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Objective: To present a new multifactorial algorithm
to integrate important risk factors for unfavorable reti-
nal outcome in eyes that reached prethreshold retinopa-
thy of prematurity (ROP) in the Cryotherapy for Reti-
nopathy of Prematurity (CRYO-ROP) study. A
computerized risk model (RM-ROP2) was developed from
this algorithm to identify high-risk prethreshold eyes for
enrollment in the Early Treatment for Retinopathy of Pre-
maturity randomized trial.

Methods: Data were analyzed from 613 eyes (1 eye per
infant) in the natural history cohort of the Multicenter
Trial for Cryotherapy for Retinopathy of Prematurity.
These eyes were selected from infants in whom 1 or both
eyes progressed to prethreshold ROP. Eyes that pro-
gressed to threshold ROP and were randomized to cryo-
therapy were excluded from this study, but control eyes
that reached threshold ROP were included. The course
of ROP for 1 prethreshold eye for each infant was tracked
until the evaluation of its structural outcome at 3 months’
postterm. Tables present structural outcome by se-

lected risk characteristics. A multiple logistic risk model
is used to summarize the combined effect of all of these
known prognostic risk factors as they relate to struc-
tural outcome.

Results: Eyes were classified by predicted outcome into
10 risk categories, lowest to highest. Both the observed and
predicted outcomes in each category showed an increas-
ingly unfavorable outcome when viewed from lowest to
highest risk. Prethreshold ROP eyes were then divided into
2 groups, high-risk, eyes (risk, 0.15-1.0) and low-risk eyes
(risk, �0.15). High-risk eyes had an unfavorable out-
come of 36% at 3 months’ postterm; whereas, only 5% of
the low-risk eyes had an unfavorable outcome.

Conclusion: The model effectively identifies prethresh-
old ROP eyes that have a relatively high risk and eyes that
have a lower risk of an unfavorable structural outcome
at 3 months.
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I N 1991, the Cryotherapy for Reti-
nopathy of Prematurity Coopera-
tive Group (CRYO-ROP) pub-
lished detailed incidence figures for
ROP by severity of disease and also

tabulated them by an array of patient sub-
groupings such as birth weight, race, and
others.1 In 1993, we reported the results of
multiple logistic regression analysis of nu-
merous independent variables, both for
baseline characteristics of infants and by
ROP classification features.2 That article
quantified, for the first time, the risk effect
of these variables on the likelihood of an eye
reaching the threshold ROP (Table 1) for
treatment, and the likelihood that aneye that
reached threshold ROP and was untreated
would progress to an unfavorable out-
come 3 months later.2 We also have pub-
lished outcome statistics for untreated ROP
tabulated by baseline infant characteristics
and numerous severity categories.3,4

While the published risk analysis
data lent objectivity to estimating prog-

nosis, it remained difficult for physicians
to quantify the risk for an individual
infant. Major progress in that direction
was achieved through the development of
a mathematical algorithm, converted into
a risk analysis computer program known
as RM-ROP.5

As originally described, RM-ROP con-
sists of 5 mathematical equations that pro-
vide a relationship among risk factors ob-
served about the infant and the infant’s
retina as they correlate with structural out-
come. The program is based on data from
4099 infants who weighed less than 1251
g at birth who composed the natural his-
tory cohort of the Multicenter Trial for
Cryotherapy for Retinopathy of Prematu-
rity.1,2 The RM-ROP analyzes data ac-
quired during acute-phase ROP to calcu-
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late 2 risk estimates: (1) that an individual infant’s eye
will develop threshold ROP, and (2) if threshold is reached,
that the eye with or without treatment will develop an
unfavorable structural outcome (and very likely, blind-
ness) 3 months later.

We have developed a different version of the pro-
gram that calculates the risk of an unfavorable 3-month
outcome for eyes at prethreshold ROP severity (Table 1),
rather than waiting until the eye reaches threshold ROP.
This new risk model, RM-ROP2, is the subject of this ar-
ticle. The RM-ROP2 has been used to select high-risk pre-
threshold ROP eyes for enrollment in a clinical trial, the
Early Treatment for Retinopathy of Prematurity study
sponsored by the National Eye Institute, National Insti-
tutes of Health, Bethesda, Md.6

