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Abstract
The risk factors of the development of primary open angle glaucoma (POAG) in patients
with ocular hypertension (OHT) were identified according to the joint results of the Ocular
Hypertension Treatment Study (OHTS) and the European Glaucoma Prevention Study (EGPS):
namely older age, higher intraocular pressure (IOP), thinner central corneal thickness (CCT),
larger vertical cup-disc ratio (VCDR) and a greater pattern standard deviation (PSD) value of
visual field (VF) test. Base on the results, a risk calculator that predict the 5-year risk of POAG
development was developed. This allows integration of all the variables into one single and
quantifiable unit. It could also aid clinical decision-making. However, these risk factors change
over time and are subjected to measurement variabilities. For instance, the differences in the
measurement of VCDR by different persons or modalities could lead to significant variability
in the 5-year risk calculation, which could also affect clinical decision. In this commentary, we
summarise and discuss the latest literature on the variability of VCDR measurement, its impact
on glaucoma risk calculation, the limitation of the current risk calculator and the potential future
development of a risk assessment model for OHT.
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Introduction
Early detection and treatment of primary open-angle glaucoma
(POAG) are essential to prevent visual impairment [1].
The Ocular Hypertension Treatment Study (OHTS) and the
European Glaucoma Prevention Study (EGPS) established the
risk factors which predict the development of POAG, including
an older age, a larger vertical cup-to-disc ratio (VCDR), a higher
intraocular pressure (IOP), a greater pattern standard deviation
(PSD) value on Humphrey visual field (VF) and a thinner central
corneal thickness (CCT) [2,3]. Among these factors, however,
ocular hypertension (OHT) remains the only known modifiable
risk factor in the development of POAG [3].
Treatment of OHT is controversial. The OHTS demonstrated
that a reduction of IOP to <24 mmHg and >20% from baseline
reduced the 5-year risk of developing POAG from 9.5% to
4.4%. It was reflected in the same trial, however, that only <10%
of untreated OHT patients developed glaucoma in 5 years, and
number needed to treat to prevent one glaucoma development is
20.2. The cost of preventing one OHT patients from developing
to POAG was estimated at US$89,072 if all patients with
OHT were treated and this was considered not cost-effective
[4]. Overtreatment not only raises the issue of opportunity
cost but also exposes the patients to unnecessary side effects
of glaucoma medication; the latter could significantly affect
patients’ quality of life [5]. Study has shown that the utility loss
due to medication side effects could be as worse as 0.11 [5] (the
utility is a measure of patient-perceived quality of life associated
with a particular health state, which is quantified on a scale from
0.00 [death] to 1.00 [perfect health]) – an equivalence of the
utility loss contributed by visual field defect in patients with
early glaucoma. Currently, there is no standardised guideline as
to how OHT should be treated.
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Generally, it is more cost-effective to identify and treat the
higher risk group and there are currently several suggestions.
Weinreb R et al. suggested that patients with a higher risk than
average (>15%) should consider treatment. For moderate risk
patients (5 to 15%), they should be well informed of the risk
and benefits of treatment before making a treatment decision
with the physician; those with a lower risk than average (<5%)
can be observed and monitored without treatment [6]. Kymes et
al. suggested treating patients with IOP ≥ 24 mmHg and ≥ 2%
annual risk of glaucoma development (a 5-year risk in excess of
10%) [7]. Stewart et al. suggested a targeted treatment approach
for patients with the following risk factors: older age (≥ 76 years
old), higher IOP (IOP ≥ 29 mmHg), thinner central corneal
thickness (CCT ≤ 533 µm), and wider vertical cup-to-disc ratio
(VCDR ≥ 0.6) [4].
Glaucoma risk calculation
Risk calculation for the development of POAG is based on the
joint results of the OHTS and EGPS [8,9]. Both groups developed
their own univariate and multivariate Cox proportional hazards
models to predict the development of POAG in their studies.
