
1Aoki S, et al. Br J Ophthalmol 2017;0:1–8. doi:10.1136/bjophthalmol-2016-310069

Clinical science

Investigating the usefulness of a cluster-based trend 
analysis to detect visual field progression in patients 
with open-angle glaucoma
Shuichiro Aoki,1 Hiroshi Murata,1 Yuri Fujino,2 Masato Matsuura,3 
Atsuya Miki,4 Masaki Tanito,5 Shiro Mizoue,6,7 Kazuhiko Mori,8 Katsuyoshi Suzuki,9 
Takehiro Yamashita,10 Kenji Kashiwagi,11 Kazunori Hirasawa,12 Nobuyuki Shoji,13 
Ryo Asaoka14

To cite: Aoki S, Murata 
H, Fujino Y, et al. Br J 
Ophthalmol Published Online 
First: [please include Day 
Month Year]. doi:10.1136/
bjophthalmol-2016-310069

 ► Additional material is 
published online only. To view 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
bjophthalmol- 2016- 310069).

For numbered affiliations see 
end of article.

Correspondence to
Dr Ryo Asaoka, Department of 
Ophthalmology, The University 
of Tokyo, 7-3-1 Hongo, Bunkyo-
ku, Tokyo 113-8655, Japan;  
ryoasa0120@ mac. com

Received 15 December 2016
Revised 16 March 2017
Accepted 24 March 2017

ABSTRACT
Background/aims To investigate the usefulness of the 
Octopus (Haag-Streit) EyeSuite’s cluster trend analysis in 
glaucoma.
Methods Ten visual fields (VFs) with the Humphrey 
Field Analyzer (Carl Zeiss Meditec), spanning 7.7 years 
on average were obtained from 728 eyes of 475 primary 
open angle glaucoma patients. Mean total deviation 
(mTD) trend analysis and EyeSuite’s cluster trend analysis 
were performed on various series of VFs (from 1st to 
10th: VF1-10 to 6th to 10th: VF6-10). The results of the 
cluster-based trend analysis, based on different lengths 
of VF series, were compared against mTD trend analysis.
Result Cluster-based trend analysis and mTD trend 
analysis results were significantly associated in all 
clusters and with all lengths of VF series. Between 
21.2% and 45.9% (depending on VF series length and 
location) of clusters were deemed to progress when the 
mTD trend analysis suggested no progression. On the 
other hand, 4.8% of eyes were observed to progress 
using the mTD trend analysis when cluster trend analysis 
suggested no progression in any two (or more) clusters.
Conclusion Whole field trend analysis can miss local 
VF progression. Cluster trend analysis appears as 
robust as mTD trend analysis and useful to assess both 
sectorial and whole field progression. Cluster-based 
trend analyses, in particular the definition of two or 
more progressing cluster, may help clinicians to detect 
glaucomatous progression in a timelier manner than 
using a whole field trend analysis, without significantly 
compromising specificity.

INTRODUCTION
Glaucoma is a leading cause of blindness in the 
world.1 Accurate and early detection of visual field 
(VF) progression is essential for achieving proper 
management of the disease. However, aggressive 
IOP-reduction interventions, such as trabeculec-
tomy, can be associated with serious complications 
so unnecessary treatment must also be avoided.2 3 
Accurate and timely detection of VF progression 
are somewhat opposing requirements, determined 
by the statistical sensitivity and specificity of the 
detection method. Point-wise trend analysis offers 
a granular assessment of VF progression and the 
opportunity to detect change sooner;however, 
point-wise trend analysis can be unreliable as the 

variability of point-wise VF sensitivity measure-
ments is large, which can mask genuine damage.4–6 
However, trend analysis of global indices, such as 
mean total deviation (mTD), mitigates variability, 
but localised VF defects may be ignored.7–10 Trend 
analysis using VF clusters offers a compromise 
between these two approaches; the VF is divided 
into small clusters, and a trend analysis is carried 
out in each sector. Indeed, we already reported on 
the merits of a cluster-based approach to predict 
future VF sensitivity.11 12

EyeSuite is the software used in Octopus perim-
etry (Haag-Streit, Switzerland) to give an assess-
ment of VF progression. In this software, 10 anat-
omy-based VF clusters are drawn (see figure 1), 
and cluster trend analysis is carried out in each of 
the sectors. In this study, the usefulness of a cluster 
trend analysis was investigated and compared with 
an mTD trend analysis. We have recently developed 
a multicentral retrospective collection of glauco-
matous VFs known as the Japan Archives of Multi-
central Database In Glaucoma (JAMDIG),13 and 
the current investigation was performed using this 
data set.

