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Purpose: To analyze the influence of manual correction of the automatically determined edge 

of the optic nerve head (ONH) in optic disc measurements in cases in which the optical coher-

ence tomography did not identify the disc limits correctly.

Methods: The study included 127 eyes from 127 consecutive patients with glaucoma, suspects, 

and healthy individuals. In a retrospective analysis, eyes that underwent testing with the Stratus 

OCT (software version 4.0, Carl Zeiss Meditec, Dublin, CA, USA) Fast Optic Disc protocol 

were evaluated. Forty-seven eyes in which either the manual assignment was not necessary or the 

signal strength was below six were excluded. After image acquisition and processing, one expert 

examiner manually corrected the determination of the edge of the ONH, identified as the end of 

the retinal pigment epithelium/choriocapillaris complex. Disc area, cup area, rim area, and cup/

disc area ratio results were compared before and after the optic disc margin manually corrected 

determination. Paired t-test was performed to evaluate the differences, and Bland–Altman plots 

were used to display the relationships between measurements.

Results: Eighty eyes from 80 individuals were included in the analyses. No statistically signifi-

cant difference (P=0.538) was found when analyzing results obtained with automated and manual 

determination of rim area (mean ± standard deviation; 1.30±0.45 mm2 and 1.29±0.39 mm2, 

respectively). Cup area (1.39±0.58 mm2 and 1.31±0.55 mm2, respectively), cup/disc area ratio 

(0.50±0.16 mm2 and 0.49±0.15 mm2, respectively), and disc area results (2.69±0.55 mm2 and 

2.60±0.51 mm2, respectively) were significantly different.

Conclusion: The Stratus OCT ONH Report results were little influenced when optic disc 

limits were manually determined. Therefore the standard automated Stratus OCT disc margin 

assignment is adequate, and manual correction is not necessary.
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Introduction
Optic nerve head (ONH) evaluation is crucial for the diagnosis of glaucoma. Qualitative 

analysis is performed by fundus biomicroscopy and photography of the ONH. 

Quantitative assessment can be performed through imaging tests, such as confocal 

scanning laser ophthalmoscopy (CSLO) and optical coherence tomography (OCT).1,2 

It has the advantage of providing objective data and, therefore, reducing interobserver 

variability.3–5 OCT is an imaging modality that employs near-infrared light to create 

cross-sectional images of the retina and optic nerve, thereby allowing analysis of the 

ONH, macula, and retinal nerve fiber layer (RNFL).6 Although OCT has been used, 

for the most part, for the assessment of the RNFL thickness, the Stratus OCT is also 

capable of providing measurements of ONH topography and macular thickness.1,7
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The purpose of this study was to analyze the influence of 

manual correction of the automatically determined edge of 

the ONH in optic disc measurements in cases in which the 

OCT did not identify the disc limits correctly.

Methods
Participants
This study was a retrospective analysis of eyes that under-

went testing with the Stratus OCT (software 4.0, Carl Zeiss 

Meditec, Dublin, CA, USA) Fast Optic Disc protocol as part 

of a cohort study conducted at the Glaucoma Service of the 

Federal University of São Paulo. Eyes with either tilted disc 

or extensive peripapillary atrophy were excluded from the 

analyses. The institutional review board approved all proto-

cols, and methods described complied with the tenets of the 

Declaration of Helsinki.

Procedures
OCT is a high resolution reproducible imaging modality. 

OCT was originally designed to evaluate retinal and RNFL 

thickness, but recent software enhancements also permit 

ONH analysis. The measurement beam reflected light source 

is compared with the reflectance of a reference beam reflected 

from a reference mirror at a known position to determine the 

thickness of the retina. An edge detection algorithm is used to 

define the posterior border of the RNFL (the anterior border 

is defined by the large difference in reflectance along the vit-

reoretinal interface).8 Detailed descriptions of the principles 

of OCT have been published previously. 9–11

ONH scans are composed of six radial scans in a spoke-

like pattern, centered on the ONH and with each radial scan 

spaced 30 degrees from one to another. Each radial scan 

included 128 measuring points in OCT 3. To fill the gaps 

between the scans the machine utilizes interpolation. The 

machine automatically determines the edge of the ONH as 

the end of the retinal pigment epithelium/choriocapillaris 

complex.1 After image acquisition and processing, one expert 

examiner manually corrected the determination of the edge 

of the ONH.

Statistical analysis
Paired t-test was performed to evaluate the differences, 

and Bland–Altman plots were used to display the relation-

ships between measurements. All statistical analyses were 

performed with commercially available software (Stata v.11, 

Stata Corp, College Station, TX, USA). The alpha level 

(type I error) was set at 0.05.