METHODS

STUDY POPULATION

A group of infants was selected as follows from the natural his-
tory cohort of the CRYO-ROP study.3 The full natural history
cohort consists of 4099 subjects who were enrolled from Janu-
ary 1, 1986, through November 30, 1987, as newborns with
birth weights less than 1251 g. Beginning at 4 through 6 weeks
of age, they were examined by specially trained and certified
ophthalmologists every 2 weeks for the development of ROP,
and later for outcome 3 months’ postterm or after randomiza-
tion. If ROP progressed to the prethreshold level, the exami-
nation interval was shortened to within 7 days. Data from the
731 infants who developed prethreshold or worse ROP in 1 or
both eyes were eligible for inclusion in this study. (The re-
maining 3368 infants either had no ROP or developed ROP that
remained less severe than the prethreshold category.) One eye
of each infant was selected for the present analysis.

In cases in which only 1 eye reached prethreshold or
worse ROP during the course of acute-phase ROP, that eye
was chosen for study. For infants with both eyes reaching pre-
threshold ROP, the following selection criteria were used: (1)
if neither eye reached the treatment threshold, 1 eye was
selected at random; (2) if both eyes eventually reached thresh-
old ROP, the eye randomized in the CRYO-ROP study to not
receive cryotherapy (control eye) was included; and (3) if
only 1 eye eventually reached threshold ROP severity and was
randomized to serve as the control eye, that eye was included;
conversely, if the eye was randomized to receive cryotherapy,
the untreated prethreshold fellow eye was included. Follow-
ing the eyes in groups 1 through 3 produces a natural history
of untreated eyes through onset of prethreshold ROP, includ-
ing those eyes that progressed to treatment threshold ROP but
were untreated. This allows the risk model to properly esti-
mate the risk of an unfavorable 3-month outcome.

These data are presented in tabular form by infant and eye
characteristics. The multiple logistic risk model was used to
examine the prognostic factors related to an unfavorable struc-
tural outcome. The multiple logistic equation is described and
the coefficients of each of the factors included in the model are
given. Calculation of the multiple logistic risk model was done
using Stata Statistical Software: Release 7.0.7

RESULTS

Of the 731 infants who constituted the prethreshold CRYO-
ROP study population, a subgroup of 613 infants had their
outcome determined at 3 months. Outcomes were unavail-
able from the remaining 118 infants for the following rea-
sons: (1) 43 died before the 3-month examination, (2) 66
were not examined because of parental refusal (n=27) or
loss of contact with the family (n=39), and (3) 9 were ex-
amined but the examiner was unable to classify the out-
come. The baseline characteristics of both the entire co-
hort and the subgroup of 613 eyes with 3-month outcome
data are summarized in Table 2. The subgroup of infants
with 3-month outcome data is overall remarkably similar
to the base natural history cohort.

The rates of unfavorable fundus outcome are given
in Table 3 by various characteristics of the infants and
their selected eyes. As expected from previously pub-
lished risk factors, infants born in 1 of the participating
hospitals had a lower rate of an unfavorable outcome than
those born in nonparticipating hospitals (15.5% vs 21.1%,
P=.13). Likewise, black infants had lower rates of unfa-
vorable outcome than nonblack infants (8.6% vs 19.7%,
P�.001). Singleton infants had an unfavorable outcome
rate of 17.5%, whereas multiple-birth infants had a slightly
lower rate of 14.5% (P=.44). The unfavorable outcome rate
for female infants was 18.4%, while male infants had a
slightly lower rate of 15.1% (P=.28). By birth weight cat-
egories, the unfavorable outcome rates vary from 23.7%
for infants weighing less than 750 g at birth down to 9.0%
for infants weighing 1000 to 1250 g at birth. Similarly, in-
fants born more prematurely had higher rates of unfavor-
able outcome than infants born later in gestation.

Table 3 also gives the outcome of the eyes catego-
rized by the clinical findings at the time of designation
as prethreshold ROP. Within each zone of disease, eyes
with plus disease (defined as dilation and tortuosity of
posterior pole retinal vessels) had a higher rate of unfa-
vorable outcome than eyes without plus disease. Note that
for ROP in zone II, eyes with stage 2 with plus disease
had more unfavorable outcomes than eyes with stage 3

Table 1. Definitions of Prethreshold ROP, Threshold ROP, and Unfavorable Physician’s Summary Diagnosis

Category Inclusion Criteria

Prethreshold ROP Zone I, any ROP
Zone II, stage 2 ROP with plus disease (defined as dilation and tortuosity of posterior pole retinal vessels); zone II,

any amount of stage 3 ROP without plus disease; or zone II, stage 3 with plus disease but fewer than 5 contiguous
or 8 cumulative clock hours