METHOD
The study design was an observational case series. 
The review board of each institute reviewed and 
approved all protocols. The studies complied with 
the tenets of the Declaration of Helsinki. Written 
consent was given by patients for their information 
to be stored in the hospital database and used for 
research, otherwise, based on the regulations of the 
Japanese Guidelines for Epidemiologic Study 2008, 
issued by the Japanese Government, the study 
protocols did not require that each patient provide 
written informed consent, instead the protocol was 
posted at the outpatient clinic to notify the study to 
the participants.

Data used in analysis
All of the data analysed in the current study were 
drawn from the JAMDIG.13 JAMDIG is a database 
collected from eight institutes in Japan, as intro-
duced in the online supplementary appendix. The 
details of the database are given elsewhere.13 In 
short, all VF data satisfying the inclusion criteria 
below were retrospectively collected from the 
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electronic records of each institute: (1) eyes with primary open 
angle glaucoma (POAG) including normal tension glaucoma 
(NTG), (2) glaucoma was the only disease causing VF damage, 
(3) each eye had at least 10 VF measurements with 24–2 or 30–2 
Humphrey Field Analyzer using the SITA standard programme 
(HFA; Carl Zeiss Meditec, Dublin, California, USA), excluding 
one baseline VF. VF reliability was defined as fixation loss (FL) 
rate <20% and also false positive (FP) rate <15% following the 
criteria used by the HFA software.13 The exclusion criteria were 
age below 20 years, possible secondary ocular hypertension in 
either eye, unreliable VFs in any of the 10 VFs and history of 
surgical treatment or YAG laser capsulotomy during the observa-
tion period. In the initial collection, VFs were drawn from 1348 
eyes of 805 patients. A total of 436 eyes were excluded because 
of an unreliable test result in any of the 10 VFs, and 184 eyes 
were excluded due to a history of surgical treatment or YAG 
laser capsulotomy during the observation period. As a result, 
VFs were collected from 728 eyes of 475 patients, and series of 
10 reliable VFs were analysed in the current study; when more 
than 10 VFs were available, the last 10 VFs were collected and 
used in the analysis.

Statistical analysis
Three trend analyses were implemented: point-wise, clus-
ter-based and an mTD trend analyses, using all 10 VFs (VF1-10). 
Progression was deemed to have occurred when the progression 
rate was negative and statistically significant (p value<0.05). 
Prior studies have defined progression based on a combination 
of a significance level and a particular progression rate,7 14 15 such 
as less than −1.0 dB/year; however, this approach has only been 
validated for an MD trend analysis. There is no consensus on 
what progression rate is suitable to define progression for point-
wise trend analysis and no research at all to define a suitable rate 
for cluster trend analysis, hence we defined progression as any 
negative progression rate for all of the different trend analyses.

Each trend analysis was repeated using a subset of VFs, from 
the second to tenth VF (VF2-10) through to the sixth to tenth VF 
(VF6-10), and progression was again deemed to have occurred if 
the progression rate was negative and statistically significant at 
the 5% level. Results were compared against the determination of 
progression of the relevant cluster with all 10 VFs. The following 
‘consistency measures’ were used to measure performance: (1) 
proportion both progressing (PBP): trend analysis based on the 
subset of VFs was significant and negative, and trend analysis of 

the complete VF series (VF1-10) was also significant and negative, 
(2) proportion both not progressing (PBNP): trend analysis of 
the subset of VFs was negative and not significant, and trend 
analysis of VF1-10 was negative and not significant, (3) proportion 
inconsistent progression (PIP): trend analysis of reduced series 
suggested progression but trend analysis of VF1-10 did not. In the 
current analysis, trend analysis of the longest VF series (VF1-10) 
represents a surrogate for the ground truth; therefore, PBP, PIP 
and PBNP are proxy metrics for the true positive rate (sensi-
tivity), the false positive rate and the true negative rate (speci-
ficity), respectively.16 The different metrics (PBP, PBNP and PIP) 
were compared between cluster trend analysis and mTD trend 
analysis, using a pairwise comparison method.

