
Correlation of Peripapillary Vessel Density by OCTA with Visual Field 
Defects in Primary Open-Angle Glaucoma: A Cross-Sectional Study

Deepansh Garg*, Lokesh Kumar Singh, Alka Gupta, Jaishree Dwivedi, Priyanka Gusain, Priyank Garg
Upgraded Department of Ophthalmology, LLRM Medical College, Meerut, Uttar Pradesh, India.

Research Article

Abstract

Address for correspondence: Deepansh Garg
Upgraded Department of Ophthalmology, LLRM Medical College, Meerut, Uttar Pradesh, 

India.
E‑mail: deepansh.grg@gmail.com

© UPJO, 2025 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit 
to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. 
The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this licence, visit https://creativecommons.org/licenses/by-nc-sa/4.0/.

Introduction
Glaucoma refers to an optic neuropathy with characteristic 
changes in the optic nerve head, retinal nerve fiber layer, and 
visual fields, which are vital structures that reflect the eye 
and visual system health.1 As the second cause of blindness 
worldwide, glaucoma poses a major public health problem2 
whose impact is irreversible after vision impairment has 
occurred. This raises the need and importance of proper 
diagnosis and treatment of the condition. Early detection 
through clinical and ancillary tests such as IOP measurement, 
optic disc evaluation, RNFL assessment, and visual field 
testing is critical. These tests are crucial since they yield 
critical information regarding the optic nerve status and 
general ocular health.3,4 OCTA is a non-invasive imaging tool 
that enables visualization of the retinal microvasculature and 
is increasingly used to assess glaucomatous damage. Optical 
coherence tomography (OCT) is a high-tech imaging test that 
delivers high-resolution cross-sectional views of the retina and 
optic nerve, enabling the identification of early changes that 
may not be apparent with conventional means.5
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Glaucoma is one of the leading causes of irreversible blindness worldwide. Early detection is crucial for effective management. 
This study aims to evaluate the correlation between peripapillary vessel density as measured by optical coherence tomography 
angiography (OCTA) and visual field defects in patients with primary open-angle glaucoma (POAG). Methods: A prospective 
observational study was conducted at a tertiary care center and over a one-year duration. A total of 90 eyes from 48 already 
diagnosed POAG patients were included. OCTA was used to assess peripapillary vessel density, OCT was used for RNFL 
thickness, and Humphrey visual field analyzer (30-2, SITA Fast) for functional assessment. Results: Age distribution showed 
the highest incidence in patients over 60 years (34.4%). BCVA analysis showed 25.5% had 6/9 or better vision. Most patients 
(33.3%) had a CDR of 0.6. RNFL thickness was borderline (80–100 µm) in 42.2% and severely thinned (<60 µm) in 16.3%. 
MD was mild in 47.7%, moderate in 30%, and severe in 22.2%. Visual field defects included isopter contraction (21.1%), ring 
scotoma (16.6%), and inferior arcuate defects (7.7%). Vessel density was ≤40% in 44.4% of eyes. Strong correlations were 
found: Vessel Density vs. MD (r=0.9455), vessel density vs. CDR (r=-0.98), RNFL vs. CDR (r = -0.949), MD vs. CDR (r = 
-0.963). Conclusion: Peripapillary vessel density measured by OCTA is significantly correlated with structural (CDR, RNFL) 
and functional (MD) glaucoma parameters. OCTA serves as a valuable biomarker for glaucoma severity and progression. 
Keywords: CDR, OCTA, Primary open-angle glaucoma, Vessel density, Visual field.
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Materials and Methods

Study Design and Setting
Prospective observational study at L.L.R.M. Medical 
College, Meerut, from August 2023 to July 2024.

Sample Size
90 eyes from 48 diagnosed POAG patients.

Inclusion and Exclusion Criteria
Diagnosed POAG cases with clear media and giving proper 
consent were included. Patients with non-glaucomatous optic 
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neuropathies, systemic or ocular diseases affecting visual 
field, media opacities and those who were uncooperative 
were excluded.

Study Tools
OCTA (HUVITZ HOCT-1F): 6x6 mm peripapillary scans, 
Humphrey Field Analyzer 3 (30-2, SITA Fast)

Statistical Analysis
Epi Info™ v3.7.2. Karl Pearson’s correlation coefficient is 
used for association.

Observations and Results
A total of 90 eyes of 48 already diagnosed cases of primary 
open-angle glaucoma with clear media, given proper consent, 
were taken.

Age Distribution
The highest incidence was in patients over 60 years (34.4%).

Sex Distribution
There were more females than males. However, this difference 
was not statistically significant.

BCVA Analysis
Many patients retained central vision (6/9 or better), but a 
subset showed impaired vision, highlighting the need for early 
detection and intervention.

Anatomical Markers
Cup-to-Disc Ratio (CDR) and RNFL. 

