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Abstract
Background Retinopathy of Prematurity (ROP) screenings are expensive and entail heavy workload. Predictive models
using postnatal weight gain reduces the number of ophthalmological examinations. The objective was to validate Children’s
Hospital of Philadelphia (CHOP) score to predict severe ROP in resource limited settings.
Methods Prior to ophthalmic examination, the CHOP score was calculated to predict severe ROP (point estimate= 0.014)
in 191 preterm infants. Cut-off point estimate, most suitable in resource limited settings was assessed.
Results CHOP Score cutoff point (0.014) showed 67% sensitivity, 75% specificity. With CHOP score cut-off point (0.010),
the corresponding values were 100% sensitivity, 51% specificity, PPV 12% and NPV 100%.
Conclusion CHOP Score (0.014) is a poor tool to predict the onset of severe ROP. However, CHOP Score (0.010) is a
promising tool to predict the onset of severe ROP and reduces the need for ophthalmological examinations by 50% in
resource limited settings.

Introduction

Retinopathy of prematurity (ROP) is the most common
disease leading to childhood blindness among preterm
infants [1–3]. Out of 27 million annual live births in India,
approximately 2 million are <2000 g in weight and are at
risk of developing ROP [4]. In India, the incidence of ROP
is between 38–52% in low birth weight infants [4, 5].

Current ROP screening criteria is are a simple prediction
model with 2 dichotomized (yes or no) predictors, birth
weight (BW) and gestational age at birth (GA). In India, as
per the National neonatology Forum Guidelines, ROP
screening should be performed in all preterm infants born
<34 weeks gestation and/or <1750 g birth weight; as well
as in infants 34–36 weeks gestation or 1750–2000 g birth
weight if they have risk factors for ROP [4]. Such
screening models have high sensitivity, but they are not

specific. In fact, less than 5% of infants examined require
laser surgery, based on multiple large US [6], Canadian [7],
and UK [8, 9] studies. Repeated ophthalmological exam-
inations lead to stress, pain and physical impairment in
these fragile preterm infants. All screening programs are
time consuming, labor intensive and uncomfortable. They
cause anxiety to parents and sometimes lead to an extended
NICU stay. Repeated ophthalmological examinations for
ROP screening are expensive and remain a major constraint
for resource limited settings like India. Hence there is a
need to develop better predictive models to address this
issue.

Recent studies suggest that the use of prediction models
that include postnatal weight gain may greatly reduce the
number of infants requiring examinations while still accu-
rately identifying infants who will require treatment [10–
12]. The scientific rationale is that low weight gain is a
surrogate measure for a slower-than expected rise in serum
insulin–like growth factor-1 (IGF-1), which results in
insufficient activation of retinal vascular endothelial growth
factor by IGF-1 and poor retinal vascular growth early in
postnatal life [13–16]. With a similar rationale, a scoring
system Childrens Hospital of Philadelphia (CHOP Score)
was developed by Binenbaum & colleagues to predict the
occurrence of ROP severe enough to require treatment
among preterm infants [17].
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Among 524 infants, the model had 100% sensitivity for
type 1 ROP, while reducing the number of infants requiring
examinations by 49%. This scoring system will allow for a
reduction in the number of eye examinations performed in
the same infant during ROP screening. Those at low risk,
any stage ROP, will also be spared from repeated exam-
inations reducing the pain and stress on the infant and,
furthermore, reducing the workload. This will help to focus
on those infants who require attention in terms of treatment.
The investigators have stressed the need to further validate
this predictive model in other populations [17].

A clinically reliable and cost-effective model to predict a
serious health condition like ROP is very important for a
resource limited low middle-income country like India.
Hence the objective of our study is to describe the use of
CHOP score as a model to predict the onset of severe ROP
and its comparison with the ophthalmological examination
i.e., Indirect Ophthalmoscopy for detecting ROP (gold
standard) in an Indian setting.

