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Abstract

The high prevalence of myopia has become a global concern, especially in East and
Southeast Asia. Alarmingly, prevalence of high myopia is increasing. Mechanical
stretching caused by excessive eyeball elongation leads to various anatomical changes in
the fundus. This stretching force may also lead to the development of vascular
abnormalities, which tend to be subtle and easily overlooked. A healthy ocular
vasculature is a prerequisite of adequate oxygen supply for normal retinal functions. This
review summarizes previous findings on structural and hemodynamic aspects of myopia-

related vascular changes.

Background

Myopia is a common vision disorder which has raised great global concern. By 2050,
almost half of the world's population (49.8%) are predicted to suffer with myopia, of
these approximately 10% would have high myopia.! The upsurge of myopia is especially
alarming in East and Southeast Asia, where the prevalence of myopia in young adults (17-
18 years) has reached 80-90% and that of high myopia is 10-20%.2 East/Southeast Asian
children manifest faster progression since myopia onset than white children 3, making

them more susceptible to developing high myopia.

The International Myopia Institution has defined high myopia as a spherical equivalent
(SE) refractive error < -6.00 diopters (D) 4 and characterized pathological myopia by the
presence of typical myopic lesions, such as chorioretinal atrophy and lacquer cracks.s
Mechanical stretching is the predominant mechanism of myopia-related fundus changes.
In addition, molecular alterations involving in scleral remodeling, active elongation of
Bruch’s membrane, inflammation, and vascular/atrophic changes might contribute the
development of myopic maculopathies.6 Myopia onset and development are influenced
by an interaction of genetic and environmental factors. There have been many gene loci
and variants identified.” Genetic factors were also associated with the development of
myopic choroidal neovascularization.8 Myopia onset might be better predicted if a genetic
predictive model could leverage information from the genome-wide association study.®

In general, myopia-induced structural changes that alter the fundus appearance, such as



staphyloma, dome-shaped macula, chorioretinal atrophy, are clearly evident and readily
detectable, while, in contrast, vascular abnormalities tend to be more subtle and easily

overlooked.

A healthy ocular vascular system is a prerequisite of adequate oxygen supply for normal
retinal functions. Disrupted homeostasis of the ocular vasculature has been associated
with many ocular abnormalities, including myopia. In experimental myopia using animal
models, scleral hypoxia mediated eye growth, while anti-hypoxia drugs restricted myopia
development.10 Recent human genetic analyses also revealed enriched hypoxia-inducible
factor 1-alpha (HIF-1a) signaling pathways in extremely high myopia (refraction < -
10.0D), illustrating the impact of scleral hypoxia on myopia development.l! Therefore,

understanding myopia-related vascular changes remains critical.

This review summarizes previous findings on myopia-related vascular changes from both
structural and hemodynamic aspects. Structural changes among different groups of
refractive errors in macular, peripapillary, and peripheral regions (i.e. retinal or choroidal
areas other than macular and peripapillary) are discussed in sequence, while
hemodynamic findings are categorized from retrobulbar, pulsative, peripapillary, and
parafoveal perspectives. Through the integration of previous evidence, this review hopes
to highlight future research directions, which would enhance the current understanding

of myopia-related vascular changes.

Myopia-related structural changes in ocular
vasculature

Macular perfusion

RETINAL LAYERS

Due to its non-invasive and efficient characteristics, optical coherence tomography
angiography (OCTA) has become one of the most popular imaging modalities in the
ophthalmic field. Interest has mainly focused on a 3 mm- or 6 mm-square area centered

on the fovea. Most studies segmented the inner retina into the superficial and deep



capillary plexus (SCP and DCP, Figure 1),12 although an intermediate/middle plexus (MCP)
was occasionally suggested.13 Vessel area density (VAD, %) and the area of the foveal
avascular zone (FAZ) are the most common parameters in OCTA-related studies (Figure
2). Other parameters, such as vessel length density (VLD, mm-, Figure 2), flow index
(arbitrary unit), and fractal dimension (arbitrary unit) are also frequently used. VAD (also
referred to perfusion density) is defined as the proportion of white pixels (vascular area)
over a particular retinal area. FAZ is the capillary-free region surrounding the fovea,
which appears as the central no-flow area in the OCTA scan. VLD or skeleton density
calculates the vessel length per unit area in the skeletonized images. Large vessels and
small capillaries contribute to the VLD equally when neglecting vessel width, therefore,
VLD may be more sensitive to perfusion defects in capillary level. Flow index, the average
of decorrelation signal, combines the information of vessel area and flow velocity. Fractal
dimension (FD) derived from the box-counting method is used to describe the complexity

of vessel branching.

Although numerous studies have investigated the myopia-related changes of retinal
perfusion, it remains difficult to reach a consensus on the effect of retinal stretching on
retinal vasculature based on diverse findings. Table 1 summarizes the findings of recent
reports. In the SCP (from inner limiting membrane to inner plexiform layer), most studies
illustrated a damaged retinal vasculature in high myopia, manifesting as decreased VAD14
23 and VLD1922.24, and reduced FD1425-27 as well as an enlarged FAZ.20.21.28 However, a few
studies observed that the VAD29-32, flow index293! and FAZ areal®23 were comparable
between high myopes and emmetropes/ low myopes. Surprisingly, one study33 reported
that the FAZ area tended to decrease with axial length (AL, coefficient of linear regression
=-0.215, R2=0.046, p = 0.001), especially in high myopes (coefficient of linear regression
=-0.359, R2=0.129, p = 0.009). Discrepancies were also found in the DCP, which generally
extends from the inner plexiform to the outer plexiform layer. The deep VAD might be
decreased,41820 unaffected,?12230 or even increased?+31 in high myopia (Table 1). Results
of other parameters, including FAZ area,?3.2833 flow index,3! VLD?2224 and FD1425:27 were

also inconsistent across different studies.



