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ABSTRACT

Purpose : To investigate structural and visual field variables for detecting glaucoma.
Methods : Standard automated perimetry (SAP), frequency-doubling technology (FDT) perimetry,
and optic disc photography were performed in 180 patients (360 eyes). Further analysis was
performed in 149 eyes of 89 patients in which classifications of the optic disc with the system of
Nicolela et al by optic disc photographs were agreed on by at least 2 of the 4 observers. To
determine their importance for detecting glaucoma, structural parameters, such as optic disc
appearance and vertical cup-to-disc ratio, and the visual field parameters obtained through FDT
and SAP were ranked with multivariate regression analysis (Classification and Regression Trees
[CART] ).

Results : Through the CART analysis, parameters for detecting glaucomatous visual field loss
were ranked in descending order of contribution as follows: 2 or more pattern deviation locations
of SAP less than the 29§ probability level, 3 or more pattern deviation locations of FDT less than
the 59% probability level, FDT pattern standard deviation values of 2.63 or more, and a cup-to-disc
ratio of 0.7 or more.

Conclusions : Glaucoma can be detected more efficiently and systematically by combining

structural and visual field parameters in their order of importance.

(Jikeikai Med J 2004 ; 51: 37-42)
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INTRODUCTION

It is often difficult to detect early glaucoma
through either standard automated perimetry (SAP)
testing or structural assessment alone since mor-
phological changes occur prior to SAP testing™? and
structural assessment is subjective with a high varia-
bility®~*.
currently accepted definition of glaucoma requires the

This problem is widely recognized, and the

presence of a glaucomatous field loss in conjunction

with corresponding optic disc or retinal nerve fiber
layer (RNFL) defects.
suggested a relation between the characteristics of the

Although many reports have

visual field defects and structural damage (e.g., shape
change and thinning of the neuroretinal rim, localized
and diffuse deepening and widening of the optic cup,
and RNFL defects) observed with optic disc photogra-
phy, confocal scanning laser ophthalmoscopy, and
confocal scanning laser polarimetry®~'°, how to sys-
tematically combine and assess these parameters

Received for publication, March 3, 2004

HR AT, hEFOE, Mt/ ORIIE—, SEE—ER, dE #ET
Mailing address: Yoko AoOKI, Department of Ophthalmology, The Jikei University School of Medicine, 3-25-8, Nishi-Shimbashi,

Minato-ku, Tokyo, 105-8461, Japan.
e-mail : yo.koao@jikei.ac.jp



38 Y. Aoxi, et al.

remains unclear.

We performed a prospective cross-sectional
study to investigate the importance and optimal order
of structural and visual field parameters for detecting
glaucoma. To classify the optic disc’s appearance
objectively regardless of specific instruments used, we
used the optic disc classification method of Nicolela et
al. &7,
ters of the optic disc:the vertical cup-to-disc ratio (C/
D ratio), RNFL defects, peripapillary atrophy (PPA),
and optic disc hemorrhage (DH).

We evaluated the following structural parame-

Data from fre-
quency-doubling technology (FDT) perimetry, which
indicates early visual field loss?, and standard
automated perimetry (SAP) were evaluated as func-

tional parameters.

METHODS

Visual field testing and color optic disc photogra-
phy were performed in 180 consecutive patients to
evaluate glaucoma or suspected glaucoma at the
Glaucoma Service of The Jikei University Hospital.
Patients with suspected glaucoma included those with
eyes having SAP visual fields within normal limits,
however, they had recognized risk factors for glau-
coma (e.g., family history of glaucoma, advanced age,
ocular hypertension, glaucoma-like disc). Patients
were ineligible if they had a history of diabetes or
systemic disease, ocular disease other than glaucoma,
or surgery or were receiving any medication known to
affect the visual field. The study was conducted in
accordance with the Declaration of Helsinki, and
written informed consent was obtained in advance
from all subjects.

SAP testing (Humphrey Field Analyzer II 750,
Humphrey/Zeiss Systems, Dublin, CA, USA) was
performed with conventional test procedures (Gold-
mann size III-stimulus, 31.5 apostilbs white back-
ground, 30-2 full-threshold strategy), an optimal lens
correction for the test eye, and occlusion of the fellow
eye with an eye patch. FDT perimetry testing (Hum-
phrey Systems and Welch Allyn, Skaneateles, NY,
USA) was performed with a full-threshold N-30 stim-
ulus presentation pattern without near visual acuity

lens correction. Visual fields were excluded if any
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abnormal reliability factor was present (fixation
loss >209, false-positive rate >339, and false-nega-
tive rate >33%).

Color photographs of the optic disc were taken of
all subjects (with dilated pupils) within 6 months
before or after visual field testing. Four observers
unaware of the subject’s clinical and visual field infor-
mation independently reviewed each photograph
according to the classification of Nicolela et al.5”.
We also used Anderson’s criteria?’ to define the
minimum visual field abnormality: 1) a glaucoma
hemifield test (GHT) outside normal limits; 2) a
pattern standard deviation (PSD) less than the 5%
probability level ; and 3) 3 or more pattern deviation
(PD) nonedge clusters less than the 5% probability
level, with 1 of these points less than the 19§ probabil-
ity level.

