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Eyelashes Artifact in Ultra-Widefield Optical 
Coherence Tomography Angiography
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BACKGROUND AND OBJECTIVE: To describe the pres-
ence of eyelashes artifact in ultra-widefield swept-
source optical coherence tomography angiography 
(SS-OCTA) images.

PATIENTS AND METHODS: In this prospective, cross-
sectional study, 52 healthy, young subjects were 
imaged with the SS-OCTA system. OCTA scans 
were taken in primary and extremes of gaze, and 
a montage was automatically created. The en face 
choriocapillaris images were then exported, and a 
semi-automated algorithm was used for subsequent 
quantitative analysis.

RESULTS: The authors noted the presence of some 
linear regions of reduced brightness, which were 
assumed to represent a shadow effect due to pa-
tient eyelashes. In order to quantify this effect, the 
authors performed a quantitative analysis of the 
superior and inferior regions in the retinal and cho-
roidal vessels.

CONCLUSIONS: The authors’ qualitative and quan-
titative analysis showed the presence of regions 
of false-positive hypoperfusion secondary to eye-
lashes artifacts. To the authors’ knowledge, this 
represents the first description of this new type of 
shadowing artifact affecting OCTA images.

[Ophthalmic Surg Lasers Imaging Retina. 2019;50:xxx-xxx.]

Introduction

The development of optical coherence tomogra-
phy angiography (OCTA) has opened a new era in 
the analysis of the retinal and choroidal microvas-
culature, allowing the evaluation of the individual 
vascular plexuses at extremely high resolution. Using 
OCTA, many studies have investigated these plex-
uses highlighting vascular, structural, and functional 
alterations in healthy and pathologic eyes.1-5 One of 
the main limitation of this technique is represented 
by the artifacts associated, which have been widely 
described and are known to be potential confounding 
factors in the vascular analysis.1,5-9

The recent introduction of high-speed swept-
source OCTA (SS-OCTA) devices has significantly 
expanded the assessment of the vascular plexuses. 
Importantly, a higher-speed system allows the acqui-
sition of a larger field of view, ensuring a wider inves-
tigation of the retinal and choroidal vessels. There-
fore, this kind of technology grants to image from the 
macula to the far retinal periphery and is thus termed 
ultra-widefield OCTA imaging.

In recent years, several imaging modalities have 
been developed for acquiring ultra-widefield images, 
including fluorescein angiography, autofluorescence, 
and fundus color imaging.10 However, the very large 
field of view obtained with ultra-widefield imaging 
commonly results in the patient’s eyelashes appear-
ing in the image.11-13 In this case series, we describe 
the presence of eyelashes artifact in ultra-widefield 
SS-OCTA images. This represents the first descrip-
tion of this new type of shadowing artifact affecting 
OCTA images.
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Case Series

In this prospective case series, 55 healthy sub-
jects between 18 and 40 years of age were enrolled 
and were imaged with the PLEX Elite 9000 device 
(Carl Zeiss Meditec, Dublin, CA). At the baseline, all 
patients received a complete ophthalmologic exami-
nation, which included the measurement of best-
corrected visual acuity, intraocular pressure, and 
dilated ophthalmoscopy. Exclusion criteria were: (i) 
evidence or history of ocular diseases; (ii) evidence 
or history of systemic disorders, including diabetes 
and systemic hypertension; (iii) history of previous 
ocular surgery; (iv) ocular axial length (AL) greater 
than 26 mm.

For each eye, five 12 mm × 12 mm OCTA volume 
scans were acquired. These scans were acquired in 
five different gazes (central, nasal inferior, nasal su-
perior, temporal inferior, and temporal superior) by 
moving the internal fixation light. Finally, the soft-
ware included in the device automatically combined 
these five scans in a final montage image.

Subsequently, the obtained ultra-widefield 
OCTA en face images from different vascular lay-
ers (superficial retinal capillary plexus [SCP], deep 
retinal capillary plexus [DCP], and choriocapillaris 
[CC]) were exported and then imported into ImageJ 
software version 1.50 (National Institutes of Health, 
Bethesda, MD). Consequently, two experienced 
readers (EB and PV) graded all the ultra-widefield 
OCTA images (SCP, DCP, and CC) for the presence 
of localized, reduced brightness. The presence of re-
duced brightness was assessed in different regions 
(Figure 1) of the retina. Successively, the OCTA en 

face images were binarized for quantitative analysis, 
as previously shown.14

All quantitative variables were reported as mean 
and standard deviation (SD) or median and inter-
quartile range (IQR). To detect departures from 
normality distribution, Shapiro-Wilk’s test was per-
formed for all variables. Since SCP, DCP, and CC 
variables did not show a normal distribution, a non-
parametric test was conducted to investigate region-
al differences in quantitative SCP, DCP, and CC vari-
ables. Statistical calculations were performed using 
Statistical Package for Social Sciences (version 20.0; 
SPSS Inc., Chicago, IL). The chosen level of statisti-
cal significance was a P value less than .05.

