High Flow
Therapy (nHFT) is less frequently employed as the main
non-invasive mode compared to non-academic units
(18.8% vs. 3.3% and 8.3% vs. 0.9%, respectively; p =0.006).
Non-invasive Ventilation— Neurally Adjusted Ventila-
tory Assist (NIV-NAVA) and nasal HFOV (NHFOV) are
used in less than 15% and 30% respectively, in Italian and
European units. No differences were seen regarding the
availability of non-invasive interfaces: almost all NICUs
have short binasal prongs and nasal masks, and about
40% also use double-inspiratory loop cannulas (DILC).
About 60% of all responding NICUs has no protocols to
move from invasive to non-invasive ventilation and vice
versa. Extracorporeal Membrane Oxygenation (ECMO)
is available in 14.2% of responding hospitals in Italy com-
pared to 27.4% in Europe. Only 10.9% of Italian and 5.2%
of European NICUs have a standardized protocol for
performing a tracheostomy in chronically ventilated pre-
term infant. Finally, the incidence [median (IQR) of cases
per year] of severe BPD (i.e. need for oxygen and NIV or
MV at 36 weeks post-conceptional age) in infants with
GA <29 weeks is similar in Italy and Europe: 10 (2-4) and
11 (5-23) cases per year, respectively. However, there are
some significant differences regarding the incidence of
BPD between academic and non-academic centers, both
in Italy and Europe. Specifically, in Italy, the reported
incidence of severe BPD is 19 (10-23) cases per year in
academic centers and 7 (2-19) in non-academic centers
(p=0.0053). In Europe, the difference is also statistically
significant, with the median incidence of severe BPD
ranging from 13 (5-25) cases per year in academic cen-
ters to 8.5 (1-20) in non-academic centers (p=0.0137).
This observation likely reflects the higher prevalence of
obstetric pathology, and consequently of more complex
neonatal cases, in academic centers.
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What invasive ventilation strategy is the first choice for treating acute RDS in preterm
infants? (choose only one answers)
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Non-Synchronized conventional ventilation ilf‘y
b

20% 30% 40% 50% 60% 70%

Synchronized conventional ventilation W 25%
b

Synchronized conventional ventilation + Volume Target

HFOV 8%
5%

o
HFOV + Volume Target S
1%

0%
0%

PAV

0%

B

NAVA

SRR ANARARARARANAANANNNNRNNNNAN] 58%

64%

®ITALY mEUROPE

Fig. 2 First choice invasive ventilation strategy for treating acute RDS in preterm infants. HFOV=High Frequency Oscillatory Ventilation; PAV=Propor-
tional Assist Ventilation; NAVA =Neurally Adjusted Ventilatory Assist. Numbers express the percentage of responding centers

The drugs used in NICU for neonatal respiratory diseases
Surfactant

The ranking of parameters considered as the main indica-
tor of surfactant need for an infant on non-invasive venti-
lation in Italy is: (1) FiOy; (2) SpO,/FiO,; (3) Chest X-Ray;
(4) LUS (lung ultrasound); and (5) Silvermann score. In
Europe is: (1) FiO,; (2) SpO,/FiO,; (3) Chest X-Ray; (4)
Silvermann score; and (5) LUS. The FiO, threshold to
administer surfactant followed in Italy is 0.25-0.30 in
58.2% and 0.31-0.4 in 35.2% of the NICUs, in Europe
the percentage changes to 44.9% and 31.8%, respectively
(p=0.097). In Italy and in Europe almost all NICUs use
porcine surfactant, giving an initial dose of 200 mg/kg.
When administering surfactant, the relation between
vials and dosage is managed by giving the correct dose/
kg regardless of how many vials must be opened in 82.2%
of units in Italy and in 60.7% in Europe (p<0.001), the
remaining units adjust the dosage in order either to use
up the surfactant in the vial (increasing the dose) or to
avoid opening a new vial (decreasing the dose). In Italy
the Less Invasive Surfactant Administration (LISA) or
Minimally Invasive Surfactant Therapy (MIST) strategy
are used in 25,6% of units, compared to 60.0% of units
in Europe (p<0.001). To perform LISA, 86.9% of Italian
NICUs use a purpose-built surfactant instillation cath-
eter, compared to 67.6% of European ones. Gestational

