
REGULAR ARTICLE

Implementing higher oxygen saturation targets reduced the impact of poor
weight gain as a predictor for retinopathy of prematurity
Pia Lundgren1, Anna–Lena H�ard1,�Asa Wilde1, Chatarina L€ofqvist1, Lois E. H. Smith2, Ann Hellstr€om (ann.hellstrom@medfak.gu.se)1

1.Section for Ophthalmology, Department of Clinical Neuroscience, Institute of Neuroscience and Physiology, Sahlgrenska Academy, University of Gothenburg,
Gothenburg, Sweden
2.Department of Ophthalmology, Harvard Medical School, Boston Children’s Hospital, Boston, MA, USA

Keywords
Oxygen saturation, Poor weight gain, Preterm birth
retinopathy of prematurity, Risk factors

Correspondence
Ann Hellstr€om, Institute of Neurosciences and
Physiology, The Sahlgrenska Academy at University
of Gothenburg, S–416 85 Gothenburg, Sweden.
Tel: +46 769070106 |
Fax: +46 31 848952 |
Email: ann.hellstrom@medfak.gu.se

Received
4 May 2017; revised 27 June 2017;
accepted 23 August 2017.

DOI:10.1111/apa.14049

ABSTRACT
Aim: This study evaluated poor weight gain as a risk factor for infants who required

treatment for retinopathy of prematurity (ROP), by comparing those born before and after

the implementation of higher oxygen saturation (SpO2) targets at the Queen Silvia

Children’s Hospital, Gothenburg, Sweden.

Methods: We compared infants born at less than 31 weeks, who were screened and, or,

treated for ROP: 127 in 2011–2012 when SpO2 targets were 88–92% and 142 in 2015–
2016 when they were 91–95%. The subjects were reviewed for birth characteristics,

weekly weight and ROP treatment. Data were analysed using the weight, insulin-like growth

factor 1, neonatal, ROP (WINROP) prediction tool.

Results: The 2011–2012 infants who needed ROP treatment (12.6%) had significantly

poorer postnatal weight gain than those who did not, but this was not seen in the treated

(17.6%) and nontreated ROP groups in 2015–2016. WINROP sensitivity decreased from

87.5% in 2011–12 to 48% in 2015–2016.

Conclusion: After the SpO2 target range was increased from 88–92% to 91–95%,

postnatal weight gain was no longer a significant risk factor and WINROP lost its

ability to predict ROP requiring treatment. Risk factors clearly change as neonatal care

develops.

INTRODUCTION
Retinopathy of prematurity (ROP) causes blindness or
severe visual impairment in approximately 20 000 infants
each year (1), and excessive oxygen supplementation is the
best-known risk factor. Early studies in the 1960s found
restricting oxygen delivery could reduce ROP, but at the
cost of increased mortality (2) and the increased incidence
of cerebral palsy (3). Randomised controlled trials carried
out by the Neonatal Oxygen Prospective Meta-Analysis
Collaboration on more than 4800 infants with a gestational
age (GA) of less than 28 weeks compared lower (85–89%)
and higher (91–95%) peripheral capillary oxygen saturation
(SpO2) targets. They found that the lower range was
associated with increased mortality but a lower risk of
severe ROP requiring treatment (10.7% needing treatment
in lower targets versus 14.5% in higher targets) (4). During
2014, SpO2 targets were gradually increased towards

91–95% in Sweden and that target was fully implemented
in 2015.

In settings with advanced neonatal care, other risk
factors such as poor prenatal and postnatal weight gain
are associated with severe ROP needing treatment (5,6). A
web-based prediction tool–weight, insulin-like growth fac-
tor 1, neonatal, retinopathy of prematurity (WINROP) –
based on weight development, predicts ROP needing
treatment with high sensitivity in settings with highly

Abbreviations

GA, Gestational age; PMA, Postmenstrual age; ROP, Retinopathy
of prematurity; SDS, Standard deviation sore; SpO2, Peripheral
capillary oxygen saturation; WINROP, Weight, insulin-like
growth factor 1, neonatal, retinopathy of prematurity.

Key notes
� This study evaluated poor weight gain as a risk factor for

premature infants treated for retinopathy of prematurity
(ROP).

� We compared 127 infants in 2011–2012 when oxygen
targets were 88–92% and 142 in 2015–2016 when
they were 91–95%.

� The 2011–2012 infants who needed ROP treatment
had significantly poorer postnatal weight gain than
those who did not, but this pattern was not repeated in
2015–2016.
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developed neonatal care (7,8), but with lower sensitivity in
settings with poor oxygen control (9).

