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Abstract
Introduction Chronic oxygen dependency (COD) is a
common adverse outcome of very premature birth. It is,
therefore, important to develop an accurate and simple
predictive test to facilitate targeting of interventions to
prevent COD. Our aim was to determine if a simple score
based on respiratory support requirements predicted COD
development.
Methods A retrospective study of 136 infants, median
gestation age (GA) 28 weeks (range: 23–33 weeks) and a
prospective study of 75 infants, median GA 30 weeks
(range: 23–32 weeks), were performed. The score was
calculated by multiplying the inspired oxygen concentration
by the level of respiratory support (mechanical ventilation:
2.5; continuous positive airway pressure: 1.5; nasal cannula
or head box oxygen or air: 1.0). Scores were calculated on
data from days 2 and 7, and their predictive ability
compared to that of the maximum inspired oxygen
concentration at those ages and (retrospective study) the
results of lung volume measurement.
Results Infants that were oxygen dependent at 28 days and
36 weeks post-menstrual age (PMA) had higher scores on
days 2 (p<0.0001, p<0.0001, respectively) and 7
(p<0.0001, p<0.0001, respectively) than the non-oxygen
dependent infants in both the retrospective and prospective

cohorts. Construction of receiver operator characteristic
curves demonstrated the score performed better than the
inspired oxygen level and lung volume measurement
results. A score on day 7 >0.323 had 95% specificity and
78% sensitivity in predicting COD at 28 days, and 80%
specificity and 73% sensitivity in predicting COD at 36
weeks PMA.
Conclusion Chronic oxygen dependency can be predicted
using a simple scoring system.

Keywords Bronchopulmonary dysplasia . Chronic oxygen
dependency . Prematurity

Abbreviations
BPD Bronchopulmonary dysplasia
COD Chronic oxygen dependency
CPAP Continuous positive airway pressure
Fi02 Functional residual capacity
FRC Functional residual capacity
PMA Post-menstrual age
ROC Receiver operator characteristic
VLBW Very low birthweight

Introduction

Chronic oxygen dependency (COD) is a common adverse
outcome of very premature birth [14]. Affected babies are
likely to have frequent readmissions to hospital during the
first 2 years after birth [7], suffer troublesome respiratory
symptoms even at school age and have lung function
abnormalities in adolescence. To date, only systemically
administered corticosteroids have been demonstrated in
large randomised trials to reduce the incidence of COD [8],
but this treatment has significant side-effects [6, 27]. It is,
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therefore, important – if systemic corticosteroids are to be
used – to restrict this treatment to those infants who are at
highest risk of developing COD. Essential to achieving
such an aim is the development of an accurate and simple-
to-use predictive test; such a tool would also be useful for
facilitating targeting of other preventative strategies. Not
surprisingly, then, there has been considerable interest in
producing a scoring system which could determine the risk
of COD by assigning scores to readily available clinical
data. A number of such scoring systems have been
developed [4, 11, 19, 22–24, 26, 28], but many are
complex and thus unlikely to be used by the busy
practitioner. Recently, a simple pulmonary score was
reported [20] that required assigning scores only to the
inspired oxygen concentration, the level of respiratory
support and medications received. The score was developed
to retrospectively assess the severity of chronic lung disease
in infants who had been entered into a multicentre trial of
supplemental oxygen for pre-threshold retinopathy of
prematurity. The score was shown to be associated with
pulmonary morbidity through to a corrected age of 3 months
[20]. We, therefore, hypothesised that a modified version of
the scoring system, if used in the first week after birth,
might predict COD development.

In the first week after birth, infants who develop COD
have abnormal lung function, a raised resistance [5], low
compliance [3] and low lung volume [16]. As a conse-
quence, there have been studies investigating whether the
results of early lung function measurements might predict
COD development. We have previously reported that a low
functional residual capacity (FRC) on day 2, that is after
surfactant treatment had been completed, was a better
predictor of COD development than the results of compli-
ance measurements or readily available clinical data [16]. A
subsidiary aim of this study, therefore, was to determine
whether the modified score performed better than FRC
results.

