
Impact of a protocol-driven unified
service for neonates with
bronchopulmonary dysplasia

Natalie Batey 1, Dushyant Batra1, Jon Dorling1,2 and Jayesh Mahendra Bhatt 3

Affiliations: 1Nottingham Neonatal Service, Nottingham University Hospitals NHS Trust, Nottingham, UK.
2Dept of Academic Child Health, University of Nottingham, Nottingham, UK. 3Paediatric Respiratory Dept,
Nottingham Children’s Hospital, Nottingham University Hospitals NHS Trust, Nottingham, UK.

Correspondence: Jayesh M. Bhatt, Nottingham Children’s Hospital, Queens Medical Centre, Nottingham NG7
2UH, UK. E-mail: jayesh.bhatt@nuh.nhs.uk

ABSTRACT
Aim: A new specialised service for preterm infants with bronchopulmonary dysplasia requiring long-term
oxygen therapy (LTOT) was established in 2007, led by the paediatric respiratory team, transitioning from
neonatal-led follow-up. The new service included the utilisation of a clear protocol. Our objective was to
review whether this service initiation led to a reduction of time in LTOT and hospital readmissions.
Methods: We performed a retrospective cohort study of infants born at <32 weeks’ gestation requiring
LTOT in a single tertiary neonatal service. Cases were identified from hospital records, BadgerNet and a
local database for two cohorts, 2004–2006 and 2008–2010. Data collected for infants requiring LTOT
included demographic details, length of neonatal stay, time in oxygen and hospital attendance rates.
Results: The initiation of the service led to an increase in the number of discharges in LTOT: 13.1% of
infants born alive before 32 weeks’ gestation in comparison to 3.5% (p<0.001). However, the length of
time in LTOT reduced from 15 to 5 months (p=0.01). There was no difference in hospital readmission
rates (p=0.365).
Conclusions: In our experience the increase in neonates requiring LTOT is likely to be due to enhanced
provision of overnight oximetry studies prior to discharge. Structured monitoring and weaning led to a
shorter duration of home oxygen therapy.
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Introduction
Bronchopulmonary dysplasia (BPD) is the leading cause of chronic lung disease in infancy [1] and the
main reason for long-term oxygen therapy (LTOT) in children [2]. Ongoing respiratory health problems
and abnormal lung function can persist into childhood and adolescence [3–5]. BPD is defined as the need
for oxygen 28 days after birth and an oxygen requirement at 36 weeks post-conceptual age [1]. Severity is
graded according to oxygen requirements at 36 weeks corrected gestational age [6].

LTOT is recommended by the British Thoracic Society (BTS) for neonates with BPD to reduce or prevent
pulmonary hypertension, reduce intermittent desaturations, reduce airway resistance, promote growth
and provide neurodevelopmental benefit [7]. It may reduce the risk of sudden infant death and
neurodevelopmental impairment [7].

In our tertiary neonatal service there was a change in care for infants with BPD being discharged in LTOT.
Historically, the neonatal team provided individual consultant-led outpatient care. In 2007, a new
respiratory paediatric team was developed comprising a tertiary paediatric respiratory consultant and
specialist community nursing team.

Prior to the initiation of the new service, discharge home in LTOT, follow-up and review of overnight
oximetry studies was at the discretion of the named neonatologist. There was no formal guidance for the
review of overnight oximetry studies or oxygen weaning, either as an inpatient or outpatient.

Our hypothesis was that a formalised protocol-led service for BPD would reduce both the length of time
infants spent in LTOT and the number of hospital readmissions.

Methods
Study population
We performed a retrospective cohort study of neonates with BPD requiring LTOT. Two cohorts admitted
to our tertiary neonatal service were identified. As the service transitioned in 2007, we chose the two
cohorts 2004–2006 and 2008–2010. The cohorts were kept close to minimise the effects of any other
change in management or policy affecting length of stay or clinical outcomes.

