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Retrospective Validation of the Postnatal Growth
and Retinopathy of Prematurity (G-ROP) Criteria

in a Japanese Cohort
AKIHIKO SHIRAKI, YOKO FUKUSHIMA, RYO KAWASAKI, HIROKAZU SAKAGUCHI, MIWA MITSUHASHI,
HIROMI INEYAMA, YOSHIKAZU HATSUKAWA, AND KOHJI NISHIDA
� PURPOSE: We aimed to externally validate the
performance of new screening criteria for retinopathy of
prematurity (ROP) developed in the Postnatal Growth
and Retinopathy of Prematurity (G-ROP) study among
a Japanese cohort.
� DESIGN: Validation of screening criteria.
� METHODS: We reviewed premature infants screened
for ROP between September 2009 andMay 2017 at a sin-
gle institution. The G-ROP criteria, except hydrocepha-
lus, were applied as a prediction model for infants with
both a known outcome of ROP and serial measurements
of weight gain. We assessed sensitivity and specificity for
treatment-requiring ROP, and reduction in the number of
infants who receive ROP screening and in the number of
retinal examinations.
� RESULTS: Of 692 premature infants screened for
ROP, 537 had information of ROP outcome and
weight gain. In this cohort, 81 infants required treat-
ment for ROP; in 218 infants, ROP regressed sponta-
neously; and 238 infants did not develop any ROP.
The G-ROP model reached a sensitivity of 100%
(95% confidence interval [CI], 95.4%-100%) and
specificity of 28.9% (95% CI, 24.9%-33.2%). No in-
fants required any treatment for ROP before the
date of risk determination. The number of infants
requiring screening and the number of examinations
would have been reduced by 24.5% and 12.9%,
respectively.
� CONCLUSIONS: This is the first validation study of
the G-ROP criteria in a developed country other than
North America. The criteria demonstrated high sensi-
tivity in this Japanese cohort, even though the criterion
of hydrocephalus was excluded. (Am J Ophthalmol
2019;205:50–53. � 2019 Elsevier Inc. All rights
reserved.)
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T
HE INCIDENCE OF RETINOPATHY OF PREMATURITY

(ROP) varies worldwide and depends on multiple
factors, such as socioeconomic circumstances and

race/ethnicity.1,2 However, low gestational age (GA) and
low birthweight (BW) are common risk factors for severe
ROP globally.3 Because severe ROP can result in childhood
blindness, screening criteria are set with a safety margin for
cutoff values of GA and BW, to avoid missing infants who
will develop ROP.3–6 Therefore, in most screened infants,
repeated ophthalmic examinations would have been
unnecessary. Recently, new screening criteria for ROP
were proposed in the Postnatal Growth and Retinopathy
of Prematurity (G-ROP) study.7 Although the criteria are
a promising model to improve screening efficiency while
maintaining high sensitivity in North America, no valida-
tion studies have been reported. We applied the new
criteria for Japanese premature infants retrospectively, to
evaluate whether the model can be generalized across
countries and racial/ethnic groups.
METHODS

� STUDY DESIGN: This was a retrospective cohort study of
preterm infants who underwent eye examinations and had
a known ROP outcome in the neonatal intensive care unit
of a single institution in Japan from September 2009 toMay
2017. The study was approved by the Ethical Review Board
of OsakaWomen’s and Children’s Hospital and was carried
out in compliance with the principles of the Declaration of
Helsinki (1964). Eligible participants were premature in-
fants with GA<33 weeks, with BW <_1800 g, or with being
at high risk of ROP determined by a neonatologist. We
excluded infants without a known ROP outcome, those
without sequential measurements of daily weight, and
those with any ocular diseases including retinovascular
conditions besides ROP, such as familial exudative vitreor-
etinopathy or incontinentia pigment (Bloch-Sulzberger).
For ROP screening, an initial fundus examination was
performed at 29 or 30 weeks postmenstrual age or at 3 weeks
chronological age, whichever was later. The diagnosis of
ROP and indication of treatment for ROP followed the In-
ternational Classification of ROP Revisited8 and the Early
Treatment for ROP Study,9 respectively. The term ‘‘type 1
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TABLE 1. Characteristics of the 537 Premature Infants in the Study

