Development of a Diagnostic Model for Glaucoma
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ABSTRACT

Objective: The aim of this study was to develop a glaucoma diagnostic model applying the statistical classification
method by various testing results for glaucoma. Background: Statistical diagnostic models applied with structural (e.g.,
fundus examination) and functional (e.g., visual field testing) testing results have been developed to diagnose glaucoma
more accurately. The existing studies with regards to the glaucoma diagnostic model considered statistical techniques
by various input data such as intraocular pressure and cup-to-disc ratio; however, constant exertions for improving the
performance of a diagnostic model are necessary through applying unvalidated methods and input data. Method:
Glaucoma testing results of 145 eyes (glaucomatous eyes = 74, normal eyes = 71) were used as input data. Five
classification techniques (linear and Gaussian support vector machines [L-SVM and G-SVM], linear discriminant
analysis [LDA], binary logistic regression [BLR], and classification and regression tree [CART]) were applied to
develop the model. Used as input, the performance (accuracy, sensitivity, specificity and AUC) of the developed models
were compared with among the developed models. Results: The PD/G-SVM model which applied with G-SVM with
pattern deviation (PD) was determined as an optimal model (accuracy = 0.87; sensitivity = 0.81; specificity = 0.92; and
AUC = 0.95). Conclusion: The developed PD/G-SVM model can contribute to making a diagnosis of glaucoma more
precisely. Application: The developed model would be expected to apply to develop a comprehensive diagnostic
system for glaucoma.
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2. Materials and Methods
2.1. Data
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Figure 1. General height adjustment
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2.2. Classifiers
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2.3. Glaucoma diagnostic model
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2.4. Performance evaluation
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3. Results
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Table 1. A comparison of performance of classifiers by their accuracy, sensitivity, specificity, and ROC areas by input variables

Data Input Process Performance
: #of (model) oz - "y
category variable [n(eye) variables Accuracy |Sensitivity |Specificity | AUC
TS L-SVM 0.77 0.68 0.87 0.82
(TS, TS2, ..., G-SVM 0.85 0.80 0.90 0.92
TSs2) LDA" 0.65 0.64 0.68 0.46
Visual field D L-SVM 0.76 0.68 0.84 0.80
raw test result| (TDi, TD», 52 G-SVM 0.84 0.79 0.90 0.92
(VFR) ..., TDs2) LDA" 0.64 0.62 0.65 0.67
PD L-SVM 0.84 0.76 0.91 0.88
(PD1, PDy, G-SVM 0.87 0.81 0.92 0.95
..., PDs2) LDA" 0.66 0.63 0.69 0.71
L-SVM 0.62 0.64 0.62 0.71
Clinical index | AG8: gender, G-SVM 0.56 0.57 0.58 0.63
€ VA, I0P, 6 LDA" 0.58 0.97 0.19 0.51
CCT, VCDR | 145 BLR" / ’?'O”"a' 0.67 0.68 0.67 0.76
CART glaucoma 0.68 0.67 0.69 0.73
_ L-SVM 0.84 0.73 0.95 0.91
Global index | MD, PSD, G-SVM 0.74 0.74 0.75 0.81
(((3&') a%/eAgﬁ'“odF’fr' 8 LDA" 0.61 0.94 0.28 0.53
ol CCT VCDR BLR" 0.84 0.78 0.90 0.92
’ CART 0.86 0.85 0.87 0.88
PD L-SVM 0.83 0.74 0.92 0.87
PDs, PD
(PD1, PDs, G-SVM 0.84 0.89 0.79 0.91
pD&Gl& | ;PP
cl MD, PSD, 60 LDA* 0.67 0.62 0.73 0.49
age, gender, *
VA IOP BLR 0.67 0.60 0.74 0.71
CCT, VCDR CART 0.85 0.85 0.85 0.88

*Cost ratio, C(normaljglaucoma) : C(glaucomajnormal) =1:5



Table 2. A comparison of performance of classifiers

Vel Study Process Performance
(year) (model) Accuracy Sensitivity Specificity AUC
Chan et al.(2002) L-SVM - 0.66 0.85 0.89
The present study 0.77 0.68 0.87 0.82
Chan et al.(2002 - . . .
TS (2002) G-SVM 0.78 0.88 0.91
The present study 0.85 0.80 0.90 0.92
Chan et al.(2002) ™ - 0.58 0.75 0.82
The present study 0.65 0.64 0.68 0.46
L-SVM 0.84 0.76 0.91 0.88
PD The present study G-SVM 0.87 0.81 0.92 0.95
LDA 0.66 0.63 0.69 0.71
CI/BLR = 0.76; CI/CART = 0.73; GI&CI/L-SVM = 0.91;
GI&CI/BLR = 0.92; GI&CI/CART = 0.88)] uvlal| WA H7}
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Table 3. Confusion matrix by PD/G-SVM model
Actual class
G N Total
Predicted G 64 3 67
class N 10 68 78
Total 74 71 145

%G, glaucomatous eye; N, normal eye
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