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PURPOSE. To evaluate the relationships between optic disc
measurements, obtained by an optical coherence tomograph
and a confocal scanning laser ophthalmoscope, and myopia.
METHODS. One hundred thirty-three eyes from 133 healthy
subjects with mean spherical equivalent ⫺6.0 ⫾ 4.2 D (range,
⫺13.13 to ⫹3.25 D) were analyzed. Optic disc measurements
including disc area, rim area, cup area, cup-to-disc area, and
vertical and horizontal ratios were obtained with an optical
coherence tomograph (StratusOCT; Carl Zeiss Meditec Inc.,
Dublin, CA) and a confocal scanning laser ophthalmoscope
(Heidelberg Retina Tomograph, HRT 3; Heidelberg Engineering, GmbH, Dossenheim, Germany). The modified axial length
method derived from prior published work was used to correct
the OCT measurements for ocular magnification. Bland-Altman
plots were used to evaluate the agreement for each optic disc
parameter. Associations between optic disc area and axial
length/spherical equivalent were evaluated by linear regression analysis.
RESULTS. Disc area increased with the axial length/negative
spherical equivalent in the HRT and the corrected OCT measurements although opposite directions of associations were
found when the OCT measurements were not corrected for
magnification. The difference of the corrected OCT and HRT
disc area (corrected OCT disc area minus HRT disc area) was
correlated with the axial length (r ⫽ 0.195, P ⫽ 0.025). When
the ametropia was limited to ⫺8.0 to ⫹4.0 D, the correlations
became insignificant in the HRT. Using the corrected OCT
measurements, disc area, rim area, and cup area, cup-to-disc
area, and cup-to-disc horizontal and vertical ratios were significantly larger than those measured by the HRT, with a span of
95% limits of agreement at 1.99, 1.33, and 1.86 mm2 for the
areas, 0.34, 0.53, and 0.58 for the ratios, respectively.
CONCLUSIONS. While optic disc area generally increased with the
axial length and myopic refraction, the HRT measurements
demonstrated that optic disc size was largely independent of
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axial length and refractive error between ⫺8 and ⫹4 D. OCT
may overestimate optic disc size in myopic eyes and results in
poor agreement between the two instruments. (Invest Ophthalmol Vis Sci. 2007;48:3178 –3183) DOI:10.1167/iovs.061315

M

easurement of the optic disc size has an important bearing on the evaluation of optic nerve diseases and anomalies. Accurate assessment of glaucomatous discs is very much
dependent on the clinical judgment of the disc size, because
the neuroretinal rim area is directly related to the disc area. The
size of the disc may also be related to susceptibility to glaucoma. In the Blue Mountains Eye Study, larger optic disc size
was found in patients with glaucoma.1 Similarly, the Reykjavik
Eye Study also reported larger disc size in patients with glaucoma.2 In contrast, nonarteritic anterior ischemic optic neuropathy3 and optic disc drusen4 are more frequently found in
small optic discs. In highly myopic eyes (⬍ ⫺8 D), the optic
disc was found to be abnormally large whereas in highly
hyperopic eyes it was abnormally small.5,6 Of note, in eyes
with moderate refractive error (between ⫺8 and ⫹4 D), it has
been suggested that the optic disc size is independent of
refractive error.6,7 In a hospital-based study by Jonas6 on Caucasian eyes, it was concluded that optic disc size depends on
refractive error only when it is beyond ⫺8 D in myopic eyes
and ⫹4 D in hyperopic eyes. A recent population-based study
on Chinese eyes, the Beijing Eye Study, confirmed the same
conclusion, suggesting that the disc size is independent of
refractive error within the range of ⫺8 to ⫹4 D.7 Nevertheless,
there are other studies reporting that the optic disc size increased with myopia.8,9 The Rotterdam Study showed that for
each diopter of increase toward myopia, the disc area increased by 1.6%.8 Measurements of optic disc size in previous
studies were based on a fundus photograph. Planimetry, however, is limited by the fact that it is subjective and variable
between observers. With the availability of the two modern
optic disc imaging devices—the confocal scanning laser ophthalmoscope and the optical coherence tomograph— high reproducibility for optic disc measurements has been demonstrated.10 –14 In this study, the relationships between the optic
disc size and axial length/refractive error were examined with
the HRT 3 and the StratusOCT. Optic disc parameters measured by these two instruments were also compared.

