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Abstract
● AIM: To compare superficial and deep vascular properties 
of optic discs between crowded discs and controls using 
optical coherence tomography angiography (OCT-A).
● METHODS: Thirty patients with crowded discs, and 47 
control subjects were enrolled in the study. One eye of each 
individual was included and OCT-A scans of optic discs 
were obtained in a 4.5×4.5 mm2 rectangular area. Radial 
peripapillary capillary (RPC) density, peripapillary retinal 
nerve fiber layer (pRNFL) thickness, cup volume, rim area, 
disc area, cup-to-disc (c/d) area ratio, and vertical c/d 
ratio were obtained automatically using device software. 
Automated parapapillary choroidal microvasculature 
(PPCMv) density was calculated using MATLAB software. 
When the vertical c/d ratio of the optic disc was absent or 
small cup, it was considered as a crowded disc.
● RESULTS: The mean signal strength index of OCT-A 
images was similar between the crowded discs and control 
eyes (P=0.740). There was no difference in pRNFL between 
the two groups (P=0.102). There were no differences in 
RPC density in whole image (P=0.826) and peripapillary 
region (P=0.923), but inside disc RPC density was higher in 
crowded optic discs (P=0.003). The PPCMv density in the 
inner-hemisuperior region was also lower in crowded discs 
(P=0.026). The pRNFL thickness was positively correlated 
with peripapillary RPC density (r=0.498, P<0.001). The 
inside disc RPC density was negatively correlated with c/d 
area ratio (r=-0.341, P=0.002).
● CONCLUSION: The higher inside disc RPC density and 

lower inner-hemisuperior PPCMv density are found in eyes 
with crowded optic discs.
● KEYWORDS: crowded optic disc; ischemic optic 
neuropathy; optical coherence tomography angiography; 
parapapillary choroidal microvasculature
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INTRODUCTION

A ccurate evaluation of the optic nerve head is essential for 
the diagnosis of diseases such as congenital optic nerve 

defects, optic neuropathies, and glaucoma. The optic nerve 
head is examined by qualitative and quantitative methods[1]. 
The morphological properties of the optic disc such as shape, 
diameter and cup size are important due to their relationship 
with various optic nerve diseases[2-3].
Crowded optic disc is a condition in which the small optic disc 
appears to be overly crowded with blood vessels. Non-arteritic 
ischemic optic neuropathy (NAION) is a type of optic nerve 
damage that can cause vision loss. It is sometimes associated 
with crowded discs, although the relationship between the two 
is not well understood. While NAION can affect people with 
or without crowded discs, people with crowded discs have an 
increased risk of developing the condition[4]. An optic disc is 
considered crowded if the cup-to-disc (c/d) ratio is absent or 
small cup[5-7].
Optical coherence tomography angiography (OCT-A) is a 
non-invasive, objective and repeatable method that allows 
examination of the microvascular architecture of the retina 
and optic disc by detecting the movement of red blood cells 
in the retinal vessels and creating angiographic images of 
the perfused vessels[8-9]. This study aimed to compare the 
parapapillary superficial and deep microvascular properties of 
crowded and normal optic discs by using OCT-A.
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SUBJECTS AND METHODS
Ethical Approval  All procedures performed with human 
participants were in accordance with the 2013 Helsinki 
declaration and its later amendments or comparable ethical 
standards. The study protocol was approved by the Erciyes 
University Local Ethics Committee (No: 2022/782). Written 
informed consent was obtained from all individual participants 
included in the study.
Baseline Examination  All patients underwent biomicroscopic 
evaluation of the anterior segment and the retina. Demographic 
data (age and gender) were recorded. OCT-A scans and wide-
angle retinal images were performed on all subjects by an 
experienced retina analysis technician. 
Participants, Study Groups, and Eligibility Criteria  The 
participants were selected from patients who applied for 
routine examination and did not have any ophthalmic 
pathology other than crowded optic disc images. The eyes 
of age and gender matched volunteers were included as the 
control group. Thirty patients with crowded optic discs, and 
47 control subjects were enrolled in the study. Only one eye 
of each participant with the higher signal strength index (SSI) 
was included. In cases where SSI was equal in both eyes, one 
of the eyes was selected randomly. Optic discs with absent or 
small cup (c/d ratio below 0.2) were included in the crowded 
optic disc group and the others were included in the control 
group[5-7,10-11]. The optic disc head appearance of the volunteers 
included in the control group was completely within normal 
limits. All optic discs with oblique appearance or suspicious 
for any ocular disease (ocular hypertension, etc.) were 
excluded from the study. Exclusion criteria were as follows for 
all participants: diabetes mellitus, hypertension, pregnancy, 
glaucoma, histories of previous ocular surgery, ischemic 
optic neuropathy, neurologic disease, high refractive errors 
(<-3 D or >3 D), and low-quality OCT-A image (SSI<6 or 
motion artefact).
Wide-Angle Retina Imaging  Colored wide-angle retina 
imaging was performed with an Optomap Panoramic 200Tx 
scanning laser ophthalmoscope (Optos, Dunfermline, UK). 
Vertical and horizontal optic disc diameters were evaluated 
from retinal images with a measure distance tool by two 
clinicians (Temizyurek O and Sonmez HK).
OCT-A Scan Protocol  OCT-A images were obtained using an 
Avanti RTVue XR instrument (Avanti RTVue XR; Optovue, 
Fremont, CA, USA), which performs 70 000 A-mode scans 
per second using an 840 nm light source (bandwidth: 50 nm) and 
uses the split-spectrum amplitude decorrelation angiography 
(SSADA) algorithm. Optic disc OCT-A scans were obtained 
in a 4.5×4.5 mm rectangular area. The device performs 1 
horizontal and 1 vertical volumetric scan centered on the optic 
disc and uses 2- and 4-mm diameter 1 mm wide rings centered 

