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Background: Algorithms for predicting retinopathy of
prematurity (ROP) requiring treatment need to be validated in
Indian settings to determine if the burden of screening can be
reduced without compromising the sensitivity of existing
gestation and weight-based cut offs.

Objective: To evaluate the performance of the available
algorithms namely, WINROP (Weight, Insulin-like growth factor I,
Neonatal ROP), CHOP-ROP (Children’s Hospital of Philadelphia
ROP) and ROPScore in predicting type 1 ROP and time from alarm
to treatment by each algorithm.

Study design: Ambispective observational.
Setting: Tertiary care neonatal intensive care unit in India.

Participants: Neonates less than 32 weeks or less than 1500 g
born between July, 2013 to June, 2019 (N=578), who underwent
ROP screening.

Primary outcome: Sensitivity, specificity and time from alarm to
treatment by each algorithm.

Results: The sensitivity and specificity of WINROP was 85%
and 36%, for CHOP-ROP it was 54% and 71%, and for
ROPScore it was 73% and 67%, respectively in detecting type 1
ROP. A total of 50/51 (98%) of neonates with type 1 ROP
underwent treatment at median gestation of 9 weeks and median
time from alarm to treatment by WINROP, CHOP-ROP and
ROPScore was 7, 7 and 3 weeks, respectively.

Conclusion: WINROP, CHOP-ROP and ROPScore were not
sensitive enough to replace the gestational age, weight and risk
factor-based screening criteria for type 1 ROP.
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ow- and middle-income countries are currently

facing the third epidemic of retinopathy of

prematurity (ROP) on account of higher rate of

preterm birth and wide variationsin neonatd care
provided. Blencowe, et . [ 1] estimated that approximately
98077 neonatesin Indiawould require screening for ROP
amounting to nearly three lakh examinations every year.
National guidelines recommend screening of al the
neonates <34 weeks or <2000 gram or neonates with
gestational age between 34-36 weekswith risk factorsfor
ROP such as prolonged oxygen support, cardiovascular
instability, and sepsis [2]. When compared to screening
criteriain devel oped countries, these guidelinesare much
higher, as bigger babies aso develop severe ROP in
developing countries, and this further increases the
screening load [3,4]. Given the paucity of skilled
ophthalmologists for screening; gestation and weight-
based screening criteria increase the burden on existing
health systems, leading to poor quality of services being
provided and eventually leading to missing out on cases
requiring closefollow up and treatment.
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Current conventional screening method for ROPisa
painful procedure. It leads to physiological changes like
hypertension and decrease in oxygen saturation [5]. In
addition, thisisan additional burden on the fragile health
system. Many screening agorithms have been
developed and are in place for more than a decade now.
However, due to their inability in providing 100%
sensitivity (assuming gestation and weight risk factor-
based screening criteria as standard), none of the
algorithms have been able to replace existing protocols.
These algorithms have shown high sensitivity and
negative predictive value in many countries; however,
they have not been widely validated in Indian settings[6-
8]. Dueto lack of sufficient literature in Indian settings,
this study was planned with the aim to evaluate the
diagnostic performanceof all thethreealgorithms, namely
WINROP (Weight, Insulin-like growth factor |, Neonatal
ROP), CHOP-ROP (Children's Hospital of Philadelphia
ROP) and ROPScorein predicting type 1 ROPinan Indian
setting [9,10]. We also evauated time from aarm to
treatment by each algorithm.
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METHODS

This study was conducted as an ambispective
observational study with aretrospective phase collecting
datafrom 1 July, 2013 to 30 June, 2018 and a prospective
phase comprising of datacollected from 1 July, 2018t0 30
June, 2019 at atertiary care hospital. The policy of our unit
isto screen all neonates|essthan 32 weeks gestational age
(GA) or neonates with a birthweight less than 1500 g or
bigger neonates (32-34 weeks GA or bithweight 1501-2000
) withrisk factors(respiratory or hemodynamicinstability,
anemia requiring transfusion or culture positive sepsis).
Our unit hasastrict pul se oximetry monitoring policy for
preterminfantscareintheNICU. Since only neonates|ess
than 32 weeks GA can be entered in WINROP and
ROPScore, the neonateslessthan 32 weeks or birthweight
lessthan 1500 g who underwent retinopathy of prematurity
screening were included in the study. Neonates with
congenital malformation, hydrocephalus and hydrops
fetaliswereexcluded.

