
The temporal and nasal retinal arteriolar and venular
angles in preterm infants

Karen Wong,1 Jeffrey Ng,2 Anna Ells,3 Alistair R Fielder,1 Clare M Wilson4

ABSTRACT
Aim To determine the angle between the temporal or
nasal retinal vessels in preterm infants and to determine
the relationship of these angles to birthweight (BW),
gestational age (GA) and retinopathy of prematurity
(ROP) status.
Methods Colour digital images were acquired during ROP
screening examinations in infants born with a range of
BWs and GAs between 33 and 42 weeks postmenstrual
age. Four retinal vessel angles were measured: temporal
venular angle, temporal arteriolar angle (tAA), nasal
venular angle and nasal arteriolar angle. Measurements
were performed by Computer-Aided Image Analysis of
the Retina, a validated semi-automated computer
software program. The relationship of each of four angles
to BW and also to GA was determined using
ManneWhitney test and Spearman’s rho, respectively.
Results tAA was significantly narrower in infants with
ROP and correlated positively with BW and GA. The other
vessel angles, temporal venular angle, nasal arteriolar
angle and nasal venular angle, showed no significant
correlation with BW, GA or ROP status.
Conclusion The retinal vessel angles can be quantified in
a simple repeatable manner. tAA correlated positively
with BW and GA, and was significantly narrower in
infants with stage 3 ROP than in those without ROP or
with mild disease.

INTRODUCTION
The geometrical development of vasculature
adheres to Murray ’s principle of minimal work,
ensuring that blood delivery to the tissues is
achieved with optimum efficiency.1 2 The major
temporal retinal vessel angle and macular position
have been used to aid evaluation of the integrity of
the posterior pole in the photographic grading of
the Multicenter Trial of Cryotherapy for Retinop-
athy of Prematurity (CRYO-ROP) study3 and other
randomised control clinical trials.4e7 Narrowing of
the angle between the major temporal vessels has
been regarded as an indicator of compromised
macular function due to retinal dragging. Prediction
of visual acuity in eyes with posterior pole abnor-
malities has been shown to be challenging.8 Despite
acknowledgement of the clinical importance of the
major temporal angle, to date there has only been
one attempt to define its normal value9 and that
study focused entirely on the temporal retinal
venular angle, it did not study the arteriolar angles,
nor the nasal vessels. In that study9 the mean
temporal vessel (venular) angle for all gestational
ages (GAs) taken together was 80.08617.0 for right
eyes and 80.58616.7 for left eyes. A positive but not
statistically significant trend was reported between
the total vessel angle and increasing GA.9

In the aforementioned study by Wilson et al9 the
temporal venular angle (tVA) was measured by
manual methods. Recent advances in digital image
analysis have permitted semi-automated measure-
ments of the retinal vessels. These semi-automated
techniques are tools to study the retinal vessel
changes in infants undergoing retinopathy of
prematurity (ROP) screening, but to date these
studies have measured only vessel tortuosity and
not retinal vessel angles.9e12 To the best of our
knowledge there have been no reports quantifying
the temporal arteriolar vessel and nasal vessel
angles in preterm infants, or their extent of change
in infants with and without ROP.
Extrapolation of Murray’s hypothesis suggests

that when a pathological insult challenges the
blood supply to a retinal area, altering the oxygen
requirements of the tissue, the vessel geometry may
change to maintain the principle of minimal work.
Therefore, a pathological process such as ROP could
be surmised to affect the geometrical organisation
of the retinal blood vessels. Other influences leading
to vessel remodelling may include increased tissue
perfusion and glial tissue contraction.
The objective of this study was therefore to

determine whether there is any correlation
between both temporal and nasal retinal vessel
(arteriolar and venular) angles and various param-
eters (GA, birthweight (BW) and ROP stages) in
preterm infants by employing a validated, quan-
titative, semi-automated software approach:
Computer-Aided Image Analysis of the Retina
(CAIAR).7

METHODS
Study population
Images from preterm infants undergoing routine
neonatal eye examinations at St Mary’s Hospital,
London, UK, and Alberta Children’s Hospital,
Calgary, Canada, from April 2000 to June 2004
were studied. Each baby was categorised by BW
into four groups: <750 g, 751e1000 g,
1001e1250 g and >1250 g. The GA of each infant
was recorded. The stage of ROP at time of image
acquisition was categorised according to the Inter-
national Classification of ROP13 by the two ROP
experts who obtained the images (AE, ARF). The
number of clockhours of stage 3 disease and the
position of the clockhours were recorded.
One digital retinal image from one screening

session of preterm infants with and without ROP
was acquired using a digital camera (RetCam 130;
Clarity Medical System Inc., Pleasanton, California,
USA). Images were taken between 33 and 42 weeks
postmenstrual age (PMA) by AE or ARF. Examina-
tion of these babies was carried out solely with the
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RetCam; indirect ophthalmoscopy was not used. The digital
images were anonymised.