Patients and methods

Ethical approval for the study was obtained from the
Institutional ethics committee. This was a prospective
observational study carried out in a level III NICU of a
tertiary level hospital in western India for a period of
6 months (March to August 2017).

Sample size calculation was made using formula for
sensitivity & specificity studies. Based on PINT- ROP
model study we assumed sensitivity & specificity of 95%.
Prevalence of type 1 ROP in our unit is in study population
of interest is 10%. For a precision of 10 %, for the above
sensitivity, specificity and prevalence, estimated sample
size was 191 preterm infants.

Infants of gestational age <34 weeks and birth weight
<1750 g, as per standard unit policy, (National Neonatology
Forum Guidelines) were included for the study [4]. Those
infants with major lethal congenital anomalies not compa-
tible to life were excluded.

The primary outcome of the present study was to accu-
rately predict the risk of type 1ROP using the CHOP-ROP
screening model. The secondary outcome was to demon-
strate reduction in the need for ophthalmological
examinations.

Methods

An informed consent regarding the study protocol was
obtained from parents of the eligible preterm infants before
enrolling them. The gestational age of the infant was
assessed in the labor room by using date of last menstrual
period and the first trimester ultrasonography. In case of

non-availability of gestational age by date and by ultra-
sonography, the preterm infant was not enrolled for the
study, though all the preterm infants were admitted in NICU
as per unit policy.

The preterm infants were subjected to Indirect ophthal-
moscopy for ROP screening at 4 weeks of age as per
standard unit policy, recommended by the National Neo-
natology Forum Guidelines [4].

In case of any high-risk factors, like those infants who
received oxygen therapy, assisted ventilation, multiple
blood transfusions, PDA, IVH, were screened for ROP at
3 weeks post-natal age as per the existing unit policy.

Indirect ophthalmoscopy was done by pediatric oph-
thalmologist as a routine practice. Indirect ophthalmoscopy
was considered as Gold standard for diagnosis of ROP.
Staging of disease was recorded as per the 1984/1987
International Classification of ROP (Annexure 1). Type 1
and type 2 ROP was defined as per the Early Treatment for
ROP (ETROP) guidelines (Annexure 2) [18]. The preterm
infants were considered for treatment as per ETROP
guidelines, being followed as standard of care.

Prior to the ophthalmological examination, a senior
resident calculated the CHOP score (Fig. 1). The CHOP
score (Fig. 1) was devised by Children’s hospital of Phi-
ladelphia and consists of five parallel lines. Gestational age
in weeks is plotted on the first line, daily weight gain (gm/
day) on third line and birth weight in gms on the fifth line.
The second line is the probability line which gives us the cut
off/alarm level of 0.014 (plotted from 0.0001 to 0.9) above

Fig. 1 Sample nomogram to predict the risk of severe ROP based on
the CHOP ROP model. A straight line is drawn between the values for
birth weight and daily rate of weight gain. The intersection of this line
with the gray auxiliary axis is then connected to the value for GA. The
intersection of this second line with the probability line provides the
predicted probability of severe ROP. If the risk is greater than 0.014,
eye examinations are indicated. (From Binenbaum G, Ying GS, Quinn
GE, et al. The CHOP postnatal weight gain, birth weight, and gesta-
tional age retinopathy of prematurity risk model. Arch Ophthalmol
2012;130(12):1560–5; with permission.)
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which the need for ophthalmological examination is estab-
lished. The fourth line is the auxiliary axis. Now the line
joining the birth weight (on fifth line) of a particular infant
to the daily weight gain (on third line) of the same infant,
intersects the auxiliary axis at one point. Another line
joining the intersection point on auxiliary axis and the first
line (on which gestational age is plotted) is then joined. This
line will then intersect at a point on the probability line and
if this intersection point is above the alarm level (0.014),
this establishes the need for ophthalmological examination.
The cut-off (0.014) has been established by the Children’s
hospital of Philadelphia based on their population, we
validated the same for the present study. We assessed which
cut-off point estimate would be most suitable for detecting
all type 1 ROP in the study population.

