
Introduction

Since 2005, the Italian Neonatal Network (INN)
is collecting data following the Vermont-Oxford Net-
work (VON) as national group. This program allows
for a very wide monitoring of most important out-
comes and procedures for very low birth weight in-
fants. Among neonatal procedures, ventilation and
respiratory care are of paramount importance. Survival
increased in the last 30 years and advances in respira-
tory care are among contributors of these better out-
comes. Nevertheless, variation of care is described be-

tween centers around the world (1-5); moreover, com-
pliance with more recent standards of care deserve at-
tention and monitoring. For these reasons, it is worth
describing recent data on respiratory care in a wide
national setting like the INN, with particular focus on
ventilator support and surfactant treatment. A dual
approach was adopted: (1) an analysis of the data of
the respiratory support and care offered to individual
very preterm neonates enrolled in the INN, and (2) a
brief survey of the protocols in use in the neonatal
units adhering to the INN.
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Methods

We analyzed the dataset of infants enrolled in the
INN in 2009 and 2010 and, for surfactant administra-
tion only, from 2006 to 2010. The INN is the Italian
branch of the VON. It includes preterm neonates up
to 29 weeks + 6 days of gestational age, or neonates
with a birth weight <1501 g, admitted to any of the
centers within 1 month of age. In 2009, 73 centers
participated, and in 2010 a further 10 contributed da-
ta (Total = 83). The neonatal units participating in the
INN care vast majority of very preterm infants in Italy,
and in some Italian regions the coverage is complete.
Therefore, the INN represents an important source of
data that reflect neonatal management in Italy. All de-
finitions are those of the VON (www.vtoxford.org);
briefly, in addition to anthropometric measures such
as gestational age (GA), birth weight (BW), sex, etc,
the following variables are collected for each infant:
respiratory management in the delivery room (use of
oxygen, bag-and-mask ventilation, intubation, surfac-
tant administration) and in the ward. As far as venti-
lator support is concerned, the database collects data
on procedures such as oxygen supplementation; use of
N-CPAP, of N-CPAP before intubation; of high flow
nasal cannulae (HFNC); of nasal intermittent
mandatory ventilation (N-IMV)/synchronized inter-
mittent mandatory ventilation (SIMV); of conven-
tional mechanical (CMV) ventilation; of HFV; and
surfactant administration in the ward. Bronchopul-
monary dysplasia (BPD) refers to the oxygen require-
ment at 36 weeks post conceptional age. The data of
the INN is compared with the data from the whole
VON in 2010 (more than 57 000 infants with the
same characteristics), obtained from the web-based
system “Nightingale”. Questionnaire analysis was per-
formed with a questionnaire prepared by PT and sent
by email to all chiefs of neonatal units adhering to the
INN, with reminders in case of non-response. It in-
cluded questions on the existence in the unit of proto-
cols detailing the approach to respiratory diseases in
the neonates, and which type of respiratory support
was chosen as first line therapy and whether HFV was
used for rescue in the event of a failure of convention-
al mechanical ventilation. Fifty-seven hospitals (69%)
responded.

Results

We report data for 8297 infants (3981 in 2009,
and 4316 in 2010), treated in 83 hospitals (73 infants
dying in the delivery room were excluded).The mean
GA was 29.3 weeks (SD = 2.96) and the mean BW
was 1089 g (SD = 302). Mortality was 14.2%, and
BPD 13.9% (15.5% in infants <33 weeks).

Table 1 shows the percentage of infants receiving
any of the listed procedures, comparing the data with
the data from the VON.

The frequency of use of most procedures is lower
in Italian hospitals in comparison to the VON. As
INN recruits infants above 30 weeks GA only if they
are below 1501 g BW, these procedures are displayed
in Table 2 for infants of 23–29 weeks only (the data
for this population is complete in the database). The
GA-associated decrease in the use of procedures is
clearly apparent.
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Table 1. Percentage of infants receiving any of the listed proce-
dures.

INN VON

Delivery room procedures
Supplemental oxygen 76.2 85.3
Bag-and-mask ventilation 61.3 61.8
Tracheal intubation 41.4 50.8
Surfactant administration 16.8 32.3

After delivery room
Oxygen 80.8 88.2
CMV 53.1 62.7
HFV 15.8 22.1
N-CPAP 71.5 68.2
N-CPAP before ETT 41.9 40.0
Any surfactant 56.1 63.1
HFNC 8.2 49.9
NIMV/NSIMV 17.6 18.7
Any mechanical ventilation 55.5 65.1
Non-invasive ventilation 71.7 –
Any respiratory assistancea 84.5 –
NIV onlyb 34.0 –