METHODS
Subjects
One hundred thirty-three healthy Chinese myopic subjects who met
the inclusion criteria were recruited in this study. All subjects were
recruited consecutively from October 2005 to June 2006, during routine eye examination at the University Eye Center, The Chinese UniInvestigative Ophthalmology & Visual Science, July 2007, Vol. 48, No. 7
Copyright © Association for Research in Vision and Ophthalmology
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versity of Hong Kong. All subjects underwent a full ophthalmic examination including visual acuity, refraction, intraocular pressure
measurement with Goldmann tonometry, dilated fundus examination
with stereoscopic biomicroscopy of the optic nerve head under slit
lamp, indirect ophthalmoscopy, refraction, and A-scan ultrasound biometry. Other than refractive error, all included eyes had no concurrent disease, and had best corrected visual acuity of at least 20/40.
Subjects with clinical evidence of myopic macular degeneration, intraocular pressure higher than 21 mm Hg, visual field defects (described later) or a history of intraocular surgery, neurologic diseases, or
diabetes were excluded. Because the HRT produces best image quality
when the ametropia is between ⫺12 and ⫹12 D, only subjects with
spherical error between ⫺12.5 and ⫹12.5 D were included. In one
randomly selected eye, optical coherence tomography and confocal
scanning ophthalmoscopy imaging were performed. The study was
conducted in accordance with the ethical standards stated in the
Declaration of Helsinki and was approved by the local clinical research
ethics committee, with informed consent obtained.

Optical Coherence Tomography Imaging
Optical coherence tomography was performed with OCT version 3
(StratusOCT, Carl Zeiss Meditec Inc). Fast optic nerve head imaging
was performed with six radially linear scans, each with 128 scan
points, centered at the optic nerve head. The disc margin is automatically identified in the StratusOCT by detecting the top and inner edges
of retinal pigment epithelium on each side of the optic disc. A line is
then joined and measured as the disc diameter. The reference plane
(the cup offset) was then determined by tracing a line parallel to the
disc diameter with an anterior offset of 150 m. Region above the
reference plane is defined as the rim and below as the cup. Data
analyzed in each scan are used to compute the composite image
measurements. Global measurements including disc area, cup area, rim
area (disc area minus cup area), cup-to-disc area ratio, cup-to-disc
horizontal ratio, and cup-to-disc vertical ratio were analyzed in this
study. All the scans had a signal strength of at least 7.
Although one can input the eye’s axial length and refractive correction in the StratusOCT, it has no impact on the analyzed optic disc
measurements. The default axial length and refraction in every OCT
scan are set to 24.46 mm and 0 D, respectively, for the optic disc
measurement. Therefore the actual disc size in an eye with axial length
longer than 24.46 mm and/or refraction ⬍0 D would be larger than the
printout values and vice versa. The relationship between the measurement of the OCT image and the size of the actual fundus dimension can
be expressed as t ⫽ p 䡠 q 䡠 s,15 where t is the actual fundus dimension,
s is the measurement on OCT, p is the magnification factor related to
the camera of the imaging system, and q is the magnification factor
related to the eye. The correction factor q can be determined with the
formula q ⫽ 0.01306 (x ⫺ 1.82), where x is the axial length16; p is a
constant in a telecentric system. In OCT, the magnification factor in an
eye with axial length 24.46 mm is 1 (i.e., t ⫽ s). Substituting t ⫽ s into
the formula t ⫽ p 䡠 q 䡠 s, we arrive at p ⫽ 1/q and therefore, p can be
calculated as 1/[0.01306 (24.46 ⫺ 1.82)] ⫽ 3.382. Because t ⫽ p 䡠 q 䡠
s refers to linear magnification, the equation should be modified to t2
⫽ p2 䡠 q2 䡠 s2 for area magnification. Therefore, values obtained from
the StratusOCT optic nerve head analysis printout should be corrected
by the factor 3.3822 䡠 0.013062 䡠 (x ⫺ 1.82),2 where x represents the
axial length.