In the V€astra G€otaland region of Sweden, approximately
160 infants per year are born with a gestational age (GA) of
less than 31 weeks and they all undergo ROP screening.
The most immature and sickest infants are cared for at the
neonatal intensive care unit at the Queen Silvia Children’s
Hospital in Gothenburg. WINROP was developed at this
clinic to predict ROP needing treatment based on postnatal
weight gain (10) and it is now used to alert clinicians about
infants with a high risk of severe ROP needing treatment.
During 2015, after the implementation of a higher SpO2

target range, we noted that the development of ROP
needing treatment was not predicted by WINROP in several
cases.

The aim of this retrospective chart review was to evaluate
postnatal weight development and WINROP’s sensitivity
before and after the implementation of higher SpO2 target
levels at the Queen Silvia Children’s Hospital.

METHODS
We analysed theWINROP predicted outcome and frequency
of ROP treatment in infants with GAs of less than 31 weeks
who had undergone at least one screening examination or
treatment for ROP at the Queen Silvia Children’s Hospital in
Gothenburg. Infants were analysed from two time periods,
before and after a change in oxygen saturation targets, from
88–92% in 2011–2012 to 91–95% in 2015–2016. Infants born
during the first period had participated in a previous study
(11). Data on GA, birthweight, gender and neonatal mor-
bidities, such as bronchopulmonary dysplasia, necrotising
enterocolitis and intraventricular haemorrhage were col-
lected from hospital records. Bronchopulmonary dysplasia
was defined as the need for continuous supplemental oxygen
at 36 weeks of postmenstrual age (PMA), necrotising

enterocolitis was defined as stage 2b or more, all grades of
intraventricular haemorrhage were included, and sepsis was
defined as a positive blood culture. Infants were included if
they had survived complete ROP screening and reached
approximately 40 weeks of PMA. We retrospectively col-
lected weekly postnatal body weights, from birth to 34 weeks
PMA. An online WINROP analysis requires accurate GA,
birthweight and weekly weights, and infants were excluded
when their weight measurements were incomplete and when
their weight gain was considered to have any nonphysiolog-
ical component, such as hydrocephalus. WINROP was
developed for GAs of 23–32 weeks and that is why we
excluded infants born at 22 weeks.

Oxygen supplementation
In 2011–2012, our hospital guidelines recommended an
SpO2 target range of 88–92%, and by January 2015, the
target range of 91�95% had been fully implemented.
Oxygen saturation was monitored with individual infant
oxygen pulse oximeters.

ROP examination and treatment
Eye examinations were performed according to a routine
protocol, which consisted of dilated ocular fundus exam-
inations from once every 2 weeks to twice a week
depending on the severity of ROP. The International
Classification of Retinopathy of Prematurity was used
(12): stages one and two were defined as mild ROP, and
stages three to five were defined as severe ROP. Treat-
ments were based on the recommendations of the Early
Treatment for Retinopathy of Prematurity Cooperative
Group (13).

Postnatal weight development and WINROP analyses
The birthweight standard deviation score (SDS) and
weight SDS were calculated (14). WINROP is a

2011–2012
138 infants with GA <31 GA weeks 

screened/treated at the Queen Silvia 
Children's Hospital in Gothenburg

2015–2016
154 infants with GA <31 weeks 

screened/treated at the Queen Silvia 
Children's Hospital in Gothenburg

1 infant born at 
<23 weeks GA

127 infants par cipated in the WINROP 
2011–2012 study cohort 2015–2016 study cohort 

142 infants par cipated in the WINROP 

4 infants missing 
weights for 

WINROP 
analyses

6 infants with  
 

weight 
measurement

 5 infants born at 
<23 weeks GA

2 infants with
nonphysiologicalnonphysiological

weight 
measurement

5 infants missing 
weights for 

WINROP 
analyses

Figure 1 Flow chart of the study population.
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web-based surveillance system that records the infant’s
GA, birthweight and weekly postnatal weights, measured
from birth to the time an alarm. The records are
maintained until an alarm is triggered by the data or the
infant reaches 32 weeks of PMA. The WINROP algorithm
estimates the differences between the expected, safe

weekly weight gain and the observed weight gain. An
alarm is triggered when the difference exceeds a set limit
to warn clinicians that the infant is at high risk of severe
ROP needing treatment.