Study design
Cases were identified using two methods. All admissions at <32 weeks’ gestation in the 2004–2006 cohort
were identified from admission records and the hospital patient administration system, and their discharge
letters reviewed. For any infants discharged in oxygen or where oxygen status was unclear, further data
were gathered from the medical notes. Details of the 2008–2010 cohort were obtained from a locally kept
database detailing all infants discharged from the neonatal units in oxygen. We excluded any infants
followed-up for their home oxygen in other centres or born at >32 weeks’ gestation.

The number of live births was obtained from hospital records. The mother’s postcode was reviewed in
order to ensure inclusion of only those infants resident in the geographical area followed-up by the
respiratory team. Data on demographic details and length of neonatal stay were obtained from BadgerNet
(a UK-based paperless neonatal record; www.clevermed.com/badgernet/badgernet-neonatal/), or where this
was not available, from hospital notes. Data on the length of time in oxygen were extracted from patient
records for the first cohort and the local database for the second.

Admissions after neonatal discharge were identified from both hospital systems and patient notes. Data
were extracted on the number of admissions in the first year after discharge from the neonatal unit, the
length of these admissions, whether they were respiratory in origin or not and the number of emergency
department attendances without admission.

Protocol
After transition of the service, an overnight pulse oximetry study was recommended for all infants in
⩾0.1 L·min−1 oxygen at 36 weeks. Infants in <0.1 L·min−1 oxygen are reviewed at 38 weeks: if still in
oxygen, overnight oximetry is performed in 0.1 L·min−1 oxygen; if out of oxygen, the study is performed
in air. The respiratory team meets the family, and performs and analyses the overnight oximetry studies,
which are recorded for a minimum of 6–8 h. During the study a diary is kept of feeds and any other
interventions and is used when analysing the oximetry data. The result of the study guides the home
oxygen provision. Oximetry targets in LTOT are [7] average arterial oxygen saturation measured by pulse
oximetry (SpO2) of ⩾93% (⩾95% if evidence of pulmonary hypertension); SpO2 >90% for >95% of
artefact-free total study time; and fluctuations in oxygen saturations from the baseline (the number of
times per hour where the oxygen saturation falls by ⩾4% from the baseline) should be less than four per
hour. Infants requiring LTOT are followed-up in the community and in clinic to coordinate further
overnight oximetry studies, oxygen weaning and palivizumab immunisation during winter months. An
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overnight pulse oximetry study is performed within 48 h of neonatal discharge, then at 3–5-week intervals
until in 0.1 L·min−1 oxygen. A 2-h daytime study (while awake and feeding) is then performed; if the baby
is able to maintain SpO2 ⩾93%, the parents are advised to give the baby time in air during the day. The
time is gradually increased by an hour a day until the baby is off oxygen in the daytime while awake. Next,
an overnight oximetry study takes place in air. If passed, the infant goes into air and has a further
overnight study 3 months later. Oxygen equipment is removed from the home once the infant has either
coped with at least one viral upper respiratory tract infection or after the end of winter.

Infants are seen in the respiratory clinic 4–6 weeks after neonatal discharge then every 3 months for at
least the first year; this is adjusted if there are concerns, including those regarding oximetry results,
respiratory infections, hospital admissions or growth. During the winter months, infants are reviewed at a
monthly palivizumab clinic. After 1 year children are seen at least every 6 months and only discharged
back to their general practitioner if asymptomatic. Home oxygen saturation monitors are not routinely
provided and parents are advised to contact the community nursing team or attend the emergency
department if they are at worried about any change in their child. All stages of management have a clear
protocol as per the published BTS guidelines [7].

Statistical analyses
All data were nonparametric, so are presented as median (range). Statistical analyses were performed using
SPSS version 21 (IBM, Armonk, NY, USA). Mann–Whitney U-tests and Fisher’s exact tests were used to
test the significance of continuous data, and Chi-squared tests were used for categorical data. The chair of
the local ethics committee agreed that full ethical approval was not required.

Results
There were 451 live births of infants at <32 weeks’ gestation during 2004–2006 and 337 during 2008–2010
with postcodes within the geographical area followed-up by the respiratory team. Prior to the initiation of
a respiratory service, 3.5% of infants born at <32 weeks’ gestation were discharged in home oxygen;
afterwards this rose to 13.1% (p<0.001).