The abovementioned discrepancies in myopia-related changes of retinal perfusion could
be due to differences in the clinical characteristics of subjects and methods of
measurements. The definition of high myopia varied among studies, with different cutoff
values of SE (-5D26, -6D162227) and AL (26.5mm141621 26mm1920, 25.5mm?7). Myopia-
related pathological changes were excluded in some studies (e.g. Sung, et al. 28 and Min, et
al. 21) but included in others (e.g. Mo, et al. 16 and Ye, et al. 34). In addition, some studies
partially excluded subjects with severe changes because these could interfere with OCTA
imaging?2. Longer AL and more myopic refractive status are associated with higher risks
of pathological changes. As suggested by Mo, et al. 16, including pathological myopia would
further decrease VAD compared with high myopia without pathological changes. With
respect to measurements, the effect of ocular magnification leads to an inaccurate
estimation of OCTA parameters, but it was only controlled in a few studies. According to
Sampson, et al. 35 superficial VAD was overestimated (i.e. corrected/true VAD <
uncorrected/measured VAD) for eyes with longer AL than the calibrated AL (e.g. 23.82
mm for RTVue) of the OCTA device, but underestimated for shorter eyes. The relative
changes (i.e. after correction - before correction) of superficial VAD, induced by ocular
magnification, ranged from -20% to +10% in the fovea and around -3% to +2% in the
parafoveal area. Therefore, the VAD difference between high myopes and emmetropes
could become less significant after correction.OCTA images of the deeper retinal layers
(i.e. MCP and DCP) may also be affected by projection artifacts caused by superficial
vessels. Zhu, et al. 2 reported the VAD and VLD of MCP and DCP, before and after removing
the projections. In MCP, the insignificant difference of VAD between high myopes and
emmetropes became significant after projection removal, while the difference in VLD
changed in a reverse direction. Although the projection artifacts have remarkable effects
on deeper VAD/VLD, simply suppressing all projections could also cause the signal loss
of "real" vessels. Different sampling strategies and data analysis might be another source
of variance, as some studies included both eyes,2530 while others only included one 2032,
As subjects with anisometropia were commonly excluded,?> it is very likely that
measurements of two eyes from the same subjects were highly correlated. Hence, study
cohorts tend to be overrepresented and biased and group differences might appear more
significant than in actuality36. Finally, age may also contribute to the discrepancy since

both VAD37 and FAZ area38 are age-dependent. Most studies in Table 1 recruited adults



with a mean age between 20 to 40 years, but the mix of younger 2029 (under 20 years) and

senior!42139 (over 40 years) subjects could complicate the overall analysis.

High myopia is a strong risk factor for glaucoma. However, diagnosis of glaucoma in
highly myopic eyes can be difficult due to the similar optic disc appearance and RNFL
thinning. Macular perfusion has been suggested to detect early glaucoma in high myopia.
Lee, et al. 40 compared the diagnostic ability of OCT and OCTA parameters in detecting
glaucoma. They found that the inferior macular VLD ratio (i.e. inferior outer VLD /average
inner VLD, 6mm-ETDRS grid) showed better diagnostic accuracy for glaucoma in high
myopes than using conventional OCT measures such as peripapillary RNFL thickness and

macular ganglion cell-inner plexiform layer.

Interestingly, recent studies have suggested that cilioretinal arteries potentially
improved retinal perfusion*! and protected against myopic macular degeneration?? in
high myopes. Highly-myopic eyes with cilioretinal arteries displayed a higher VAD and FD
in both SCP and DCP, a smaller FAZ, and better visual acuity than those without. However,
these differences were insignificant when the AL exceeded 30 mm.4! Further studies are
needed to examine the protective mechanism of cilioretinal arteries on retinal

vasculature.

CHOROIDAL LAYERS

Apart from mapping the choroidal thickness profile, optical coherence tomography (OCT)
B-scan is also useful to analyze the choroidal vascularity index (CVI), which is defined as
the ratio of vascular area relative to the total choroidal area (Figure 3). Gupta, et al. 43
extracted the details of the choroidal stroma and vessels from binarized OCT B-scans.
Compared with emmetropes, highly myopic individuals showed reduced areas of choroid
vessels and stroma, as well as an increased CVI. However, adopting the same method,
Alshareef, et al. 44, detected no significant difference between myopia and emmetropia in
either the vascular area or CVI. This discrepancy might be explained by the smaller
sample size and less myopic eyes in Alshareef, et al. 4 (60 eyes; mean AL: 26.3mm),
comparing with Gupta, et al. 43 (515 eyes; mean AL: 27.3mm). Agrawal, et al. 45 suggested

that CVI might be a better biomarker to monitor choroidal changes, as it was influenced
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by fewer physiological factors compared with subfoveal choroidal thickness. A single B-
scan passing through the fovea can represent the choroidal vascularity of the whole
posterior pole in healthy subjects,*¢ presenting the overall vascular distribution without
details of the sublayer. In addition, the choriocapillaris might be misclassified as stroma
during the binarization, as they have similar contrast levels in the B-scan, so the CVI

mainly reflects the vascular changes of large choroidal vessels.

Unlike the extensive application and good performance of OCTA in the retinal vasculature,
visualizing the choroidal vessels by OCTA remains challenging. The light beam is scattered
by the overlayed retinal pigment epithelium (RPE) layer. The choroidal flow signals
significantly attenuate in eyes with intact RPE even with long-wavelength swept-source
OCT (SS-OCT).#” Zhang, et al. 48 proposed a method to compensate for the shadowing
effect induced by the RPE and Bruch membrane complex in the choriocapillaris
angiogram, but this method was only tested in limited samples and might not be effective
in cases with highly varied RPE reflectivity (e.g. RPE detachment, macular edema).
Another impediment is the lateral/transverse resolution. Human choriocapillaris in the
posterior pole has an inter-capillary distance of 5-20 pm,*® which is similar to the lateral
resolution of most commercially-available OCTA devices (6-20 um).5° Thus, visualizing

the details of choriocapillaris is still very challenging.

Despite the limitations in image quality, OCTA manifestations of myopic choriocapillaris
have been studied qualitatively and quantitatively. Qualitatively, Wong, et al. 51 and
Sayanagi, et al. 52 categorized the choriocapillaris flows of highly myopic eyes. A complete
loss of choriocapillaris and large vessels was found in areas with patchy atrophy, while a
partial loss of choriocapillaris was observed in areas with lacquer cracks. Diffuse atrophy
exhibited as a reduced density of choroidal vessels. Quantitatively, some studies reported
that the perfusion area (mm?)3953, VAD?29, and flow index2? of choriocapillaris were similar
in high myopes and emmetropic controls. In contrast, Mo, et al. ¢ found a reduced
choriocapillaris VAD in high myopes and pathologic myopes compared with emmetropes.
The discrepancy between Wang, et al. 22 and Mo, et al. 16 was likely attributable to the age
of the subjects (mean age: Mo et al. vs. Wang et al,, 38 vs. 16 years). Rather than

quantifying choriocapillaris perfusion directly, Spaide >4 proposed an alternative strategy,



namely flow voids, to analyze the areas without flow signal in the choriocapillaris
angiogram. This method has been extensively utilized in later studies.1422.5556 Al-Sheikh,
et al. 1* reported an increased total and average flow void area along with a reduced
number of flow voids in high myopes compared with healthy controls. Su, et al. 22 detected
a higher percentage of flow voids in high myopes and these changes were present in the
absence of pathological myopia. Compared with Al-Sheikh, et al. 14 (3 x 3 mm) and Su, et
al. 22 (6 x 6 mm), Mastropasqua, et al. 57 analyzed the flow voids in a wider area, which
was covered by a 6mm-circle center on the fovea and three 4.5mm-circles tangential to
the macular circle from superior, inferior and temporal sides. The total flow void area of
macular and paramacular areas were both increased in high myopes compared with

emmetropic controls.