INN, Italian Neonatal Network; VON, Vermont-Oxford Net-
work, 2010; ETT, endotracheal intubation; HFNC, high flow
nasal cannula; NIMV, nasal intermittent mechanical ventila-
tion; NIV, non-invasive ventilation; HFV, high frequency ven-
tilation
aVentilation or NIV, excluding oxygen supplementation.
bIn infants receiving any respiratory assistance, excluding oxy-
gen supplementation
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Table 3 provides details regarding surfactant ad-
ministration; i.e. a comparison in the time to surfac-
tant administration in infants of 23–29 weeks between
INN and rest of the VON. For all GA weeks consid-
ered, the percentage of infants treated with surfactant
>2 h of age is always greater in Italy than in the VON,
even for very preterm infants, where surfactant is al-
most universally administered.

Among the different procedures and practices, a
wide variation was observed among centers; the coef-
ficient of variation was lower for non-invasive ventila-
tion (0.17), ventilation (0.26) and delivery room intu-
bation (0.36) than for CPAP before endotracheal in-
tubation (ETT) (0.58), and was highest for HFV
(0.86) and delivery room surfactant (0.89). It is diffi-
cult to ascribe this broad variation to differences in
case-mix, and it likely represents a “physician-driven”
variation.

Looking at annual trends for surfactant adminis-
tration (data from 2006 to 2010), it is clear than in
INN surfactant administration in lower than in VON.
In the VON there is a slightly decrease of surfactant
administration over time. In the INN surfactant ad-
ministration is stable in the whole time period.

Table 4 shows comparative data on ventilator pro-
cedures (2006-2010). Considering other respiratory in-
terventions in an homogeneous period (2006-2010,
with no change in baseline risk), after adjusting for
confounders, infants receiving invasive mechanical ven-
tilation decreased ([OR]=0.74, 95% [CI] 0.58-0.97)

while NIV increased (OR= 1.75, 95% CI 1.38-2.21);
intubation in delivery room decreased (OR=0.61,
95%CI 0.5-0.75). Considering outcomes, there was a
significant reduction in mortality (OR=0.71, 95% CI
0.54-0.94) and in the combined outcome mortality or
BPD (OR=0.89, 95%CI 0.69-1.1).

As for the results of the questionnaire, of the 57
hospitals that responded to the questionnaire, six said
they did not have a protocol for respiratory assistance
and were excluded from further analysis; all the others
said that they used “non-invasive” techniques first.

In the event of needing tracheal intubation and
mechanical ventilation as a first-intention treatment,
two hospitals said they used IPPV/IMV; 20 synchro-
nized IPPV/IMV (SIPPV/SIMV); 25 “volume guar-
antee” ventilation; and 10 hospitals used HFV (in five
hospital for all infants, and in other five hospitals, de-
pending upon BW/GA).

As for rescue HFV, seven hospitals (among those
that did not always use HFV as a first intention) re-
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Table 2. Percentage of use of selected methods of respiratory support according to GA, 23–29 weeks (%)

Gestational age (weeks)
23 24 25 26 27 28 29 Total

DR surfactant 51.8 41.8 42.6 34.8 27.6 18.2 11.3 26.9
Any Surfactant 96.6 98.1 94.3 89.0 82.0 74.2 61.9 80.0
MV 99.6 99.4 96.0 90.6 80.8 67.4 53.0 76.6
NIV 36.4 56.9 70.8 83.6 87.7 89.0 87.2 80.0
Any Resp. assistance 99.6 100.0 99.5 99.6 99.5 97.4 93.7 97.7
NIV only 0.0 0.5 3.5 9.0 18.7 30.7 42.9 21.5

Table 3. Surfactant administration (%) in INN and VON

2006 2007 2008 2009 2010

INN 55,2 55,2 56,7 55,9 56,0
VON 64,2 64,0 63,8 63,6 62,9

Table 4. Frequency of selected ventilatory procedures

2006 2010 p

Delivery room intubation 56.1% 48.1% <0.001
nCPAP before intubation 28.8 % 45.2% <0.001
Any ventilation 94.3% 96.7% 0.003
Mechanical ventilation 73.3% 66.4% < 0.001
HFV 17.6% 22.9% 0.001
CMV 70.8% 64.7% 0.001
NIMV or SIMV 13.9% 25.18% <0.001
NIV 76.9% 84.1% <0.001
nCPAP 77.1% 84.5% <0.001
HFNC 5.8% 16.6% <0.001

HFV, high frequency ventilation; NIMV, nasal intermittent
mechanical ventilation; NIV, non-invasive ventilation; HFNC,
high flow nasal cannula
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sponded that they did not use HFV as a rescue, while
all the others did use HFV as rescue.