TR-ROP

Non TR-ROP

Regressed ROP No ROP

N 81 218 238

Gestational age, wk

Mean (SD) 25.2 (1.9) 27.5 (2.6) 32.2 (3.1)

Median (range) 24.8 (22.2-34.1) 27.4 (22.2-35.8) 31.5 (25.0-41.5)

Birthweight, g

Mean (SD) 691 (250) 873 (283) 1507 (590)

Median (range) 626 (394-2002) 847 (432-2070) 1404 (422-4062)

Male, n (%) 32 (39.5) 117 (53.6) 117 (49.1)

ROP ¼ retinopathy of prematurity; TR-ROP ¼ treatment-requiring retinopathy of prematurity.

TABLE 2. Prediction of Retinopathy of Prematurity Using 5 Criteria Developed in the G–ROP Study

TR-ROP (N ¼ 81) Non TR-ROP (N ¼ 456) Any ROP (N ¼ 299) No ROP (N ¼ 238)

Alarm-positive 81 324 275 130

Sensitivity, % (95% CI) 100 (95.4-100) NA 91.9 (88.3-94.5) NA

Alarm-negative 0 132 24 108

Specificity, % (95% CI) NA 28.9 (24.9-33.2) NA 45.3 (39.1-51.7)

NA ¼ not applicable; ROP ¼ retinopathy of prematurity; TR-ROP ¼ treatment-requiring retinopathy of prematurity.
ROP’’ was defined by the criteria after the Early Treatment
for ROP study. Demographic and ophthalmologic data,
including sex, BW, GA, all available weight measure-
ments, dates of retinal examinations, ROP stage and zone
at every examination, and any treatments performed for
ROP, were collected from the medical records.

� OUTCOMES AND STATISTICAL ANALYSIS: The original
G-ROP criteria consist of 6 alarm levels, including 5 quan-
titative thresholds and 1 qualitative description. To in-
crease ease of use for ophthalmologists, in this study, we
first used the following 5 criteria of quantitative thresholds,
except hydrocephalus, as a prediction model: GA
<28 weeks; BW<1051 g; weight gain (WG) between post-
natal day 10 and 19<120 g; WG between postnatal day 20
and 29 <180 g; or WG between postnatal day 30 and
39<170 g. TheWGs were calculated by using the absolute
values of weight at the indicated postnatal days. These
criteria were applied for eligible infants to determine
whether each infant had a greater risk than the 5 alarm
levels. The performance of the criteria was tested by calcu-
lating sensitivity and specificity for treatment-requiring
ROP (TR-ROP) and any ROP. The 95% confidence inter-
vals (CIs) for measures of sensitivity and specificity were
calculated using the Wilson score method. To evaluate
the effects of ROP management, we calculated the reduc-
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tion under the current screening setting in the number of
infants requiring screening for ROP and in the number of
retinal examinations. For infants who did not meet any
of the criteria, all of those infants and all of their examina-
tions were considered toward the reduction in examina-
tions. For infants who met any 1 or more of the criteria,
any examination performed prior to the date that they
met 1 of the criteria were counted toward the reduction
in examinations, but all further examinations were not
counted toward the reduction in examinations. Those in-
fants were not considered toward the reduction in number
of infants requiring any examinations. JMP for Mac soft-
ware, version 13.0 (SAS Institute Inc, Cary, North Car-
olina, USA) was used to perform all statistical analyses.
RESULTS

OF 692 INFANTS WHO RECEIVED RETINAL EXAMINATIONS,

537 were eligible in this study. Table 1 summarizes the
characteristics of all infants. Any ROP developed in 299
infants (55.6%), of whom 81 (15%) required treatment,
and 218 (40.5%) regressed spontaneously. The median
GA was 29.1 weeks (range, 22.2-41.5 weeks) and the me-
dian BW was 986 g (range, 394-4062 g) in this cohort.
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FIGURE. Distribution of infant subsets based on gestational
age (GA) and birthweight (BW) thresholds of the G-ROP study
criteria. The lines define the thresholds for BW and GA. TR-
ROP [ treatment-requiring retinopathy of prematurity.
According to 5 criteria from the G-ROP, we considered
that an alarm was raised when an infant met at least 1 cri-
terion (Table 2). The model predicted 81 of 81 infants with
TR-ROP (sensitivity, 100%; 95% CI, 95.4%-100%) and
275 of 299 infants with any ROP (sensitivity, 91.9%;
95%CI, 88.3%-94.5%). Specificity for prediction of infants
with non TR-ROP and infants with no ROP was 28.9%
(95% CI, 24.9%-33.2%) and 45.3% (95% CI, 39.1%-
51.7%), respectively. The number of infants requiring
screening for ROP would have decreased from 537 to 405
infants (24.5%). The number of examinations among all
537 infants would have decreased from 4089 to 3561, a
reduction of 528 examinations (12.9%). The model
correctly identified in advance all infants requiring any
treatment for ROP; however, in 131 of 132 infants who
did not meet these criteria, the model had not yet deter-
mined their risk status when the initial retinal examination
was scheduled, under the current screening schedules.

