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term oxygen therapy (LTOT) in Italian pediatric population. The Chronic Respi-
ratory Insufficiency and Long-Term Ventilation Study Group produced a survey
that was sent to the referents of the Italian Society of Infantile Respiratory Dis-

lected from different centers: 32 (76%) participants declared to be LTOT prescrib- Italy
ers. Of these, 8 (25%) reported following more than 30 patients, 3 (9%) between
20-30 patients, 9 (28%) between 10-20, 12 (37%) less than 10 patients. Twenty
(63%) use blood gas test to decide starting LTOT, 7 (22%) use daytime and/or
night-time oximetry, 5 (16%) use both. Twenty-two (69%) prescribe high-flow oxy-
gen (HENC), of which 8 (36%) to more than 5 patients/year and 14 (64%) to less.
Patients receiving HFNC suffer from bronchopulmonary dysplasia (10/26, 38%),
neurological disease (6/26, 23%), interstitial disease (6/26, 23%), oncological dis-
ease (2/26, 8%) or cystic fibrosis (2/26, 8%).

Results show that pediatric patients on LTOT are fewer than adult ones; most are
infants with bronchopulmonary dysplasia or children with neurological disabilities,
reflecting the increasing reality of medically complex children. Most prescribers use
blood gas tests to initiate LTOT, despite the availability of less invasive methods
such as oximetry. The data collected will prove to be useful to produce official rec-
ommendations to standardize LTOT indications, devices and therapeutic purposes.

IMPACT STATEMENT

There is a need for standardization of prescriptive practices for home long-term
oxygen therapy (LTOT) in Italian pediatric population; the creation of a national
dataset could be useful for this aim.
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Long-term oxygen therapy (LTOT) provides support for children experiencing
chronic hypoxemia due to various causes, including chronic neonatal lung dis-
ease (CNLD), cystic fibrosis (CF), interstitial lung disease (ILD) and neurodisabil-
ity (1). Despite the heterogeneous and distinct nature of pediatric chronic respi-
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ratory conditions, guidelines and diagnostic criteria are
frequently borrowed from adult protocols, primarily cen-
tered on patients with chronic obstructive pulmonary dis-
ease (COPD) (2, 3). A multidisciplinary panel assem-
bled by the American Thoracic Society (ATS) recently
issued valuable clinical recommendations for home oxy-
gen therapy tailored to pediatric chronic lung diseases
and pulmonary vascular diseases (4). However, authors
emphasized the scarcity and low quality of available evi-
dence in particular about the pediatric population, with
limited data about implementation, efficacy, monitoring,
and discontinuation of LTOT across various age groups
and clinical conditions. Given the potential harms and
costs, it is essential to obtain data on the number of chil-
dren receiving home oxygen therapy and their charac-
teristics. In fact, only a few national experiences have
been reported, providing prevalence rates of children
undergoing LTOT. Balfour-Lynn and colleagues aggre-
gated data from a cross-sectional survey and a dedi-
cated database in England and Wales (5). They esti-
mated a prevalence of 1.08 per 1000 in the first year of
life and 0.33 per 1000 in children older than one year of
age, with chronic neonatal lung disease (CNLD) being
the primary cause, followed by neurodisability (5). Other
prevalence studies of national registers from Scandina-
vian countries dealt with pediatric population only par-
tially and are more than twenty years old (6-8).

The Study Group “Chronic Respiratory Failure and Long-
Term Ventilation” within the Italian Society of Pediat-
ric Respiratory Disease (Societa Italiana per le Malat-
tie Respiratorie Infantili, SIMRI) conducted a research
project to offer an overview of the Italian scenario and
lay the foundation for future implementation projects.

METHODS

The Study Group “Chronic Respiratory Failure and
Long-Term Ventilation” devised a survey questionnaire
through a multistage process. A task force of four pedi-
atric pulmonologists within the Study Group formulated
the study protocol, identifying various aspects of inter-
est for each center, including: geographic location, med-
ical subspecialties of the prescriber, number of patients
cared for at each center, diagnostic tools utilized, oxy-
gen delivery devices and monitoring methods employed,
clinical conditions, and follow-up procedures. The task
force formulated a questionnaire which underwent revi-
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sion by the Study Group in two dedicated meetings. A
final version was subsequently approved by the entire
Study Group.

The survey questionnaire was distributed via email invi-
tation, along with a link to an online platform, to regional
representatives of SIMRI and SIN (Italian Society of Neo-
natology), starting from July 10th, 2023. We selected
the regional representatives with the aim of giving the
most complete national picture and of avoiding special-
ty-based sampling bias.

Following a second email reminder, responses received
up to June 1%, 2024, were assessed.

Dichotomous and categorical variables were presented
as numerical values and percentages. Most of the per-
centages represent the distribution across prescrib-
ing centers, with any exceptions to this explicitly noted.
Continuous variables were reported as either the mean
and standard deviation (SD) if normally distributed, or
as the median with the first and third quartiles if not nor-
mally distributed. The normality of the data was eval-
uated both visually and through the Shapiro-Wilk test.

RESULTS

Email invitations were sent to 200 SIMRI and SIN rep-
resentatives between July 2023 and June 2024. For-
ty-two centers (21%) replied; 32 centers (32/40, 76%
of the participating centers) reported prescribing LTOT.
Ten centers (10/42, 24%) participated in the survey as
non-prescribing centers: 3 Tertiary referral Pediatric
Hospitals, 3 Neonatology Units and 6 Secondary Pedi-
atric hospitals.

