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Objective: To assess the predictive value of early reti-
nal vascular diameter measurements for the develop-
ment of severe retinopathy of prematurity (ROP) in
high-risk preterm infants.

Methods: Digital fundus images were taken of 78 eyes
at risk for ROP with a noncontact camera during fundo-
scopic examination when infants were 31 to 34 weeks
of postconception age. Vessel diameters were measured
for the major superior and inferior temporal arteries
and veins with the use of VesselMap software. Mean
vessel diameters from eyes that developed severe ROP
requiring treatment were compared with those that
developed less severe ROP not requiring treatment or
no ROP.

Results: All 4 major temporal retinal vessels showed sig-
nificantly larger average diameters in the group of eyes
that developed severe ROP requiring treatment. Multi-
variate analysis adjusted by birth weight, gestational age,
and chronologic age showed similar results. Early reti-
nal vessel diameter measurements showed good predic-
tive value for the progression to severe ROP requiring
treatment (area under the receiver operating character-
istic curve, 0.75-0.94).

Conclusions: At 31 to 34 weeks of postconception age,
average retinal vessel diameter measurements were sig-
nificantly larger in infants who developed severe ROP re-
quiring treatment than in infants who developed less se-
vere ROP or no ROP.
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R ETINOPATHY OF PREMATU-
rity (ROP) is an eye disease
characterized by retinal vas-
cular immaturity followed
by dilation and tortuos-

ity.1-4 Screening examinations begin at 31
weeksofpostconceptionage (PCA),5-7 mani-
festation of maximal ROP usually occurs at
36 to 38 weeks of PCA,1,8 and treatment of
ROP relies on a staging system9-13 based on
retinal vascular proliferation and diam-
eter.7,14-17 Despite what is often a long pe-
riod of clinical observation between initial
screening examination and development of
maximum stage of ROP, to our knowledge
no study to date has used early retinal ves-
sel diameter measurements to predict even-
tual ROP clinical severity.

Photographic screening has been used to
successfully diagnose and monitor other
retinopathies, such as diabetic retinopa-
thy.18-23 It has provided similar validity in
thediagnosisofROP.24,25 Recent studieshave
shown excellent sensitivities and specifici-
ties for the use of remote interpretation in
the staging of severe ROP requiring treat-
ment,25-29 as well as for the automated de-
tection of larger retinal vessels in eyes with

plus disease vs eyes without plus disease.30

Our study attempts to evaluate the validity
of using objective measurements of retinal
vessel size from digital images taken dur-
ing early retinal examination to predict the
subsequent development of severe ROP re-
quiring treatment.

In this study we report on quantitative
analysis of retinal vessel diameters ob-
tained from digital fundus images, taken
from 31 to 34 weeks of PCA, of infants who
are at risk for developing ROP. The goal of
our investigation was to determine whether,
early in the course of ROP progression and
before disease outcome, infants who will
later develop severe ROP requiring treat-
ment have significantly different retinal ves-
sel diameters from those who will develop
less severe ROP or no ROP.

METHODS

PATIENT ENROLLMENT

Thirty-nine infants who were examined at The
Children’s Hospital of Philadelphia and Hos-
pital of the University of Pennsylvania, who met
criteria for ROP examination and whose par-
ents provided informed consent, were en-
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rolled between April 1, 2005, and September 30, 2006. All in-
fants had a birth weight of 1250 g or less and a gestational age
of 30 weeks or less. Infants were excluded if they had struc-
tural or congenital eye anomalies, were too medically un-
stable to undergo examination, or had previously been diag-
nosed as having ROP and treated for it.

This study was approved by the institutional review boards
at the University of Pennsylvania Health System and The Chil-
dren’s Hospital of Philadelphia.

