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Background: Glaucoma is a degenerative optic neuropathy that causes anatomical and functional visual impairment.
Aim and Objectives: This investigation’s primary goal was to perform a qualitative and quantitative assessment of macular and 
peripapillary vessels to detect the impairment of blood flow in glaucomatous patients with or without myopia which can affect the 
prognosis of glaucoma and visual field.
Subjects and Methods: This prospective, cross-sectional, observational research was performed for glaucomatous patients with and 
without myopia who attend the outpatient clinic at the ophthalmology department, at Benha University. The study was conducted on 
50 subjects with glaucomatous eyes, divided into two groups: the first group consisted of (25 subjects) of glaucoma with myopia and 
the second group (25 subjects) of glaucoma with the same severity of mean deviation in the visual field of group 1 without myopia, 
using OCTA to measure retinal vessel density (superficial vessel density) and OCT thickness ILM-RPE, RNFL thickness, GCL and 
small vessel density (RADIAL PERI PAPILLARY PLEXUS).
Results: Regarding demographic data of myopia in the studied eyes, there were (9) 18% with low myopia with no significance, (32) 
64% with moderate myopia, and (9) 18% with high myopia, with open-angle glaucoma patients showed a highly significant decline in 
total retinal nerve fiber layer thickness, superior-nasal RNFL thickness, Inferior-nasal RNFL thickness, superior-temporal RNFL and 
inferior-temporal RNFL thickness compared to open-angle glaucoma patients without myopia.
Conclusion: Our results show that microvascular attenuation occurs more significantly in OAG than in myopia. When both myopia 
and OAG are present, there is a higher reduction in microvascular attenuation than with either disease alone. The development and 
progression of glaucoma in individuals with high myopia are more aggressive than in low or non-myopia, so by using OCTA detection 
of early microvascular changes in high myopia, individuals help the early detection and management of glaucoma.
Keywords: OCT angiography, microvasculature, choroid, glaucoma, optic nerve head ONH, macula

Introduction
It’s no secret that myopia is a leading cause of blindness. Around 1.4 billion individuals worldwide have trouble seeing 
far away without corrective lenses because of myopia.1 Retinal blood vessel density and blood flow in the retinal arteries 
are reduced, as shown in laser Doppler and (OCTA) in mild to severe myopic eyes.2 High myopia (HM) is an important 
cause of blindness in young adults. According to the accepted definition, when the spherical equivalent of the refractive 
error exceeds six diopters (D) and/or axial length exceeds 26.5 mm.3

High axial myopia with obvious pathological changes in the posterior pole is called pathological myopia (PM) or 
degenerative myopia. Common pathologic findings include localized or diffuse chorioretinal atrophy, posterior staphyloma, 
lacquer cracks, Fuchs spots, choroidal neovascularization membrane (CNV) and fovea cleavage. In addition, progressive 
visual impairment is a typical result of these pathologic alterations.4 Because it refers to many different conditions, glaucoma 
defies a single definition. IOP is a crucial modifiable factor in all types of illness with a similar symptom: a potentially 
progressive optic neuropathy coupled with visual field loss as damage advances.5 The human eye’s retinal vascular system is 
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segmented into four capillary plexuses along its axial axis, the nerve fiber layer vascular plexus (NFLVP), superficial vascular 
plexus (SVP), intermediate capillary plexus (ICP), and deep capillary plexus (DCP) are four different nerve plexuses 
extending from retinal anterior edge to more posterior axis.6 Recently, non-invasive imaging of the retina’s and choroid’s 
microvasculature has been possible with OCT-A, which employs laser light reflected from circulating RBCs’ surface to 
correctly display veins in various anatomically divided eye sections.7 The primary purpose of the research was to perform 
a qualitative and quantitative assessment of macular and peripapillary vessels to detect the impairment of blood flow in 
a glaucomatous patient with or without myopia, which can affect the prognosis of glaucoma and the visual field.

Patients and Methods
Type of Study: It was prospective, cross-sectional, observational research for glaucomatous cases with and without myopia.

