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Abstract

Purpose—To compare Reading Center (RC) cup-to-disc ratio (CDR) assessment from
stereoscopic photographs with clinician estimation in a uveitis clinical trial.

Methods—Clinical estimation of CDR was performed by ophthalmologists via dilated
biomicroscopy. Photographic evaluation was performed at an independent RC by masked,
certified evaluators. Quality control was performed by repeat grading of 77 randomly selected
images.

Results—Among 481 eyes with uveitis, 353 eyes had clinical and photographic grades for CDR.
Agreement between clinical and RC grading was fair, with exact agreement in 29%. Agreement
within 0.1 and 0.2 CDR were 70% and 93%, respectively (wkappa=0.34). Inter-grader
reproducibility at the RC was better (wkappa=0.59, ICC 0.74).
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Conclusion—Morphologic assessment of cup to disc ratio is an important outcome and safety
measure for determining glaucomatous damage in clinical trials. Masked RC measurements are
more likely to be accurate than biomicroscopic grading in identifying meaningful anatomical
change associated with glaucoma.
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Introduction

Methods

The Multicenter Uveitis Steroid Treatment (MUST) Trial is a randomized clinical trial
comparing the effectiveness of standard systemic therapy versus the fluocinolone acetonide
intraocular implant for treatment of severe non-infectious uveitis.! Raised intraocular
pressure is a common occurrence in eyes with ocular inflammation, resulting primarily from
the disease process itself, a response to corticosteroid treatment, or secondary angle
closure.23 One treatment arm of the MUST trial involves use of fluocinolone acetonide
implants, previously associated with a 78% rate of increased intraocular pressure and 40%
rate of glaucoma surgery over 3 year follow-up * °. Foster et al define glaucoma as
structural damage to the optic nerve associated with functional damage as indicated by
visual dysfunction.® In glaucoma clinical trials, stereoscopic photographs of the optic nerve
are traditionally used to assess the vertical cup-disc ratio—a reliable clinical index of
glaucomatous damage to the neuroretinal rim.8 Use of this approach, with grading by a
masked reading center, in trials where incidence of glaucoma is not the primary outcome is a
major commitment, and better understanding of the value of this approach versus simple
clinical grading in the context of disease conditions other than glaucoma is needed.

In the MUST Trial, the incidence of glaucoma related to uveitis and/or steroid treatment was
an important secondary outcome. The cup-disc ratio was frequently measured by
biomicroscopy by a large number of uveitis specialists at different sites over several years
and by grading of stereo photographs taken at the same visit by an independent masked
reading center. Here we report the reproducibility of standardized Reading Center evaluation
of cup-disc ratio, and evaluate agreement between Reading Center grades with
biomicroscopic evaluation performed by clinic investigators.

Study Participants

The design and methodology of the MUST Trial (ClinicalTrials.gov Identifier:
NCT00132691) has been described previously.! The study enrolled patients with severe
non-infectious intermediate uveitis, posterior uveitis, or panuveitis at 23 clinical sites in the
United States, United Kingdom and Australia. The protocol and informed consent forms are
compliant with the Declaration of Helsinki and were approved by the governing institutional
review boards. Prior to participation in this study, all clinical centers completed certification
of the imaging system and participating photographers through the Fundus Photograph
Reading Center (RC), Department of Ophthalmology and Visual Sciences at the University
of Wisconsin-Madison. Non-simultaneous stereoscopic color photographs’ of the optic disk
were obtained from both eyes at baseline, and de-identified photographs were sent to the
Reading Center for evaluation. At the same visit, the study ophthalmologist at each clinic
provided a clinical grading of the cup-disc ratio using biomicroscopy through a dilated

pupil.
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Photography

Grading

All patients underwent pharmacologic pupil dilation followed by 3-field modified
stereoscopic photography using 30 or 35 degree field with specified capture and export
settings. The photographic fields include Field 1M, where the image is centered on the
temporal edge of the optic disc, Field 2- centered on the macula, and Field 3M - centered
temporal to the center of the macula. These fields were modified from the standard ETDRS
photographic protocol® in order to provide additional views of the macula. Images were
obtained in film format and sent as color slides or were obtained digitally (mid 2007
onwards) with certified cameras and saved on a CD or DVD uncompressed, and submitted
to the Reading Center according to standard procedures.

Film sets were viewed upon a standard light box (6500° K color temperature), using a
Donaldson stereo viewer (5X). Digital images were displayed upon calibrated 20.5” LCD
monitors and were viewed with hand-held stereo viewers (Screen-Vu Stereoscope, PS Mfg.
Co., Portland, OR). Optimum image illumination, contrast, and color balance for digital
images were achieved by a standardized procedure at the Reading Center® where the
luminance histograms for each of the red/green/blue (RGB) color channels were analyzed
and manually adjusted to enhance color contrast and standardize illumination. Trained
graders evaluated each eye utilizing standardized procedures adapted from the Wisconsin
Epidemiologic Study of Diabetic Retinopathy (WESDR) cup-disc measurement
protocol.10:11 Quality of both film and digital images was rated by the graders based upon
the ability of the grader to view and grade different lesions of uveitis. Photo quality was
graded as Good 1o fair, if they were good enough to be graded confidently; Borderline when
most features could be graded, but some features could not be graded due to defects in
image quality such as poor stereoscopic imaging, poor focus or inadequate field definition.
Images were considered Ungradable if there was either a very poor view or no view of the
fundus.