CDR Findings
Most patients (33.3%) had a CDR of 0.6, suggesting moderate 
disease. A higher CDR (≥0.9) was rare in the study due to poor 
cooperation in testing. CDR strongly correlated with disease 
severity and structural damage, p-value <0.00001

RNFL Thickness
42.2% had borderline RNFL thickness (80–100 µm), requiring 
close monitoring. 16.3% had severe thinning (<60 µm), 
indicative of advanced glaucoma. RNFL thinning is often 
detectable before visual field loss and serves as a sensitive 
early marker.

Functional Markers
Mean deviation & Visual Field defects.

Mean Deviation (MD)
47.7% had mild deviation, 30% moderate, and 22.2% 
severe. Grading of glaucoma severity based on HVF (Mean 
Deviation) is presented in Table 1. MD values correlated 
with both CDR and RNFL, reinforcing its diagnostic value 
(p < 0.00001).

Common Field Defects
Contraction of isopter  (21.1%) — generalized visual field 
narrowing. Ring scotoma (16.6%) — linked to arcuate nerve 

Table 1: MD Humphrey Visual Field (HVF) 

Mean deviation by HVF No of eyes Percentage %

≥ -6.00 43 47.7

-6.01–-12.00 27 30

≥12.01 20 22.2

Total 90 100

Table 2: Average vessel density interpretation by OCTA

Average vessel density by OCTA 
[percentage] No of eyes Percentage

≤40 40 44.4

40.01–45.00 27 30

45.01–50.00 17 18.8

≥50.01 6 6.6

Total 90 100

Table 3: Comparison of average cup disc ratio, average mean deviation 
in HVF, average vessel density and mean of average RNFL thickness

CDR Average of mean 
deviation in perimetry

Avg peripapillary 
vessel density

Avg RNFL 
thickness

0.4 -2.52 50.47 90.12

0.5 -4.7 44.09 90.32

0.6 -6.73 42.08 88.46

0.7 -9.24 38.7 74.45

0.8 -17.76 34.45 63.5

0.9 -18.48 33.65 53.24

fiber damage. Lower arcuate defect (7.7%) — a hallmark of 
early POAG.

Peripapillary Vessel Density
30% of eyes had vessel density in the 40–45% range, consistent 
with moderate disease. 44.4% had vessel density in the severe 
range, while 18.8% were in the mild category. Proposed 
grading of glaucoma based on peripapillary vessel densityis 
shown in Table 2.10-12

Pharmacologic Treatment
The most common regimen was two anti-glaucoma 
medications (32.2% of eyes). About 15.5% required 
trabeculectomy alone; 6.6% needed medication even post-
surgery.

Correlation Analyses
Table 3 shows vessel density vs. MD, with a strong positive 
correlation (r = 0.9455, p < 0.00001), meaning lower density 
is linked with worse visual field loss (Fig. 1). Vessel density 
vs. CDR showed a strong negative correlation (r = −0.98, p 
< 0.00001), indicating larger cup sizes are associated with 
poorer vascular perfusion (Fig. 2).
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to progressive optic nerve injury, often accompanied by 
increased intraocular pressure (IOP) (Weinreb et al., 2016).13 
The findings of this study project that patients aged more than 
60 years [34.4%] constitute the largest proportion of patients 
that are impacted, again supporting the direct association 
between age and the risk of glaucoma (Tham et al., 2014).14 
In this study, there were more females than males, but the 
difference was not significant. The best corrected visual 
acuity (BCVA) analysis in the study revealed that a majority 
of the patients retained functional vision (6/12 or better)due 
to preservation of central vision, but there was a subset with 
significant visual impairment, indicating the importance of 
early diagnosis and prompt intervention to preserve vision 
(Chauhan & Burgoyne, 2013).15

Cup-to-disc ratio (CDR) is a key structural correlate 
of glaucomatous optic neuropathy and a high proportion of 
patients had a CDR of 0.6 [33.3%]. (Leung et al., 2011).16 In our 
study, since all the patients were already diagnosed cases of 
primary open-angle glaucoma, and were on treatment that’s 
why all eyes had IOP within the normal range.

Mean deviation is the degree of depression below the 
age-corrected visual field and is an integral parameter when 
deciding the severity of glaucoma. Clinically, early detection 
of mild MD values enables early intervention to prevent 
the progression of the disease. Our study shows mild mean 
standard deviation in 47.7%, moderate in 30% and severe 
in 22.2%. Glaucoma is also associated with visual field 
defects; the most common defect observed was contraction 
of the isopter, observed in 21.11% of the total eyes. Ring 
scotoma, present in 16.66% of the cases, reflects extensive 
glaucomatous injury to both the superior and inferior arcuate 
fibers, resulting in tunnel vision. 

