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Fixation stability and deviation 
in optical coherence tomography 
angiography using soft contact lens 
correction in myopes
Andrew Kwok‑cheung Lam1,2*, Kenny Kin‑hei Lau1, Ho‑yin Wong1, 
Jasmine Pui‑kwan Lam1 & Man‑for Yeung1

To compare fixation deviation and stability with soft contact lens correction and device built‑in auto‑
focus system during optical coherence tomography angiography (OCTA). This observational study 
measured OCTA metrics first with contact lens correction, followed by removal of contact lenses, 
using the device auto‑focus system at a University Optometry Clinic, Hong Kong. All participants 
were habitual soft contact lens wearers with either low or high myopia. OCTA measurements were 
obtained using a spectral domain OCTA. Fixation deviation was distance (in pixels) of the fovea to 
the center of the OCTA measurement grid. Fixation stability was test–retest repeatability (TRR) and 
coefficient of variation (CV) of fixation deviation from three consecutive OCTA measurements. OCTA 
metrics included vessel length density (VD), perfusion density (PD), and foveal avascular zone (FAZ) 
area. Averaged OCTA metrics were calculated from three measurements and compared between the 
two correction methods. The mean ± SD spherical equivalent of 74 eyes from 74 myopes measured 
was − 1.94D ± 0.75D in low myopes (n = 37) and − 7.97D ± 1.31D in high myopes (n = 37). When corrected 
with contact lenses, visual acuities of high myopes (median [IQR], − 0.06 [0.08] logMAR) and low 
myopes (− 0.02 ± 0.08 logMAR) were similar (P = 0.060), and with similar fixation deviation (5.0 ± 2.2 
pixels vs 5.3 [3.6] pixels; P = 0.689). High myopes had poorer fixation stability than low myopes (TRR: 
10.2 pixels vs 7.5 pixels; CV: 65% vs 54%, respectively). The worst fixation stability occurred when high 
myopes were corrected using the auto‑focus system (TRR: 12.5 pixels, CV: 72%). The difference in VD 
and PD was within 1  mm−1 and 1%, respectively. The FAZ area was similar. Difference in OCTA metrics 
was small in each refractive group (< 1  mm−1 in VD, and < 2% in PD). High myopes had more stable 
fixation when corrected when wearing contact lenses. Subjects with good contact lens corrected visual 
acuity should wear their contact lenses during OCTA measurements.

Due to its non-invasive nature, optical coherence tomography (OCT) has become a standard imaging modality in 
ophthalmic practice. Optical coherence tomography angiography (OCTA), an advancement of OCT technology, 
can compare multiple OCT images at the same location. Any temporal motion of scattering particles in tissue 
from sequential OCT images represents blood flow. Vasculature of the retina, choroid, and optic disc region 
can be derived by detecting blood flow of en face OCT images in different  layers1. Although OCTA can provide 
non-invasive evaluation of the retinal vasculature, currently it cannot replace conventional imaging modalities 
such as fluorescein  angiography2,3 and indocyanine green  angiography4.

One major limitation of OCTA is that the image quality is affected by common artefacts, including projection, 
segmentation errors, defocus, and  motion5–7. Some artefacts can be controlled by examiners, such as better image 
focus, while others rely on improved algorithms of proprietary software. Balasubramanian et al.8 reported that a 
two-diopter defocus during OCT could significantly reduce peripapillary retinal nerve fiber layer thickness by 
10 μm. An accurately focused image is also very important in OCTA. One diopter of defocus was found to reduce 
vessel area density, or perfusion density (PD) by 6%9. An additional diopter of defocus could further reduce PD 
by 2%. Such reduction was due to reduced signal strength from defocus. Yu et al.10 found that PD also decreased 
linearly with signal strength across different OCTA platforms.
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Most OCT and OCTA devices have built-in auto-focus system to compensate for patients’ refractive errors 
to acquire clear images. Patients are usually unaided during OCT and OCTA acquisitions, with their refractive 
errors corrected using the auto-focus system. Berkenstock et al.11 found that soft contact lens correction could 
improve signal strength in OCT scans. Peripapillary retinal nerve fiber layer thickness was found to be increased 
through contact lens correction. Their study included 20 eyes from only 12 patients. Aviram et al.12 did not find 
any difference in OCT image quality nor macular thickness results with and without contact lens wear. However, 
subjects had only low to moderate amount of myopia. Most built-in auto-focus systems are limited to correct 
spherical defocus. Jung et al.13 found that vessel length density (VD) could be reduced by 0.5  mm−1 per diopter 
of induced with-the-rule astigmatism.

If refractive error is not fully corrected, not only will blurry OCT images be acquired, but poor location of 
the fovea may also occur. Pak et al.14 reported that a decentration greater than 200 μm from the fovea could lead 
to OCT foveal thickness at the central 1-mm zone being reduces by 9 μm. Kim et al.15 moved the measurement 
location artificially to simulate gaze instability. A horizontal shift greater than 59 μm or a vertical shift greater 
than 47 μm could reduce the ganglion cell-inner plexiform layer thickness significantly.

