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ABSTRACT

Objective An ongoing third epidemic of retinopathy of
prematurity (ROP) is contributed largely by developing
nations. We describe a cohort of infants in a single
neonatal unit where two limits of oxygen saturation were
administered, to show real-world outcomes from trend in
neonatology for higher oxygen to improve survival.
Methods and analysis This retrospective, comparative
study of prospectively collected data in an ROP screening
programme included infants indicated by gestational age
<32 weeks, birth weight <1501 g, ventilation for 7 days
or requiring oxygen >1 month, who underwent dilated
fundoscopic examination from age 4 weeks, every 2
weeks until full retinal vascularisation. Infants with ROP
were examined weekly and treated where indicated. Data
were divided into two epochs. Epoch 1 oxygen saturation
targets were [88-92%], epoch 2 targets [90-95% (99%)]
with allowance of increase to 20% for several hours after
procedures. Outcome measures included development

of ROP, treatment, mortality, sepsis and intraventricular
haemorrhage.

Results A total of 651 infants underwent examination
between 2003 and 2016. The incidence of ROP in epoch
1 was 29.1% and epoch 2 was 29.3% (p=0.24). ROP
progression doubled in epoch 2 (5 vs 11%, p=0.006),
proportion of cases treated halved (14% vs 6%, p=0.0005),
sepsis was halved (78.5% vs 41.2%, p<0.0001) and
intraventricular haemorrhage doubled (20.2% vs 43.8%,
p=0.0001) in epoch 2. Mortality was 4% and 0% in epochs
1 and 2, respectively.

Conclusion Incidence of ROP did not differ, although
ROP cases that worsened doubled with higher oxygen
targets. ROP cases requiring treatment decreased, as did
sepsis and mortality. Intraventricular haemorrhage cases
doubled.

INTRODUCTION

High oxygen exposure was a probable cause
of retrolental fibroplasia,' * first observed
by Campbell and Patz. Retrolental fibro-
plasia is the end-point of retinopathy of
prematurity (ROP), the leading cause of
blindness in premature infants. Higher
oxygen is important for infant survival as
shown by a 2017 Cochrane review,” which
found that oxygen saturation range of

90%-95% was safer than 85%-89%, with the
lower oxygen level increasing average risk
of mortality by 28 per 1000 infants treated.
Many published randomised controlled trial
studies initiated by paediatricians reported
that higher oxygen saturation improved
survival rates and reduced complications.”
The SUPPORT trial reported that mortality
was more frequent in the lower oxygen
(85%-89%) group (19.9% vs 16.2%, p=0.04)
although severe ROP was much less (8.6% vs
18%, p<0.001). The BOOST II trial’ reported
higher mortality rate (23.1% vs 15.9%,
p=0.002) and higher risk of necrotising
enterocolitis in infants kept at lower oxygen
saturation (85%-89%). The risk for ROP was
reduced (10.6% vs 13.5%, p=0.045) while on
lower oxygen.’ There is no study on outcomes
of ROP development from the perspective of
the ophthalmologist managing the disease
in the real world where a change of oxygen
saturation levels occurred following these
publications. The current third epidemic
of ROP’ is a worrying trend for developing
nations. Blencowe el al’ stressed that 65%
children who are visually impaired from ROP
were from middle-income regions.

Each neonatal centre may have different
saturationlevelsinuseand theneed togenerate
its own data on ROP outcomes. University of
Malaya Medical Centre is a tertiary referral
hospital and since 1999 maintains a screening
programme for ROP in accordance with
international standards. They maintained two
differing saturation levels within the last 16
years. In the first epoch, oxygen saturation
was kept at 88%—-92%,but in 2010, the levels
were set at 90%-95%, with allowance of up to
99% for several hours following procedures.
This study aimed to observe the trend in ROP
during a 14-year period (2003-2016) where
an institutional change in oxygen limits was
implemented. It aimed to detect difference
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What is already known about this subject?

» What is already known since STOP-ROP was higher oxygen at up to
99% did not benefit cases that had developed plus disease, nor did
it worsen retinopathy of prematurity (ROP). And where it did benefit
those in pre-threshold stage, it brought longer dependence on ox-
ygen and prolonged hospitalisation. SUPPORT, BOOST Il and COT
trials reported a limit of 95% as maximum saturation and showed
improved survival, but in the real world, oxygen saturation may be
higher especially after sessions of physiotherapy; the oxygen is di-
alled up for a few hours. BOOST | had also delivered up to 98%
saturation targets for their cohort. The reports of higher birthweight
infants getting severe ROP have been observed in recent years and
within ophthalmic circles, and this observation is concerning.