Measurement of cup-disc ratio using biomicroscopy

Investigators participating in the MUST Trial were board-certified ophthalmologists, and
leading uveitis experts. Patients had dilated fundus examinations at each clinic visit and cup-
disc ratio was assessed as part of the regular eye examination. Clinicians did not receive any
additional training or guidance in the assessment of cup-disc ratio. Evaluation was
performed according to typical ophthalmic practice with cup-disc ratio estimated to the
nearest 0.1 (e.g., 0.0-1.0).

Measurement of cup-disc ratio at the Reading Center

Good stereoscopic imaging is optimal for identification of the cup. In some situations, where
the diameters could not be measured due to poor photographic quality or due to media
opacity obscuring the view of the fundus, then “cannot grade” was assigned to the eye at that
visit. In gradable images, the cup was identified by directly visualizing its contour or by
tracking the course of blood vessels into the optic nerve head.10:11 In the case of film
images, a plastic transparent sheet with various circle sizes was used to measure the vertical
diameter of the cup and the disc margins For digital images, the measurements were
performed using digital analysis tools available in Topcon Imagenet. Cup-disc ratio was
calculated as follows:

Vertical cup diameter=+Vertical disc diameter=Vertical cup—disc ratio
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Grades were assessed as vertical diameters and the ratio was presented in increments of
0.01; for comparison with clinicians’ grades, these were rounded to the nearest 0.1.

Quality control of Reading Center grading was performed by repeat grading of a random set
of 77 images from various subjects and visits by different graders. For purposes of quality
control, images were graded independently, without access to the previous visit images or
grades assigned. Images were graded according to the procedures described above.
Ungradable eyes were excluded prior to analysis for intergrader reproducibility.

Statistical analysis

Results

Calculated measures of agreement included the percent agreement (both exact agreement
and agreement +/-0.1), and weighted kappa (K) statistics. Kappa statistic was weighted as 1
for either exact agreement or disagreement within 0.1, and O for all other disagreements.
Landis and Koch’s benchmarks2 were used to evaluate simple and weighted kappa
statistics, in which K in the ranges of 0.00-0.20, 0.21-0.40, 0.41-0.60, 0.61-0.80, 0.81-1.00
respectively indicate slight, fair, moderate, substantial and almost perfect agreement. Only
eyes which were graded both at the clinics and the Reading Center were included in
calculating measures of agreement. Intergrader reproducibility of the measurement for cup-
disc ratio at the Reading Center was assessed by simple and weighted kappa statistics in the
same manner and with Intraclass correlation coefficients.

Of the 255 study participants, 463 of 481 (96%) eyes with uveitis had baseline fundus
images; 380 of the images (82%) were successfully graded. The 83 eyes scored as
ungradeable at the RC had media opacity or poor stereoscopic effects. Clinicians were able
to grade the cup-disc ratio in 439 of the 481 eyes with uveitis (91%). Thus, the view limited
by small pupils from posterior synechiae and/or lens and vitreous opacities affected the
clinicians’ grading significantly less than the camera imaging technique (P<0.0001).

Three hundred fifty-one eyes had both a clinical and Reading Center grading of the cup-disc
ratio and the findings are plotted in figure 1 showing the distribution of cup-disc ratios by
clinical evaluation and stereoscopic photograph assessment at the Reading Center.

The clinical grading and the Reading Center grading agreed exactly for 101 of 351 eyes
(29%), differed within 0.1 disc diameter (DD) for 246 eyes (70%), and within 0.2 DD for
325 (93%) of eyes.

The agreement between the clinical and Reading Center grading was in the fair range
adjusting for the expected level of agreement given the distributions of grades with each
approach and despite giving full credit for agreement within one grade (weighted kappa =
0.34 (95 % CI 0.24, 0.44)). Among 481 eyes from 255 study participants, 467 (97%) had
baseline fundus images submitted to the RC in the MUST trial.

Figure 2 shows inter-grader reproducibility of cup-disc ratios at the Reading Center. For the
58 gradable eyes (75%), agreement within 0.1 DD was moderate (wK = 0.59). The intraclass
correlation coefficient for inter-grader agreement was 0.74.

Discussion

The evaluation of the optic nerve head in uveitis patients is particularly important as a
significant proportion of the study population is at risk of developing glaucoma due to
sequelae of uveitis or the use of chronic corticosteroid therapy.
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Vertical cup-disc ratio, reflecting neuroretinal rim loss at the superior and inferior poles, is
the most sensitive and specific variable to differentiate between normal and glaucomatous
eyes.1314.15 Clinicians have the disadvantage of working under time pressure with patients
with pain and photophobia due to uveitis. These factors may make assessing the cup-disc
ratio more difficult; Furthermore, clinicians rely on an internal standard for estimating cup-
disc ratio resulting in limited reproducibility between clinicians and by clinicians with
themselves.16:17.18 The photographic method of locating anatomic boundaries, measuring
the vertical diameter of the optic disc and cup using grids or digital calipers and calculating
the cup-disc ratio is anticipated to be more accurate and reproducible, and indeed was in the
current study.19-20 Agreement between graders at the Reading Center was significantly
stronger than clinician-Reading Center agreement.