OCTA measurement at the macula region is usually presented according to the Early Treatment of Diabetic 
Retinal Study (ETDRS) format. When fixation is not at the foveal center, measurement results at different ETDRS 
subfields may not be accurate. When fixation location varies at different acquisitions, it is hard to conclude if the 
difference in OCTA metrics is due to an ocular health issue or simply measurement errors from fixation insta-
bility. We hypothesized that high myopes could have more stable fixation through soft contact lens correction 
compared with that obtained using the built-in auto-focus system.

Methods
Healthy adult myopes with habitual soft contact lens wear were recruited. This included low and high myopia 
according to the spherical equivalent (sphere plus half the refractive astigmatism). Low myopes had a spherical 
equivalent ≥ − 3D and high myopes had a spherical equivalent ≤ − 6D. Subjects with a history of ocular diseases, 
contact lens complications, or eccentric fixation were excluded.

This study adhered to the tenets of the Declaration of Helsinki and was approved by the Institute Research 
Board of The Hong Kong Polytechnic University (HSEARS20190318002). Informed consent was obtained from 
each subject before eye examination commenced. All subjects visited the campus optometry clinic with their 
contact lenses in situ. Ophthalmic examinations included habitual contact lens corrected visual acuity (CL-VA) 
using a logMAR chart, over-refraction using an auto-refractor (Nidek ARK-510A, Nidek Co. Ltd., Japan). OCTA 
measurement was then conducted (protocol described below). Thereafter, subjects were required to remove their 
contact lenses. After measuring their unaided vision, non-cycloplegic auto-refraction and axial biometry (Nidek 
AL-Scan, Nidek Co. Ltd., Japan), OCTA measurements were conducted again using the same OCTA device and 
following the same protocol. Refractive errors of the subjects were corrected using the built-in auto-focus system. 
The eye with the better CL-VA was chosen from each subject for OCTA measurements, or randomly selected if 
CL-VA was the same for both eyes.

Image acquisition. OCTA measurements were obtained using a commercially available spectral-domain 
OCT (Cirrus 5000, Carl Zeiss Meditec, Inc., CA, USA). This spectral-domain OCT uses a superluminescent 
diode laser at 840 nm wavelength, with a scan speed of 68 k A-scans/second. The Cirrus AngioPlex software 
uses an optical microangiography complex algorithm (OMAG) to identify changes in the phase and intensity 
of the OCT scans to quantify motion contrast (10.0 software version). Valid OCTA images had to achieve sig-
nal strength of at least  716, and no obvious artefacts. The superficial capillary plexus was determined using the 
AngioPlex software to locate the internal limiting membrane at the outer boundary of the inner plexiform layer. 
A 6 × 6 mm pattern with 350 × 350 pixels was chosen. This provides a 17.1 μm transverse resolution. Triplicate 
OCTA scans centered at the fovea were obtained in each eye using the two correction methods, i.e. contact lens 
and auto-focus. FastTrac retinal tracking function was turned on for each OCTA measurement to reduce motion 
artefacts. However, the “track to prior scan” option was not used so each scan was independent to the  others17. 
Artificial tears (0.4% sodium hyaluronate, Aquadrop + , Precilens) were applied, if necessary, to prevent ocular 
surface dryness.

Statistical analysis. Each OCTA measurement was exported and the XML file included location (x–y 
coordinates) of the fovea. From a 350 × 350 pixels scan, the center of the scan has a coordinate of 175,175. Fixa-
tion deviation (FD) was defined as deviation of the fovea (in pixels) from the center of the 350 × 350 scan area. 
Figure 1 shows the calculation of fixation deviation. An average FD from three consecutive OCTA measure-
ments was calculated for each eye and the average FD of all subjects was computed. Fixation stability refers to 
test–retest repeatability (TRR) of FD from the three consecutive OCTA measurements. TRR of all subjects was 
calculated from the within-subject standard deviation times 2.7718. Coefficient of variation (CV) of fixation 
deviation, the ratio of the standard deviation to the mean, from three OCTA measurements was also calculated. 
TRR and CV were used to indicate fixation stability of the two refractive groups.

It has been recommended that averaging three OCTA metrics is better than taking a single OCTA 
 measurement19. In each eye, OCTA metrics (VD, PD, and foveal avascular zone (FAZ) area), using the Early 
Treatment of Diabetic Retinal Study (ETDRS) format, were averaged from three OCTA measurements. Results 
were compared between the two correction methods.

All statistical analyses were performed using SPSS version 26.0 (IBM Corp. USA). Measurement results 
were tested for normality using the Shapiro–Wilk test. Parametric tests (paired and unpaired t-tests) and 
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non-parametric tests (Wilcoxon and Mann–Whitney tests) were used accordingly. Data are presented as 
mean ± standard deviation (SD) or median (interquartile range, IQR).

Results
Seventy-four eyes of 74 myopes (age 18 to 47 years) were included. Thirty-seven subjects had low myopia. Table 1 
shows the demographic data of the subjects. The two myopic groups had similar age. Although high myopes had 
greater refractive astigmatism, they had similar CL-VA. Twenty-five high myopes (68%) were wearing toric soft 
contact lenses, versus 15 (41%) of low myopes.