What are the new findings?

» Our study outcome presents findings from the perspective of the
ophthalmologist who has to deal with the changes from this par-
adigm shift. Any change in oxygen comes with much worry that
we will be back to facing more severe cases of ROP. This cohort
of infants from Malaysia presents a real-world situation in a less
developed country in which screening for ROP is implemented for
infants who are of a higher cut-off (ie, 1500 g as the criteria) which
differed from previously reported randomised trials which used
12509 as a cut-off. There is as yet no ideal treatment for this poten-
tially blinding disease although the advent of anti-VEGF therapy has
offered some salvage for disease stages previously not responsive
to standard therapy using laser ablation of immature retina when
ROP is present. Both therapies have its limitations.

» Laser damages the retina and its aim was to preserve pre-existing devel-
oped retinal tissue whereas anti-VEGF injections carry with it risks of in-
fection, worsening traction retinal detachment and potential for stoppage
of further development of retina. Hence, after anti-VEGF therapy, risk for
ROP recurring is high when an area of non-vascularisation is present,
thus requiring regular screening beyond those treated with conventional
laser therapy. Anti-VEGF medication has been shown to escape from the
ocular barriers and may hinder tissue development elsewhere. Anti-VEGF
treatment is all off-label in children. The long-term complications of use
are still not reported.

» The new findings from our cohort was the observation of higher
percentage of cases who developed intraventricular haemorrhag-
es in the cohort with higher oxygen targets, contrary to what has
been reported in SUPPORT and BOOST that reported improvements.
Intraventricular haemorrhage is a risk factor for ROP in our previ-
ous report on extremely low birth weight infants. The COT trial also
found higher oxygen was not protective of this, but their findings, as
with BOOST trials, incorporated older infants. Hence, our perspec-
tive is important to note.

How might these results change the focus of research or

clinical practice?

» Our findings will bring forth focus to ophthalmologists to be acutely
aware of this trend towards higher oxygen delivery, and the focus
of research should be more to analyse zone 1 disease or aggres-
sive posterior ROP incidences as more neonatal units adopt a high-
er oxygen profile. As for clinical practice, as ophthalmologists we
may anticipate higher incidence of ROP that requires more time
to do screening for as well as anticipate potentially poorer visual
outcome in cases with higher grades of intraventricular haemor-
rhage especially in grade IV which are known to cause optic nerve
compromise.

in ROP incidence based on these different oxygen limits
and any improvement in outcomes.

MATERIALS AND METHODS

A retrospective study of data retrieved from the data-
base of infants who underwent examination for ROP
screening from 2003 to 2016 was conducted. All prema-
ture infants who were born at 32 weeks or below, birth
weight 1500 g or less, or those requiring oxygen for at
least 1 month or ventilation for 7days were referred for
ROP screening. The first examination was carried out
at chronological age 4 weeks for most cases, but some
allowance was made to defer by a week if an infant was
deemed unfit for the examination by the neonatologist.
The cohorts were divided into two groups: epoch 1 and
epoch 2. Throughout epoch 1 (2003-2009), oxygen satu-
ration was kept strictly between 88% and 92%. In epoch
2 (2010-2016), oxygen was administered to maintain
saturation over a higher range 90%-95%. Following
physiotherapy or resuscitation, the oxygen saturation was
increased 10%—-20% above the baseline for several hours,
which meant that saturation reached 99% and beyond
before being dialled down. Frequency of examination
was 2weekly until full retinal maturation. However, in the
patients with ROP, their examination frequency varied
between weekly examination to 3-day reviews if their ROP
stage had progressed. Progression was defined as a wors-
ening stage or presence of plus disease if not previously
present. The stages of ROP were recorded according to
ICROP classification and APROP (aggressive posterior
retinopathy of prematurity) is defined as an aggressive
form of the disease whereby progress to a higher stage
occurs rapidly.