To investigate the relationship between whole field progres-
sion (mTD trend analysis) and sectorial progression, we 
compared the number and spatial distribution of clusters that 
were deemed to have progressed according to cluster trend anal-
ysis with the progression result from the mTD trend analysis. 
We looked for at least one cluster progressing, at least two clus-
ters progressing, at least three clusters progressing, and also at 
least two adjacent clusters progressing, and at least three adja-
cent clusters progressing for all VF series. Finally, the ability 
of a cluster-based trend analysis to predict future whole field 
progression was compared with a point-wise trend analysis using 
receiver operating characteristic (ROC) curves, drawn for the 
number of significantly progressing test points and the number 
of progressing clusters; the area under the ROC curve (AUC) 
was calculated for each approach.

All of the analyses were performed using the statistical 
programming language R,17 which is a free software environ-
ment for statistical computing and graphics (R V.3.2.3; Founda-
tion for Statistical Computing, Vienna, Austria). Holm’s method 
was used to correct p values for the problem of multiple testing.

RESULT
Characteristics of the study population are summarised in table 1. 
The mTD at baseline was −6.6±5.9 dB (mean±SD) and initial 
patient age was 55.2±12.0 years. Ten VFs were measured over 
5.6±1.2 (1.6 to 10.4) years and the progression rate of mTD was 
−0.3±0.6 (−7.2 to 2.2) dB/year. The mTD values of the first and 
tenth VFs were −7.0±6.2 (−26.7 to 2.6) and −8.8±6.8 (−27.8 
to 3.9) dB, respectively. With the mTD values of the initial VF, 376 
eyes (51.6%) had mTD higher than −6.0 dB, 193 eyes (26.5%) 
had mTD between −6.0 dB and −12.0 dB, 115 eyes (15.8%) had 
mTD between −12.0 dB and −18.0 dB and 44 eyes (6.0%) had 
mTD worse than −18.0 dB.

Table 2 shows the level of agreement between the results of mTD 
trend analysis and cluster trend analysis. Between 21.2% (154 
eyes: VF6-10) and 45.9% (334 eyes: VF1-10) had a progression with 
the mTD trend analysis (negative and statistically significant slope 
with the p value of <0.05). The results of cluster trend analysis 

Figure 1 EyeSuite clusters 10 clusters in the EyeSuite software (left 
eye). The right eye was mirror imaged.

Table 1 Subject demographics

Demographics Value

Initial age, year, mean±SD (range) 55.2±12.0 (17 to 82)

Period 10 VFs were measured, year, mean±SD 
(median; range)

5.6±1.2 (5.4; 1.6 to 10.4)

mTD at first VF, dB, mean±SD (range) −7.0±6.2 (−26.7 to 2.6)

mTD at tenth VF, dB, mean±SD (range) −8.8±6.8 (−27.8 to 3.9)

The progression rate of mTD, dB/year, 
mean±SD (range)

−0.3±0.6 (−7.2 to 2.2)

mTD, mean total deviation; VF, visual field.
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were significantly correlated with those from mTD trend analysis 
in most of the cases (p<0.05, McNemar’s test); however, between 
1.9% (14 eyes: cluster 7, VF1-10) and 7.6% (55 eyes: cluster 10, 
VF3-10 and VF4-10) of clusters were progressive with the cluster 
trend analysis but not with the mTD trend analysis. Up to 36.4% 
(265 eyes: VF5-10), 19.8% (144 eyes: VF5-10) and 9.6% (70 eyes: 
VF5-10) of VFs showed progression in clusters that was not reflected 
in the mTD trend analysis based on one or more, two or more and 
three or more clusters progressing, respectively. Conversely, up to 
1.0% (7 eyes: VF1-10), 4.4% (35 eyes: VF1-10) and 8.8% (64 eyes: 
VF2-10) of eyes progressed according to the mTD trend analysis but 
not with cluster-based progression analysis based on one or more 
clusters, two or more.

