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Aims: To determine whether central corneal thickness (CCT) is a significant predictor of visual field and
optic disc progression in open angle glaucoma.
Methods: Data were obtained from a prospective study of glaucoma patients tested with static automated
perimetry and confocal scanning laser tomography every 6 months. Progression was determined using a
trend based approach called evidence of change (EOC) analysis in which sectoral ordinal scores based on
the significance of regression coefficients of visual field pattern deviation and neuroretinal rim area over
time are summed. Visual field progression was also determined using the event based glaucoma change
probability (GCP) analysis using both total and pattern deviation.
Results: The sample contained 101 eyes of 54 patients (mean (SD) age 56.5 (9.8) years) with a mean
follow up of 9.2 (0.7) years and 20.7 (2.3) sets of examinations every 6 months. Lower CCT was
associated with worse baseline visual fields and lower mean IOP in the follow up. In the longitudinal
analysis CCT was not correlated with the EOC scores for visual field or optic disc change. In the GCP
analyses, there was a tendency for groups classified as progressing to have lower CCT compared to nonprogressing groups. In a multivariate analyses accounting for IOP, the opposite was found, whereby
higher CCT was associated with visual field progression. None of the independent factors were predictive
of optic disc progression.
Conclusions: In this cohort of patients with established glaucoma, CCT was not a useful index in the risk
assessment of visual field and optic disc progression.

entral corneal thickness (CCT) has a significant effect
on intraocular pressure (IOP) measured by applanation
tonometry.1 Some cannulation studies have shown
tonometric estimates to be lower than actual IOP in eyes
with thinner corneas and vice versa,2 3 indicating that CCT
can have a significant influence in the risk assessment for
open angle glaucoma.4 The Ocular Hypertension Treatment
Study (OHTS) demonstrated that subjects with ocular
hypertension and with thin corneas had a significantly
higher risk for developing glaucoma such that a decrease in
CCT of 40 mm added a 70% increase in risk.5 Subsequent
studies have shown that subjects with ocular hypertension
with relatively thinner corneas may have sustained early
psychophysical losses.6 7
It is unclear whether risk attributed to CCT is only the
result of inaccuracies in measured IOP or whether there are
additional related factors, such as properties of the posterior sclera and lamina cribrosa, which may significantly
influence the development and progression of glaucoma.
For example, it is known that the hydrostatic pressure
environment around the lamina cribrosa probably has an
impact on axoplasmic flow in retinal ganglion cell axons8–12
and perhaps axon survival. The pressure gradient across
the lamina sustained by the axon depends critically on
laminar thickness, IOP, and retrolaminar tissue pressure.13 If
CCT, scleral, and laminar thickness are related, a measurement of CCT may provide a surrogate index of laminar
thickness and a potentially useful measure in the overall risk
assessment for glaucoma and its progression, even after
accounting for the inaccurate estimates of IOP as a result of
CCT. We therefore wanted to test the hypothesis that
glaucomatous visual field and optic disc progression are
related to CCT, especially after adjusting for IOP during the
follow up.

www.bjophthalmol.com

METHODS
Patients
Patients in this study were in a longitudinal prospective study
on psychophysical tests and scanning laser tomography in
open angle glaucoma. They were recruited consecutively from
the glaucoma clinics of our institution with the following
inclusion criteria: (i) diagnosis of open angle glaucoma with
obvious notching or progressive thinning of the neuroretinal
rim, typically recorded photographically; (ii) visual field with
a mean deviation index between 22 dB and 210 dB; (iii)
open angles by gonioscopy, and (iv) best corrected visual
acuity >6/12. Exclusion criteria were: (i) concomitant ocular
disease; (ii) systemic disease or systemic medication known
to affect the visual field; (iii) refractive error exceeding 5 D
equivalent sphere or 3 D of astigmatism; and (iv) contact lens
wear.
Testing protocol
Both eyes of patients were tested every 6 months after
enrolment. Visual field examinations were carried out with
static automated perimetry using the full threshold 30-2
program of the Humphrey field analyser (Carl Zeiss
Meditech, Dublin, CA, USA). Scanning laser tomography
was performed with the Heidelberg retina tomograph
(Heidelberg Engineering GmbH, Dossenheim, Germany). At
each session, several images with the optic disc centred in the
image frame were obtained. Three of the best quality images
were used to compute the mean topography image. A contour
line was carefully drawn and imported to the follow up
Abbreviations: CCT, central corneal thickness; EOC, evidence of
change; GCP, glaucoma change probability; MD, mean deviation;
OHTS, Ocular Hypertension Treatment Study; PSD, pattern standard
deviation; RA, rim area
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compared across the CCT groups using a Kruskal-Wallis test.
For multivariate analysis of visual field and optic disc change,
we used baseline MD, pattern standard deviation (PSD),
mean and SD of IOP during the follow up, and CCT as
independent variables. All tests were two tailed and statistical
significance was assumed when p,0.05.