The main outcome measures were development of any
ROP, the worst stage of ROP achieved in any eye and the
cases thatrequired treatment. Treatmentindications were
based on ETROP’ study indications. Two experienced
paediatric neonatologists (MMC, NK) performed all the
examinations and treatment throughout this period.
The hospital is a tertiary referral centre, and patients
admitted to the neonatal intensive care unit (NICU)
remained in the hospital until weight gain of over 2.2 kg
was achieved. All patients included in this analysis were
those who qualified for ROP screening and completed
their final examinations or died during the period of
screening examinations. There were no changes in both
epochs with respect to indications for screening and indi-
cations for treatment.

Data were analysed using SAS V.9.4 (SAS Institute, Cary,
NC). The study was conducted with institutional ethical
board approval and adhered to tenets of the Declara-
tion of Helsinki. It was not appropriate or possible to
involve patients or the public in the design, or conduct,
or reporting, or dissemination plans of our research.
Comparisons between epochs and other predictors of
outcomes were carried out with 3 tests and binary logistic
regression. Two-sample t-test was used for comparisons of
continuous variables. Multiple logistics regression analysis
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Epoch 1 (2003-2009)
Lower oxygen limit (88-92%)

Epoch 2 (2010-2016)

Cohorts Higher oxygen limit (90-95% (99%)) P value

Gestation (SD) (weeks) 29.1 (2) 29.3 (2) 0.24

Mortality (%) 13/294 (4) 0/344 (0) 0.0001

Intraventricular haemorrhage 61/302 (20%) 140/320 (44%) 0.0001

ROP progression 15/307 (5%) 34/314 (11%) 0.006

APROP cases 3/304 (1%) 3/317 (1%) 0.96

Steroid administered 244/302 (81%) 234/314 (75%) 0.06

IPPV
Not ventilated 84/307 (27%) 138/344 (40%) <0.0001
<7days 98/307 (32%) 124/344 (36%)
7 days or more 125/307 (41%) 82/344 (24%)

Heart disease 158/302 (52%) 121/320 (40%) 0.0003

APROP, aggressive posterior retinopathy of prematurity; IPPV, invasive positive pressure ventilation; NEC, necrotising enterocolitis; PE, pre-

eclampsia; ROP, retinopathy of prematurity.

was performed where it was necessary with confounders
included in the model. Potential confounders were iden-
tified from any significantly different postnatal factors
between epochs in our cohort(table 1), as well as from
the initial univariable model of individual risk factors.
The risk factors that were documented were present at
the time of first ROP examination. Data may be obtained
from a third party and are not publically available.

RESULTS

A total of 651 infants underwent ROP screening in this
cohort. The infants were divided into two epochs (epoch
1 and epoch 2). The characteristics of each epoch is
shown in table 1. Gestational age at birth and birth
weight were comparable (two-sample t-test was used for
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® Epoch 1

Number of cases

M Epoch 2

Stage 1 Stage2 Stage 2+ Stage 3 Stage 3+ Zone 1
Worst stage of ROP recorded

Figure 1 Bar chart of the stage of retinopathy of
prematurity (ROP) in the two epochs.

comparisons of continuous variables). The incidence
of ROP did not differ between the two epochs. Wider
range of oxygen administered in epoch 2 was associated
with more progression of ROP (p=0.006), but the cases
that eventually required treatment was halved (14.3%
vs 5.9%, p=0.0005) in epoch 2. Reduction of mortality
and sepsis were the two main differences seen. Sepsis
cases were halved (78.5% vs 41.2%, p<0.0001) in epoch
2 and mortality recorded during the screening period
improved (4.2% vs 0%, p=0.0001) (table 1). However, the
number of intracranial bleed cases doubled in epoch 2.

Other perinatal factors compared were surfactant,
administration of corticosteroids, presence of maternal
pre-eclampsia, invasive ventilation, transfusion and pres-
ence of heart disease in the neonates. Surfactant was
administered in a higher proportion of cases in epoch 2,
which may have contributed to fewer cases who required
ventilation for over 7days. There was no evidence of
a difference in corticosteroid use or maternal pre-
eclampsia between epochs. Multiple logistic regression
analysis of risk of intraventricular haemorrhage revealed
an OR of 6.8(p<0.0001) for those in epoch 2 to develop
this compared with epoch 1.