Figure 2 illustrates PBP rates for the cluster trend analysis and 
for the mTD trend analysis. The PBP rate was between 15.1% 
(cluster 7, VF6-10) and 83.1% (cluster 5, VF2-10) for cluster 
trend analysis and between 34.4% (VF6-10) and 84.1% (VF2-
10) for mTD trend analysis. The PBP rates for cluster trend anal-
ysis were significantly lower than those for mTD trend analysis 
on two occasions: cluster 7 with VF5-10 and cluster 7 with VF4-10 
(p=0.049 and 0.032, respectively, pairwise test). The PBP rate 
for progression defined based on one or more progressing clus-
ters was between 62.8% (VF6-10) and 91.5% (VF2-10); PBP rates 
were significantly higher than those from mTD trend analysis 
for four VF series: VF6-10, VF5-10, VF4-10 and VF3-10 (p<0.01). 
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Figure 2 PBP for cluster trend analysis and mean total deviation 
mTD trend analysis. The PBP rates for cluster trend analysis were 
significantly lower than those for mTD trend analysis on two occasions: 
cluster 7 with VF5-10 and cluster 7 with VF4-10. The ≥1 clusters PBP rates 
were significantly higher than those from mTD trend analysis for four 
VF series. There was no significant difference in ≥2 clusters and ≥3 
clusters PBP rates with mTD trend analysis PBP rates in all VF series. 
The adjacent three clusters PBP rate was significantly lower than that 
from mTD trend analysis for VF6-10. * and **: PBP was significantly 
different (p<0.05 and p<0.01) with the pairwise χ2 test after correction 
of p values for multiple testing using Holm’s method. PBP, ‘Proportion 
Both Progressing’; mTD, mean of 52 total deviation values correspond 
to 24–2 Humphrey visual field, ≥1 clusters: progression in at least one 
cluster, ≥2 clusters: progression in at least two clusters, ≥3 clusters: 
progression in at least three clusters, adjacent 2 clusters: progression in 
at least two adjacent clusters, adjacent 3 clusters: progression in at least 
three adjacent clusters.
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The PBP rate for progression defined based on two or more 
progressing clusters was between 41.6% (VF6-10) and 86.1% 
(VF2-10). The PBP rate for progression defined based on three 
or more progressing clusters was between 28.9% (VF6-10) and 
81.1% (VF2-10). The PBP rates for progression defined as two 
and three adjacent clusters were between 28.5% (VF6-10) and 
82.4% (VF2-10) and between 18.0% (VF6-10) and 76.1% (VF2-10), 
respectively. PBP rate from progression definition based on three 
adjacent progressing clusters was significantly lower than that 
from mTD trend analysis for VF6-10 (p<0.01).

Figure 3 shows the comparison of PBNP rates between cluster 
trend analysis and mTD trend analysis. PBNP was between 
91.7% (cluster 7, VF6-10) and 97.1% (cluster 3, VF2-10) for 
cluster trend analysis and between 89.8% (VF5-10) and 95.4% 
(VF2-10) for mTD trend analysis; no significant difference was 
observed in any comparisons (pairwise test, p>0.05). The PBNP 
rate for progression defined based on one or more progressing 
clusters was between 72.1% (VF6-10) and 86.6% (VF2-10); these 
rates were significantly lower than those from mTD trend 
analysis for all VF series (p<0.05 for VF6-10, VF5-10, VF4-10 and 
VF3-10 and p<0.01 for VF2-10). The PBNP rate for progression 
defined based on two or more progressing clusters was between 
86.4% (VF5-10) and 94.0% (VF2-10). The PBNP rate for progres-
sion defined based on three or more progressing clusters was 
between 91.4% (VF5-10) and 93.8% (VF6-10). The PBNP rates 

for progression defined as two and three adjacent clusters 
were between 91.3% (VF3-10) and 94.1% (VF6-10) and between 
94.3% (VF3-10) and 97.1% (VF2-10), respectively. PBNP rate from 
progression definition based on three adjacent progressive clus-
ters was significantly higher than that from mTD trend analysis 
for VF6-10 (p<0.01).