Multivariate analysis??> was performed (Classifi-
cation and Regression Trees [CART], version 3.6,
Salford Systems, San Diego, CA, USA), with the tar-
get variable being the presence of visual field loss
(SAP conversion defined by Anderson’s criteria) and
the independent variables being the structural and
visual field parameters shown in Tablel. A PSD
probability level of SAP and a GHT classification of
“outside normal limits” were not supplied in the
model, because these were features used in our defini-

Table 1. Parameters used for multivariate analysis

group (POAG, NTG, suspected glaucoma), gender, age, eye
(right, left)

Optic disc photograph
optic disc classification proposed by Nicolela et al., RNFL
defect, DH, PPA, C/D ratio (1~3*)

FDT
MD value, MD probability level, PSD value, PSD probabil-
ity level, number of TD, PD abnormal points worse than
the 5,2, 1, 0.59 probability level

SAP
MD value, MD probability level, PSD value, number of TD,
PD abnormal points worse than the 5, 2, 1, 0.59§ probability
level Classification of GHT (excluded “outside normal
limits”)

POAG=Primary open angle glaucoma, NTG=Normal
tension glaucoma, MD=mean deviation, TD=total devia-
tion, PD=pattern deviation

*: 1=optic cup-to-disc ratio (C/D)<0.5, 2=05<=C/D<
0.7, 3=C/D>=0.7
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tion of abnormality and would have produced circular
logic in the modeling. Because the definition of
abnormality based on the PD plot had a clustering
requirement, the number of locations on the PD plot at
a given probability level might be entered into the
model. However, there was no information regard-
ing clustering within these parameters; therefore,
circular logic would be avoided. Sensitivity,
specificity, and a receiver operating characteristic
(ROC) curve were also calculated. Furthermore,
stepwise logistic regression analysis was performed
(Intercooled Stata 5.0, Stata Inc., College Station, TX,
USA), and the results were compared with those

produced by CART.

REsuLTS
1. Classification of optic nerve appearance

Of the 360 eyes in 180 patients, 149 eyes in 89
patients (40.59%) in which at least 2 observers agreed
on the classification of optic nerve appearance were
entered into analysis. Fifty-one of these subjects
were men and 38 were women and were aged 52.6 &
12.2 years (mean=+SD ; range: 25-77 years) when the
study began. Table2 shows the classification of
optic disc appearance according to the classification

of Nicolela et al.%".

2. Classification of glaucoma and visual field defects

Twenty-four eyes (16.19§) had primary open
angle glaucoma, 46 eyes (30.99) had normal tension
glaucoma, and 79 eyes (53.096) had suspected glau-
coma. The mean deviation value of all subjects
was —4.04+5.54 dB (mean+SD).

Table 2. Classification of optic nerve

appearances®
Classification No. (%)
focal ischemic discs 29 (19.5)
myopic glaucomatous discs 49 (32.9)
senile sclerotic discs 17 (11.4)
generalized enlargement 54 (36.2)

*n=149, Results of the classification
proposed by Nicolela et al.®".
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3. C/D ratio, RNFL defect, PPA, DH

The C/D ratio was less than 0.5 in 38 eyes (25.5%),
0.5 or greater and less than 0.7 in 29 eyes (19.5%), and
0.7 or greater in 82 eyes (55.0%). Two eyes (1.3%)
had an RNFL defect, 59 eyes (39.6%) had PPA, and 1
eye (0.7%) had a DH.

4.  Multivariate regression model
CART analysis

A PD of SAP less than the 29§ probability level
was determined to be the factor with the highest
contributory ratio, and visual field loss could be
detected when there were 2 or more PD locations less
than the 29 probability level (Fig.1). If there was
only 1 PD location of SAP less than the 29§ probabil-
ity level, then visual field loss could still be detected if

SAP-PD 2%
<2/ (11:149)\ >9
FDT-PD 5% Class |
(n=35)
< >3
FDT-PSD
(0=26)
<2.63 / \ =2.63
C/D ratios Class |
=6
L2/ N3 (n=0)
Class 0 l Class 1 ‘
(n=79) (n=3)

Fig.1. When all structural and functional variables were
used for classification and regression tree model-
ing, we found that a parameter of 2 pattern
deviation (PD) locations of SAP less than the 2%
probability level produced the best performance.
Abbreviations: SAP-PD 29 : the number of PD
locations of SAP less than the 29§ probability
level ; FDT-PD 5% : the number of PD locations
of FDT perimetry less than the 59§ probability
level;FDT-PSD, the value of pattern standard
deviation of FDT. C/D ratio: 1=<0.5; 2=>0.5
and <0.7; 3=0.7. Class 0=no conversion by the
definition of visual field abnormality ; class 1=
conversion by the definition of visual field abnor-
mality.



40 Y. Aoxi, et al.

Table 3. Actual and predicted classes

Predicted class

Total
Class 0 Class 1
Class 0 79 8 87
Actual class ass
Class 1 0 62 62
Total 79 70 149

Data shown are numbers of eyes.

