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ABSTRACT.

Purpose: To study the retinal vascular oxygen saturation in amblyopic eyes and

compare them to unaffected fellow eyes and eyes of normal subjects.

Methods: A total of 32 amblyopic, 24 normal and 13 fellow eyes of patients

below age of 18 were enrolled in this prospective observation study. Retinal

oximetry was performed using the Oxymap T1 retinal oximeter. Retinal

vascular oxygen saturations and diameters were compared between amblyopic

eyes, normal eyes and unaffected fellow eyes.

Results: The average age was 8.6 years in the amblyopia group (M:F 16:16) and

10.9 years in the normal group (M:F 7:5; p = 0.024). Median corrected distance

visual acuity in the amblyopia group was 20/50; it was 20/20 in the other groups

(p < 0.001). The average arteriolar and venous saturation in the amblyopia,

normal and fellow group was 84.5% (95% CI: 82.6–86.4), 83.2% (95% CI:

80.7–85.6) and 80.8% (95% CI: 78.6–82.9) and 51.9% (95% CI: 50.4–53.4),
50.8% (95% CI: 48.2–53.4) and 49.3% (95% CI: 45.7–52.9). There was no

statistically significant difference between the saturation values of the amblyopia

group and the controls, however, significantly higher values were found in the

amblyopia group compared to the fellow group for arteriolar and venous

saturations (p = 0.013; p = 0.005). Arteriolar and venous diameters showed no

significant difference between groups.

Conclusion: Amblyopic eyes showed higher mean oxygen saturations than the

fellow eyes. This observation could be due to altered neuronal activity or could be

due to a measurement artefact due to alterations in retinal reflectivity.
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Introduction

Amblyopia has been traditionally
defined as decreased vision in one or
both eyes caused by abnormal binocu-
lar interaction and/or pattern vision
deprivation which in some cases can be
corrected by treatment (Burian & Von
Noorden 1985). Amblyopia results

from degradation of the retinal image
during a sensitive period of visual
development. The degradation of the
image, and subsequent central suppres-
sion that leads to amblyopia, results
from one of three causal processes,
namely – strabismus, anisometropia
and/or stimulus deprivation. Hence,
the disorder (amblyopia) is not
the cause but it is the effect of

an underlying pathological process
(Holmes & Clarke 2006).

Although amblyopia has been
defined as low visual acuity in one or
both the eyes with a structurally
normal globe, there are many studies
that show that the amblyopic eye
may have some structural anomalies
including changes in retinal ganglion
cells, the retinal nerve fibre layer
(RNFL) and the optic nerve (Lempert
2000; Baddini-Caramelli et al. 2001;
Yen et al. 2004; Repka et al. 2006;
Wu & Hunter 2006; Dickmann et al.
2009; Huynh et al. 2009; Pineles &
Demer 2009; Wu et al. 2013), but
there are also studies which have
found no significant differences in the
RNFL in amblyopic and normal eyes
(Delint et al. 1998; Altintas et al.
2005; Kee et al. 2006; Repka et al.
2006; Miki et al. 2010; Al-Haddad
et al. 2011).

Retinal oximetry is a new tool
which helps in measuring the oxygen
saturation of haemoglobin in the
blood vessels of the retina. A number
of retinal diseases have been studied
and significant differences have been
found from normal (Hardarson &
Stef�ansson 2011; Hardarson & Ste-
fansson 2012; Hardarson et al. 2012;
Geirsdottir et al. 2013; Olafsdottir
et al. 2014; Vandewalle et al. 2014;
Battu et al. 2015). Since it is believed
that in amblyopia, there is a struc-
turally normal globe and it is mainly
the visual function which is decreased,
it would be interesting to see if there
is a change in a quantitative func-
tional parameter like retinal vessel
oximetry.
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Aim of the study

• To compare the retinal vessel oxygen
saturation between amblyopic eyes
and healthy control eyes of children.