Records of &l the neonates who underwent ROP
screening in the retrospective phase were retrieved from
ROP registers maintained in the unit. In addition, all the
demographic details, and antenatal, intrapartum and
postnatal course details were retrieved from the medical
records department. Birthweight, gestational age and
weekly weight (weight on postnatal day 8, 15, 22, 29 and so
on) of theseinfantstill discharge was noted. Neonates on
invasive ventilation were weighed on alternate days after
disconnecting from ventilator for abrief duration asper the
unit policy. The appropriateness of birthweight for
gestational age was assigned by the AIIMS intrauterine
growth chart [11] for neonates >32 weeks of gestation or
L ubchenco growth charts [12] for neonates less than 32
weeks of gestation.

All the infants satisfying the inclusion criteria were
screened for ROP as per the unit protocol at 4 weeks of
postnatal age with the exception of those <28 weeks
whose first screen was done at 2-3 weeks postnatal age.
ROP was described as per International Classification of
Retinopathy of Prematurity and was classified into
treatment group asper Early Treatment of Retinopathy of
Prematurity Classification[13,14]. Theworst stage of ROP
and the presence of plus disease (when present) was
recorded. In cases where both eyes were affected, worst
stage of the ROP of either eye wastaken. Postnatal age of
development of type 1 ROP as defined by any ROP in
Zonel with plusdisease or stage 3 ROPin zone | without
plus disease or stage 2 or 3 ROP in Zone Il with plus
disease was noted and the treatment provided was also
recorded. Theinfantswith type 1 ROPfindingswhowere
lost to follow up were contacted telephonically to know
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their ophthalmological outcome and intervention done
(laser photocoagulation/anti-VEGF injection). Similar
data collection was performed for the prospective phase
after informed parental consent. Ethical clearance was
obtained from institute’ sethicscommittee.

Dataobtained from included neonateswasentered into
thefollowing three predictivea gorithmsaccording to the
digibility criteria
WINROP: All the neonates|essthan 32 weeks of gestation
at birth irrespective of the BW were eligibleto be entered
intoWINROR, whichisavailableonline (www.winrop.com)
[15]. Birthweight, gestational age and weekly weight were
entered till 35 weeksof postmenstrual age or discharge, or
till thedarm signasinthealgorithm, whichever wasearlier.
WINROP algorithm requiresthat the weight of neonatebe
entered till 35 weeks of postmenstrual age (PMA) to
classify aneonateto beat low risk.

CHOP-ROP: Neonates |ess than 31 weeks of GA or less
than 1501 g birthweight were eligible to be evaluated by
CHOP-ROP[16]. Birthweight, gestational age and daily
weight gain rate was entered into the algorithm to
calculate the risk score from 2nd week onwards. CHOP-
ROP requires documentation of neonatal weight at end
of second week to be included in the algorithm. Weight
change in the first week was disregarded as per the
original study. Daily weight gain rate was calculated by
weekly measurements (difference between current
weight and previous week’s weight divided by 7). For
neonates with gestation >28 week, only birth weight
and weight gain rate was used for calculation. Alarm
cutoff of >0.010 was used to identify neonates at risk of
type1ROP.

ROP score: Neonates|essthan 32 weeks or <1500 g whose
weight at end of 6th week postnatal age was available
beforedischargeor at follow upweredigibleto beincluded
inthe ROPScoreal gorithm proposed by Eckert, et a.[17].
This score required data on use of oxygen in mechanical
ventilation (invasive or non-invasiveventilationincluding
CPAP upto sixth completed week), requirement of blood
transfusion up to sixth completed week of life, neonate’s
weight at sixth completed week in addition to birthweight
and gestational age: ROPScore excel sheet was used for
calculation of the score. Cutoff for risk of type 1 ROPwas
takenas=>14.5.

Primary outcomeswereto evaluate the specificity and
the sensitivity of three screening algorithms namely,
WINROP, CHOP-ROPand ROPScore, in predicting type 1
ROP. Secondary outcome wastime from alarm to predict
type 1 ROP by these algorithms to the time the neonates
underwent treatment for the same.
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Thereported specificity for CHOP-ROPwas51%, for
ROPScore 57%, and for WINROP was 60% [6-9,18]. To
detect a similar magnitude of difference (i.e. absolute
difference of 9%) between CHOP-ROP and WINROP
algorithms, with a power of 80% and alphaerror of 5%, a
total of 473 neonateshad to be enrolled.

