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Purpose: To compare infant and retinopathy of prematurity (ROP) characteristics from 3 clinical studies
conducted over a 27-year period in the United States.

Design: Secondary analysis of results of 3 clinical studies.
Participants: Infants with birth weight (BW) <1251 g.
Methods: Analysis of data from the Cryotherapy for Retinopathy of Prematurity (CRYO-ROP) and Early

Treatment for Retinopathy of Prematurity (ETROP) trials and the primary data from the Telemedicine Approaches
for the Evaluation of Acute-Phase Retinopathy of Prematurity (e-ROP) study.

Main Outcome Measures: Infant characteristics and onset, severity, and time course of ROP.
Results: Across the 3 studies, mean (standard deviation) BW and mean gestational age (GA) decreased over

time from CRYO-ROP (954 g [185 g], 27.9 weeks [2.2 weeks]) to ETROP (907 g [205 g], 27.4 weeks [2.2 weeks]) to
e-ROP (864 g [212 g], 27.0 weeks [2.2 weeks]), with an increase in the percentage of infants enrolled weighing
<750 g (15.8% CRYO, 24.9% ETROP, 33.4% e-ROP; P<0.0001). The percentage of infants who developed ROP
varied only minimally (65.8% CRYO, 68.0% ETROP, 63.7% e-ROP; P ¼ 0.003). Moderately severe ROP (defined
as prethreshold or referral warranted) varied (17.8% CRYO, 12.3% ETROP, 19.4% e-ROP; P<0.0001), whereas
the time of onset of any ROP did not vary (34.3 weeks CRYO, 34.1 weeks ETROP, 34.8 weeks e-ROP).

Conclusions: The BW and GA of infants enrolled in ROP studies in the United States have decreased over
the past 27 years, whereas ROP prevalence and onset of disease are stable. Ophthalmology 2016;-:1e6 ª 2016
by the American Academy of Ophthalmology.

Retinopathy of prematurity (ROP) is a disease seen almost
exclusively in premature infants, although the incidence
varies widely across the world.1,2 Less than 10% of those
infants who develop ROP will develop severe enough
ROP to require treatment, although, even with treatment,
ROP can lead to visual impairment and blindness.3 In
countries with well-developed neonatal intensive care
units (NICUs), the proportion of smaller birth weight
(BW) and lower gestational age (GA) infants who survive
to discharge is increasing, although there is variation when
individual institutions are compared in terms of treatment
given and outcome.4e8 Among large, multicenter ROP
clinical studies conducted in the United States over the
past few decades, 3 studies shared many of the partici-
pating centers and in total enrolled more than 12 000
premature infants with BW <1251 g. These studies re-
ported the incidence and course of acute-phase ROP. The
Cryotherapy for ROP (CRYO-ROP) study enrolled 4099
babies from January 1986 to November 19879,10; the
Early Treatment for ROP (ETROP) study screened 6998
babies and enrolled 2320 babies with ROP from October
1, 2000, to September 30, 20023,11; and the Telemedicine
Approaches for the Evaluation of Acute-Phase

Retinopathy of Prematurity (e-ROP) study enrolled 1284
babies from May 2011 to October 2013.12

The purpose of this report is to examine the demographic
characteristics and the onset, severity, and time course of
acute-phase ROP among the infants in these studies.

Methods

The 3 studies were conducted with cooperative agreements with
the National Eye Institute of the National Institutes of Health. Each
was approved by the institutional review board at the study
headquarters and at all clinical centers. In each study, detailed
information was collected on infant demographics and the natural
history of ROP found during the eye examinations conducted
during the at-risk period for ROP by study-certified ophthalmolo-
gists. The timing of initial and subsequent examinations for acute-
phase ROP was based on clinical guidelines in place at the time
and was essentially the same for the 3 studies. In each study, the
International Classification for ROP13,14 was used by study-
certified ophthalmologists for documenting the presence and
severity of ROP.

Most of the data evaluated for this report were in the same
format. For some of the analyses, the data required adjustment to
allow comparison. The CRYO-ROP Study10 and the ETROP3 trial
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used the same definition of “threshold” and “prethreshold” ROP.
Threshold ROP was defined as zone I or II, 5 contiguous or 8
composite hours of stage 3 ROP, with plus disease. Prethreshold
ROP was defined as zone I, any ROP; zone II, stage 2 ROP with
plus disease; zone II, any amount of stage 3 ROP and no plus
disease; or zone II, stage 3 ROP with plus disease but less than
required threshold clock hours. In 2003, the ETROP trial
established a new treatment level for severe ROP, termed “type 1
ROP,” defined as zone I ROP any stage with plus disease; zone
I, stage 3 ROP; or zone II, stage 2 or 3 ROP with plus disease,
as well as less severe ROP that requires increased surveillance,
termed “type 2 ROP,” defined as zone I, stage 1 or 2 without
plus, or zone II, stage 3 without plus.

The e-ROP study did not specifically use the terms “threshold”
or “prethreshold.” Rather, the e-ROP study used the term “referral-
warranted ROP” (RW-ROP)15 to designate those eyes that needed
to be evaluated by an ophthalmologist to consider treatment.
Referral-warranted ROP was defined as an eye having any ROP
in zone I, stage 3 ROP or worse, or plus disease. Therefore, RW-
ROP is consistent with ROP defined in CRYO-ROP and ETROP
as at least prethreshold ROP severity. One key difference between
e-ROP and the previous studies is that plus disease alone was
considered RW-ROP, whereas in the CRYO-ROP and ETROP
treatment studies, peripheral changes of ROP also were required.
This would bias toward slightly greater severity in the e-ROP study
period.

