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PURPOSE. The purpose of this study was to determine if there is asymmetry in retinal
blood vessel (RBV) position and thickness between right and left eyes (R-L) and evaluate
whether R-L asymmetry in RBV thickness is related to R-L asymmetry of retinal nerve
fiber layer thickness (RNFLT).

METHODS. We analyzed peripapillary circle scan optical coherence tomography (OCT)
examinations from healthy White subjects to measure RNFLT and RBV thickness and
position relative to the fovea to Bruch’s membrane opening axis, for all visible RBV.
The R-L asymmetries of RNFLT and RBV thickness were computed for each A-scan. Four
major vessels (superior temporal artery [STA] and superior temporal vein [STV], inferior
temporal artery [ITA], and vein [ITV]) were identified using infrared images.

RESULTS. We included 219 individuals. The mean (standard deviation) number of RBV
measured per eye was 15.0 (SD = 2.2). The position of the STV and STA was more
superior in left eyes than in right eyes, by 2.4 degrees and 3.7 degrees, respectively
(P < 0.01). There was no region with significant R-L asymmetry in RBV thickness. RNFLT
was thicker in right eyes in the temporal superior region and thicker in left eyes in the
superior and nasal superior regions, with the asymmetry profile resembling in a “W”
shape. This shape was also present in post hoc analyses in two different populations.
The R-L asymmetries of RBV and RNFLT at each A-scan were not significantly associated
(P = 0.37).

CONCLUSIONS. There is little R-L asymmetry in RBV, and it is not related to RNFLT asym-
metry. This study suggests that R-L RNFLT asymmetry is due to factors other than RBV.
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Measurements of peripapillary retinal nerve fiber layer
thickness (RNFLT) with optical coherence tomography

(OCT) are routinely used for the diagnosis and follow-up of
glaucoma.1 However, there is large interindividual and inte-
rocular variability in RNFLT, which makes detecting early
pathological changes challenging. For example, in an indi-
vidual with moderately lower RNFLT in an eye, that eye
could either have early pathological RFNLT loss or a physi-
ologically normal RNFLT. A better understanding of factors
related to RNFLT variability could allow us to derive more
precise normative values and enhance the diagnostic accu-
racy of RNFLT measurements.

Previous research shows varying results regarding peri-
papillary RNFLT asymmetry between healthy right and left
eyes.2–14 Global averages in RNFLT are similar between

right and left eyes,4–7,12,13,15 but several studies have
reported significant sectoral differences. The superior quad-
rant RNFLT is usually thicker in left eyes4–7,9,11–13,16 whereas
the nasal, temporal, and inferior quadrants of the RNFLT are
usually thicker in right eyes.2–7,9,11,12

Although these reports have contributed to the charac-
terization of normal right-to-left asymmetry (R-L) in RNFLT,
none of them explored possible causes for these observed
asymmetries. Furthermore, they focused on sectoral RNFLT
asymmetries, potentially overlooking variations within each
sector.

A potential factor determining R-L asymmetry in RNFLT
could be the position of retinal blood vessels (RBVs). RNFLT
is greater near RBV,17–23 and the variability in the posi-
tion and thickness of RBV contributes to the interindivid-
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ual variability in RNFLT measurements.16–23 The association
between RBV and RNFLT occurs in part because the RBV are
included within the OCT-measured RNFLT, however, other
factors could also be contributory.17,21 For example, in addi-
tion to retinal ganglion cell axons, the RNFL also contains
glial tissue,24 which may be concentrated around RBV.25 In
addition, RNFL axonal distribution may influence the devel-
opment of RBVs26–28 as retinal neurons promote RBV devel-
opment by providing trophic support.29

The purpose of our study was to assess whether there is
an R-L asymmetry in the position and thickness of RBV and
whether RBV thickness asymmetry relate to R-L asymmetry
of RNFLT in healthy subjects. We aimed to precisely char-
acterize the RBV and RNFLT asymmetry by evaluating their
continuous profile around the peripapillary retina, measured
relative to the fovea to Bruch’s membrane opening (FoBMO)
axis. We hypothesized that R-L asymmetries of RBV and
RNFLT are associated, and that a greater understanding of
this relationship could reveal sources of RNFLT variability.