Baseline factors in univariate Cox proportional hazards models
with P<0.10 in either studies; were included as candidate
variables. The validity and generalizability of the prediction
model from the OHTS observation group were evaluated in the
EGPS placebo group using 3 methods: 1) Z test for comparisons
of multivariate hazard ratios from two studies 2) c statistic
for assessing the accuracy of the OHTS prediction model in
discriminating between EGPS participants who did and did not
develop POAG, which ranges from 0.50 (chance) to 1.00 (perfect
agreement); 3) Calibration x2 for systematic overestimation/
underestimation of the actual number of POAG events in the
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EGPS, which was calculated by dividing the EGPS placebo
group into 10 levels of risk using the OHTS prediction model.
For each decile, the predicted risk of developing POAG
was compared with the observed proportion of participants
developing POAG. A calibration x2 of 20.00 and below indicates
good agreement between the predicted and observed event rates.
Based on the above statistical analysis, a quantitative 5-year risk
calculator for the development of POAG in ocular hypertensive
individuals with good discrimination (c statistic, 0.74) and
accurate estimation of POAG risk (calibration x2, 7.05) was
established to aid clinicians and patients in deciding the frequency
of tests and examinations during follow-up and advisability of
initiating preventive treatment [8]. The calculator provides two
methods for calculating the 5-year risk of developing POAG: A
continuous method (which uses actual data of the patients’ age
and eye measurements), and a simplified point system (where the
range of patients’ age and the average of multiple measurements
were selected). Both methods yield similar results [9].
Variability in VCDR measurement
The risk calculation is derived from variables (i.e. age, VCDR,
IOP, PSD, CCT) measured at baseline, which is subjected to
measurement variability and change over-time. This, in turn,
leads to fluctuations in risk estimation. Variability in VCDR
measurement has been well documented [10-13]. In OHTS
and EGPS, measurements of VCDR were based on optic disc
stereophotography evaluation by highly trained independent
graders at designated optic disc reading centers [14]. The
advent of digital imaging technologies, including confocal
scanning laser ophthalmoscopy (Heidelberg retinal tomography
[HRT]) and optical coherence tomography (OCT), provide a
more objective and reproducible evaluation of the optic nerve
head, with comparable test-retest variability between the two
methods. Nevertheless, the agreement of measurement between
the two instruments is poor [15].
To investigate the effect of VCDR measurement variability on
overall 5-year glaucoma risk calculation, Chan et al conducted a
cross-sectional study [16] that included untreated OHT patients
with the following inclusion criteria: IOP of >21 mmHg in at
least 2 visits within 1 year; free of topical IOP-lowering agent
for at least 1 month; visual acuity of at least 20/40 on Snellen
chart; open-angle and absence of pseudoexfoliation; adequate
quality of OCT image of retinal nerve fiber layer (RNFL), HRT
and stereophotography for VCDR measurement; and ability to
perform reliable Humphrey visual field. Eyes with glaucomatous
visual field defect according to the Anderson’s criteria [17],
unreliable visual field with high fixation losses, false-positive
and false-negative errors ≥ 20%, evidence of secondary cause
of raised IOP, history of ocular surgery other than uneventful
cataract operation were excluded. All subjects underwent HRT,
OCT, and full-frame stereoscopic imaging of the optic nerve
head (ONH). The optic disc margin was customarily defined as
the inner edge of the scleral lip or crescent [16].
For stereophotography, images were obtained by a fundus
camera. The optic disc margin and optic disc cup were defined
manually by two glaucoma specialists whilst viewing through
a stereo-viewer. The vertical length of the disc was measured
by identifying the upper and lower ends of the disc margin at
the site immediately within the Elschnig’s ring. The optic cup
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border was identified at the level at which the slope of the
neuroretinal rim steepens. Measurements were made using
the straight-line measurement function of JAVA-based ImageJ
software. VCDR was calculated by taking the longest vertical
cup diameter divided by the longest vertical disc diameter [16].