ROP EXAMINATION
AND DIGITAL IMAGING

Each enrolled infant underwent dilated fundus examination with
indirect ophthalmoscopy and digital imaging of the fundus at
an examination between 31 and 34 weeks of PCA. Bedside ex-
aminations were performed by an attending pediatric ophthal-
mologist in the neonatal intensive care unit. Digital fundus im-
ages were taken with a noncontact camera (model NM200D;
NIDEK Co Ltd, Fremont, California). Each infant had as many
images taken as could be obtained during the limited amount
of time preceding indirect ophthalmoscopy, with an average
of 8 images per eye (SD, 3.5). Patients then underwent succes-
sive imaging and indirect ophthalmoscopy every 1 to 2 weeks,
as clinically indicated according to established protocols,6-8,31

until the retinal vasculature matured, ROP regressed, or seri-
ous ROP was treated. The maximum stage of ROP and treat-
ment status for each eye were recorded, and eyes were classi-
fied into 2 groups. One group contained eyes with severe ROP
requiring treatment, meeting the following criteria: (1) any stage,
zone 1 or 2, with plus disease, (2) stage 3, zone 1 or 2, with
pre–plus disease, or (3) stage 2, zone 1 or 2, with pre–plus dis-
ease and the paired eye meeting criterion 1 or 2. The other group
included eyes with less severe ROP (stage 1, 2, or 3 with nei-
ther plus disease nor a paired eye reaching treatment thresh-
old) and eyes with no ROP, none of which required treatment.

IMAGE SELECTION

All fundus images taken between 31 and less than 34 weeks of
PCA were evaluated. Five infants had second examinations dur-

ing this period; images from the second examination were cho-
sen and uploaded in these instances, as these images were of
higher quality than images from the previous examination. Qual-
ity image grading logs were created to standardize the quality
of the images, and each image was graded on a scale from 0 to
3, with 3 being the highest quality. Up to 3 of the highest-
quality images from each eye of each infant were selected for
vessel measurement. If fewer than 3 images of an eye were of
high enough quality to take vessel measurements, fewer im-
ages of that eye were analyzed.

VESSEL DIAMETER MEASUREMENT

One grader (M.P.R.), masked to ROP outcome, assessed the
images by means of VesselMap semiautomated software
(IMEDOS GmbH, Weimar, Germany) at the Scheie Eye Insti-
tute in Philadelphia. This program measures retinal vessel di-
ameters on digital photographs, using arbitrary units (AU), by
creating brightness indexes perpendicular to vessel lengths. Vas-
cular width is thereby computed as wall-to-wall vessel dis-
tance.32 Vessel widths were measured distant from vascular bi-
furcations and within 1 optic disc diameter of the disc itself.
As multiple images (up to 3 images per eye) of each vessel were
selected for measurement, 2 reference points were identified
on each matching image, allowing for the overlap of identical
images and the measurement of the same point on the same
vessel with the use of numerous images (Figure 1).

STATISTICAL ANALYSIS

For each image of analyzable quality, vessel diameter measure-
ments were taken from the inferior temporal artery (ITA), su-
perior temporal artery (STA), inferior temporal vein (ITV), and
superior temporal vein (STV). Mean artery measurements (av-
erage of ITA and STA diameters) and mean vein measure-
ments (average of ITV and STV diameters) were calculated for
each image. The averages from multiple images of each eye were
recorded as ITA, STA, mean artery, ITV, STV, and mean vein
measurements for data analysis.

For ITA, STA, mean artery, ITV, STV, and mean vein mea-
surements, 2-group t tests were used to compare mean vessel
diameters between the group of eyes that later developed se-
vere ROP requiring treatment and the group that later devel-
oped less severe ROP or no ROP. Therefore, 6 vessel diameter
comparisons were made between the ROP groups. The con-
servative Bonferroni approach to multiple comparisons was ap-
plied, and comparisons associated with a 2-sided P value of .05
or less (�.008) were determined to be statistically significant.
The correlation from paired eyes of the same infant was ad-
justed by using generalized estimating equations. Further com-
parisons between groups were made through multivariate re-
gression analysis to adjust for the effects of birth weight,
gestational age (GA), and chronologic age at the date of the pho-
tographs (CA) on vessel diameter. To evaluate how the vessel
diameter measurements predicted subsequent development of
severe ROP requiring treatment, we performed receiver oper-
ating characteristic (ROC) analysis. For each vessel measure-
ment, the area under the ROC curve and its 95% confidence
interval were calculated through nonparametric ROC analysis
in STATA version 7.0 (STATA Corp, College Station, Texas).