age at which infants are considered suitable for the
LISA/MIST procedure are depicted in Fig. 5. In Italy,
only 20.0% of units do not perform a lung recruitment
manoeuvre before administering surfactant, compared to
43,6% of European units. The performed lung recruiting
manoeuvres are: increasing the level of CPAP or PEEP
during NIV, before INtubation-SURfactant-Extubation
(INSURE) or LISA/MIST technique; optimizing MAP
during HFOV, in course of INRECSURE (INtubation—
RECruitment of the lung -SURfactant— Extubation) tech-
nique; and increasing the level of PEEP (CMV) or MAP
(HFOV) during invasive ventilation when extubation is
not expected. The INRECSURE strategy is most popular
in Italy than in Europe, being used in 42.2% vs. 11.3% of
units, respectively (p<0.001). When administering sur-
factant through an endotracheal tube, a closed circuit
is used in 57.8% of units in Italy, compared to 49.3% in
Europe (p=0.161). Among Italian and European NICUS,
surfactant spreading immediately after endotracheal tube
administration, when extubation is expected, is respec-
tively supported by manual PPV in 33.3% vs. 23.9% of
the units; by a T-piece resuscitator in 25.5% vs. 21.8%;
by ventilator PPV in 25.5% vs. 30.3%; and not supported
by PPV if the infant is spontaneously breathing on CPAP
with good respiratory drive in 15.6% vs. 23.9% (p = 0.143).
When using the INSURE technique, the endotracheal
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What invasive ventilation strategy is the first choice for weaning
infants from mechanical ventilation? (choose only one answer)
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Fig. 3 First choice invasive ventilation strategy for weaning preterm infants from mechanical ventilation. IMV = Intermittent Mandatory Ventilation; IPPV/
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centers

tube is removed immediately after surfactant admin-
istration in 61.1% of the NICUs in Italy and in 54.2%
in Europe, while time is variable in 15.6% and 26.4% of
units, respectively. Besides RDS, surfactant is admin-
istered across Europe for the following respiratory dis-
eases: transient tachypnoea of the newborn, meconium
aspiration syndrome, pneumonia, pulmonary haemor-
rhage, and neonatal ARDS. Despite controversial, about
27% of Italian and European NICUs use surfactant to
treat congenital diaphragmatic hernia. To conclude on
surfactant, no analgesic pharmacological and non-phar-
macological pre-treatment is given to infants before the
INSURE or INRECSURE techniques in 12.2% of the Ital-
ian centers versus 21.6% of the European ones (p=0.08).
The percentages of no treatment increase up to 24.4%
and 29.7% before the LISA approach, respectively. Fac-
tors that influence the choice not to perform the LISA/
MIST technique in the responding NICUs are shown in
Fig. 6. Across Italy and Europe, use on LISA/MIST tech-
nique would be increased if dedicated training, more
information on outcomes, more scientific publications
and more follow-up data on the technique were available.

Caffeine

All responding units use caffeine, and about 70% of them
prefer a brand caffeine. Doxapram is used in 4.5% of cen-
ters in Italy and 14.8% in Europe (p=0.014). The median
(IQR) bolus dose of caffeine in Italy and in Europe is
20 mg/kg (20-20), while the highest maintenance dose
in Italy and in Europe is 10 (5-10) mg/kg. In Italy and
in Europe, prophylactic caffeine in infants with a birth
weight (BW) <1250 g is given in a similar way: in the DR
or within 2 h of life in about 74% of units; within 12 h
of life in about 10%; within 24 h of life in about 9%; and
within 3 days of life in slightly more than 1%. Prophylac-
tic caffeine is not given in about 3% of the participating
centers. Finally, caffeine or other methylxanthines are
given to intubated infants in about 90% of Italian and
European units.