Choroidal thinning caused by axial elongation mainly affected Haller's and Sattler's layers
rather than the small vessels.58 A few attempts were made to analyze the large choroidal
vessels in OCTA images. Maruko, et al. 59 attempted to observe large choroidal vessels
indirectly through the projections on the sclera. Choroidal blood flow was visualized in
41 out of 92 highly myopic eyes (mean SE: -12.7 + 5.2D) after placing the posterior
segmentation line within the sclera. However, it was not visible in all 54 age-matched non-
highly myopic eyes. The subfoveal choroidal thickness of highly myopic eyes with visible
choroidal blood flow was significantly thinner than those in which the flow was not visible
and non-high myopes (50.3 + 42.2 vs. 100.3 * 44.4 vs. 275 * 89um, respectively). This
indirect method is feasible, but is only applicable for high myopes with an extremely thin
choroid. Diaz, et al. 47 tested this approach on three OCTA devices with different light
source wavelengths and reached a similar conclusion with Maruko, et al. 5°. The longer
wavelength of swept-source OCT did not improve the imaging performance in eyes with
intact RPE. A recent study described a novel technique to analyze the choroidal vessels
quantitatively.¢® By correlating the OCTA image with structural OCT, the choroid was
segmented into three layers: choriocapillaris (not used for analysis), Haller's layer, and
Sattler's layer. The choroidal vessel density (CVD, similar to VAD), choroidal branch area
(CBA, similar to VLD), and mean choroidal vessel width (=CVD/CBA) of Haller's and
Sattler's layers were compared between high myopia (-8.0 D < SE < -5.0 D) and extreme

myopia (SE < -8.0 D). Participants with extreme myopia had thinner Haller's and Sattler's



layers, responding to the overall choroidal thinning. Only the CBA of Haller's layers was
found to increase slightly in extreme myopia (9.95 * 0.8 vs. 10.2 = 0.7, p=0.018), which

might be explained by diverse vascular branching patterns among individuals.

Peripapillary perfusion

RETINAL LAYERS

Fluorescein angiography (FA) cannot adequately image radial peripapillary capillaries
(RPC).61 In contrast, OCTA exhibits superior performance in viewing RPC, the capillary
beds within the retinal nerve fiber layer (RNFL), and has been applied in many studies

examining peripapillary retinal perfusion.

Extensive studies1620.283262 have supported the presence of an impaired RPC perfusion in
high myopes (Table 2). Pathological myopia was characterized by sparser RPC
distribution than in high myopia and emmetropia in all tested regions,1¢ while the
differences between high myopia and emmetropia only appeared in some sectors.1632
AL16.18203263 and area of peripapillary atrophy?2062 hoth showed negative correlations with
RPC density, but positive correlations were detected between SE29, RNFL thickness,20.32.62
and RPC density. Peripapillary intrachoroidal cavitation (PICC) is defined as an
intrachoroidal hyporeflective cavity with a normal overlying retina in OCT scans. The
existence of PICC further worsens RPC perfusion, 6264 although the clinical significance of

this phenomenon remains unknown.

A small number of studies!519.2962 have broadened their research interests into the deeper
retina to analyze the VAD of a peripapillary retinal layer extending 150 um below the
inner limiting membrane (ILM). Of these, only Chen, et al. ¢2 revealed a decreased VAD in
high myopes compared with low myopes or emmetropes. In contrast, Fan, et al. 15
reported no difference among moderate and high myopes and emmetropes; Wen, et al. 19
showed no significant correlation between VAD and AL. Lee, et al. 65 calculated the VAD
of a similar retinal layer (130 um below the ILM) in 124 highly myopic eyes with primary
open-angle glaucoma (POAG). They reported that the VAD displayed a similar

topographical correlation with visual field defects as the RNFL thickness did, indicating



its usefulness in diagnosis of glaucoma, especially when segmentation errors occur in the
RNFL profile. Use of full-layer retinal perfusion by Wang, et al. 29 revealed that the
peripapillary retinal flow index and VAD were lower in high myopes compared to mild

myopes and emmetropes.

CHOROIDAL LAYERS

Limited studies have examined choroidal perfusion in the peripapillary area. Wang, et al.
29 reported that the choroidal flow index and VAD did not vary among high, moderate,
mild myopia, and emmetropia. In contrast, Mastropasqua, et al. 57 found increased
peripapillary flow void areas in high myopes, which was greater than the flow void areas
in macular and paramacular regions. Choroidal microvasculature dropout (MvD), defined
as localized complete loss of choriocapillaris at the juxtapapillary area, was typical OCTA
observation in glaucomatous eyes, which has been topographically associated with
glaucomatous RNFL thinning.6366 The prevalence of choroidal MvD in myopic eyes with
POAG was 47.6%¢% and 97.8%¢%¢, respectively. Both studies stated that no MvD was
detected in healthy myopic eyes. The higher prevalence reported in Na, et al. ¢ might be
attributable to more advanced myopia, with a mean AL of 28.38 mm, compared with Shin,
etal. 63 (26.71 mm). Surprisingly, MvD-like defects located at the non-juxtapapillary area
in healthy myopic eyes were detected by a recent study, although their clinical

significance remains unclear.6”

Peripheral perfusion

Compared with macular and peripapillary regions, peripheral perfusion has seldom been

investigated in myopia.

Both FA and indocyanine green angiography (ICGA) may be utilized to visualize dynamic
blood circulation. Kaneko, et al. ¢8 used ultra-widefield (approximately 200°) FA to detect
vascular abnormalities in the far peripheral retina (the area anterior to the ampullae of
the vortex veins) and speculated that peripheral avascularity might be a characteristic of
highly myopic eyes, as 82.6% of eyes with high myopia presented an avascular region in

the far peripheral retina, while only 4.8% of emmetropic eyes showed similar alteration.
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Although peripheral avascularity was found in most of the high myopes, none showed

retinal neovascularization.

Large choroidal vessels are better visualized with ICGA than FA, due to the slower rate of
dye leakage from the choriocapillaris. Quaranta, et al. 69 and Moriyama, et al. 70 described
the ICGA features of eyes with pathological myopia, both reporting that choroidal flush
(i.e. filling of smaller choroidal vessels and choriocapillaris) was absent and that the
number of large choroidal vessels tended to be reduced in highly myopic eyes compared
with non-myopic eyes. Furthermore, in non-myopic controls, the posterior ciliary arteries
entered the eye in the macular region, while the entry site was displaced to the
midperiphery in more than half of the highly myopic eyes.”® The choroidal venous blood
normally exited the eyeball through the vortex veins located in the equator, but the
outflow site could be near the optic disc or the macular in highly myopic eyes.”0 This
posterior route of choroidal blood outflow was observed in 23.9% of highly myopic eyes,
but in only 2.4% of non-myopic controls.”* This myopia-induced alteration of the spatial
distribution of vasculature might be due to significant stretching and deformity of the
posterior sclera. However, the exploration of the topographic relationship of choroidal

blood flow is limited by the two-dimensional display of the vasculature.