Table 2 shows the fixation deviation and stability results of the two myopic groups. Low myopes had similar 
fixation deviation regardless of correction methods (contact lens: 5.0 ± 2.2 pixels; auto-focus: 4.4 ± 2.1 pixels). 
Compared with low myopes, high myopes had greater variation in fixation deviation (contact lens: IQR 3.6 pix-
els; auto-focus: IQR 6.1 pixels). Fixation deviation of the two groups was similar when corrected with contact 
lenses (Mann–Whitney test, p = 0.689). Signal strength was higher in low myopes compared with high myopes 
(Mann–Whitney test, p = 0.041). When corrected using the auto-focus system, high myopes had greater fixation 
deviation than low myopes (Mann–Whitney test, p = 0.029). Signal strength was also significantly higher in low 
myopes compared with high myopes (Mann–Whitney test, p < 0.001). Fixation stability, in terms of TRR and 
CV, was poor in high myopes especially when using the auto-focus system. CV of different pairs did not show 
significant difference (two-sample coefficient of variation tests, all p > 0.05).

Considering all 74 eyes, VD was higher when corrected with contact lenses in the ETDRS outer ring (median: 
17.9  mm−1 vs 17.3  mm−1; Wilcoxon: p = 0.005), and inner ring (median: 17.3  mm−1 vs 16.8  mm−1; Wilcoxon: 
p = 0.028), Fig. 2. PD was also higher when corrected with contact lenses in the ETDRS outer ring (median: 43.2% 
vs 42.4%; Wilcoxon: p = 0.003), Fig. 3. FAZ area was similar between contact lens correction (0.251 ± 0.097mm2) 
and auto-focus (0.250 ± 0.102mm2), paired t-test, t = 0.108, p = 0.91.

Figure 1.  Coordinates of foveal center are x, y. Fixation deviation (FD) in pixel was calculated as distance 
between grid center and foveal center using the formula below. FD = 

√

(175− x)2 +
(

175− y
)2

Table 1.  Demographic data (Mean ± SD, or median (interquartile range)). SEQ spherical equivalent, 
sphere + ½ astigmatism, logMAR Logarithm of the Minimum Angle of Resolution.

Low myopes High myopes Analysis

Age (years) 20.6 ± 1.6 21 (3) Mann–Whitney test, p = 0.162

Gender 20 male & 17 female 20 male & 17 female Chi square, p = 0.592

Auto-refraction in SEQ (D) − 1.94 ± 0.75 − 7.97 ± 1.31 Unpaired t-test, p < 0.001

Refractive astigmatism (D) − 0.78 ± 0.46 − 1.88 ± 1.00 Unpaired t-test, p < 0.001

Axial length (mm) 24.45 ± 0.0.87 26.85 ± 0.98 Unpaired t-test, p < 0.001

Contact lens corrected visual acuity (logMAR) − 0.06 (0.08)
Range: 0.22 to − 0.14

− 0.02 (0.08)
Range: 0.20 to − 0.22 Mann–Whitney test, p = 0.06

Over-refraction in SEQ (D) − 0.125 ± 0.367 − 0.284 ± 0.571 Unpaired t-test: t = 1.433, p = 0.159
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Comparing individual refractive groups, contact lens correction yielded a slightly higher VD in the ETDRS 
outer ring in low myopes (median: 18.1  mm−1 vs 17.3  mm−1; Wilcoxon: p = 0.031) but no significant difference in 
other regions. VD was similar using the two correction methods in high myopes, Fig. 4. Contact lens correction 
gave a slightly higher PD in the ETDRS outer ring in low myopes (median: 44.2% vs 42.4%; Wilcoxon: p = 0.006). 
PD was similar in high myopes from the two correction methods, Fig. 5. FAZ area was similar between contact 
lens correction (0.251 ± 0.091mm2) and auto-focus (0.247 ± 0.100mm2) in low myopes (paired t-test, t = 0.326, 
p = 0.75), and in high myopes (contact lens correction: 0.251 ± 0.105mm2; auto-focus: 0.253 ± 0.106mm2, paired 
t-test, t = − 0.135, p = 0.89).

Discussion
This study has revealed that high myopes had better fixation stability during OCTA measurement when soft 
contact lenses were worn (TRR: 10.2 pixels, CV: 65%), compared with using the built-in auto-focus system (TRR: 
12.5 pixels, CV: 72%). However, low myopes had better fixation stability than high myopes regardless of correc-
tion method used (Table 2). Regarding fixation deviation, it was similar regardless of correction method in each 
group. Clinically, it is common to acquire OCTA images using the built-in auto-focus system to compensate for 

Table 2.  Fixation deviation and stability, signal strength and refractive astigmatism of low and high myopic 
groups. Results are presented as mean ± SD, or median (IQR).