METHODS

Participants

We used data from a previous cross-sectional multicen-
ter (5 centers; Dalhousie University, Denvers Eye Institute,
University of Alabama at Birmingham, University of Erlan-
gen, and University of Heidelberg) study which included
healthy participants of self-reported European descent.23 To
be included in the study, participants met the criteria of: (1)
age between 18 and 90 years, (2) clinically normal eye exam-
ination results, (3) intraocular pressure of 21 mm Hg or less,
(4) best-corrected visual acuity of 20/40 or better, (5) refrac-
tive error within 6 diopters spherical equivalent and 2D
astigmatism, and (6) normal visual field (Humphrey Field
Analyzer; Carl Zeiss Meditec, Dublin, CA, USA, program 24-2
SITA) with normal glaucoma hemifield test and mean devi-
ation within normal limits. Participants were excluded if the
following were found: (1) unreliable visual field examination
results based on the reliability indices and the perimetrist’s
notes, (2) optic nerve head photographs of insufficient qual-
ity, (3) OCT images of insufficient quality (image quality
score <20 or presence of artifacts), or (4) missing data from
one or both eyes. The study was approved by the Ethics
Review Board at each of the institutions. In accordance
with the Declaration of Helsinki, participants gave written
informed consent to participate.

Optical Coherence Tomography

Participants were imaged with the Spectralis OCT (Heidel-
berg Engineering, Heidelberg, Germany). To position the
scans, the operator used live B-scans to identify the foveal pit
and four Bruch’s membrane opening (BMO) points. Based
on these points, the device software estimated the center
of BMO and FoBMO axis, which served as reference frame-
work for the scans. We used the 3.5 mm diameter circu-
lar peripapillary scan. Each image represented the average
of 100 B-scans and each B-scan comprised of 768 A-scans
(Figs. 1, 2). The device software automatically segmented
and measured the RNFLT. The segmentation was manu-
ally checked and corrected if necessary. When perform-
ing the OCT scans, axial length and corneal curvature
were entered into the device software to provide accurate

scaling of measurements. Values of RNFLT for each A-scan
were exported for analysis.

RBV Measurements

Using the OCT system software (Heidelberg Eye Explorer,
Heidelberg Engineering), we manually identified the edges
of all measurable RBVs located within the RNFL (see Fig. 2)
and recorded the A-scan where each edge was positioned
(768 possible positions, corresponding to each A-scan in
the B-scan). The thickness of each RBV was measured in
pixels corresponding to the number of A-scans between the
RBV edges (each pixel corresponding to 1 A-scan). Vessels
narrower than 2 pixels could not be consistently identified
and were not measured.

Assuming the RBV cross-sections visualized on the OCT
images are approximately squares, the RBV thickness along
the circle scan (i.e. horizontally in the OCT image) was
used as a surrogate for the antero-posterior RBV thickness
(i.e. vertically in the OCT image). However, on some occa-
sions, an RBV could be sectioned diagonally on the OCT
image, resulting in an overestimation of the RBV antero-
posterior thickness. To account for this, we set a maximum
RBV antero-posterior thickness value of 12 pixels. This maxi-
mum thickness value was chosen after reviewing images of
the thicker RBV measured.

The total RBV thickness for each A-scan was computed
as the sum of the antero-posterior thickness of all RBV
present in that A-scan. The anatomic position of each A-
scan was converted to angular value (each A-scan corre-
sponding to 0.468 degrees) measured from the FoBMO
axis and increasing clockwise on the right eyes and
counterclockwise on the left eyes. Therefore, 0 degrees

FIGURE 1. Example of infrared fundus image showing the position
and size of the 3.5 mm circular scan pattern with optical coherence
tomography. The fovea to Bruch’s membrane opening (FoBMO) axis
and the measured major retinal blood vessels is indicated in the
image. STA, superior temporal artery; STV, superior temporal vein;
ITA, inferior temporal artery; ITV, inferior temporal vein.
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FIGURE 2. Example of retinal blood vessel (RBV) measurement, in the same eye presented in Figure 1. Top: Optical coherence tomography
image of a peripapillary retinal nerve fiber layer scan. Bottom: Same image as the top, with overlays in green showing the RBV limits. The
A-scan number of the two limit points were recorded by an investigator. Quadrants: T = temporal, S = superior, N = nasal, and I = inferior.