Use of wide-field OCTA achieved by the montage of multiple scans has increased in recent
years and applied to myopia-related studies. However, as reported by Mastropasqua, et
al. 57, the peripheral area of the OCTA montage was significantly affected by the shadow
of eyelashes (even though the subjects were dilated) and image distortion, so only the
near periphery (about 10.5 degrees around fovea) could be selected for quantitative
analysis. In future, the application of wide-field OCTA will further increase with more

advanced image processing.

Myopia-related hemodynamic changes in ocular
vasculature

Retrobulbar blood flow
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Color Doppler Ultrasonography (CDU) is commonly used to study the retrobulbar
circulation (Figure 4) in various ocular conditions. Hemodynamic characteristics of the
ophthalmic artery (OA), central retinal artery (CRA), and posterior ciliary arteries (PCA)
have been extensively studied in myopic eyes. Similar to structural changes in ocular

vasculature, mixed findings were reported in the retrobulbar blood flow of high myopes.

Several studies have revealed decreased CRA flow velocities’274 and elevated vascular
resistance’375> were recorded in high myopes and impaired CRA hemodynamics were
associated with increased severity of myopic degenerative changes,’¢ in contrast, Galassi,
et al. 77 did not detect any difference in CRA parameters between high myopes and non-
myopic controls. Dimitrova, et al. 78 established a negative correlation (r =-0.34, p=0.013)
between AL and resistance index (RI), indicating longer eyes had lower vascular
resistance. Their findings were contradictory to other studies,’375> which might be due to
the characteristics of their subjects, who had a wide range of refractive errors (-22.0 to

+4.3D) and age (23 to 78 years).

The findings with respect to PCA were also diverse. A slower PCA flow7274 and a higher
RI7275 in high myopes were reported in some studies, while others”377 found no significant
difference between high myopes and emmetropes in any PCA parameter. Dimitrova, et al.
78 identified a significant positive correlation between PCA velocities and SE, but the
correlation between PCA velocity and AL was not significant. The challenge in measuring
PCA might partially explain the diversity in the PCA findings. Individual PCA cannot be
distinguished by the CDU, so the obtained waveforms actually represent the mass effect

produced by a bundle of vessels.”?

Benavente-Perez, et al. 73 examined the OA hemodynamics of high myopes with refractive
errors between -9.4 to -5 D and found no difference when compared with emmetropes.
Karczewicz and Modrzejewska 74 included patients whose myopia ranged from -2D to -
25D, and only high myopes with a SE < -8D showed decreased mean velocity compared
with emmetropes. Similarly, Galassi, et al. 77 observed slower OA velocities in high myopia

with an AL over 27.5 mm. It seems that the association between high myopia and OA
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hemodynamics only appears after the refractive error or axial length reaches a certain

threshold. However, current evidence is too limited to draw a firm conclusion.

The fluctuating reproducibility of CDU parameters may partially contribute to the
inconsistent CDU results mentioned above. Use of CDU is a complicated skill with a long
learning curve. The reproducibility of CDU measurements is highly dependent on
operators' skill and varies remarkably in reports. For example, CRA velocities had an
intra-observer intraclass correlation coefficient from 0.53 to 0.80 and a coefficient of
variation from 6.9% to 25.8% in healthy subjects.”® The agreement and variation of PCA

and OA measures were similar to those of CRA.

Pulsative volume change

IOP increases with heart contraction and gradually falls following heart relaxation. The
rhythmic I0P changes during cardiac circles can be converted to volume changes by
particular pressure-volume relation.8? The pulsatile ocular blood flow (POBF, pL/min)
indicates the summed arterial inflow. The maximum IOP change during the cardiac circle

is defined as the pulse amplitude (OBFa, mmHg).

Several studies have investigated myopia-related changes in ocular pulsatile components.
A negative correlation between AL and pulsatile components (e.g. OBFa and POBF) was
observed in most studies.”381-85, However, it might be inaccurate to conclude that myopia
altered the pulsatile blood flow because of other plausible factors. According to
Dastiridou, et al. 86, the OBFa was positively correlated with ocular rigidity, which
decreased in longer eyes.84 Therefore, the reduced OBFa in myopic eyes may simply be
caused by the decreased rigidity. Berisha, et al. 83 also reported the relationship between
AL and POBF, which appeared to be a consequence of different ocular volumes in
hyperopic, emmetropic, and myopic eyes. Benavente-Perez, et al. 73 analyzed the
interaction between retrobulbar and pulsatile blood flow and speculated that a lower
pulse amplitude in longer eyes would not necessarily imply reduced retrobulbar flow
velocities. The central retinal artery and pulsatile ocular blood flow may be influenced by

each other and behave independently of the axial length.
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Peripapillary hemodynamics

Except for retrobulbar vessels, peripapillary blood hemodynamics, such as vessel
diameter, flow velocity, and oxygen saturation, may also suffer some changes in myopic

eyes.

Shimada, et al. 87 used laser doppler velocimetry to measure the flow velocity and
diameter of a major superotemporal or inferotemporal artery before its first branching.
They found that highly myopic eyes had thinner arteries than those of mild myopes and
emmetropes after correcting for ocular magnification effect. No difference in flow velocity
was observed among the three groups. The blood flow volume (pL/min), calculated based
on the simultaneous velocity and diameter measures, was found to decrease in high
myopia. By using laser speckle flowgraphy, another parameter, mean blur rate, was
introduced, which is a relative measure of blood velocity and correlated with the actual
flow rate. This rate was reduced in eyes with myopic disc (i.e. being oval and temporally
tilted with crescent peripapillary atrophy), but normal visual field. This study disclosed

subtle damage to peripapillary circulation before the occurrence of visual field defects.

Since the number and branching pattern of large retinal vessels varies across individuals,
between-group comparison based on individual vessels might not be appropriate.
Therefore, Zheng, et al. 88 averaged the diameters of arterioles and venules within a 400-
pixel circle (9.3um/pixel) from the disc margin. High myopes had narrower arterioles and
venules than healthy controls. Subgroup analysis revealed that high myopes with more
advanced myopic retinopathy had narrower arterioles, but the difference in venous
diameter was not significant between the two subgroups. La Spina, et al. 8 utilized the
concept of equivalent width to summarize the central retinal artery/vein equivalent
(CRAE/CRVE) based on individual vessel calibers, within a range of 1.5 to 2 disc diameters
from the disc margin. They discovered decreased CRAE and CRVE in high myopes with
and without pathological changes compared with emmetropic controls. Similar results
were also reported by another large-scale study,?? which selected blood vessels closer to

