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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.

Low- 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 variations in neonatal care

provided. Blencowe, et al. [1] estimated that approximately
98077 neonates in India would require screening for ROP
amounting to nearly three lakh examinations every year.
National guidelines recommend screening of all the
neonates <34 weeks or <2000 gram or neonates with
gestational age between 34-36 weeks with risk factors for
ROP such as prolonged oxygen support, cardiovascular
instability, and sepsis [2]. When compared to screening
criteria in developed countries, these guidelines are much
higher, as bigger babies also 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 close follow up and treatment.

Current conventional screening method for ROP is a
painful procedure. It leads to physiological changes like
hypertension and decrease in oxygen saturation [5]. In
addition, this is an additional burden on the fragile health
system. Many screening algorithms 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]. Due to lack of sufficient literature in Indian settings,
this study was planned with the aim to evaluate the
diagnostic performance of all the three 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 in an Indian
setting [9,10]. We also evaluated time from alarm to
treatment by each algorithm.

RRRRR EEEEE SSSSS EEEEE AAAAA RRRRR CCCCC H  PH  PH  PH  PH  P AAAAA PPPPP EEEEE RRRRR

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.
Keywords: Neonatal intensive care unit, Premature,
Sensitivity, Specificity.

Published online:  May 20, 2021; PII:  S097475591600328



INDIAN  PEDIATRICS 916 VOLUME 58__OCTOBER 15, 2021

THOMAS, ET AL. PREDICTIVE ALGORITHMS FOR TYPE 1 ROP

METHODS

This study was conducted as an ambispective
observational study with a retrospective phase collecting
data from 1 July, 2013 to 30 June, 2018 and a prospective
phase comprising of data collected from 1 July, 2018 to 30
June, 2019 at a tertiary care hospital. The policy of our unit
is to screen all neonates less than 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
g) with risk factors (respiratory or hemodynamic instability,
anemia requiring transfusion or culture positive sepsis).
Our unit has a strict pulse oximetry monitoring policy for
preterm infants care in the NICU. Since only neonates less
than 32 weeks GA can be entered in WINROP and
ROPScore, the neonates less than 32 weeks or birthweight
less than 1500 g who underwent retinopathy of prematurity
screening were included in the study. Neonates with
congenital malformation, hydrocephalus and hydrops
fetalis were excluded.

Records of all 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 these infants till discharge was noted. Neonates on
invasive ventilation were weighed on alternate days after
disconnecting from ventilator for a brief duration as per 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
Lubchenco 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 as per Early Treatment of Retinopathy of
Prematurity Classification [13,14]. The worst 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 was taken. Postnatal age of
development of type 1 ROP as defined by any ROP in
Zone I with plus disease or stage 3 ROP in zone I without
plus disease or stage 2 or 3 ROP in Zone II with plus
disease was noted and the treatment provided was also
recorded. The infants with type 1 ROP findings who were
lost to follow up were contacted telephonically to know

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’s ethics committee.

Data obtained from included neonates was entered into
the following three predictive algorithms according to the
eligibility criteria:

WINROP: All the neonates less than 32 weeks of gestation
at birth irrespective of the BW were eligible to be entered
into WINROP, which is available online (www.winrop.com)
[15]. Birthweight, gestational age and weekly weight were
entered till 35 weeks of postmenstrual age or discharge, or
till the alarm signals in the algorithm, whichever was earlier.
WINROP algorithm requires that the weight of neonate be
entered till 35 weeks of postmenstrual age (PMA) to
classify a neonate to be at low risk.

CHOP-ROP: Neonates less 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
type 1 ROP.

ROP score: Neonates less than 32 weeks or <1500 g whose
weight at end of 6th week postnatal age was available
before discharge or at follow up were eligible to be included
in the ROPScore algorithm proposed by Eckert, et al. [17].
This score required data on use of oxygen in mechanical
ventilation (invasive or non-invasive ventilation including
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 ROP was
taken as ≥14.5.

Primary outcomes were to evaluate the specificity and
the sensitivity of three screening algorithms namely,
WINROP, CHOP-ROP and ROPScore, in predicting type 1
ROP. Secondary outcome was time from alarm to predict
type 1 ROP by these algorithms to the time the neonates
underwent treatment for the same.
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The reported specificity for CHOP-ROP was 51%, 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 alpha error of 5%, a
total of 473 neonates had to be enrolled.