Figure 1 shows the stage of ROP for the cohort. There
was a marked increase in stage 1 and 2 ROP cases in
epoch 2; however, stage 3+ were observed a lot more in
epoch 1. Zone 1 ROP was seen in both epochs equally.
The numbers of cases that progressed in epoch 1 was
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Figure 2 Numbers of cases that progressed from their initial retinopathy of prematurity (ROP) stage for both epochs.

15/307 (5%) versus 34/314 (11%) in epoch 2 (table 1),
excluding any cases thathad been found to fulfil treatment
criteria at first examination. There is apparent mismatch
of ROP outcomes in this study as shown in table 1; both
epochs recorded occurrence of any ROP that was compa-
rable (31% vs 29%), but ROP progression was observed
in a higher number in epoch 2. Figure 2 shows that the
initial ROP stage were mainly stages 1 and 2 in epoch 2,
whereas for epoch 1, many cases were first detected to
fulfil criteria for treatment at initial ROP examination.
Progression of ROP was present if the initial ROP had
worsened at a later examination to a higher stage. The
indications for treatment in both epochs were stage 2
cases with plus in zone 2 disease, any stage with plus in
zone 1 and stage 3 without plus disease in zone 1. As for
proportion of ROP requiring treatment, there seemed to
be less in epoch 2 than epoch 1 because the total number
of cases in the denominator was different between epoch
1 and epoch 2. Further analysis was carried out to ascer-
tain if epoch 2 with higher oxygen saturation targets was
protective against ROP.

Further analysis with multiple logistic regression in
a combined model is shown in table 2 which revealed
that higher oxygen epoch (epoch 2) was associated with
OR of 2.2x for development of ROP compared with the
lower oxygen epoch (p=0.001), together with presence
of sepsis, heart disease and ventilation of 7days or more.
Higher oxygen epoch also significantly increased odds
for progression of ROP by threefold (p=0.009) after
controlling for possible confounders. Likelihood of ROP
cases requiring treatment in epoch 2 was not significantly
different from epoch 1. With ROP requiring treatment
and taking into account all the possible confounders,

only those receiving IPPV for 7 or more days had a
significantly higher risk of ending up with treatment in
epoch 2, where there was an eightfold risk (95% CI 2.2 to
28.2, p<0.0001) compared with those ventilated for less
than 7days. This association should be interpreted with
caution as the numbers who developed ROP requiring
treatment was only 19 in epoch 2 and an even smaller
required ventilation for 7 days or more. The OR for devel-
opment of intraventricular haemorrhage was higher,
6.75x, p<0.0001 in the higher oxygen epoch, as were
ventilation, transfusion and presence of heart disease.

Figure 2 shows the numbers of cases that progressed
from their initial ROP stage for both epochs. Throughout
epoch 1 (<2010), the proportion of cases that progressed
were much less. In epoch 2 (=2010), of the number of
ROP cases that were initially recorded as stage 1, many
eventually progressed to a more severe stage. Further-
more, stage 2 cases that progressed to a stage requiring
treatment were more in numbers in epoch 2. These
contributed to the raised figure of cases which progressed
in epoch 2 (10.83% vs 4.88%).

DISCUSSION

Curtailed oxygen delivery began by 1954 when the
first clinical trial showed that this reduced severity of
retrolental fibroplasia.'’ Retrolental fibroplasia is the end-
point of untreated severe ROP. A consensus meeting of
paediatricians in 1968 agreed that only severely apnoeic
infants be given supplemental oxygen and frequent eye
examinations by ophthalmologists must be available.'' In
1999, STOP-ROP trial found benefits in administration
of increased oxygen (96%-99%) saturation in ROP cases
without plus disease.'” Thus, STOP-ROP paved the way
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for neonatologists to re-explore increase in oxygen satu-
ration to improve survival.

McGregor et al” compared infants who had pre-
threshold ROP at the time of diagnosis who were on
higher oxygen saturation (on room air >94%) versus
another group receiving oxygen below 95% in HOPE-ROP
trial. They found that infants exposed to >94% oxygen
saturation had less risk of progression (8). HOPE-ROP
cases did better compared with STOP-ROP cases in ROP
outcome. The result was 25% versus 46% progressed to
threshold. These results showed that maintaining oxygen
saturation above 95% was beneficial for some infants with
pre-threshold ROP.