Steroids

Postnatal steroids are given from the second week of life
in about 30% of the Italian and European units, while
53.3% vs. 39.6% of them start giving postnatal steroids
from the third week of life. Postnatal steroids are not
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Fig. 4 Non-invasive ventilation modes used in NICU. NCPAP =Nasal Continuous Positive Airway Pressure; BiPAP =Bilevel Positive Airway Pressure; NIPPV/
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used in 5.6% of units in Italy and in 13.1% of units in
Europe (p=0.018). Accordingly, 10.2% of academic Euro-
pean NICUs do not use postnatal steroids, compared
to 24.1% of non-academic ones (p=0.053). Steroids are
given to facilitate extubation in slightly more than 70%
of Italian and European units and to infants at high risk
of BPD, regardless of ventilation mode, in about 50% of
them. In about 50% of Italian and European responding
units the favourite strategy is to give low dose dexameth-
asone. Standard dose dexamethasone is given in 25.9%
of Italian vs. 19.3% of European NICUs, while hydro-
cortisone in 12.9% vs. 27.0%, respectively (p=0.010).
Budesonide + surfactant is used in only 2.4% of the
responding centers, in Italy and in Europe. The number
of allowed cycles of postnatal steroids is similar between
Italian and European NICUs. In Italy 37.6% of NICUs
administer maximum 1 cycle and 61.2% 2-3 cycles, while
in Europe the percentage is 47.1% and 51.2%, respectively
(p=0.283). Inhaled steroids are used in 42.3% of Italian
vs. 65.4% of European NICUs (p <0.001).

The mechanical ventilators available in NICU

Figure 7 describes the features of the mechanical ven-
tilators for invasive ventilation available in Italian and
European units. Regarding HFOV, in 62.2% of Italian
NICUs are available ventilators with active exhalation
generated by a piston, in 34.4% ventilators with active
exhalation generated by a Venturi effect, and in 23.3%
ventilators with active exhalation generated by another
method. Only 8.9% NICUs responded to this question
“I don’t know”. In Europe, percentages change to 36.4%,
21.9%, and 13.1%, respectively. 43% of European units
responded to this question “I don’t know” Administra-
tion modes for aerosolized drugs during invasive or non-
invasive ventilation in Italian and European units are
indicated in Fig. 8. The gas conditioning mode most used
in NICUs for invasive and non-invasive ventilation is the
‘automatic’ mode, indicated by about 75% of the respond-
ing centers, while the ‘set up’ mode, with manually set
temperatures, is used in the remaining ones. Finally, a
standardized protocol for the maintenance of respiratory
devices is available in 68.9% of the Italian and in 74.6% of
the European centers.
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Fig. 5 Gestational ages at what infants are considered suitable for the LISA/MIST technique. GA =Gestational Age; LISA/MIST =Less Invasive Surfactant
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Fig. 6 Factors influencing the choice not to perform the LISA/MIST technique in NICU. LISA/MIST =Less Invasive Surfactant Administration/Minimally
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What features do your mechanical ventilators for invasive
ventilation have? (give as many answers as necessary)
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Discussion
This study provides large scale, up to date results of the
current strategies of respiratory care in Italy compared to
Europe. Main variations may be partly explained by the
paucity of evidence-based data, while the observed dif-
ferences point to the possibility of implementing “better
practices” with the aim of improving neonatal outcomes.
Regarding general information, the survey showed
significant differences mostly related to the number of
responding centers which were academic hospital in
Italy and in Europe, and to the NICUs admission rates
of VLBW infants per year. The lower number of Italian
responding academic centers compared to the European
ones could have represented a bias, as it is expected that
introduction in clinical practice and dissemination of the
most recent evidence should be more consistent in aca-
demic than in non-academic hospitals. According to our
survey, academic centers, as expected, tended to be larger
on average, as indicated by the higher number of inten-
sive care beds and the greater number of VLBW infants
admitted, both in Italy and in Europe. These centers also
reported a higher incidence of severe BPD. This associa-
tion is likely due to the connection between academic
neonatology units and academic obstetric services, which
typically manage a population of women with more
severe pregnancy complications. As a result, these cen-
ters care for a case mix characterized by a higher propor-
tion of preterm and critically ill infants. Nevertheless, no

relevant differences were observed in the strategies and
technologies used for respiratory care when compar-
ing Italian academic and non-academic NICUs, whereas
our survey highlighted some significant differences
between academic and non-academic European NICUs.
A previous survey conducted among Italian birth centers
reported similar results [16]. This evidence mostly relies
on the fact that the Italian Society of Neonatology (SIN)
and its Pulmonology Board heavily invested in organiz-
ing educational training courses on neonatal respira-
tory care. Among the most recent, nationally accredited
courses named “Techniques and Technologies for Neo-
natal Respiratory Care” (Tecniche e Tecnologie per
I'Assistenza Respiratoria Neonatale— TTAReN)’, created
in collaboration with the bioengineers of the Department
of Electronics Information and Bioengineering (DEIB) of
Politecnico di Milano (Milan, Italy) to promote adequate
medical and technological knowledge on this topic, are
available for practitioners and instructors since 2018.

