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Abstract

Objective: To prospectively validate the WINROP (Weight, Insulin-like growth factor 1,
Neonatal, Retinopathy of Prematurity) screening algorithm (www.winrop.com) based
on longitudinal measurements of neonatal body weights in predicting the development
of severe retinopathy of prematurity (ROP) among preterm infants admitted to the
neonatal intensive care unit of a tertiary care center in East Malaysia.

Methods: All premature infants of less than 32 weeks gestational age (GA) were included in
this cohort. Their body weight was measured weekly from birth to 36 weeks postmenstrual
age and entered into the computer-based surveillance system: WINROP. Infants were then
classified by the system into high- or low-risk alarm group. The retinopathy findings were
recorded according to Early Treatment for ROP criteria. However, the screening and manage-
ment of infants were done according to the recommendations of the Continuous Practice
Guidelines, Ministry of Health, Malaysia. The team members involved in screening and those
recording the findings were kept blinded from each other.

Results: A total of 151 infants with median GA at birth of 30 weeks (interquartile range
[IQR] + 2.1) and mean birth weight of 1,264 g (standard deviation + 271) were analyzed.
High-risk alarm was signaled in 85 (56.3%) infants and 9 (6.6%) infants developed type 1
ROP. One infant in the low-risk alarm group developed type 1 ROP requiring laser retinal
photocoagulation. The median time lag from the high-risk alarm signal to the develop-
ment of type 1 ROP was 10.4 (IQR + 8.4) weeks.

Conclusion: In this cohort, the WINROP algorithm had a sensitivity of 90%, with negative
predictive value of 98.5% (95% confidence interval) for detecting infants with type 1 ROP
and was able to predict infants with ROP earlier than their due screening date. This study
shows that a modified version of the WINROP algorithm aimed at specific populations
may improve the outcome of this technique.
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Introduction
Retinopathy of prematurity (ROP) remains a common cause for pediatric visual
impairment and blindness worldwide. The Cryotherapy for ROP study reported that
65.8% of infants with birth weight less than 1,251 g developed ROP." In a similar group,
the Early Treatment for ROP (ETROP) study had given an incidence of ROP at 68%.2 In
a study from Malaysia, Choo et al. reported the incidence of ROP in this country to be
58.6% in extremely low birth weight infants.? In the ETROP study, ~8% of infants with
ROP required treatment.2 ROP remains an important cause for preventable blindness
in children. A study by Rahi and Cable reported ROP to be responsible for almost
3% of all childhood blindness.* This number could be higher in developing countries.
These data confirm the existence of a huge burden of ROP in vulnerable populations
and the need to develop better screening strategies to manage this condition.

Traditionally, screening recommendations for ROP have emphasized strict
follow-up visits to diagnose the condition. However, these protocols suffer from
some shortcomings, including the stressful nature of the examination for infants,
carers, and practitioners; the economic burden on health services; maintaining
standby neonatal intensive care unit (NICU) services, with the need for experts
to identify and treat the condition if required.>® It is imperative to find better
screening techniques and protocols to overcome these deficiencies, especially in
underserved areas. One such online-based surveillance system that has gained
attention is the WINROP. The acronym WINROP (Weight, Insulin-like growth factor
1, Neonate, ROP) indicates the correlation between early postnatal weight gain
and insulin-like growth factor 1 (IGF-1) in the development of severe ROP. A
number of studies performed, mainly in developed countries, have shown the
high sensitivity and specificity of this system in raising alarms, which direct the
practitioner to a need for intervention.”® In a further simplification of the WINROP
system, only the weight of the preterm infant is monitored.®™" This refinement
would further facilitate the WINROP method. However, this modification needs to
be validated extensively and widely across different population groups in order
to confirm its effectiveness.'>™

We conducted a longitudinal cohort study on 151 preterm infants admitted to
the NICU of a tertiary care facility in East Malaysia. This study assessed the modified
WINROP method in monitoring the postnatal weight gain and capturing the data
into the online surveillance system. Alarms were raised when any intervention
was required. Our results show that this modified WINROP algorithm has a sensi-
tivity of 90% with negative predictive value of 98.5% (95% confidence interval
[CI]) in detecting infants with type 1 ROP. Thus, this modality can be an effective
means of screening infants for ROP.
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Methods

Patients

A prospective cohort study was performed between May 2015 and March 2016
on premature infants born at a gestational age (GA) of less than 32 weeks, seen
at a tertiary care hospital in East Malaysia. All infants in the study were admitted
to the NICU, written informed consent for inclusion in the study was obtained
from the parents, daily weight was measured, and the infants screened for ROP.
Premature infants who had incomplete weight measurement until 36 weeks
postmenstrual age, nonphysiological weight gain, or retinal disease other than
ROP were excluded from this study.