Results
One hundred and twenty seven consecutive patients with 

glaucoma, suspects, and healthy individuals submitted to 

examination with the Stratus OCT were selected. Forty-seven 

eyes were excluded because either the manual assessment 

was not necessary or the signal strength was below six. A total 

of 80 eyes from 80 patients were compared.

Rim area was the only parameter for which there was 

no statistically significant difference (P=0.538) between 

automated and manual determinations (mean ± standard 

deviation; 1.30±0.45 mm2 and 1.29±0.39 mm2, respectively) 

(Figure 1). Statistically significant differences were observed 

between automated and manual measurements for the cup 

area (P,0.0001; 1.39±0.58 mm2 and 1.31±0.55 mm2, 

respectively) (Figure 2), cup/disc area ratio (P=0.0001; 

0.50±0.16 mm2 and 0.49±0.15 mm2, respectively) (Figure 3), 

and disc area (P=0.0002; 2.69±0.55 mm2 and 2.60±0.51 mm2, 

respectively) (Figure 4).

Discussion
ONH assessment can be performed by fundus biomicroscopy, 

stereophotographs, and imaging tests, such as CSLO and 

OCT. Measurements of ONH parameters are not directly 

comparable, with a suggestion that OCT provides the largest 

measurements.16 In normal adult populations, OCT measures 

the mean optic disc area as between 1.60 mm2 and 2.63 mm2. 

Ethnicity is a significant factor that changes the definition 

of normality for ONH parameters.16 Comparing the ability 

of subjective assessment of ONH and RNFL with objective 

measurements by Stratus OCT, HRT III, and GDx ECC, 

Vessani et al reported that the diagnostic ability of all imaging 
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Figure 1 Rim area.
Note: Bland–Altman plot of the 80 eyes with automated and manual disc margin 
determination.
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techniques showed better performance than subjective assess-

ment of the ONH by general ophthalmologists, but not by a 

glaucoma expert.17

The Stratus OCT is mainly used to evaluate the peripapil-

lary nerve fiber layer, but it is also able to assess parameters 

of the ONH. ONH scans are composed of six radial scans 

in a spoke-like pattern centered on the ONH and with each 

radial scan spaced 30 degrees from one another. The device, 

according to the end of the retinal pigment epithelium, auto-

matically determines the edge of the ONH. However, some 

scans are often located outside the edge interpolated by the 

Stratus OCT, what could lead to measurement errors and 

misdiagnoses (Figure 5). The large amount of interpolation 
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Figure 2 Cup area.
Note: Bland–Altman plot of the 80 eyes with automated and manual disc margin 
determination.

0.2

0.15

D
if

fe
re

n
ce

−0.05

0.1

0.80.60.40.2

0.05

0

Average
1

Figure 3 Cup/disc area ratio.
Note: Bland–Altman plot of the 80 eyes with automated and manual disc margin 
determination.

−0.5

0

0.5

0.1

D
if

fe
re

n
ce

1.5 2 2.5 3 3.5 4
Average

Figure 4 Disc area.
Note: Bland–Altman plot of the 80 eyes with automated and manual disc margin 
determination.
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Figure 5 Optical coherence tomography optic nerve head images with automatic 
(top) and manual (bottom) delimitation.
Abbreviation: OD, oculus dexter (right eye).
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may explain the poor sensitivity of this instrument in detect-

ing small localized changes in glaucoma.12

Potential reasons for the incorrect automated determina-

tion of the edge of the ONH are optic disc tilting, peripapillary 

atrophy, or hyperpigmentation which are frequent in patients 

with high myopia. Melo et al reported that OCT, CSLO, and 

GDx are not useful to discriminate nonglaucomatous from 

glaucomatous subjects that have high myopia.18 The topo-

graphic measurements did not differ significantly between 

eyes of the manually corrected scans (“adjusted scans”) and 

the eyes that were qualified by automatic disc recognition 

(“automated scans”).13

Peripapillary atrophy is more frequently observed and is 

more extensive in patients with glaucoma when compared 

with normal individuals. A significant difference between 

OCT ONH results obtained by automated and manual disc 

margin determination was found in patients with peripapil-

lary atrophy.14

Our study showed that there was no statistically significant 

difference between automated and manual determinations 

for the rim area parameter. All other measurements showed 

statistically significant differences, however, these were within 

the limits of variability of the device.15 Although cup/disc 

area ratio currently has good ability to discriminate between 

glaucomatous and normal eyes, our results show minimal dif-

ferences between pre- and postmanual segmentation measure-

ments that can be considered clinically irrelevant. The reason 

for the slight difference between the automated and manual 

OCT disc margin identification techniques may be due to 

interpolation of measurements between scans.1

In summary, the minimal difference between automated 

and manual Stratus OCT disc margin determination suggests 

that automated disc margin assignment is adequate, and sets 

an advantage of OCT over other devices.

Disclosure
None of the authors have any commercial interest regarding 

the present study.
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