Several large paediatric trials were designed to prove
that a higher oxygen saturation was needed to boost
survival rates. °'* " Table 3 shows comparisons between
our oxygen study parameters with these trials. As our
study was based on a pre-existing screening programme,
the birth weight used to screen cases was 1500g or less.
Hence, our results do not reflect better outcomes since
most of these clinical trials recruited infants below 1250 g
or lower gestational age. The higher oxygen targets in
Askie et al (BOOST I)"” were quite similar to our targets.
Askie et al (BOOST I)"® and Schmidt et al (COT)® did not
find any differences to survival rates, whereas SUPPORT
and the BOOST 1I trials reported improved survival in
their group receiving higher oxygen targets. Our results
concur with SUPPORT and BOOST 1I trials for lowered
mortality in the group maintained on higher oxygen
saturation.

The incidence of ROP between epochs in our study
were not significantly different, similar to findings of
the other cohorts. However, SUPPORT and BOOST II
showed a significant difference in ROP cases requiring
treatment (severe ROP), where incidence doubled
in the high oxygen arm (8.6% vs 17.9%, RR 0.52) in
SUPPORT. BOOST 1I trials reported 10.6% vs 13.5%
(p=0.04) favouring lower oxygen group. In contrast, our
cohort reported a reduction in severe cases that required
treatment. This is likely due to the beneficial effects of
supplemental oxygen towards some stages of ROP with
plus that were seen in HOPE-ROP and STOP-ROP trials
and the fact that we included larger infants in our study.
Colaizy et al'® reported better outcome in ROP in their
cohort which received supplemental oxygen to achieve
oxygen saturation >94%, where cases were less likely
to progress to a stage requiring treatment. Similarly,
BOOST I trial"” also found no significant difference in
severe ROP cases between higher oxygen (95%-98%)
and lower oxygen (91%-94%). In Sarsgard’s meta-
analysis, both STOP-ROP'® and COT?" trials found that
higher oxygen did not increase the number of cases that
developed severe ROP."”

Analysis of ROP cases which showed progression
from initial diagnosis has not been reported. Progres-
sion of ROP was defined as changing to a higher stage
or progressing to a stage with plus from the first ROP
stage detected. We observed from our cohort a higher

percentage of ROP cases that progressed (worsened)
during epoch 2 compared with epoch 1, 10.83% versus
4.88% (p=0.006). As mentioned in methodology, any
cases with ROP were examined weekly; however, if
there was a progression, the cases were examined more
frequently. This indirectly adds to the burden for the
ophthalmology team managing ROP cases.

There is no published literature on the effect of higher
oxygen on modifying other risk factors for ROP which
is presented in our study. Our analysis showed higher
oxygen was associated with increased OR for ROP
progressing to a higher stage but not all progressed
to require treatment. However, for those cases that
required treatment, higher oxygen was not a significant
association, but the presence of postnatal risk factors
like sepsis, and ventilation of 7days or more were. The
independent risk factors for ROP requiring treatment
from our centre that was previously reported were birth
weight (<750g) and gestational age (<28weeks)."® In
this current study comparing epochs of differing oxygen
targets, the difference in birth weight and gestational age
were not significant, hence the possible protective effect
of higher oxygen targets for ROP requiring treatment
within our cohort seems probable. Furthermore, when
all the possible confounding risk factors were included
into the final model, higher oxygen targets were twice as
likely to be associated with development of ROP and had
three times higher odds for progression of the disease
compared with infants in the lower oxygen epoch. As
mentioned earlier, HOPE-ROP and STOP-ROP found
higher oxygen in infants improved some stages of ROP.
To further explain on the twofold risk of developing
ROP in infants in the higher oxygen epoch, this could be
related to the pathogenesis of the disease as postulated
by the findings in animal experiments where Ashton et
al found that kittens exposed to 70% oxygen resulted in
constriction of retinal capillaries.'” This would result in
ischaemia and followed by production of vascular endo-
thelial factors that promotes neovascularisation. Hence,
in the early period where area of immature retinal vascu-
lature is larger, the effect of higher oxygen saturation will
result in higher risk for development of retinopathy of
prematurity.

