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Purpose: To compare the relationships between circumpapillary microperimetry (MP)-sensitivity 

measurements and various circumpapillary retinal thickness parameters in healthy and primary 

open-angle glaucoma (POAG) eyes.

Methods: In 14 eyes of 14 healthy subjects and 22 early–moderate POAG eyes of 22 patients, 

circumpapillary optical coherence tomography thickness measurements (RS-3000 Advance 

OCT, NIDEK) of the retinal nerve fiber layer (cpRNFL), total retina (cpTR), and ganglion cell 

complex (cpGCC) and outer retina (cpOR) and circumpapillary MP-sensitivity measurements 

(MP-3 microperimeter, NIDEK) were made in 12 sectors of identical circumpapillary circles. 

The structure-function relationship was investigated in each sector.

Results: Statistically significant correlations with circumpapillary MP-sensitivity values were 

found for cpRNFL in five sectors, cpTR in nine sectors, cpGCC in nine sectors, and cpOR in 

three sectors. The structure-function relationship was strong (r=0.4–0.69) in three sectors for 

cpRNFL, in six for cpTR, in four for cpGCC, and in one for cpOR. The relationship was very 

strong (r.0.7) in one sector for cpRNFL, cpTR, and cpGCC, and in no sectors for cpOR. The 

very strong relationships all occurred in sector 5 (inferotemporal sector).

Conclusion: In our pilot study, the circumpapillary structure-function relationship was more 

extensive for cpTR thickness and cpGCC thickness than for cpRNFL thickness, which sug-

gests that the former parameters may require greater attention in structure-function research 

into glaucoma.

Keywords: circumpapillary ganglion-cell complex, circumpapillary total retina thickness, 

circumpapillary retinal nerve-fiber-layer thickness, glaucoma, microperimetry sensitivity, 

structure-function relationship

Introduction
Microperimetry (MP) is a relatively new technology that allows high-precision 

investigations of retinal sensitivity. Most MP investigations address the macula region 

to obtain a better understanding of the clinical features of age-related macular degenera-

tion (AMD), other macular diseases, and/or glaucoma.1–5 Circumpapillary MP (cpMP) 

is a recent focus within MP.6 In cpMP, retinal sensitivity is studied around a predefined 

circle around the center of the optic nerve head (ONH).6 The measuring circle used in 

cpMP avoids the macular area, which potentially allows clinicians to use the technique 

in eyes with macular disease. In glaucoma research, cpMP offers a useful new way to 

study retinal function, particularly when macular function is negatively influenced by 

AMD, one of the most common eye diseases among the elderly. Unfortunately, AMD is 

common in the open-angle glaucoma (OAG) population.7,8 Therefore, finding a method 
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for functional evaluation of glaucoma and structure-function 

investigations that avoids the macular area is of great clinical 

importance.

In a recent pilot study, we compared the diagnostic per-

formance of cpMP sensitivity and circumpapillary retinal 

nerve fiber layer (cpRNFL) thickness in 12 equally sized 

sectors of the same measuring circle in Japanese eyes using 

an MP-3 microperimeter and RS-3000 Advance optical 

coherence tomography (OCT) system.6 We found favorable 

diagnostic performance and strong correlations, particularly 

in the inferotemporal peripapillary area, which is known to 

be most severely affected by glaucomatous deterioration. 

We also found higher diagnostic accuracy for glaucoma 

using the circumpapillary ganglion cell complex (cpGCC) 

than with cpRNFL thickness.9 This result suggests that the 

relationship between cpMP-sensitivity values and cpGCC 

(a novel parameter) may be stronger than that between 

cpMP-sensitivity values and cpRNFL thickness (an estab-

lished parameter). Therefore, in the current investigation we 

compared circumpapillary structure-function relationships 

between cpMP sensitivity and four circumpapillary OCT 

parameters: total retinal (cpTR) thickness, cpGCC thickness, 

cpRNFL thickness, and outer retinal (cpOR) thickness.