the optic disc (0.5 to 1.0 disc diameter) for CRAE and CRVE measurement.
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Of note, a cautious interpretation regarding any observed difference in vessel diameter is
required because of the existence of pulse-related change during cardiac cycles. In 1994,
Chen, et al. 91 synchronized an electrocardiogram with a retinal camera to image retinal
vessels in eight different pulse points of a cardiac cycle. The maximum caliber changes of
venules and arterioles during a cardiac cycle were 6.89pum (point 1/8 to 5/8, Table 1 in
Chen, et al. °1) and 3.73um (point 1/8 to 3/8, Table 3 in Chen, et al. °1), respectively. By
using a similar method, Hao, et al. 92 observed a maximum caliber variation in venules of
4.2um (point 2 to 6, Table 1 in Hao, et al. 92) and in arterioles of 3.9um (point 1 to 3, Table
1 in Hao, et al. 92). In recent years, because of the significant improvement in the lateral
resolution (1.6um/pixel), adaptive optics retinal imaging offers a more precise way to
measure vessel caliber. The ability to distinguish lumen from vessel wall makes it a better

tool to monitor fundus vessels in physiological and pathological conditions.?3

Oxygen saturation of retinal vessels can be estimated by comparing the light absorption
of oxygenated and deoxygenated hemoglobin. A decreased arterial saturation and an
unchanged venous saturation with increasing AL were commonly reported in previous
studies,889495 while the alteration of oxygen consumption (i.e. difference between arterial
and venous saturation) remains uncertain. Zheng, et al. 8 found lower oxygen
consumption in highly myopic eyes, while Heitmar 9¢ and Lim, et al. % reported that it was
not affected by axial elongation. Decrease oxygen saturation does not necessarily mean
reduced blood supply. It may be caused by increased oxygen transportation between

central retinal vessels or be just an uncorrected measurement error. 88

Parafoveal hemodynamics

Evaluating parafoveal hemodynamics is difficult as the flow patterns of individual
capillaries are highly heterogeneous.? Benavente-Perez, et al. 73 found that the blood
volume and velocity of parafoveal capillaries were comparable in high myopes, low
myopes, and emmetropes. Similarly, Li, et al. 26 and Qu, et al. 97 also reported that no
significant difference was detected between high myopes and controls (low myopia or

emmetropia) in parafoveal flow velocities. Based on the unchanged blood velocity and
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volume?’3, Li, et al. 26 speculated that the overall perfusion was maintained at the
parafoveal region. Therefore, the decreased density of retinal microvasculature (i.e. FD of
SCP and DCP) found in their study was likely caused by retinal stretching rather than

capillary loss.

Parafoveal choroidal circulation of low myopes (mean SE: -3.80D) and emmetropes were
compared by Benavente-Perez, et al. 98 At baseline (breathing room air), the choroidal
blood velocity of myopes was 28% lower than that of emmetropes. After breathing CO--
enriched air to induce stress on the choroidal circulation, the velocity of myopes
increased to the baseline level of emmetropes, whereas the velocity of emmetropes did
not show significant change. This study further confirmed that the choroid has some auto-
regulatory capacity. Consistently, Samra, et al. 99 also suggested a decreased choroidal
blood velocity, volume, and flow along with an increased mean vascular resistance in

moderate myopes with mean refractive errors of -5.5 D.

Conclusion

Although extensive studies have investigated myopia-related vascular changes from
various aspects, it remains difficult to conclude whether the ocular blood supply is
affected by myopia-induced eyeball stretching based on contradictory evidence. OCTA
technique has remarkably boost vascular-related studies in myopic eyes because it
provides non-invasive, dye-free, quick three-dimensional vascular maps. However,
standardization in ocular magnification, layer segmentation, projection removal, etc., is
required to rule out the potential confounding factors and reveal the actual effect of
myopia on ocular vessels. The image quality of the deep retina, peripheral region and
choroid are suboptimal at the current stage. Image acquisition and processing require
further improvements to visualize and quantify those areas in a more promising way.
Hemodynamic studies provide valuable information of the ocular blood circulation. A
strict control of experimental settings and cautious interpretations should be practiced
when analyzing the effects of myopia on hemodynamic parameters due to the great
individual differences and physiological fluctuations. Integrating isolated findings

through multi-module imaging could help to decode the complexity of ocular vasculature.
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The causal relationship between axial elongation and impaired ocular vasculature

remains uncertain and awaits answers from longitudinal studies.
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TABLE 1 A summary of myopia-related OCTA studies in the macular area published in the recent 5 years.

Subjects Measurements Major findings
Study No. No. Device Ima, i i
3 3 - . . ge Magnification
© ) Group (Definition) Age (years) AL (mm) SE (diopter) (Protocol) Layer segmentation processing correction Scp DCP Other layers
Tan, etal. 56 HM (SE < -6 D, no myopic complications) RTVue SCP: ILM-3 to IPL-15 ym AL was a negative
! . 117 225+14 254+13 -43+29 Image] Unknown predictor of FAZ area in Same as SCP NA
(2016) 178 MIM / EM 3 x3mm DCP: IPL-15 to IPL-69 pm HM
18 18 HM (SE<-6.0D) 16.3+0.5 26.6+09 -80+0.8
Wang, etal 20 20 | MOM (SE:-5.75 to-3.00 D) 168+ 0.8 25708 -46+08 RTVue SCP: ILM-3 to IPL-29 ym No significant group cc: No significant
29 (0 ) AngioVue Unknown difference in VAD or flow NA group difference in
(2016) 20 20 | MIM (SE:-2.75t0-0.75 D) 168+0.7 242408 17:06 3x3mm | cc: RPE-29 to RPE-59 um index VAD or flow index
20 20 EM (SE: -0.50 to +0.50 D) 16.6 £ 0.9 23.9+0.6 -0.1+0.4
Yang, etal. 2 ? 2 M S <600 D) 0= e il fvue SCP:ILM-3 to [PL-15 um Matlab Yes (resize) E:;;:;S:S;Eell:t]:}:; Same as SCP NA
(2016) 47 24 | MIM /EM (SE:-3.00 to +0.50 D) 274464 238408 0.8+1.0 3x3mm | DCP:IPL-15t0IPL-69 um program between FD and AL
50 28 HM (Refr.action <-6.00 D or AL > 26.5 mm, 57.0+17.9 A 83+29 Total mjlmber of
exclude diffuse RPE atrophy) SCP: ILM-3 to IPL-15 pm flow void: HM <
Al-Sheikh, et RTVue D d VAD and FD i control
e, € DCP: IPL-15 to IPL-70 pm FIJI Unknown ecrease an mn Same as superficial
al.1*(2017) 3x3mm HM Total and average
34 20 Control (Refraction > -2.50 D) 56.1+19.3 - 0011 cc: RPE-34 to RPE-44 um area of flow void:
HM > control
30 HM (SE <-6.00 D) 36.3+14.7 29.0+2.7 -11.6+5.4 VAD: HM, MOM > control; VAD: HM > control;
15 RTVue SCP: ILM-3 to IPL-15 pm* VAD negatively VAD negatively
Fan, etal. 33 47 MOM (-6.00 D < SE < -3.00 D) 30.9+4.1 250£05 -38+13 Image] Unknown associated with AL, and associated with AL, NA
(2017} 3x3mm DCP: IPL-15 to IPL-69 pm* positively with SE and and positively with SE
28 Control (SE <3.00 D and SE >-3.00 D) 3414158 23305 -0.7£0.7 mGCC thickness and GCC thickness
20 20 HM (SE < -5 D, non-pathological) 28.0+£5.0 26.4+1.0 -63+1.2 . Decreased
Decreased microvascular . .
Li, etal. 26 Cirrus SCP:ILM to IPL Matlab FD in HM; negative mlcro.vascular FDin
(2017) program Yes (resize) correlation between FD myopia; FD showed NA
20 20 | Control (SE>-3D) 30.0 6.0 241%1.0 ~14£10 3x3mm | DCP:INL to OPL correla negative correlation
with AL
45 R PM (SE s.fG.OODand AL>26.5 mm, with 38.0+11.7 20.6+1.7 _152+38 VAD: PM < HM/EM
pathological changes) . .
SCP: ILM-3 to IPL-16 pm negative correlation
Mo, et al. 16 41 - HM (SE <-6.00 D, without pathological changes) 33.3%15.0 25.9%0.6 -69+1.2 RTVue ) between AL and »
(2017) 33 mm DCP: IPL-16 to IPL-69 pm AngioVue Unknown superficial VAD; positive Same as superficial VAD: HM/PM < EM
- RPE-31 to RPE-59, correlation between
45 . EM (SE: -0.50 to +0.50 D) 383+13.1 232406 01+04 e ° Hm BCVA and superficial
VAD
70 HM (SE < -6.00 D) 26.1+1.7 26.2+0.9 ~71+09 No difference in VAD No difference in VAD
among 3 groups among 3 groups
Yang, etal. % 117 MOM (-3.00 D < SE <-6.00 D) 260+1.6 25.2+0.8 -4.7+08 RTVue SCP: ILM-3 to IPL-15 ym ) VAD showed negative VAD showed negative
(2017) 145 3x3mm DCP: IPL-15 to IPL-70 ym AngioVue Unknown Co:re.laltion with mean co:re.laltion with mean NA
arterial pressure, arterial pressure,
81 MIM (-0.50 D < SE < -3.00 D) 26.1+£20 242+09 -1.8x0.7 positive correlation with positive correlation

