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PURPOSE. To assess the benefits of the cilioretinal artery on macular function in high
myopia using the quantitative contrast sensitivity function (qCSF) method.

METHODS. This cross-sectional study was conducted at the Eye and Ear, Nose, and Throat
Hospital of Fudan University. In total, 137 highly myopic patients (with axial length [AL] ≥
26.00 mm) were enrolled and divided into cilioretinal artery absent and present groups
based on their fundus photographs. One eye in each patient was randomly selected.
Choroid thickness was measured using macular optical coherence tomography. The best-
corrected visual acuity (BCVA) was evaluated by Early Treatment Diabetic Retinopathy
Study charts, and the area under the log CSF (AULCSF), CSF acuity, and CS at six spatial
frequencies were evaluated with the qCSF method.

RESULTS. Although no significant BCVA difference was found between the cilioretinal
artery absent (97 patients) and present (40 patients) groups, choroid thickness, AULCSF,
CSF acuity, and CSF at low and intermediate spatial frequencies (1–6 cycles per degree)
were all significantly higher in the cilioretinal artery present group than in the absent
group (all P < 0.05). In addition, eyes with temporal cilioretinal arteries exhibited signifi-
cantly higher AULCSF, CSF acuity, and CSFs at 3 and 6 cycles per degree (all P< 0.05) than
those with a nasal one (all P < 0.05). Multivariate analysis showed that better AULCSF
was associated with the presence of cilioretinal artery and the interaction of AL and
choroid thickness.

CONCLUSIONS. The cilioretinal artery may associate with the larger choroid thickness in
highly myopic eyes and may play a role in preserving qCSF outcomes, which are more
sensitive than chart-based acuity tests.

Keywords: high myopia, cilioretinal artery, macular function, contrast sensitivity, choroid
thickness

High myopia has become one of the leading causes of
blindness worldwide,1 and an estimated 9.8% of the

global population is expected to be affected by 2050.2 Due
to the elongation of axial length (AL) of the eye and extreme
thinning of the choroid and retina, the fundus vasculature of
highly myopic eyes is reportedly attenuated and may nega-
tively impact macular functions.3,4 Exploring and identifying
potential protective factors for macular functions may help
preserve vision in eyes with high myopia.

The cilioretinal artery has a reported 20% to 40% preva-
lence in the general population.5–7 Some studies have shown
that it may be involved in preventing the development of
age-related macular degeneration (AMD) and preserving

visual functions in central retinal artery occlusion.8–10 Stud-
ies have attempted to uncover the role of cilioretinal arteries
in high myopia. For example,Watanabe et al.11 demonstrated
the derivation of cilioretinal arteries in high myopia, includ-
ing short posterior ciliary arteries and Zinn–Haller arterial
rings. Our group has previously proposed a photographic
classification system of the cilioretinal artery in high myopia
that is clinically relevant to visual acuity (VA).12,13 However,
previous evaluations of the protective effects of the cilioreti-
nal artery on macular functions in high myopia have been
based on blood flow analysis and/or VA assessment, which
are not very sensitive measures of functional vision and may
not reflect the real visual performance of eyes.14
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The contrast sensitivity function (CSF) is a more compre-
hensive measure of spatial vision. Whereas VA assesses the
spatial resolution of the eye in high contrast, CSF measures
the minimum amount of contrast necessary for the eye
to discern objects across a wide range of sizes or spatial
frequencies,15 and it has been shown to better correlate
with daily visual functions such as driving and reading.16,17

Recently, with the development of the quantitative contrast
sensitivity function (qCSF) method, CSF can be measured
very efficiently with high precision and accuracy in the
clinic.18 The qCSF method has been used to detect relevant
functional vision changes in many eye diseases, including
amblyopia19 and AMD.20–22 However, no study has applied
qCSF to evaluate the effects of cilioretinal artery on macu-
lar functions in high myopia. In this study, we aimed to
apply qCSF to evaluating the role of the cilioretinal artery
in macular functions in highly myopic eyes across different
AL ranges and cilioretinal artery morphological categories.