The GA of participating infants was determined by obstetricians and neona-
tologists based on last menstrual date of the infant’s mother, early antenatal
ultrasonography, and/or neonatal physical assessment using the New Ballard
Score.” The body weight of premature infants was measured from the day of
birth until discharge from hospital using a validated infant weighing scale. The
data collected included GA at birth, body weight, weekly postnatal weight
measurements conducted until 36 weeks postmenstrual age, sex, parity, race,
ROP examination results, and incidence of bronchopulmonary dysplasia (BPD),
intraventricular hemorrhage, necrotizing enterocolitis, or neonatal sepsis.

ROP screening and treatment

All the participating infants were examined according to the Clinical Practice
Guidelines by the Ministry of Health Malaysia for ROP screening.'® The first ROP
examination was performed between fourth and sixth weeks postnatal age, or for
very premature infants, at 31 to 33 weeks of GA and repeated every 2 weeks or more
according to the severity of ROP. The examination was continued until full vascu-
larization of the peripheral retina, regression of ROP, occurrence of type 1 ROP, or
the need for treatment was achieved. The ROP examinations were performed by a
qualified pediatric ophthalmologist using the standard binocular indirect ophthal-
moscope with a 20 D or 28 D condensing lens. Prior to the examination, the pupil
was dilated using cyclopentolate 0.5% and phenylephrine 2.5% eye drops.

The ROP findings were classified according to the International Classification of
Retinopathy of Prematurity, revisited 2005 (stages 1-5)."” The highest stage of ROP,
the lowest zone, presence of prethreshold or threshold disease, and the need for
treatment were recorded. Prethreshold ROP was further subclassified according
to the ETROP criteria into type 1 or type 2 ROP?

Type 1 ROP is defined as any zone | ROP with plus disease, zone | stage 3 ROP
without plus disease, or zone Il stage 2 or 3 ROP with plus disease. Type 2 ROP
is defined as zone | stage 1 or 2 ROP without plus disease or zone Il stage 3
ROP without plus disease. If the infant developed type 1 ROP during the study,
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standard treatment with laser photocoagulation was given.

WINROP screening

The WINROP algorithm was developed using the method of online statistical
surveillance system (www.winrop.com) that permits the user to enter body
weight, GA, date of birth, and successive weight measurements; allows tracking
of multiple infants; and provides a user-friendly indication of low- or high-risk
status for developing sight-threatening ROP. The requirements for using the
WINROP algorithm system are:

1. GAless than 32 weeks at birth;

2. weekly weight measurement;

3. physiological weight gain;

4. absence of other pathological retinal vascular disease.

The WINROP algorithm is based on expected weight gain data obtained from
premature infants with no ROP or stage 1 ROP, and then calculating the difference
from the observed values.” The differences or deviations between the expected
weight gain and the actual weight gain are accumulated weekly. When these
cumulative deviations surpass a threshold signal level, an alarm is signaled,
indicating that the premature infant is at risk for developing severe ROP. Thus, the
WINROP outcome is either no alarm or alarm.

In our study, the weekly body weight of participating premature infants was
measured by an observer blinded from the ROP and WINROP outcome, then
entered into the WINROP online website by another person who was also
unaware of the ROP outcome. The WINROP algorithm system calculates the risk
weekly to predict infants who are at risk of developing severe ROP. Based on the
WINROP analysis, the participating infants were categorized into two groups: no
(also called low-risk) alarm group, who are less likely to develop type 1 ROP, and
high-risk alarm group, who are at risk of developing type 1 ROP. The screening
and management of the infants were done according to the Continuous Practice
Guidelines formulated by the Ministry of Health, Malaysia. The alarm status
was recorded by the main author; however, the screening protocol was kept
unchanged and followed the guidelines. As this was a double blinded study,
the team members involved in screening and the persons involved in data entry
or alarm acquisition remained unaware of the outcomes of each other. Ethical
approval for this study was obtained from the ethics committee of University
Kebangsaan Malaysia.

Statistical analysis

The sensitivity and specificity of WINROP screening to identify premature infants
who developed type 1 ROP were analyzed with Statistical Package for the Social
Sciences. The negative and positive predicted values were calculated using the
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sensitivity, specificity, and prevalence of type 1 ROP for the participating prema-
ture infants. We calculated 95% ClI for estimated binary proportions (sensitivity
and specificity).