on the optic disc. Radial peripapillary capillary (RPC) density (%) 
was automatically obtained using device software version 
2017.1.0.151. The peripapillary and two equal hemispheres 
(superior and inferior) retinal nerve fiber layer (pRNFL) 
thickness (μm) were obtained using the same device. Cup 
volume, rim area, disc area, c/d area ratio and vertical c/d ratio 
were also obtained with the same device. Images with 6 or 
more (on a 10-point scale) SSI and without motion artifacts 
were included in the analysis.
Image Process ing for Parapapi l lary  Choroidal 
Microvasculature  A previously developed[12] and validated[13] 
customized MATLAB software (The MathWorks, Inc., Natick, 
Massachusetts, USA) was used to calculate the parapapillary 
choroid microvasculature (PPCMv) density (Figure 1). 
Choriocapillaris enface images with removed shadows of large 
disc vessels and inside-disc vessels with black mask were 
used for image processing. The algorithm follows the steps of: 
creation of the binary position of large retinal vessel shadows; 
parapapillary capillary segmentation by modified Otsu 
algorithm; and calculating the PPCMv density with automatic 
threshold detection. Three concentric circles were overlaid 
on the en face image. Width of rings was 0.5 mm. PPCMv 
densities of regions of interest were calculated[13-14]. 
Statistical Analysis  Statistical analysis was performed 

Figure 1 Deep parapapillary microvasculature after removal of 

retinal vessel shadow (red)  Three concentric circles were overlaid 

on the en face image. Width of rings was 0.5 mm. PPCMv densities of 

regions of interest were calculated. Image of parapapillary choroidal. 

Microvasculature in a subject with crowded optic disc (A), and a 

subject with normal optic disc (B). Image of radial peripapillary 

capillaries in an eye with a crowded optic disc (C), and with a normal 

optic disc (D).