MATERIALS AND METHODS

This cross-sectional study was carried out at the Eye and
Ear, Nose, and Throat (ENT) Hospital of Fudan Univer-
sity. The design and conduct of the study were consis-
tent with the tenets of the Declaration of Helsinki and
approved by the Institutional Review Board of the hospi-
tal (no. 2013021). This study was conducted as part of a
larger project, the Shanghai High Myopia Study, registered
at www.clinicaltrials.gov (accession number NCT03062085).
Signed informed consent regarding usage of their clinical
data was obtained from each participant.

Patients

Patients with eyes with AL ≥ 26.00 mm and credible and
clear fundus photographs and who did not meet any of
the exclusion criteria were included and called back for
qCSF assessment. The exclusion criteria included (1) other
ocular comorbidities, such as strabismus, corneal diseases,
glaucoma, and uveitis; (2) severe fundus lesions, such as
severe macular atrophy and choroidal neovascularization, or
myopic maculopathy (MMD) grading > 3 as defined by the
international Meta-Analysis for Pathologic Myopia (META-
PM) classification system,23 due to their inability to finish
the qCSF assessment; (3) other fundus pathologic features
related to high myopia; and (4) previous trauma or ocular
surgery or systematic diseases such as diabetes. Eyes were
then classified into the cilioretinal artery absent and present
groups based on their fundus photography. If a patient
was bilaterally eligible, one eye was randomly selected for
the analysis. A total of 137 highly myopic eyes from 137
patients were analyzed, with 97 eyes in the cilioretinal artery
absent group and 40 eyes in the cilioretinal artery present
group. Eyes were further divided into two subgroups accord-
ing to AL: 26.00 to 28.00 mm (n = 66) and >28.00 mm
(n = 71).

Routine Ophthalmic Examinations

All participants received ophthalmic examinations includ-
ing slit-lamp microscopy, fundoscopy, and B-scan ultra-
sonography. MMD grading was assessed by the Interna-
tional META-PM Classification System using fundoscopy

photographs.23 AL was measured using the IOLMaster 700
(ZEISS, Oberkochen, Germany).

Fundus Photographs

Fundus photographs were collected with a Canon CR-2
retinal camera (Canon, Tokyo, Japan). Three experienced
doctors (LW, WH, and JM) independently determined the
presence or absence of the cilioretinal artery and its clas-
sification, and disagreements were resolved by discussions.
The definition and classification of a cilioretinal artery were
in accordance with our prior publications.12,13 Briefly, a
cilioretinal artery can be identified by the sharp hook-like
appearance at the optic disc margin and must not have any
visible communication with the central retinal artery. The
classifications of arteries include the following: category 1,
temporal “cake-fork,” which has two main branches; cate-
gory 2, temporal “ribbon,” which has no obvious branches;
category 3, “multiple,” which has two or more cilioretinal
arteries; and category 4, “nasal,” which refers to the cilioreti-
nal artery that emerges from the nasal border of the optic
disc (Fig. 1).

Choroid Thickness Measurements

Images of the choroid were collected using enhanced depth
imaging with spectral-domain optical coherence tomog-
raphy (EDI SD-OCT; Heidelberg Engineering, Heidelberg,
Germany). Horizontal sections going directly through the
center of the fovea were selected to measure the thickness
of the choroid, and the measurements were performed using
with Heidelberg Eye Explorer 1.5.12.0. Figure 1E demon-
strates example measurements of the subfoveal choroid
thickness (SFCT) and thickness at 1 and 3 mm tempo-
rally and nasally to the fovea, as previously described.24

The measurements were conducted by two independent
doctors who were blinded to other clinical features. If
their difference exceeded 15% of the mean of the two
values, a senior doctor would help with determining the
thickness.

