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Purpose: To develop a cluster system to analyze the retinal sensitivity loss of 68 test points in the central 10 degrees of standard
automated perimetry (SAP) in eyes with normal tension glaucoma (NTG).
Patients and Methods: Patients with NTG who met the following criteria were included: visual acuity ≥0.7, SAP-derived mean
deviation ≥−15 dB, and pattern deviation probability plots with at least one point with a probability of <0.5% and/or two or more
contiguous points with a probability of <1% that did not cross the horizontal meridian in the central 12 points of the 24-2 test points.
SAP with the Swedish Interactive Threshold Algorithm Standard (SITA-S) 10-2 program (10-2) was performed within 6 months of the
SITA-S 24-2. The averaged total deviation (TD) for each of the 68 test points in the 10-2 was calculated. Hierarchical cluster analyses
were performed based on the deviation of the TDs of the test points, and a dendrogram was created. The number of clusters was
determined following the Sturges’ rule.
Results: One hundred and twenty-six eyes of 126 patients (61.9±11.4 years) were studied. Hierarchical cluster analysis of the TD
values statistically obtained a dendrogram that divided the 68 test points into 7 clusters. Of these 7 clusters, 21 points belonging to the
clusters in the papillomacular region included cluster 5. Cluster 5 was distributed above and below the horizontal meridian, which does
not agree with the course of the retinal nerve fiber layer (RNFL).
Conclusion: The hierarchical cluster analysis of the TD values stratified the 68 test points of the 10-2 into seven clusters. Considering
the course of the RNFL, cluster 5 was divided into clusters of 5a and 5b, and consequently eight clusters were considered to be
appropriate for detecting glaucomatous visual field defects in the central 10 degrees in NTG eyes.
Keywords: normal tension glaucoma, 10-2 visual field, retinal sensitivity, retinal nerve fiber layer flow, cluster formation

Introduction
Evaluations of the quality of vision (QOV) have been used to determine the quality of life (QOL) in glaucoma patients.
Although there are various factors related to the QOV in glaucoma patients,1 it has been shown that there was a high
correlation between the retinal sensitivity and the QOV at the fixation point and the inferior region of the visual field.2–4

Standard automated perimetry (SAP) can be used to determine the retinal sensitivities in the central 24 or 30 degrees,
and it is used to detect the existence of glaucomatous visual field defects (GVFDs). The retinal sensitivity loss in the
early stage of GVFDs is generally observed in the Bjerrum or nasal area but occasionally around the fixation point.5 This
is especially true in highly myopic eyes.6–8 In the SAP 30-2 and 24-2 programs, the test points are set in a six degree
grid, but the 10-2 program has been advocated because the test points are spaced in a two degree grid making it easier to
detect retinal sensitivity loss occurring adjacent to the fixation point or fovea.9–11 The 24-2 and 30-2 test patterns only
test 12 locations compared to the 68 locations that the 10-2 tests within that same central area.

Local contiguous retinal sensitivity losses along the course of the retinal nerve fiber layer (RNFL) are characteristic of
early GVFDs. Global indices such as the mean deviations (MD) are usually used to designate the severity of the GVFDs,
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but they cannot evaluate mild reductions of retinal sensitivity. To determine the degree and progress of local changes in
retinal sensitivity, the clustering of a number of test points, and the analysis of the clustered points was reported for the
30-2 or 24-2 tests.12

Cluster formation analyses for the central 10 degree of visual field for primary open-angle glaucoma (POAG) and
pseudoexfoliation glaucoma (PEG) eyes have been reported,22–24 but it has not been fully investigated in the eyes
with NTG.

Thus, the purpose of this study was to develop a cluster system to analyze the retinal sensitivity reductions of the 68
test points within the 10-2 field in the eyes with normal tension glaucoma (NTG).

Materials and Methods
Patients
Patients with NTG who visited the Ueno Eye Clinic, or the Kagurazaka-Minamino Eye Clinic, or the Department of
Ophthalmology of Fussa Municipal Hospital, or the Yoshikawa Eye Clinic, or the Suzumura Eye Clinic between
January 2015 and December 2017 were studied. All had been examined by SAP more than three times with the
Humphrey Field Analyzer (HFA, Carl Zeiss Ophthalmic Systems Inc., Dublin, CA) with the 24-2 program.

A diagnosis of NTG was made in eyes with an open angle by gonioscopy, an intraocular pressure <21 mmHg without
treatment with the Goldmann applanation tonometer for at least three visits and glaucomatous optic neuropathy with
corresponding VFDs. No underlying cause for the optic disc damage was detected in any of the patients.

Patients meeting the following criteria were included: age between 20 and 80 years, decimal best-corrected visual
acuity (BCVA) ≥0.7, and refractive error (spherical equivalent) between +2.00 and −10.00 diopters.