Eight centers (25% of the prescribing centers) reported
following more than 30 patients in LTOT, three cen-
ters (9%) between 20 and 30 patients, 9 centers (28%)
between 10 and 20 and 12 centers (37%) less than 10
patients (Figure 1).

Regarding the start of LTOT, 20 centers (20/32, 63%)
reported using blood gas test (BGT). Seven centers
(7/32, 22%) used daytime and/or nighttime pulse oxim-
etry (Figure 2) and five used both (5/32, 16%).

EQUIPMENT

All but one center prescribed liquid oxygen; 28 centers
(28/32, 87%) prescribed oxygen gas and 22 centers
(22/32, 69%) oxygen concentrators. Twenty-two pre-
scribing centers (22/32, 69%) prescribe high-flow oxy-
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gen, of which 8 (8/22, 36%) to more than five patients/
year and the remaining (14/22, 64%) to less than five
patients/year.

Patients receiving high-flow oxygen therapy were:

Figure 1. Numbers of patients in LTOT followed by prescribing centers.
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Figure 2. Diagnostic tests. BGT = Blood Gas Test.
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patients with bronchopulmonary dysplasia (10/26, 38%),
neurological disease (6/26, 23%), interstitial disease
(6/26, 23%), oncological disease (2/26, 8%) or cystic
fibrosis (2/26, 8%).
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DISCUSSION

The last twenty years have been characterized by a
profound change in the landscape of pediatric patients
with respiratory insufficiency and complex clinical needs
(9), with a remarkable increase in the number of these
patients. Despite the relative availability of data on non-in-
vasive ventilation, our study represents the first report on
long-term oxygen therapy (LTOT) in the pediatric pop-
ulation published in the last twenty years and the very
firstin Italy. There is only one European survey that ana-
lyzed the pattern of LTOT prescriptions in children (5).
Similar to non-invasive ventilation, the availability of LTOT
is scattered throughout the territory of Italy, with most
centers reporting the care of only a few dozen patients.
Available recommendations on LTOT are based on poor
data quality (10). Regarding prescriptions, the ATS task
force recommend pulse oximetry to define hypoxemia;
surprisingly, in our report almost all the centers (87%)
based LTOT prescriptions on arterial blood gas test, even
if it is neither practical nor reliable for routine assess-
ment in pediatric patients due to factors such as crying,
procedural pain, and technical challenges.

On the other hand, overnight pulse oximetry was reported
to be available for outpatient assessment and monitor-
ing, but its use to prescribe LTOT appears to be limited
to a few centers (26%). We consider it a rather contra-
dictory approach, that could be due to adult guidelines
where measurement of arterial PaO2 is critical for oxy-
gen therapy.

The use of pulse oximetry is cost-effective and non-inva-
sive, whereas blood gas analysis is painful, often inac-
curate when performed during crying, and therefore lim-
ited to the intensive care setting. Given that pulse oxim-
etry is a painless, accurate, and non-invasive method
for diagnosing hypoxemia in children, we fully support
its use, instead of the blood gas test, as the preferred
diagnostic tool.

This recommendation is backed by other guidelines
about hypoxemia and by the fact that the use of BGT is
increasingly limited even in acute settings, with a pref-
erence for using the peripheral oxygen saturation to the
fraction of inspired oxygen ratio (SpO2/FiO2) instead of
the arterial oxygen tension to the fraction of inspired oxy-
gen ratio (PaO2/FiO2). This shift in approach is high-
lighted in the latest update regarding pediatric acute
respiratory distress syndrome (PARDS) guidelines (11).
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Moreover, the use of pulse oximetry perfectly aligns
with the philosophy of telemedicine and home moni-
toring, as it is easily implementable in various settings
and has been integrated into medical practice for sev-
eral years now (12).

Similar to the findings of Balfour-Lynn and colleagues,
LTOT prescriptions were primarily given to children with
BPD. Prescriptions of LTOT for BPD are followed by
those for patients with neurodisability (5). If this find-
ing was once considered surprising, it is no longer so
nowadays, given the increasing number of children with
neurodisability observed over the past decades. In such
patients, the clinical rationale of LTOT is not always
clearly evident. Actually, in such patients, LTOT may be
prescribed to enhance the quality of life of patients and
their families rather than to reach saturation targets. In
such a setting oxygen may be necessary exclusively
during intercurrences and exacerbations. This approach
is supported also by the British Thoracic Society (BTS)
guidelines referring to these aspects with the term “spe-
cial situation” (13).

Our research has several limitations. Despite invitations
to all the representative members of the two societies,
only a small proportion of members responded. Conse-
quently, we can offer only a partial picture derived from
results potentially contaminated by respondent bias.
About 50% of responses resulted from centers located
in Northern Italy and data from some central regions
are missing. Nevertheless, we still got response from 8
centers (8/32, 25%) located in Southern Italy and from
8 centers (8/32, 25%) in Central Italy.

The lack of data for some smaller regions in central Italy
may be due to the actual absence of prescribing centers.
Moreover, given the phenomenon of healthcare migra-
tion, many patients travel to larger centers in neighbor-
ing regions (14).

Furthermore, we did not collect data regarding clinical
conditions or comorbidities nor patients’ age or SpO2
measurements as well. Lastly, we did not provide any
information about discontinuation.

We hope this research raises awareness and interest
in pediatric pulmonologists in order to pave the way for
a national dataset. Further data collection is warranted
based on a more comprehensive survey and involving
oxygen providers. Future efforts of the Study Group will
be directed towards standardization in providing LTOT,
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promoting non-invasive assessment and monitoring and
optimizing the care of children with respiratory condi-
tions on a more general perspective.
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