Parapapillary vessel density in crowded discs
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using SPSS version 22 (IBM, Chicago, USA). The Shapiro-
Wilk normality test and the Levene variance homogeneity 
test were performed with the data set. Pearson Chi-square 
test was performed for nominal data. Student t-test was 
performed for normally distributed data, which was expressed 
as mean±standard deviation. Mann-Whitney U test was 
performed for non-normally distributed data and expressed as 
median (quartiles 25%-75%). Linear regression was performed 
between pRNFL, RPC density, and PPCMv density. Receiver 
operating characteristics (ROC) analysis was performed on 
the parameters that were significant. A P-value <0.05 was 
considered statistically significant.
RESULTS
Age and gender of the groups were statistically similar (P>0.05). 
Demographic data of the groups are presented in Table 1. Best 
corrected visual acuity was 20/20 for all subjects. Anterior 
segment and retina examinations and intraocular pressures 
of all subjects were within normal limits. The horizontal disc 
diameter was lower in crowded optic discs (P=0.012) whereas 
vertical disc diameter was not (P=0.127). The vertical c/d ratio 
was lower in crowded optic discs (P<0.001). Comparisons 
of the optic disc parameters of the groups are presented in 
Table 2. The correlation between optic disc area and c/d ratio 
(r=0.177, P=0.127) and vertical c/d ratio (r=0.171, P=0.140) is 
not statistically significant.
The mean SSI of OCT-A images was similar (P=0.740) 
between the crowded optic disc subjects (8.7±0.5) and controls 
(8.6±0.7). pRNFL thicknesses were similar between the two 
groups (P=0.102). There were no differences in RPC density 
in whole image (P=0.826) and peripapillary region (P=0.923), 
however inside disc RPC density was higher in crowded optic 
discs (P=0.003). Comparison of pRNFL thicknesses and 
RPC densities of groups are presented in Table 3. Inner and 
outer annuli and inferior and superior hemifields of PPCMv 
densities were calculated. PPCMv density in the inner-
hemisuperior region was significantly lower in crowded optic 
discs (P=0.026). There was no significant difference in PPCMv 
density in any other region of interest. Comparison between 
PPCMv density of crowded optic discs and control eyes is 
presented in Table 4.
The evaluation of the relationship between PPCMv density 
and peripapillary RPC density with pRNFL thickness revealed 
that the pRNFL thickness was positively correlated with RPC 
density (R2=0.248, P<0.001). The inside disc RPC density was 
negatively correlated with c/d area ratio (R2=0.116, P=0.002). 
The results for simple linear regression analysis are presented 
in Table 5.
ROC analysis was performed on inside RPC density and inner-
hemisuperior PPCMv density. Area under curve was 0.689 
(P=0.003) for inside RPC density and 0.651 (P=0.017) for 

inner-hemisuperior PPCMv density. ROC curve is presented in 
Figure 2.

Table 1 Demographic characteristics of eyes with crowded optic 

discs and controls

Variables Crowded optic 
discs (n=30)

Control eyes 
(n=47) P

Age 44 (41-50) 43 (41-50) 0.517a

Gender (female/male) 19/11 31/16 0.814b

aMann-Whitney U-test; bPearson Chi-square test. 

Table 2 Comparisons of optic disc parameters between patients 

with crowded optic discs and control eyes

Variables Crowded optic 
discs (n=30)

Control eyes 
(n=47) P

Vertical disc diameter (mm) 1.6 (1.4-1.7) 1.6 (1.5-1.7) 0.127a

Horizontal disc diameter (mm) 1.5±0.1 1.6±0.1 0.012b

Vertical cup-to-disc ratio 0.013±0.034 0.346±0.093 <0.001b

Disc area (mm2) 1.94±0.29 2.02±0.36 0.324b

Rim area (mm2) 1.97 (1.65-2.13) 1.72 (1.47-1.95) 0.010a

Cup-to-disc area ratio 0.003±0.010 0.153±0.090 <0.001b

Cup volume (mm3) 0.0003±0.0011 0.0449±0.0547 <0.001b

aMann-Whitney U-test; bStudent t-test. P-values below 0.05 were 

accepted as a statistically significant difference.