The infants’ weight was recorded daily on an electronic
infant weighing scale with an accuracy of ± 1 gram. Daily
weight gain rate was calculated using daily measurements
(the difference between the average of all available daily
weights during the prior 7 days and the average of the
previous week’s daily weights, divided by 7). The differ-
ence in the weights were calculated from the third week of
the post-natal age onwards as that is the earliest age from
which severe ROP had been observed in the institute.

The senior resident and the ophthalmologist were blinded
from each other’s observations. Their observations were
recorded on a pre-designed proforma.

Statistical analysis

All statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS), version 15.0. for
Windows (SPSS Inc., Chicago, IL, USA). Sensitivity,
Specificity, Positive predictive values (PPV) and Negative
predictive values (NPV) were used to assess the accuracy of
the CHOP score to predict severe ROP.

Results

The study included data on 191preterm infants. Mean BW
and GA for the entire cohort were 1341 ± 212 g and 31.2 ±
2.3 weeks. The demographic characteristics of the cohort
are shown in Table 1. The prevalence of any stage ROP in
our sample was 61/191 patients (31.9%). The incidence of
ROP severe enough to require treatment in this study was
(12/191 patients) (6.2%).

A CHOP Score cutoff point of 0.014 showed 67% sen-
sitivity, 75% specificity, a PPV of 15%, and an NPV of 97%
as shown in Table 2. When the CHOP score cut-off point
was lowered to 0.010, the corresponding values were 100%
sensitivity, 51% specificity, a PPV of 12% and a NPV of
100% (Table 3).

Discussion

ROP develops in 2 phases, initially a hypoxic preclinical
phase and subsequently a proliferative clinical phase. These
result from alterations in serum insulin-like growth factor-1
(IGF-1), and vascular endothelial growth factor (VEGF), a
hypoxia induced angio-proliferative factor necessary for

Table 1 Demographic characteristics

Total cohort
(n)

Any ROP
(n)

Severe ROP
(type 1) (n)

Number 191 (100%) 61 (31.9%) 12 (6.2%)

Birth weight in grams (Distribution)

500–749 27 19 8

750–999 36 32 3

1000–1249 45 7 1

1250–1499 43 3 0

1500–1749 40 0 0

Birth weight in grams
(Total) (Mean ± SD)

1341 ± 212 1198 ± 146 878 ± 186

GA in weeks (Distribution)

24–26 29 21 8

26–28 35 32 3

28–30 44 6 1

30–32 45 2 0

32–34 38 0 0

Mean GA in weeks
(Total) (Mean ± SD)

31.2 ± 2.3 30.1 ± 2.1 28.5 ± 1.6

Mean weight gain
(grams/day)