Confocal scanning laser ophthalmoscopy was performed
with HRT 3 (Heidelberg Engineering). An average of three
topographic scans along the ONH was obtained and aligned
to compose a single mean topography for analysis. After
the optic disc margin on the mean topographic image was
manually outlined by an experienced examiner, the software
automatically calculated all the optic disc measurements. The
reference plane was defined at 50 µm posterior to the mean
retinal height between 350° and 356° along the contour line.
The area above the reference plane confined within the contour
line was defined as the rim and below as the cup. The VCDR
measured the vertical cup and vertical disc diameter along the
same vertical axis at the midline of the disc [16].
For OCT, Optic disc imaging was performed with the Cirrus
high-density OCT (Carl Zeiss Meditec, V.6.5) using the optic
disc cube scan protocol. Unlike stereophotography and HRT
from which the rim and cup are divided similarly based on
an arbitrary depth, OCT measures disc parameters with a
different approach. The OCT identifies the termination of the
Bruch’s membrane (i.e. the Bruch’s membrane opening, BMO)
as the disc margin. The rim width is defined as the minimum
distance from the BMO to the internal limiting membrane on
each meridian - hence, the boundary of the disc cup on each
meridian is defined by these points on the internal limiting
membrane. Based on this measurement, VCDR and other optic
disc parameters are measured automatically by built-in software
[16].
Glaucoma risk calculation was performed using the
aforementioned risk calculator with the continuous method.
The VCDR obtained by HRT, OCT and two stereophotography
readers (SP1 and SP2) were input into the calculator, whilst the
baseline variables were used and kept constant for other risk
factors (i.e. age, IOP, CCT, PSD of VF). Hence, each patient has
four different risk estimation values according to the method
of VDCR measurements and was compared using linear mixed
modelling with adjustment of correlation between fellow
eyes. The agreement of VCDR and 5-year risk of glaucoma
development was derived from the Bland-Altman plot, with one
eye randomly selected from each patient [16].
This study recruited a total of 140 eyes of 75 subjects (48 women
and 27 men) with untreated OHT. The VCDR values measured
by OCT, HRT, SP1, and SP2 were 0.60 ± 0.14, 0.53 ± 0.23, 0.44
± 0.13 and 0.49 ± 0.10 respectively. The corresponding 5-year
risk for development of glaucoma was 19.54% ± 16.60%,
18.13% ± 16.96%, 15.64% ± 14.35% and 16.70% ± 14.49%,
respectively. The maximum difference of VCDR measurement
was 0.64, while the maximum difference of the corresponding
5-year risk was 24.02%. This shows that the VCDR measured by
the three methods differ from one another and the disagreement
extended to their corresponding 5-year risk estimation of POAG
development [16].

Discussion
Problem with VCDR measurement as a variable in glaucoma
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risk calculation
As mentioned, the 5-year risk calculator was derived from
the joint data of OHTS and EGPS. Therefore, the VCDR
measurement in the calculator was designed for optic disc
stereophotography. It is important to note that, in the OHTS, the
measurements were performed by highly trained, independent
graders at designated optic disc centres following a strict
protocol [14]. In clinical practice, however, measurement
of VCDR by individual ophthalmologist is susceptible to
intraobserver and interobserver variability [11]. The precision
and quality of VCDR measurement is unlikely to match those
in the RCTs. Moreover, care should be taken when using the
risk calculator with VCDR values obtained from different
measurement techniques. There is a poor agreement in VCDR
measurement obtained from HRT and OCT [15]. The study
by Chan et al. further demonstrated the lack of agreement and
interchangeability between VCDR measurement by OCT, HRT,
and stereography [16].
The lack of agreement reflects the differences between the
techniques in defining optic disc margin and optic disc cup.
The assessment of ONH in HRT and stereophotography
relies on examiners to define the disc margin. Nevertheless,
spectral-domain OCT demonstrated that the “perceived” disc
margin is frequently not the true anatomical outer border of
the neuroretinal rim, the Bruch’s membrane opening (BMO)
(Figure 1) [18-20], where axons cannot pass through the intact
Bruch’s membrane to exit the eye [21].