Confocal Scanning Laser
Ophthalmoscopy Imaging
Confocal scanning laser ophthalmoscopy was performed with the HRT
3 (Heidelberg Retina Tomograph III [HRT 3]; Heidelberg Engineering,
GmbH, Dossenheim, Germany). A three-dimensional topographic image consisting of 384 ⫻ 384 ⫻ 16 up to 384 ⫻ 384 ⫻ 64 pixels is
constructed from multiple focal planes axially along the optic nerve
head. An average of three consecutive scans is obtained and aligned to
compose a single mean topography for analysis. Images obtained in
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this study were reviewed carefully for imaging score and overall quality
score. These image-quality checks are generated by the HRT 3 software
(Heidelberg Eye Explorer, ver. 1.5.1.0; Heidelberg Engineering,
GmbH). Images were selected for analyses only when each of these
checks was rated as good or better and with an average pixel height
standard deviation of 30 m or less. Once the contour line is drawn,
the software automatically calculates all the optic disc measurements.
The reference plane is defined at 50 m posterior to the mean retinal
height between 350° and 356° along the contour line. Area above the
reference is defined as the rim and below as the cup.

Visual Field Testing
Standard visual field testing was performed with the static automated
white-on-white threshold perimetry (Humphrey Field Analyzer II, Carl
Zeiss Meditec, Inc.). A visual field was defined as reliable when fixation
losses and false-positive and -negative rates were ⬍25%. A visual field
defect was defined as having three or more significant (P ⬍ 0.05)
nonedge contiguous points with at least one at P ⬍ 0.01 on the same
side of the horizontal meridian in the pattern deviation plot and
classified as outside normal limits in the glaucoma hemifield test. Visual
field perimetry was performed to ensure that all the eyes included
were normal and demonstrated no glaucomatous damage.

Statistical Analysis
Statistical analyses were performed with commercial software (SPSS
ver. 11.0; SPSS Inc, Chicago, IL). The associations between the optic
disc measurements and the axial length/refractive error were calculated with linear regression analysis. The HRT and OCT measurements
were compared with paired t-test. Bland-Altman17 plots were used to
assess the agreements between the HRT and OCT optic disc parameters. P ⬍ 0.05 was considered statistically significant.

RESULTS
One hundred thirty-three normal eyes (133 subjects) were
analyzed in this study. The mean age was 37.9 ⫾ 11 years. The
mean ⫾ SD spherical equivalent and the mean axial length
were ⫺6.0 ⫾ 4.2 D (range: ⫺13.13 to 3.25 D) and 25.7 ⫾ 1.8
mm (range: 21.1 to 29.5 mm), respectively. The mean optic
disc area measured by OCT was 2.36 ⫾ 0.51 mm2. After
correction for magnification, it increased to 2.61 ⫾ 0.61 mm2,
which was significantly different from the uncorrected values
(P ⬍ 0.001). Both corrected and uncorrected disc areas were
significantly larger than that measured by the HRT (2.13 ⫾ 0.59
mm2, all with P ⬍ 0.001). Bland-Altman plots revealed a mean
difference of 0.48 mm2 (95% limits of agreement between 1.50
and ⫺0.54 mm2) and 0.23 mm2 (95% limits of agreement
between 1.32 and ⫺0.87 mm2), respectively, between the HRT
disc area and the corrected and uncorrected OCT disc areas
(Fig. 1). The span of 95% limits of agreement of the HRT and
OCT disc areas was smaller when the OCT measurements were
corrected for magnification (2.04 mm2 vs. 2.19 mm2).