Low myopes High myopes
Contact lens Auto-focus Contact lens Auto-focus

Fixa�on devia�on (pixel) 5.0  2.2 4.4  2.1 5.3 (3.6) 5.1 (6.1)
paired t-test: t = 1.78, p = 0.08 Wilcoxon test: p = 0.284

     Mann-Whitney test, p = 0.689

Mann-Whitney test, p = 0.029
Test-retest repeatability (pixel) 7.5 6.1 10.2 12.5
Coefficient of varia�on 54% 50% 65% 72%
Signal strength 9.0 (1.7) 8.7 (1.5) 8.3 (1.0) 8.1 ± 0.6

±±

Wilcoxon test: p = 0.483 Wilcoxon test: p = 0.009

     Mann-Whitney test, p = 0.041

Mann-Whitney test, p = 0.001

Figure 2.  Vessel length density of 74 eyes when corrected with (a) contact lens and (b) the auto-focus system. 
Results are expressed as median (interquartile range) using the ETDRS central circle, inner and outer rings of 
the 6 mm grid. Significant difference between the two correction methods is marked in red.
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patients’ refractive errors. Fixation deviation was found to be significantly greater in high myopes when com-
pared with low myopes using the built-in auto-focus system. Post-hoc power analysis, using G*Power (version 
3.1.9.4, Dusseldorf, Germany), determined that the sample size had 86% power (α = 0.05, one-tailed) to detect 
an effect that exists.

The implications of fixation deviation and test–retest repeatability are different. A poor test–retest repeatability 
means that the scanned areas varied a lot in sequential measurements. A great fixation deviation means that the 
fovea is not at the center of the grid. For the latter, one or two ETDRS sectors could have smaller scanned areas 
compared with the others. However, it could still have good test–retest repeatability from consecutive measure-
ments. Test–retest repeatability could be more important. Two examples can be used to illustrate this. Figure 6 is 
OCTA maps of the left eye from three consecutive measurements of a high myope, of which Fig. 6a–c were results 
using the auto-focus mode. Fixation deviation from each measurement varied differently (from 3.0 pixels to 19.2 
pixels, mean of 9.1 pixels). The test–retest repeatability was 8.8 pixels. Figure 6d–f were results using habitual 
contact lens correction, in which fixation deviation in each measurement was less (from 2.2 pixels to 9.2 pixels, 
mean of 5.2 pixels) and the test–retest repeatability was smaller, 3.6 pixels. Both the mean fixation deviation and 
TRR were better using contact lens correction. Figure 7 shows OCTA maps of the left eye from three consecutive 
measurements of another high myope. Although mean fixation deviations were similar in the two correction 
modes (6.0 and 7.1 pixels), fixation deviations from three consecutive measurements were all towards the same 
superior temporal region, which resulted in a small TRR (3.3 and 2.7 pixels).

From our knowledge, this is the first study to investigate the effect of fixation deviation and stability during 
OCTA measurements. Clinically most practitioners acquire just one OCTA measurement because there is no 
averaging function from any proprietary software. It is important to have the same measurement area in follow 
up visits for accurate comparison and diagnosis. Taking Fig. 6 as an example, if an examiner relies on Fig. 6a, 
the outer ring at the temporal sector was cropped. The cropped areas were outer rings of the nasal and inferior 
sectors in Fig. 6b. To tackle this problem, a practitioner can put the ETDRS grid to the center of the 6 × 6 mm 
scan area. This is not normally done because the fovea may not be at the center of the 6 × 6 mm scan area.

A 6 × 6 mm scan has 350 × 350 pixels. The transverse resolution is 17.2 μm. A 3 × 3 mm scan has a higher 
resolution of 12.2 μm, but the scan area is smaller. The test–retest repeatability in high myopes was 12.5 pixels 
when using the auto-focus system, which was improved to 10.2 pixels when corrected with soft contact lenses. 
This is equivalent to a variation of 215 μm and 175 μm, respectively. This order of variation would result in sig-
nificant measurement errors in  OCT14,15.

Signal strength was found better in low myopes (Table 2). Previous studies have demonstrated impact of 
low signal strength on OCTA  measurements20. The signal strength was set at 7 as the criterion and the aver-
aged signal strength was above 8 in all four conditions. Lim et al.16 compared effect of signal strength on OCTA 
metrics using the same Cirrus OCTA device. VD and PD increased with a higher signal strength. There was no 
significant difference in VD and PD between signal strength of 9 and 10. Lee et al.21 also used a Cirrus OCTA 
device and found that repeatability (in terms of coefficient of variation) improved even when signal strength was 
slightly higher from 9 to 10. OCTA metrics were found increased when signal strength was 9 compared with 
signal strength of 8. Each OCTA device has its own proprietary algorithms. Yu et al.10 found that vessel density 
from AngioPlex was more influenced by signal strength compared with AngioVue.