Figure 4 shows the comparison of PIP rates between cluster 
trend analysis and mTD trend analysis. PIP rate was between 
3.0% (cluster 5, VF2-10) and 7.8% (cluster 9, VF5-10) for C-TA 
and between 4.6% (VF2-10) and 10.1% (VF5-10) for mTD trend 
analysis; no significant difference was observed in any compari-
sons (pairwise test, p>0.05). The PIP rate for progression defined 
based on one or more progressing clusters was between 13.4% 
(VF2-10) and 27.9% (VF6-10); these were significantly higher than 
those from mTD trend analysis for all VF series (p<0.05 for 
VF6-10, VF5-10, VF4-10, VF3-10 and p<0.01 for VF2-10). The PIP 
rates for progression defined based on two or more progressing 
clusters and three or more progressing clusters were between 
6.0% (VF2-10) and 13.6% (VF5-10) and between 6.2% (VF6-10) and 
8.6% (VF5-10), respectively. The PIP rates for progression defined 
as two and three adjacent clusters were between 5.9% (VF6-10) 
and 8.7% (VF3-10) and between 2.1% (VF6-10) and 5.7% (VF3-10), 
respectively. PIP rate from progression definition based on three 
adjacent progressive clusters was significantly lower than that 
from mTD trend analysis for VF6-10 (p<0.01).

The mean number of VF tests and duration needed for the 
first detection of VF progression with the mTD trend analysis 

Figure 3 PBNP for cluster trend analysis and mTD trend analysis. 
There was no significant difference between cluster trend analysis 
and mTD trend analysis results (pairwise χ2 test after correction of p 
values for multiple testing using Holm’s method). The PBNP rates for ≥1 
clusters were significantly lower than those from mTD trend analysis 
for all VF series. There was no significant difference in the PBNP rates 
for ≥2 clusters and ≥3 clusters versus mTD trend analysis PBNP rates 
in all VF series. The adjacent three clusters PBNP rate was significantly 
higher than that from mTD trend analysis for VF6-10. * and **: PBNP 
was significantly different (p<0.05 and p<0.01) with the pairwise 
χ2 test after correction of p values for multiple testing using Holm’s 
method. PBNP, ‘Proportion Both Not Progressing’; mTD, mean of 52 total 
deviation values correspond to 24–2 Humphrey visual field, ≥1 clusters: 
progression in at least one cluster, ≥2 clusters: progression in at least 
two clusters, ≥3 clusters: progression in at least three clusters, adjacent 
2 clusters: progression in at least two adjacent clusters, adjacent 3 
clusters: progression in at least three adjacent clusters.

Figure 4 PIP for mTD trend analysis and cluster trend analysis. No 
significant difference was observed between cluster trend analysis and 
mTD trend analysis. The PIP rates for ≥1 clusters were significantly 
higher than those from mTD trend analysis for all VF series. There was 
no significant difference in the PIP rates for ≥2 clusters and ≥3 clusters 
versus mTD trend analysis PIP rates in all VF series. The adjacent three 
clusters PIP rate was significantly lower than that from mTD trend 
analysis for VF6-10. * and **: PIP was significantly different (p<0.05 and 
p<0.01), with the pairwise χ2 test after correction of p values for 
multiple testing using Holm’s method. PIP, ‘Proportion Inconsistent 
Progression’; mTD, mean of 52 total deviation values correspond to 
24–2 Humphrey visual field, ≥1 clusters: progression in at least one 
cluster, ≥2 clusters: progression in at least two clusters, ≥3 clusters: 
progression in at least three clusters, adjacent 2 clusters: progression in 
at least two adjacent clusters, adjacent 3 clusters: progression in at least 
three adjacent clusters.
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was 6.81±1.72 (mean±SD) VFs and 3.73±1.33 years, respec-
tively. These values were significantly larger and longer than 
those attained with the definition of one or more progressing 
clusters: 1.33 VFs and 0.87 years. Similarly, the definition of two 
or more progressing clusters detected progression earlier than 
the mTD trend analysis by 0.60 VFs and 0.39 years.