Study setting: outpatient clinic at ophthalmology department; Benha University.
Study Period: twelve months from (1 February 2021) to (1 February 2022).
Study Population: The study was performed on 50 subjects with glaucomatous eyes (primary opening angle 

glaucoma); there were 2 groups: the primary group consisted of (25 Subjects) with glaucoma with myopia, and 
the second group (25 Subjects) of glaucoma with the same severity of mean deviation in the visual field of group 1 
without myopia.

Inclusion criteria: Myopia (low ranged from −0.50D to below −3.00D, moderate from −3.00D to below −6.00D and 
severe more than −6D), age more than 20 years, both genders, no history of diabetes mellitus and hypertension and 
suitable candidates for OCTA imaging (no media opacity).

Exclusion criteria: We excluded patients with eye diseases that could affect retinal vasculature apart from glaucoma 
and myopia. All patients with a history of significant eye trauma, eye surgery or systemic conditions affecting the retina, 
macula and optic disc, cataract, refractive, and glaucoma surgery were also excluded. Patients with diabetic retinopathy, 
other macular vascular diseases, pseudo-exfoliated glaucoma, symptoms or history of central serous chorioretinopathy, 
hereditary retinal dystrophy, and those with low-resolution images in OCTA were not included in our study.

Methods
The following data will be obtained for each study participant; demographic; age, gender, history of previous intraocular 
surgery, any associated systemic, metabolic, or neurologic diseases and previous ocular trauma.

All Patients Will Be Submitted to the Following
Complete ophthalmological examinations including Gonioscopy, measurement of IOP with Goldman applanation tonometer, 
measurement of uncorrected visual acuity (UCVA) with Snellen’s chart, and measurement of BCVA with Snellen’s chart after 
auto-refractometer. Bio microscopy with a +90D lens and an indirect ophthalmoscope with a +20D lens (to examine the center 
and edges of the retina) are used to conduct a thorough fundus examination (for evaluating the posterior pole). Visual field 
assessment: Applying HUMPHREY FIELD ANALYZER (MODEL745i) Carl Zeiss Meditec Inc. Dublin, CA, USA. Optical 
coherence tomography angiography: for measuring SUPERFACIAL VESEEL DENESTY AND OCT THICKNESS ILM- 
RPE, RNFL THICKNESS, GCL and SMALL VESEEL DENESTY (RADIAL PERI PAPILLARY PLEXUS). Optovue was 
used for the OCTA imaging (Model Avanti Scanner, number P/N (500–50845-002), QTY: 1Ea, made in (U.S.A), MDSS 
GmbH Schiffgraben 4130175 Hannover Germany).

Depending on Split Spectral Amplitude Decorrelation Angiography (SSADA), a method for extracting angiographic 
data from optical coherence tomography scans. The device has an illumination source with a central wavelength of 840 
nm and a spectral width of 50 nm.

It acquires 70,000 A-scans per second with an axial resolution of 5 μm and a horizontal resolution of 20 μm. A-scans 
are 304 × 304 pixels in size and can be found in each OCTA volume.

Ethical Consideration
Nothing that may be considered damaging will be done. Participants should be given a clear explanation of the study’s 
goals. Without the patient’s consent, no information collected will be shared with anyone outside the research team. 
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Participants may discontinue the study at any time and for any reason. Research can only be carried out with the free and 
voluntary participation of the subjects and their informed consent. All participants provided informed consent in 
accordance with the Declaration of Helsinki. For quantitative data, mean, SD and unpaired Student’s t-test were used 
to compare 2 groups. For qualitative data, the chi-square test was used for distinguishing between groups. The linear 
correlation coefficient was used to detect the relationship between the two groups of quantitative data. Variables within 
a single group via (IBM SPSS Windows Statistics, version 20.0. Armonk, New York: IBM Corporation). Ethics and 
Scientific Research Committee approval number: (MS14-2-2021) granted from Benha University Ethical Committee.

Results
It is prospective, cross-sectional, observational research was done on 50 eyes of glaucomatous cases with myopia (9 with 
mild, 9 with high and 32 with moderate myopia) and 50 eyes of glaucomatous patients without myopia with the same 
severity of glaucoma according to the severity of mean deviation in the visual field, both aged more than 20 years old 
who attend the outpatient clinic at ophthalmology department; Benha university.

