
ABSTRACT
The  present study was carried out  to determine the normative value of the optic disc size, interocular and gender 
differences and correlate disc size to glaucoma patients measured with Cirrus HD-OCT (Carl Zeiss Meditec, Inc., 
Dublin, California) device in Saudi population. Retrospective cross-sectional study  which included 416 subjects 
was done. Optic nerve head imaging was obtained by Cirrus HD-OCT (Carl Zeiss Meditec, Inc., Dublin, California)  
using optic disc scans. Cirrus HD-OCT with the optic disc cube 200x200 protocol was implemented for all subjects, 
which was  divided into 3 groups: normal, glaucoma suspects and glaucoma patients and comparison between 
groups was carried out using ANOVA test. The mean age of subjects included in the study was 54.9 years ± 15.38 
with 47.8% males and 52.2 % females. Comparison of the interocular difference in disc area in the same subject 
was  found to be slightly larger in the right eye than the left eye (1.98 mm and 1.97 respectively) (ns). Disc area 
in females was significantly larger than males (p-value= 0.042). Glaucoma suspect patients had larger disc area 
with an average of 2.19 mm2 in comparison to normal and glaucoma patients (p-value= 0.004). Cirrus HD-OCT 
is essential for optic disc analysis and quantitative assessment of the ONH. The observed differences in ONH 
measurements between females and males, glaucoma suspect, and other groups needs further longitudinal studies 
to evaluate its clinical importance and glaucoma associated risk. In addition, further studies comparing disc size 
in different regions of Saudi Arabia are recommended.
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INTRODUCTION

The optic disc represents the start of the optic nerve and it 
is the point where the axons of retinal ganglion cells come 
together and exit the eye globe. The optic disc is located 
3 to 4 mm from the nasal side of the fovea. It is a vertical 
oval, with average dimensions of 1.76mm horizontally by 
1.92mm vertically (Duane TD, 2006).Direct measurement 
of the optic disc size is only possible during vitreoretinal 

surgery or histologically(Garway-Heath et al., 1998). 
Therefore, several correction factors have been developed 
to compensate for the camera and eye magnification 
error (Ansari-Shahrezaei and Stur, 2002). The optical 
coherence tomography (OCT) has been used to assess optic 
disc topography in clinical practice. This device provides 
in vivo cross-sectional scans of retinal structures by the 
use of low-coherence interferometry (Huang et al., 1991) 
(Wang et al., 2019). 

Ophthalmological assessment of the optic disc is essential 
for the ocular and neurological health (Hoffmann et 
al., 2007) (Jonas and Budde, 2000). In particular, the 
assessment of glaucoma diagnosis and evaluation of 
progression (Jonas et al., 1999) (Michelessi et al., 2015). 
yet, it is debatable whether disc size is an independent 
risk factor for glaucoma or not (Hoffmann et al., 2007). 
Physiologically, disc size is known to vary largely 
between populations, among individuals and between 
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eyes (Mansour, 1991) (Bass and Sherman, 2004) (Mays 
El-Dairi, 2020). The Baltimore Eye Survey report showed 
significantly larger discs in males compared to females 
(Varma et al., 1994). Moreover, African Americans found 
to have a larger discs compared to white individuals 
(Varma et al., 1994)  (Ocansey et al., 2020). In regard to 
age, it does not appear to be associated with disc size 
in humans. In (Jonas et al., 1991)  study , optic disc size 
in patients with glaucoma was slightly larger than in 
healthy individuals ( Bayer et al.2020).
.
These differences must be considered when evaluating 
the optic disc. Every clinician has at one time or another 
examined a patient who was misdiagnosed as glaucoma 
or whose diagnosis of glaucoma was missed. Although 
glaucoma can exist with normal intraocular pressure, 
clinicians often rely on the presence of visual-field 
defects, the degree of optic disc cupping and retinal 
nerve fiber layer thickness measurement by OCT (Girkin 
et al., 2003) (Tao et al., 2017)  (Lee et al., 2018) (Fox  
2020). Up to the present  knowledge, there are no studies 
conducted in Saudi Arabia to evaluate the optic disc size 
and correlate the disc size to glaucoma susceptibility.  The 

aim of the current study was to determine the optic disc 
size, interocular and gender differences and correlate disc 
size to glaucoma patients measured with Cirrus HD-OCT 
(Carl Zeiss Meditec, Inc., Dublin, California) device.