The components of the criteria were evaluated accord-
ing to the distribution of BW and GA in infants with
TR-ROP (Figure). In this cohort, 78 of 81 infants with
TR-ROP already met more than 1 criterion at birth and
the remaining 3 infants were accurately categorized as
high risk according to WG. Of 299 infants with any
ROP, 257 infants were categorized as high risk according
to GA and BW. Although 3 criteria of WG triggered an
alarm for 18 infants with any ROP, these WG criteria
missed 24 infants (8.0%) with any ROP. All 24 infants
had low-grade ROP of less than type 2 ROP, of whom
only 2 infants were diagnosed with hydrocephalus and 15
infants (62%) were male.
DISCUSSION

WE VALIDATED THE G-ROP CRITERIA IN A JAPANESE

cohort. Whereas there were only 233 (3.1%) Asian infants
among the 7483 infants in the G-ROP study,7 the present
cohort of 537 Japanese/East Asian infants showed repro-
ducible high performance of the criteria. The model
estimated a reduction in the number of infants requiring
screening of about 25%. However, infants had already
been examined when their risk status was eventually deter-
mined at postnatal day 39 according to the G-ROP criteria.
Therefore, we should consider the timing of the initial ex-
amination in clinical application.

There were more male than female infants with low-
grade ROP who were missed in the model. Because growth
in weight is different between male and female preterm in-
fants,10 WG specific for sex could be better for identifying
at-risk infants with any ROP. Among infants with TR-
ROP, the criteria of WG successfully identified 3 infants
as being at risk despite having not met the criteria of GA
and BW, which might be sufficiently high performance
for practical use. The criteria for detecting slow WG are
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indeed only intended to capture the very few higher BW
and older GA infants who develop TR-ROP. The vast ma-
jority of infants developing such severe disease have low
BW and GA. Therefore, capturing these 3 specific infants
is exactly what the 3 extra WG criteria are meant to do.
The screening criteria in this study were a bit higher

than those in North America with regard to the GA
and BW cut-off levels of 33 weeks and 1800 g in this
study, vs 30 weeks and 1500 g in the United States and
Canada. This strengthens the importance of performing
such a validation, as there could be differences in the
characteristics of infants being examined in Japan and
North America, as a result. The fact that the criteria still
had high sensitivity suggests that these criteria are a
promising model.
There are several limitations to consider in this study.

Although these data were collected retrospectively, this
is not a limitation in the study because the data could
generally be collected reliably even if retrospectively.
BW, GA, and weight measurements are routinely collected
in the neonatal intensive care unit, as are ROP examina-
tion results. In this study, we did not use hydrocephalus
as a criterion. One reason that the remaining 5 criteria
had 100% sensitivity is that the median BW was smaller
among infants in this study than those in the G-ROP study
(986 g in this study vs 1070 g in the G-ROP study). The
BW and 3 WG thresholds of the G-ROP criteria should
have sufficient safety margins for premature Japanese in-
fants. If we use stricter criteria, it may be necessary to
include the source of unhealthy nonphysiologic WG,
such as hydrocephalus and late-onset circulatory collapse,
as a criterion. The small sample size and inclusion of cases
from a single institution are also limitations. Larger cohorts
are required to verify reproducibility and reliability.
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In conclusion, the criteria of the G-ROP study showed
good accuracy as an exclusion tool in ROP screening
among our Japanese cohort. The findings of this valida-
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tion study suggest that the G-ROP criteria could be
generalized to different racial/ethnic cohorts in high-
income countries.
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