mGCC thickness

with retinal thickness
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HM (SE < -6.00D, exclude chorioretinal and RPE

SCP: ILM-3 to IPL-16 pm

42 37 | atrophy) 51.9£10.9 - 10338 ORL: higher flow
P RTVue . R -~ area (mm?) in HM
M}lqla(rzuo,le;)al. 2;2;;1”’]“ 72um to RPE AngioVue Unknown VAD: HM < control NA
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40 28 | Control (SE0+2D) 56.2+16.6 - 01+14 3x3mm ccino 3‘,%;" rean
cc: RPE-31 to RPE-59um group difterence
71 | 71 | HM(ALbetween 26 to28 mm, exclude 23.6+4.0 26706 74517
Sung, etal. pathological myopia) RTVue SCP: ILM-3 to IPL-15 pm Yes (only for
(2018) AngioVue FAZ) Enlarged superficial FAZ Enlarged deep FAZ NA
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22 to 24mm)
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groups
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Guo, etal. 2 76 76 | MOM (-6.00 D < SE <-3.00 D) 23638 25909 47509 RTVue No significant difference
2'019 . SCP: ILM-3 to IPL-15 um AngioVue Unknown in VAD among four NA NA
( ) 32 32 MIM (-3.00 D < SE <-1.00 D) 24141 24908 -23+08 3x3mm groups
21 21 EM (-1.00 D <SE < +0.75 D) 21929 23.6+1.2 -08+£03
221 221 HM (AL = 26 mm) 20.0£26 264+1.1 _58+3.0 AL was significant
negative predictor of .
243 | 243 | MOM (AL: 25 to 26 mm) 198+24 254205 4420 VAgD dll)?AZ VAD: EM/MIM >
an MOM > HM
He, et al. 20 RTVue SCP: ILM-3 to IPL-15 pm Yes (only for . .
211 211 MIM (AL: 24 and 25 mm) 19.9+3.0 245+0.3 -29+18 AngioVue No group difference in AL was significant NA
(2019) 6x6mm | DCP:IPL-15 to IPL-70 ym FAZ) VAD i )
negative predictor of
i VAD
85 85 EM (AL: 23 and 24 mm) 202+25 23.6+03 ~18+15 Enlarged FAZ in HM (>
MIM/EM)
HM (AL > 26.5 mm, without any structural PLEX Elite Total flow void
Mastropasqu 30 30 Zl::nfelsl;‘:g dome-shaped retina, mCNV, 269+29 26.6+0.6 - 9000 ;r;at\l:\;a: Cg;:::z;-;:
a,etal. 7 Py’ Five cc: RPE-29 to RPE-49um* Image] Unknown NA NA macular,
(2019) 12x12- !
50 | 50 | Control 252451 239£11 - * paramacular
mm scan regions
78 45 Myopia (SE between -1 to -6D, AL between 20 to 20.3£5.0 24310 26414 cc: no sl.gmflcant.
26.5 mm) group difference in
RTVue .
Scherm, et al. cc: RPE-31 to RPE-60 pm AngioVue Unknown NA NA flow area; no
53(2019) 3 %3 mm correlation
79 44 | EM (SE between -0.75 to +0.75 D) 28.6+5.1 2354038 0.2+04 between AL and
flow area
VAD was positively
Venkatesh, et RTVue SCP: ILM-3 to IPL-15 pm No significant correlation correlated with AL;
131 201'9 86 54 Healthy 33.3£14.5 26.0+2.4 -7.2%5.7 AngioVue Unknown between AL and VAD/ no correlation NA
al# g ) 3x3mm DCP: IPL-16 to IPL-69 um flow index between AL and flow
index
AL was a negative
. Triton predictor for VAD and
Wen, etal. 75 75 | Healthy (exclude myopic maculopathy other 26.6% 6.8 24.9+13 - SCP: ILM-2.6 to IPL-15.6 um Image] Yes (resize) VLD NA NA
19(2019) than tessellated fundus) 3x3mm
No correlation between
AL and FAZ area
28 28 Extreme HM (SE <-10.0 D) 25954 284+1.1 -12.4+25 Cirrus SCP: ILM to IPL Yes (resize) Same as SCP NA
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86 86 HM (-10.0 D<SE<-6.0 D) 24.2+56 26.7+09 -7.6+2.7 6 x 6 mm DCP: INL to OPL FD: MIM > MOM > HM >
Liu, etal. 27 Matlab extreme HM; FD
(2020) 72 72 MOM (-6.0 D<SE<-3.0D) 23.5+5.1 25.7+0.8 -4.8+0.8 program negatively correlated
22 22 | MIM(-3.0D<SE<-05D) 23.8+84 249408 —22%06 with AL
Min, et al. 21 52 52 HM (AL > 26.5 mm, no pathological changes) 45.7+15.0 275+1.1 -85+49 RTVue SCP: ILM-3 to IPL-15 pm* AngioVue Yes (only for FAZ: HM > control VAD: no group NA
(2020) 52 52 | Control (AL <265 mm) 46.5+16.6 24011 20£3.0 3x3mm | DCP:IPL-15 to IPL-70 um* FAZ) VAD: HM < control difference
25 25 HM (SE<-6.0 D or AL > 26.5 mm, excluded 354124 276+1.1 -75+18 .
lacquer cracks or chorioretinal atrophy) PLEX Elite SCP:ILM to IPL VAD: HM < EM VAD: no group X
Suetal. 22 9000 DCP: INL to OPL Image] Yes (resize) e difference cc: flow void (%) of
(2020) 25 25 | MOM (-6.0 D <SE=-3.0 D) 335£89 25307 4116 : & VLD: HM / MOM < EM HM > MOM / EM
6x6mm | . RPE-21 to RPE-31um ’ VLD: HM < MOM / EM
25 25 | MIM/EM (SE >-3.0 D, no hyperopia) 350114 238408 12+1.0
ek etalzs | 92 | 9z | MM(AL=226mm excluded myopic maculopathy 352+143 27.0£08 -8.1:17 Nidek SCP: ILM to IPL v FAZ: no group difference
cak, etal. other than tessellated fundus) RS3000 AngioScan es Same as SCP NA
(2020 DCP: INL to OPL ¢ (calculation?) | yap: HM < control
70 70 Control 36.2+11.4 23.1+08 0.5+0.3 3x3mm : :
41 41 HM (SE <-6.0 D, excluded pathological myopia) 21.3+0.8 26.7 0.9 -72+1.2 .
Yang, etal. 18 RTVue SCP: ILM to IPL + 10 pm VAD: HM <MIM
g ) 45 45 MOM (-6.0 D<SE<-3.0D) 20.8+0.6 25.2+0.7 -4.6+0.8 AngioVue No i i Same as SCP NA
(2020) 6x6mm | DCP:IPL+ 10 to OPL-10 um Setgat“’e ;‘i"e?\m)
42 42 MIM (-3.0 D <SE <-0.5 D) 21.8+1.2 23.9+0.5 -1.9+0.6 etween AL an
PM (SE <-6.00 D, or AL 2 26.5 mm, with myopic .
2 | 2 | o oathy) 37.7+114 29.241.2 -13.9£33 VAD: PM / HM < control Z«:R;-SIM <HM<
Ye, et al. 3 RTVue SCP: ILM to IPL + 10 pm Custom- Decreased VAD was
g . HM (SE <-6.00D, or AL = 26.5 mm, without developed Yes (resize 7) NA
(2020) 48 8 myopic maculopathy) 324294 27.7:1.2 -103£27 3x3mm DCP: IPL + 10 to OPL-10 um software correlated worse BCVA in Decreased VAD was
yop pathy correlated worse
PMand HM BCVA in PM and HM
21 21 Control (SE between -1.0 to +1.0 D) 37.5+13.6 241%0.7 -0.51+0.9 In FM anf
25 Super HM (SE <-9.00 D) 26.5+6.9 273+1.0 -10.2+1.1 SCP: ILM to ILM-70 pm MCP:
Zhu, etal. 57 62 HM (-9.00D <SE <-6.00 D) 27.6+6.4 26.7+1.2 -74+08 Cirrus MCP: 30-um slab, near IPL . VAD: no group difference VAD: super HM > VAD: super HM >
(2020) 14 MOM (-6.00D < SE < -3.00 D) 29.9£82 24807 41%08 33 DCP: 20-ym slab, near OPL Image] Yes (resize) VLD: super HM / HM < MOM / control; HM > | MoM / control;
s mm control MOM / control VLD: super HM /
MCP and DCP were adjusted
30 15 Control 28331 23307 0.2£0.6 HM < control)