The fair level of agreement between clinician assessment of cup-disc ratio and Reading
Center grades of stereoscopic images we observed is consistent with previous studies
comparing clinician and reading center assessment of lens opacity, diabetic retinopathy and
cytomegalovirus lesions.21-24 Clinician assessment of cup-disc ratio tended to be lower than
the Reading Center measurement for smaller ratios and higher than Reading Center
assessment for larger ratios (see Figure 1). This finding has been reported previously, 2°
suggesting a tendency for clinical graders to over-call extreme results. Possible reasons for
such discrepancies between clinicians and Reading Center include less time to fully assess
the nerve in a time pressured clinical setting; identification of the cup margin using pallor,
instead of contour, and inclusion of peripapillary atrophy into the optic disc margin. There
also may be inherent biases in how clinicians look at small and large cups such that they
tend to underestimate the size of the former and overestimate the size of the latter. The
systematic approach used at the Reading Center avoids this bias.

Graders at the Reading Center had good reproducibility. Evaluation of vertical cup-disc ratio
by stereoscopic fundus photography remains the commonest method to evaluate progression
of glaucoma in clinical trials. The Ocular Hypertension Treatment Study (OHTS) images
were read by multiple graders at a masked reading center. Intraclass correlation between two
graders was 0.89. The images were regraded annually and the intraclass correlations were
0.92 or higher over 3 years.26 \Varma et al?’ reported high intraobserver agreement (wkappa,
0.79 with weights assigned such that larger agreements were weighted more heavily than
smaller agreements) and moderate interobserver agreement (weighted kappa, 0.67) for
vertical cup-disc ratio for reading center grades of cross-sectional population data. A recent
study by Breusegem et al, compared the interobserver agreement for CDR between
glaucoma specialists (K 0.51, 95% CI 0.33-0.69) and non expert ophthalmologists (K=0.20,
95% CI 0.19-0.21). The non-experts did not show much improvement in agreement
following a training session (K=0.27, 95% CI 0.26-0.28).28 In our study, the intraclass
correlation was substantial (0.73), even though MUST Trial enrolled uveitic eyes with many
having media limitation such as vitritis, cataract, and pupillary synechia. These results
suggest that agreement can be improved substantially over clinical grading using a protocol-
driven Reading Center approach. An additional advantage of the Reading Center approach is
that Reading Center personnel can be masked to patient history and treatment regimens and
hence are unbiased in assessment, whereas ethical constraints may prevent masking of
clinician-graders, as in the MUST Trial.

In this study, the clinicians graded cup-disc ratio in more eyes than at the Reading Center
(91% versus 80%). This is attributed to more stringent rules of assessment followed at the
Reading Center, where the cup and the disc margins have to be clearly visualized with good
stereopsis in order to be measured. Lens opacity, pupillary synechia, and vitreous haze
impact the ability to obtain high quality photographic images. Clinicians using a narrow slit
beam may have been able to make a greater number of attempts to obtain an adequate view
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of the optic nerve, which could have contributed to their more frequent success in assigning
a grade by biomicroscopy. Limitations of the study include the lack of inter-clinician
reproducibility data, and lack of information as to why eyes could not be graded in the
clinic. Strengths include the prospective, protocol-driven data collection, and an appropriate
sample size.

Conclusion

Reliable grading of cup-disc ratio is difficult in patients with uveitis. Clinical grading by
ophthalmologists often shows significant inter-observer variability. Even using the Reading
Center approach, agreement was less than in population-based and glaucoma-specific
studies suggesting poor media clarity in the inflamed eye affects both clinical and reading
center approaches. Nevertheless, grading of stereo photographs at a Reading Center is a
suitable approach for clinical trials of active uveitis and allows masking of the cup-disc
ratio, an important outcome measure. These results suggest that when cup-disc ratio is an
important outcome in a multi-center clinical study, a Reading Center approach to the
determination of cup-disc ratio is preferable to clinical grading, even for conditions like
uveitis where media limitations on photography are frequent.
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CD RATIO

Exact Agreement
n=101 (29%)

Within One Step
n= 246 (70.1%)

Within Two Steps
n= 325 (926%)

Kappa = 0.11 (SE = 0.03)

95% Cl for Kappa: (0.05, 0.16)
Weighted Kappa = 0.34 (SE= 0.05)
95% ClI for Weighted Kappa : (0.24, 0.44)

*Weights: 1 for Complete Agreement

1 for One Step Disagreement
0 for All Other Disagreement

Figure 1.

Comparison of cup-disc ratios between reading center grades and clinician
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Bland Altman plot showing RC reproducibility
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Figure 2.
Reproducibility of cup-disc ratio grades at the reading center.
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