Methods
SAP was performed on all of the patients with the Swedish Interactive Threshold Algorithm standard (SITA-S) with the
24-2 program. All patients met the Anderson criteria for glaucoma; an MD of ≥ −15 dB with fewer than 33% fixation
losses, false-positive errors, and false-negative errors. We performed the 10-2 program with SITA-S for those 24-2 fields
with the center 12 points in which at least one point with a probability of <0.5% on the pattern deviation probability plots
(PD plots), and/or at least two contiguous points with a probability of <1% with the horizontal meridian as boundary on
the PD plots. The data obtained from the 24-2 and 10-2 programs recorded within 6 months of the other were used for the
analyses. When both eyes met the inclusion criteria, the eye with the better MD was selected.

Statistical Analyses
The values of the TD and their deviation at each of the 68 test points of the 10-2 program were calculated. For all eyes,
the data of the left eye were converted to those from the right eye for analyses.

Hierarchical cluster analysis employing Ward’s method that minimized the ANOVA sum of squares of the TD value’s
present for all test point combinations was used to create the clusters. Based on a combination of these clusters,
a dendrogram was created (JMP 9.0.3). The number of statistically appropriate clusters in the hierarchical cluster
analysis was applied with the Sturges’ rule.25

Informed Consent
The procedures used in this study were approved by the Research Ethics Committee of the Fussa Municipal Hospital in
2016. A signed informed consent was obtained from the patients for the acquisition and use of their information for
research. The procedures conformed to the tenets of the Declaration of Helsinki.

Results
We studied 126 eyes of 126 patients whose average age was 61.9 ± 11.4 years with a range from 24 to 80 years. The
demographics of the patients are summarized in Table 1. The average TD value for the 126 cases was calculated for 68
numbered points of the 10-2 program (Figure 1). The dendrogram that portrayed the results of the hierarchical cluster
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analysis between the individual test locations is shown in Figure 2. The number of statistically appropriate clusters was
7.2, and the test points of 10-2 were placed into the seven clusters by the dendrogram (Figure 3). Of these seven clusters,
cluster 5 was divided into 5a and 5b along the course of the RNFL (Figure 4).

Discussion
Our cluster system divided the 68 test points in the central 10 degrees of SAP into eight clusters based on the TD values,
their deviations, and the course of the RNFL in eyes with NTG.

Table 1 Demographic Characteristics for the Glaucoma Patients

Age (Years) 61.9 ± 11.4 (24–80)

Intraocular pressure (mmHg) 12.8 ± 2.2 (7–19)
Refractive error (spherical equivalent) (Diopters) −3.26 ± 3.04 (+1.75 to −10.00
MD of 24-2 (dB) 5.98 ± 4.14 (+1.62 to −14.94)
MD of 10-2 (dB) −6.6 ± 4.85 (+1.20 to −22.64)
Interval of the performance of 24-2 and 10-2 (months) 2.2 ± 2.1 (0.0–6.0)

Note: The numbers refer to the averages, the standard deviations and the ranges.
Abbreviation: MD, mean deviation.

Figure 1 Averaged total deviation (TD) value is shown in the order of each test point in 10–2 SITA-S. Examples of actual deviations of the TD values at some test points are
also shown.
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Figure 2 Results of hierarchical cluster analysis based on theWard’s method of the TD values at individual test locations is shown as a dendrogram. The number at the left of the
dendrogram indicates the order of test points of 10-2 test. Hierarchical cluster analysis is a “bottom-up” approach of cluster analysis in which each test point starts in its own
cluster.19 For example, No. 30–34 test points formed a larger one cluster (bold line *) andNo. 38–44, 48–52, and 57–60 test points formed another cluster (bold line **). These two
clusters which were closest together were combined as a new cluster.
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It has been reported that the GVFDs determined by the SAP-derived central 10-2, which represents the retinal
sensitivity near the fixation point, were associated with the QOV of glaucoma patients.2–4 This is because even mild
sensitivity reductions at the foveal and the parafoveal region tend to depress the QOV.26

SAP was used to determine the sensitivity of pre-defined test points. The SAP findings represent the severity of the
GVFD using global indices and pointwise evaluations such as the TD value. In the early stage of glaucoma; however,
contiguous retinal sensitivity reductions observed in the Bjerrum and the nasal region represent significant localized
defects along the RNFL flow.27 These findings were adopted as the criteria for diagnosing the earliest stages of the
GVFD.28 The grouping of a number of test points arranged along the course of the RNFL, ie, the visual field clusters
were expected to be another option for evaluating the GVFDs. Several different cluster formations have been reported for
the 24-2 and 30-2 tests.12–21

A cluster analysis of the central 10 degrees is believed to be valuable for evaluating the degree and site of the
sensitivity reduction because the test points are more closely spaced than in the 24-2 field.29 Studies focused on cluster
formation for the 10-2 area, however, have not been fully determined.22,24 We, therefore, recruited NTG patients who had
more than three 24-2 tests and examined their 10-2 test results to try to distribute its 68 test points into a certain number
of clusters for evaluating the QOV in these eyes with NTG.