There were no differences in the demographic details between the two groups (table 1). The median
(range) length of neonatal admission was 119 (85–271) days in 2004–2006 and 110 (40–233) days in
2008–2010 (p=0.134). There was at least one hospital admission in 12 (75.0%) infants born between 2004
and 2006 and 29 (65.9%) of the infants born between 2008 and 2010 (p=0.753). Eight (50.0%) infants in
the 2004–2006 cohort and 24 (54.5%) of the 2008–2010 cohort (p=0.935) required admission for a
respiratory cause. One infant died during a readmission in the 2004–2006 cohort; they were excluded from
subsequent analyses.

There was a significant reduction in the length of time infants spent in LTOT (table 2). However, there
was no difference in the number of hospital admissions (total and due to respiratory cause) or time spent
in hospital during respiratory admissions. There was an increase in the number of emergency department
attendances in the second cohort (p=0.05).

The summary statistics for the last oximetry study prior to coming off oxygen for the second cohort are
shown in table 3.

Discussion
Our study has shown that integration of a protocol-driven specialist service with community support for
neonates with BPD being discharged in LTOT is associated with a significant increase in the number of
infants discharged in LTOT, but also a significantly reduced length of time in LTOT.

TABLE 1 Comparison of demographic details of the two cohorts, 2004–2006 and 2008–2010

2004–2006 2008–2010 p-value

Subjects 16 44
Birthweight g 720 (480–1000) 755 (410–1300) 0.564#

Gestation weeks 25 (23–29) 26 (23–29) 0.358#

Male 10 (62.5) 23 (52.3) 0.481¶

Data are presented as n, median (range) or n (%), unless otherwise stated. #: Mann–Whitney U-test;
¶: Chi-squared.
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That 13.1% of live births at <32 weeks’ gestation in the later cohort were discharged in LTOT is similar to
quoted percentages in the literature, ranging from 8.9% to 17% of live births at <32 weeks’ gestation
[8–10]. The proportion increases with decreasing gestational age, with 36–43% of infants live-born at
<26 weeks’ gestation being discharged in LTOT [3, 11]. One study found that improved survival in very
premature infants at the highest risk of BPD (oxygen requirement at 36 weeks) has led to a significant
increase in BPD rates, with a U-shaped distribution over time [12]. However, this is not evidenced in
other studies [13]. There does appear to be significant variation between centres in the percentage of
extremely and very preterm infants discharged in LTOT. An American multicentre study of 8167 infants
born before 32 weeks’ gestation found a four- to five-fold institutional variation in discharge in LTOT of
babies with BPD, with the incidence ranging between 7% and 95% [8]. A UK study of four centres found
that 8–64% of infants with BPD were discharged with LTOT, despite similar proportions of chronic lung
disease diagnoses [14].

The increase in the number of infants discharged in LTOT in our service is likely to be secondary to
increased awareness and the introduction of a local guideline based upon BTS guidance [7]. Increased
awareness has meant that more infants undergo overnight oximetry studies, including those with less
severe BPD in air. Those with abnormal results are discharged in LTOT. It is likely that in the first cohort,
babies with mild or moderate BPD may have been weaned from oxygen rather than having overnight sleep
oximetry. Therefore, only those with severe BPD were discharged in LTOT. This was not based on a
formal physiological assessment of oxygen need. The retrospective nature of data collection does not allow
us to evidence this. There was a nonsignificant difference in the length of stay on the neonatal unit. We
speculate that this may indicate earlier discharge in the absence of a formal, protocol-driven assessment of
oxygen need in the first cohort. Alternatively, the nonsignificant difference may be due to the fact the two
cohorts are temporally close together with only one year separating the two. It is likely that changes in
practice take time to filter through; now that this protocol is well embedded in practice, it seems that
babies are being discharged home earlier, although we have not formally analysed this.

We acknowledge that for each cohort, knowing the length of time in oxygen of all babies born <32 weeks’
gestation who were still in oxygen at 36 weeks, regardless of whether they came out of oxygen at home or
in hospital would allow a more robust analysis. However, we are confident that the length of home oxygen
therapy in the later cohort is related to this new service model; current analysis shows that the median
duration of home oxygen therapy has continued to reduce (data not shown).