On the other side, the different very low birth weight
(VLBW) infants’ admission rates per year reflect dif-
ferent territorial and structural organizations. In Italy,
regionalization of perinatal care is an unresolved issue.
Actually, more than 100 level II centers are distributed
across the Country, serving less than 400.000 births per
year. Nevertheless, although regionalized perinatal care
seems to be a crucial strategy to improve the survival of
VLBW and preterm births, heterogeneous quality of the
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How are aerosolized drugs administered during invasive or non-
invasive ventilation? (give as many answers as necessary)
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Fig. 8 Ways of administering respiratory drugs during invasive and non-invasive ventilation. Numbers express the percentage of responding centers

studies on this topic limits valid conclusions in terms of
effectiveness of perinatal regionalisation programmes
[17]. In this field, a recent trend towards deregionaliza-
tion in many US states has been observed, including an
increase of the proportion of VLBW infants born outside
of Level III centers, as well as a proliferation of smaller
neonatal units within the same regions [18]. Reasons for
this controversy are related with the potential difficulties
resulting from a reduced number of hospitals providing
neonatal care, like the need for in-utero transport, the
obstacles linked to some peculiar geographical condi-
tions, and the parental sensitivity and perceived discom-
fort of being away from home for a long time [19].
Moving to the modes, devices and strategies employed
in the DR, one of the most relevant differences is related
to the lowest GA at which full resuscitation is initiated,
being this from 24 weeks on in 21% of the European
centers, while in almost all the Italian birth centers the
limit is set at 22—-23 weeks. The reasons for these dif-
ferences can be attributed to organizational, cultural,
religious, demographic, and economic factors, whose
impact remains evident also when considering both EU
and non-EU countries. It is evident that neonatologists
deal with extremely complex situations when deciding

on whether to start, continue or interrupt vital support
in infants born at the limit of viability. Nevertheless, cur-
rently improving trends in survival and developmental
outcomes of extremely preterm infants raise ethical ques-
tions, not only for physicians but also for parents and
families [20]. Moreover, the inconsistency in treatment
practices for infants born between 22 and 24 weeks of
GA may account for inter-hospital variation in survival
rates, with and without impairment [21]. All these con-
siderations make ethics in neonatology a delicate field
that deserves further research.

The most popular device used for respiratory stabiliza-
tion of preterm infants in the DR is the T-piece ventilator.
However, a recently published trial suggests that a novel
device, that utilizes the jet technology to provide CPAP/
positive pressure ventilation (PPV), may further decrease
the work of breathing (WOB) of DR ventilated infants
and improve outcomes [15] and for this reason it prob-
ably deserves more attention by neonatologists. Since
1994, the SIN and its Task Force on Neonatal Resuscita-
tion adopted the guidelines drawn up by the American
Academy of Pediatrics (AAP)/American Heart Associa-
tion (AHA). This choice reflects the different orientation
in setting the initial FiO, to assist infants with GA <28
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weeks, being the European Resuscitation Council guide-
lines more widespread among the rest of Europe. Sur-
factant given through the LISA technique is more largely
used in the DRs of the European centers compared to
Italy. The difference may rely on the observation that the
LISA approach, considered as a component of a complex
bundle of care supporting premature infants to adapt to
extrauterine life through a minimal handling approach,
was primarily developed in Germany and western
Europe, and only secondarily adopted in Italy. Finally, on
surfactant administration modes in the DR, only few par-
ticipating centers follow the 2022 European Guidelines,
that suggest the laryngeal mask as a mean to administer
surfactant in infants weighing > 1000 g at birth [22].

