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ABSTRACT

Background: The cup-to-disc (C/D) ratio is a commonly used measurement for assessing
the optic nerve requiring the use of monocular and binocular visual processing. Inter-
observer agreement is known to be poorer than intra-observer agreement with regard to the
precision of C/D ratio measurements, but studies evaluating reproducibility in live subjects
and across different experience groups are scarce. While previous studies use stereoscopic
photographs and expert observers to estimate reproducibility, this study evaluated inter-
observer variability in live subjects among both students and practicing clinicians.

Methods: Eleven observers from each of four experience groups measured the right optic
nerves of three subjects via slit lamp fundoscopy. For each experience group, limits of
reproducibility were constructed for vertical and horizontal C/D ratio measurements by
subject and analyzed for significant differences. Furthermore, data were analyzed in a
categorical fashion in which differences between corresponding intra-class measurements
were classified as falling within 0.05, 0.10, 0.15, or more than 0.15 C/D ratio units of one
another and analyzed for trends.

Results: Limits of reproducibility ranged from 0.07 to 0.32 C/D ratio units, with no significant
trend toward superior reproducibility in the groups with more clinical experience.
Furthermore, a significant trend indicating improvement in agreement corresponding with
increased experience was not exhibited in the higher experience levels via the categorical
approach.

Conclusions: Reproducibility of C/D ratio measurements between observers is relatively
broad and does not appear to correlate strongly with practitioner experience. When
possible, multi-clinician practices should attempt to have the same clinician monitor
C/D ratios in order to eliminate inter-observer variability. Poor binocularity and/or visual
processing skills of some clinicians may contribute to these findings.

Keywords: cup-to-disc ratio, intra-observer agreement, reproducibility, stereopsis, visual
performance

Introduction in technologies such as optical coherence

Measurement of the cup-to-disc (C/D) ratio tomography and automated perimetry provide
and neuroretinal rim tissue is routinely used clinicians additional data for clinical decision-
during examination of the posterior segment making, the C/D ratio remains a simple and
in the diagnosis and management of glaucoma  universal technique for evaluating the optic
and other optic neuropathies." While advances nerve head.
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Visual performance of the practitioner plays a
critical role in the precision of his or her C/D ratio
measurements. Using monocular depth cues
(e.g., color change and defocus blur) in addition
to binocular cues (e.g., stereopsis) enables the
clinician to estimate the relative proportion of a
patient’s intraocular optic nerve that comprises
the cup. The C/D ratio measurement requires
high-level visual information processing on the
part of the observer; as such, the visual skills
of the practitioner play an important role in
influencing inter-observer agreement between
measurements. Since visual performance varies
among clinicians, it is important to determine
the reproducibility of C/D ratio measurements in
order to identify whether a significant increase
(cupping) has occurred between visits.

It is well-established that intra-observer
agreement (repeatability) is superior to inter-
observer agreement (reproducibility) with
regard to measurement of the C/D ratio."”’
In a clinical environment in which the same
practitioner routinely evaluates patients over
time, inter-observer variability is effectively
eliminated. However, in academic institutions
and multi-clinician practices where patients
are often examined by different practitioners
over time, inter-observer variability must be
considered as a factor affecting measurement
precision.

Research evaluating repeatability and
reproducibility of C/D ratio measurements has
historically used “expert observers” and optic
nerve photographs (often stereoscopic) to
estimate agreement.”'> One major drawback to
using optic nerve photographs is the reduction
or elimination of many of the depth cues
available through biomicroscopy. Practically
speaking, clinicians estimate C/D ratios in live
patients via fundoscopy, therefore the use of
photographs in clinical trials may not provide
a realistic estimation of variability. Additionally,
the use of expert observers is problematic due
to wide variation in the definition of an expert
observer across the literature. Since a large

proportion of glaucoma patients are managed
by eye care professionals who may not fit the
criteria of an expert observer, these studies
may not provide a realistic approximation of
inter-observer variability across the general
population of practitioners.

Some evidence suggests that while the
repeatability of C/D ratio measurements is not
strongly correlated with clinical experience,
reproducibility does tend to show a correlation
with experience level of the practitioner.’”
However, studies evaluating inter-observer
agreement of C/D ratio measurements in live
subjects (rather than photographs) are lacking.
This study aims to address this gap in the
literature by determining the degree to which
clinical experience influences inter-observer
variability of C/D ratio measurements in realistic
conditions.

Methods

Study participants were recruited from
the faculty and student body at Southern
College of Optometry on a volunteer basis.
Each participant provided informed consent,
and this study was carried out in accordance
with the Declaration of Helsinki. Three subjects
(hereafter “Targets”) were recruited to serve
as mock patients to have their right optic
nerves assessed. Targets were screened prior
to study enrollment, and candidates with optic
nerves displaying pathology or anomalous
findings (e.g., optic nerve head drusen or disc
malinsertion) were excluded.