Methods

The score was initially assessed on a retrospective data set
(retrospective cohort) and then further assessed on a
prospective cohort (prospective cohort). The retrospective
cohort included premature infants who had participated in a
randomised fluid trial [17]. Very low birthweight (VLBW)
infants less than 33 weeks of gestational age, ventilated
within the first 6 h of birth, had been recruited into the trial,
which assessed the impact of fluid balance on the
development of COD [17]. Informed written parental
consent had been obtained, and the trial was approved by
the King’s Healthcare National Health Service (NHS)
Trust’s Research Ethics Committee. Informed consent was

obtained from all but three parent(s) of consecutively
eligible infants. As part of the trial, data were collected
regarding the infants gestational age and birthweight and
their respiratory support requirements in the first week after
birth. In addition, whether the infants had been oxygen
dependent at 28 days and/or 36 weeks post-menstrual age
(PMA) had been recorded. In a subset of infants entered
into the fluid trial [17], lung volume measurements were
made on day two. Lung volume had been assessed by
measurement of FRC using a helium gas dilution technique
and a specially designed infant circuit with a volume of
95 ml. The technique used has been described previously in
detail [16]. FRC was estimated twice in each infant, with an
interval of 10 min between measurements. An individual’s
FRC was expressed as the mean of the paired measure-
ments and related to body weight. The coefficient of
repeatability of FRC measurements was 4.38 ml/kg in
ventilated and 3.40 ml/kg in non-ventilated infants. For the
purposes of this study, data from all infants surviving until
discharge home were analysed from the whole of the
retrospective cohort and from the subset who had FRC
measurements.

Data was then collected prospectively from infants with
a gestational age of less than 33 weeks, who were born
during the period January 2004–May 2005 and ventilated
on day 1 of life (prospective cohort). Parents gave informed
written consent for their infants to take part in this study,
and the study was approved by the King’s College Hospital
Research Ethics Committee. Information was collected
regarding the infants’ gestational ages, birthweight, respi-
ratory support requirements during the first week and
oxygen dependency status at 28 days and 36 weeks PMA.
Data from infants who survived until discharge home were
analysed.

The score of Madan et al. [20] was modified such that
only the product of the fraction of inspired oxygen (FiO2)
and level of ventilatory support was calculated to give the
score. Ventilated infants received a score of 2.5, those on
nasal or endotracheal continuous positive airway pressure
(CPAP) a score of 1.5 and those in nasal cannula or head
box supplementary oxygen or no supplementary oxygen a
score of 1.0. The relative weight for each item had been
decided by a consensus of three neonatologists who
developed the score reported by Madan [20]. No scores
were given for medications the infants were receiving.
Scores were calculated on days 2 and 7, using the
maximum inspired concentration and level of respiratory
support on each of those days. The scores ranged from 0.21
for a baby self-ventilating in air to 2.5 for a baby who was
ventilated in 100% oxygen.

As there was a marked difference in the use of postnatal
corticosteroids in our two cohorts, we were interested to see
if this influenced the predictive ability of the score. To do
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this we constructed further ROC curves using data only
from infants who did not receive postnatal corticosteroids.

Patients

The retrospective cohort comprised 136 infants with a
median gestational age of 28 weeks (range: 23–33 weeks)
with a median birthweight of 979 g (range: 592–1494 g).
Data were also analysed from 90 of those infants who had a
median gestational age of 28 weeks (range: 24–32 weeks)
and median birthweight of 1018 g (range: 636–1500 g) and
who had had FRC measurements. The prospective cohort
consisted of 75 infants with a median gestational age of 30
weeks (range: 23–32 weeks) and a median birthweight of
1246 g (range: 555–2164 g).