To evaluate grade-regrade reliability, a random sample of
images from 14 eyes (6 that developed severe ROP requiring
treatment and 8 that developed less severe ROP or no ROP)
were remasked and reanalyzed by the same masked grader
(M.P.R.) 2 months after initial analysis. The grade-regrade re-
liability of vessel diameter measurements was evaluated through
paired t tests and Bland-Altman plots.

16.19
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Figure 1. Fundus photograph assessed by VesselMap semiautomated
software. Rectangle shows measured segments. Circles represent reference
points by which software overlaps multiple images.
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RESULTS

Thirty-nine infants (78 eyes) were enrolled in this study;
21 (54%) were male, 22 (56%) were African American,
and 15 (38%) were white. The mean±SD birth weight
of enrolled infants was 824±172 g, with a median of 795
g (range, 504-1220 g). Mean GA was 25.6±1.28 weeks,
with a median of 25.5 weeks (range, 23-29 weeks). Mean
PCA at date of photographs was 32.8±0.92 weeks, with
a median of 33.3 weeks (range, 30.0-33.9 weeks). Mean
CA was 51.0±10.6 days, with a median of 51.0 days
(range, 28-72 days). Infants who developed severe ROP
requiring treatment had significantly lower average birth
weight, GA, and CA than infants who developed less se-
vere ROP or no ROP. There were no statistical differ-
ences in sex, race, or PCA at the date of the photographs
between groups (Table 1).

Eighteen eyes of 9 infants developed severe ROP re-
quiring treatment; mean PCA at worst stage was 35.4±2.8
weeks, and mean length of time between date of photo-
graphs and date of maximum stage of ROP was 2.4±2.8
weeks. Thirty-six eyes of 18 infants developed less se-
vere ROP not requiring treatment; mean PCA at worst
stage was 36.2±2.5 weeks, and mean length of time be-
tween date of photographs and date of maximum stage
of ROP was 3.2±2.8 weeks. Twenty-four eyes of 12 pa-
tients did not develop any ROP.

Digital fundus images obtained from 78 eyes of 39 in-
fants were analyzed. Poor image quality prevented ves-
sel measurement in 59 (24%) analyzed photographs, rep-
resenting 37 eyes. Of all 78 eyes studied, 1 or more vessels
could not be measured in 37 eyes (47%), and there were
no vessel measurements in 6 eyes (8%). Vessel measure-
ments could be performed in 54 eyes (69%) for ITA, 57
eyes (73%) for STA, 66 eyes (85%) for ITV, and 65 eyes
(83%) for STV.

On average, the group of eyes that later developed se-
vere ROP requiring treatment had significantly larger
mean vessel diameters for ITA (mean ± SE: 146.9±6.5
AU vs 108.8±3.6 AU, P� .001), STA (138.9±6.3 AU vs
116.2±5.1 AU, P=.005), and mean artery (141.7±4.4 AU
vs 112.6±3.4 AU, P� .001) measurements than the group
of eyes that later developed less severe ROP or no ROP
(Figures 2A-C). Veins showed similarly significant dif-
ferences between groups, as ITV (206.4±6.6 AU vs
170.4 ± 3.9 AU, P � .001), STV (194.6 ± 6.8 AU vs
167.8±4.8 AU, P=.001), and mean vein (201.8±6.3 AU
vs 169.7±3.5 AU, P� .001) measurements were also larger
in the group of eyes that later developed severe ROP re-
quiring treatment (Figures 2D-F). All of these differ-
ences were still significant after Bonferroni correction for
multiple comparisons, as the P values associated with these
differences were all less than .008. Multivariate adjust-
ment by birth weight, GA, and CA had minimal effect
on the differences of mean vessel diameter measure-
ments between groups (Table 2).