In 2015–2016, WINROP was routinely used to predict
ROP needing treatment at the Queen Silvia Children’s

(A) (B)

(C) (D)

(E) (F)

Figure 2 Postnatal weight development, from birth to 34 weeks postmenstrual age (PMA), in infants born <31 weeks GA and screened and/or, treated for ROP at the
Queen Silvia Children’s Hospital. (A) Infants born in 2011–2012 (solid line) and in 2015–2016 (dashed line). (B, C) Infants that needed ROP treatment (solid line) or no
ROP treatment (dashed line), (B) in 2011–2012 and (C) in 2015–2016. (D) Infants that did not need ROP treatment in 2011–2012 (solid line) and in 2015–2016 (dashed
line). (E) Infants that needed ROP treatment in 2011–2012 (solid line) and in 2015–2016 (dashed line). (F) Infants in 2015–2016 needing ROP treatment with no WINROP
alarm (dashed line) and with WINROP alarm (solid line). Error bars indicate 95% confidence intervals. *p < 0.05, **p < 0.01, ***p < 0.001. [Correction added on 3
October 2017, after online publication: Figure 2e was previously incorrect and has been amended in this current version.]
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Hospital and the outcome for this cohort was retrieved from
the WINROP database. We performed retrospective
WINROP analyses for the 2011–2012 cohort.

Statistical analyses
All statistical analyses were carried out with IBM SPSS
Statistics, version 24 (IBM Corp, New York, USA). The
negative predictive values (NPVs) and positive predictive
values (PPVs) were calculated as well as the sensitivity,
specificity and 95% confidence intervals. The Mann–
Whitney U-test, chi-square test and Fisher’s exact test were
used to explore differences between variables.

The research ethics committee of the University of
Gothenburg approved the study protocol.

RESULTS
Two cohorts of infants born at less than 31 weeks of GA
and screened and, or, treated for ROP at the Queen Silvia
Children’s Hospital were included by year of birth: 2011–
2012 (n = 138) or 2015–2016 (n = 154). A number of
infants were excluded from WINROP due to hydro-
cephalus, birth at less than 23 weeks GA or missing weight
measurements and this meant that 127 infants were eval-
uated using WINROP in the 2011–2012 cohort and 142
infants in the 2015–2016 cohort (Fig. 1). The infant’s birth
characteristics and the number of infants with ROP that
were born in the two study periods were similar (Table 1).
The proportion of children treated for ROP was 12.6% in
the earlier cohort and 17.6% in the later period. There were
no significant differences in neonatal morbidities, such as
bronchopulmonary dysplasia, necrotising enterocolitis,
intraventricular haemorrhage and sepsis between infants
receiving ROP treatment in the two study periods or
between infants whose data triggered a WINROP alarm
or not (Table 1).

Postnatal weight development and WINROP analyses in
the study periods
There were no differences in mean postnatal weight
development between the 2011–2012 and 2015–2016
cohorts (Fig. 2A). In the 2011–2012 cohort, very few
children with adequate weight increases developed ROP
needing treatment. Thus, at a PMA of 26–34 weeks there
were significant differences in postnatal weight develop-
ment between the infants who needed ROP treatment and
those who did not need (p < 0.05 to p < 0.001) (Fig. 2B). In
the 2015–2016 cohort, there was no difference in weight
development between those developing ROP needing
treatment and those not (Fig. 2C). In Figure 2D, the weight
development in infants not needing treatment for ROP in
2011–2012 and 2015–2016 is presented and in Figure 2E
infants needing ROP treatment in 2011–2012 and 2015–
2016 are presented. In Figure 2F, infants needing treatment
for ROP in 2015–2016, with and without a WINROP alarm,
are depicted and this demonstrates a group of infants who
developed ROP needing treatment with adequate postnatal
weight gain.

The sensitivity of WINROP in predicting ROP needing
treatment decreased from 87.5% in 2011–2012, to 48.0%
in 2015–2016 (Table 2). In the 2011–2012, cohort two
infants who were treated for ROP were not identified by
WINROP. One of these infants had severe ROP, but did
not fulfil the established ROP treatment criteria (12). In
the 2015–2016 cohort, all of the 25 infants had ful-
filled the established ROP treatment criteria, but just over
half of these infants (n-13) were not identified by
WINROP.