Conclusions

This study represents a large scale, current survey
of actual techniques used to provide respiratory assis-
tance to very preterm infants, admitted to neonatal in-
tensive care units in Italy in recent years. Our conclu-
sions rest on more than 8000 very preterm/ very small
neonates assisted in 83 centers in 2009–2010.

One major conclusion, in light of the current
trend towards a lower level of invasiveness, is the
number of infants who are managed without “inva-
sive” (i.e. without endotracheal tube positioning)
techniques. While invasive ventilation is always used
at the lower extreme of viability, our data show that at
29 weeks, only half of the infants require intubation
and receive at least one dose of surfactant, while the
other half is managed non-invasively. The comparison
with the data of VON shows that, on the whole, Ital-
ian neonates are treated less invasively.

In addition to the current description of use of
various techniques, this study shows great variations in
their use. This variation has been frequently reported
(1-5]) in studies on ventilation. Despite the long time
that HFV, CMV, and nasal continuous positive airway
pressure (NCPAP) have been available, the differences
between the centers are striking, and probably reflect
different approaches to the preterm infants with respi-
ratory distress, i.e. center -driven variation, rather than
differences in case-mix.

The survey conducted among chiefs of neonatal
units demonstrates that none of the respondents con-
siders NIV unsuitable for a trial in infants. In practice,
however, CPAP before intubation is used from 0% to
about 80% of infants. As for the choice of invasive
(with intubation) ventilation, only two hospitals used
a non-synchronized “conventional” ventilation, five
used HFV always, and the other five used HFV in
some (smaller/more immature) infants only. The vast
majority of units used synchronized ventilation, with
or without volume guarantee.

It is worth noting that despite a stable baseline
risk, from 2006 to 2010, we observed a lower level of
invasiveness, a reduction of mechanical ventilation
and an increase of NIV use, and this was accompanied
by a decrease in risk-adjusted mortality and BPD.

These data form a basis for recognizing areas for
potential improvement in ventilation given to preterm
neonates.

The great variation across hospitals in all the sur-
veyed techniques points to the possibility of imple-
menting potentially better practices with the aim of
reducing unwanted, center-related variation.

Last, these data show the power of large neonatal
networks in identifying areas for potential improve-
ment.
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6Appendix: Participants to the Italian Neonatal Network