Material and Methods

The study is a retrospective cross-sectional study carried 
at King Abdulaziz University Hospital, Jeddah, Saudi 
Arabia. The study adhered to the tenets of the Declaration 
of Helsinki. Medical records from glaucoma clinic was 
reviewed from January 2019 to December 2019. The 
data included were the patient age, gender, glaucoma 
status, intra-ocular pressure. Optic disc size measured 
using Cirrus HD-OCT (Carl Zeiss Meditec, Inc., Dublin, 
California) optic disc scans. Cirrus HD-OCT with the optic 
disc cube 200x200 protocol was implemented for all 
patients. Subjects were divided into 3 groups as shown 
in table 1. Inclusion criteria were age >18 years, good 
OCT scan quality defined as scans with signal strength 
≥ 6. Exclusion criteria were poor OCT scan quality with 
signal strength <6, optic nerve disc pathology such as 
papilledema and congenital optic nerve anomaly.

Group	 IOP	 Optic Disc 	 Visual field 

Normal	 ≤ 21mmHg	 a. C/D* ratio ≤ 0.5
		  b. no asymmetric 
		  C/D ratio ≥0.2
		  c. absent of notching or 	 Normal vf
		  narrowing of the neuroretinal rim	
Glaucoma suspect1	 >21mmHg	 a. C/D > 0.5
		  b. asymmetric C/D ratio ≥0.2	 Visual field abnormality
		  c. notching or narrowing of 	 consistent with glaucoma
		  the neuroretinal rim	
Glaucoma2	 >21mmHg	 a. C/D > 0.5	 Glaucomatous visual
		  b. asymmetric 	 field defect
		  C/D ratio ≥0.2
		  c. notching or narrowing of 
		  the neuroretinal rim

*C/D: cup to disc ratio
1 Prescence of at least 1 of the finding
2 Presence of at least 2 findings

Table 1. Subjects groups characteristics

Glaucoma	 Frequency	 Avg.  	 P value
classification		  Disc area

Normal 	 152 (36.6 %)	 1.92 mm	 0.004
Glaucoma suspect 	 109 (26.2 %)	 2.19 mm	
Glaucoma 	 155 (37.2%)	 1.95 mm	

Table 2. average disc area in group subjects Figure 1: Comparison of disc area between males and 
females
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Statistical Analysis: Data were analyzed using IBM SPSS 
software (version 23). Descriptive analysis of variables 
(frequency, mean and standard deviation) was performed. 
Independent t-test was used for gender comparison 
in regard optic disc area. When comparing right eye 
disc area and left eye disc area, dependent t-test was 
used. Univariate analysis, which compared differences 
between the glaucoma, glaucoma suspects and normal 
groups, was done using ANOVA. A P-value of < 0.05 was 
considered to be statistically significant.

Results and Discussion

Total of 416 subjects were included in the study (47.8% 
male and 52.2 % female) with average age of 54.9 years 
± 15.38. When comparing disc area for both eyes in the 
same subject, Right eye (OD) found to be slightly larger 
disc area compared to the left eye (OS) (1.98 mm and 
1.97 respectively), ns. Differences between male and 
female disc area are shown in Figure 1. In regards of 
glaucoma classification group, disc area measurement 
is shown in table 2.

Several techniques such as planimetric, biomicroscopic, 
confocal scanning laser ophthalmoscopy (CSLO) and 
optical coherence tomograph (OCT) have been used to 
measure disc area in which all are generally strongly 
correlated (Hoffmann et al., 2007)  (Wang et al., 2019). 
(Ruben, 1994) found resemblance in disc size between 
planimetry and biomicroscopic disc size measurements. 
Moreover, (Garway-Heath et al., 1997) comparison 
between planimetric and CSLO measurements of disc 
size showed no difference in normal subjects. Several 
reports showed correlation between OCT topographic 
optic disc measurements and CSLO measurements 
(Hoffmann et al., 2005) (Medeiros et al., 2005) (Schuman 
et al., 2003) . However, several reports showed  that CSLO 
measurements of disc area is likely to be smaller than 
that of the OCT (Schuman et al., 2003) (Fox 2020).