Relationship between Optic Disc Area and
Refractive Error
Linear regression analysis showed that the optic disc size measured by the HRT increased with the axial length (r ⫽ 0.193,
P ⫽ 0.026; Fig. 2a) and negative spherical equivalent (r ⫽
⫺0.196, P ⫽ 0.024; Fig. 3a). In contrast, the uncorrected OCT
measurements showed the opposite direction of correlation
(r ⫽ ⫺0.314, P ⬍ 0.001 and r ⫽ 0.270, P ⫽ 0.002 for axial
length and spherical equivalent, respectively; Figs. 2b, 3b).
After correction for magnification, the OCT measured disc area
increased with the axial length (r ⫽ 0.354, P ⬍ 0.001) and
negative spherical equivalent (r ⫽ ⫺0.309, P ⬍ 0.001; Figs. 2c,
3c). For each millimeter increase in axial length, the HRT disc
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0.353, P ⫽ 0.001) and spherical equivalent (r ⫽ ⫺0.344, P ⫽
0.002). For each millimeter increase in axial length, the optic
disc area increased by 0.095 mm2 (95% CI 0.039 – 0.152 mm2).
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Table 1 compares the disc, cup, and rim areas, and the cup-todisc area, cup-to-disc vertical, and cup-to-disc horizontal ratios
measured by the HRT and OCT (magnification corrected).
Fifteen subjects were excluded in this analysis either because
the standard 150-m reference plane in the OCT images was
too low to get measurements in shallow optic cups (n ⫽ 7) or
because the presence of posterior vitreous detachment rendered inaccurate the demarcation of the rim area (n ⫽ 8). Disc,
cup, and rim areas and cup-to-disc ratios (area, vertical, and
horizontal) measured by OCT were significantly larger than
that measured by the HRT (all with P ⬍ 0.001). The mean
difference and the 95% limits of agreement of each of these
parameters are shown Table 1. No association was found between age and any of the optic disc measurements.
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According to the Littmann formula (t ⫽ p 䡠 q 䡠 s), determination
of true size of the optic disc (t) is related to the camera
magnification in the fundus imaging systems (factor p) and the
optical dimensions of the given eye (factor q).15 While factor p
is instrument dependent and remains a constant in a telecentric imaging system, various methods have been introduced to
estimate factor q based on the ametropia, keratometry, and/or
axial length.15,16,18,19 With the HRT 3, ametropia and keratometry readings are entered into the operating software (Eye
Explorer ver. 1.5.1.0; Heidelberg Engineering, GmbH), and the
optic disc measurements are corrected for magnification accordingly. In contrast, entering the axial length and refractive
correction in the StratusOCT has no impact on the magnification correction.20 As such, manual correction for optic disc
measurements is needed. We selected the modified axial
length method derived from Bennet et al.16 because it is considered more accurate than other methods that use ametropia
and keratometry alone.21 In this study, the corrected OCT disc
area was significantly larger than the uncorrected measurement (2.61 ⫾ 0.61 mm2 versus 2.36 ⫾ 0.51 mm2, P ⬍ 0.001)
with a slightly better agreement (span of 95% limits of agreements, 2.04 vs. 2.19 mm2) with the HRT measurement. A
different conclusion would have been drawn if the OCT measurements were not corrected for ocular magnification (Fig. 2,
3). Correction for magnification in OCT optic disc measure-
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FIGURE 1. Bland-Altman plot of the (a) uncorrected and (b) corrected
OCT and HRT optic disc area measurements (n ⫽ 133).

area increased by 0.065 mm2 (95% CI 0.008 – 0.122 mm2),
whereas for the corrected OCT disc area, it increased by 0.122
mm2 (95% CI 0.066 – 0.178 mm2). The difference of the corrected OCT and HRT measurements (corrected OCT disc area
minus HRT disc area) also demonstrated a positive correlation
with the axial length (r ⫽ 0.195, P ⫽ 0.025). An example of the
optic disc area measurement difference between HRT and OCT
is demonstrated in Figure 4.
The relationships between the optic disc area and spherical
equivalent within the range from ⫺8.0 to ⫹4 D was analyzed
(n ⫽ 81). While no significant association was found in the
HRT measurement, disc area measured by OCT (magnification
corrected) correlated significantly with the axial length (r ⫽
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FIGURE 2. Scatterplots of optic disc area from (a) HRT measurements and (b) uncorrected and (c) corrected OCT measurements against the axial
length (n ⫽ 133).
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FIGURE 3. Scatterplots of optic disc area from (a) HRT measurements, (b) uncorrected and (c) corrected OCT measurements against the spherical
equivalent (n ⫽ 133).