There was, however, overlap in arterial diameters be-
tween individual eyes that went on to develop severe ROP
and those that did not (Figure 2). Using the lowest ar-
terial diameter measurements in the severe ROP group
as arterial diameter cutoff points (113.9 AU for ITA, 105.7

AU for STA, and 116.8 AU for mean artery) provided
specificities of 40% for STA, 63% for ITA, and 63% for
mean artery diameter measurements for the prediction
of progression to less severe ROP not requiring treat-
ment or no ROP.

The ROC analyses showed that vessel diameter mea-
surements of all 4 major temporal vessels, mean artery
measurements, and mean vein measurements could pre-
dict the subsequent development of severe ROP requir-
ing treatment. The areas under the ROC curves (95% con-
fidence intervals) were 0.94 (0.87-1.00) for ITA, 0.80
(0.65-0.96) for STA, and 0.93 (0.84-1.00) for mean ar-
tery measurements. The areas under the ROC curves were
0.91 (0.81-1.00) for ITV, 0.75 (0.54-0.97) for STV, and
0.87 (0.75-1.00) for mean vein measurements. There were
no statistically significant differences in areas under the
ROC curves between any pair of measures.

Grade-regrade comparisons were based on 11 images
from 9 eyes for ITA, 14 images from 8 eyes for STA, 24
images from 13 eyes for ITV, and 20 images from 12
eyes for STV, and showed high grade-regrade reliability.
There were no statistically significant differences in any
of the vessel diameters between grade and regrade data,
and confidence limits of grade-regrade differences for
each of the 4 vessels were all within 15 AU (9.1 AU for
ITA, 13.1 AU for STA, 14.9 AU for ITV, and 10.2 AU
for STV). As grade-regrade reliability was similar for all
measured vessels, a representative Bland-Altman plot of
the grade-regrade agreements for STV was chosen
(Figure 3).

COMMENT

To assess the predictive value of very early retinal vas-
culature diameters for later development of ROP, major
temporal vessel diameters measured between 31 and 34

Table 1. Characteristics of Infants Who Developed
Severe ROP Requiring Treatment vs Less Severe ROP
Not Requiring Treatment or No ROPa

Characteristic

Less Severe
or No ROP
(n = 30)

ROP Requiring
Treatment

(n = 9)
P

Valueb

Sex, No. (%) .71
Male 17 (57) 4 (44)
Female 13 (43) 5 (56)

Race, No. (%) .21
African American 19 (63) 3 (33)
White 9 (30) 6 (67)
African American–Hispanic 1 (3) 0
Hispanic 1 (3) 0

Birth weight, g, mean (SE) 858 (32.1) 710 (32.5) .02
GA, wk, mean (SE) 25.9 (0.22) 24.5 (0.33) .002
PCA, wk, mean (SE) 32.8 (0.18) 33.0 (0.23) .53
CA, d, mean (SE) 48.3 (1.74) 60.1 (3.12) .002

Abbreviations: CA, chronologic age at date of photographs;
GA, gestational age; PCA, postconception age at date of photographs;
ROP, retinopathy of prematurity.

a In all cases, infants had the same ROP status in both eyes.
bFisher exact test for comparison of proportions and 2-group t test for

comparison of means.
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weeks of PCA were compared between eyes that later de-
veloped severe ROP requiring treatment and those that
later developed less severe ROP not requiring treatment
or no ROP. Each of the 4 vessels, as well as mean artery
and mean vein measurements, had significantly larger av-
erage diameters in the group of eyes that later devel-
oped severe ROP requiring treatment. Multivariate analy-
sis showed that vessel diameter differences between groups
were independent of infant birth weight, GA, and CA.
Furthermore, ROC analysis suggested that retinal vas-
cular diameter measurements very early in the course of
ROP evaluation may provide information regarding ROP
course and final outcome.