• To compare the interocular differ-
ence in retinal vessel oxygen satura-
tion in children with unilateral
amblyopia between the amblyopic
and nonamblyopic fellow eye

• To compare the retinal vessel oxygen
saturation between healthy fellow
eyes of unilateral amblyopic patients
and healthy control eyes.

Materials and Methods

Children and adolescents (<18 years of
age) presenting to the outpatient
department of a tertiary eye care centre
(Bangalore, India), were enrolled in the
study with their written consent. The
study follows the tenets of Helsinki.
The Institutional Review Board and
Ethics Committee approved the
study. This was a comparative obser-
vational cross-sectional noninterven-
tional study.

Inclusion and exclusion criteria

Subjects diagnosed clinically to have
treatment naive amblyopia (ametropic,
anisometropic or strabismic) were
included in the amblyopia group; sub-
jects with bilateral amblyopia had the
worse eye included. Clinically, ambly-
opia was defined as a corrected dis-
tance visual acuity (CDVA) of ≤20/30
or a difference in the CDVA between
the two eyes of at least two Snellen
chart lines in the absence of any clin-
ically detectable ocular pathology. The
control group comprised of children
who presented for a routine annual
check-up with normal ophthalmic
exam and CDVA of 20/30–20/20 and
their right eye was included. The fellow
eyes of subjects with unilateral ambly-
opia were analysed separately in the
fellow group. Patients with significant
cataract or any identifiable ocular
pathology were excluded from the
study.

Image acquisition and segment selection

All patients underwent dilation with
1% tropicamide and 10% phenyle-
phrine and subsequent retinal imaging
(Fig. 1) with the oximetry using the
Oxymap T1 retinal oximeter (Oxymap

hf., Reykjavik, Iceland) running the
software version 2.5.1. They were
allowed to rest for 5 min before the
images were captured. This was done
to eliminate exercise-induced fluctua-
tions in readings. None of the subjects
had consumed caffeine within 2 hr of
the examination.

The aiming light was set at the
lowest setting, flash intensity was
50Ws, small aperture and large pupil
settings were applied to the TRC 50DX
(Topcon, Oakland, NJ, Japan) Fundus
camera.

One experienced photographer
obtained standardized images for all
the subjects which were 50° disc cen-
tred. The right eyes of all patients were
imaged first and then the left eye; two
images were taken per eye and the one
with the better image quality was
selected. If both the images had inad-
equate image quality then the eye was
excluded. Image quality was decided
based on the automatic objective image
quality score with cut-off of 7.

Segments were selected as described
in our previous study (Mohan et al.
2015). We analysed global arteriolar
and venous saturation and diameter
and arterio-venous saturation differ-
ence (AVSD) and compared them
between the amblyopic and control
(normal and fellow eyes) arms.

Statistical analysis

Statistical analysis was done using the
IBM Armonk, NY, United States SPSS

v22 software. All continuous variables
were tested for normality using the
Shapiro–Wilk test. The difference
between means was tested using inde-
pendent t-test for normally distributed
data and the Mann–Whitney U test
(unpaired) or the Wilcoxon signed
rank test (paired) for non-parametric
data. For normally distributed data

the Pearson’s correlation was used,
for non-parametric data the Spear-
man’s correlation was used. The level
of significance was p < 0.05.

When significant differences in age
were found between groups, a multi-
variate analysis was done keeping the
saturations as the dependent variable
and the age and the group as the
independent variable to correct for
age.

Results

There were a total of 32 amblyopic
eyes, 24 normal eyes and 13 fellow eyes
of patients with unilateral amblyopia.
The image quality of the groups were
comparable (p = 0.192) with the mean
quality being 7.6 � 0.27, 7.8 � 0.52
and 7.9 � 0.48 in the amblyopic, nor-
mal and fellow eyes, respectively.