Visual Acuity Assessment and qCSF Test

The best-corrected visual acuity (BCVA) logarithm of the
minimal angle of resolution (logMAR) was assessed with
a back-lit Early Treatment of Diabetic Retinopathy Study
(ETDRS) chart at 4 meters (m). The qCSF test was conducted
without pupil dilation in a 25-trial setting at a 4-m testing
distance using the Manifold Contrast Vision Meter (Adap-
tive Sensory Technology, San Diego, CA, USA), which uses
a computerized adaptive Bayesian algorithm to assess CSF
across a range of spatial frequencies and models CSF
as a function of stimulus spatial frequency.18 All partici-
pants were tested monocularly with their individual best-
corrected habitual glasses following measurement of BCVA;
the untested eye was covered with a patch. The area under
the logCSF curve (AULCSF) was computed by integrating
the estimated CSF from 1 to 18 cycles per degree (cpd).
CFS acuity was defined as the spatial frequency at which
CS = 1.0. CS values at 1, 1.5, 3, 6, 12, and 18 cpd were also
computed from the qCSF test.

http://www.clinicaltrials.gov
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FIGURE 1. Morphological classifications of the cilioretinal artery and measurements of choroid thickness. (A) Category 1, temporal “cake-
fork,” a cilioretinal artery with two main branches; (B) category 2, temporal “ribbon,” a cilioretinal artery without obvious branches;
(C) category 3, “multiple” cilioretinal arteries, two or more with separate origins; and (D) category 4, a “nasal” cilioretinal artery, which
emerges from the nasal border of the optic disc. The yellow arrow marks the cilioretinal artery. (E) EDI SD-OCT scans show the CT measure-
ments in the horizontal scan. Left, nasal; right, temporal. The EDI SD-OCT image shows SFCT and T1 mm, N1 mm, T3 mm, and N3 mm CTs,
with CTs of 101, 84, 80, 60, and 25 μm, respectively.

Statistical Analyses

Continuous variables were summarized as mean ± stan-
dard deviation, and categorical variables were summarized
as frequencies. Data distributions were assessed graphi-
cally and with the Shapiro–Wilk test for normality. Normally
distributed data in two groups were compared using two-
tailed independent samples t-tests. One-way ANOVA was
used to compare outcomes in three or more groups, with
Tukey’s honest significance test (HSD) post hoc analysis.
Two-way repeated-measures ANOVA with post hoc Bonfer-
roni analysis was used to compare sensitivity across multi-
ple spatial frequencies. Two-tailed Pearson’s correlation was
used to evaluate the direction and magnitude of relation-
ships among the qCSF outcomes and AL. Backward stepwise
multivariate linear regression analysis was used to determine
the significant predictors for SFCT. Multiple linear regression
with interaction terms was used to determine the significant
predictors for AULCSF.25 Continuous variables were centered
around the mean to better demonstrate interaction effects
between two continuous variables. Simple slope analysis
was used to further interpret significant interaction terms.
All data analyses were conducted using SPSS Statistics 25.0
(IBM, Chicago, IL), with P < 0.05 defined as statistically
significant.

RESULTS

Patient Characteristics

There was no significant difference in age, gender, eye later-
ality, AL, or MMD grading between the cilioretinal artery
present and absent groups (Table 1).

Choroid Thickness

Table 2 shows the CT measurements in highly myopic eyes
with or without cilioretinal arteries. The cilioretinal artery
present group demonstrated significantly larger SFCTs (P
= 0.016) and CTs at 1 mm temporally (T1; P = 0.046),
3 mm temporally (T3; P = 0.002), and 3 mm nasally to
the fovea (N3; P = 0.007). Furthermore, the cilioretinal
artery present eyes were further divided into four categories
according to our previous morphological classifications
(Fig. 1). SFCT and T1, N1, T3, and N3 CTs were not
significantly different among eyes in the four subgroups of
cilioretinal artery categories (Supplementary Table S1).