In both cohorts, infants born below 29 weeks of
gestational age were intubated on the labour ward and also
mechanically if the infant was making no or poor
respiratory effort. A natural surfactant was given within
2 h of birth to infants who were fully mechanically
ventilated and required an inspired oxygen concentration
of more than 30%. If a second dose of surfactant was
required, this was given 12 h after the first dose. In the
retrospective cohort, systemic steroids were administered if,
after the first week, infants remained fully ventilator
dependent with an inspired oxygen concentration of at
least 40% with no improvement for more than 48 h, with a
patent ductus arteriosus and infection having been exclud-
ed. In the prospective cohort, systemic corticosteroids were
only given to infants who remained fully ventilator
dependent after the first week after birth, were in high
concentrations of oxygen and had shown no improvement
for more than 1 week. Forty-nine infants in the retrospec-
tive cohort and five in the prospective cohort received
systemic corticosteroids. Infants who were hypotensive first
received a fluid bolus if appropriate and then escalating
levels and number of inotropes. Only if such therapies failed
was hydrocortisone given to treat hypotension; very few
infants received hydrocortisone. In the retrospective study
oxygen saturations after the first weeks after birth were
maintained at 95%; this was 92% in the prospective cohort
except if the baby had pulmonary hypertension, at which
time the oxygen saturation level was maintained at 95%.

Analysis

The results were analysed according to whether or not the
infants were oxygen dependent at 28 days or 36 weeks
PMA. Differences between infants with and without
oxygen dependency were assessed for statistical signifi-
cance using either the Mann-Whitney U or chi-square test,
whichever was appropriate. As the score was made up of
inspired oxygen level and the level of respiratory support,

we compared the performance of the score to the inspired
oxygen level alone and, in the retrospective cohort, to the
lung volume results. To do this, receiver operator charac-
teristic (ROC) curves were constructed [1], and the areas
under each curve were calculated [9].

Results

Retrospective cohort

Overall (Table 1) and in the subset who had FRC
measurements (data not demonstrated) infants who were
oxygen dependent at 28 days or 36 weeks PMA were born
more prematurely, had higher supplementary oxygen
requirements on days 2 and 7 and had higher scores than
those who were not. The infants who had FRC measure-
ments and remained COD at 28 days (p<0.0001) and 36
weeks PMA (p<0.0001) had higher scores than those who
did not develop COD (Table 1). The construction of ROC
curves demonstrated overall (Table 2) and in the subset who
had FRC measurements (Table 2) that the score on day7
had the highest areas under the ROC curves for predicting
oxygen dependency at 28 days and 36 weeks PMA.

Prospective cohort

The infants who were oxygen dependent at 28 days and
36 weeks PMA were more immature, of a lower birth-

Table 1 Retrospective cohort: comparison of resultsa of infants with
and without COD

COD No COD p

COD ≥28 days
n 82 49
Gestational age (weeks) 27 (1.8) 29 (1.7) <0.0001
Birthweight (g) 955 (235) 1121 (230) <0.0001
FIO2 day 2 0.38 (0.12) 0.27 (0.09) <0.0001
FIO2 day 7 0.28 (0.09) 0.22 (0.04) <0.0001
Day 2 score 0.92 (0.33) 0.56 (0.33) <0.0001
Day 7 score 0.58 (0.31) 0.29 (0.18) <0.0001
FRCb day 2 (ml/kg) 18.2 (5.35) 23.8 (6.33) <0.0001

COD >36 weeks PMA
n 38 93
Gestational age (wks) 27 (2.0) 28 (2.0) <0.0001
Birthweight (g) 899 (232) 1068 (234) <0.0001
FiO2 Day 2 0.41 (0.13) 0.31 (0.11) <0.0001
FIO2 Day 7 0.31 (0.09) 0.24 (0.35) <0.0001
Day 2 score 1.01 (0.33) 0.69 (0.35) <0.0001
Day 7 score 0.69 (0.30) 0.38 (0.26) <0.0001
FRCb day 2 (ml/kg) 16.0 (4.21) 22.0 (6.32) <0.0001

aData are given as a mean ± the standard deviation (in parenthesis).
bResults from 90 infants who had FRC measurements on day 2.
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weight, had a longer duration of ventilation and higher
oxygen requirements and had higher scores on days 2 and 7
(Table 3). The score on day 7 had the highest area under the
ROC curve with regards to predicting oxygen dependency
(Table 4). A score on day 7 greater than or equal to 0.323
had a 95% specificity and 78% sensitivity in predicting
COD at 28 days and an 80% specificity and 73% sensitivity
in predicting COD at 36 weeks PMA. A score on day 7
greater or equal to 0.42 had a 97% specificity and 72%
sensitivity in predicting COD at 28 days and an 85%
specificity and 73% sensitivity in predicting COD at
36 weeks PMA. A score on day 7 greater or equal to 0.65
had a 100% specificity and 53% sensitivity in predicting
COD at 28 days and a 90% specificity and 55% sensitivity
in predicting COD at 36 weeks PMA.