18.21 ± 10.84 14.41 ± 8.54 11.56 ± 7.77

Table 2 CHOP score model with cut-off point >0.014

Sensitivity 66.67% 34.89–90.08%

Specificity 74.58% 67.50–80.81%

Positive likelihood ratio 2.62 1.63–4.21

Negative likelihood ratio 0.45 0.20–1.0

Disease prevalence 6.35% 3.32–10.83%

Positive predictive value 15.09% 9.97–22.20%

Negative predictive value 97.06% 93.65–98.66%

Table 3 CHOP score model with cut-off point >0.010

Sensitivity 100.00% 73.54–100,00%

Specificity 51.40% 43.83–58.92%

Positive likelihood ratio 2.06 1.77–2.39

Negative likelihood ratio 0.00 –

Disease prevalence 6.28% 3.29–10.72%

Positive predictive value 12.12% 10.61–13.82%

Negative predictive value 100.00% –
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normal retinal vessel formation [19]. Serum IGF-1 decrea-
ses with preterm birth from loss of maternal sources and
poor endogenous synthesis [20–22]. IGF-1 plays a per-
missive role in VEGF induced retinal vascular growth [12,
13]. Hence, low serum IGF-1 hinders retinal vascular
development, with localized hypoxia and VEGF accumu-
lation, as metabolic demands increase within the developing
retina. With increasing post-natal age and size, endogenous
synthesis of IGF-1 increases, permitting VEGF activity, and
proliferative retinopathy develops [12, 19, 23]. It is already
known that prolonged early IGF-1 deficits and slow post-
natal weight gain are associated with a higher risk of severe
ROP [10, 11, 24, 25]. Serum IGF-1 levels correlate with
fetal and postnatal growth, so postnatal weight gain is a
good surrogate measure for serum IGF-1 [20, 22, 26].
Weight measurements are simple, quick and routinely done,
whereas IGF-1 assays are expensive with a prolonged
laboratory processing time. Several risk factors have been
reported as involved in the development of ROP, but BW
and GA are considered the most significant [27, 28]. Cur-
rently, low post-natal weight gain after preterm birth is
widely accepted as a predictive parameter for later devel-
opment of ROP, being considered better than BW and GA
as predictors [29, 30].

Several scoring systems, from the classic Apgar score to
modern illness severity scores such as CRIB, SNAP and
SNAPPE-II, have been routinely used to predict various
neonatal comorbidities. Previously, studies have attempted
to demonstrate the efficacy of CRIB, SNAP, and SNAPPE
scores to predict ROP. The authors reported that none of the
scores had sufficient power to predict ROP-induced vision
impairment [31, 32]. A possible explanation for the poor
performance of these scores as predictors of ROP may lie in
the fact that such scores are done on the preterm infant’s
first day at the NICU and does not necessarily reflect the
clinical behavior in the ensuing weeks. In order to be
effective in terms of ROP detection, a scoring system
should incorporate variables that take into account the
subsequent weeks of life with several physiological or
pathological processes [33].

Recently, clinical prediction models to identify preterm
infants with risk of severe ROP were presented. WINROP,
ROP Score, PINT-ROP were presented using postnatal
longitudinal weight gain measurements. WINROP demon-
strated a very high sensitivity for detecting severe ROP in
retrospective studies: 100% in a Swedish cohort of 353
infants, reducing the number of preterm infants who would
have received examinations by almost 76%; 100% in a
Boston cohort of 318 infants, reducing infants who needed
ophthalmological examinations by 75% [34, 35]. However,
when WINROP model was studied in developing countries,
the sensitivity decreased: 91% in a Brazilian cohort of 366
infants and a very low 55% in a Mexican cohort of 352

infants [36, 37]. Further, the WINROP algorithm involves
complex calculations, which becomes a limiting factor.

ROP Score model consists of a logistic regression
equation, used to calculate risk only once per infant [38].
This model includes birth weight, gestational age, weight
gain at a single time point (6 weeks postnatal age) and
dichotomous factors for blood transfusion and use of oxy-
gen in mechanical ventilation during the first 6 post-natal
weeks. ROP Score had a sensitivity of 98% and specificity
of 56% for severe ROP in a cohort of 474 Brazilian infants
[38].

A similar scoring system Premature Infants in Need of
Transfusion (PINT-ROP) to predict the occurrence of
severe ROP warranting treatment [39]. They prospectively
collected data from 367 preterm infants with BW <1000 g
in the Premature Infants in Need of Transfusion (PINT)
randomized controlled trial to develop a model containing
terms for BW, GA and daily rate of weight gain (calculated
from the current and prior week’s weight measurements).
The equation was calculated every week and if the predicted
risk of ROP was greater than a cut off level, ophthalmolo-
gical examinations were indicated. In this manner, PINT
ROP had 100% sensitivity for treated severe ROP, while
reducing the number of infants requiring examinations by
almost one third in that high-risk cohort.