Image analysis
All images included in this study were 24 bit, red green blue
(RGB) images with a size of 6403480 pixels. Each image was
centred on the optic disc and cropped to 240 pixels to prevent bias
from viewing peripheral ROP changes. Images were cropped using
Paintshop Pro 7.0 (http://www.corel.com) and vessel angles were
measured using validated novel software CAIAR.7 CAIAR uses
image analysis techniques based on maximum likelihood model-
fitting in a scale space framework.14 A wide-screen personal
computer was used for all analyses. CAIAR generated a skeleton-
ised image of the retinal image and identified the retinal vessels.
All images were then manually edited by a single grader, who
selected the vessels of interest and deselected choroidal vessels
that CAIAR had mistakenly identified. The editing process took
between 10 to 15 minutes per image analysed.

Each image was divided into four quadrants: superotemporal,
superonasal, inferotemporal and inferonasal. The largest venule
and arteriole from each quadrant were chosen manually by one
observer, based on the vessel appearance, and marked. In the rare
instance when a vessel was not present in a specific quadrant,
the associated angle could not be calculated.
The following four angles were measured using CAIAR

software: temporal arteriolar angle (tAA), tVA, nasal arteriolar
angle (nAA) and nasal venular angle (nVA) (figure 1AeD). The
midpoint of each vessel (figure 1A, arrows) was taken as the
point at which the vessel crossed the circle half way between
the centre of the optic disc and the periphery of the image
(figure 1A, arrowheads). It was found automatically by CAIAR.
A straight line was drawn from the centre of the optic disc to
the midpoint of the vessel. tVA was calculated as the angle
between the midpoint of the superotemporal venule, the
midpoint of the optic disc and the midpoint of the infero-
temporal venule. tAA was calculated as the angle between the

Figure 1 The four angles measured
1A Temporal venular angle (tVA).
Arrowheads show point that vessel
crossed periphery of image. Arrows
show mid-point of vessel taken as point
at which vessel crossed circle half way
between centre of optic disc and
periphery of image 1B Temporal
arteriolar angle (tAA) 1C Nasal venular
angle (nVA) 1D Nasal arteriolar angle
(nAA). nAA, nasal arteriolar angle; nVA,
nasal venular angle; tAA, temporal
arteriolar angle; tVA, temporal venular
angle.

Table 1 Angle measurements (degrees) without and with ROP (all stages)

tVA tAA nVA nAA

Without ROP With ROP Without ROP With ROP Without ROP With ROP Without ROP With ROP

n 34 41 29 39 25 38 22 35

Median 134.62 125.49 108.19 95.02 104.92 112.38 89.63 89.86

IQR 117.70e148.63 110.42e142.29 88.91e122.24 81.17e111.12 90.46e118.56 91.58e130.69 60.31e109.59 81.17e98.79

p Value 0.12 0.04* 0.42 0.82

*p<0.05.
nAA, nasal arteriolar angle; nVA, nasal venular angle; ROP, retinopathy of prematurity; tAA, temporal arteriolar angle; tVA, temporal venular angle.
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midpoint of the superotemporal arteriole, the midpoint of the
optic disc and the inferotemporal arteriole. The same rule
applied to the nVA and nAA.

The effect of BW (measured in groups: <750 g, 751e1000 g,
1001e1250 g and >1250 g), GA and ROP status (with and
without ROP; different stage of ROP) on each of the four vessel
angles was then analysed. The position and extent of stage 3
disease was correlated with the angle measures.

Statistical methods
Analysis was performed using statistical software (SPSS V.16,
SPSS Inc.). The KruskaleWallis test was used to compare vessel
angles between the four BW groups. Spearmen’s rank correlation
test was used to analyse the correlation between vessel angles
and GA of the infants. The ManneWhitney U test was used for
comparison of vessel angles between infants with and without
ROP and with different stages of ROP.

RESULTS
A total of 75 images from the right or left eyes of 75 infants were
studied. At time of image acquisition, 34 infants had no ROP,
nine had stage 1 ROP, nine had stage 2 ROP and 23 had stage 3
ROP. Forty-five infants were born at 24e27 weeks GA, 25 at
28e31 weeks GA, and five infants at $32 weeks GA. Within the
sample population, 20 infants weighed <750 g, 25 weighed
751e1000 g, 13 weighed 1001e1250 g and seven weighed
>1250 g.