Discussion

We have demonstrated that a simple scoring system can
predict COD at both 28 days and 36 weeks PMA. The score
was first assessed on a retrospective cohort, and we found it
to perform better than FRC results. In the prospective
cohort, the score generated even higher areas under the
ROC curves. The only major difference in the management
of the two cohorts was a reduced use of dexamethasone in
the prospective cohort, as between the two study periods
the longer term complications of dexamethasone had
become appreciated [6, 27]. Our results demonstrate, not
surprisingly, that the use of postnatal corticosteroids does

influence the predictive ability of data collected during the
first week after birth. In the retrospective cohort, in which
approximately one third of the infants received cortico-
steroids, construction of the ROC curves demonstrated
higher areas under the curves when data only from infants
without corticosteroid use were included. There were some
differences in the levels of oxygen saturation used in the
two cohorts, yet the scoring system performed well in both,
thereby emphasising its robustness.

A number of other scoring systems have been devel-
oped. Romagnoli et al. [23] generated a scoring system
using logistic regression. Although their system was more
complex than ours, as it included scores for birthweight,
gestational age, the level of inspired oxygen and the
occurrence of complications, it generated an area under
the ROC curve for the prediction of oxygen dependency at
28 days of 0.964, which was very similar to that generated
by our score in the prospective cohort. These researchers
were unable to evaluate the predictive ability of their
scoring system for oxygen dependency at 36 weeks PMA
because all of their infants who were oxygen dependent at
28 days received dexamethasone. Several studies have
compared the predictive ability of various scores. In one
study [10] of 188 VLBW infants, two mortality scores (the
CRIB and the Berlin admission score) and a morbidity
score developed to predict chronic lung disease (Sinkin
score) were compared with regard to their ability to predict
COD. The Sinkin and Berlin scores had areas under the

Table 2 Retrospective cohort: areas under the ROC curves

Chronic oxygen dependency

28 days 36 weeks PMA

Overall:
FIO2 Day 2 0.78 0.73
FIO2 Day 7 0.81 0.81
Day 2 score 0.79 0.75
Day 7 score 0.86 0.83

Subset of infants who did not receive
postnatal corticosteroids:
FIO2 Day 2 0.73 0.80
FIO2 Day 7 0.76 0.82
Day 2 score 0.76 0.82
Day 7 score 0.85 0.88

Subset of infants with FRC
measurements:
FIO2 Day 2 0.75 0.75
FIO2 Day 7 0.78 0.78
FRC Day 2 0.78 0.80
Day 2 score 0.77 0.77
Day 7 score 0.85 0.87

Table 3 Prospective cohort: comparison of resultsa of infants with or
without COD

COD No COD p

COD >28 days
n 32 43
Gestational age (weeks) 27 (2.16) 31 (1.29) <0.0001
Birthweight (grams) 920 (286) 1487 (340) <0.0001
Duration of ventilation
(days)

28 (32) 2 (10) <0.0001

FiO2 Day 2 0.38 (0.19) 0.26 (0.10) <0.0001
FiO2 Day 7 0.33 (0.12) 0.21 (0.10) <0.0001
Day 2 score 0.92 (0.50) 0.43 (0.35) <0.0001
Day 7 score 0.73 (0.38) 0.23 (0.6) <0.0001

COD >36 weeks PMA
n 22 53
Gestational age (weeks) 26 (2.25) 30 (1.81) <0.0001
Birthweight (grams) 825 (240) 1420 (356) <0.0001
Duration of ventilation
(days)