Forty-four subjects (hereafter “Observers”)
were recruited from four experience groups
based on clinical experience: second-year
optometry students (Yr2), third-year optometry
students (Yr3), fourth-year optometry students
(Yr4), and practicing optometrists (OD), for a
total of eleven Observers per Experience Group.
In randomized fashion, Observers measured
the C/D ratio of each Target’s right optic nerve
using Volk Digital High Mag lenses. Observers
were permitted to modify beam width and
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magnification as desired. Vertical and horizontal
C/D ratios were gathered for each Target-
Observer combination.

The C/D ratio data were evaluated in two
ways. First, analyzing C/D ratio measurements
as a continuous variable, limits of reproducibility
were constructed for vertical and horizontal
measurements for each Experience Group-
Target combination. The reproducibility limit
represents the value less than or equal to which
the absolute difference between two test results
obtained under reproducibility conditions may
be expected to be with a probability of 95% (ISO
5725-1:1994). Reproducibility limits (LoR) were
calculated as follows, where ¢ is the standard
deviation of the measurements for a particular
Experience Group-Target combination.

LoR = (1.96)(v2)(c )

repr

A clinically significant difference in repro-
ducibility between Experience Groups was
defined as a difference of 0.05 or more, where
the Experience Group with the smaller value
was found to be clinically superior. Differences
between Experience Groups of less than
0.05 were classified as indicative of clinical
equivalence.

Second, the data were also analyzed using
C/D ratio measurements as a continuous
variable. Traditionally, Cohen’s weighted kappa
analysis has been utilized to provide a categorical
estimation of reproducibility in C/D ratio
studies."” The advantage to this methodology
is that it enables greater weight to be assigned
to closer measurements between observers
(i.e., C/D ratios differing by 0.05 receive greater
weight than those differing by 0.20). However, a
universally accepted weight matrix has not been
established in the literature. As such, significant
variation in calculating Cohen’s weighted
kappa between trials makes it difficult to draw
meaningful comparisons between studies.

In order to avoid this dilemma, a differ-
ent statistical technique was utilized to cate-
gorically assess intra-observer agreement

in this study. For each Target, vertical and
horizontal C/D ratios were independently
analyzed for all four Experience Groups. Each
individual measurement (e.g., Yr2 Operator
1 — Target A - horizontal C/D) was compared
to the corresponding measurements in that
Experience Group (e.g., all other Yr2 Operators’
horizontal measurements of Target A). Thus,
each measurement was compared to ten other
corresponding measurements. The difference
between each pair of measurements (Yr2
Operator 1 vs. Yr2 Operator 2, Yr2 Operator 1
vs. Yr2 Operator 3, etc.) was classified as being
within 0.05, within 0.10, within 0.15, or greater
than 0.15 C/D ratio units. For each Target-
Experience Group-Vertical/Horizontal grouping,
the percentage of measurements falling within
0.05, 0.10, and 0.15 was calculated out of 110
comparisons (11 observers x 10 comparisons
each).

Results
Continuous Analysis

Means, standard deviations, and limits of
reproducibility for each Experience Group
are given in Tables 1-3. The mean vertical and
horizontal C/D ratios for each Target were
within 0.05 C/D ratio units for each Experience
Group, with the exception of Target A, in which
Yr2 Observers significantly over-estimated both
the vertical and horizontal C/D ratio compared
to the other Experience Groups.

Limits of reproducibility for Target A ranged
from 0.16 to 0.19 (all within 0.05). Thus, all
Experience Groups were found to be clinically
equivalent in terms of reproducibility for both
vertical and horizontal measurements.

Limits of reproducibility for Target B ranged
from 0.15 to 0.29. For the vertical measurement,
the Yr3 value was clinically inferior to all other
Experience Groups; Yr2, Yr4, and OD values
were clinically equivalent to one another. For
the horizontal measurement, the Yr3 value was
clinically inferior to the OD value but clinically
equivalent to the Yr2 and Yr4 values; the Yr2,
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Table 1: Target A - Continuous analysis

Vertical Horizontal
Mean (SD) LOR Mean (SD) LOR
2ndyears | 0.2409(0.0583) | 0.1618 | 0.2318(0.0681) | 0.1887
3rd years 0.1273 (0.0607) | 0.1682 | 0.1409 (0.0701) | 0.1942
4th years 0.1364 (0.0636) | 0.1763 | 0.1364 (0.0636) | 0.1763
ODs 0.1364 (0.0595) | 0.1650 | 0.1364 (0.0595) | 0.1650
Table 2: Target B — Continuous analysis
Vertical Horizontal
Mean (SD) LOR Mean (SD) LOR

2ndyears | 0.6409(0.0664) | 0.1841 | 0.6773(0.0684) | 0.1897
3rd years 0.6773(0.1057) | 0.2931 | 0.6955 (0.0789) | 0.2187
4th years 0.6864 (0.0636) | 0.1763 | 0.7000 (0.0632) | 0.1753

ODs 0.6409 (0.0769) | 0.2131 | 0.6864 (0.0552) | 0.1530

Table 3: Target C - Continuous analysis

Vertical Horizontal

Mean (SD) LOR Mean (SD) LOR

2nd years 0.2227 (0.0410) | 0.1137 | 0.2273(0.0261) | 0.0724

3rd years 0.2364 (0.0393) | 0.1090 | 0.2455(0.0522) | 0.1448

4th years 0.2045 (0.0650) | 0.1802 | 0.2136 (0.0636) | 0.1763

ODs 0.2227(0.1034) | 0.2865 | 0.2364(0.1164) | 0.3226

Yr4, and OD values were clinically equivalent to
one another.