The size of the optic disc can varies according to race 
and African American found to have larger disc area in 
comparison to other races (Mansour, 1991) (Varma et al., 
1994) (Zangwill et al., 2004) (Ocansey et al., 2020) . Up 
to knowledge, no previous reports have estimated disc 
area in Saudi population. The mean disc in the studied 
subjects was 1.9mm2 ±0.45mm2 which is smaller than 
African American and correlated to other ethnic groups  
(Zangwill et al., 2004) (Ocansey et al., 2020).

It was hypothesized that Africans and African American 
are more susceptible to develop glaucomatous disc 
damage  due to a larger disc size (Burk et al., 1992).  
However, several reports explained that different factors 
could explain the higher frequencies of glaucoma in 
African-Americans such as genetic predisposition to 
primary open angle glaucoma  (POAG), higher chronic 
diseases (cardiovascular disease, diabetes and systemic 
hypertension), and thin corneal thickness (Fingert et al., 
1999) (Herndon et al., 2004) (Grzybowski et al., 2020).

In the literature, studies have assessed the optic disc 
area differences based on gender (Varma et al., 1994) 
(Zangwill et al., 2004). (Bowd et al., 2002) revealed 
no difference in disc area between males and females 
using CSLO. However, a large population based survey 
showed significantly lager disc area in males compared to 
females (Varma et al., 1994) (Quigley et al., 1999) (Bayer 
and Akman, 2020). In contrary, this study demonstrated 
larger disc area in females compared to males. 

Correlation between disc size and glaucoma susceptibility 
have been evaluated in several studies (Jonas et al., 2004) 
(Iester et al., 1997) (Healey and Mitchell, 1999) (Mittal et 
al., 2018). Comparison of optic disc area between  healthy 
people, ocular hypertension, POAG and secondary 
glaucoma patients using planimetric and CSLO found no 
difference in disc area among them (Iester et al., 1997) 
(Jonas et al., 2004) . However, the Blue Mountains Eye 
Study revealed a minimal  difference in disc size in which 
ocular hypertensive eyes  had smaller discs than patients 
with primary open angle glaucoma (Healey and Mitchell, 
1999).  Previous longitudinal studies were conducted  to 
assess whether optic disc area is an associated  risk factor 
for glaucoma development or progression or conversion 
from ocular hypertension to glaucoma (Jonas et al., 2004) 
(Zangwill et al., 2005) (Wang et al., 2019) . These reports 
showed that optic disc area was not significantly neither 
associated with risk of conversion nor progression (Jonas 
et al., 2004) (Zangwill et al., 2005) (Wang et al., 2019) 
(Grzybowski et al., 2020). 

This study showed difference in disc area between normal 
subjects, glaucoma suspects and glaucoma patients 
in which glaucoma suspect showed larger disc area 
compared to other groups. However, large disc area is 
associated with increase the optic disc cup which can 
be misdiagnosed as glaucomatous cupping.  The main 
limitation of the study is that it was a retrospective 
single‑center study. A multicenter study should be 
conducted to evaluate the disc area measurement over 
different regions of the country and estimate normative 
reference value in our population. Up to knowledge, 
this is the first study conducted to evaluate disc 
area measurement in healthy and glaucoma patients 
using cirrus optical coherence tomography in Saudi 
population.

Conclusion

Evaluation of optic disc size is an important part of 
ophthalmic examination specially in glaucoma diagnosis 
and management. Additionally, Cirrus HD-OCT is a 
valuable tool for disc analysis in clinical practice and 
for long-term follow up. This is in conjugation with 
other methods for disc assessment will enhance patients 
care in ophthalmology practice. Longitudinal studies are 
required to evaluate the correlation between disc area 
and other risk factors for glaucoma development such as 
intraocular pressure, central corneal thickness and high 
refractive errors using OCT and analyze its correlation 
with other diagnostic methods.
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