individually

No. (e), number of eyes; No. (s), number of subjects; PM, pathological myopia; HM, high myopia; MOM, moderate myopia; MIM, mild myopia; EM, emmetropia; AL, axial length; SE, spherical equivalent; SCP/DCP/MCP, superficial/deep/middle capillary plexus; ORL, outer retinal layer; cc, choriocapillaris; ILM, inner
limiting membrane; IPL/OPL, inner/outer plexiform layer; RPE, retinal pigment epithelium; VAD, vessel area density; FD, fractal dimension; FAZ, foveal avascular zone; mGCC, macular ganglion cell complex

* default layer segmentation of OCTA device was illustrated here if not otherwise specified in the paper; "-"means below and "+" means above, e.g. ILM - 150um means 150um below the ILM layer.
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TABLE 2 A summary of myopia-related OCTA studies in the peripapillary area published in the

recent 5 years.

Subjects Measurements
Study No. No. Device Ima Major findings
X 3 S : : ge
© ) Group (Definition) Age (years) AL (mm) SE (diopter) (Protocol) Layer segmentation processing
18 18 HM (SE<-6.0D) 16.3+0.5 26.6£0.9 -8.0£0.8 Retina: VAD and flow index: HM < MIM / EM; negative
correlation between the AL and flow index; positive
Wang, etal. 20 20 MOM (SE: -5.75 to -3.00 D) 16.8+0.8 25708 -46+08 RTVue Retina: ILM to RPE correlation between RNFL thickness and VAD, flow
29(2016) ) . AngioVue index
20 20 MIM (SE: -2.75 to -0.75 D) 16.8+0.7 242+08 1.7£06 4.5 x 4.5 mm Choroid: RPE to RPE-75um
Choroid: no significant group differences in VAD or
20 20 | EM (SE:-0.50 to +0.50 D) 16.6+0.9 23.9%06 0.1%04 flow index
35 35 HM with PICC (SE <-6 D or AL > 26.0 mm, PICC in 509125 28516 11536 RPC: VAD ofHM with PICQ<HM without PICC <
0CT) Healthy; negative correlation between VAD and age, AL,
Chen, etal, &2 RTVue RPC: IML to RNFL i ;
en, etal. - AngioVue PPA area; positive correlation between VAD and SE,
(2017) 46 46 HM without PICC (SE < -6 D or AL > 26.0 mm) 46.8+14.4 28.1+19 -9.7£3.7 45 x 4.5 mm ONH: ILM to ILM-150um RNFL thickness
36 36 Healthy 49.2+13.1 23.5+09 01+19 ONH: same as RPC
30 HM (SE<-6.00 D) 36.3+14.7 29.0+2.7 -11.6+5.4
Fan, et al. 15 RTVue
. 33 47 MOM (-6.00 D < SE<-3.00 D) 309+4.1 25.0+0.5 -3.8+13 ONH: ILM to ILM-150pm * Image] No significant group difference in VAD
(2017) 4.5 x 4.5 mm
28 Control (SE<3.00 D and SE>-3.00 D) 341+15.8 233+0.5 -0.7£0.7
45 . PM (SE S.—6.00Dand AL>26.5 mm, with 38.0+11.7 296417 152438
pathological changes) RTVue X X
Mo, et al. 16 RPC: IML to RNFL AngioV VAD: PM < HM < EM; negative correlation between AL
(2017) 41 - | HM (SE <-6.00 D, without pathological changes) 333:150 | 259%0.6 6912 45 % 4.5 mm i NeloYUE 1 and VAD of RPC
45 - EM (SE: -0.50 to +0.50 D) 383+13.1 23.2+0.6 01+0.4
89 89 Myopic OAG (SE <-1.0 D, or AL > 24 mm, glaucoma) 47.0+12.6 26.7+1.4 -5.7+34 VAD: myopic OAG < Healthy control
Shin et al. 63 RTVue RPC: IML to RNFL AngioVue B PPA area: no significant difference between myopic
' 89 89 :‘;‘t‘z;:";)“’“tml (age- and refractive error- 168+ 12.8 265+13 -55£29 45 x 4.5 mm Choroid: RPE to RPE-75um* OAG and healthy control
% of CMvD: myopic OAG > Healthy control (40% vs 0)
7 71 HM ({\L between 26 to 28 mm, exclude pathological 23.6 4.0 267 %06 7417
Sung, et al. 28 myopia) RTVue
(2018) RPC: IML to RNFL AngioVue VAD: HM <EM
2% 2 EM (SE between -0.5 to +0.5 D, and AL between 22 23143 23506 01504 4.5 x 4.5 mm
to 24 mm)
45 45 HM (SE <-6.00 D) 23.6+3.8 27.1+£1.0 -86+17
Guo, et al. 76 76 | MOM (-6.00 D= SE < -3.00 D) 23638 259+09 -47+09 RTVue VAD: HM < MOM/MIM/EM; positive correlation
2'019 . RPC: IML to RNFL AngioVue between VAD and RNFL thickness; negative correlation
( ) 32 32 MIM (-3.00 D < SE <-1.00 D) 241+41 24908 -23+£08 4.5x4.5mm between VAD and AL
21 21 EM (-1.00 D <SE < +0.75 D) 21929 23.6+1.2 -08+£03
221 | 221 | HM(AL226mm) 20.0£26 264+1.1 58+3.0
He.etal 243 | 243 | MOM (AL: 25 to 26 mm) 19.8+2.4 254%05 44120 RTVue VAD: HM/MOM < MIM/EM; negative correlation