We further conducted a backward stepwise multivariable
regression analysis on SFCT using the presence of cilioreti-
nal artery, AL, and MMD grading as predictors. It demon-
strated that larger SFCT was significantly associated with



qCSF in High Myopia With Cilioretinal Artery IOVS | December 2022 | Vol. 63 | No. 13 | Article 25 | 4

TABLE 1. Patient Characteristics

Characteristics Cilioretinal Artery Absent Cilioretinal Artery Present P

Number of eyes 97 40 —
Age (y), mean ± SD 60.12 ± 8.64 58.65 ± 11.71 0.193
Female, n (%) 54 (55.67) 20 (50.00) 0.545
Eye laterality, right eye, n (%) 58 (59.79) 23 (57.50) 0.804
Axial length (mm), mean ± SD 28.15 ± 1.37 28.69 ± 1.89 0.067
Myopic maculopathy grading,* n (%) 0.699
Grade 0 (no macular lesions) 2 (2.06) 2 (5.00)
Grade 1 (tessellated fundus) 35 (36.08) 16 (40.00)
Grade 2 (diffuse atrophy) 35 (36.08) 14 (35.00)
Grade 3 (patchy atrophy) 25 (25.77) 8 (20.00)
Grade 4 (macular atrophy)† 0 0

* Myopic macular degeneration as defined by the International META-PM Classification System.23
† Patients with macular atrophy were excluded in this study because they failed to get credible qCSF results due to low vision.

TABLE 2. Choroid Thickness in Highly Myopic Eyes With or Without
Cilioretinal Artery

Cilioretinal
Artery Absent

Cilioretinal
Artery Present P

Number of eyes 97 40 —
SFCT (μm),
mean ± SD

88.95 ± 60.92 118.68 ± 72.92 0.016*

CT at T1 mm (μm),
mean ± SD

97.93 ± 64.46 123.20 ± 72.12 0.046*

CT at T3 mm (μm),
mean ± SD

106.82 ± 55.90 144.80 ± 78.29 0.002

CT at N1 mm (μm),
mean ± SD

88.46 ± 59.31 103.05 ± 64.08 0.203*

CT at N3 mm (μm),
mean ± SD

42.22 ± 34.86 59.45 ± 30.88 0.007*

* Significant difference using two-tailed independent samples
t-test.

the presence of cilioretinal artery (adjusted β = 0.135 in
presence over absence; P = 0.046), shorter AL (adjusted β

= −0.251 per 1-mm increase in AL; P = 0.003), and lower
MMD grading (adjusted β = −0.427 per grading increase in
META-PM system; P < 0.001; R2 = 0.399).

Visual Acuity and qCSF Outcomes

Table 3 shows the BCVA and qCSF outcomes of the two
groups. Although there was no significant difference in
BCVA between the cilioretinal artery absent and present
groups (P = 0.318), the AULCSF and CSF acuity were both
significantly higher in the cilioretinal artery present group
than in the absent group (both P < 0.001). We further
compared the qCSF outcomes in eyes with different AL
ranges (Table 3). In eyes with AL from 26.00 to 28.00 mm,
no significant differences were found in BCVA and AULCSF,
although CSF acuity was significantly higher in the cilioreti-
nal artery present than in the absent group (P = 0.022). In
eyes with AL > 28.00 mm, although there was no signifi-
cant difference in the BCVA, the differences in AULCSF and
CSF acuity between the cilioretinal artery absent and present
groups became more pronounced (0.41 ± 0.39 vs. 0.83 ±
0.40 and 0.74 ± 0.37 vs. 1.10 ± 0.36, respectively; both P ≤
0.001).