Limits of reproducibility for Target C ranged
from 0.07 to 0.32. For the vertical measurement,
Yr2 and Yr3 values were clinically equivalent,
while Yr4 and OD values were clinically inferior
to both Yr2 and Yr3 values; the OD value was
furthermore clinically inferior to the Yr4 value.
For the horizontal measurement, the Yr2 value
was clinically superior to all other Experience
Groups, Yr3 and Yr4 values were clinically
equivalent to one another, and the OD value
was also clinically inferior to Yr3 and Yr4.

Categorical Analysis

Figures/Tables 4-6 demonstrate the cate-
gorical analysis of the data, presented by Target
and horizontal/vertical values. A value of 100
indicates that 100 percent of the corresponding
observations fell within the given limit (0.05,
0.10, or 0.15 C/D ratio units).

Table 4: Target A - Categorical analysis

Target A

100

60
40
20

Avg. % within

Yr2
Yr3
Yr4
®OD

0.05

45.5
54.5
69.1
65.5

0.10
Vertical
90.9
90.9
83.6
87.3

0.15

100
94.5
87.3
94.5

0.05

56.4
49.1
69.1
62.7

Table 5: Target B - Categorical analysis

Target B

005

45.5
30.9
63.6
43.6

0.10
Vertical
89.1
56.4
80
74.5

0.15

90.9
70.9
94.5
89.1

0.05

65.5
34.5
56.4
56.4

Table 6: Target C - Categorical analysis

Target C

100
80
60
40
20

Avg. % within

Yr2
Yr3
Yr4
®0OD

0.05

81.8

81.8

54.5
40

0.10

Vertical

98.2
100
81.8
61.8

100
100
96.4
78.2

005

45.5
67.3
56.4
30.9

0.10
Horizontal
69.1
81.8
83.6
87.3

0.10
Horizontal
81.8
78.2
83.6
94.5

0.10
Horizontal
100
90.9
83.6
54.5

0.15

96.3
92.7
87.3
93.6

0.15

83.6
83.6
96.4
96.4

0.15

100
100
96.4
72.7
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Significant, consistentimprovementin agree-
ment corresponding with increased experience
was not exhibited in any of the three Targets,
with Target C exhibiting poorer inter-observer
agreement among the high experience levels.

Discussion

Practically speaking, the absolute value of a
C/D ratio is of little significance; rather, it is an
increase in C/D ratio between visits which is
most indicative of glaucomatous progression.
The results of this study indicate that one can
expect two observers to differ by 0.15 to 0.20
C/D ratio units roughly five percent of the time
when viewing the same optic nerve, regardless
of experience level. Since many clinicians regard
an increase of 0.05 or 0.10 to be significant
cupping, such a large limit of reproducibility
makes it difficult to determine whether an
increase in C/D ratio between visits is pathologic
in nature, provided the measurements were
made by different clinicians.

Over time, individual practitioners develop
their own techniques for assessing C/D ratios.
The individual visual performance of an eye
care professional is influenced by training, visual
memory, and variations in the use of various
monocular and binocular cues. While these
individual techniques may provide repeatable
data for a single clinician, the results of this study
indicate that comparisons between clinicians
should be drawn with caution.

It is interesting to note that a significant
trend toward superior reproducibility with more
clinical experience was not noted with either the
continuous or categorical approach. Moreover,
in some scenarios the reverse was true. Thus,
the results do not support the hypothesis that
reproducibility among practitioners increases
with clinical experience. It is possible that part
of this phenomenon can be explained by more
experienced clinicians placing more emphasis
on other glaucomatous signs, such as the
appearance of the neuroretinal rim tissue.

In light of this study’s findings, it follows
that multi-practitioner institutions should use
objective measures of the optic nerve such
as optical coherence tomography whenever
possible, in addition to ensuring that glaucoma
patients are monitored by the same clinician
over time, thereby minimizing the effect of inter-
observer error. Furthermore, C/D ratio grading
systems such as those suggested by Lievens
and colleagues® and Eiden and colleagues’
may be warranted.

Future studies measuring stereoacuity
of observers and correlating this data with
reproducibility of C/D ratios would provide
insight into the importance of binocularity in
the assessment of the C/D ratio. Additionally,
broader studies including a greater number
of optic nerves would provide important
information on whether the size of the optic
nerve has an influence on the reproducibility of
C/D ratio measurements.

Special thanks to Dr. Patricia Cisarik for her
assistance with this project.
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