Satistical analysis: Statistical analysis was done using
Stata12.0 (StataCorp). Diagnostic performance of al the
three algorithmswas described by cal culating sensitivity,
specificity, positive predictive value, negative predictive
value, positive likelihood ratio, negative likelihood ratio
along with 95% confidenceinterval for predicting therisk
of type 1 ROP using Open Epi ver 3.01. The receiver
operating characteristics (ROC) curve was constructed,
and the cutoff of ROPScore and CHOP-ROP with 100%
sengitivity and maximal specificity wascal cul ated.

PrREDICTIVEALGORITHMSFOR TYPE 1 ROP

RESULTS

Out of 15,405 neonates born during the study period with
898 neonateswere lessthan 32 weeks GA or birth weight
<1500 g. The records of 578 neonates who underwent at
least one ROP screening satisfying the inclusion criteria
wereavailable. A total of 382 out of 578 (66%), 498 out of
578 (86%) and 370 out of 578 (64%) neonates could be
analyzed for their risk of developing type 1 ROP using
WINROP, CHOP-ROP and ROPScore algorithms,
respectively. Fig. 1 describes the study flow and reasons
for exclusion fromthe study.

Neonates included in the study had a mean (SD) GA
and birth weight of 30.3 (2.4) weeksand 1184 (308) gms,
respectively. Other demographic details have been
providedin Tablel. Onethird of the neonates were noted
to haveany ROPwith aquarter of them requiring treatment

| Neonates born in study period, n=15405 |

Retrospective period, n=12973 |

!

Neonateslessthan 32 weeksor lessthan 1.5kg
admitted during the study period, n=766

| Prospective period, n=2432

l

Neonateslessthan 32 weeksor lessthan 1.5kg
admitted during the study period, n=132

Excluded, n=230
Hydrops, n=17

Extramural, n=64

Major congenital malformation, n=4

Died before ROP could be performed, n=90
Did not follow up for ROP, n=55

Excluded, n=9

Hydrops, n=3

Major congenital
malformation, n=6

Subjectssatisfying theinclusion criteria,
n=536

Subjectsincluded inthe study after
informed consent, n=123

|Casefi|enotavailab|e,n:69 |

Died before ROP

Subjectsincluded in the study, n=467 |

screening could be
done, n=12

| Subjectsincluded in the study, n=111 |

| Subjectsincluded in the study, n=578 |

Subject eligiblefor WINROP, n=382 |

| Subject eligiblefor CHOP-ROP, n=498|

| Subject eligiblefor ROPScore, n=370

ROP: Retinopathy of prematurity; WINROP: Weight, Insulin like growth factor-1, Neonatal ROP: CHOP-ROP: Children’s hospital Philadel-

phia ROP.

Fig. 1 Study flow.
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Table | Baseline Characteristics of the Sudy Population

PrREDICTIVEALGORITHMSFOR TYPE 1 ROP

Tablell Retinopathy of Prematurity in the Sudy Population

Characteristics Retrospective Prospective Combined
Cohort Cohort (n=578)
(n=467) (N=111)
Any ROP 183(39.2) 25(22.5) 208(36)
Typeof ROP
Type 1 42(8.9) 9(8.1) 51(8.8)
Type 2 18(3.8) 1(0.9) 19(3.3)
Mild ROP 123(26.3) 15(13.5) 138(23.9)
I dentification of 6(4-8) 7(6-9) 6(4-8)
any ROP (wk)2b
Identification of typel 9(7-10) 9(7-12) 9(7-10)
ROP (wk)&P
Number of screenings® 3 (2-5) 3(2-9) 3(2-5)

Data represented as n (%) or @median (IQR). Ptime to identification.
ROP-retinopathy of prematurity.

(N=578)

Characteristics Value
Gestational age (wk)2 30.3(2.37)
Birthweight (g)2 1184 (308)
Small for gestational age 234 (40.5)
Male 306 (52.9)
Singleton 414 (71.6)
Complete antenatal steroid coverage 350(60.5)
Resuscitation (morethan initial steps) 181(31.3)
Apgar scoreat 1 min® 6.1(2.02)
Apgar scoreat 5 min® 75(1.3)
Respiratory distress requiring surfactant 176(30.4)
Bronchopulmonary dysplasia 81(14)
Invasiveventilation 150 (26)
Invasiveventilation duration (d)°¢ 6(3-19)
Gradelll or IV intraventricular hemorrhage® 18(3.2)
Periventricular leukomalaciad 67(11.6)
Hemodynamically significant ductusarteriosus 61(10.5)
Hypotension requiring inotropes 60(10.4)
Sepsisrequiring antibiotics 182(31.4)
Day of regaining birthweight? 11.9(5.3)
Anemiarequiring transfusion 112(19.4)

Data expressed as no. (%) except 2mean (SD) or Pmedian (IQR).
camong those who received it; Yamong those screened.