Materials and methods
This was a prospective study. It included 36 consecutive 

Japanese patients (22 glaucoma patients and 14 healthy 

subjects) who underwent examinations at Kyorin University 

Hospital (Tokyo, Japan) between November 2016 and 

June 2017. The study protocol was approved by the institu-

tional review board for human research at Kyorin University 

and conformed to the Declaration of Helsinki. All subjects 

were scheduled to undergo cross-sectional examinations and 

provided written informed consent before entering the study. 

Half the subjects in the current study participated in our previ-

ous investigation addressing the capacity of cpMP to detect 

glaucoma.6 One randomly selected eye in each subject was 

examined in this study. Complete ophthalmologic examina-

tions, including a dilated stereoscopic fundus examination, 

gonioscopy, visual acuity testing, standard automated perim-

etry, Goldmann applanation tonometry, and slit-lamp biomi-

croscopy, were performed in all subjects. An autorefractor/

keratometer was used to assess noncycloplegic refraction. 

The resultant data were converted into spherical equivalents, 

which were calculated as spherical power (in diopters) plus 

50% of the cylindrical power. The Swedish interactive 

threshold algorithm 30-2 standard test was used for perimetry 

evaluations, which were conducted using a Humphrey visual 

field analyzer (HFA; Humphrey-Zeiss Systems, Dublin, CA, 

USA). False-positive and false-negative frequencies ,15% 

and a fixation-loss rate ,20% were used to indicate reliable 

visual-field test results. Findings used to identify glaucoma-

tous visual fields were a hemifield defect or generalized 

depression, a nasal step, inferior and/or superior paracentral 

or arcuate scotoma, an abnormal result in the glaucoma 

hemifield test, a pattern standard deviation (PSD) ,5%, 

or three nonperipheral test sites with abnormal sensitivity 

thresholds (,5% probability of being normal), with one site 

demonstrating pattern deviation ,1%.10

The healthy control group was made up of subjects whose 

ONH appeared normal and who exhibited reliable normal 

visual-field test results, clear optical media, normal open 

anterior-chamber angles, normal intraocular pressure (IOP) 

(,21 mmHg), best-corrected visual acuity $20/20, refractive 

cylindrical error ,3 D, and refractive spherical error of +3 

to -6 D in both eyes. A normal ONH was defined as when 

a stereoscopic fundus examination revealed an interocular 

difference ,0.2 in the vertical cup-to-disc ratio, a vertical 

cup-to-disc ratio #0.6, and a uniform neuroretinal rim, and 

did not identify any ONH abnormalities (eg, localized or 

diffuse thinning of the neuroretinal rim) or RNFL defects. 

Healthy subjects with a history of laser treatment or intraocu-

lar surgery were excluded. Furthermore, healthy subjects 

with a medical history of IOP elevation (eg, iridocyclitis), 

eye disease, or conditions that may have affected the visual 

field, RNFL, ganglion cells, or cpMP measurements (eg, 

pituitary lesions, demyelinating disease, and diabetic retin-

opathy) were excluded.

Glaucoma patients all displayed open anterior-chamber 

angles on gonioscopy, best-corrected visual acuity $20/20, 

cylindrical refractive error ,3 D, clear optical media, and 

spherical refractive error of +3 to -6 D in both eyes or the 

examined eye. Eyes with normal-tension glaucoma or POAG 

were included. Glaucoma patients all exhibited characteristic 

glaucomatous optic neuropathy, ie, a visible RNFL defect, 

narrowing of the neuroretinal rim at the periphery of the 

optic disk together with notching, and/or excavation, and 

a reproducible glaucomatous visual field, according to the 

HFA Swedish interactive threshold algorithm 30-2 test (mean 

deviation [MD] up to -12 dB).11 Glaucoma patients who had 

previously undergone retinal laser treatment or intraocular 

surgery, had diabetes, or were suffering from neurological 

disease or other types of retinal pathology were excluded. All 

the glaucomatous eyes were treated with topical IOP-lowering 

medication. Table 1 lists subjects’ demographic data.