Of the 55 eyes (55 individuals) that were initially 
enrolled, 52 eyes met the required image quality cri-
teria and were used in the analysis. Mean ± standard 
deviation (SD) age was 25.4 years ± 5.3 years (medi-
an: 24.5 years; range: 20.0 years to 40.0 years). Mean 
± SD AL was 23.2 mm ± 1.0 mm (median: 23.9 mm; 
range: 21.8 mm to 25.9 mm).

Graders noted the presence of some linear regions 
of reduced brightness, which were assumed to rep-
resent a shadow effect due to patients’ eyelashes. In 
details, the superior region of the SCP did not show 
changes in both the near/mid (zero of 52 eyes) and far 
periphery (zero of 52 eyes); however, the inferior re-
gion of SCP highlighted alterations in both the near/
mid (two of 52 eyes; 3.8%) and far periphery (20 of 
52 eyes; 38.4 %). DCP analysis detected variations 
of the superior region both in the mid/near periph-
ery (one of 52 eyes; 1.9%) and in the far periphery 
(four of 52 eyes; 7.6%). Moreover, the inferior region 

Figure 1. A 23-year-old healthy man underwent ultra-widefield swept-source optical coherence tomography angiography (OCTA) imag-
ing using the PLEX Elite 9000 device (Carl Zeiss Meditec Inc., Dublin, CA, USA). The obtained en face images of the superficial (A) and 
deep (B) retinal capillary plexuses, as well as the choriocapillaris (C), showed the presence of some linear regions of reduced brightness 
(indicated with white arrows). Given that these regions had the same shape in all the images and that were located in the inferior far 
retinal periphery, we concluded that these regions of false-positive hypoperfusion are secondary to shadowing artifacts due to superior 
eyelashes. Therefore, the assessment with ultra-widefield OCTA is still limited by significant shadowing artifacts, given that the very large 
depth of field may result in the patient’s eyelashes to appear in the image.
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of the DCP was also changed both in the near/mid 
periphery in six out of 52 eyes (11.5%) and in the 
far periphery in 40 out of 52 eyes (76.9%). Finally, 
the CC investigation displayed the presence of the 
shadowing artifact in all the investigated regions, as 
follows: (i) three of 52 eyes (5.7%) in the superior 
region of the near/mid periphery; (ii) six of 52 eyes 
(11.5%) in the superior region of the far periphery; 
(iii) eight of 52 eyes (15.3%) in the inferior region 
of the near/mid periphery; and (iv) 43 of 52 eyes 
(82.6%) in the inferior region of the far periphery.

In order to quantify the effect of these shadow-
ing artifacts on the retinal and CC perfusion in the 
far retinal periphery, we compared the perfusion 
density between the superior and inferior far retinal 
periphery regions. In the analysis investigating the 
SCP, no substantial differences were found between 
these two regions (P = .348) (Table 1). On the con-
trary, in the DCP examination, the inferior region was 
characterized by a lower perfusion density in com-
parison with the superior region (median = 39.0% 
and interquartile range [IQR] = 38.2%-40.0% in the 
superior region, median = 31.1% and IQR = 28.4%-
33.2% in the inferior region; P < .0001). Similarly, at 
the CC level the perfusion density was significantly 
lower in the inferior region (median = 88.0% and 
IQR = 86.5%-90.0% in the superior region, median = 
73.3% and IQR = 70.3%-76.7%; P < .0001).

Discussion

In this case series, we described for the first time 
the presence of a new type of OCTA shadowing ar-
tifact secondary to patients’ eyelashes. Importantly, 
we displayed that this artifact mainly affects the 
deep retinal capillary plexus and the choriocapil-
laris in the inferior far retinal periphery.

In the recent years, previous notable studies have 
demonstrated that various artifacts associated with 
OCTA imaging may cause an incorrect interpreta-
tion of OCTA images.1,7,8 Of these artifacts, the erro-

neous segmentation of the vascular layers has been 
fully described and is known to mainly affect patho-
logic eyes.1,7,8 The visualization of the retinal and 
choroidal layers may also be affected by projection 
artifacts. These projections commonly occur from 
major superficial retinal vessels, which can be seen 
in the deeper vascular layers as regions of false posi-
tive flow.1,8,9 Several approaches have been devel-
oped to remove or reduce projection artifacts, and 
some of these techniques have been implemented in 
commercial instruments.1,6,8,9,15 The shadowing arti-
fact represents another important artifact that may 
affect the retinal and choroidal vascular layers.1,5,8 
This artifact occurs when light from the OCTA de-
vice is attenuated or blocked during its passage to 
the deeper layers of the retina/choroid, this causing 
regions of false-positive flow impairment. The shad-
owing artifact may be secondary to the presence of 
vitreous opacities, hemorrhage, pigment clumps, or 
scar tissue. Of note, these artifacts represent a sig-
nificant limitation in eyes with age-related macular 
degeneration, since the presence of drusen or neo-
vascularization may significantly attenuate the light 
reaching the CC.1 Despite SS-OCTA devices employ 
a longer wavelength with better penetration of the 
vitreous and retina, with a consequent reduction in 
occurrence of shadowing artifacts,1,16 signal attenua-
tion may still occur.1,16,17