In the NICU, HFOV is used as first choice to treat RDS
in significantly more Italian centers, and the number
even increases when treating high risk preterm infants.
Although the scientific literature does not support a clear
advantage of elective HFOV compared to elective CMV
in treating neonatal RDS [23], HFOV has gained more
popularity in Italy than in other European countries.
This preference may be partly attributed to the excellent
expertise developed in some reference teaching centers
in Italy. Notably, the “open lung concept,” which involves
a lung-recruitment maneuver to optimize MAP during
HFOV, and the volume-targeted HFOV are significantly
more frequently performed in Italian NICUs compared
to European ones. Additional factors may include the
role of scientific societies in organizing training courses
and the influence of companies promoting this ventila-
tion method. Similarly, a lung-recruitment procedure
to adjust PEEP during CMYV, is more often performed
among Italian NICUs. While the “open lung concept” is
a well-defined strategy aiming at optimal lung recruit-
ment during HFOV [24], studies on PEEP optimization
during CMYV are still lacking, despite PEEP optimization
is one of the most relevant aspects of the “lung-protec-
tive ventilation” Lung-protective ventilation occurs when
physiological tidal volumes are uniformly distributed in
a homogeneously aerated lung. Indeed, in case of per-
sistent atelectasis or fluid-filled areas, applying the same
physiological tidal volumes may result in overinflation
of the already opened alveolar units, causing volutrauma
and biotrauma. At the same time, these pathologic con-
ditions create “stress raisers” located at the interface
between closed and open lung units, where lung injury
is augmented by cyclic opening and closing of tidal ven-
tilation [25]. In this view, Castoldi and colleagues pro-
posed a lung recruiting manoeuvre to be applied during
SIPPV +VG ventilation, based on FiO, changes [26].
However, a recent Cochrane review concluded that
the evidence to guide PEEP level selection for preterm
infants on CMV for RDS or BPD continues to be insuf-
ficient [27]. More recently, LUS has been proposed as a
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tool for this purpose [28] while the electrical impedance
tomography (EIT) [29] and the respiratory oscillometry
[30] are promising technologies to be implemented bed-
side. Regardless of the geographical area, when wean-
ing infants from MYV, the first-choice strategies mainly
include modes in which all infant’s spontaneous breaths
are supported, being this the most suitable and effective
way to support preterm infants during transition towards
autonomous breathing. Closed loop automated oxygen
control, adopted by about 30% of the responding units,
has been shown in short term trials including preterm
and low birth weight infants to improve target saturation
achievement [31]. However, further investigations are
needed to address whether long-term outcomes will be
improved with their use. According to our data, NCPAP
remains the “gold standard” of NIV. Among pressure
generators, several studies indicate that jet generators,
like the Infant Flow driver or the Benveniste device, may
better support the infant’ spontaneous breathing dur-
ing both inspiration and expiration, thus reducing WOB
compared to bubble CPAP or ventilator-derived CPAP
[8]. Although available, these devices are not used as
first-choice in many NICUs, probably reflecting the lack
of robust evidence in this field. Considering other NIV
modes, NIPPV is slightly more used in Italian than in
European NICUs, although the difference is not statis-
tically significant. This may represent a sort of “cultural
heritage” for some Italian NICUs, as Italy has a long tra-
dition on NIPPV being the first paper on this mode pub-
lished by Italian authors [32]. Emerging NIV techniques,
like NIV-NAVA and NHFOV, are less common, probably
reflecting the lack of evidence-based literature in these
fields [33, 34]. Moving to interfaces, short binasal prongs
and nasal masks, which impose a low resistive WOB are
the most widespread. In about 40% of the units DILCs are
also available. Despite more resistive, these interfaces are
often preferred by parents and nurses as they ensure opti-
mal comfort to the baby and provide a better view of the
patient, favouring parents-child bonding. Finally on ven-
tilation modes, the lack of written protocols on how to
move from non-invasive to invasive ventilation and vice-
versa represents a better-practice to implement in both
Italian and Europeans NICUs. As our survey reports,
considerable practice style variation exists among the
participating hospitals and the lack of consistently high
standard of optimal ventilation, most commonly for the
acute and weaning phase, may deprive some infants of
the benefits of state-of-the-art care. More research is
needed to better understand the role of written proce-
dures in reducing unnecessary variations in practice and
improving short- and long-term outcomes [35].

Several studies indicate that the ultrasound-guided
surfactant replacement improves its timeliness, allow-
ing preterm infants to be treated in the early phase of
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neonatal RDS, thus improving the course of the disease
[36]. The use of LUS in neonatology owes its popularity
to Italian authors [37]; however, this tool needs broader
implementation in Italian and European NICUs. Simi-
larly to the DR management, surfactant given through
the LISA technique is more largely used in the European
NICUs compared to the Italian ones. Possible reasons
for this disparity have been discussed above. Analge-
sic/sedative strategies to protect preterm infants during
LISA are less used in Europe than in Italy, reflecting the
uncertain position of the neonatologists in this regard,
as the technique does not spare the infant from the dis-
comfort associated with the visualization of the glot-
tis but, on the other hands, sedation may depress the
infant’s spontaneous breathing, especially at lower GAs,
reducing the chances of a successful procedure [38]. Con-
tinuing on strategies, 80% of the Italian centers perform
a lung recruiting manoeuvre before administering sur-
factant compared to slightly more than half of the Euro-
pean NICUs, despite preclinical and clinical studies show
that lung recruitment before surfactant administration
may improve gas exchange and lung function as a con-
sequence of more homogeneous surfactant distribution
[39]. Similarly, when administering surfactant through
an endotracheal tube in mechanically ventilated infants,
a closed-circuit should be used, as lung de-recruitment
during disconnection from the ventilation circuit may
interfere with surfactant distribution and its efficacy.