(Tablell). No neonate less than 32 weeks having type 1
ROP was missed by the existing screening protocol;
amounting to sensitivity of 100% in this age group.
Around 70 (12%) neonateswerelost to follow up fromthe
screening protocol out of which 5 neonateshad type 1 or 2
ROP on last screen available and were contacted
telephonically to know their final ophthalmological
outcome. All but one neonate with type 1 ROP underwent
treatment for the sameat amedian postnatal age of 9 weeks
or 36 weeks postmenstrual age. Only one baby received
anti- VEGF injection during the study period.

Diagnostic performance of the three screening
algorithms hasbeen providedin Tablel11. WINROPhad
the maximum sensitivity (85%) to identify neonates with
type 1 ROPfollowed by ROPScore and then CHOP-ROP.
Specificity followed the reverse order with CHOP-ROP
being most specific (71%). Decreasing the cutoff point of
ROPScoreto 10.79 gave 100% sensitivity with aspecificity
of 16.5% (12.8%-20.9%) and avoided screening in 61
neonates. WINROP and CHOP-ROP identified type 1 ROP
earliest at 2 weeksof postnatal age, around 7 weeksbefore
conventional screening method where the neonates with
type 1 ROP were identified and treated at 9 weeks of

INDIAN PEDIATRICS

postnatal age. ROPScoreidentified neonatesat risk of type
of type 1 ROP at 6 weeksof postnatal age, by whichtime 3
neonates were dready treated for type 1 ROP by
conventional screening method. ROC curve of CHOP-
ROPand ROPScorefor identifying type 1 ROPamong 334
neonates showed area under curve of ROPScore [0.75
(0.66-0.83)] to be morethan that of CHOP-ROP[0.66 (0.58-
0.95)] (Fig. 2). Since WINROP givesonly binary output to
signify the risk of developing type 1 ROP unlike a
continuum of scores provided by CHOP-ROP and
ROPScore, an ROC curve for the same was not
constructed.

DISCUSSION

The study was conducted at alevel 111 neonatal intensive
careunit onintramural neonates. Theunit catersmainly to
high risk neonates who are referred in utero from many
parts of North India early in gestation and where gentle
ventilation guided by pul se oximetry along with antibiotic
stewardshipisthenorm.

Our rates of ROP and type | ROPwere higher thanthe
literature[19], possibly dueto the smaller gestational age
and lesser birthweight of our neonates. Sensitivity of
WINROP in our cohort was 85.42% which was slightly
lower than the recent study by Sanghi, et a. [10] (90%).
Low sensitivity (65%) of WINROP was observed in a
study in Taiwan where older and larger neonates
developed ROP requiring treatment whi ch were missed by
the WINROP [20]. The specificity (36%), positive
predictivevalue (16%) and high negative predictivevalue
(94%) in our study wasin accordance with the previously
reported literature[8,21,22].

CHOP-ROP performed poorly in our cohort with a
sensitivity of 54%. Thiswas lower than that reported by
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Tablelll Diagnostic Performanceof WINROP, CHOP-ROP
and ROPScore

Parameter WINROP CHOP-ROP ROP<core
(n=382) (n=498) (n=370)
Sensitivity (%) 85.4 54 72.9
(72.8-92.7)  (40.4-67.0) (59-83.4)
Specificity (%) 36.2 714 67.3
(31.3-415) (67.1-75.4) (61.9-2.2)
PPV (%) 161 17.4 25
(12.1-21.2)  (123-242)  (18.6-32.8)
NPV (%) 945 93.3 94.3
(89.1-97.3)  (90.1-955)  (90.5-96.6)
Positive LR 13 19 2.3
(1.3-1.49) (1.7-2.0) (2.1-2.3)
NegativeLR 0.4 0.6 0.4
(0.3-0.5) (0.6-0.7) (0.3-0.5)
DiagnosticOR 3.3 29 55
(1.4-7.6) (1.6-5.3) (2.8-10.9)
NNS 94 9.6 5.2
(5.9-21.4) (6.2-21.1) (3.8-7.9)

95% CI in parenthesis. ROP-retinopathy of prematurity; WINROP-
weight, insulin-like growth factor |, neonatal, ROP; CHOP-ROP-
Children’s Hospital of Philadelphia ROP; PPV-Positive predictive
value; NPV-Negative predictive value; LR- likelihood ratio; OR-
odds ratio; NNS-Number needed to screen.