Using ultra-widefield SS-OCTA imaging, we add 
to the literature by describing a new type of shad-
owing artifact due to patients’ eyelashes. In details, 
we noted that most of our case series ultra-widefield 
OCTA images were characterized by the presence 
of some linear regions of reduced brightness. Im-
portantly, these regions had the same shape in both 
the retinal and CC OCTA images and were mainly 
located in the inferior far retinal periphery. Assum-
ing that ultra-widefield imaging with other imaging 
modalities is known to be affected by a reduction in 
image quality in the inferior extreme periphery,11-13 

Table 1

OCTA Tested Variables in the Analyzed Regions
Superior Far Inferior Far P Value

OCTA

SCP  Perfusion Density (%) 39.2 (38.2-40.2) 40.2 (38.5-41.0) .348

DCP Perfusion Density (%) 39.0 (38.2-40.0) 31.1 (28.4-33.2) < .0001

CC  Flow void Area (%) 12.0 (10.0-13.5.) 26.7 (23.3-29.7) < .0001

Data are presented as median (interquartile range). 

OCTA = optical coherence tomography angiography; SCP = superficial capillary plexus; DCP = deep capillary plexus; CC = choriocapillaris
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we concluded that these regions of false-positive 
hypoperfusion are ascribable to shadowing artifacts 
due to superior eyelashes.

Furthermore, we compared the perfusion density 
between the superior and inferior far retinal periph-
ery regions. We demonstrated that, although the SCP 
did not exhibit significant regional differences in 
perfusion density, both the DCP and CC were char-
acterized by a significant lower perfusion density in 
the inferior regions. In agreement, the two graders 
displayed that the reduction in OCTA brightness in 
the inferior retinal periphery was more common in 
the deeper vascular layer (DCP and CC: 76.9% and 
82.6%, respectively) that in the SCP (38.4%). There-
fore, we speculate that the patients’ eyelashes may 
cause an attenuation of the OCTA light reaching 
the SCP, which is further attenuated in the passage 
throughout the retina and retinal pigment epitheli-
um. This aspect might explain why eyelashes cause 
a progressive reduction in OCTA image brightness 
(and consequently perfusion density) toward the 
deeper vascular layers.

A potential limitation to this study is that we were 
not able to exclude that differences in perfusion be-
tween superior and inferior regions are secondary to 
physiological regional differences in ocular perfu-
sion, rather than eyelashes artifacts. However, our 
qualitative analysis did show that eyelashes artifact 
may reduce the visualization of peripheral vessels 
and this may have impacted, at least in part, the 
quantification of peripheral perfusion. Future stud-
ies employing strategies acted at reducing eyelashes 
artifacts will clarify this crucial aspect.

In summary, our qualitative and quantitative 
analysis showed the presence of regions of false-pos-
itive hypoperfusion secondary to eyelashes artifacts. 
These shadowing artifacts are common in the infe-
rior far retinal periphery because of superior eye-
lashes. Therefore, the assessment with ultra-wide-
field OCTA is still limited by significant shadowing 
artifacts, given that the very large depth of field may 
result in the patient’s eyelashes to appear in the 
image. Future studies with extended longitudinal 
follow-up and further analysis of ultra-widefield 
OCTA image may provide additional substantive 
information. These results should be considered in 
ultra-widefield OCTA-based studies of healthy and 
pathologic eyes.

References

1.		  Borrelli E, Sarraf D, Freund KB, Sadda SR. OCT angiography and eval-
uation of the choroid and choroidal vascular disorders. Prog Retin Eye 
Res. 2018;67:30-55. https://doi.org/10.1016/j.preteyeres.2018.07.002 
PMID:30059755

2.		  Nassisi M, Baghdasaryan E, Tepelus T, Asanad S, Borrelli E, Sadda SR. 
Topographic distribution of choriocapillaris flow deficits in healthy 
eyes. PLoS One. 2018;13(11):e0207638. https://doi.org/10.1371/jour-
nal.pone.0207638 PMID: 30440050

3.		  Borrelli E, Uji A, Sarraf D, Sadda SR. Alterations in the choriocapillaris 
in intermediate age-related macular degeneration. Invest Ophthalmol Vis 
Sci. 2017;58(11):4792-4798. https://doi.org/10.1167/iovs.17-22360 
PMID:28973325