comparison was made on Bland-Altman plots, different
degrees of proportional biases were demonstrated in VCDR
measurements and their corresponding risk estimation obtained
with stereophotography, OCT and HRT. For the risk estimation,
the range of discrepancies tended to widen with increasing mean
risk, especially beyond the estimated risk of >15%, which is the
current treatment threshold (Figure 2). Using this cut off value
in the cohort of untreated OHT eyes, 72 eyes (51.2%) would
require treatment if OCT was used for assessment of VCDR,
while only 54 eyes (38.6%) would require treatment if VCDR
measurements were obtained from stereophotography by one of
the glaucoma specialists [16].

Figure 2. Bland-Altman plot: comparison of 5-year risk estimations
of POAG conversion that were calculated by vertical cup to disc ratio
measured by spectral-domain optical coherence tomography (OCT)
and stereophotography performed by a glaucoma specialist. Notice
that the range of discrepancies widen with increasing mean risk,
especially beyond the estimated risk of >15%. OCT, ocular coherence
tomography; reader 1, stereophotography evaluation.

Variability of glaucoma risk calculation

Figure 1. A normal optic nerve head. The green dots represent the
Bruch's membrane opening (BMO) identified by spectral-domain
optical coherence tomography (OCT). The blue crosses represent the
disc margin that was identified by an examiner with stereophotography
(modified according to Chauhan BC et al., 2013 [20]).

The BMO is also a more stable landmark as it is unaltered
under larger changes of IOP, making it a more reliable landmark
especially for eyes with OHT [22]. Spectral-domain OCT is
arguably a more reliable method of defining the ONH as it
detects the disc margin by defining the termination of BMO at
every clock hour. OCT identifies the cup margin as the minimum
distance from the BMO to the internal limiting membrane on
each meridian, and these points defined the cup margin. The
built-in software then defined the maximal vertical diameter
as the vertical cup diameter. On the contrary, the definitions of
vertical cup diameter by stereophotography and HRT are based
on subjective judgment of examiners defining the disc and cup
margin. For HRT, the built-in software measures the vertical
cup diameter along the vertical axis at the midline of the disc.
Therefore, HRT has difficulties in calculating VCDR for optic
discs with a small cup that does not pass through the midline of
the disc and would have VCDR recorded as “0” [16].
The disagreement of VCDR measured by different methods
extended to their corresponding estimated risk. When the
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Other than VCDR measurement, risk estimation of untreated
OHT could also vary dramatically with fluctuation of IOP,
CCT and PSD value of VF. IOP varies from visit to visit, which
could be due to true changes in IOP or artefactual changes in
IOP measurement including regression to mean, consistency in
time of day (i.e. diurnal variation), and measurement order [23].
The performance of visual field is also variable, resulting in the
variability of PSD value [24]. PSD value, which is the weighted
standard deviation of the differences between the measured and
the normal reference visual field at each test location, tends to
be low in OHT subjects who do not have glaucomatous VF loss
by definition. Hence, a slight variability in patient’s response
could result in a significant change in PSD value.
Song et al investigated the longitudinal variability of glaucoma
risk calculation in OHT subjects by stratifying measurements
of risk factors into the best-case scenario (baseline age, lowest
PSD, highest CCT, and lowest IOP) and the worst-case scenario
(final age, highest PSD, lowest CCT, and highest IOP). It was
found that within the same individual, the mean risk of POAG
conversion could increase by almost 10-fold when comparing
the worst and best-case scenarios (5.0% vs. 45.7%, P <0.01) [25].
This demonstrated that a single risk calculation measurement
(as adopted in the 5-year risk calculator) may not be sufficient
for accurate risk assessment.