In addition, for the ETROP study that screened 6998 infants
and enrolled 2320 infants, the incidence of ROP was estimated
by the investigators on the basis of “the data for infants who
were monitored and whose ROP status was known” (“ROP
observed, or mature”) to provide an estimate that was then
applied to all 6998 infants in the study to establish the rate of
ROP.11 On the basis of the available data set and using
multivariate logistic regression to include all patients in the
ETROP study, we were able to estimate the percentage of
infants in ETROP who develop prethreshold or worse ROP
and plus disease. In this report, “moderately severe or worse
ROP” is used to indicate prethreshold ROP or worse using the
CRYO-ROP and ETROP terminology and to indicate RW-
ROP in e-ROP.

Because our main purpose is to describe the baseline infant and
ROP characteristics from 3 large ROP studies, we do not make
frequent use of formal statistical comparisons across these 3
studies; the large sample sizes can lead to very high statistical
power to detect small, but not clinically meaningful, differences.

Results

Over the 27-year period from 1986 to 2013, there were more than
12 000 infants with BW <1251 g enrolled or screened in 3 ROP
studies (Table 1). The mean BW of these infants decreased over
time across the 3 studies, from 954 g (standard deviation [SD],
185 g) in CRYO-ROP to 907 g (SD, 205 g) in ETROP to 864 g
(SD, 212 g) in e-ROP. The mean GA also decreased by approxi-
mately 1 week on average (from 27.9 weeks in CRYO-ROP to
27.0 weeks in e-ROP) during this period.

The percentage of infants with BW <750 g increased over time
from CRYO-ROP to ETROP to e-ROP (15.8% to 24.9% to 33.4%,
respectively). Likewise, the percentage of infants with GAs �27
weeks increased from 43.8% to 47.2% to 68.1%.

The majority of infants in all 3 studies were inborn (infants born
at the enrollment site) but there were more outborn infants (not
born at enrollment site) in e-ROP (37%). The number of multiple

births increased from 18.6% to 26.2% to 29.8% from CRYO-ROP
to ETROP to e-ROP, respectively.

The overall incidence of ROP across the time period of the 3
studies was similar, with approximately two thirds of the infants
<1251 g developing some stage of acute ROP (Table 2). There was a
decrease in the incidence of ROP between the ETROP and e-ROP
studies among the >750-g BW infants (61.3%, 59.8%, and 51.4%
for CRYO, ETROP, and e-ROP, respectively; P<0.0001) and
among the >27 weeks’ GA infants (52.1%, 50.2%, and 33.9% for
CRYO, ETROP, and e-ROP, respectively; P<0.0001).

It is more difficult to interpret change in incidence. The overall
incidence of prethreshold or worse ROP across the 3 studies varied
minimally (Table 3). The percentage of prethreshold or worse ROP
decreased among larger BW (1000e1250 g) infants, from 7.3% in
CRYO-ROP to 3.9% in ETROP and 3.8% in e-ROP. Among in-
fants with BW between 750 and 999 g, the percentage decreased
from 21.4% in CRYO-ROP to 13.2% in ETROP, but was up slightly
to 14.9% in e-ROP. Among the most at-risk group of infants with
BW<750 g, the percentage of prethreshold or worse ROP decreased
from 39.4% in CRYO to 31.5% in ETROP, but then rebounded to
38.8% in e-ROP. There was no change by race or sex.

There was little difference in the overall percentage of infants
with plus disease across the 3 studies (11.0% for CRYO-ROP,
9.3% for ETROP, and 10.7% for e-ROP). However, plus disease
was more commonly observed in non-black infants in all 3 studies,
and among infants with GA >32 weeks, the incidence of plus

Table 1. Characteristics of Study Infants

CRYO-ROP
(N [ 4099),
January 1986
to November

1987

ETROP
(N [ 6998),
October 2000
to September

2002

e-ROP (N [
1257),

May 2011 to
October 2013

BW (g), mean (SD) 954 (185) 907 (205) 864 (212)
GA (wks), mean (SD) 27.9 (2.2) 27.4 (2.2) 27.0 (2.2)
Race, n (%)
Black 1583 (38.6) 2114 (30.2) 31 (29.5)
Non-black 2516 (61.4) 4884 (69.8) 763 (60.7)
Unable to answer 123 (9.8)

Gender: n (%)
Male 1970 (48.1) 3585 (51.2) 638 (50.8)
Female 2129 (51.9) 3413 (48.8) 619 (49.2)

BW, n (%)
<750 g 647 (15.8) 1745 (24.9) 420 (33.4)
750e999 g 1590 (38.8) 2640 (37.7) 444 (35.3)
1000e1250 g 1862 (45.4) 2613 (37.2) 393 (31.3)

GA, wks
�27 1794 (43.8) 3305 (47.2) 856 (68.1)
>27e31 2027 (49.5) 3454 (49.4) 370 (29.4)
�32 278 (6.8) 239 (3.4) 31 (2.5)

Born at enrolling site, n (%)
Inborn 3353 (81.8) 5887 (84.1) 792 (63.0)
Outborn 746 (18.2) 1111 (15.9) 465 (37.0)

Multiple birth, n (%)
Single birth 3335 (81.4) 5162 (73.8) 882 (70.2)
Multiple birth 764 (18.6) 1836 (26.2) 375 (29.8)

BW ¼ birth weight; CRYO-ROP ¼ Cryotherapy for Retinopathy of Pre-
maturity; ETROP ¼ Early Treatment for Retinopathy of Prematurity;
e-ROP ¼ Telemedicine Approaches for the Evaluation of Acute-Phase
Retinopathy of Prematurity; GA ¼ gestational age; SD ¼ standard
deviation.
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