Supporting spontaneous breathing with early caffeine
(i.e. within the first 2 h of life) is the preferred strategy
by more than 70% of the participating centers, and lit-
erature data support this choice. Dekker et al. observed
that DR caffeine significantly increases tidal volumes
and decreases the need for oxygen therapy [40] while,
more recently, Dani et al. performed a feasibility study to
assess whether caffeine administered orally or through
the umbilical vein in the DR can reduce the risk of MV in
very preterm infants [41]. Finally, Katheria et al. reported
that caffeine administration<2 h from birth decreases
the need for MV and results in an overall hemodynamic
improvement of treated patients [42]. Among other
respiratory stimulants, doxapram is rarely given in cases
of apnea refractory to the methylxanthine treatment.
Indeed, a recent Cochrane review concludes that more
studies are needed to clarify the benefits and harms of
doxapram therapy, addressing concerns about long-term
outcomes [43].

According to our data, about half of the responding
units consider giving postnatal steroids from the third
week of life, even if systemic steroids given from the 7th
day of life seems not to increase the incidence of long-
term adverse outcomes [44]. Therefore, the opportunity
to consider their administration starting from the second
week of life may facilitate earlier extubation and be more

Page 13 of 16

effective in interrupting or slowing down the trajectory
of the evolving BPD. Among alternative routes of admin-
istration, budesonide conveyed by therapeutic surfactant
appears to be extremely promising, although seldom
used by participating units. A meta-analysis published in
2022, which included 12 studies, confirmed that the com-
bination of surfactant + budesonide reduces the incidence
of BPD, death or BPD and mortality, and follow-up at 36
months of corrected age of the treated infants showed
no negative effect on neuromotor and cognitive develop-
ment [45]. Two large RCTs are currently underway and
will provide information on the long-term outcomes
associated with this strategy [44].

Finally on the mechanical ventilators, Italian centers
seem to be more aware of the technological features of
the machines in use in their NICUs, probably reflecting
the effect of the network, created also by the above men-
tioned TTAReN courses, between neonatologist and bio-
engineers with the aim of improving knowledge on the
operating modes of the mechanical ventilators available
in NICUs and thus optimizing their use.

Our research highlights both strengths and weak-
nesses. One of the strengths is the structured question-
naire, which was crafted by a team of experts in the field.
Moreover, the study explored various facets of neonatal
respiratory management and benefits from a broadly dis-
tributed and representative sample. On the other hand,
the limitations include low response rates in certain
regions, which might introduce selection bias, and the
fact that most of the information was provided by neona-
tal ward directors. This, along with the absence of written
protocols or procedures for the areas in question, could
lead to a biased perspective. Nevertheless, by sending the
survey to the heads of units, we were confident that the
leadership of medical directors significantly influences
the policies adopted by their units.

Conclusions

In summary, we conclude that the respiratory support
strategies among the surveyed Italian and European
NICUs are quite dissimilar in some areas, particularly
where high-quality evidence is lacking. The most rel-
evant differences are related to invasive mechanical ven-
tilation strategies, surfactant administration techniques,
and technical knowledge about the devices available for
neonatal respiratory support. Despite these differences,
the incidence of severe BPD is similar across Europe. The
next phase of our work will involve providing the partici-
pating National Societies with detailed information on
RDS management specific to their countries, enabling
the creation of an accurate, country-specific overview
of neonatal RDS care. This data will help stakeholders to
compare national data with overall trends, understand
variations in clinical practices, conduct comparative
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evaluations of outcomes, identify areas for improvement,
and develop a European collaborative platform for stay-
ing current. Further research is needed in areas such as
respiratory care strategies and monitoring at birth, lung
recruitment manoeuvres, non-invasive surfactant admin-
istration techniques, and simple, reliable synchronization
methods for NIV, as these may significantly impact care.
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