Regarding demographic data of the studied eyes, there were aged more than 20 years, with a mean of 56.86 ± 10.46 
years in the group (1) and a mean of 56.25 ± 8.83 years in the group (2). There were 17 (58.6%) males, 12 (41.4%) 
females in group (1) and 16 (50%) males, 16 (50%) females in group (2). There were 25 (50%) right eye, 25 (50%) left 
eye in group (1) and 26 (52%) right eye, 24 (48%) left eye in group (2). Age, sex, and laterality of the eyes were not 
significantly different (p-value >0.5) Table 1.

Regarding demographic data of glaucoma measurements in both groups, there was a controlled glaucomatous patient 
with an IOP mean of (26.12 ± 5.85) mmHg in group (1) and a mean of (26.86 ± 3.25) mmHg in group (2). There was 
a Cup/disc ratio mean of (0.63 ± 0.18) in group (1) and a mean of (0.68 ± 0.19) in group (2) Table 2.

Myopic with open-angle glaucoma patients showed a significant decrease in average GCL, superior GCL and 
inferior-GCL compared to open-angle glaucoma patients Table 3.

In low myopia, no significant differences were found between myopic with open-angle glaucoma cases and open- 
angle glaucoma cases without myopia regarding average GCL, superior GCL and inferior-GCL Table 4.

In high myopia, myopic with open-angle glaucoma patients showed a significant decrease in average GCL, superior 
GCL and inferior-GCL when compared to open-angle glaucoma patients Table 5.

Myopic with open-angle glaucoma patients showed a significant decrease in superior-hemi macular density, superior- 
hemi macular density, whole image macular thickness and inferior-hemi macular thickness compared to open-angle 
glaucoma patients Table 6.

Table 1 Baseline Characteristics of the Studied Eyes

Groups (1) Myopic with Open 
Angle Glaucoma 

Patients

(2) Open Angle 
Glaucoma 
Patients

Tests

X2/t P-value

Age 56.86±10.46 56.25±8.83 0.248 0.805

Sex

Female 12(41.4%) 16(50%) 0.455 0.500

Male 17(58.6%) 16(50%)

Eye

Right 25(50%) 26(52%) 0.040 0.841

Left 25(50%) 24(48%)

Refractions −4.38±2.21 2.36±1.08 19.379 <0.001*

Note: *Significant P-value.
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In low myopia, no significant differences were found between myopic with open-angle glaucoma cases and open- 
angle glaucoma cases without myopia regarding superior-hemi macular density, whole image macular thickness and 
inferior-hemi macular thickness Table 7.

Whole macular density, upper half macular density, lower half macular density, and lower half macular thickness 
were significantly reduced in patients with high myopia and open-angle glaucoma Table 8.

Patients with myopic open-angle glaucoma had significantly decreased total RNFL thickness, superior nasal RNFL 
thickness, inferior nasal RNFL thickness, superior temporal RNFL, and inferior temporal RNFL thickness compared with 
non-myopic open-angle glaucoma patients Table 9.

Table 2 Glaucoma Measurements of the Studied Eyes

Groups (1) Myopic with 
Open Angle 

Glaucoma Patients

(2) Open 
Angle 

Glaucoma 
Patients

Tests

X2/t P-value

Inter ocular pressure (mm hg) 26.12±5.85 26.86±3.25 0.782 0.436

Cup /disc ratio 0.63±0.18 0.68±0.19 1.363 0.176

VISUAL FIELD

Glaucoma hemi field

Borderline 4(8%) 2(4%) 13.352 0.004*

General reduction of sensitivity 8(16%) 4(8%)

Within normal limits 0(0%) 11(22%)

Outside normal limits 38(76%) 33(66%)

Mean deviation −18.45±9.75 −15.56±8.56 1.850 0.067

Note: *Significant P-value.

Table 3 Ganglion Cell Layer Measurements of the Studied Eyes

GCL (1) Myopic with Open 
Angle Glaucoma Patients

(2) Open Angle  
Glaucoma Patients

T-test

Mean ± SD Mean ± SD t P-value

Average 76.36 ± 12.86 88.52 ± 9.61 5.355 <0.001*

Superior 77.68 ± 13.80 88.08 ± 9.91 4.329 <0.001*

Inferior 75.22 ± 13.86 89.02 ± 8.52 5.999 <0.001*

Note: *Significant P-value.