Threshold ROP Zones I or II with 5 contiguous or 8 cumulative clock hours of stage 3 with plus disease
Unfavorable summary diagnosis Retinal fold involving the macula; retrolental opacity blocking the visual axis and/or partial retinal detachment

involving the macula; or total retinal detachment, or total papillary occlusion by fibrovascular membrane

Abbreviation: ROP, retinopathy of prematurity.
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without plus disease. The percentage of unfavorable eyes
varied only slightly with postconceptional time of onset
of ROP; however, it decreased with increasing duration
from the onset of ROP to prethreshold level, ranging from
27.4% when that interval was 1 week, to 6.4% when the
interval was longer than 3 weeks.

To further evaluate these risk factors individually
as well as their simultaneous influence on the outcome
of ROP, a logistic risk analysis was applied to these data.
The multiple logistic risk model RM-ROP2 for prethresh-
old eyes has the following mathematical form:

p={1+exp[−(�+�1x1+�2x2+...+�kxk)]}−1.

Each xi is an infant or eye factor that increased (or de-
creased) the risk p, of having an unfavorable outcome. The
�i and � are coefficients in the risk model that are esti-
mated from these data. The �i is the coefficient associated
with xi and � is a constant term. The function exp raises
the expression in brackets to the base e=2.71828. . . .

The results, given in Table 4, are summarized in
terms of the regression coefficients and odds ratio for each
factor. For example, the odds of an unfavorable out-
come, p/(1−p), for infants who have plus disease at the
first prethreshold examination are 8.6 times higher than
for those who do not have plus disease. Both birth weight
and gestational age were important; however, neither
reached statistical significance in the multiple variable
analyses. Because these 2 factors are biologically re-
lated, they should be considered jointly rather than sepa-
rately. When considered together as an indicator of pre-
maturity, they become statistically significant (P=.002)

as predictive of unfavorable outcome. Black race was an
important predictor of reduced risk. When clinical char-
acteristics of ROP in each eye were studied, zone and stage
of disease were important factors along with plus dis-
ease. Also, the interval of ROP progression from onset
to prethreshold level played a major role in the progno-
sis. All ROP characteristics that classified an eye at the
prethreshold level were important indicators of out-
come prognosis. However, the presence of zone I dis-
ease and the presence of plus disease were particularly
strong indicators of a poor prognosis.

The multiple logistic model summarizes the experi-
ence of this group of prethreshold eyes. The Figure shows
the fit of the model in 10 risk categories each containing
approximately one tenth of the sample. Hence, there are
approximately 60 eyes in each risk category (lowest to
highest). Both the observed and expected percentages of

Table 2. Baseline Risk Characteristics*

Risk Characteristic

All Patients With
Prethreshold ROP

(n = 731)

Patients With
Prethreshold ROP

With 3-Month Outcome
(n = 613)

Born in the study
hospital

75.4 76.8

Race
Black 28.6 26.4
Nonblack 71.4 73.6

Multiple birth status
Single 78.4 77.5
Multiple 21.6 22.5

Birth weight, mean
(SD), g

831 (175) 829 (175)

Gestational age, mean
(SD), wk

26.5 (1.8) 26.5 (1.8)

Onset of ROP, median,
postmenstrual wk

34.0 34.0

At first sign of ROP, was
ROP in zone I

7.4 6.7

Interval for ROP to
prethreshold level,
median, wk

2.0 2.0

Plus disease† at first
prethreshold ROP
examination

38.3 38.3

Stage 3 ROP 81.3 83.0

Abbreviation: ROP, retinopathy of prematurity.
*Data are given as percentage of patients unless otherwise indicated.
†Defined as dilation and tortuosity of posterior pole retinal vessels.