The PINT ROP cohort was at high risk for ROP.
Therefore, Binenbaum and colleagues applied the same
modeling approach to a low-risk cohort more representative
of current US ROP screening criteria (BW <1501 g) to
develop a model called CHOP ROP. Among 524 infants,
the model had 100% sensitivity for type 1 ROP, while
reducing the number of infants requiring examinations by
almost half. If the risk cutoff was raised to miss 1 infant
requiring laser, the reduction in examinations was as high as
79%. In the present study, cutoff point of 0.014 for severe
ROP was used as per CHOP ROP model. At these cutoff
points, CHOP Score showed 67% sensitivity and 75%
specificity for severe ROP in the present study. Positive
predictive value (PPV) refers to the probability of a preterm
infant with a score above 0.014 developing ROP, whereas
Negative predictive value (NPV) corresponds to the prob-
ability of a preterm infant with a score below 0.014 not
developing severe ROP. For the cutoff point of 0.014, PPV
and NPV were 15 and 97% respectively. This reduced the
number of ophthalmological examinations by almost 75%.
However, when the cut-off point was lowered to 0.010, the
values of sensitivity, specificity, positive predictive and
negative predictive were 100, 51, 12 and 100% respectively
and reduced the number of ophthalmological examinations
by 50%

This score is very simple to be routinely used by oph-
thalmologists, the NICU staff and trained health care
workers during screening examination for detection of
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severe ROP. According to the score, the ophthalmologist in
charge will decide which babies should receive more or less
frequent re-evaluations in the weeks following the initial
examination. Higher scores lead to more evaluations
because these infants have more risk of developing severe
ROP than patients with lower scores. It is worth mentioning
that the use of CHOP score did not influence the usual
established criteria for inclusion of preterm infants in the
ROP screening during the present study. This score can be
helpful in order to reduce the excessive number of eye
examinations performed in preterm infants that had low
scores.

The present study has a few merits like its prospective
nature and encompassing all gestational ages in a setup
representing majority of resource limited developing
countries, as it was conducted in a major tertiary level
referral unit in western India.

There are a few limitations in the present study. Firstly,
the 95% confidence intervals for the present study are not
narrow enough for the neonatologists to feel confident about
widespread application of this prediction model. More stu-
dies with larger sample size are required to address this
issue. Secondly, the CHOP ROP model with cut-off point
(0.014) similar to American study, performed poorly in
predicting onset of severe ROP in the current study may be
due to differences in ROP pathophysiology, particularly in
older GA infants. The additional insults of higher percen-
tage of fetal growth restriction and sepsis in the developing
world might be contributory. The same has been empha-
sized in previous studies and hence the need to establish
customized cut-off points for each indigenous population,
especially in the developing world. When the model’s alarm
level (0.010) was lowered (accepting a decreased specifi-
city) it ensured 100% sensitivity. This could work well in a
multitiered screening approach together with telemedicine,
once both modalities have been adequately validated.
Thirdly, other confounding factors were not analyzed in the
present study.

Rather than replacing the existing guidelines, this model
may be used alongside it, changing examination frequency
or timing based on predicted risk.

Summarizing, CHOP Score is a promising tool that aims
to reduce the excessive number of eye examinations per-
formed in preterm infants, without missing any cases of
severe ROP. Further studies are warranted to validate the
usefulness of this score in other resource limited developing
countries.

Conclusions

This study describes the use of CHOP Score to predict the
occurrence of severe ROP in preterm infants. CHOP Score

model with a cut-off point of 0.014 is a poor tool to predict
the onset of severe ROP in Indian preterm infants. How-
ever, CHOP Score model with a cut-off point of 0.010 is a
promising tool to predict the onset of severe ROP in Indian
preterm infants and reduces the need for ophthalmological
examination by 50%. Further studies are warranted in
similar resource limited settings to validate the above
findings.

Summary

What was known before

● Repeated ophthalmological examinations for ROP
screening in preterm neonates are stressful and expen-
sive, which can be reduced by using a simple tool
(CHOP score).

● However, it has been validated only in resource rich
settings.

What this study adds

● CHOP Score model with a cut-off point of 0.014 is a
poor tool to predict the onset of severe ROP in Indian
preterm infants.

● However, CHOP Score model with a cut-off point of
0.010 is a promising tool to predict the onset of severe
ROP in Indian preterm infants and reduces the need for
ophthalmological examinations by 50%.
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