OCT examinations and MP tests for each subject were 

carried out on the same day, and all HFA and MP tests were 

conducted within 1 month.
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OCT6

The RS-3000 Advance OCT (software version 1.4.2.1; 

Nidek; Gamagori, Japan) was used for the OCT imaging. 

This system includes spectral domain OCT equipment, 

which is used to obtain 3-D tomographic images, and a 

confocal laser-scanning ophthalmoscope, which is used 

to monitor fundus images.12 The RS-3000 uses an 880 

nm laser-scanning diode to obtain microstructural ocular 

images. It exhibits axial depth resolution and transverse 

resolution values of 7 µm and 20 µm, respectively, and 

can acquire individual 3-D data sets within 1.6 seconds. In 

the present study, the built-in software included with the 

RS-3000 was used to assess various circumpapillary retinal 

thickness parameters (cpRNFL, cpTR, cpOR, and cpGCC; 

Figure 1A) automatically. For each subject, a well-trained 

operator obtained high-quality (signal strength index .7) 

OCT images after the subject’s pupil had been dilated. All 

subjects were subjected to internal fixation. In circumpapil-

lary retinal imaging, raster scans with a scan density of 512 

A-scans (horizontal) ×128 B-scans (vertical) were performed 

over a 6×6 mm2 area. The center of the optic disk was located 

in the middle of the 6×6 mm2 area. Circumpapillary retinal 

thickness measurements were made around a circle measur-

ing 3.45 mm in diameter, which was automatically positioned 

Table 1 Demographics of participants

Healthy controls (n=14) Glaucoma group (n=22) P-value

age (years, mean ± sD) 44.0±12.9 65.6±7.0 ,0.001**
iOP (mmhg, mean ± sD) 14.6±2.3 17.3±3.2 0.009**
spherical equivalent (D, mean ± sD) -1.95±2.01 -1.70±2.58 0.756
MD (dB, mean ± sD) 0.41±1.13 -4.60±3.47 ,0.001**
PsD (dB, mean ± sD) 1.49±0.25 8.17±3.77 ,0.001**
glaucoma severity na early 14/moderate 8

Notes: **P,0.01 (student’s t-test). early glaucoma 11 = MD . -6 dB; moderate glaucoma 11 = -6 dB $ MD . -12 dB.
Abbreviations: MD, mean deviation; na, not applicable; PsD, pattern standard deviation.

Figure 1 a typical example of a circumpapillary spectral-domain optical coherence tomography scan.
Notes: (A) retinal layer boundaries were automatically detected by the image-segmentation algorithm. cprnFl, cpgCC, cpOr, and cpTr thickness were measured. 
(B) Circumpapillary retinal layer sectors used for the analysis in the current investigation are shown. retinal thickness measurements were performed around a 3.45 mm 
diameter circle.
Abbreviations: cpGCC, circumpapillary ganglion cell complex; cpOR, circumpapillary outer retina; cpRNFL, circumpapillary retinal nerve fiber; cpTR, circumpapillary total 
retina; i, inferior; n, nasal; s, superior; T, temporal.
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around the optic disk. The 12 circumpapillary retinal sectors 

(size 30°) were numbered, starting from the 1 o’clock posi-

tion of the left eye (Figure 1B). Sectors in the right eye were 

mirrored and converted into left-eye sectors. No regions of 

parapapillary atrophy were included in the circumpapillary 

measurement circle in any of the subjects.

Microperimetry6

The MP-3 microperimeter (Nidek) was used to carry out MP 

examinations. The measurement protocol involved test sites 

arranged in a circle centered on the middle of the optic disk 

(Figures 2H and 3H).6 The diameter of the measurement 

circle, which was manually positioned at the center of the 

optic disk, was 3.45 mm, and 24 or 12 measurement sites 

were distributed evenly around the circle (1.5° or 3.0° apart). 