Table 4 Ganglion Cell Layer in Low Myopia Group with Same Mean Deviation of Glaucoma in Other 
Group

GCL (low) Myopic with Open Angle 
Glaucoma Patients (N=9)

Open Angle Glaucoma 
Patients (N=9)

T-test

Mean ± SD Mean ± SD t P-value

Average 82.83 ± 12.88 87.89 ± 10.09 0.853 0.409

Superior 84.50 ± 13.38 86.67 ± 11.39 0.337 0.741

Inferior 81.17 ± 14.33 87.22 ± 9.36 0.996 0.337
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In low myopia, there was no significant difference in total RNFL thickness, upper nasal RNFL thickness between 
myopic open-angle glaucoma patients and non-myopic open-angle glaucoma patients, inferior nasal RNFL thickness, 
superior temporal RNFL thickness and inferior temporal RNFL thickness Table 10.

In high myopia, myopic with open-angle glaucoma patients showed a significant decrease in inferior-nasal RNFL 
thickness, superior-nasal RNFL thickness and inferior-temporal RNFL thickness Table 11.

Myopic with open-angle glaucoma patients had significantly lower overall optic disc image density, the upper half of 
the optic disc peripapillary density, and the lower half of the optic disc peripapillary density compared to open-angle 
glaucoma patients Table 12.

Table 6 Superficial Vessel Density and OCT Thickness ILM-RPE of the Studied Eyes

Superficial Vessel Density and 
Oct Thickness ILM-RPE

(1) Myopic with Open angle 
Glaucoma Patients

(2) Open Angle Glaucoma 
Patients

T-test

Mean ± SD Mean ± SD t P-value

Whole image macular density % 37.09 ± 7.56 46.89 ± 7.80 6.385 <0.001*

Superior-hemi macular density % 37.14 ± 7.66 45.23 ± 4.10 6.578 <0.001*

Inferior-hemi macular density % 36.92 ± 7.95 54.56 ± 56.86 2.172 0.032*

Whole image macular thickness 250.24 ± 23.89 264.36 ± 8.56 3.935 <0.001*

Superior-hemi macular thickness 250.56 ± 29.21 264.44 ± 11.09 3.142 0.002*

Inferior-hemi macular thickness 249.70 ± 20.88 264.14 ± 11.34 4.298 <0.001*

Note: *Significant P-value.

Table 7 Superficial Vessel Density and OCT Thickness ILM-RPE in Low Myopia Group with Same Mean Deviation of 
Glaucoma in Other Group

Superficial Vessel Density and 
Oct Thickness ILM-RPE (Low)

Myopic with Open Angle 
Glaucoma Patients

Open Angle Glaucoma 
Patients

T-test

Mean ± SD Mean ± SD t P-value

Whole image macular density % 40.03 ± 9.26 44.83 ± 2.62 1.493 0.159

Superior-hemi macular density % 39.03 ± 9.78 43.90 ± 2.95 1.422 0.179

Inferior-hemi macular density % 40.93 ± 9.06 90.17 ± 134.10 0.887 0.391

Whole image macular thickness 269.33 ± 22.54 264.78 ± 8.56 0.557 0.587

Superior-hemi macular thickness 265.67 ± 34.38 262.89 ± 12.05 0.226 0.825

Inferior-hemi macular thickness 272.00 ± 15.13 266.56 ± 10.85 0.815 0.430

Table 5 Ganglion Cell Layer in High Myopia Group with Same Mean Deviation of Glaucoma in Other 
Group

GCL (High) Myopic with Open Angle 
Glaucoma Patients (N=9)

Open Angle Glaucoma 
Patients (N=9)

T-test

Mean ± SD Mean ± SD t P-value

Average 74.50 ± 6.27 86.33 ± 7.69 3.692 0.002*

Superior 75.44 ± 5.75 87.22 ± 8.14 3.674 0.002*

Inferior 73.59 ± 6.48 86.89 ± 6.70 4.396 <0.001*

Note: *Significant P-value.
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This table shows the correlation between ganglion cell layer and superficial vessel density and OCT thickness 
ILM-RPE in non-myopic groups. An extremely +ve association was discovered among average with superior-hemi 
macular density (r = 0.291). Also, there was a substantial +ve association amongst inferior with superior-hemi 
macular density (r = 0.3311, p = 0.028) Table 13.