ROC curves to predict significant progression in the mTD trend 
analysis (VF1-10) using the number of significantly progressing 
test points (from point-wise trend analysis) or the number of 
clusters (from cluster trend analysis) are shown in figure 5. The 
AUCs were between 87.0% (VF6-10) and 94.3% (VF1-10) for 
point-wise trend analysis and between 88.7% (VF6-10) and 
95.6% (VF1-10) for cluster trend analysis. Delong’s test for the 
difference between the AUCs showed a significant difference for 
VF1-10 (p=0.046).

DISCUSSION
In this study, a cluster-based trend analysis was investigated 
and contrasted with whole VF and point-wise trend analyses. 
The results of full field trend analysis (mTD trend analysis) and 
the cluster-based trend analysis were significantly correlated. A 
small number of eyes were missed by cluster trend analysis when 
showing progression with mTD trend analysis (from 0.0% to 
1.0%; table 2). However, there were relatively larger propor-
tion of clusters observed to progress when mTD trend analysis 
suggested no significant progression. In addition, cluster trend 
analysis was no worse than mTD trend analysis in performance 
according to the PBP, PBNP and PIP statistics. Finally, measuring 
the number of clusters progressing appears to be as useful as the 
number of VF test points progressing in predicting future whole 
field progression, as suggested by similar AUCs. This implies 
cluster trend analysis is as robust as mTD trend analysis and, at 
the same time, cluster trend analysis is more sensitive to focal VF 
progression than mTD trend analysis.

Assessing the trend of global VF indices (such as mTD or 
mean deviation (MD)) over time remains one of the most 
popular methods to measure glaucomatous VF progression. 
This method is more robust to false positive results than point-
wise trend analysis; however, glaucomatous change/progres-
sion usually occurs locally so whole field trend analysis is 
not ideal to achieve early detection of progression. However, 
point-wise trend analysis can be very unreliable, because of the 

large variability of measurements,4–6 particularly when glau-
comatous deterioration is predominant.6 Cluster-based trend 
analysis offers one approach to overcome this problem. The 
PBNP rate (a surrogate metric for the true negative rate) and 
PIP rate (a surrogate measurement for the false positive rate) 
associated with the cluster trend analysis were not worse than 
those observed for mTD trend analysis; however, the PBP rate 
(a surrogate metric for the true positive rate) was significantly 
lower for cluster trend analysis than it was for mTD trend anal-
ysis on two occasions (among 50 comparisons: 10 clusters x 
5 VF series): cluster 7 with VF5-10 and cluster 7 with VF4-10. 
Cluster 7 corresponds to retinal area nasal and superior to the 
optic disc and tends not to be predominantly affected in glau-
coma.18 19 Sensitivity measurements are more variable in this 
peripheral area of the VF, and the lower PBP rate was only 
observed in relatively short series of VFs (six and seven VFs 
long). Thus, the current results suggest cluster trend analysis 
is no less robust than mTD trend analysis in clusters where 
glaucomatous VF damage tends to occur and with long series 
of VFs.

Clinicians may benefit from observing the results of a cluster 
trend analysis in addition to trend analyses of the whole 
field and point-wise VF sensitivity. Interestingly, our results 
suggest that an mTD trend analysis can mask a considerable 
proportion of progression observed in EyeSuites clusters. In 
particular, our results suggest that focusing on one or more 
and two or more progressing clusters, compared with moni-
toring whole field progression, clinicians can detect progres-
sion with smaller number of VF tests and shorter observation 
period by 1.33 VF tests/0.87 years and 0.60 VF tests/0.39 years 
on average. However, the probability that an eye that shows 
significant progression in an mTD trend analysis is missed by a 
cluster trend analysis was low but varies according to the defi-
nition of cluster-based progression. As we would expect, the 
probability increased with the number of progressing clusters. 
For the definition of one or more progressing clusters, just up 
to 1.0% of global progression was missed, for two or more 
progressing clusters, the proportion was up to 4.8% and for 
three or more progressing clusters, the rate was up to 8.8% 
(see table 2). Although cluster-based progression defined by 
one or more progressing clusters is sensitive to detect progres-
sion, false positives are a concern. However, when progression 