OCTA provided average peripapillary vessel density 
which was in the range of 40 to 45%, in about 30% eyes, which 
lies in the range of moderate glaucoma with similar results as 
in Liu L,17 et al. 44.4% eyes had vessel density in the range of 
severe glaucoma category and 18.8% in mild perfusion range. 
Thin RNFL is an extremely sensitive marker of progressive 
glaucoma and often occurs prior to measurable visual field 
defects. In our study, about 42.2% eyes fall in t h e  category 
of borderline RNFL thickness and about 16.3% have RNFL 
less than 60 micrometers.

The presence of microvascular damage on OCTA in 
patients with extensive RNFL loss supports the role of 
ischemia in glaucomatous damage (Shoji et al., 2017).18 

The present study establishes a strong relationship between 

Fig. 1: Average vessel density vs mean deviation

Fig. 2: Average vessel density vs CDR

Fig. 3: Avg RNFL thickness vs CDR

Fig. 4: Mean deviation vs CDR

Vessel density vs. MD
Strong positive correlation (r = 0.9455), p-value < 0.00001, 
meaning lower density is linked with worse visual field loss 
(Fig. 1).
Vessel density vs. CDR
Strong negative correlation (r = -0.98), p-value < 0.00001 
indicating larger cup sizes are associated with poorer vascular 
perfusion (Fig. 2).

RNFL vs. CDR
Inverse relationship, supporting structural degeneration 
alongside functional loss [r =-0.949], p-value < 0.00001 
(Fig. 3).

MD vs. CDR
Strong negative correlation (r = -0.963), p-value < 0.00001, 
confirming that visual field defects worsen with increasing 
optic nerve damage (Fig. 4).

Vessel density vs. RNFL
Strong positive correlation (r = 0.8943), p < 0.00001

Discussion
Glaucoma is one of the leading causes of permanent blindness 
throughout the world, with its pathophysiology highly related 
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optical coherence tomography angiography (OCTA) vessel 
density and visual field loss in glaucoma patients. The findings 
reveal a significant positive correlation (r = 0.9455, p-value 
<0.00001) between vessel density and mean deviation (MD) 
in Humphrey visual field (HVF) analysis. This suggests 
that as vessel density decreases, visual field defects worsen, 
indicating the potential utility of OCTA as a biomarker for 
glaucoma progression. 

Moreover, the relationship between cup-to-disc ratio 
(CDR) and vessel density was found to be negatively 
correlated with r being -0.98 p-value <0.00001, suggesting that 
patients with a higher CDR (indicating glaucomatous optic 
neuropathy) exhibit lower vessel density, thereby confirming 
that vascular compromise plays a critical role in glaucoma 
progression. The study further confirms that glaucoma 
severity directly impacts vessel density, with patients in 
advanced stages exhibiting significantly lower vessel density 
compared to those in early and moderate stages. Regression 
analysis suggests that vessel density can serve as a predictive 
marker for visual field loss, reinforcing the importance of 
OCTA in clinical practice for early detection and, highlighting 
the high diagnostic accuracy of vessel density as a biomarker 
for disease progression.

The findings of this study are in concordance with 
previous research indicating that glaucoma is not only a 
neurodegenerative disorder but also a vascular pathology. 
Studies by Chen et al. (2020)19 and Hwang et al.(2019)20 have 
similarly reported a significant reduction in peripapillary 
vessel density in glaucomatous eyes, further strengthening 
the argument that vascular dysfunction contributes to optic 
nerve damage. Moreover, prior studies have emphasized 
the role of OCTA in detecting early microvascular changes 
before functional deficits appear, which supports our 
findings that vessel density reduction occurs progressively 
alongside worsening MD values in HVF. Additionally, the 
strong correlation between CDR and visual field loss (MD) 
underscores the role of structural damage in functional 
impairment. The negative correlation between OCT RNFL 
thickness and CDR [r value - 0.949, p-value <0.00001] further 
affirms that axonal loss is directly linked to optic nerve 
head changes. The association between worsening CDR, 
MD values and decreasing vessel density underscores the 
progressive nature of the disease and emphasizes the need for 
a multimodal diagnostic approach that combines structural 
and functional assessments (Chauhan & Burgoyne, 2013; 
Shoji et al., 2017).15,18

Limitations

Sample Size
Only 90 eyes—larger, more diverse populations needed for 
generalization.

Exclusion Bias
Patients with severe vision loss or poor cooperation were 
excluded.

Technical Challenges
OCTA is sensitive to eye movements and blinking, especially 
in older patients. 

To conclude, glaucoma is both a neurodegenerative 
and vascular disease. Vessel density measured by OCTA 
is a valuable biomarker for assessing disease severity and 
progression. The study supports a multimodal approach—
combining OCT, HVF, and OCTA—to improve diagnosis, 
monitor progression, and tailor treatment. Proactive 
management, including regular screening and patient 
education, is essential for preserving vision and quality of 
life. Technological advances, especially AI and improved 
imaging, hold promise for individualized glaucoma care in 
the future.
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