In the correlation between ganglion cell layer and superficial vessel density and OCT thickness ILM-RPE in myopic 
groups, there was a significant positive connection amongst whole image macular density, Superior-hemi macular 

Table 9 Retinal Nerve Fiber Layer Thickness of the Studied Eyes

RNFL Thickness (1) Myopic with Open Angle 
Glaucoma Patients

(2) Open Angle Glaucoma 
Patients

T-test

Mean ± SD Mean ± SD T P-value

Total RNFL thickness 70.14 ± 20.61 84.98 ± 9.75 4.603 <0.001*

Superior-nasal RNFL thickness 74.80 ± 23.97 95.64 ± 12.55 5.447 <0.001*

Inferior-nasal RNFL thickness 73.10 ± 20.54 93.92 ± 14.59 5.844 <0.001*

Superior-temporal RNFL thickness 71.76 ± 28.14 96.02 ± 22.64 4.749 <0.001*

Inferior-temporal RNFL thickness 75.40 ± 31.38 115.34 ± 12.11 8.397 <0.001*

Note: *Significant P-value.

Table 8 Superficial Vessel Density and OCT Thickness ILM-RPE in High Myopia Group with Same Mean Deviation of Glaucoma 
in Other Group

Superficial Vessel Density and 
Oct Thickness ILM-RPE (High)

Myopic with Open Angle 
Glaucoma Patients

Open Angle Glaucoma 
Patients

T-test

Mean ± SD Mean ± SD t P-value

Whole image macular density % 36.59 ± 4.71 46.14 ± 3.24 5.089 <0.001*

Superior-hemi macular density % 36.66 ± 5.76 45.11 ± 3.39 3.837 <0.001*

Inferior-hemi macular density % 35.88 ± 6.50 46.60 ± 4.25 4.199 <0.001*

Whole image macular thickness 245.15 ± 13.72 264.00 ± 9.80 3.409 0.003*

Superior-hemi macular thickness 246.24 ± 15.75 261.44 ± 8.38 2.580 0.020*

Inferior-hemi macular thickness 244.80 ± 11.78 263.92 ± 10.1 3.776 <0.001*

Note: *Significant P-value.

Table 10 Retinal Nerve Fiber Layer Thickness in Low Myopia Group with Same Mean Deviation of Glaucoma in Other Group

RNFL Thickness (Low) Myopic with Open Angle 
Glaucoma Patients

Open Angle Glaucoma 
Patients

T-test

Mean ± SD Mean ± SD t P-value

Total RNFL thickness 88.17 ± 21.63 85.78 ± 7.64 0.308 0.763

Superior-nasal RNFL thickness 77.33 ± 30.94 95.78 ± 18.85 1.445 0.172

Inferior-nasal RNFL thickness 81.17 ± 26.86 97.89 ± 15.64 1.534 0.149

Superior-temporal RNFL thickness 94.83 ± 28.72 108.22 ± 16.08 1.164 0.265

Inferior-temporal RNFL thickness 90.50 ± 34.30 112.78 ± 13.75 1.772 0.100
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density, whole image macular thickness and lower-hemi macular thickness with upper and average GCL superior GCL 
(p-value = <0.001*) Table 14.

In the correlation between RNFL thickness and small blood vessel density in myopic people, the whole thickness 
of RNFL was highly positive with the optic disc whole density (r = 0.823), peripapillary density (r = 0.808), and 
inside disc density (r = 0.458), superior-hemi peripapillary density (r = 0.839) and inferior-hemi peripapillary 
density (r = 0.544) Table 15.

In the correlation between RNFL thickness and small blood vessel density in non-myopic groups a strong +ve 
association existed amongst total RNFL thickness with a whole image density of optic disc (r = 0.343), peripapillary 
density (r = 0.315), inside disc density (r = −0.102), superior-hemi peripapillary density (r = 0.173) and inferior-hemi 
peripapillary density (r = 0.338) Table 16.