Limitations of current glaucoma risk calculation
Similar to most multivariate prediction models derived from
prospective studies [26], the current glaucoma risk calculation
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is based on three assumptions: 1) baseline measurements are the
most predictive; 2) the variables remain unchanged over time;
3) the risk of progression to glaucoma is linear. However, it has
been demonstrated that these variables fluctuate with time. The
risk of progression to glaucoma is also unlikely to be linear as
the risk factors of each subject change over time. For instance,
pre-perimetric glaucoma progression could be detected by
OCT but not VF. The change of VCDR and PSD values
during follow-up and the resulting change in risk calculation
would not necessarily be linear. Furthermore, the risk model
is derived from a group of highly selective patients with very
strict recruitment criteria, which may not be applicable in real
life. Caution must be taken when applying this risk calculation
model in clinical practice [16]. Our experience of using the risk
calculator as guidance to reduce the use of glaucoma medication
in OHT patients showed that it was a safe approach to lower the
need of medication [27]. However, the variability of the 5-year
risk estimation over a longer-term follow-up period could also
affect treatment decisions (unpublished data).
New trend of early diagnosis of glaucoma by detection of
retinal nerve fiber layer (RNFL)
Despite the questionable accuracy of VCDR measurement
by stereophotography or clinical examination, this method
remains the only parameter in the risk calculation that reflects
the structural status of the complex architecture of optic disc.
It is important to note, however, that both OHTS and EGPS
were performed in the era when OCT was not widely available
for the diagnosis of glaucoma. Subjects with glaucoma were
ruled out from the cohort mainly based on Anderson’s VF
criteria [17] and the absence of detectable structural damage
on stereophotography. It is now understood that glaucoma is
a neurodegenerative disease of the optic nerve that presents
at various stages of a continuum characterized by accelerated
retinal ganglion cell death, subsequent axonal loss and optic
nerve damage, and eventual visual field loss [6].
Initial changes in the retina and optic nerve are often
asymptomatic and undetectable. RNFL abnormalities can often
be evident without detectable VF damage [28-31]. In fact, optic
disc change was detected earlier than VF abnormalities in over
half of the patients [2]. According to the 10th World Glaucoma
Association consensus meeting, it was suggested that “detecting
progressive glaucomatous RNFL thinning and neuro-retinal
rim narrowing is the best currently available gold standard for
glaucoma diagnosis”. The rapid-evolving technology in OCT
and concepts of ONH measurement could provide valuable
data and new parameters for refinement of the existing risk
calculator, for instance, integrating other factors of ONH and
RNFL based on OCT measurements [16].
Spectral-domain OCT is now an invaluable investigation tool
for glaucoma patients because it can measure RNFL thickness
reliably [32] with high sensitivity (95.0%) and specificity
(95.5%) for glaucoma detection [33,34]. Analysis of serial
RNFL thickness maps with an event-base algorithm, such as
the Guided Progression Analysis (GPA, Carl Zeiss Meditec),
can detect progressive RNFL thinning [35]. Trend-based
Progression Analysis (TPA) is another algorithm for detecting
progressive RNFL thinning by measuring the rate of change
in RNFL thickness for each superpixel of the RNFL thickness
J Clin Ophthalmol 2020 Volume 4 Issue 2

map (50 x 50 superpixels) [36]. These OCT technologies could
potentially be incorporated in the glaucoma risk model for more
reliable risk estimation, which is essential in guiding treatment
decisions and has a huge bearing on health economics and
patient’s quality of life.

Conclusion
In summary, variability and disagreement of VCDR
measurement between OCT, HRT and stereophotography
extend to the glaucoma risk assessment. The large variation in
glaucoma risk estimation leads to inaccurate clinical decision
making, which could adversely impact on patient’s quality of life
and health economics of the society. OCT is now use routinely
in the assessment of glaucoma, necessitating a modification
of the current risk calculator. Further studies are required to
investigate the possibility of integrating other parameters of
ONH and RNFL based on OCT measurements.
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