DISCUSSION
This study shows that postnatal weight gain was no longer a
significant risk factor for severe ROP needing treatment

Table 2 WINROP sensitivity, specificity, and positive and negative predictive values for infants screened and/or treated for ROP (GA<31 weeks) at the Queen Silvia Children’s
Hospital in 2011–2012 and in 2015–2016

Alarm status WINROP efficacy

Alarm No Alarm Total Sensitivity, % (95%CI) Specificity, % (95%CI)

Study cohort 2011–2012

ROP treatment (n) 14 2 16 87.5 67.5

No ROP treatment (n) 36 75 111 (60.4–97.8) (57.9–75.9)

Total (N) 50 77 127

PPV, % (95%CI) 28.0 (16.7–42.7)

NPV, % (95%CI) 97.4 (90.1–99.5)

Study cohort 2015–2016

ROP treatment (n) 12 13 25 48.0 60.6

No ROP treatment (n) 46 71 117 (28.3–68.2) (51.2–69.4)

Total (N) 58 84 142

PPV, % (95%CI) 20.7 (11.6–33.7)

NPV, % (95%CI) 84.5 (74.6–91.2)

NPV = negative predictive value; PPV = positive predictive value; ROP = retinopathy of prematurity; WINROP = weight, insulin like growth factor-1, neonatal,

and retinopathy of prematurity.
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after the implementation of a higher SpO2 target of 91–95%
in 2015–2016 compared to the 88–92% used in 2011–2012.
Detailed analyses of infants born at less than 31 weeks of
GA and screened and/or treated at the Queen Silvia
Children’s Hospital in Gothenburg revealed no significant
differences in birth characteristics, morbidities or postnatal
weight development between infants born during the two
study periods. We found that poor versus adequate weight
gain no longer discriminated between severe and less severe
ROP, as demonstrated by a low WINROP sensitivity. With
the application of higher oxygen targets, many more
adequate weight gain infants developed severe ROP need-
ing treatment. The sensitivity of WINROP decreased from
87.5% in 2011–2012 to 48.0% in 2015–2016. Accordingly,
we found that WINROP was no longer useful for predicting
ROP in the later study period. The development of
WINROP was originally based on a cohort of very preterm
infants at the Queen Silvia Children’s Hospital (10) and
previously validated in Sweden and other populations in
settings with highly developed neonatal care with a sensi-
tivity of 96–100% (7,8,15). WINROP only identified half of
the infants that needed treatment in the 2015–2016 cohort
and this was comparable to outcomes observed in settings
with less developed neonatal care and poor oxygen control
(9). The loss of WINROP efficacy indicates that increased
SpO2 targets are likely to contribute to severe ROP even in
children with adequate postnatal weight gain.

The proportion of children treated for ROP was 12.6% in
2011–2012 and 17.6% in 2015–2016.

Several studies have shown higher incidences of severe
ROP in settings with higher oxygen saturation targets,
compared to lower targets (16,17). However, the current
study was not designed to compare the frequency of severe
ROP needing treatment between the two periods and the
increased incidence was not significant. The included
cohorts were not strictly population or hospital based since
some participating infants were born at other hospitals and
spent some time at the Queen Silvia Children’s Hospital
where some of the eye examinations were performed.
Others were just referred for treatment.

One limitation of this study was that the actual SpO2

recordings were not available. Also, we could not ascertain
that an SpO2 of 91–95% per se decreased the influence of
weight gain on the ROP risk. However, higher targets may
increase the risk of hyperoxaemia and oxygenation vari-
ability. Compliance with targets is known to be generally
low. In one study, SpO2 was reported to exceed the upper
target limit 20–73% of the time on infants on supplemental
oxygen (18). Alarm limits are often set too high and, in
another study in a setting with a target range 88–92%, the
alarm limit was 100% for 23.8% of the time (19). In
addition, at SpO2 > 93% arterial oxygen tension is often >
80 mm Hg, which has been defined as hyperoxaemia (20)
and has been associated with an increased ROP risk (21).
The present SpO2 target of 91–95% in our hospital was
implemented based on studies that compared two target
ranges throughout the period from birth to 36 weeks of
PMA and with poor quality of evidence for reduced

mortality with the higher target range of 91–94% compared
to the lower range of 85–89% (22).

There is growing evidence that initial lower targets
followed by higher targets after around 32 weeks of PMA
reduce severe ROP (23,24). Further studies are needed to
determine optimal oxygenation at different postmenstrual
ages if possible. With our present knowledge, efforts are
needed to avoid not only hypoxia but also hyperoxia, which
is deleterious for both the retina and other parts of the
central nervous system (25).

CONCLUSION
This study showed that the WINROP prediction tool, which
uses postnatal weight development to predict severe ROP
that needs treatment, was only minimally effective with
higher SpO2 targets. This finding indicates that oxygen is a
risk factor that overshadows risk factors associated with
growth. Avoiding hyperoxia and saturation variability is
mandatory in neonatal intensive care units and in studies of
growth-associated risk factors.
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