Table 11 Retinal Nerve Fiber Layer Thickness in High Myopia Group with Same Mean Deviation of Glaucoma in Other Group

RNFL Thickness (High) Myopic with Open Angle 
Glaucoma Patients

Open Angle Glaucoma 
Patients

T-test

Mean ± SD Mean ± SD t P-value

Total RNFL thickness 64.65 ± 13.02 82.11 ± 10.93 3.145 0.006*

Superior-nasal RNFL thickness 71.50 ± 12.71 91.33 ± 6.91 4.153 <0.001*

Inferior-nasal RNFL thickness 68.74 ± 12.64 91.00 ± 12.05 3.918 <0.001*

Superior-temporal RNFL thickness 63.21 ± 15.08 81.78 ± 15.21 2.669 0.016*

Inferior-temporal RNFL thickness 68.38 ± 12.85 115.33 ± 11.49 8.356 <0.001*

Note: *Significant P-value.

Table 12 Small Vessel Density (Radial Peri Papillary Plexus) of the Studied Eyes

Small Vessel Density  
(Radial Peri Papillary Plexus)

(1) Myopic with Open Angle 
Glaucoma Patients

(2) Open Angle Glaucoma 
Patients

T-test

Mean ± SD Mean ± SD t P-value

Whole image density %of optic disc 37.36 ± 7.67 44.91 ± 3.14 6.430 <0.001*

Inside disc density % 44.66 ± 8.04 52.58 ± 50.45 1.097 0.276

Peripapillary density % 37.49 ± 9.59 47.74 ± 3.98 6.978 <0.001*

Superior-hemi peripapillary density % 38.12 ± 10.25 47.69 ± 4.65 6.013 <0.001*

Inferior-hemi peripapillary density % 36.12 ± 10.68 47.71 ± 5.22 6.892 <0.001*

Nasal-superior peripapillary density % 35.12 ± 9.61 44.14 ± 5.32 5.806 <0.001*

Nasal-inferior peripapillary density % 36.26 ± 8.59 43.98 ± 4.40 5.653 <0.001*

Inferior-nasal peripapillary density % 33.59 ± 10.53 45.06 ± 8.33 6.042 <0.001*

Inferior-temporal peripapillary density % 35.20 ± 16.94 52.45 ± 7.74 6.548 <0.001*

Tempro-inferior peripapillary density % 42.23 ± 12.00 50.88 ± 6.44 4.491 <0.001*

Tempro-superior peripapillary density % 42.95 ± 12.66 51.07 ± 12.62 3.214 0.002*

Superior-temporal peripapillary density % 41.14 ± 12.86 50.86 ± 7.22 4.664 <0.001*

Superior-nasal peripapillary density % 33.88 ± 10.97 42.34 ± 5.17 4.933 <0.001*

Note: *Significant P-value.
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Discussion
In high myopic patients, retinal blood vessel density is reduced, and blood flow in the large retina is impaired. Blood vessels are 
visible on (OCTA), primarily as diminish of the blood vessels’ diameter.8 The pathophysiological mechanism of myopia in 
glaucoma patient remains unclear. In addition, reduced blood flow increases the vulnerability of the optic nerve head. 
Additionally, increased IOP due to stress or strain on lamina cribrosa and peripapillary sclera.1 OCTA is a new non-invasive 

Table 13 Correlation Between Ganglion Cell Layer and Superficial Vessel Density & OCT Thickness ILM-RPE in 
Non-Myopic Groups

Open Angle Glaucoma 
Patients

Average Superior Inferior

r P-value r P-value r P-value

Whole image macular density % −0.056 0.699 0.117 0.419 0.115 0.426

Superior-hemi macular density % 0.291 0.040* 0.181 0.208 0.311 0.028*

Inferior-hemi macular density % −0.138 0.338 −0.249 0.081 −0.042 0.771

Whole image macular thickness 0.161 0.264 0.090 0.534 0.129 0.372

Superior-hemi macular thickness 0.225 0.116 0.224 0.118 0.224 0.118

Inferior-hemi macular thickness 0.035 0.812 −0.084 0.562 −0.014 0.924

Note: *Significant P-value.