RESULTS
Data analysis
The visual field and optic disc data were analysed in an
identical manner using a recently devised trend analysis
called ‘‘evidence of change’’ (EOC) analysis. The technique
has been described fully elsewhere14 but, briefly, for the visual
field, ordinal scores are given to each of four sectors
(superior, inferior, temporal, and central as described by
Junemann15) depending on the significance of the regression
of the mean pointwise pattern deviation value over follow up
time. An integer EOC score ranging from 0 (where the
regression is non-significant, p.0.1) to 5 (where the
regression is highly significant, p,0.002) is given to each
sector. Similarly, the optic disc was divided into four sectors
corresponding to the visual field (inferior, superior, nasal,
and temporal, respectively15). The sectoral optic disc EOC
score was derived in an identical manner to that of the visual
field based on the regression of sectoral neuroretinal rim area
over follow up time. The summed EOC scores therefore
ranged from 0 (very little evidence of change) to 20
(extremely high evidence of change). This analysis approach
has several advantages among which is the non-reliance on a
single cut-off value in slope significance, but provision of a
weighted score over the range of significance values, from
borderline to high significant.
The visual field was also analysed using the glaucoma
change probability (GCP) analysis,16 where test points in
follow up examinations that are outside of the retest
variability limits are indicated as black triangles, suggestive
of deterioration. We used customised software to identify the
maximum number of overlapping black triangles in three
consecutive follow up examinations based on both total
deviation and pattern deviation.
Spearman rank order correlation coefficients were calculated for the associative analysis involving EOC scores. For all
other correlations, Pearson’s correlation coefficients were
used. The sample was divided into approximately equal thirds
based on CCT for a comparison of the mean groupwise EOC
scores for the visual field and optic disc, as well as the
maximum number of black triangles for both total and
pattern deviation analyses. Slopes of mean deviation (MD)
and neuroretinal rim area (RA) were computed and
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Our sample contained 101 eyes of 54 patients whose mean
(SD) age at baseline was 56.5 (9.8) years. There were 29
(54%) men and 25 (46%) women, of whom 52 (96%) were
European derived and two (4%) were African derived. The
mean follow up was 9.2 (0.7) years with a mean of 20.7 (2.3)
sets of 6 monthly visual field and optic disc examinations.
The overall mean CCT was 547 (41) mm, while that of the
three subgroups (,524 mm, 524–567 mm, and .567 mm) was
504 (17) mm (n = 35), 544 (13) mm (n = 33), and 594 (19) mm
(n = 33) respectively.
In a univariate analyses, there were statistically significant
relations between CCT and baseline MD (r = 0.254,
p = 0.010) and PSD (r = 20.313, p = 0.001), indicating that
lower CCT was associated with worse baseline visual fields.
Higher CCT was associated with higher mean IOP during the
follow up (r = 0.264, p = 0.015), but not with maximum IOP,
its SD during follow up, or refractive error (p.0.350). In a
multivariate analysis, none of these independent variables
reached statistical significance (p.0.150).
The relation between CCT and the EOC scores for both the
visual field and optic disc was poor (r = 20.133, p = 0.184;
and r = 0.074, p = 0.483, respectively; fig 1, data points coded
according to mean IOP in the follow up). The correlation
analysis was repeated for the maximum number of overlapping black triangles in the GCP analysis. There was a large
range in visual field progression; however, in this different
form of analysis, visual field progression was not also related
to CCT (r = 0.072, p = 0.474 for the total deviation analysis
and r = 0.031, p = 0.760 for the pattern deviation analysis;
fig 2).
The sample was divided into visual field progressing and
non-progressing groups based on the number of overlapping
black triangles in three consecutive examinations. A cut-off
criterion of two, three, and four black triangles was used for
both the total and pattern deviation analysis. For both forms
of analysis, there was a tendency for the progressing patients
to have a lower CCT than progressing ones (fig 3); however,
the difference diminished with increasingly conservative
criteria. Only the criterion of two overlapping black triangles
in the pattern deviation analysis yielded a statistically
significant difference in CCT between the progressing and
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Figure 1 Relation between
evidence of change score for pattern
deviation (left) and neuroretinal rim
area (right) and central corneal
thickness. Data points are coded
according to mean intraocular
pressure (IOP) in the follow up.