Amblyopic eyes versus healthy controls

In the amblyopia group, the average
age was 8.6 years (95% CI: 7.2–9.9)
with a male–female ratio of 16:16
(Table 1). The normal group had an
average age of 10.9 (95% CI: 9.3–12.4)
and a male–female ratio of 7:5. Age
distribution showed a significant differ-
ence between amblyopic and normal
groups (p = 0.024); no differences were
found in the sex distribution. Twenty-
five eyes were right sided while seven
were left sided in the amblyopia group;
all eyes were right sided in the control
group.

The CDVA was lower in the ambly-
opia group with a median of 20/50
(range: 20/200–20/30) on Snellen’s
chart; all subjects in the normal group
had a CDVA of 20/20 (p < 0.001). The
spherical equivalent in normals varied
from �1.0 to +1.75 D; in the ambly-
opia group it varied from (�7.8 to
+10.1 D).

Fig 1. Retinal oximetry pseudocolor map showing a comparison between a normal (left) and

amblyopic (right) eye.
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The average arteriolar saturation in
the amblyopia and normal group were
84.5% and 83.2% (p = 0.393). The
venous saturations were, respectively,
51.9% and 50.8% (p = 0.465) while
the AVSD was 32.7% and 32.4%
(p = 0.857). None of the parameters
showed a significant difference between
the groups.

There were no significant correla-
tions between the saturation and diam-
eter parameters with the age, group,
CDVA or spherical equivalent.

Amblyopic eyes versus healthy fellow eyes

The average age of the amblyopic
subjects that also had fellow eye mea-
sured (N = 13) was 10.4 (95% CI: 8.1–
12.7; Table 2). Their male–female ratio
was 6:7. Eight of the amblyopic eyes
were right sided and five were left
sided, being of course the reverse for
the fellow eyes.

The CDVA was lower in the ambly-
opia eyes with a median of 20/50
(range: 20/200–20/30) on Snellen’s
chart. All fellow eyes had a CDVA of

20/20 (p < 0.001). The spherical equiv-
alent varied from +1 to +8 D in
amblyopic eyes and from �0.38 to
+6.25 D in fellow eyes (p = 0.003).

Both arteriolar and venous satura-
tion were significantly higher in the
amblyopic eyes compared to the fellow
eyes (85.4% and 80.8%, p = 0.013, and
53.4% and 49.3%, p = 0.005, respec-
tively). The AVSD were 32.2% and
31.5% (p = 0.259), respectively, with
no differences seen between the eyes.

Healthy fellow versus normal eyes

We found no differences between the
normal fellow eyes and eyes in the
normal group, also after correcting for
age.

Discussion

This to the best of our knowledge is the
first study of retinal oximetry in ambly-
opic eyes and one of the few studies
(Liu et al. 2017) to report oximetry
values in subjects below the age of
18 years. We found no differences

between the amblyopia group and the
control group or the fellow eye and the
control group, however, the satura-
tions in the amblyopia group were
significantly higher than those in the
fellow eyes.

Wiesel & Hubel (1963) put forth an
interesting theory by studying cortical
changes in amblyopic eyes of kittens.
They said that binocularly driven cells
no longer respond to stimuli from the
deprived eye and undergo a change in
function, becoming monocularly driven
by stimuli from the sound eye. There is
no change in the number of monocu-
larly driven cells responding to stimuli
from the deprived eye but the reduction
in the total cell population driven by this
eye provides electrophysiological evi-
dence of cortical changes occurring in
amblyopia. This can be a possible
explanation for the significant differ-
ence seen between the amblyopia and
the fellow group, however, the limita-
tion of the small sample size must be
kept in mind before interpreting results.

Amblyopia is a condition where we
find decreased visual acuity in a struc-
turally normal globe. We had also
studied the vascular diameters of the
vessels that were used for oximetry.
Comparison between the groups
showed no differences. The comparable
vascular diameters in the three groups
conform with this theory. This data
were not included in the results because
the preferred way to study the vascular
diameters would be to use the method
described by Knudtson et al. (2003).