FIGURE 3. Examples of profiles of retinal blood vessel thickness (RBV, panels A, B, C, top) and retinal nerve fiber layer thickness (RNFLT,
panels D, E, F, bottom) from a study participant, the same participant presented in Figures 1 and 2. A and D Profiles for the participant’s
right eye. B and E Profiles for the participant’s left eye. C and F Profiles for the participant’s right eye minus left eye asymmetry (R-L). T =
temporal, S = superior, N = nasal, and I = inferior.

corresponds to the FoBMO axis (temporal region) and
90 degrees corresponds to the superior region, in all
eyes.

Using the OCT infrared image, four major RBV per eye
were classified as follows: superior temporal artery (STA),
superior temporal vein (STV), inferior temporal vein (ITV),
and inferior temporal artery (ITA; see Fig. 1). If these vessels
had branched closer to the optic nerve than the OCT scan,
the thickest branch was selected. The angular position of a
major RBV was defined as being midway between the two
vessel edges.

All RBV measurements were made by the same observer
who has experience in OCT image segmentation. To esti-
mate intra-observer reproducibility of the RBV position and

thickness, measurements were repeated in a random
subsample of five participants (10 eyes and 155 RBVs).

Data Analysis

Comparison of ocular characteristics and major RBV posi-
tions between right and left eyes were made using paired
t-tests. The asymmetry between RNFLT and RBV thickness
in right and left eyes of each participant were calculated
for each A-scan by subtracting thickness values between the
participant’s right and left eyes (Fig. 3). Then, for each A-
scan, the mean asymmetry of all participants was computed
and plotted to visualize their profiles (Figs. 4, 5). To
assess the association between mean R-L asymmetry of RBV
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FIGURE 4. (A) Profile of mean right eye minus left eye (R-L) retinal nerve fiber layer thickness (RNFLT) asymmetry for all participants shown
by the black line. (B) Profile of mean R-L retinal blood vessel (RBV) thickness asymmetry for all participants shown by the black line. The
95% confidence intervals of the mean are indicated by the shaded area. T = temporal, S = superior, N = nasal, and I = inferior.

thickness and mean R-L asymmetry of RNFLT, we used a
generalized least squares model,30 because it was necessary
to account for the correlation between observations (i.e. the
data from each A-scan is not independent, as A-scans close to
each other tend to be similar). Values were reported as mean
(standard deviation), unless stated otherwise. The P values <

0.05 were considered statistically significant. Analyses were
performed using R open-source statistical programming soft-
ware (available at www.r-project.org, version 3.6.0), includ-
ing package “nlme” (version 3.1.139).

Post Hoc Analysis

To evaluate the reproducibility and generalizability of our
findings, we performed a post hoc analysis of the profile
of mean R-L RNFLT asymmetry in a Brazilian and Japanese
population using data from previous normative OCT studies
with similar data collection.31,32

RESULTS

We included both eyes each of 219 participants who had
a mean age of 50.9 years (17.8; range = 19.9–87.9 years).

The mean number of RBV measured per eye was 14.9 (2.2).
Two hundred one (201) vessels had a thickness value of
greater than 12 pixels, out of 6556 vessels measured. The
mean RBV thickness was 6.2 (2.9) pixels. Table 1 reports
characteristics of the studied right and left eyes. The axial
length was greater in left eyes than in right eyes by 0.05 mm
(P = 0.02), and the BMO area was greater in right eyes than
in left eyes by 0.05 mm2 (P < 0.01). Global RNFLT was not
statistically different between right and left eyes (P = 0.91).

In the subsample of participants who were measured
twice, the RBV position reproducibility was high, with mean
difference between 2 measurements of 0.2 degrees (0.2). The
RBV thickness reproducibility was also high, with a mean
difference between the 2 measurements of 0.8 (0.7) pixels.

The comparison of major RBV position asymmetry
comparison is shown in Table 2. The STA and STV were
statistically significantly more superior in the left eyes than
in the right eyes, by 2.4 degrees (3.8) in the STA (P = 0.01)
and by 3.6 degrees (15.8) in the STV (P < 0.01). The ITA
and ITV position were not statistically significantly different
between the right and left eyes.

The profile of mean R-L asymmetry of RBV thickness (see
Fig. 4A) did not reveal a clear pattern; the magnitude was
small and confidence intervals crossed in approximately all

http://www.r-project.org
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FIGURE 5. (A) Profile of mean right eye minus left eye (R-L) retinal nerve fiber layer thickness (RNFLT) asymmetry for all participants shown
by the black line. (B) Profile of mean R-L retinal blood vessel (RBV) thickness asymmetry for all participants shown by the black line. The
95% distribution range (i.e. from percentile 2.5% to 97.5%) is indicated by the shaded area. T = temporal, S = superior, N = nasal, and I =
inferior.