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images for analysis using the Heidelberg Eye Explorer
software (v 1.4.0.1). CCT was measured in one session using
an ultrasound pachymeter (DGH-550 Pachette 2, DGH
Technology Inc, Exton, PA, USA) within 6 months of the
end of the follow up. Both perimetry and scanning laser
tomography were carried out at the same visit throughout the
follow up.
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The cornea and sclera form the continuous collagenous
external coat of the eye. In the posterior segment the sclera
perforates to form the lamina cribrosa through which retinal
ganglion cell axons exit the eye. Changes in the sclera may be
highly relevant in glaucoma, and scleral properties, such as
elasticity and thickness may mirror those in the lamina. In
experimental glaucoma there is acquired regional thinning in
the posterior sclera that increases eye wall stress,17 suggesting
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that individuals with thinner scleras may be at a higher risk
from glaucomatous damage. There is also acquired scleral
thinning in human18 and experimental myopia,19 20 and
strong epidemiological evidence that increasingly high
myopia is associated with increasing prevalence of glaucoma.21 Finally, recent evidence indicates that laminar
thickness is reduced in highly myopic eyes, and even more
in highly myopic glaucomatous eyes.22 While the relation
between scleral changes and glaucoma is not fully understood, there is compelling evidence suggesting that posterior
scleral and laminar thickness may be useful indices in the
clinical assessment of glaucoma. To date, however, there are
no clinically available methods to measure posterior scleral or
laminar thickness, but because of the close relation between
the sclera and lamina, and by implication the lamina and
cornea, many investigators have focused on the role of CCT in
glaucoma. While CCT is known to confound the clinical
estimate of IOP,2 3 thus far its role, after accounting for IOP
effects, is not clear.
This study demonstrates the lack of a consistent relation
between CCT and visual field or optic disc progression in both
univariate analysis and multivariate analysis, in which the
effects of IOP were accounted for. While patients classified as
progressing with three increasingly conservative GCP criteria
tended to have lower mean CCT, in the multivariate analysis
there was a tendency for the opposite—that is, visual field
progression was associated with higher CCT. Hence, in spite
of the suggestive relation between CCT and visual field
progression, the associations were contradictory. In contrast,
progressive visual field damage was consistently associated
with a higher baseline PSD and higher SD of IOP during the
follow up, the latter being a finding that has been reported
previously.23–25 Patients showing clinical progression would
Figure 3 Mean central corneal
thickness in eyes classified as
progressing and non-progressing using
increasingly conservative criteria (from
two to four overlapping black triangles
in three consecutive tests) with the
glaucoma change probability analysis
based on total deviation (left) and
pattern deviation (right). Error bar = 1
standard deviation.
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Figure 2 Relation between the
maximum number of overlapping
black triangles in three consecutive
tests in the glaucoma change
probability analysis based on total
deviation (left) and pattern deviation
(right) and central corneal thickness.
Data points are coded according to
mean intraocular pressure (IOP) in
the follow up.
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non-progressing groups (mean 535 (42) mm and 553 (39) mm,
respectively; p = 0.039).
There were no statistically significant differences
(p.0.150, analysis of variance) in either of the four indices
of change in the visual field and optic disc between groups
stratified according to CCT (table 1). The data indicate widely
overlapping values in the indices of change among the three
groups. MD slope and CCT were poorly correlated
(r = 20.020, p = 0.842) as were RA slope and CCT
(r = 0.004, p = 0.967). These slopes were not significantly
different across the three CCT groups (p.0.295).
In the multivariate analyses of the EOC scores and the
glaucoma change probability analyses, baseline PSD and the
SD of IOP during the follow up were significant for all three
methods of visual field analyses (table 2). In all cases the
regression coefficients were positive indicating an association
between visual field progression and higher baseline PSD and
SD of IOP. CCT was statistically significant only for the total
deviation analysis and borderline significant for the pattern
deviation analysis. In both cases, the coefficients indicated a
positive relation—that is, higher CCT was related to greater
visual field progression.
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Mean (SD) of indices of change in the three CCT groups
CCT group