Results

Patients
A total of 151 infants admitted in the NICU of a tertiary care hospital partici-
pated in this study and were screened for ROP. In this cohort, male and female

Table 1. Patient demographic data

Birth characteristics No. (%)

GA, median (IQR), weeks 30 (£2.1)2

BW, mean (SD), g 1,264 (+271)

Sex
Male 77 (51)
Female 74 (49)
Birth multiplicity
Single 130 (86)
Twin 21(14)

BW: birth weight
2Skewed to the left

Table 2. Prematurity-associated comorbidities

Infants, no.
Characteristic

NoROP [Non-PTROP |Type1ROP |Totalinfants
BPD 83 9 10 102
Intraventricular 20 6 4 30
hemorrhage
Necrotizing enterocolitis 4 0 0 4
Neonatal sepsis 80 9 5 94

PT: prethreshold
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patients were almost equal in number, with median GA at birth of 30 weeks
(interquartile range [IQR] = 2.1) and mean body weight of 1,264 g (standard
deviation [SD] + 271). Singleton births were recorded in 86% infants and the
remaining were twins. The birth characteristics of the study population are
shown in Table 1.

There was a statistically significant association between BPD and type 1 ROP
(p=0.031) as all infants with type 1 ROP were diagnosed with BPD. There were no
significant differences in intraventricular hemorrhage, necrotizing enterocolitis,
and neonatal sepsis with the severity of ROP (Table 2).

ROP and WINROP outcome

Type 1 ROP developed in 10 infants (6.6%), with a median GA at birth of 27.8 weeks
(IQR £ 2.7) and mean body weight of 1,047 g (SD + 272). The diagnosis of type 1
ROP was made at median GA of 39.7 weeks (range, 37.6-44.6 weeks). Infants in
this group were treated with laser retinal photocoagulation within 72 hours of the
diagnosis. Three of these required repeated laser treatments and none of them
progressed to retinal detachment. Non-prethreshold ROP developed in 12 infants
(7.9%), with median GA at birth being 27.7 weeks (IQR £ 1.9) and mean body
weight of 1,029 g (SD * 137). Most of the infants in the non-prethreshold group
were in stage 1 and 2 at zone Il ROP, which regressed spontaneously without
treatment. No ROP occurred in 85% of the premature infants. The median GA at
birth was 30.1 weeks (IQR + 1.8) and mean body weight was 1,303 g (SD + 263)
(Table 3).

Table 3. Alarm signal in relation to ROP categories and birth characteristics

Alarm status

All infants
Low risk High risk

Infants, no. (%) 66 (43.7) 85 (56.3) 151

No ROP 64 65 129
ROP categories, | Non-pT ROP 1 1 12
no.

Type 1 ROP 1 9 10

GA, median (IQR) 31.0 (x1.1)? 29.1 (£2.0)? 30 (£2.1)?
Birth weeks
characteristics

BW, mean (SD) g 1,518 (£157) 1,067 (£152) 1,264 (£271)

BW: birth weight; PT: prethreshold
2Skewed to the left
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Table 4. Sensitivity, specificity, PPV, NPV in predicting type 1 ROP using the WINROP algorithm

ROP categories, no.
Alarm status Type 1 Non-type 1 Predictive values
(n=10) (n=141)
High risk 9 76 PPV = 10.6%,
(n=85) 95% Cl: 6,19
Low risk 1 65 NPV = 98.5%,
(n=66) 95% Cl: 92, 99
Sensitivity 90%, Specificity 46%,
95% Cl: 60, 98° 95% Cl: 38, 54°

NPV: negative predictive value; PPV: positive predictive value

A high-risk alarm was signaled in 56.3% of infants, of which 9 infants devel-
oped type 1 ROP and 11 infants developed non-prethreshold ROP. Type 1 ROP
was treated with laser retinal photocoagulation, while non-prethreshold ROP
regressed and resolved spontaneously. Most of the type 1 ROP infants were
diagnosed before 40 weeks of GA, except two infants who developed type 1
ROP after 45 weeks of GA and were treated. A low-risk alarm developed mostly in
no-ROP premature infants. One infant in the low-risk alarm group who developed
type 1 ROP was born at 30.6 weeks GA and birth weight was 1,700 g with severe
BPD, requiring prolonged intubation for more than 3 weeks. ROP was identified
at 36 weeks of GA and treated with laser photocoagulation. Another infant in the
non-prethreshold group had a high-risk alarm and developed stage 1 ROP, which
then regressed spontaneously. The median GA at birth and body weight were
lower in the high-risk alarm group than in the low-risk alarm group (Table 3).