The eye-tracking function of the MP-3 microperimeter was 

used during the examinations, which were performed in a 

dimly lit room, after subjects’ pupils had been dilated with 

eyedrops containing a combination of 0.5% phenylephrine 

hydrochloride and 0.5% tropicamide. The stimulus was equal 

in size to a Goldmann III stimulus. Background luminance 

was set at 31.4 apostilbs, maximum luminance was 10,000 

apostilbs, the dynamic range of the stimulus was set at 34 dB, 

and a single red cross at 1° was employed as a fixation target. 

A 4-2 staircase-threshold strategy was used to estimate visual 

sensitivity.5 Only stable-fixation test results (ie, those for 

which the subject exhibited fixation control within 1° of the 

center of the fixation target in $75% of tests) were included. 

Each subject underwent an MP-test training session involving 

a measurement circle with 12 test sites before being subjected 

Figure 2 a typical example of a normal eye.
Notes: Color fundus photograph (A). Humphrey 30-2 Swedish interactive threshold-algorithm visual field: (B) gray scale; (C) threshold-sensitivity values. The 12 cprnFl (D), 
cpgCC (E), cpOr (F), and cpTr (G) sectors. The 12 circumpapillary microperimetry-sensitivity sectors (H) of the normal right eye of a 46-year-old male subject.
Abbreviations: cpGCC, circumpapillary ganglion cell complex; cpOR, circumpapillary outer retina; cpRNFL, circumpapillary retinal nerve fiber; cpTR, circumpapillary 
total retina.
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to the same test again or a test involving a measurement 

circle with 24 test sites. Test sites were numbered, starting at 

the 1 o’clock position of the left eye (Figure 3H). Right-eye 

numbers were mirrored and converted into left-eye numbers. 

The first 18 eyes underwent the 24-site MP test, and the 

following 18 eyes underwent the 12-site MP test.

spatial correspondence of cpMP and 
circumpapillary retinal thickness sectors
The 360° circumpapillary circle was separated into 12 OCT 

and 12 cpMP sectors (Figures 2 and 3). For eyes tested with 

the 24-site MP test pattern, values for each set of two MP test 

sites (spatially corresponding with one MP test-site location 

in the 12-site MP test) were averaged and mean values used 

for the structure-function investigation. Corresponding OCT 

sectors and MP test sites were given the same numbers 

(Figure 1).

statistical analyses
All statistical analyses were carried out using SPSS 

(version 23.0, IBM, Armonk, NY, USA). The significance 

of intergroup differences was determined using Student’s 

t-test or Mann–Whitney U test, as appropriate. Relation-

ships between the corresponding OCT-thickness and MP-

sensitivity values were assessed using Spearman’s rank 

correlation coefficient. Spearman’s rank correlation was 

Figure 3 a typical example of a glaucoma eye.
Notes: Color fundus photograph (A). Humphrey 30-2 Swedish interactive threshold-algorithm visual field: (B) gray scale; (C) threshold-sensitivity values. The 12 cprnFl (D), 
cpgCC (E), cpOr (F), and cpTr (G) sectors. The 12 circumpapillary microperimetry-sensitivity sectors (H) of the glaucomatous left eye of a 60-year-old female primary 
open-angle glaucoma patient. inferotemporal structural damage (neuroretinal rim loss on A and rnFl thinning on D) corresponded spatially with the superior Bjerrum 
scotoma shown by the Humphrey visual field (B, C). The circumpapillary microperimetry test (H) showed significant inferotemporal sensitivity reduction around the disk.
Abbreviations: cpGCC, circumpapillary ganglion cell complex; cpOR, circumpapillary outer retina; cpRNFL, circumpapillary retinal nerve fiber; cpTR, circumpapillary 
total retina.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Ophthalmology 2018:12submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2540

Kita et al

used to investigate the relationship between visual field MD 

and cpMP sensitivity in inferotemporal and superotemporal 

areas, respectively. The Shapiro–Wilk test was used to 

evaluate the normality of the study sample’s distribution. 

Descriptive statistics are presented as mean ± standard 

deviation for normally distributed variables and medians and 

inter-quartile ranges for abnormally distributed variables. 

P,0.05 was considered statistically significant. r-Values 

of $0.7, 0.4–0.69, 0.3–0.39, 0.2–0.29, and 0.01–0.19 were 

considered to indicate very strong, strong, moderate, weak, 

and negligible relationships, respectively.