Figure 2 shows the CSFs of the different groups. The
cilioretinal artery present group showed significantly higher

TABLE 3. BCVA and CSF Outcomes in Highly Myopic Eyes

Cilioretinal
Artery Absent

Cilioretinal
Artery Present P

Eyes in entire AL range
Number of eyes 97 40 —
BCVA (logMAR) 0.20 ± 0.18 0.16 ± 0.17 0.318
AULCSF (log unit) 0.46 ± 0.40 0.76 ± 0.37 <0.001*

CSF acuity (logMAR) 0.79 ± 0.37 1.06 ± 0.30 <0.001*

Eyes with AL 26.00 ∼ 28.00 mm
Number of eyes 45 21 —
BCVA (logMAR) 0.15 ± 0.13 0.14 ± 0.16 0.892
AULCSF (log unit) 0.52 ± 0.40 0.70 ± 0.35 0.080
CSF acuity (logMAR) 0.85 ± 0.37 1.03 ± 0.24 0.022*

Eyes with AL > 28.00 mm
Number of eyes 52 19 —
BCVA (logMAR) 0.24 ± 0.21 0.19 ± 0.19 0.331
AULCSF (log unit) 0.41 ± 0.39 0.83 ± 0.40 <0.001*

CSF acuity (logMAR) 0.74 ± 0.37 1.10 ± 0.36 0.001*

* Significant difference using two-tailed independent samples
t-test.

CS at low and intermediate spatial frequencies than the
cilioretinal artery absent group (two-way ANOVA P < 0.001,
Bonferroni-corrected P < 0.05 at 1–6 cpd) (Fig. 2A). In eyes
with AL from 26.00 to 28.00 mm (Fig. 2B), the CS was higher
in the cilioretinal artery present group only at 3 cpd (two-
way ANOVA P = 0.065, Bonferroni-corrected P < 0.05). In
eyes with AL > 28.00 mm (Fig. 2C), the CS was higher in
the cilioretinal artery present group at low and intermediate
spatial frequencies than the cilioretinal artery absent group
(two-way ANOVA P < 0.001, Bonferroni-corrected P < 0.05
at 1, 3, 6, and 12 cpd).

Comparison of BCVA and qCSF outcomes was further
conducted among four categories of cilioretinal artery
(Table 4). Although the BCVA was not significantly different
among eyes in the four subgroups (P = 0.318), the AULCSF
and CSF acuity were both significantly lower in eyes in the
nasal subgroup compared to eyes in the other subgroups (P
= 0.011 and P = 0.006, respectively; all P < 0.05 for post
hoc Turkey’s HSD test) (Table 4). However, the AULCSF and
CSF acuity were not significantly different among the tempo-
ral “cake-fork,” temporal “ribbon,” and “multiple” arteries
subgroups (all paired P > 0.10 in post hoc Tukey’s HSD
test). In addition, the nasal artery subgroup also exhibited
significantly lower CS at intermediate spatial frequencies
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FIGURE 2. CSFs of different groups. (A) CSFs in the cilioretinal artery present and absent groups among all highly myopic eyes. (B) CSFs
in the cilioretinal artery present and absent groups among eyes with AL from 26.00 to 28.00 mm. (C) CSFs in the cilioretinal artery present
and absent groups among eyes with AL > 28.00 mm. (D) CSFs in the four cilioretinal artery categories. Two-way ANOVA and post hoc
Bonferroni analysis were used. *P < 0.05 and **P < 0.001 for post hoc Bonferroni analysis comparing CSF at each spatial frequency.