Table 14 Correlation Between Ganglion Cell Layer and Superficial Vessel Density & OCT Thickness ILM-RPE in 
Myopic Groups

Myopic with Open Angle 
Glaucoma Patients

Average Superior Inferior

r P-value r P-value r P-value

Whole image macular density % 0.433 0.002* 0.446 <0.001* 0.336 0.017*

Superior-hemi macular density % 0.423 0.002* 0.459 <0.001* 0.322 0.023*

Inferior-hemi macular density % 0.418 0.003* 0.402 0.004* 0.333 0.018*

Whole image macular thickness 0.382 0.006* 0.509 <0.001* 0.212 0.139

Superior-hemi macular thickness 0.281 0.048* 0.429 0.002* 0.109 0.450

Inferior-hemi macular thickness 0.469 <0.001* 0.539 <0.001* 0.328 0.020*

Note: *Significant P-value.

Table 15 Correlation Between Retinal Nerve Fiber Layer Thickness and 
Small Vessel Density (Radial Peri Papillary Plexus) in Myopic Groups

Myopic with Open Angle Glaucoma Patients Total RNFL Thickness

r P-value

Whole image density %of optic disc 0.823 <0.001*

Inside disc density % 0.458 <0.001*

Peripapillary density % 0.808 <0.001*

Superior-hemi peripapillary density % 0.839 <0.001*

Inferior-hemi peripapillary density % 0.544 <0.001*

Note: *Significant P-value.
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imaging technique that has been widely used in retinal pathology research and glaucoma and is a relatively dye-free imaging 
modality that permits qualitative and quantitative assessment of the vasculature of the retina and optic nerve head.9

Our results were supported by a study of Chang et al,10 as they reported that there was no significant difference in 
mean VF defect between the non-highly myopic glaucoma group (mean [SD], 2.98 [2.12]) and highly myopic glaucoma 
group (mean [SD], 2.73 [2.22]).

While the study of Lee et al,11 there was a significantly worse VF’s mean deviation in glaucoma in 2 groups. VF defects in eyes 
with non-myopic glaucoma, 24 had both upper and lower hemi VFD, 18 had upper, and 12 had lower VFD (P = 0.231).

Current study showed that high myopia with open-angle glaucoma patients showed a significant decrease in average 
GCL, superior GCL and inferior-GCL when compared to open-angle glaucoma without myopia and low myopic patients 
(Figures 1 and 2).

Table 16 Correlation Between Retinal Nerve Fiber Layer 
Thickness and Small Vessel Density (Radial Peri Papillary Plexus) 
in Non-Myopic Group

Open Angle Glaucoma Patients Total RNFL Thickness

r P-value

Whole image density %of optic disc 0.343 0.015*

Inside disc density % −0.102 0.480

Peripapillary density % 0.315 0.026*

Superior-hemi peripapillary density % 0.173 0.230

Inferior-hemi peripapillary density % 0.338 0.016*

Note: *Significant P-value.

Figure 1 Ganglion cell layer of a high myopic eye with open-angle glaucoma by OCTA.
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While in the study of Lee et al,11 the infratemporal macular layer had significant difference in thickness between 
normal and glaucomatous eyes without high myopia eyes and high myopia with age-adjusted, macular GCIPL thickness 
was greater in non-myopia than in high myopia. A study by Chang et al,10 macular GCIPL thickness was more 
significant in normal than glaucoma patients. The temporal part in the high myopic patient was thicker in the normal 
than in glaucoma, whether in the non–myopic or in the myopic group. However, the study of Hou et al,12 ganglion cell 
complex measurements showed a similar effect in detecting early glaucoma. In our study, high myopia with open-angle 
glaucoma patients showed a significant decrease in superior-hemi macular density, whole image macular thickness and 
inferior-hemi macular thickness compared to open-angle glaucoma without myopia and low myopic patients (Figure 3). 
In the study of Wan et al,13 adjustment for age, axial length, sex, and images, the glaucoma group (42.1 [4.9%]) had less 
intramuscular vessel density than the healthy group (46.3 [4.4%]). Similarly, the inner macular thickness is before and 
after adjustment; the former (77.0 [16.6] μm) is smaller than the latter (98.2 [6.4] μm). Also, Chen et al14 regarding the 
vessel density in the macular area, the whole image vessel density (wiVD) values of glaucomatous eyes were also lower 
than those of healthy eyes (38.5%±2.2% vs 43.2%±2.3%, P < 0.001), but the fovea or fovea no significant difference 
Area vessel density, including mean, first and second half values, and any 4 quadrants (P > 0.05 for all quadrants). The 
density of superior-hemi and inferior-hemi parafoveal vessels was relatively higher in glaucomatous eyes than in healthy 
eyes (2.7%±2.1% vs 2.2%±2.1%), but this difference did not reach statistical significance (P = 0.21). However, in the 
study of Hou et al12 macular vessel density measurements show similar efficiencies detection of early glaucoma in NHM 
patients.