Statistical analysis: Statistical analysis was done using
Stata 12.0 (StataCorp). Diagnostic performance of all the
three algorithms was described by calculating sensitivity,
specificity, positive predictive value, negative predictive
value, positive likelihood ratio, negative likelihood ratio
along with 95% confidence interval for predicting the risk
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%
sensitivity and maximal specificity was calculated.

RESULTS
Out of 15,405 neonates born during the study period with
898 neonates were less than 32 weeks GA or birth weight
<1500 g. The records of 578 neonates who underwent at
least one ROP screening satisfying the inclusion criteria
were available. 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 from the study.

Neonates included in the study had a mean (SD) GA
and birth weight of 30.3 (2.4) weeks and 1184 (308) gms,
respectively. Other demographic details have been
provided in Table I. One third of the neonates were noted
to have any ROP with a quarter of them requiring treatment

Neonates less than 32 weeks or less than 1.5 kg
admitted during the study period, n=766

Neonates less than 32 weeks or less than 1.5 kg
admitted during the study period, n=132

Excluded, n=230
Hydrops, n=17
Major congenital malformation, n=4
Extramural, n=64
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

Subjects satisfying the inclusion criteria,
n=536

Subjects included in the study after
informed consent, n=123

Case file not available, n=69 Died before ROP
screening could be
done, n=12

Subjects included in the study, n=467 Subjects included in the study, n=111

Subjects included in the study, n=578

Subject eligible for WINROP, n=382 Subject eligible for CHOP-ROP, n=498 Subject eligible for ROPScore, n=370

Fig. 1 Study flow.

Neonates born in study period, n=15405

Retrospective period, n=12973 Prospective period, n=2432

↓ ↓

↓ ↓

↓ ↓↓

↓↓

ROP: Retinopathy of prematurity; WINROP: Weight, Insulin like growth factor-1, Neonatal ROP: CHOP-ROP: Children’s hospital Philadel-
phia ROP.
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(Table II). 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%) neonates were lost to follow up from the
screening protocol out of which 5 neonates had 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 same at a median 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 has been provided in Table III. WINROP had
the maximum sensitivity (85%) to identify neonates with
type 1 ROP followed by ROPScore and then CHOP-ROP.
Specificity followed the reverse order with CHOP-ROP
being most specific (71%). Decreasing the cutoff point of
ROPScore to 10.79 gave 100% sensitivity with a specificity
of 16.5% (12.8%-20.9%) and avoided screening in 61
neonates. WINROP and CHOP-ROP identified type 1 ROP
earliest at 2 weeks of postnatal age, around 7 weeks before
conventional screening method where the neonates with
type 1 ROP were identified and treated at 9 weeks of

postnatal age. ROPScore identified neonates at risk of type
of type 1 ROP at 6 weeks of postnatal age, by which time 3
neonates were already treated for type 1 ROP by
conventional screening method.  ROC curve of CHOP-
ROP and ROPScore for identifying type 1 ROP among 334
neonates showed area under curve of ROPScore [0.75
(0.66-0.83)] to be more than that of CHOP-ROP [0.66 (0.58-
0.95)] (Fig. 2). Since WINROP gives only 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 a level III neonatal intensive
care unit on intramural neonates. The unit caters mainly to
high risk neonates who are referred in utero from many
parts of North India early in gestation and where gentle
ventilation guided by pulse oximetry along with antibiotic
stewardship is the norm.

Our rates of ROP and type I ROP were higher than the
literature [19], possibly due to 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 al. [10] (90%).
Low sensitivity (65%) of WINROP was observed in a
study in Taiwan where older and larger neonates
developed ROP requiring treatment which were missed by
the WINROP [20]. The specificity (36%), positive
predictive value (16%) and high negative predictive value
(94%) in our study was in accordance with the previously
reported literature [8,21,22].