TABLE 1. Characteristics of Studied Eyes

Characteristic Right Eye Value Left Eye Value Right-Left Asymmetry P Value

Spherical equivalent (D) −0.20 ± 1.67 −0.17 ± 1.78 −0.03 ± 0.75 0.67
Axial length (mm) 23.71 ± 0.92 23.66 ± 0.95 0.05 ± 0.28 0.02
BMO area (mm2) 1.76 ± 0.37 1.81 ± 0.40 −0.05 ± 0.20 <0.01
Global RNFLT (μm) 97.19 ± 10.31 97.31 ± 10.10 −0.11 ± 3.62 0.91

Values are mean ± standard deviation. P value for paired t-test.
Abbreviations: BMO, Bruch’s membrane opening; RNFLT, retinal nerve fiber layer thickness.

locations (see Fig. 4A). Right eyes had greater RNFLT in the
superior temporal region, peaking at a mean of 14.3 μm at
62.8 degrees (see Fig. 4B). Left eyes had greater RNFLT in
the superior and superior nasal region, with mean peaks at

−13.6 μm at 95.2 degrees and −16.9 μm at 130.8 degrees,
resembling a “W” shape (see Fig. 4B). Other positions had
less remarkable R-L asymmetry of RNFLT. The 95% distribu-
tion range (i.e. from percentile 2.5% to 97.5%) of profiles

TABLE 2. Position of Major Retinal Blood Vessels in Right and Left Eyes

Retinal Blood Vessel Right Eye Position (Degrees) Left Eye Position (Degrees) Right-Left Asymmetry (Degrees) P Value

STA 74.82 ± 11.49 77.22 ± 12.84 −2.39 ± 13.84 0.01
STV 77.00 ± 12.48 80.65 ± 13.77 −3.66 ± 15.83 <0.01
ITA 286.14 ± 13.36 284.42 ± 13.95 1.72 ± 16.64 0.13
ITV 281.97 ± 15.03 280.88 ± 15.03 1.09 ± 19.12 0.41

Values are mean ± standard deviation. P value for paired t-test.
Abbreviations: ITA, inferior temporal artery; ITV, inferior temporal vein; STA, superior temporal artery; STV, superior temporal vein.
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FIGURE 6. Scatterplot of mean right eye minus left eye (R-L) retinal blood vessel (RBV) thickness and mean R-L retinal nerve fiber layer
thickness (RNFLT) in each A-scan. Points are color-graded to their position around the optic disc. Generalized least squares model did not
show a significant association (beta 0.02, P = 0.37).

of mean R-L asymmetry of RNFLT and RBV thickness shows
that individuals vary greatly in the degree of asymmetry (see
Fig. 5). The generalized least squares model showed that
there was no significant association between mean asym-
metry of RBV thickness and RNFLT (beta 0.02, P = 0.37;
Fig. 6).

The post hoc analysis of R-L RNFLT asymmetry profiles
in a Brazilian and a Japanese population revealed a similar
“W” shape in the supero-superonasal region as in the White
population (Fig. 7).

DISCUSSION

Our findings suggest that there is no significant R-L asym-
metry of RBV position and thickness profile measured with
OCT in healthy eyes. Although we found a small positional
difference in the STA and STV, there was no such difference
in the ITA and ITV. In addition, the profile of R-L asymmetry
of RBV thickness (see Fig. 4A) did not suggest a clear pattern
of asymmetry. We are not aware of previous published stud-
ies evaluating R-L asymmetry of RBV in a manner reported
in this study, however, studies using other methodologies
also did not find large asymmetries. Leung and colleagues33

showed that the mean diameter of retinal arterial branches
of right eyes was 3 μm larger than those of left eyes using a

computer-assisted measurement of fundus photographs and
a specific formula to compute standardized mean diameters.
They found no differences in venular branches.33 Using OCT
angiography, Hou and colleagues34 found that the inter-eye
asymmetry of circumpapillary vessel density in healthy eyes
was, on average, 1.7%, but they did not report R-L vessel
width differences. It is also not clear whether OCT angiog-
raphy is a suitable method to measure vessel width.