We studied NTG patients whose MDs were better than −15 dB and had significant sensitivity reductions in the PD
plots within 10 degrees of the 24-2 test. Cases with no significant abnormalities in the retinal sensitivity in the 12 points
within the center 10 degrees of the 24-2 program were excluded because we intended to create the clusters to be within
the central 10 degrees of the fixation point. We included eyes with a decimal BCVA of ≥0.7 because the light scattering

Figure 3 Of these seven clusters, clusters 2, 3, 4, 6, and 7 correspond to the arcuate fibers, which arch around the papillomacular bundle from the horizontal raphe to the
optic disc. Cluster 1 corresponds to a radiating fiber bundle which passes through the inferior portion of the retina. Clusters of 1, 2, 3, 4, 6, and 7 involve 5–11 test points
and are arranged along the RNFL flow distribution from the papilla to the horizontal raphe. Cluster 5 straddled the upper and lower half of visual field that was considered
not to agree to the RNFL flow. The Arabic numerals in the figure shows the number of the clusters.
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effects of a cataract is reported to possibly depress the threshold sensitivity.30,31 The eyes without apparent organic
changes such as myopic maculopathy were also included even with a refractive error of ≤−6.0 diopter.32

Several methods have been proposed for cluster formation analyses such as the k-means and normal mixtures
clustering for large data groups with thousands or more data point. However, for the analysis of smaller data groups,
hierarchical cluster analysis has been recommended. For the hierarchical cluster analysis, we adopted the Ward’s method
because the test points in the 10-2 region were limited to 68, in addition, it could join clusters with a small number of test
points and produce novel clusters with roughly the same number of test points. The Ward’s method, however, does not
determine the number of clusters, so we used the Sturges’ rule to determine the number of clusters.

In advance of applying the Ward’s method, we calculated the average and the distribution of the 126 TD values in
each of the 68 test points. The TD or PD were used for evaluating the changes in the retinal sensitivity, and we applied
the TD values because TD eliminated the effect of aging on the retinal sensitivities. We did not use the PD values
because adjustments of threshold values according to the general height of the visual field may influence the cluster
creation in which test points with similar level of retinal sensitivity have to be involved.

The clusters were formed from dendrograms, but the number of classifications were not indicated by the Ward’s method.
When the number of groupings of 68 test points of the 10-2 was examined by Sturges’ rule, 7.2 was statistically
recommended as the number of clusters. Therefore, we concluded that the appropriate number of dendrogram division,
which corresponded to cluster formation number was 7. Following this classification system, cluster 5 included a relatively
greater number of test points of 21 points than in the other clusters. In addition, some of the clusters straddled the upper and
lower half of visual field that does not agree to the course of the RNFL. Therefore, cluster 5 was subdivided into the upper

Figure 4 Cluster 5 in Figure 3 included 21 test points and was subdivided into the upper and the lower clusters with horizontal meridian as a boundary. It was divided into
cluster 5a and cluster 5b. An arrangement of test points in each cluster agreed with the course of the RNFs. The test points of 10-2 was finally divided into 8 clusters. The
Arabic numerals in the figure shows the number of the cluster.
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and the lower cluster with the horizontal meridian as the boundary. The test points of 10-2 was finally divided into eight
clusters. An arrangement of the test points in each cluster was considered to agree with the course of the RNFL.

Limitations
There are several limitations in this study. Because we excluded cases without apparent sensitivity loss in the central 12
points of the 24-2 map, the cases with mild sensitivity loss would be outliers for creating clusters. In addition, as the final
step of the Ward’s method, we adopted the number for clusters in accordance with the Sturge’s rule. This resulted in each
cluster being arranged along the course of the RNFL. However, determining the appropriate number of clusters was not
been established from a statistical point of view.

Another limitation was that the present cluster formation was not verified in a clinical practice with the NTG subjects.
In the eyes with NTG, the visual sensitivity loss around the fixation point was frequently detected in its early stage. In our
analysis, the 10-2 area was classified into eight clusters, which coincided with the course of the RNFL flow. We are
preparing a clinical study to evaluate the usefulness of our present cluster system in NTG eyes.

Conclusions
We have developed a cluster system to analyze the reduction of retinal sensitivity in eyes with NTG and considered that
an eight-cluster system may be useful for dividing the 68 test points within the 10-2 area.
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