CHOP-ROP performed poorly in our cohort with a
sensitivity of 54%. This was lower than that reported by

Table I Baseline Characteristics of the Study Population
(N=578)

Characteristics Value

Gestational age (wk)a 30.3 (2.37)
Birthweight (g)a 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 (more than initial steps) 181 (31.3)
Apgar score at 1 mina 6.1 (2.02)
Apgar score at 5 mina 7.5 (1.3)
Respiratory distress requiring surfactant 176 (30.4)
Bronchopulmonary dysplasia 81 (14)
Invasive ventilation 150 (26)
Invasive ventilation duration (d)b,c 6 (3-19)
Grade III or IV intraventricular hemorrhaged 18 (3.2)
Periventricular leukomalaciad 67 (11.6)
Hemodynamically significant ductus arteriosus 61 (10.5)
Hypotension requiring inotropes 60 (10.4)
Sepsis requiring antibiotics 182 (31.4)
Day of regaining birth weighta 11.9 (5.3)
Anemia requiring transfusion 112 (19.4)

Data expressed as no. (%) except amean (SD) or bmedian (IQR).
camong those who received it; damong those screened.

Table II Retinopathy of Prematurity in the Study Population

Characteristics Retrospective Prospective Combined
Cohort Cohort (n=578)
(n=467) (N=111)

Any ROP 183 (39.2) 25 (22.5) 208 (36)
Type of 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)

Identification of 6 (4-8) 7 (6-9) 6 (4-8)
any ROP (wk)a,b

Identification of type1 9 (7-10) 9 (7-12) 9 (7-10)
ROP (wk)a,b

Number of screeningsa 3 (2-5) 3 (2-4) 3 (2-5)

Data represented as n (%) or amedian (IQR). btime to identification.
ROP-retinopathy of prematurity.
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Table III Diagnostic Performance of WINROP, CHOP-ROP
and ROPScore

Parameter WINROP CHOP-ROP ROPScore
(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 71.4 67.3
(31.3-41.5) (67.1-75.4) (61.9-2.2)

PPV (%) 16.1 17.4 25
(12.1-21.2) (12.3-24.2) (18.6-32.8)

NPV (%) 94.5 93.3 94.3
 (89.1-97.3) (90.1-95.5) (90.5-96.6)

Positive LR 1.3 1.9 2.3
(1.3-1.4) (1.7-2.0) (2.1-2.3)

Negative LR 0.4 0.6 0.4
 (0.3-0.5)  (0.6-0.7) (0.3-0.5)

Diagnostic OR 3.3 2.9 5.5
(1.4-7.6) (1.6-5.3) (2.8-10.9)

NNS 9.4 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 I, 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, et al. [9] (67%) in 2019 Indian infants in spite of their
cohort dealing with bigger neonates. They used the
nomogram provided by Binenbaum, et al. [16] for manual
calculation of alarm limit. This method was not considered
feasible in our setting due to large sample size and hence
the original formula provided by Binenbaum, et al. [16] was
used. In the study by Doshi, et al. [9] decreasing the cutoff
from 0.014 to 0.010 gave 100% sensitivity. However, in our
study the cutoff had to be decreased to 0.001 to give 100%
sensitivity, which in turn decreased the specificity to
unacceptable levels (2.23%).

The sensitivity of ROPScore was 73% which was lower
than previous studies (95-100%) [6,23]. When the cutoff of
ROPScore was decreased to 10.79, the sensitivity
approached 100% and this cut 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 has inherent disadvan-
tages as it gives an alarm at 6 weeks of postnatal age when
most of the neonates with aggressive posterior ROP are
already identified by conventional screening methods and
treated. In addition, many neonates with risk factors who
are discharged before six weeks of postnatal age cannot be
evaluated using ROPScore thereby missing out on cases
with type 1 ROP.

The median time from alarm to treatment in our study
for WINROP, CHOP-ROP and ROPScore was 7, 7 and 3
weeks, respectively which was lower than those
previously estimated [24], where it was 11.1, 9.1 and 5.1
week, respectively.