Lecco (M Condò, D Turoli); Milano Mangiagalli (Gaia Weissmann, Mara Vanzati); Trento (Giuseppe De Nisi); Como S. Anna (E
Villa); Milano Macedonio Melloni (Guido Moro); Ferrara (Pietro Guerrini, Raffaella Contiero); Udine (Serena Ellero, Riccardo
Furlan); Monza (Laura Abbiati, Cesarina Borroni); Torino S.Anna (Giovanna Prandi, Claudio Fabris, Francesca Vielmi); Varese
(Massimo Agosti, Francesco Tandoi, Guidali); Roma. Umberto I (Mario De Curtis, Claudio Tozzi, Renato Lucchini); Milano Buzzi
(Marina Battaglioli, Gian Luca Lista, Paola Introvini); Modena. (Fabrizio Ferrari, Claudio Gallo); Palermo Cervello (Elvira Bel-
lante); Mantova(Chiara Bottura, Francesca Pasquali, Simona Boccacci); Brindisi (Giuseppe Latini, Raffaella Giannuzzi); Milano
Niguarda (Stefano Martinelli, Alberto Brunelli, Giuliana Motta); Campobasso (Maria Lucia Di Nunzio, Antonio Vendemiati);
Camposampiero (Carlo Zorzi, Giovanna Carli, Alfiero); Rimini (Nicola Romeo, Palma Mammoliti); Torino (Emanuele Mastretta,
Laura Barberis, Daniele Farina); Cuneo (Gianpaolo Gancia, Cristina Dalmazzo); Napoli Villa Betania(Marcello Napolitano,
Francesco Messina); Foggia. (Giuseppe Rinaldi, Rosario Magaldi, Matteo Rinaldi, Rosangela Litta); Padova(Paola Lago, Vincenzo
Zanardo, Lino Chiandetti); Treviso (Stefano Visentin); Tricase (Giuseppe Presta, Davide Cella); Cremona (Carlo Poggiani, Daniela
Ferrari, Sara Parati); Siracusa (Francesco Lombardo, Rosetta Grigorio); Milano San Raffaele (Graziano Barera, Margherita Franco,
Antonella Poloniato); Bergamo (Angelo Colombo, Giampiero Burgio,Elena Sala);Messina (Ignazio Barberi, Venera Tiralongo,
Alessandro Arco); Firenze Careggi (Carlo Dani, Simone Pratesi); Bologna S.Orsola(Valeria Mignatti, Gina Ancora, Giacomo
Faldella, Sara Grandi); Pavia (Mauro Stronati, Gianfranco Perotti); Brescia (GaetanoChirico, Claudio Migliori); Trieste (Sergio De
Marini, Vincenzo Forleo); Napoli Federico II (Roberto Paludetto, Letizia Capasso, Giuseppina Mansi, Francesco Raimondi); No-
vara (GianniBona, Ilaria Stucchi, Savastio, Federica Ferrero, Andrea Parola); Verona Borgo Trento (Ezio Maria Padovani, Elena Vi-
viani, Laura Pecoraro); Roma. Fatebenefratelli Isola Tiberina (Rocco Agostino, Camilla Gizzi, Luca Massenzi); Bolzano (Hubert
Messner, Alex Staffler); Napoli Buon Consiglio – F.B.F. (Gennaro Salvia); Acquaviva (Luigi Esposito, Vincenzo Forziati, Giusep-
peLatorre); Bologna Ospedale Maggiore (Fabrizio Sandri, Stefania Alati, Fabrizio Demaria); Cosenza (Oreste Lombardi, Carmine
Deni Costabile, Gianfranco Scarpelli); Parma (Claudio Cavalli, Enrico Volante, Dott.ssa Proietti); Palermo Buccheri La Ferla F.B.F.
(Olga Ganguzza, Bartolomeo Spinella); Roma S. Pietro F.B.F. (Cristina Haass, Eleonora Scapillati, Chiara Consigli); S.Giovanni
Rotondo (Alberto Gatta, Pasqua Quitadamo); Pisa (Antonio Boldrini, Marco Vuerich, Emilio Sigali, Paolo Ghirri); Firenze Mey-
er (Patrizio Fiorini, Letizia Petrucci, Marco Moroni);Perugia (Patrizia Braghetti, Paola Casucci, Liliana Minelli,Daniele Mezzetti);
Benevento (Luigi Orfeo, Maria Gabriella De Luca); Bari Policlinico (Nicola Laforgia, Alessandro Grassi);Roma Bambino Gesù
(Andrea Dotta, Ferdinando Savignoni); Siena (Franco Bagnoli, Claudio De Felice, Silvia Badii); Cesena (Augusto Biasini, Antonio
Belluzzi, Marcello Stella); Roma Gemelli (Costantino Romagnoli, Enrico Zecca, GiovanniBarone); Vicenza (Paolo Colleselli, Lu-
ca Vecchiato, Dott.ssa Nicolussi); Napoli Monaldi (Paolo Giliberti, Giovanni Chello, Silvana Rojo); Rho (Chiara Giovanettoni,
Clelia A. Colnaghi); Versilia (Elena Verucci, Giulia Placidi); Lodi (Cesare Belloni, Giuseppe Carrera, Chiara Zambetti); Verona Os-
pedale Civile Maggiore (Paolo Biban, Alessandra Serra); Ancona (Virgilio Carnielli, Annalisa Pedini); Benevento Ospedale
Fatebenefratelli (Gennaro Vetrano, Giuseppe Furcolo, Brigida Pasquariello); Caserta (Luigi Falco, Gaetano Ausanio, Italo Bernar-
do); Nocera Inferiore (Giuseppe Marchesano, Norberto Nosari, Paola Sarnelli); Como Valduce (Mario Maccabruni, Daniele Mer-
azzi); Alessandria (Diego Gazzolo, Francesca Temporini Miriam Sabatini, Micaela Colivicchi); Bari Di Venere (Antonio Del Vec-
chio, Marzia Tarantino); Reggio Emilia (Giancarlo Gargano, Simona Pedori); Thiene (Massimo Bellettato, Roberta Pesavento,
Alessandra Cesaro); Reggio Calabria (Antonio Nicolò, Isabella Mondello); Napoli Cardarelli (Aniello Pugliese, Claudio Iervolino);
Palermo Policlinico Giaccone (Giovanni Corsello, Mario Giuffré); Catania Policlinico Rodoligo, Catania (Maria Betta, Mario
Giuseppe Romeo, Alessandro Saporito); Pescara (Carmine D’Incecco, Barbara Perrone); Catania. Ospedale Santo Bambino (Maria
Grazia Leone Alessandro Rodonò); Genova Gaslini (Giovanni Serra, Alessia Franceschi, Francesco M. Risso); Napoli SS Annun-
ziata (Mauro Carpentieri,Maria Pia Cigliano); Roma Casilino (Piermichele Paolillo, Simonetta Picone);Moncalieri (Antonio Mar-
ra, Dott.ssa Rossetti, Tiziana Testa); Lecce (Fernando Del Cuore).
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