Table 3 Comparison of parapapillary retinal nerve fiber layer 

thickness and radial peripapillary capillary density

Variables Crowded optic 
discs (n=30)

Control eyes 
(n=47) P

pRNFL thickness (µm)
Parapapillary 117.6±11.8 113.1±11.2 0.102a

Hemi-superior 118.0±13.7 112.1±12.3 0.058a

Hemi-inferior 117.9±12.4 114.6±12.2 0.257a

RPC density (%)
Whole image 49.6±2.6 49.7±2.6 0.826a

Inside disc 51.9±4.5 48.7±4.2 0.003a

Peripapillary 53.0±3.0 53.1±2.8 0.923a

Hemi-superior 53.1±3.4 53.4±2.9 0.671a

Hemi-inferior 53.0±2.8 52.8±3.0 0.734a

aStudent t-test. pRNFL: Parapapillary retinal nerve fiber layer; RPC: 

Radial peripapillary capillary. P-values below 0.05 were accepted as a 

statistically significant difference.

Table 4 Comparison between parapapillary choroid microvasculature 

density of crowded optic discs and control eyes

Variables Crowded optic 
discs (n=30)

Control eyes 
(n=47) P

Inner ring (%) 54.1 (50.3-55.7) 54.5 (52.0-57.2) 0.155a

Inner-hemisuperior 53.8 (50.6-55.8) 55.2 (52.5-58.4) 0.026a

Inner-hemiinferior 53.8 (50.3-55.7) 53.4 (50.0-55.9) 0.909a

Outer ring (%) 39.8 (38.3-40.8) 40.1 (38.8-41.5) 0.195a

Outer-hemisuperior 40.2±2.5 41.1±3.0 0.164b

Outer-hemiinferior 38.7 (37.3-40.8) 39.3 (37.9-41.4) 0.363a

Whole ring (inner+outer) (%) 21.2±1.7 21.7±1.4 0.229b

aMann-Whitney U-test; bStudent t-test. P-values below 0.05 were 

accepted as a statistically significant difference.
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In our study we worked with groups of at least 30 people each. 
The significance level or alpha (α) was set at 0.05. Using the 
data from the RPC inside, we found an effect size of 0.741. 
We then calculated the statistical power (1-β), which measures 
the ability to detect an effect, and found it to be approximately 
80.57%.
DISCUSSION
Optic discs with a relatively small, slightly unsharp and 
slightly elevated disc border without any other pathology 
can be considered as crowded optic discs, the frequency of 
which is 3.1% in the Beijing eye study[11]. The prevalence of 
NAION has been reported as 1/139 during a 5-year follow-
up of a population with crowded optic discs[15]. Using OCT-A, 
we reported optic nerve head and deep choroid plexus vessel 
densities in the peripapillary area of crowded optic discs and 
compared with controls. We observed a higher inside disc RPC 

density and lower inner-hemisuperior PPCMv density in the 
crowded optic discs. 
In the present study, the inside disc RPC density was 
negatively correlated with the c/d area ratio. The optic cup size 
is embryologically determined with a small scleral canal being 
associated with a small cup and optic nerve fibers passing 
through the small scleral canal becoming crowded[6]. Besides 
vascular systemic risk factors, a crowded optic disc is known 
to be a contributing anatomical variation for the development 
of NAION[5-6,16]. Moghimi et al[17] performed peripapillary OCT 
with NAION patients. They reported that the thick prelaminar 
tissue and small c/d ratio crowded the optic disc. Their 
findings showed that smaller c/d ratio was more important 
than the optic disc size. They suggested that this might cause 
predisposition to optic disc ischemia. Falavarjani et al[18] 

evaluated the correlation between optic disc morphometry and 
optic disc microvasculature in healthy subjects and reported 
that there was a higher inside disc RPC density in patients 
with a smaller c/d ratio. Such a result was compatible with 
the findings of this current study. Increased inside disc RPC 
density in crowded optic discs revealed by the findings of the 
present study may be the underlying contributing anatomic risk 
factor for developing NAION. However, studies by prospective 
follow-up of crowded optic discs are required in order to 
evaluate the risk of NAION. We found a significant correlation 
between pRNFL thickness and peripapillary RPC density but 
not PPCMv density. Since the RPC network is a unique plexus 
that feeds pRNFL, this correlation seems reasonable[19-20]. 
Ling et al[21] conducted an OCT-A study in patients with 
NAION and found a negative correlation between the 
hypoperfused area and BCVA. The high inside disc RPC 
density leads us to speculate that crowded discs may be more 
susceptible to ischemia or vascular dysregulation, and this 
sensitivity to ischemia could potentially affect their visual 
prognosis. However, demonstrating this requires large-scale 
controlled studies.
We know that the superficial nerve fibre layer of optic discs 
is supplied by retinal arterioles. The prelaminar and laminar 