It is important to have good fixation stability to ensure similar ETDRS subfields are measured in consecu-
tive OCTA measurements. To achieve this, myopes with good CL-VA can continue wearing their contact lenses 

Figure 3.  Perfusion density of 74 eyes when corrected with (a) contact lens and (b) the auto-focus system. 
Results are expressed as median (interquartile range) using the ETDRS central circle, inner and outer rings of 
the 6 mm grid. Significant difference between the two correction methods is marked in red.
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during OCTA measurements. This is more important in subjects with refractive astigmatism corrected with 
toric contact lenses (Table 2). The lack of astigmatic correction in the built-in auto-focus system might result in 
greater variation of fixation deviation (defined as fixation stability in the current study) in patients with astigma-
tism. Berkenstock et al.11 corrected their patients with soft contact lenses based on spherical equivalent even for 
astigmatic refractive errors. Optimal refractive correction is important in various ophthalmic procedures, such 
as kinetic  perimetry22,  OCT8,23, and OCTA 9. Youm et al.24 compared retinal nerve fiber layer (RNFL) thickness 
measurement with and without soft contact lens wear. Although they found that RNFL was thicker without soft 
contact lenses, they used old version time-domain OCT with poor resolution.

In general, little difference in OCTA metrics was observed via two different correction methods (Figs. 2, 3, 4, 
5). This could be due to the protocol using an average from three OCTA measurements. Previous studies found 
that averaging OCTA images could improve vessel clarity that might enhance accurate acquisition of OCTA 
 metrics13,25. Uji et al.26 reported that averaging three OCTA frames resulted in significant improvement, while 
averaging five frames could result in almost identical findings. Clinically, automated averaging of several OCTA 
metrics for an overall result is not available from any proprietary software. In addition, it may not be feasible 
to acquire too many OCTA images. Our recent study found that OCTA metrics from averaging three OCTA 

Figure 4.  (i) Vessel length density of 34 eyes from low myopes when corrected with (a) contact lens and (b) the 
auto-focus system. Results are expressed as median (interquartile range) using the ETDRS central circle, inner 
and outer rings of the 6 mm grid. Significant difference between the two correction methods is marked in red. 
(ii) Vessel length density of 34 eyes from high myopes when corrected with (a) contact lens and b) the auto-
focus system. Results are expressed as median (interquartile range) using the ETDRS central circle, inner and 
outer rings of the 6 mm grid.
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measurements could reach similar VD and PD compared with averaging five  measurements19. Considering that 
OCTA is more commonly performed in patients with a compromised retina and, hence, with poor vision, taking 
several OCTA measurements may be advisable.

There are different OCTA devices which are not  interchangeable27. Therefore, patients must be reviewed using 
the same machine for accurate longitudinal monitoring. Our institute has both the Cirrus (Cirrus 5000 HD-OCT; 
Carl Zeiss Meditec, Inc, Dublin, California, USA) and Spectralis (Spectralis; Heidelberg Engineering, Heidelberg, 
Germany) systems, which use a split-spectrum amplitude-decorrelation algorithm and a probabilistic OCTA 
algorithm, respectively. The Cirrus system was found to be superior to the Spectralis system in terms of fewer 
artefacts and better  repeatability28,29. The operation manual from Spectralis advised examiners to use glasses or 
contact lenses for patients with high astigmatism in order to enhance image quality. From the current findings, 
contact lens correction for OCTA measurements is recommended, especially for high myopes.

Figure 5.  (i) Perfusion density of 34 eyes from low myopes when corrected with (a) contact lens and (b) the 
auto-focus system. Results are expressed as median (interquartile range) using the ETDRS central circle, inner 
and outer rings of the 6 mm grid. Significant difference between the two correction methods is marked in red. 
(ii) Perfusion density of 34 eyes from high myopes when corrected with (a) contact lens and b) the auto-focus 
system. Results are expressed as median (interquartile range) using the ETDRS central circle, inner and outer 
rings of the 6 mm grid.
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Figure 6.  Three OCTA images from subject #027. (a–c) Correction with auto-focus (mean FD: 9.1 pixels; TRR: 
8.8 pixels); (d–f) Correction with contact lens (mean FD: 5.2 pixels; TRR: 3.6 pixels).

Figure 7.  Three OCTA images from subject #032. (a–c) Correction with auto-focus (mean FD: 6.0 pixels; TRR: 
3.3 pixels); (d–f) Correction with contact lens (mean FD: 7.1 pixels; TRR: 2.7 pixels).
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Limitations
There are some limitations in this study. Firstly, types and powers of soft contact lenses worn by the subjects 
were not controlled. Previous studies underwent RNFL  thickness30 or optic nerve head (ONH)  measurements31, 
using time-domain OCT through the same soft contact lens material, but different lens powers. These investi-
gations did not find significant differences in optic nerve head parameters. Lee et al.32 used soft contact lens of 
different powers by spectral domain OCT and found similar central macular thickness results. Sampson et al.33 
explained in detail how important ocular magnification affects OCTA metrics. Unfortunately, this confounding 
factor was rarely considered in OCTA  studies34. It is important to consider the magnification  effect35, especially 
in highly myopic  eyes36. In the current study, pixel rather than linear distance was used to evaluate fixation 
deviation and stability. Another limitation of using Cirrus OCTA was the lack of automated deep capillary 
plexus OCTA metrics. This could be due to the challenges and difficulties in quantifying deep capillary plexus 
in terms of projection  artefacts37. However, third-party software such as ImageJ (National Institutes of Health, 
available at https:// imagej. nih. gov/ ij/ downl oad. html) could be as good as built-in proprietary  software29. Rao 
et al.17 compared difference in peripapillary PD and flux index with and without referencing to a baseline scan 
using the “track to prior scan” option. Coefficient of repeatability improved when referring to a baseline scan in 
subsequent scans. We did not use this option to make each OCTA scan an independent one. Practitioners are 
advised to use this option if they plan to average multiple OCTA scans to generate an average result. Finally, the 
current study only included healthy subjects with high myopia. Patients with poor vision due to ocular diseases 
could be more affected by fixation instability in OCTA.