TABLE 4. BCVA and qCSF Outcomes in the Four Cilioretinal Artery Present Subgroups

Category of Cilioretinal Artery
Category 1

(Temporal “Cake-Fork”)
Category 2

(Temporal “Ribbon”)
Category 3
(Multiple)

Category 4
(Nasal) P

Number of eyes (%) 10 (25.0) 22 (55.0) 4 (10.0) 4 (10.0) —
Axial length (mm), mean ± SD 28.01 ± 1.02 28.40 ± 1.37 27.47 ± 1.00 27.82 ± 2.43 0.576
BCVA (logMAR), mean ± SD 0.19 ± 0.15 0.16 ± 0.19 0.12 ± 0.12 0.24 ± 0.22 0.318
AULCSF (log unit), mean ± SD 0.74 ± 0.23* 0.80 ± 0.37* 0.90 ± 0.27* 0.20 ± 0.16 0.011†

CSF acuity (logMAR), mean ± SD 1.09 ± 0.13* 1.11 ± 0.32* 1.21 ± 0.17* 0.59 ± 0.26 0.006†

* Significant difference in post hoc Tukey’s HSD test with nasal cilioretinal artery category.
† Significant difference in one-way ANOVA analysis.

compared to the other three subgroups (two-way ANOVA
P = 0.029, Bonferroni-corrected P < 0.05 at 3 and 6 cpd)
(Fig. 2D).

Associations of qCSF Outcomes, AL, SFCT, and
Presence of Cilioretinal Artery

In eyes with all AL ranges and in the 26.00- to 28.00-mm
subgroup, no significant correlation was found between AL
and AULCSF or CSF acuity (Spearman’s correlation, all P >

0.10). In eyes with AL > 28.00 mm, the AULCSF was signif-

icantly and negatively correlated with AL (Spearman’s rank
correlation r= −0.275, P= 0.020) (Fig. 3). CSF acuity tended
to be negatively correlated with AL but was only marginally
significant (r = −0.218, P = 0.068).

We then conducted a multivariate regression analysis on
AULSCF using age, AL, MMD grading, SFCT, and the pres-
ence of cilioretinal arteries as predictors, as well as the inter-
action of AL with the cilioretinal artery and the interaction
of AL with SFCT (continuous variables AL and SFCT were
centered as [AL – AL mean] and [SFCT – SFCT mean] in
the model). Supplementary Table S2 shows the multivari-
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FIGURE 3. Correlation between AL and CSF outcomes in eyes with AL > 28.00 mm. (A) A scatterplot of AULCSF and AL. (B) A scatterplot
of CSF acuity and AL. *P < 0.05 for Pearson’s correlation analysis.

FIGURE 4. Simple slope analyses demonstrating the effect of interaction between AL and SFCT on AULCSF. (A) The adjusted prediction of
AULCSF against SFCT in the cilioretinal artery present group. (B) The adjusted prediction of AULCSF against SFCT in the cilioretinal absent
present group. Scatterplots were divided by AL < −1 SD (blue), AL from –1 SD to +1 SD (green), and AL > +1 SD (orange).

able analysis outcomes, which demonstrated that a higher
AULCSF was significantly associated with the presence of
a cilioretinal artery (adjusted β = 0.305 in presence over
absence; P < 0.001), AL (adjusted β = −0.327 per 1-mm
increase in AL; P = 0.044), and a centered AL × centered
SFCT interaction (adjusted β = 0.371 per interaction, P =
0.045; R2 = 0.177).

To further interpret the effect of the interaction between
AL and SFCT, we conducted simple slope analyses strati-
fied by AL ± 1 SD (Fig. 4) or AL < 26 mm, AL 26 ∼ 28
mm, AL > 28 mm subgroups (Supplementary Fig. S1). The
effect of the presence (Fig. 4A, Supplementary Fig. S1A) or
absence (Fig. 4B, Supplementary Fig. S1A) of the cilioreti-
nal artery on contrast sensitivity between SFCT and AL was
explored. The findings suggest that the presence of the
cilioretinal artery group showed relatively better predicted
AULCSF compared to the absent group. As AL elongates, the
associations of SFCT and AULCSF become more and more
positive.