Index of change

,524 mm

524–567 mm

.567 mm

EOC score (visual field)
EOC score (optic disc)
Maximum number of black triangles (total
deviation)
Maximum number of black triangles (pattern
deviation)

4.5 (4.0)
4.1 (5.3)
2.9 (3.2)

4.2 (4.7)
5.0 (5.7)
3.2 (6.0)

2.6 (4.3)
5.0 (6.3)
4.1 (7.9)

2.3 (2.3)

2.3 (4.8)

2.6 (5.9)

probably have been treated more aggressively to attain lower
IOP compared to those who did not progress, resulting in a
wider range and variance of IOP during the follow up. This
association therefore is probably an effect rather than a cause
of visual field progression, especially since we did not show a
similar relation between visual field progression and mean
IOP. Interestingly none of the investigated factors were
associated with optic disc progression. We used both eyes of
most patients in the descriptive and statistical analysis;
however, no adjustments to the probability levels (caused by
inter-eye correlations) required for significance were made.
Such adjustments make the statistical tests even more
conservative suggesting that they may not have been useful
in our study in which most of the descriptive trends relating
to CCT and progression were either weak or inconsistent. The
clinical or practical relevance of such observations would
remain unaltered in spite of such adjustments.
The OHTS showed CCT to be a risk factor for the
development of glaucoma.5 Assuming that there are CCT
effects in addition to the sometimes inaccurate risk attributed
to IOP, there are no compelling biological reasons to suggest
that the risk attributed to these factors for developing
glaucoma from ocular hypertension and for developing
progression in eyes with clinically established damage should
be substantially different. It is entirely possible that some
subjects with ocular hypertension have already sustained
damage and that the clinical diagnosis of glaucoma is limited
by current diagnostic tests. A change from normal to
abnormal with a less sensitive test could be interpreted as
progression of existing damage with a more sensitive test.26
The distribution of CCT in the OHTS subjects27 was
probably different from that of normal population,1 or a
glaucoma sample drawn from a population study, containing
a skew towards higher values. The mean CCT in identically
divided subjects in our study was lower than that for the
respective groups in the OHTS (by 19–28 mm) and although
the mean CCT of the group converting to glaucoma was
similar to the overall mean in the present study (553 mm and
547 mm respectively), those not converting to glaucoma had a
higher mean CCT (574 mm). Those subjects with ocular
hypertension with substantially higher than average CCT

would be at a considerably lower risk probably because their
actual IOP would be within normal limits. When such
individuals are combined with those with normal or below
normal CCT and similar measured IOP (but higher actual IOP
compared to those with higher CCT), the overall risk
attributed to CCT may have been inflated. However, the
OHTS demonstrated that within each similarly divided group
based on IOP, thinner corneas were still associated with a
higher conversion rate to glaucoma. Interestingly, the mean
CCT of patients in the Early Manifest Glaucoma Treatment
Study, which also did not find CCT to be a predictive factor
for progressive glaucoma, was almost identical to that in our
study.28
Although our study was prospective, it was non-interventional with respect to treatment regime. Patients were treated
according to the visual field and optic disc findings generated
from the study, in addition to the numerous other eye and
patient related variables. CCT was measured towards the end
of the follow up and therefore it is highly unlikely that
knowledge of CCT and its possible influence on treatment
patterns would have affected the outcome of this study.
While in this case knowledge of CCT would not be a
confounding factor, inappropriate target IOP (not low
enough in an eye with a thin cornea or not high enough in
an eye with a thick cornea), as a result of inaccurate IOP
estimates, may have an effect on progression rates. While this
was not apparent in our study, it was discussed as a
possibility in a recent study which found an association
between thin corneas and visual field progression.29
While our data did not find an association between CCT
and glaucomatous field or disc progression, they do not rule
out the importance of scleral or laminar thickness in
glaucoma or the search for a reliable non-invasive method
for its measurement. A measurement of CCT may be a poor
correlate of posterior scleral thickness. Indeed, there is even
uncertainty regarding an association between CCT and
anterior scleral thickness. A recent study found a high
correlation between CCT and scleral thickness at the scleral
spur, but the relation was poorer, 1 mm and 2 mm posteriorly.30 Evidence from experimental myopia suggests that
acquired changes in scleral thickness occur primarily at the

Table 2 Significance values from the multivariate regression analysis of the four outcome
variables used for visual field and optic disc change
Independent
Dependent
EOC score (visual field)
EOC score (optic disc)
Maximum number of black triangles (total
deviation)
Maximum number of black triangles (pattern
deviation)

Baseline
MD

Baseline
PSD

Mean
IOP

SD
IOP

CCT

0.159
0.194
0.212

0.035
0.113
0.029

0.108
0.088
0.051

0.001
0.411
0.001

0.922
0.762
0.022

0.442

0.028

0.309

0.006

0.067
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posterior pole19 and therefore thickness estimates of the
posterior sclera based on measurements of the anterior sclera
or cornea may be inaccurate. From a practical perspective, a
measurement of CCT can be valuable in the initial assessment
of the glaucoma suspect, particularly in ruling out a high risk
suggested by an elevated IOP in an eye with high CCT but
normal optic disc and visual field findings. Once glaucomatous damage is present, CCT is unlikely to be a useful
predictive index for visual field and optic disc progression,
even when there is a large range of CCT in the glaucoma
population such as that in this study.
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