Doshi, etd.[9] (67%) in 2019 Indianinfantsin spiteof their
cohort dealing with bigger neonates. They used the
nomogram provided by Binenbaum, et al. [ 16] for manual
calculation of aarmlimit. Thismethod wasnot considered
feasible in our setting due to large sample size and hence
theoriginal formulaprovided by Binenbaum, et al. [16] was
used. Inthestudy by Doshi, et a. [9] decreasing the cutoff
from 0.014t0 0.010 gave 100% sensitivity. However, inour
study the cutoff had to be decreased to 0.001 to give 100%
sensitivity, which in turn decreased the specificity to
unacceptablelevels(2.23%).

Thesensitivity of ROPScorewas 73% whichwaslower
than previous studies (95-100%) [6,23]. When the cutoff of
ROPScore was decreased to 10.79, the sensitivity
approached 100% and thiscut off potentially would avoid
screening in 16.5% of neonates and thus has clinical
implication. ROPScore showed better diagnostic
performance with an area under curve of 0.75 vs 0.66 of
CHOP-ROP. However, ROPScore hasinherent disadvan-
tagesasit givesan alarm at 6 weeks of postnatal agewhen
most of the neonates with aggressive posterior ROP are
already identified by conventional screening methodsand
treated. In addition, many neonates with risk factorswho
aredischarged before six weeksof postnatal age cannot be
evaluated using ROPScore thereby missing out on cases
withtype 1 ROP.

INDIAN PEDIATRICS
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Themedian timefrom alarm to treatment in our study
for WINROP, CHOP-ROP and ROPScorewas 7, 7 and 3
weeks, respectively which was lower than those
previously estimated [24], whereit was 11.1, 9.1 and 5.1
week, respectively.

Anideal agorithmfor identifyingtype 1 ROPistheone
with 100% sensitivity and areasonablelevel of specificity
so asto reduce the unwanted ROP screenings being done
currently. None of the algorithmswere sensitiveenoughin
our setting probably due to a higher saturation target of
90-95% being followed in the unit. A similar decreasein
sensitivity of WINROP from 87.5% to 48% was noted by
Lundgren, et a. [25] when the saturation targetsincreased
from88-929%in 2011-2012t091-95%in 2015-2016.

Strengths of our study are its large sample size, and
using registers maintained by the staff and doctors of the
unit containing data of neonates who underwent ROP
screening to retrieve thefiles of neonates who underwent
screening, and thiswas cross-checked with the el ectronic
discharge data of the unit. Three rounds of file retrieval
from medical records department was conducted before
classifying a file as non-available. Our study has some
limitationsaswell. Theweight washot availableat 6 weeks
completed agein 196 out of 467 (42%) neonatesenrolledin
retrospective phase. None of the agorithms could
accommodate al the neonates included in the study,
thereby true comparison of diagnostic performance of the
various a gorithmswith the existing weight and gestation-
based criteriacould not be performed.

In conclusion, none of the screening algorithms with
their recommended cutoffs was able to provide 100%
sensitivity as provided by the weight, gestational age and

ROC curve for identifying type 1 ROP

1.00

0.75

Sensitivity
=
A
=}

0.25

CHOP-ROP
ROPScore
Reference

0.00 -

T T
0.00 0.25 0.50 0.75 1.00
1-Specificity

ROC: Recelver operating characterigtics curve; CHOP-ROP- Children's
Hospital of Philaddphia ROP; ROP-retinopathy of prematurity.

Fig. 2 ROC curve of CHOP-ROP and ROPScore for identifying
type 1 ROP.
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PrREDICTIVEALGORITHMSFOR TYPE 1 ROP

WHAT IS ALREADY KNOWN?

Gestational age, weight based as well as risk factor-based criteria are generally followed to screen neonates at risk for

developing type 1 ROP.

WHAT THIS STUDY ADDS?

None of the three screening algorithms examined in the study was able to provide 100% sensitivity as provided by the weight,

gestational age and risk factor-based screening protocol.

risk factor-based screening protocol being currently
followed in the unit. Although ROPScorewith amodified

cutoff of 10.79 looks promising since it has 100% 7.

sengtivity, it hasapoor specificity of 16.5% and it givesan

alarm at 6 weeks completed age, atimeat which few of the
neonates would aready have been identified by 8
conventional screening method.
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