The mean tVA of all the infants with and without ROP was
130.208619.27, mean tAA was 109.448625.43, mean nVA was
109.448624.16 and mean nAA was 89.138625.01.

Vessel angles in infants without and with ROP
The results for vessel angles in infants without and with ROP
are given in full in table 1. tAA was more acute in infants with
ROP (95.028) than those without ROP (108.198, p<0.05).
Median tVA was 125.498 in infants with ROP and 134.628
(p¼0.12) in those without ROP (p¼0.12). nVA and nAA were
not more acute in those infants with ROP compared with those
without ROP.

Vessel angles with stages of ROP
Tables 2 and 3 presents the vessel angles by ROP stage. tVA and
tAA were significantly narrower in eyes with stage 3 ROP
compared with those with no ROP (tVA, p¼0.02; tAA, p¼0.01).
No significant difference was found in any of the four vessel
angles between no ROP and ROP stages 1 and 2 or between
stages 1 and 2 and stage 3 (tables 2 and 3).

Clockhours of ridges involved
Of the 75 images studied, 29 had the number and position of
clockhours of disease recorded. Of these 29 images eight had
3608 ridge involvement, six had temporal and nasal ridges, nine
had temporal ridges and six had nasal ridges.

Vessel angles according to GA
Increase in GA of the infant at birth correlated with increase in
tAA (p¼0.02) (table 4). Increase in GA of the infant at birth did
not correlate with increase in tVA or nasal vessel angles.

Vessel angle according to BW
tAA increased with increasing BW (p<0.005). tAA increased
with BW up to 1250 g, then in groups with BW >1250 g the
angle was not greater (figure 2B). No significant increase was
found between the BW groups and tVA, nVA and nAA (p¼0.32,
0.56 and 0.81, respectively) (figure 2AeD).

DISCUSSION
As mentioned in the introduction, the only previous study to
measure the angle of the major retinal vessels employed
a manual method in which angle measurements were taken at
the point along the vessel that vertically bisected the fovea.9 In
the present study the angles were measured semi-automatically
by CAIAR at 60 pixels from the optic disc. This enabled auto-
matic and repeatable measures of all four vessel angles. In this
study we report a tVA of 130.2619.27, whereas in 2006 the
Wilson et al reported the tVA of right eyes to be 80617.0 and
left eyes to be 80.5616.7. The angle was measured closer to the
optic disc in this study (60 pixels from the disc centre) than in
the manual study (at the level of the fovea). The familiar
decrease in curvature of the retinal vessels as they become more

Table 2 Comparison of temporal vessel angles (degrees) between ROP stage groups

ROP stage n

tVA

n

tAA

Median (IQR)
Minimum value,
maximum value Median (IQR)

Minimum value,
maximum value

No ROP 34 134.62 (117.70e148.63) 102.30, 161.60 29 107.41 (88.91e122.24) 60.31, 154.88

Stage 1 and 2 18 135.34 (114.07e146.20) 108.67, 162.21 16 100.82 (85.09e121.51) 49.10, 153.40

Stage 3 23 121.08 (107.35e137.66) 86.61, 159.82 23 90.99 (79.98e100.34) 52.20, 114.04

No ROP vs stage 1 and 2: p¼0.89 No ROP vs stage 1 and 2: p¼0.55

No ROP vs stage 3: p¼0.02* No ROP vs stage 3: p¼0.01*

*p<0.05.
IQR, interquartile range; ROP, retinopathy of prematurity; tAA, temporal arteriolar angle; tVA, temporal venular angle.

Table 3 Comparison of nasal vessel angles (degrees) between ROP stage groups

ROP stage n

nVA

n

nAA

Median (IQR)
Minimum value,
maximum value Median (IQR)

Minimum value,
maximum value

No ROP 25 104.92 (90.46e118.56) 67.02, 154.53 22 89.63 (60.31e109.59) 40.46, 143.28

Stage 1 and 2 16 103.29 (89.54e128.33) 70.96, 150.48 14 88.00 (80.43e105.52) 57.96, 127.42

Stage 3 22 114.12 (99.20e130.32) 61.78, 161.58 21 89.96 (81.54e98.29) 62.21, 131.56

No ROP vs 1 and 2: p¼0.83 No ROP vs 1 and 2: p¼0.80

No ROP vs 3: p¼0.30 No ROP vs 3: p¼0.88

IQR, interquartile range; ROP, retinopathy of prematurity; nAA, nasal arteriolar angle; nVA, nasal venular angle.
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peripheral explains the smaller tVAs measured in the former
manual study.9

There are several potential limitations of this study. First,
analyses were conducted on only 75 images; this may have
contributed to our finding of no difference in the angles of
infants with no ROP and stages 1 and 2, although it is also
possible this finding is correct and will remain even with larger
numbers. Second, due to small numbers in this pilot study it was
not possible to fully differentiate the effect of ROP from other
parameters of prematurity. Third, the inherent challenge of
imaging the neonatal retina may lead to compromised picture
quality and contrast, which could affect the accuracy of these
measurements. We postulate, however, that vessel angle
measurements are less affected by image quality and pulse cycle
than measurement of vessel width.7 11 15 Longitudinal analysis
of vessel angles would be interesting to determine whether there
are detectable changes in the vessel angles with GA and also
progression and regression of ROP.