Home oxygen can lead to an earlier discharge, which is beneficial in terms of healthcare economics, as it
reduces inpatient days on the neonatal unit [7, 14]. A study of four UK neonatal services found that those
with a high use of LTOT (>50% of infants with BPD) had shorter neonatal unit stays and similar numbers

TABLE 2 Comparison of outcomes between the two cohorts, 2004–2006 and 2008–2010

2004–2006 2008–2010 p-value

Time in oxygen months# 15 (0–66) 5 (2–24) 0.01
Total hospital readmissions 1 (0–17) 1 (0–5) 0.365
Total respiratory-related readmissions 1 (0–8) 1 (0–5) 0.948
Length of respiratory admissions days 4.5 (0–263) 5 (0–105) 0.717
Total emergency department attendances 0 (0–1) 1 (0–6) 0.05

Data are presented as median (range), unless otherwise stated. #: one infant in each group had
insufficient data on the length of time in long-term oxygen therapy, so were excluded from analysis.

TABLE 3 Statistics of last oximetry study prior to discontinuing oxygen

SpO2 % 96 (95–97.5)
Minimum SpO2 % 93
Drops of ⩾4% per hour 3.8 (2.2–5.3)
Percentage of total study time with SpO2 <90% 0.56 (0.19–0.94)
SpO2 <90% 2 min 29 s (1 min 14 s to 5 min 15 s)

Data are presented as median (interquartile range), unless otherwise stated. SpO2: arterial oxygen
saturation measured by pulse oximetry.
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of hospital readmissions compared to those with low oxygen LTOT rates (<20% of infants with BPD) [14].
Although this led to a longer period of home LTOT, overall costs of care for the first 2 years of life were
significantly lower in centres with high use of LTOT [14]. In addition, there are benefits to the family of
early discharge, as bonding between parents and their children is improved in the home environment [15].
Other benefits may include less feeding difficulty, improved growth and improved neurodevelopmental
outcomes [7].

Our service has a structured weaning programme based upon BTS guidance [7, 16]. Prior to these
guidelines there was no set recommendation on the performance of oximetry studies and use was as advised
by the named neonatologist. We believe that the new structured approach is the reason for the reduction in
time in home oxygen and ensures that oxygen therapy is stopped appropriately, neither too late nor too
early. However, due to the increase in the number of infants discharged in LTOT, there is likely to be a
number of infants with milder BPD who will stop their LTOT earlier. The median duration of home oxygen
therapy in our later cohort is comparable to or shorter than published data from other studies (table 4).

LTOT is supported in the community by respiratory specialist nurses, who also help provide holistic care
for these families [15]. A reduction in the length of time in oxygen also benefits the family by reducing
the burden of social isolation. In addition, it removes the prolonged need for transporting equipment and
ensuring adequate quantities of oxygen in cylinders whenever families wish to leave the home.

Children with BPD are at increased risk of respiratory tract infections [10, 11]. Our study did not show a
difference in the number of readmissions between the two cohorts. It has been shown that infants in
LTOT are more likely to require hospital admission [10, 11, 23, 24]. GREENOUGH et al. [24] demonstrated
that until the age of 2 years, infants born at <32 weeks’ gestation with BPD discharged in LTOT were
significantly more likely to be admitted to hospital and attend as outpatients than infants with BPD not
requiring LTOT. There was no difference in the number of paediatric intensive care unit admissions or
length of stay. The authors did not differentiate between respiratory and nonrespiratory admissions, but a
later study reported no difference in the number of respiratory syncytial virus (RSV)-related admissions [25].
HONG et al. [10] found that infants on LTOT with BPD had both significantly more respiratory
admissions overall and significantly more RSV admissions within the first 3 years of life. GREENOUGH and
co-workers [25, 26] found that the significant difference in hospital admissions disappeared after the age
of 2 years, but outpatient attendances, both overall and for respiratory care, were significantly higher at
ages 2–7 years. In our service, early contact with the respiratory team before discharge ensures that these
complex patients are known to, and can be cared for, by a team of health professionals if they are
readmitted to paediatric services.