Class 0=no converter by our definition, Class 1=con-
verter by our definition, Predicted class=classification
provided by CART, Actual class=Classification provided
by our definition.

there were 3 or more PD locations of FDT less than
the 59 probability level. If there were less than 3 PD
locations of FDT less than the 5% probability level,
visual field loss could still be detected when the PSD
of FDT was 2.63 or more. Lastly, if the PSD was less
than 2.63, visual field loss could still be detected when
the C/D ratio was 0.7 or more.

The relation between the presence of visual field
loss detected with the definition used in the present
study (hereafter, “our definition”) and the detection of
visual field loss with CART is shown in Table 3.
With our definition, visual field loss was present in 62
With these results
as a gold standard, CART analysis was correct in 79

of 149 eyes and absent in 87 eyes.

of the 87 eyes without visual field defects and in all 62
eyes with visual field defects. The sensitivity of
CART analysis was 10094, specificity was 91.095, and
the area under the ROC curve was 97.7%.

Stepwise multivariate logistic regression model

Stepwise logistic regression analysis showed that
the presence of visual field loss could be detected with
several parameters: PSD of FDT, the number of
abnormal total deviation locations of SAP less than
the 5% probability level, the number of abnormal PD
locations of SAP less than the 19 probability level,
and C/D ratios (p <0.01).

DiscussioN

By performing CART analysis we determined
that the following parameters, in descending order,
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contributed most to the detection of glaucoma: 2 or
more PD locations of SAP less than the 29§ probabil-
ity level, 3 or more PD locations of FDT less than the
59 probability level, a PSD of FDT of 2.63 or more,
and a C/D ratio of 0.7 or more. Interestingly, visual
field defects could be detected with CART even when
visual field indices were within normal limits. The
importance of these visual field parameters has also
been shown with short wavelength automated per-
imetry (SWAP)*. A parameter of 3 or more PD
locations of FDT less than the 5% probability level is
similar to the early stage in a classification system
proposed by Sponsel et al.?* based on FDT results. In
addition, our results confirm that increasing PD and
PSD values are signs of increasing localized field
loss?’.

Several recent studies have examined relations
between structural and functional findings and the
A study by Vihanninjoki
et al.’® examined the optimal combination of struc-

detection of glaucoma®'®.

tural parameters using confocal scanning laser polar-
imetry and functional parameters. This study found
that the total overall RNFL score provided the
greatest separation between glaucomatous and nong-
laucomatous eyes when structural and functional
parameters were considered. However, only the C/D
ratio from among the structural parameters was
selected as an independent structural parameter that
contributed to discrimination of the dependent mea-
sure in CART. Stepwise logistic regression analysis
also showed that the C/D ratio was significantly
related to visual field loss. Possible reasons why DH
and RNFL defects were not selected in our study are
that DH had not yet developed when optic disc photo-
graphy was done and that photographs in few patients
clearly showed an RNFL defect, suggesting that dis-
ease types and stages have an influence and that there
is difficulty in finding a high level of agreement
among observers. In previous studies, the agreement
between structural damage and visual field damage
was investigated with multivariate analysis or with
area under the ROC curve and quantitative imaging
techniques, such as a confocal scanning laser ophthal-

15—-17

moscopy The sensitivity, specificity, and the

area under the ROC curve that we obtained in the
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present study were similar to those in previous
studies.

Although the rate of agreement between at least
2 observers in our study was less than 5094, this rate
was similar to that in a study by Nicolela et al.?.
With this classification method, optic disc appearance
was easily classified into 4 types with optic disc
Optic disc photography is simple, and
This
method may therefore be suitable for the primary

photographs.
funduscopic cameras are widely available.

care setting as well as general clinical practice.
Meanwhile, because the diagnostic accuracy and inter-
observer agreement of optic disc photographs alone
are poorer than those of quantitative imaging tech-
niques*®, this method of evaluation should be com-
bined with visual field testing. This classification
method must be further refined to decrease its inher-
ent variability and to increase its ability to detect
persons at risk for glaucoma.

The CART analysis used in the present study is a
statistical algorithm developed in 1973 and actualized
with computer software in the early 1980s?2. In
CART,
repeated binary branching based on a series of in-

samples are multiply stratified through

dependent variables in descending order of their con-
tribution to obtain better discrimination of the target
variable. By expressing the results as a classifica-
tion tree (Fig.1) in which the independent variables
are selected in the order of their contribution, a calcu-
lated classification is produced, and the complicated
results can be shown in a visual form. In medicine,
CART is used to prioritize disease information and
optimize treatment for patients hospitalized for emer-
CART is

also used for marketing and environmental control.

gency treatment of cardiac diseases?®?’.

Because results of CART analysis would clearly show
the relation between a target variable and indepen-
dent variables with prioritization and reference val-
ues, we believed that CART could be used to analyze
visual field loss.

In summary, the present study demonstrates that
glaucoma can be detected more efficiently and sys-
tematically by combining structural and visual field
As such,
the results could be useful for general clinical prac-

parameters in their order of importance.
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tice. However, longitudinal studies and studies for
each type of glaucoma are still needed.
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