However, temporal vessel diameter in an individual
eye does not necessarily predict later development of se-
vere ROP in that eye. Examination of Figure 2 shows sub-
stantial overlap between retinal vessel diameters of in-

dividual eyes that will progress and require treatment and
individual eyes that will not. This is especially true for
veins. However, very low early arterial diameter mea-
surements do in fact seem predictive of later develop-
ment of less severe ROP or no ROP in individual eyes,
since no eyes with retinal vessel diameters less than 113.9
AU for ITA, 105.7 AU for STA, and 116.8 AU for mean
artery went on to develop severe manifestions of dis-
ease. The value of these measures has yet to be proven
in clinical practice.

Screening for ROP usually begins at 31 weeks of PCA,5-7

with maximum stage of ROP usually occurring at 36 to
38 weeks of PCA.1,8 This may result in 7 weeks or more
of clinical observation before the maximum stage of ROP
is observed. The majority of eyes of at-risk infants do not
develop severe ROP requiring treatment.33 Accurate pre-
diction of progression to less severe ROP may help re-
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Figure 2. Box plots comparing the distribution of inferior temporal artery (ITA), superior temporal artery (STA), mean artery, inferior temporal vein (ITV), superior
temporal vein (STV), and mean vein measurements between eyes that developed severe retinopathy of prematurity (ROP) requiring treatment and eyes that
developed less severe ROP not requiring treatment or no ROP. Each box plot includes the upper extreme (whisker, excluding outliers indicated as dots outside the
box), upper quartile (upper portion of box), median (horizontal line in box), lower quartile (lower portion of box), and lower extreme (whisker). All values are in
arbitrary units.
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duce the number of eye examinations for those infants
unlikely to develop severe manifestations of disease.

There are several limitations to this study. First, it
was more difficult to obtain images in some infants than
others. We were unable to obtain 3 images of high
enough quality to analyze in every eye, and not every
image had 4 measurable temporal vessels. Furthermore,
the VesselMap software measured vessel diameters in
arbitrary units, which cannot be easily compared with
absolute measurements. However, our study was a
comparison of vessel diameters between ROP outcome
groups, and eyes in both groups were measured using
the same protocol.

Finally, we defined ROP outcome groups on the ba-
sis of maximum clinical severity (severe ROP requiring
treatment vs less severe ROP not requiring treatment or
no ROP) rather than ROP stage. Our study was planned
during a time when the Early Treatment of Retinopathy
of Prematurity guidelines were evolving. As such, some

eyes were treated before they developed threshold ROP,
and these eyes would have been excluded if we had es-
tablished threshold disease as the study end point.

In summary, our study suggests that retinal vessel di-
ameter measurements obtained at 31 to less than 34 weeks
of PCA are larger, on average, in groups of high-risk in-
fants who are more likely to develop severe ROP and re-
quire treatment. Furthermore, it seems that very small
early arterial diameters may predict that an eye will
progress to less severe ROP not requiring treatment or
no ROP. Prospective studies further quantifying and quali-
fying the relationships between early retinal vasculature
diameters and maximal ROP severity are needed to ex-
plore the full clinical potential of these findings.
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From the Archives of the Archives

Holth believes that couching is indicated when the first
eye has been lost from expulsive hemorrhage after ex-
traction. Also, in certain incurably insane persons the
operation may be done. Exceptionally, couching may
be done because of a dense membranous cataract which
cannot be discinded with Knapp’s knife and extraction
is inadvisable.

Reference: Holth. May couching be indicated to-
day? Arch Ophthalmol.1902;31.
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