It has been shown that poor respiratory health and impaired lung function in infants with BPD extends
into childhood and adolescence [1, 4, 5, 27, 28]. Children who have suffered BPD are more likely to
develop episodes of wheezing [27, 29, 30]. The respiratory team follow-up children in the outpatient
setting until they no longer require LTOT and have had two winters without severe, frequent or persistent
respiratory symptoms [16]. This follow-up ensures that ongoing or persistent respiratory symptoms are
detected and can be treated. In services where BPD and LTOT are managed by clinicians other than
respiratory specialists, referral to a paediatric respiratory team for infants who are having multiple
respiratory exacerbations may be prudent. Being under respiratory follow-up and the fact that parents are
advised to contact the community nursing team if they are worried about any change in clinical status is

TABLE 4 Comparison of duration of home oxygen therapy

First author [ref.] Cases n Flow rates L·min−1 Saturation target Duration months

SALETTI [9] 93 0.06 (0.03–0.5) 92–98% Daytime 1 (0–13); night-time 2 (0–13)
HUDAK [17] 30 0.125–0.5 ⩾95% 4.5 (0.5–17)
BERTRAND [18] 20 NA NA 5.7±3#

SILVA [19] 56 0.125 (0.03–0.85)
5% in >0.3

⩾95% Daytime 3 (1–23.5); night-time 5 (1–28.5)

NORZILA [20] 32 NA ⩾94% 3.5 (3–6)¶

OLIVEIRA [21] 46 NA ⩾93% 11 (4–51)
YEH [22] 154 ⩽0.125–⩾0.5

11% in ⩾0.5
NA 7.6 (6–9.3)

The present study 44 0.08–1.5 ⩾93% 5 (2–24)

Data are presented as n or median (range), unless otherwise stated. NA: not available. #: mean±SD; ¶: median (interquartile range).
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likely to have altered the threshold for admission in these babies, because they are perceived to be more
vulnerable. Review and reassurance by the respiratory team then leads to a short hospital stay at readmission.

There are limitations to our study, the first being the small sample numbers. It is a study based on data
from a single UK National Health Service trust. During the period of the study there was a transition from
two-site paediatric services to a single children’s hospital. During this transition, attendance policy altered.
Prior to single-site care, infants with complex needs had direct ward access, but following the merger they
were required to present via their community nurse, general practitioner or the emergency department.
This may account for the change in the number of emergency department attendances. We did not have
data on admissions elsewhere, so there may have been uncounted admissions and emergency department
attendances at other hospitals.

Being a retrospective cohort study has limited the data we have been able to collect. For the duration in
oxygen we were reliant upon what was recorded in the clinical notes, so in some cases lack of precision on
the number of days in home oxygen in the 2004–2006 cohort meant we had to present data in months
rather than days, which would have improved the accuracy of our results. Although we made every effort
to identify infants being discharged in oxygen, due to the nature of the retrospective study we may not
have identified some cases from the first cohort.

Although there was no statistical difference in the length of neonatal admission, we do not have data on
the gestational age at which every infant born at <32 weeks’ gestation during both periods stopped oxygen
therapy. It is likely the increased awareness of the new guidelines and protocol meant that more infants
underwent overnight oximetry studies and so were more likely to be discharged home in oxygen. This
increased awareness coincided with new national guidelines, a new service model and the involvement of
new clinicians.

Future work should include longitudinal reviews of duration in oxygen and length of neonatal admission.
This should include data collection on other outcomes and reviews of discharge policies. Local cost
evaluations should be performed to assess whether there are savings from the reduction of time in oxygen
despite the increase in patients discharged in LTOT. Little research is available on family perceptions of
home oxygen and data in this area would help guide the management and support from the
multidisciplinary team. In view of the national and international variation in the use of LTOT, a
widespread study of current practices for discharge assessment and follow-up structure would be prudent.

Although a structured discharge policy and specialised service led to an increase in the number of infants
discharged in oxygen, it has standardised clinical care and has the potential to reduce overall healthcare
costs by reducing the length of neonatal admissions.
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