An ideal algorithm for identifying type 1 ROP is the one
with 100% sensitivity and a reasonable level of specificity
so as to reduce the unwanted ROP screenings being done
currently. None of the algorithms were sensitive enough in
our setting probably due to a higher saturation target of
90-95% being followed in the unit. A similar decrease in
sensitivity of WINROP from 87.5% to 48% was noted by
Lundgren, et al. [25] when the saturation targets increased
from 88-92% in 2011-2012 to 91-95% 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 the files of neonates who underwent
screening, and this was cross-checked with the electronic
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
limitations as well. The weight was not available at 6 weeks
completed age in 196 out of 467 (42%) neonates enrolled in
retrospective phase. None of the algorithms could
accommodate all the neonates included in the study,
thereby true comparison of diagnostic performance of the
various algorithms with the existing weight and gestation-
based criteria could 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

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

ROC: Receiver operating characteristics curve; CHOP-ROP- Children’s
Hospital of Philadelphia ROP; ROP-retinopathy of prematurity.
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risk factor-based screening protocol being currently
followed in the unit. Although ROPScore with a modified
cutoff of 10.79 looks promising since it has 100%
sensitivity, it has a poor specificity of 16.5% and it gives an
alarm at 6 weeks completed age, a time at which few of the
neonates would already have been identified by
conventional screening method.
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CLIPPINGS

Theme: Gastroenterology and Hepatology

Relationship between quantitative sonographic
measurements and serum biochemical parameters in
childhood obesity (Pediatr Gastroenterol Hepatol Nutr.
2021;24:470-82)

Childhood Obesity is global public health problem affecting not
only the adolescents but also the young children, and its
prevalence is increasing day by day. According to WHO, in 2016
over 340 million children and adolescents aged 5-19 were
overweight or obese; 39 million under-five children were
overweight or obese in 2020. Obesity is closely related with the
development of metabolic syndrome and excessive fat
accumulation in hepatocytes leading to the development of non-
alcoholic fatty liver disease (NAFLD) in children. In this study
published from Turkey involving 174 overweight or obese
children aged between 3-18 years (mean age of 10.6 year), the
relationship between various indicators of obesity [e.g., BMI z-
score, abdominal wall fat thickness, serum biochemical markers
(AST, ALT, HDL, LDL, total cholesterol, Insulin and HOMA-
IR levels)] and sonographic measurements of fatty liver was
assessed. Authors found a positive correlation between liver-
kidney echogenicity ratio (LKER) and serum transaminase and
glucose levels in obese children. A positive correlation was also
found between BMI z-score and abdominal wall fat thickness
(AWFT) with fasting insulin level and HOMA-IR value.
Authors concluded that due to the wide availability of the
ultrasonography, it can be used as an effective tool in the
management of the childhood obesity. Celiac disease in
children: An association with drug-resistant epilepsy
(Pediatr. Neurol 2021;120:12-17)

Seizures are one of the neurological manifestations in
children with celiac disease. In the present study published from
University of Utah, authors did a retrospective chart review to

compare the children having epilepsy and celiac disease (n=56)
with 168 age- and sex-matched controls having only epilepsy, to
analyze the effect of gluten-free diet on seizure burden. Study
results showed that the children with celiac disease had a
significantly higher percentage of drug-resistant epilepsy
compared to control group, but comparable to the general
population. Adherence to the gluten free diet along with the
medications reduces the disease burden in children with celiac
disease having drug resistance epilepsy.

Neutrophil to lymphocyte ratio and gastrointestinal
involvement among Henoch Schonlein purpura
patients: A systematic review and meta-Analysis (J
Pediatr Gastroenterol Nutr. 2021;73:437-43)

Recently the Neutrophil to lymphocyte ratio has attracted much
attention as a marker of systemic inflammation. A very simple
investigation which is easily available and does not add to the cost
of routine investigations and has been tested in various clinical
conditions. In the current study the authors does the meta-
analysis of the studies published on Henoch Schonlein purpura
(HSP), to evaluate the difference in the neutrophil to lymphocyte
ratio among the HSP patients presenting with and without
gastrointestinal manifestations. They have analyzed 6 studies
with low heterogeneity, and found that the patients of HSP with
gastrointestinal involvement have higher neutrophil to
lymphocyte ratio compared to those without gastrointestinal
involvement [mean difference of 0.88 (95% CI 0.55, 1.22)].
Authors concluded that the neutrophil to lymphocyte ratio in
cases with HSP could serve as the marker of gastrointestinal
involvement.
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