e’z;f; RPC: IML to RNFL AngioVue between VAD and AL, area of PPA; positive correlation
( ) 211 211 MIM (AL: 24 and 25 mm) 19.9+3.0 245+0.3 -29+18 6 x 6 mm between VAD and SE, RNFL thickness
85 85 EM (AL: 23 and 24 mm) 202£25 23603 -18+15

-30-




-31-

i Triton
Wen, etal. 75 75 Healthy (exclude myopic maculopathy other than 26.6+6.8 249+13 - ONH: ILM to ILM-150pum Image] No significant correlation between VAD, VLD and AL
19(2019) tessellated fundus) 3x3mm
Mastropasqu 30 30 HM (AL > 26.5 mm, v‘.llthout any structural changes. 269+2.9 26.6506 . PLEX Elite 9000
a,etal. 7 e.g. dome-shaped retina, mCNV, staphyloma) Five 12 x 12- cc: RPE-29 to RPE-49um* Image] Total flow void area was greater in HM than control
(2019) 50 | 50 | Control 252251 239:11 E mm scan
12 12 HM + PICC + CNV (treatment-naive) 66.9 £4.0 - -9.5+1.6
- R RTVue
;"g;‘ggzg‘] 2 21 | HM+PICC 648260 8.7+1.9 RPC: ILM to RNFL AngioVue VAD: (HM + PICC + CNV) < (HM + PICC) < HM
. : : 4.5 x 4.5 mm
23 23 HM (AL > 26 mm and SE < -6 D, with pathological 65.5+8.0 ; 93+17
changes)
41 41 HM (SE < -6.0 D, exclude pathological myopia) 21.3+0.8 26.7+0.9 =72+12
Yang, et al. 18 RTVue
g 45 45 MOM (-6.0 D<SE<-3.0D) 20.8£0.6 25.2+0.7 -4.6+0.8 RPC: ILM to RNFL AngioVue VAD: HM < MIM
(2020) 45 x 4.5mm
42 42 MIM (-3.0 D<SE<-0.5D) 21.8+1.2 23905 -1.9+0.6

No. (e), number of eyes; No. (s), number of subjects; PM, pathological myopia; HM, high myopia; MOM, moderate myopia; MIM, mild myopia; EM, emmetropia; AL, axial length; SE, spherical equivalent; RPC, radial peripapillary capillary; ONH, optic nerve head; cc, choriocapillaris;
ILM, inner limiting membrane; IPL/OPL, inner/outer plexiform layer; RPE, retinal pigment epithelium; RNFL, retinal nerve fiber layer; VAD, vessel area density; VLD, vessel length density; PPA, peripapillary atrophy; PICC, peripapillary intrachoroidal cavitation; CNV, choroidal
neovascularization; OAG open-angle glaucoma; cMvD, choroidal microvascular dropout.

* default layer segmentation of OCTA device was illustrated here if not otherwise specified in the paper;

'means below and "+" means above, e.g. ILM - 150um means 150um below the ILM layer.




FIGURES

Superficial retina Deep retina Choriocapillaris Choroid

FIGURE 1 An example of OCTA angiogram of superficial retina, deep retina, choriocapillaris and choroid of a

healthy young adult.

Foveal avascular zone area (mm?) Vessel area density (%) Vessel length density (mm-?)

FIGURE 2 Calculation of foveal avascular zone (FAZ), vessel area density (VAD) and vessel length density (VLD).
FAZ area (mm?) is marked by the central yellow region in the left panel; VAD (%) is the percentage of white area (vessels)

on background; VLD (mm-?) is the ratio of vessel length (white branches in the right panel) on the background.
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FIGURE 3 Choroidal vascularity index (CVI) obtained from the OCT B-scan. The raw image (top) is binarized (middle)
to distinguish stroma from choroidal vessels, which is outlined and superimposed to the raw scan (bottom). The CVI is
defined as the ratio of vascular regions relative to the overall choroidal area. The vascular area and stroma are indicated

by green and red arrows, respectively.

FIGURE 4 Measurement locations and waveforms of retrobulbar vessels in color doppler ultrasonography. The
left panel illustrates the measurement locations of the central retinal artery (CRA) and posterior ciliary arteries (PCA). The

approximate locations of eyeball and optic nerve are outlined by the white circle and the yellow ellipse, respectively. Blood
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flow signals (blue and red) appear within the green rectangle. Similarly, the location of the ophthalmic artery (OA) is shown

in the middle. Typical waveforms of three vessels are presented in the right panel.
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