35 (36) 3 (6) <0.0001

FiO2 Day 2 0.36 (0.16) 0.29 (0.15) <0.0001
FiO2 Day 7 0.34 (0.13) 0.23 (0.06) <0.0001
Day 2 score 0.86 (0.42) 0.54 (0.48) 0.0004
Day 7 score 0.74 (0.40) 0.32 (0.25) <0.0001

aData are given as a mean ± the standard deviation (in parenthesis).
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ROC curves of 0.86 and 0.89, respectively, to predict COD
beyond 28 days, and the areas under the curves to predict
COD beyond 36 weeks PMAwere 0.88 for the Sinkin, 0.81
for the Berlin and 0.77 for the CRIB score. Yoder et al. [28]
compared the Sinkin and Ryan regression model scores
with regard to predicting oxygen dependency at 36 weeks
PMA and a respiratory failure score they generated from
the inspired oxygen concentration, the ventilator rate, peak
inspiratory pressure and mean airway pressure. Amongst
infants less than 30 weeks and having a birthweight of less
than 1000 gm, the areas under the ROC curves were 0.81
for the Sinkin score, 0.84 for the Ryan score and 0.90 for
the respiratory failure score to predict either COD at 36
weeks PMA or death after 7 days because of severe
pulmonary disease. Our score generated similar, if not
better areas under the ROC curves to all of the above
scores, yet was much simpler to calculate.

In both cohorts, the maximum inspired oxygen concen-
tration on days 2 and 7 differed significantly between the
infants who were and were not oxygen dependent at 28 days
and 36 weeks PMA. Construction of the ROC curves,
however, demonstrated that the “score” had higher areas
under the curve, thus multiplying the inspired oxygen level
by the level of respiratory support gave better prediction of
COD.

Our scoring system was tested on two populations,
but both were from the same neonatal intensive care unit
and exposed to similar policies regarding respiratory
support. We included in both cohorts only infants
ventilated in the first 24 h after birth, as we felt such
infants were at high risk of developing COD. In other
institutions, nasal continuous positive airway pressure is
the preferred initial mode or respiratory support rather
than intubation and ventilation. Comparisons with data
from other centres [2] or to historical controls [15] suggest
that such a strategy rather than early intubation and
ventilation may be associated with a lower incidence of

COD. Yet infants who have minimal or even no respiratory
distress in the first few days after birth can develop
bronchopulmonary dysplasia. Such infants often have
increasing respiratory support requirements by the end of
the first week. We therefore hope that our results may
encourage centres that operate the so-called “mini touch”
technique [12] with regard to respiratory support will assess
the predictive ability of our scoring system when used on
day 7.

A cut-off of 0.323 had a high sensitivity and
specificity in predicting COD at both 28 days and
36 weeks PMA and emphasises that if an infant is either
CPAP or ventilator dependent at 7 days they have a very
high chance of developing COD. We also report the
specificity and sensitivity of two higher cut-offs, thereby
highlighting the very high specificity of the score, which
is important when considering using such a criteria to
implement a change in management. A follow-up study
would be helpful to further define the best cut-off.

Bronchopulmonary dysplasia has been variously de-
fined. Initially oxygen dependency beyond 28 days was
used [21], then oxygen dependency at 36 weeks PMAwas
reported to be a more accurate predictor of on-going
morbidity [25]. That study, however, was conducted
before the routine use of antenatal steroids and postnatal
surfactants, and subsequent studies have demonstrated that
the 28-day definition was the more accurate predictor [18,
22]. At a recent NIH workshop, the consensus was to
diagnose BPD if the infant was oxygen dependent at
28 days and then to diagnose the severity of the illness at a
later date chosen according to the gestational age of the
infant [13]. Nevertheless, both the “28 day” and “36 week
PMA” definitions are still both used. As a consequence it
was important for us to assess if our scoring system could
predict both outcomes, which it did, particularly when
used on day 7. We conclude that a simple score assessing
respiratory support requirements can predict COD and
highlight infants at high risk of chronic respiratory
morbidity.
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