Conclusions
The study revealed that fixation deviation was similar between the two myopic groups when habitual soft contact 
lenses were worn. It could be due to the similar contact lens corrected VA of the two groups. High myopes had 
better fixation deviation and stability through contact lens correction. This confirmed the study’s hypothesis that 
high myopes had more stable fixation when corrected with contact lenses.

Received: 20 April 2021; Accepted: 21 May 2021

References
 1. Spaide, R. F., Fujimoto, J. G., Waheed, N. K., Sadda, S. R. & Staurenghi, G. Optical coherence tomography angiography. Prog. Retin. 

Eye Res. 64, 1–55. https:// doi. org/ 10. 1016/j. prete yeres. 2017. 11. 003 (2018).
 2. Hirano, T. et al. Vitreoretinal interface slab in OCT angiography for detecting diabetic retinal neovascularization. Ophthalmol. 

Retina 4, 588–594. https:// doi. org/ 10. 1016/j. oret. 2020. 01. 004 (2020).
 3. Parrulli, S. et al. Microaneurysms visualisation using five different optical coherence tomography angiography devices compared 

to fluorescein angiography. Br. J. Ophthalmol. 105, 526–530. https:// doi. org/ 10. 1136/ bjoph thalm ol- 2020- 316817 (2021).
 4. Corvi, F. et al. Comparison between several optical coherence tomography angiography devices and indocyanine green angiography 

of choroidal neovascularization. Retina 40, 873–880. https:// doi. org/ 10. 1097/ iae. 00000 00000 002471 (2020).
 5. Enders, C. et al. Quantity and quality of image artifacts in optical coherence tomography angiography. PLoS ONE 14, e0210505. 

https:// doi. org/ 10. 1371/ journ al. pone. 02105 05 (2019).
 6. Holmen, I. C. et al. Prevalence and severity of artifacts in optical coherence tomographic angiograms. JAMA Ophthalmol. 138, 

119–126. https:// doi. org/ 10. 1001/ jamao phtha lmol. 2019. 4971 (2020).
 7. Kamalipour, A. et al. Optical coherence tomography angiography artifacts in glaucoma. Ophthalmology https:// doi. org/ 10. 1016/j. 

ophtha. 2021. 03. 036 (2021).
 8. Balasubramanian, M., Bowd, C., Vizzeri, G., Weinreb, R. N. & Zangwill, L. M. Effect of image quality on tissue thickness meas-

urements obtained with spectral domain-optical coherence tomography. Opt. Exp. 17, 4019–4036. https:// doi. org/ 10. 1364/ oe. 17. 
004019 (2009).

 9. Tomlinson, A., Hasan, B. & Lujan, B. J. Importance of focus in OCT angiography. Ophthalmol. Retin. 2, 748–749. https:// doi. org/ 
10. 1016/j. oret. 2018. 01. 012 (2018).

 10. Yu, J. J. et al. Signal strength reduction effects in OCT angiography. Ophthalmol. Ret. 3, 835–842. https:// doi. org/ 10. 1016/j. oret. 
2019. 04. 029 (2019).

 11. Berkenstock, M. K. et al. Use of contact lenses to optimize OCT scans of the optic nerve in glaucoma suspects or patients with 
glaucoma with high myopia. Ophthalmol. Glaucoma 3, 196–201. https:// doi. org/ 10. 1016/j. ogla. 2020. 01. 002 (2020).

 12. Aviram, T. et al. The effect of contact lens wear on retinal spectral domain optical coherence tomography. Clin. Exp. Optom. 103, 
792–797. https:// doi. org/ 10. 1111/ cxo. 13064 (2020).

 13. Jung, J. J. et al. Effects of induced astigmatism on spectral domain-OCT angiography quantitative metrics. Am. J. Ophthalmol. 219, 
49–58. https:// doi. org/ 10. 1016/j. ajo. 2020. 07. 005 (2020).

 14. Pak, J. W. et al. Effect of optical coherence tomography scan decentration on macular center subfield thickness measurements. 
Invest. Ophthalmol. Vis. Sci. 54, 4512–4518. https:// doi. org/ 10. 1167/ iovs. 13- 12265 (2013).

 15. Kim, K. N. et al. Effects of measurement center shift on ganglion cell-inner plexiform layer thickness measurements. Optom. Vis. 
Sci. 95, 656–662. https:// doi. org/ 10. 1097/ opx. 00000 00000 001251 (2018).