ments is therefore very important and should not be overlooked.
A few studies have been published comparing the agreement of optic disc size measured with different imaging technologies.22–24 Schuman et al.22 studied 77 eyes of 44 subjects
and reported a coefficient of correlation (r) of 0.64 between
HRT and StratusOCT. A recent study by Hoffmann et al.23
showed the span of 95% limits of agreement for the HRT 2 and
StratusOCT was 1.15 mm2 and r ⫽ 0.73 (n ⫽ 42 eyes). In the
study by Iliev et al.,24 the span of 95% limits of agreement was
1.99 mm2 and the r was 0.5 (n ⫽ 49 eyes). It should be noted

that in these studies, the OCT measurements were not corrected for magnification. Different limits of agreement and
coefficients of correlations could result if correction for magnification had been taken into consideration. In the present
study, the mean difference between the HRT and the magnification-corrected OCT disc area was 0.48 mm2 and the span of
95% limits of agreement was 2.04 mm2 (1.5 to ⫺0.54 mm2).
Consistent with previous studies, the OCT measured a larger
disc area compared with the HRT. Rim area, cup-to-disc area
ratio, and vertical and horizontal cup-to-disc ratios were also
significantly larger than those measured by the HRT, and this

(a)
Disk Area 1.81 mm2
Cup Area 0.07 mm2
Rim Area 1.73 mm2

(b)
Disk Area 3.632 mm2
Cup Area 0.339 mm2
Rim Area 3.293 mm2

FIGURE 4. An eye with extensive peripapillary atrophy was imaged with HRT 3 and StratusOCT. The HRT 3 reflectance image with the Moorfield
regression analysis (a) and the StratusOCT horizontal cross-sectional scan (b) are illustrated. Manual drawing of the optic disc margin was
performed with HRT 3. In contrast, the optic disc margin was automatically determined by StratusOCT software. In comparing the horizontal
cross-sectional profiles between HRT 3 (a, right) and StratusOCT, it is evident that the temporal disc margin determined by StratusOCT is farther
away from the disc, resulting in a larger optic disc area (3.632 vs. 1.81 mm2).

Downloaded from iovs.arvojournals.org on 03/03/2021

3182

Leung et al.

IOVS, July 2007, Vol. 48, No. 7

TABLE 1. Comparisons between Disc Parameters Measured by Optical Coherence Tomography (Magnification Corrected) and Confocal
Scanning Laser Ophthalmoscope

Disc area (mm2)
2

Cup area (mm )
Rim area (mm2)
Cup/disc area ratio
Cup/disc vertical ratio
Cup/disc horizontal ratio

Mean ⴞ SD
95% CI

Mean ⴞ SD
95% CI

P
(Paired t-Test)

Mean Difference
OCT ⴚ HRT

95% Limits of Agreement

2.61 ⫾ 0.62
2.49–2.72
0.67 ⫾ 0.52
0.58–0.76
1.93 ⫾ 0.41
1.86–2.01
0.24 ⫾ 0.13
0.22–0.27
0.45 ⫾ 0.13
0.42–0.47
0.50 ⫾ 0.15
0.48–0.53

2.16 ⫾ 0.61
2.05–2.27
0.46 ⫾ 0.36
0.39–0.52
1.70 ⫾ 0.42
1.63–1.78
0.20 ⫾ 0.12
0.18–0.22
0.31 ⫾ 0.18
0.28–0.35
0.45 ⫾ 0.19
0.42–0.49

⬍0.001

0.44

1.44–⫺0.55

⬍0.001

0.21

0.88–⫺0.45

⬍0.001

0.23

1.16–⫺0.70

⬍0.001

0.05

0.22–⫺0.12

⬍0.001

0.13

0.40–⫺0.13

⬍0.001

0.05

0.34–⫺0.24

n ⫽ 118.