Table 5 The results for simple linear regression analysis

Dependent variable Predictive variable Unstandardize coefficient B (Std. Error) Standardize coefficient β P R2

pRNFL thickness Constant 7.6 (21.7) 0.727
Peripapillary RPC density 2.0 (0.4) 0.498 <0.001 0.248

pRNFL thickness Constant 98.4 (18.4) <0.001
Whole ring PPCMv density 0.7 (0.8) 0.103 0.374 0.011

Inside disc RPC density Constant 50.2 (0.6) <0.001
Cup volume -9.5 (11.0) -0.099 0.393 0.010

Inside disc RPC density Constant 51.4 (0.6) <0.001
Cup-to-disc area ratio -15.4 (4.9) -0.341 0.002 0.116

pRNFL: Parapapillary retinal nerve fiber layer; RPC: Radial peripapillary capillary. P-values below 0.05 were accepted as a statistically significant 

difference.

Figure 2 ROC curve of inner hemisuperior PPCMv density (AUC: 

0.651, cut-off for crowded disc: ≤54.9, sensitivity: 0.700, specificity: 

0.574) and inside RPC density (AUC: 0.689, cut-off for crowded disc: 

≥52.4, sensitivity: 0.500, specificity: 0.851)  ROC: Receiver operating 

characteristics; PPCMv: Parapapillary choroidal microvasculature; 

AUC: Area under curve; RPC: Radial peripapillary capillary.

Parapapillary vessel density in crowded discs
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region of the optic nerve is supplied by the peripapillary 
choroid and branches from the choroid and short posterior 
ciliary arteries (PCAs)[22]. The choroid is supplied by short 
PCAs up to the equator[23]. NAION is due to a non- or hypo-
perfusion of the ciliary circulation[24]. Aghsaei Fard et al[13] 

evaluated the PPCMv density of NAION patients with the 
same method and found no difference compared to controls. 
They explained this finding with compression of the choroidal 
tissue caused by increased neural tissue in NAION. On the 
other hand, we observed reduced inner-hemisuperior PPCMv 
density in crowded discs. This impaired parapapillary choroidal 
perfusion in crowded optic discs did not affect the thickness of 
the superior nerve fibers. However, pRNFL thickness was also 
increased in crowded discs in our recent study[25]. If there is no 
cup or only a small one, the axons swell and become crowded 
in a limited area. In this case, the increased axonal volume may 
expand by compressing the surrounding tissue, i.e. the thin 
blood vessels[6]. We believe that the reduced PPCMv density in 
our study may be due to this impingement.
The short PCAs pass forward outside the duramater, pierce 
the sclera, and supply the choroid[22]. Therefore, they are 
not exposed to compression in the scleral canal in the eyes 
with crowded optic discs. Impaired autoregulation of the 
disc circulation can play a role in NAION patients[3]. This 
deterioration in autoregulatory mechanisms in crowded disc 
subjects may occur in earlier stages for various reasons and 
this may be the cause of the decrease in PPCMv density[26-27].
Our study has some limitations. First, we did not evaluate the 
impact of peripapillary choroidal thickness on vessel density. 
Then, we did not evaluate axial length and the impact of 
Bruch’s membrane opening width on vessel density.
In conclusion, the findings of the present research revealed 
that crowded optic discs were associated with higher inside 
disc RPC density and lower inner-hemisuperior PPCMv 
density. There was also a significant positive correlation 
between pRNFL thickness and peripapillary RPC density and 
a negative correlation between c/d area ratio and inside disc 
RPC density. Longitudinal studies of crowded disc subjects 
are required to determine whether the existing findings have a 
role in the risk of NAION development. OCT-A provides non-
invasive, objective, and reproducible evaluation of optic nerve 
head vasculature. Therefore, it may have a role in the routine 
follow-up of individuals with crowded optic discs. 
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