 16. Lim, H. B., Kim, Y. W., Kim, J. M., Jo, Y. J. & Kim, J. Y. The importance of signal strength in quantitative assessment of retinal vessel 
density using optical coherence tomography angiography. Sci. Rep. 8, 12897. https:// doi. org/ 10. 1038/ s41598- 018- 31321-9 (2018).

 17. Rao, H. L. et al. Referenced scans improve the repeatability of optical coherence tomography angiography measurements in normal 
and glaucoma eyes. Br. J. Ophthalmol. https:// doi. org/ 10. 1136/ bjoph thalm ol- 2020- 316480 (2020).

 18. Bland, J. M. & Altman, D. G. Measurement error. BMJ 313, 744. https:// doi. org/ 10. 1136/ bmj. 313. 7059. 744 (1996).
 19. Khan, H. M., Gentle, A., Armitage, J. A., To, C. H. & Lam, A. K. C. Multiple scan averaging to yield accurate quantitative analysis 

of optical coherence tomography angiograms. Sci. Rep. 10, 6194. https:// doi. org/ 10. 1038/ s41598- 020- 62956-2 (2020).
 20. You, Q. S. et al. Macular vessel density measured with optical coherence tomography angiography and its associations in a large 

population-based study. Invest. Ophthalmol. Vis. Sci. 60, 4830–4837. https:// doi. org/ 10. 1167/ iovs. 19- 28137 (2019).
 21. Lee, T. H., Lim, H. B., Nam, K. Y., Kim, K. & Kim, J. Y. Factors affecting repeatability of assessment of the retinal microvasculature 

using optical coherence tomography angiography in healthy subjects. Sci. Rep. 9, 16291. https:// doi. org/ 10. 1038/ s41598- 019- 52782-
6 (2019).

 22. Hirasawa, K. & Shoji, N. Effect of optical defocus on the kinetic perimetry in young myopic participants. Curr. Eye Res. 40, 847–852. 
https:// doi. org/ 10. 3109/ 02713 683. 2014. 961614 (2015).

https://imagej.nih.gov/ij/download.html
https://doi.org/10.1016/j.preteyeres.2017.11.003
https://doi.org/10.1016/j.oret.2020.01.004
https://doi.org/10.1136/bjophthalmol-2020-316817
https://doi.org/10.1097/iae.0000000000002471
https://doi.org/10.1371/journal.pone.0210505
https://doi.org/10.1001/jamaophthalmol.2019.4971
https://doi.org/10.1016/j.ophtha.2021.03.036
https://doi.org/10.1016/j.ophtha.2021.03.036
https://doi.org/10.1364/oe.17.004019
https://doi.org/10.1364/oe.17.004019
https://doi.org/10.1016/j.oret.2018.01.012
https://doi.org/10.1016/j.oret.2018.01.012
https://doi.org/10.1016/j.oret.2019.04.029
https://doi.org/10.1016/j.oret.2019.04.029
https://doi.org/10.1016/j.ogla.2020.01.002
https://doi.org/10.1111/cxo.13064
https://doi.org/10.1016/j.ajo.2020.07.005
https://doi.org/10.1167/iovs.13-12265
https://doi.org/10.1097/opx.0000000000001251
https://doi.org/10.1038/s41598-018-31321-9
https://doi.org/10.1136/bjophthalmol-2020-316480
https://doi.org/10.1136/bmj.313.7059.744
https://doi.org/10.1038/s41598-020-62956-2
https://doi.org/10.1167/iovs.19-28137
https://doi.org/10.1038/s41598-019-52782-6
https://doi.org/10.1038/s41598-019-52782-6
https://doi.org/10.3109/02713683.2014.961614


10

Vol:.(1234567890)

Scientific Reports |        (2021) 11:11791  | https://doi.org/10.1038/s41598-021-91403-z

www.nature.com/scientificreports/

 23. Chiang, S. T., Phillips, J. R. & Backhouse, S. Effect of retinal image defocus on the thickness of the human choroid. Ophthalmic 
Physiol. Opt. 35, 405–413. https:// doi. org/ 10. 1111/ opo. 12218 (2015).

 24. Youm, D. J., Kim, J. M., Park, K. H. & Choi, C. Y. The effect of soft contact lenses during the measurement of retinal nerve fiber 
layer thickness using optical coherence tomography. Curr. Eye Res. 34, 78–83. https:// doi. org/ 10. 1080/ 02713 68080 25791 88 (2009).

 25. Uji, A. et al. Impact of multiple en face image averaging on quantitative assessment from optical coherence tomography angiography 
images. Ophthalmology 124, 944–952. https:// doi. org/ 10. 1016/j. ophtha. 2017. 02. 006 (2017).

 26. Uji, A. et al. Multiple enface image averaging for enhanced optical coherence tomography angiography imaging. Acta Ophthalmol. 
96, e820–e827. https:// doi. org/ 10. 1111/ aos. 13740 (2018).