Similar to previous research,4–7,9,11–13,16 we found that the
RNFLT in the superior region is thicker in left eyes compared
with right eyes, and in the temporal region is thicker in
right eyes compared to left eyes. Some previous research
reported the nasal and inferior regions to be thicker in right
eyes,2–7,9,11,12 although this was not found in our data. The
use of different OCT devices and measurement methodolo-
gies may be related to the variability in findings among stud-
ies of interocular asymmetry.

In contrast to studies which performed analysis in sectors,
we evaluated the R-L asymmetry in each A-scan and reported
a more granular continuous asymmetry profile around the
peripapillary retina (see Fig. 4B). This R-L RNFLT asymme-
try profile has a “W” shape with a peak indicating larger
right eye RNFLT in the temporal superior region and two
troughs indicating larger left eye RNFLT in the superior and
superior nasal regions. Because the 95% confidence interval
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FIGURE 7. Profile of mean right eye minus left eye (R-L) retinal nerve fiber layer thickness (RNFLT) asymmetry for Brazilian (n = 220)
and Japanese (n = 218) subjects shown by the black lines. The 95% confidence intervals of the mean are indicated by the shaded area.
T = temporal, S = superior, N = nasal, and I = inferior.

of the mean in these regions consistently excluded zero
(see Fig. 4B), this “W” pattern was statistically significant. In
addition, the post hoc analysis in a Brazilian and Japanese
population from previous normative OCT studies31,32

revealed a similar “W” pattern (see Fig. 7). This consis-
tent pattern across populations indicates a trend in R-
L RNFLT asymmetry and may be a general feature of
human eyes. Furthermore, two recently published studies
reported profiles of R-L RNFLT asymmetry in large popu-
lation samples from Germany.35,36 Both studies found that
right eyes had higher RNFLT values in the temporal superior
region, whereas left eyes had higher values in the superior
and nasal superior regions, similar to the pattern found in
this study.

We hypothesized that RBV asymmetry would be signifi-
cantly associated with RNFLT asymmetry, therefore suggest-
ing that either one was due to the other, or that both were
due to a similar causative factor. However, because we did
not observe a clear pattern in the RBV asymmetry profile
like the pattern observed in RNFLT asymmetry, nor did we
observe a statistically significant association between RBV
and RNFLT asymmetry, our findings do not support this
hypothesis. Potential reasons that could cause the R-L RNFLT

asymmetry are not clear, but numerous factors govern-
ing interocular symmetry in ocular and visual pathway
development may underly RNFLT asymmetry and further
studies are needed to explore them.37

Similarly, the FoBMO angle was significantly more nega-
tive in left eyes in previous studies31,32 but there are still no
clear explanations for this finding.

Whereas significant and reproducible, the observed
pattern of R-L RNFLT asymmetry observed is primarily
an indication of a populational trend; there is still large
interindividual variability in R-L RNFLT asymmetry (see
Fig. 5B). In other words, when averaging multiple individu-
als, the RNFLT will likely be thicker in the right or left eyes in
regions according to the pattern we report. However, when
observing an individual, it is common to observe R-L RNFLT
asymmetry profiles that do not follow the pattern that is
evident when looking at population average data. Clinicians
should be careful when using asymmetries in RNFLT profiles
in individual subjects to detect early glaucoma damage, but
asymmetries larger than 30% to 40% could be considered
suspicious.14

A strength of our study was the use of the FoBMO axis as
a positioning reference for RBV and RNFLT measurements.
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Many previous studies exploring R-L RNFLT asymmetry
used a horizontal reference to position sectors,2–9,11,12 which
is not an anatomically consistent reference,38 therefore
making RNFLT measurements susceptible to influence of
head tilt39,40 and the magnitude of the FoBMO angle.41 A
limitation of our study was the assumption that RBV cross-
sections were squares, therefore overestimating the vessel
thickness near the edges of the vessels. However, because
the mean RBV thickness asymmetries were small, this over-
estimation is unlikely to have influenced our results. Addi-
tionally, we do not have information regarding participants
ocular dominance and non-ocular diseases therefore could
not explore their effects in our findings.

In conclusion, there is no significant R-L asymmetry in
RBV, and it is not related to RNFLT asymmetry. In contrast,
a significant pattern of R-L asymmetry can be observed in
RNFLT. To better understand R-L RNFLT asymmetry, other
factors should be investigated.
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