difference is probably related to the larger disc area measured
by OCT. These suggest that the determination of disc area has
significant influence in the evaluation of all the optic disc–
related parameters.
Controversies exist regarding the relationship between optic disc size and refractive error. Jonas6 and Wang et al.7 found
that optic disc size was statistically independent, with refractive error within the range of ⫺8 to ⫹4 D. In contrast, the
Rotterdam study reported that the disc area increased by 0.033
mm2 linearly for each diopter increase toward myopia, and
these increases were not significantly different in eyes with
refractive error between ⫺4 and ⫹4 D.8 Of note, in this study,
the HRT 3 and the StratusOCT also showed different results.
Although correlations between the disc area and axial lengthrefractive error were found in both instruments with
ametropia between ⫺14 and ⫹4 D, correlations were not
evident in the HRT, but were in OCT, when the range of
ametropia was limited to ⫺8 to ⫹4 D. We believe this discrepancy could be related to the different definitions of disc margin. In the HRT, the disc margin is defined by the outer
boundary of Elschnig’s ring whereas in OCT, it is the ends of
the retinal pigment epithelium (RPE) that are automatically
detected. In myopic eyes, peripapillary atrophy is more common.8 It is conceivable that optic discs with peripapillary
atrophy, which is an area characterized histologically by
Bruch’s membrane devoid of RPE and photoreceptors,25 could
have been measured larger in size in OCT. It is because the
borders of the RPE, which are farther away from the outer edge
of Elschnig’s ring in eyes with peripapillary atrophy, would be
detected as the disc margin. Although the location of the disc
margin can be adjusted manually in OCT, determining the disc
margin in the cross-sectional optic disc image could be highly
subjective. So far, no standard approach has been suggested or
validated in this regard. It has been shown that the prevalence
of peripapillary atrophy increase with 1.3% for each diopter
increase in myopia.8 It is plausible that OCT overestimates
optic disc area in eyes with longer axial length and leads to an
apparent correlation within the range between ⫺8.0 and ⫹4.0
D. It is supported by the observation that the difference in disc
area measured by OCT and HRT was correlated to the axial
length (r ⫽ 0.195, P ⫽ 0.025; the difference in disc area
measured by OCT and HRT may well correspond to the area of
peripapillary atrophy). The findings in the HRT agree with the
notion that optic disc size is largely independent of axial
length/refractive error within the range between ⫺8 and ⫹4
D. Cautions should be exercised in the interpretation of OCT
disc measurements in eyes with peripapillary atrophy.
The HRT and OCT have theoretical advantages over conventional planimetry. However, none has yet to offer perfect
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disc measurements. The HRT produces best image quality
when the range of ametropia is from ⫺12 to ⫹12 D, and this
range limited our selection of myopic subjects. (The maximum
negative spherical error in our cohort was ⫺12.5 D [spherical
equivalent ⫽ ⫺13.1 D].) OCT stands out for its automated
algorithm for objective detection of disc margin, and yet, this
algorithm crumbles in eyes with peripapillary atrophy in which
the borders of the RPE may not correspond to the actual disc
margin. In addition, much of the disc information could be
missed by the extrapolation of disc measurement from the six
linear cross-sectional scans. The limitation in disc measurement
is also related to the level of reference plane. The default
reference plane in the StratusOCT is determined by tracing a
line with an anterior offset of 150 m parallel to the disc
diameter (the line joining the ends of the RPE). Although we
found that this reference plane was suitable in detecting glaucomatous change,26 it could be too high in eyes with shallow
cups. Although the level of reference plane would not affect
the measurement of the disc area, its position has direct impact
on the calculation of rim and cup areas. Seven cases were
excluded in the analysis of rim area and cup-to-disc ratio for
this reason. Finally, we would like to highlight the importance
that optic disc measurements should not be directly adopted
from the StratusOCT analysis printout. As shown in this study,
different conclusions could be drawn if correction for ocular
magnification was not taken into consideration.
In summary, optic disc area generally increased with axial
length/negative spherical equivalent, although the HRT measurements demonstrated that these associations became insignificant in the range of ⫺8 to ⫹4 D. OCT may overestimate
optic disc size in myopic eyes. Most of the disagreements
between the HRT and OCT optic disc measurements could be
related to the different disc margin definitions of the two
instruments. The relationships between disc area and axial
length/refractive error should always be interpreted with reference to the range of ametropia and the imaging technology
used in the optic disc measurements.
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