 27. Corvi, F. et al. Reproducibility of vessel density, fractal dimension, and foveal avascular zone using 7 different optical coherence 
tomography angiography devices. Am. J. Ophthalmol. 186, 25–31. https:// doi. org/ 10. 1016/j. ajo. 2017. 11. 011 (2018).

 28. Munk, M. R. et al. OCT-angiography: A qualitative and quantitative comparison of 4 OCT-A devices. PLoS ONE 12, e0177059. 
https:// doi. org/ 10. 1371/ journ al. pone. 01770 59 (2017).

 29. Yang, J., Yuan, M., Wang, E. & Chen, Y. Comparison of the repeatability of macular vascular density measurements using four 
optical coherence tomography angiography systems. J. Ophthalmol. 2019, 4372580. https:// doi. org/ 10. 1155/ 2019/ 43725 80 (2019).

 30. Salchow, D. J., Hwang, A. M., Li, F. Y. & Dziura, J. Effect of contact lens power on optical coherence tomography of the retinal 
nerve fiber layer. Invest. Ophthalmol. Vis. Sci. 52, 1650–1654. https:// doi. org/ 10. 1167/ iovs. 10- 6118 (2011).

 31. Salchow, D. J., Li, F. Y., Hwang, A. M. & Dziura, J. Effect of contact lens power on optic disc parameters measured with optical 
coherence tomography. Curr. Eye Res. 38, 381–385. https:// doi. org/ 10. 3109/ 02713 683. 2012. 732185 (2013).

 32. Lee, S. B., Shin, I. H., Shin, K. S., Jo, Y. J. & Kim, J. Y. Effects of refractive power on macular thickness measurement using spectral-
domain optical coherence tomography. Ophthalmologica 234, 172–176. https:// doi. org/ 10. 1159/ 00043 7233 (2015).

 33. Sampson, D. M. et al. Axial length variation impacts on superficial retinal vessel density and foveal avascular zone area measure-
ments using optical coherence tomography angiography. Invest Ophthalmol. Vis. Sci. 58, 3065–3072. https:// doi. org/ 10. 1167/ iovs. 
17- 21551 (2017).

 34. Llanas, S., Linderman, R. E., Chen, F. K. & Carroll, J. Assessing the use of incorrectly scaled optical coherence tomography angi-
ography images in peer-reviewed studies: A systematic review. JAMA Ophthalmol. https:// doi. org/ 10. 1001/ jamao phtha lmol. 2019. 
4821 (2019).

 35. Chen, F. K. et al. Intrasession repeatability and interocular symmetry of foveal avascular zone and retinal vessel density in OCT 
angiography. Transl. Vis. Sci. Technol. 7, 6. https:// doi. org/ 10. 1167/ tvst.7. 1.6 (2018).

 36. Suda, M. et al. Magnification effect of foveal avascular zone measurement using optical coherence tomography angiography. 
Biomed. Hub 5, 79–86. https:// doi. org/ 10. 1159/ 00050 7501 (2020).

 37. Spaide, R. F., Fujimoto, J. G. & Waheed, N. K. Image artifacts in optical coherence tomography angiography. Retina 35, 2163–2180. 
https:// doi. org/ 10. 1097/ iae. 00000 00000 000765 (2015).

Acknowledgements
We would like to thank Dr Maureen Boost for English editing of the manuscript. We would like to thank Dr Tina 
Lian and Dr Peggy Cheung for their advice on statistical analysis. Part of the materials was presented as poster 
at the Association for Research in Vision and Ophthalmology (ARVO) 2021 meeting.

Author contributions:
A.K.C.L., K.K.H.L., J.P.K.L., and M.F.Y. designed the clinical study. H.Y.W., K.K.H.L., J.P.K.L., and M.F.Y. con-
ducted data collection. A.K.C.L., K.K.H.L., J.P.K.L., and M.F.Y. analyzed data. A.K.C.L. wrote the manuscript. 
A.K.C.L., H.Y.W., and K.K.H.L. reviewed the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to A.K.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

https://doi.org/10.1111/opo.12218
https://doi.org/10.1080/02713680802579188
https://doi.org/10.1016/j.ophtha.2017.02.006
https://doi.org/10.1111/aos.13740
https://doi.org/10.1016/j.ajo.2017.11.011
https://doi.org/10.1371/journal.pone.0177059
https://doi.org/10.1155/2019/4372580
https://doi.org/10.1167/iovs.10-6118
https://doi.org/10.3109/02713683.2012.732185
https://doi.org/10.1159/000437233
https://doi.org/10.1167/iovs.17-21551
https://doi.org/10.1167/iovs.17-21551
https://doi.org/10.1001/jamaophthalmol.2019.4821
https://doi.org/10.1001/jamaophthalmol.2019.4821
https://doi.org/10.1167/tvst.7.1.6
https://doi.org/10.1159/000507501
https://doi.org/10.1097/iae.0000000000000765
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Fixation stability and deviation in optical coherence tomography angiography using soft contact lens correction in myopes
	Methods
	Image acquisition. 
	Statistical analysis. 

	Results
	Discussion
	Limitations
	Conclusions
	References
	Acknowledgements