Table 3. Unfavorable Outcome Rates at 3 Months for 613
Eyes That Had Untreated Prethreshold ROP

Variable

No. of Eyes
With Unfavorable

Outcome
Total No.
of Eyes

Eye With
Unfavorable
Outcome, %

Born in the study hospital
Yes 73 471 15.5
No 30 142 21.1

Multiple birth status
Single 83 475 17.5
Multiple 20 138 14.5

Race
Black 14 162 8.6
Nonblack 89 451 19.7

Sex
Male 46 304 15.1
Female 57 309 18.4

Birth weight, g
�750 52 219 23.7
750-999 41 283 14.5
1000-1250 10 111 9.0

Gestational age, wk
�27 86 441 19.5
28-31 17 168 10.1
�32 0 4 0.0

Zone I
Stage 3+ 4 5 80.0
Stage 1+, 2+ 3 6 50.0
Stage 1, 2 9 30 30.0

Zone II
Stage 3+ 58 156 37.2
Stage 3 17 348 4.9
Stage 2+ 12 68 17.6

Onset of ROP,
postmenstrual age, wk

�32 12 75 16.0
32-34 45 242 18.6
35-36 32 204 15.7
�36 14 92 15.2

Interval for ROP to
prethreshold level, wk

�1 59 215 27.4
1-2 20 147 13.6
2-3 13 78 16.7
�3 11 173 6.4

Abbreviations: ROP, retinopathy of prematurity; +, with plus disease (defined
as dilation and tortuosity of posterior pole retinal vessels).
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eyes that had an unfavorable outcome increased from the
lowest to the highest decile of risk. They are also similar
within each decile category (�2

8=5.43, P=.71).
A further evaluation of the results was obtained by di-

viding the prethreshold ROP eyes into 2 groups using a cut-
off point for the risk at 0.15. On the upper side of risk were
those with a risk of an unfavorable outcome of 0.15 to 1.00
vs those with a risk less than 0.15. During the planning of
the Early Treatment for Retinopathy of Prematurity study,
the span of cutoff point values between 0.10 and 0.20 was
examined. The value of 0.15 was chosen as the enroll-
ment level of risk for the study because it included within
the high-risk group of 235 eyes, 68% that progressed to
threshold ROP and/or an unfavorable outcome. It also ap-
peared to minimize assigning the eyes for early treatment
that did not progress to threshold ROP or an unfavorable
outcome by reducing this to 32% (other cutoff point in-
formation available from the corresponding author).

Data showing the results for these 2 risk groups are
given in Table 5, further classifying eyes according to
International Classification of ROP categories. For eyes
with a risk 0.15 to 1.00, 36% had an unfavorable 3-month

structural outcome. When the risk was less than 0.15,
5% had an unfavorable 3-month structural outcome. This
striking separation in the unfavorable structural out-
come rate was fairly consistent across the International
Classification of ROP categories, with high-risk eyes show-
ing more adverse outcomes than low-risk eyes. If we look
at the progression to conventional threshold ROP, for eyes
designated as high risk, 63% progressed to the conven-
tional threshold ROP for treatment and for eyes desig-
nated as low risk, 14% progressed to threshold ROP.

COMMENT

The CRYO-ROP study has reported various prognostic
factors that play a role in acute-phase ROP.2 A further
article from the CRYO-ROP study described using the
profile of these factors to develop a series of risk mod-
els.6 These RM-ROP models were designed as part of a
novel system to aid physicians in assessing the risk of ROP
in individual infants. The risk of reaching threshold ROP
could be calculated with RM-ROP at birth, at onset of
ROP, and at onset of prethreshold ROP. Then, at thresh-
old ROP the risk of an unfavorable outcome at 3 months
with or without treatment could be calculated.

In this article, again using data from the CRYO-ROP
multicenter trial, we focus on a newer computer program
(RM-ROP2) based on the natural history of the latter part
of acute-phase ROP, from the time an eye is identified as
having prethreshold ROP until the ROP either resolves or
progresses to an unfavorable structural outcome at
3-months’ follow-up. Using RM-ROP2 in a clinical set-
ting requires a biweekly schedule of eye examinations by
an experienced and knowledgeable examiner, beginning
at 4 through 6 weeks of life and continuing until pre-
threshold ROP develops. Data on an infant’s demo-
graphic characteristics and the progression of ROP are used
to calculate the risk that the infant’s eye would have an
unfavorable fundus outcome at 3 months without surgi-
cal intervention for threshold ROP. The RM-ROP2 inte-
grates all the information about the infant and the ROP
observed in the eye examination into a single risk esti-
mate. The coefficients in Table 4 provide the relative weight-
ing of the demographic and clinical factors that was math-
ematically derived from the database.