A decrease in thickness can alter the
measured light intensities as seen in the
study by Mohan et al. (2016) and thus
alter the final calculated optical density
ratio. Also as postulated in the study a
thinner RNFL may imply a smaller
capillary-free zone and thus higher
measured saturations due to decreased
oxygen consumption. It thus needs to be
kept in mind that the above observa-
tions could be due to a change in
functional metabolism or could be due
to an optical artefact. As stated earlier,
in the introduction, the literature on
RNFL changes in amblyopia does not
yield a conclusive trend; hence, it is
difficult to hypothesize an explanation
for our findings based on structural
changes.

One limitation of our study was that
we did not have corresponding Optical
Coherence Tomography (OCT) mea-
surements to see if our findings were

Table 1. Demographics, oxygen saturation and diameter values of the amblyopia and normal

groups.

Amblyopia (n = 32) Normal (n = 24) p value*

Age 8.6 (7.2–9.9) 10.9 (9.3–12.4) 0.024

Sex (M:F) 16:16 14:10 0.6

Corrected distance

visual acuity (median

and range)

20/50 (20/30–20/200) 6/6 (all) <0.001

Spherical equivalent �7.9 to +10.1 �1.0 to +1.5 0.32

Arteriolar saturation 84.5 (82.6–86.4) 83.2 (80.7–85.6) 0.39

Arteriolar diameter 125.7 (121.5–130.0) 128.2 (124.4–132.0) 0.37

Venous saturation 51.9 (50.4–53.4) 50.8 (48.2–53.4) 0.47

Venous diameter 164.2 (157.8–170.5) 160.5 (154.6–166.4) 0.39

Arterio-venous saturation difference 32.7 (30.6–34.7) 32.4 (29.9–34.8) 0.86

Values in bold indicate statistical significance.

* Independent t-test for continuous variables; Chi-Square test for nominal data.

Table 2. Demographics, oxygen saturation and diameter values of the amblyopia and fellow

groups.

Amblyopia (n = 13) Fellow (n = 13) p value*

Corrected distance visual

acuity (median)

20/80 (range: 6/9–6/60) 20/20 (all) <0.001

Spherical equivalent +1 to +8 �0.38 to +6.25 0.003

Arteriolar saturation 85.4 (83.0–87.8) 80.8 (78.6–82.9) 0.013

Arteriolar diameter 125.7 (119.5–131.9) 126.7 (118.2–135.2) 0.75

Venous saturation 53.4 (51.1–55.7) 49.3 (45.7–52.9) 0.005

Venous diameter 166.2 (158.5–173.9) 156.7 (147.1–166.3) 0.20

Arterio-venous saturation difference 32.2 (29.0–35.5) 31.5 (27.9–35.0) 0.26

Values in bold indicate statistical significance.

* Wilcoxon signed rank test.
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artefactual or true. In future, we will
follow up patients under treatment for
amblyopia and see if oximetry values
return to normal in eyes that respond
and remain elevated in nonresponsive
eyes. A higher number of unaffected
fellow eyes also would help us confirm
the findings of a compensatory increase
in function of fellow eyes.

Another limitation of the study was
that the amblyopic group was signifi-
cantly younger than the normal group.
Probably, children in the amblyopia
group presented earlier to the paedi-
atric clinic due to decreased vision
compared to otherwise normal children
presenting for a general check-up. In
our normative database (Mohan et al.
2015) on adults of the same population
age showed a positive correlation with
measured saturations; however, in this
study, age did not show any correlation
with the oxygen saturation values. The
spherical equivalent was very variable
ranging from �7.8 to +10.1 in the
amblyopia group and this could possi-
bly result in artefactual alterations
however previous studies on normal
adults (Jani et al. 2014; Mohan et al.
2015) show no significant association.

Conclusion

In conclusion, we find higher measured
saturations in amblyopic eyes versus
the fellow eyes. This observation could
be due to altered neuronal activity or
could be due to a measurement artefact
due to alterations in retinal reflectivity.
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