DISCUSSION

High myopia usually causes complications, including a spec-
trum of macular disorders that lead to irreversible vision
loss.26 Although our previous research documented the
protective role of cilioretinal artery in alleviating progression
of myopic macular degeneration,13 its effects on functional
vision were based on VA assessment, which is not very well
correlated with subjective visual experience and daily visual
functions. In this study, we showed that the qCSF method
is a more sensitive index than VA assessment for assessing
the protective effects of the cilioretinal artery on macular
function in highly myopic eyes.

Due to the elongation of AL, mechanical stretching of
the retinal pigment epithelium or Bruch’s membrane in
highly myopic eyes might introduce highly attenuated reti-
nal and choroidal vasculature and impair macular func-
tions.27 High myopia was also associated with reduced
vessel diameters at the retinal posterior pole and accelerated
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capillary density loss.4,28 Therefore, the presence of a
cilioretinal artery may provide additional blood flow and
oxygen to the macula,29 resulting in potential preservation
of macular functions.12 However, previous evaluations based
on VA assessment only partially assessed its effects on func-
tional vision.22 In this study, we revealed significantly better
AULSCF and CSF acuity outcomes in highly myopic eyes
with cilioretinal arteries, suggesting a role for the additional
vasculature in the cilioretinal artery in protecting macular
functions in high myopia. The results are consistent with
those of Huber et al.,30 who suggested that the increased
retrobulbar blood flow and oxygen levels introduced by CO2

breathing may result in improved contrast sensitivity.
The CSF has been shown to be better correlated with

daily visual functions because it is necessary to identify
objects of varying sizes and contrasts in daily life.20 Although
chart-based acuity tests, such as the ETDRS chart, are simple
and can be quickly performed, they only provide very
limited assessment of functional vision and do not have
good correlations with the quality of subjective visual expe-
rience. In fact, subjective visual complaints are not uncom-
mon even in highly myopic eyes with good BCVAs.22 In
the current study, we found no significant BCVA difference
between highly myopic eyes with and without cilioretinal
arteries, although a significant BCVA difference was found
in our previous study.13 The discrepancy might be caused
by the smaller sample size in the current cross-sectional
study. However, in situations where VA assessment revealed
no significant effects, the higher sensitivity of qCSF may
still make it possible to detect significant differences. The
results suggest that the outcomes of the qCSF test explain the
visual deficits and subjective complaints of highly myopic
patients, especially those with pathologically affected macu-
lar functions but without VA disturbance. The qCSF test
could become a routine examination for macular function
evaluation in highly myopic patients.

Anatomical changes in fundus may have association with
the functional performance. The cilioretinal artery, which
originates from choroid, might also be affected by the thin
choroid in highly myopic eyes. Here, we verified that SFCT
was also significantly associated with AL, MMD, and the
presence of a cilioretinal artery. Furthermore, we found
reduced protection of CSF from the nasal-category cilioreti-
nal artery, especially in intermediate spatial frequencies,
which also verified the importance of increased macular
vasculature from the cilioretinal artery emerging temporally.
Diener et al.31 also suggested that the temporal cilioretinal
artery may increase vessel density in the peripapillary and
macular superficial capillary plexus. In multivariable anal-
yses of qCSF outcomes, the positive association between
a cilioretinal artery and AULCSF was also confirmed. Also,
more interestingly, the protective role of SFCT in preserv-
ing CSF might be more significant in extremely long eyes.
Similarly, Shamsi et al.32 reported an association between
ganglion cell thickness and contrast sensitivity. Therefore,
anatomical changes in the retina or choroid may play an
important role in functional performance. The preserva-
tion of SFCT might be more beneficial in protecting macu-
lar functions, especially against the barren environment of
extremely stretched eyeballs in extreme myopia. The results
could help us to better estimate and explain macular func-
tion deficits in extremely myopic eyes.

In conclusion, the qCSF method is a more sensitive index
for assessing the protective effects of cilioretinal artery on
macular function in highly myopic eyes compared to VA

assessment. It can provide important clinical evidence to
explain subjective visual complaints and should be recom-
mended as a routine functional examination for highly
myopic eyes.
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