Our study showed that high myopia with open-angle glaucoma patients showed a significant decline in superior-nasal 
RNFL thickness, inferior-nasal RNFL thickness, superior-temporal RNFL, inferior-temporal RNFL thickness and in total 
RNFL thickness, compared to open-angle glaucoma without myopia and low myopic patients (Figure 4).

While in the study of Lee et al,11 there were significant differences between normal and glaucomatous eyes in high 
myopia and non-high myopia in the average and inferior peripapillary RNFL thickness (all P < 0.05). There was no 

Figure 2 Ganglion cell layer of a low myopic eye with open-angle glaucoma by OCTA.
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Figure 3 OCTA of the retina, superficial vessel density and OCT thickness ILM-RPE (macular density).

Figure 4 OCTA of the optic disc, small vessel density and RNFL thickness.
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difference in average peripapillary RNFL thickness between non-high myopia and high myopia. After adjusting for age, 
the inferior peripapillary RNFL thickness was unequal. Suwan et al15 found that four distinct groups in RNFL thickness 
showed significant differences. This was observed among glaucoma patients, both with and without myopia.

The current study showed that high myopia with open-angle glaucoma patients showed significant decline in whole 
image density of optic disc, peripapillary density, superior-hemi peripapillary density, inferior-hemi peripapillary density, 
nasal-superior peripapillary density, nasal-inferior peripapillary density, inferior-nasal Peripapillary density, inferior- 
temporal peripapillary density, tempro-inferior peripapillary density, tempro-superior peripapillary density, superior- 
temporal peripapillary density and superior-nasal peripapillary density compared to open-angle glaucoma without 
myopia and low myopic patients (Figure 4).

Suwan et al,15 there was reported the efficacy of myopia on peripapillary vessel density. Using an optic disc scan 4.5 
× 4.5-mm and reported no significant decrease in peripapillary VD in moderate to high myopia compared to controls. 
Akagi et al16 also reported similar statistical peripapillary VD in POAG patients with and without high myopia using 3 × 
3 mm disc scans. The region used in both studies can be considered the inner area of the peripapillary disc VD, which is 
indistinguishable from non-high myopia eyes and high myopia. In the study in our hands, there was a significant positive 
correlation between ganglion cell layer and superficial vessel density and OCT thickness ILM-RPE in high myopic with 
OAG patients. In the study of Wan et al,13 inner macular vessel density and thickness were related to average vision in 
linear and linear macular 3 × 3-mm 2 macular areas. Non-linear regression analysis was (P < 0.001). Structural strength- 
functional correlation of mean inner macular thickness for linear and non-linear (decrease analysis) is a stronger 
confidence interval for linear and nonlinear regression, respectively. These results display that positive correlation 
between RNFL thickness and small vessel density in the myopic group, according to total RNFL thickness with 
a whole image density of optic disc, peripapillary density, inside disc density, superior-hemi peripapillary density and 
inferior-hemi peripapillary density. However, in non-myopic eye no significance inside the disc with total RNFL as it 
depends on large vessel diameter. Shin et al17 reported that better global and regional correlation of peripapillary vessel 
density was compared to pRNFL thickness in highly myopic glaucoma patients. It was had that peripapillary vessel 
density was little affected by myopia than RNFL thickness.

Conclusion
Our research shows significant microvascular attenuation in OAG patients with high myopia. In addition to the 
microvascular attenuation seen with myopia or OAG alone, a larger degree of attenuation is seen when both conditions 
coexist. Furthermore, our results showed that the development and progression of glaucoma in individuals with high 
myopia are more aggressive than in low or non-myopia. Therefore, using OCT-A to detect early microvascular changes 
in high myopia individuals helps with the early detection and management of glaucoma. Further research is needed to 
determine the role of OCT-A in the diagnosis and development of glaucoma in highly myopic people.
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