The median time from birth to high-risk alarm signaled was 2 weeks (IQR + 2.0)
and from high-risk alarm signaled to development of type 1 ROP was 10.4 weeks
(IQR + 8.4).

Test characteristics

In this prospective cohort, the sensitivity of the WINROP algorithm in predicting
severe ROP was 90% (95% Cl, 60%-98%; 9 of 10 infants) and the specificity was
46% (95% Cl, 38%-54%; 65 of 141 infants). The positive predictive and negative
predictive values in this study group were 10.6% and 98.5%, respectively (Table 4).

Discussion
Worldwide, there is an uptrend in the number of infants being diagnosed with
ROP, especially so in the developed and higher strata developing areas.'®
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This has been directly attributed to better survival rates of premature infants
as a consequence of advances in neonatal care and better access to NICUs. In
underdeveloped areas, poor neonatal services are responsible for higher infant
mortality rates among preterm babies, which may lead to lower overall ROP
rates. In Malaysia, the Ministry of Health has set out specific guidelines regarding
screening of premature infants.’® All babies who are less than 32 weeks GA
or with a birth weight of less than 1,500 g or infants with an unstable clinical
course who are at high risk (as determined by the neonatologist or pediatrician)
need to be screened until the retina is fully vascularized, or there is regression
of ROP or need for treatment. In our study, on average, an infant was subjected
to the screening procedure at least 5 to 6 times if there was no ROP and more
frequently in cases where ROP was detected. This produces severe stress on the
fragile preterm infants, as well as on the healthcare system.?® A study by Laws et al.
has documented a rise in systolic and diastolic blood pressure as well as a fall in
oxygen saturation in infants during ROP screening.’

Early diagnosis and management of ROP by lasers and anti-vascular endothelial
growth factor agents has reduced the incidence of blindness by 25% in infants
diagnosed with late-stage ROP. However, these treated infants continue to have
poor visual acuity following treatment, while ocular and visual development is
significantly impaired.?’ About 70% of infants with ROP develop myopia during
the first year after birth.2? Astigmatic refractive errors are seen in 40% of eyes
having a history of ROP, while strabismus affects 20% infants diagnosed with
ROP2' These pathologies need to be addressed by an earlier diagnosis of ROP.

The WINROP algorithm is an ROP screening protocol based on weekly postnatal
weight measurements and assessment of IGF-1 levels to predict the development
of severe ROP in premature infants.” The system uses a cumulative deviation statis-
tical approach. Every week the infant’s actual weight is compared to an expected
growth curve of infants who developed no or mild ROP. The differences or devia-
tions between the expected weight and the actual weight are accumulated from
week to week. When these cumulative deviations surpass a threshold, an alarm is
signaled, indicating the preterm infant is at risk for developing sight-threatening
complications of ROP. In a further modification of the procedure, only the weight
gainsare takeninto consideration.® By avoiding the weekly blood sampling to assess
IGF-1, this modification makes the procedure simpler, safer, and more economical.

The sensitivity of the WINROP system has shown variations among countries
and populations, being high in developed countries and slightly lower in devel-
oping countries and Asian populations.®™ In this study, the modified WINROP
algorithm correctly identified 9 of 10 (90%) infants who had developed type 1 ROP
that required treatment. The sensitivity of the WINROP algorithm was found to be
as high as in the Korean study (90%)' and higher than the Chinese study (87.5%)"
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when evaluated in Asian countries. Every country has different demographics and
differences in terms of birth weight and postnatal weight gain according to their
GA. Asian populations (Malaysia) are small and light in body weight as compared
to European populations. Thus, in this study the sensitivity was high/comparable
to other studies; however, the specificity is much lower. In this cohort, among
infants who developed type 1 ROP, the high-risk alarm was signaled at a median
of 2 weeks after birth and 10 weeks before the diagnosis of type 1 ROP. The high
sensitivity and early identification of infants at high risk of developing type 1 ROP
before the scheduled screening showed that it can be used as an adjunct for
conventional ROP screening protocols.

Conclusion

Our study validates the successful implementation of the modified WINROP
algorithm in a population of preterm infants seen in East Malaysia. This protocol
can prove to be a useful tool to modify the current ROP screening guidelines,
wherein an infant with no alarm can be examined less often, while an infant with
a high-risk alarm signal can be screened as per guidelines. This would save these
fragile infants from unnecessary examinations and direct the efforts of the staff
toward the sicker infants who require more attention.
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