This study compared all four retinal vessel anglesdnasal and
temporal arteriolar and venulardin preterm infants and
attempted to examine their association with the presence and
absence of ROP, ROP stages, GA and BW. No significant
correlation was found between tVA and GA (table 4), which is
comparable to a previous study.9 We observed that tAA

increases with increasing BW and GA. We observed that the
trend of increasing tAA tailed off in groups with BW >1250 g,
which may be influenced by the relatively small sample in this
group. As BW and GA are the two main known risk factors for
ROP, it is not surprising that tAA is less acute in infants
without ROP. From our findings, we hypothesise that the
arteriolar angle is more affected by premature birth than the
venular angle, and that the temporal vessel angles may be more
sensitive to change than the nasal angles. Unfortunately our
data regarding the position and extent of ridge involvement in
clockhours were not complete. However, there appears to be
a similar amount of nasal and temporal ridges, suggesting that
the narrower angles seen in the temporal vessels in infants with
ROP compared with those without ROP is not due to the
increased disease presence in that area. Further studies looking
more closely at ridge position in relation to vessel angle are
warranted.
Retinal venular and arteriolar circulations are influenced by

different factors. The branching structure of vessels in ROP may
be influenced by the change in their diameters. Such angles may
change subsequently in an attempt to provide adequate
oxygenation to the pathologically affected retina that has been
externally exposed to a different biochemical environment from
that in utero. In terms of arteriolar circulation, apart from tAA,
arterioles are also found to be narrower in children with lower
weight16 and are linked with higher cardiovascular risk in
adulthood.17

Murray’s law states that vessel development follows the rule
of minimal energy.1 2 18 There is evidence that the normal
topological dimension is disrupted in diseased retinae.15 16 19e21

A recent study shows that Murray’s Law may be less applicable
in some conditions.22 According to Murray’s law, the total
volumetric flow of the vascular system is contained by a set of
vasculature whose cube of the radius of a parent vessel equals
the sum of the cubes of the radii of the daughter vessels. Other
factors that may be responsible for retinal vessel restructuring in

Figure 2 Change of vessel angles
with birthweights. BW, birthweight;
nAA, nasal arteriolar angle; nVA, nasal
venular angle; tAA, temporal arteriolar
angle; tVA, temporal venular angle.

Table 4 Correlation between vessel angles (degrees) and gestational
age of infant at birth

Vessel angle tVA tAA nVA nAA

n 75 68 63 57

Median (IQR) 131.98 (112.21e
147.32)

98.53 (84.13e
113.91)

111.92 (90.46e
124.99)

89.86 (73.17e
108.88)

Spearman rho 0.15 0.29 �0.12 0.10

p Value 0.21 0.02* 0.34 0.46

*p<0.05.
IQR, interquartile range; nAA, nasal arteriolar angle; nVA, nasal venular angle; tAA, temporal
arteriolar angle; tVA, temporal venular angle.
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disease include remodelling secondary to increased blood flow
and contraction of glial tissue along the ridge edge exerting
consequent forces on the more distant retinal architecture.

Early life factors may affect vascular structure.23 There are
currently several hypotheses regarding factors that may cause
the changes in retinal vessel architecture, such as flow dynamics
and microvascular density.24 25 Theoretically, narrower angles
result in a lower vascular density, leading to a less dense, more
energy-consuming retinal vascular network, as is evident in men
with lower BW.17 Although we cannot extrapolate from these
results directly, it is reasonable to believe that retinal vessel angle
development is likely to follow this theory. However, more and
larger scale studies in preterm infants will be needed to establish
a clearer association between the branching patterns and ROP
and its associated risk factors.

In conclusion, in this small study, we have demonstrated that
the vessel angles can be measured and that tAA is significantly
changed with BW, GA and ROP. A better understanding of the
nature of retinal vascular architecture development may enable
us to establish more accurate criteria for the diagnosis of ROP
and increase the feasibility of employing tAA to aid prediction of
ROP status.
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