4.		  Spaide RF, Klancnik JM Jr, Cooney MJ. Retinal vascular layers im-
aged by fluorescein angiography and optical coherence tomography 
angiography. JAMA Ophthalmol. 2015;133(1):45-50. https://doi.
org/10.1001/jamaophthalmol.2014.3616 PMID:25317632

5.		  Spaide RF, Fujimoto JG, Waheed NK, Sadda SR, Staurenghi G. Optical 
coherence tomography angiography. Prog Retin Eye Res. 2018;64:1-55. 
https://doi.org/10.1016/j.preteyeres.2017.11.003 PMID:29229445

6.		  Zhang M, Hwang TS, Campbell JP, et al. Projection-resolved optical co-
herence tomographic angiography. Biomed Opt Express. 2016;7(3):816-
828. https://doi.org/10.1364/BOE.7.000816 PMID:27231591

7.		  Suwan Y, Rettig S, Park SC, et al. Effects of Circumpapillary Retinal 
Nerve Fiber Layer Segmentation Error Correction on Glaucoma Diag-
nosis in Myopic Eyes. J Glaucoma. 2018;27(11):971-975. https://doi.
org/10.1097/IJG.0000000000001054 PMID:30113513

8.		  Spaide RF, Fujimoto JG, Waheed NK. IMAGE ARTIFACTS IN 
OPTICAL COHERENCE TOMOGRAPHY ANGIOGRA-
PHY. Retina. 2015;35(11):2163-2180. https://doi.org/10.1097/
IAE.0000000000000765 PMID:26428607

9.		  Maruko I, Kawano T, Arakawa H, Hasegawa T, Iida T. Visualizing large 
choroidal blood flow by subtraction of the choriocapillaris projection 
artifacts in swept source optical coherence tomography angiography 
in normal eyes. Sci Rep. 2018;8(1):15694. https://doi.org/10.1038/
s41598-018-34102-6 PMID:30356090

10.		 Nagiel A, Lalane RA, Sadda SR, Schwartz SD. Ultra-Widefield 
Fundus Imaging: A Review of Clinical Applications and Future 
Trends. Retina. 2016;36(4):660-678. https://doi.org/10.1097/
IAE.0000000000000937 PMID:27014860

11.		 Cheng SC, Yap MK, Goldschmidt E, Swann PG, Ng LH, Lam CS. Use 
of the Optomap with lid retraction and its sensitivity and specificity. 
Clin Exp Optom. 2008;91(4):373-378. https://doi.org/10.1111/j.1444-
0938.2007.00231.x PMID:18601667

12.		 Inoue M, Yanagawa A, Yamane S, Arakawa A, Kawai Y, Kadonosono K. 
Wide-field fundus imaging using the Optos Optomap and a disposable 
eyelid speculum. JAMA Ophthalmol. 2013;131(2):226-227. https://
doi.org/10.1001/jamaophthalmol.2013.750 PMID:23411888

13.		 Mackenzie PJ, Russell M, Ma PE, Isbister CM, Maberley DAL. Sensi-
tivity and specificity of the optos optomap for detecting peripheral reti-
nal lesions. Retina. 2007;27(8):1119-1124. https://doi.org/10.1097/
IAE.0b013e3180592b5c PMID:18040256

14.		 Borrelli E, Balasubramanian S, Triolo G, Barboni P, Sadda SR, Sa-
dun AA. Topographic Macular Microvascular Changes and Correla-
tion With Visual Loss in Chronic Leber Hereditary Optic Neuropa-
thy. Am J Ophthalmol. 2018;192:217-228. https://doi.org/10.1016/j.
ajo.2018.05.029 PMID:29885298

15.		 Long AW, Zhang J, Granick S, Ferguson AL. Machine learning assembly 
landscapes from particle tracking data. Soft Matter. 2015;11(41):8141-
8153. https://doi.org/10.1039/C5SM01981H PMID:26338295

16.		 Lane M, Moult EM, Novais EA, et al. Visualizing the Choriocapillaris 
Under Drusen: Comparing 1050-nm Swept-Source Versus 840-nm 
Spectral-Domain Optical Coherence Tomography Angiography. In-
vest Ophthalmol Vis Sci. 2016;57(9):OCT585-OCT590. https://doi.
org/10.1167/iovs.15-18915 PMID:27547891

17.		 Zhang Q, Zheng F, Motulsky EH, et al. A Novel Strategy for Quan-
tifying Choriocapillaris Flow Voids Using Swept-Source OCT Angi-
ography. Invest Ophthalmol Vis Sci. 2018;59(1):203-211. https://doi.
org/10.1167/iovs.17-22953 PMID:29340648