Table 4. Multiple Logistic Coefficients for 613 Natural History Eyes (Untreated) in the CRYO-ROP Study

Variables � Coefficient* Odds Ratio P Value 95% Confidence Interval

Birth weight (per 100 g) −0.134 0.87 .16 0.73-1.05
Gestational age, wk −0.174 0.84 .13 0.67-1.05
Race (black = 1, other = 0) −0.934 0.39 .006 0.20-0.76
Born in the study hospital (yes = 1, no = 0) −0.399 0.67 .16 0.39-1.16
Multiple-birth status (single = 1, multiple = 0) 0.216 1.24 .48 0.68-2.28
Onset of ROP, postmenstrual age, wk −0.042 0.96 .61 0.82-1.13
At first sign of ROP, was ROP in zone I (zone I = 1, zone II = 0) 2.205 9.07 �.001 3.14-26.20
Interval for ROP to prethreshold level, wk −0.204 0.82 .008 0.70-0.95
Plus disease† at first prethreshold ROP examination (plus = 1, no plus = 0) 2.152 8.60 �.001 4.92-15.06
Stage 3 ROP (stage 3 = 1, no stage 3 = 0) 0.952 2.59 .008 1.28-5.23

Abbreviations: CRYO-ROP, Cryotherapy for Retinopathy of Prematurity Cooperative Group; ROP, retinopathy of prematurity.
*� = 4.083.
†Defined as dilation and tortuosity of posterior pole retinal vessels.
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The clinical course and visual outcome are generally
favorable for eyes that do not progress to prethreshold ROP.4

However, variability in outcome occurs once an eye reaches
prethreshold ROP, making RM-ROP2 useful in predict-
ing risk. To illustrate the use of RM-ROP2, presume that
an infant has reached prethreshold ROP. At this point an
assessment of risk becomes desirable because of the wide
range of possible risk levels and the potential for reaching
the standard treatment threshold. Further, suppose that the
infant is white, born in a participating CRYO-ROP center,
a singleton birth, with a birth weight of 640 g and a ges-
tational age of 26 weeks. The ROP began at 34 weeks, and
prethreshold ROP was first observed at 36 weeks in the form
of stage 3 with plus disease in zone II, but without the req-
uisite number of clock hour sectors to comprise threshold
ROP. All this demographic and clinical information are en-
tered into the RM-ROP2 system. The RM-ROP2 uses its
mathematical risk model to simultaneously consider the
pertinent characteristics of the infant at birth and later ocu-
lar characteristics at prethreshold ROP (Tables 2 and 4).
Based on the assumed information in the example, RM-
ROP2 provides an estimate that the risk of the eye’s hav-
ing an unfavorable outcome is 0.45.

The Early Treatment for Retinopathy of Prematu-
rity study used the RM-ROP2 system to identify a select
group of prethreshold ROP infants with a relatively high
risk of an unfavorable outcome. These selected high-
risk prethreshold eyes were randomized to either re-
ceive immediate peripheral laser ablation, or to have pre-
threshold ROP managed in the conventional way, with
treatment only if the retinopathy progressed to thresh-
old ROP severity. Based on analyses of the CRYO-ROP
data, a cutoff point of 0.15 was chosen as the minimum
risk level to test the efficacy of earlier intervention at pre-
threshold level vs later treatment (if required, at
threshold). The selection of the cutoff point and the RM-
ROP2 model were solely based on prethreshold ROP eyes
in the CRYO-ROP study. A companion article in this is-
sue of the ARCHIVES reports the application of the RM-
ROP2 model and the results of the Early Treatment for
Retinopathy of Prematurity multicenter clinical trial.8
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Table 5. Outcome for High-Risk and Low-Risk Eyes With ROP by ICROP Classification at First Determination of Prethreshold ROP*

ICROP
High-Risk Eyes

(0.15-1.00)
Low-Risk Eyes

(�0.15) % of High-Risk EyesZone Stage Plus Disease†

I 3 Present 5 (80) 0 100
I 1 or 2 Present 6 (50) 0 100
I 1 or 2 Absent 23 (39) 7 77
II 3 Present 145 (39) 11 (18) 93
II 3 Absent 14 (21) 334 (4) 4
II 2 Present 42 (21) 26 (12) 62
Total 235‡ (36) 378§ (5) 38

Abbreviations: ICROP, International Classification of Retinopathy of Prematurity; ROP, retinopathy of prematurity.
*Data are given as the number (percentage of eyes with an unfavorable 3-month outcome) of eyes unless otherwise indicated.
†Defined as filation and tortuosity of posterior pole retinal vessels.
‡Sixty-three percent of these eyes progressed to threshold ROP.
§Fourteen percent of these eyes progressed to threshold ROP.
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