Figure 5 ROC curves for predicting progression in VF1-10. The left and right figures represent those using the number of progressing test points and 
the number of progressing clusters, respectively. The AUC for VF1-10 was significantly larger using the number of progressing clusters versus the number 
of progressing points (Delong’s test, p<0.05), as shown by ‘*’ in the figure. AUC, area under the ROC curve; mTD, mean of 52 total deviation values 
correspond to 24–2 Humphrey visual field; ROC, receiver operating characteristic; VF, visual field.
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was defined by two or more, three or more or two adjacent 
progressing clusters, PBP, PBNP and PIP rates were not signifi-
cantly different from those observed for mTD trend analysis. 
Thus, a cluster-based trend analysis appears to be a clinically 
useful method to detect progression, especially in longer VF 
series (since this is associated with an increase in PBP and 
PBNP rates, and a decrease in the PIP rate). More specifically, 
the PBP rates for progression defined based on one or more 
progressing clusters were significantly higher than mTD trend 
analysis; however, the PBNP rates for progression defined 
based on one or more progressing clusters were significantly 
lower than mTD trend analysis, and also the PIP rates for 
progression defined based on one or more progressing clus-
ters were significantly higher than mTD trend analysis. This 
is explained by relatively large variability that increases both 
sensitivity and false positives. The contrary result was obtained 
in VF6-10 for trend analysis based on three adjacent progressive 
clusters, and this can be explained by the population charac-
teristics; most subjects stayed at relatively early stage of glau-
coma for the observation period, and few proportions of eyes 
progressive based on mTD trend analysis had three adjacent 
progressive clusters (figures 2, 3 and 4). Thus, it is advised to 
use the definition of two or more, three or more or two adja-
cent progressing clusters. The current study did not specify 
which of these three definitions is the best because they showed 
no significant difference in PBP, PBNP and PIP rates for every 
VF series with pairwise test in our analysis (data not shown).

In an ROC analysis predicting significant progression from 
an mTD trend analysis of VF1-10, the number of significantly 
progressing clusters had an AUC similar to that for the number of 
significantly progressing test points for VF series VF6-10 through 
to VF2-10 and a significantly larger AUC for VF1-10. This is prob-
ably because cluster trend analysis is more robust to VF vari-
ability than point-wise trend analysis. This result is important 
because point-wise trend analysis is already employed in clinics 
using specialised software such as PROGRESSOR (Medisoft, 
Leeds, UK).

A limitation of the current study is that relatively stable 
VF series (−0.3 dB/year) were investigated. Research should 
be carried out in eyes with faster progression rates to further 
explore the usefulness of cluster trend analysis. It would also be 
helpful to contrast cluster trend analysis with other approaches; 
for example, a new regression model was recently proposed by 
Zhu et al.20 Indeed, improvements to the standard regression 
model could be applied to try to improve the cluster trend anal-
ysis. A further limitation concerns the judgement of progression, 
which can be made based on a combination of the magnitude 
of progression and the significance level21; we did not follow 
this approach; however, the usefulness of including a progres-
sion rate should be investigated for cluster trend analysis in 
future. We recently reported that smaller clusters can be advan-
tageous to predict future VF sensitivity. Although we did not 
investigate the usefulness of different clusters here, we would 
expect smaller clusters would be associated with more variable 
results; however, it would be worthwhile to explore other clus-
tering approaches.22 Also our proxy estimates of both sensitivity 
and specificity may be inflated because of the inherent correla-
tion between prior VFs and VF1-10. Also, the studied patients in 
the study was recruited in Japan where the prevalence of NTG 
is very high.23 Another study would be needed to validate the 
current results in other population.

In conclusion, the results of point-wise, the EyeSuite clus-
ter-based and whole field trend analyses were compared in the 
current study. As a result, it was suggested that a whole field 

trend analysis can miss local VF progression. Furthermore, clus-
ter-based trend analysis appears as robust as mTD trend analysis. 
In particular, it was suggested it was a good compromise to use 
the definition of two or more progressing clusters.
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