Oxygen saturation range have increase over the
years. The American Association of Pediatrics guide-
lines for oxygen therapy in 2012 stated that SpO
be kept between 85% and 95% in preterm infants.?’
WHO™ published recommendations on keeping oxygen
between 88% and 95% for infants who are born preterm
<82 weeks’ gestation.”” European guidelines increased
the oxygen limits from 85%-93% in 2010 to 90%-94%
in 2019.%*

SUPPORT and BOOST II reported no difference in
intraventricular haemorrhage (IVH), but our cohort
showed that epoch 2 had higher number of infants with
IVH. This condition is caused by ruptures of fragile
veins in the immature brain and is a major problem in
NICUs.” A possible explanation could be higher oxygen
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and hypocarbia from ventilation, which resulted in cere-
bral vasoconstriction fluctuations that have led to rupture
of venules and subsequent bleed.”' Severe grade 4 IVH is
associated with hydrocephalus.” A neurodevelopmental
outcome report of the SUPPORT cohort did not show
any significant difference in their cases at 2 years,”
although their cohort, like in BOOST trial, found higher
oxygen protective against IVH.*'* On the contrary, COT
reported lower oxygen was protective against brain injury
(including TVH),’ similar to our findings.

Although the trend for higher oxygen aims to improve
mortality and morbidity in premature infants, Hartnett
and Lane cautioned, following results of SUPPORT and
BOOST, that the best oxygen profiles to reduce ROP
risk while optimising preterm infant health remained
unknown.” A recent meta-analysis of these five trials by
Manja et al” revealed that aside from SUPPORT, none of
the other trials’ initial data showed any benefit to mortality
rates from the higher oxygen. BOOST II reported bene-
fits when a composite outcome was used in their analysis
combining death and neurological impairment. The
deaths noted in these studies included deaths at 18 to 24
months as well. The European guidelines were revised
in 2016 and recommend SpO, target between 90% and
94% for preterm infants receiving oxygen.”’ Owen et al
reported that for extremely premature infants, keeping
oxygen below 90% lowered the risk for ROP?” Thus,
ophthalmologists must watch with some apprehension as
the level of oxygen saturation has increased steadily for
the benefit of survival in premature infants.

One aspect not studied in our paper was the impact
of higher oxygen on development of zone 1 ROP which
has poorer outcome. ELGAN study found that the higher
quartile oxygen in the first 3days of life doubled the risk
for zone 1 ROP.” In our cohort, both epochs had the
same number of zone 1 cases, but the total number of
cases (n=6) for our entire cohort was too small for further
analysis. This could be the focus of future research.
Although our study is a retrospective analysis, the data
were collected prospectively as they were part of the
database maintained by the author. Confounding factors
may have influenced the OR, and multivariate analysis
to control for various confounding risk factors was used
to show the effect of higher oxygen on the outcome
measures. Although the target saturation range over-
lapped, the wider allowance of oxygen in epoch 2, up to
99%, did mean that the mean target saturations differed
between both epochs (being 90% for epoch 1 and 94.5%
for epoch 2). In the real world and especially in coun-
tries where there is limited resource, oxygen saturation
monitoring may not be available. Such monitors should
be kept for each infant while they are in the NICU.

This study provides real-world results of the conse-
quence and implications to the ophthalmologist. The
higher oxygen saturation epoch gave improved survival
(p=0.0001) and reduced sepsis (p<0.0001) but did not
change the incidence of ROP. However, in adjusted anal-
ysis, epoch 2 was associated with higher odds for ROP.

Twice the cases of ROP that progressed (p=0.006) and
twice the number of intraventricular bleeds (p=0.0001)
were noted in the higher oxygen epoch. These find-
ings will need to be anticipated by ophthalmologists, as
neonatology units everywhere have or are converting to
delivery of higher oxygen to their premature patients.
This may translate to higher number of ROP cases for
repeated screening examinations as it has been shown in
our cohort in epoch 2, the number of ROP cases that
worsened was significantly higher compared with epoch
1. The implication on this for the ophthalmic team would
be to anticipate higher workload when planning for
future health management. As mentioned in the intro-
duction, we are now experiencing a third epidemic of
this disease; middle income and developing nations will
need to prepare well to deal with these new challenges.
We conducted electronic searches of the Ovid
MEDLINE (1946 to 2 Aug 2019), Embase (1974 to 2
Aug 2019) and CINAHL (1982 to 2 Aug 2019) with the
keywords oxygen and retinopathy of prematurity.
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