Results
Of the 38 eyes that qualified for inclusion, two were excluded 

due to poor fixation in the MP tests. The final analysis 

included 36 eyes. No significant difference in refraction 

was seen between the groups (P=0.756). Age, IOP, MD, and 

PSD all differed significantly between the groups (P,0.001, 

P=0.009, P,0.001, and P,0.001, respectively; Table 1). 

Statistically significant differences between the healthy con-

trols and the glaucoma group were found in ten of 12 sectors 

for cpRNFL thickness and cpGCC thickness, in eleven of 12 

sectors for cpTR thickness, and in one of 12 OCT sectors for 

cpOR thickness (Table 2).

Table 3 shows cpMP-sensitivity differences between the 

healthy control and glaucoma groups. Statistically significant 

differences were found in eleven of 12 MP sectors.

Relationships between sectoral cpMP sensitivity and each 

of the corresponding circumpapillary retinal thickness param-

eters are shown in Table 4 for all participants and each sector. 

Statistically significant correlations with MP sensitivity were 

found in five sectors for cpRNFL thickness, nine sectors for 

cpTR thickness, nine sectors for cpGCC thickness, and three 

sectors for cpOR thickness. The relationships were strong and 

very strong in three and one sectors for cpRNFL thickness, six 

and one sectors for cpTR thickness, four and one sectors for 

cpGCC thickness, and one and 0 sectors for cpOR thickness. 

The highest r-values were seen in sector 5 (inferotemporal 

Table 2 Comparison of various circumpapillary retinal thickness sectors between groups

OCT sector Healthy 
controls

Glaucoma 
group

P-value Healthy 
controls

Glaucoma 
group

P-value

Mean ± SD (μm) Mean ± SD (μm) Mean ± SD (μm) Mean ± SD (μm)

cpRNFL cpGCC
1 146.7±17.5 92.6±32.7 ,0.001 191.2±18.2 136.4±34.5 ,0.001
2 84.9±7.4 69.9±19.7 0.003 142.0±10.7 118.5±24.7 ,0.001
3 61.8±8.4 59.2±11.5 0.470 122.2±8.6 114.0±16.3 0.058
4 76.2±14.8 53.0±10.2 ,0.001 133.6±14.8 104.9±17.0 ,0.001
5 144.6±25.4 64.3±24.3 ,0.001 189.4±21.2 102.2±28.3 ,0.001
6 130.1±20.9 82.4±23.2 ,0.001 176.8±23.4 122.6±27.8 ,0.001
7 91.4±17.9 72.3±20.9 0.008 139.4±17.6 115.5±19.0 0.001
8 61.0±13.9 51.4±9.7 0.020 111.5±15.9 98.1±14.4 0.013
9 51.6±13.3 49.0±8.3 0.465 102.1±16.5 93.8±11.9 0.088
10 80.1±15.2 63.6±16.6 0.005 129.2±18.6 109.0±19.8 0.004
11 106.6±18.2 81.6±23.1 0.002 154.2±18.9 126.4±24.6 0.001
12 125.9±24.4 88.1±24.1 ,0.001 172.0±28.1 130.3±28.5 ,0.001

cpTR cpOR

1 351.1±26.5 303.8±38.8 ,0.001 159.9±18.0 167.5±13.4 0.160
2 318.2±16.1 297.1±25.0 0.008 176.2±13.4 178.6±12.5 0.592
3 300.6±20.4 294.1±23.4 0.405 178.4±15.3 180.1±16.8 0.757
4 311.2±21.4 283.0±25.1 0.001 177.6±13.7 178.0±16.2 0.939
5 345.9±24.9 270.3±28.2 ,0.001 156.5±15.8 168.1±13.4 0.024
6 335.6±25.4 284.0±31.5 ,0.001 158.8±6.8 161.4±11.1 0.434
7 305.5±19.4 277.2±24.7 0.001 166.1±11.2 161.7±12.2 0.284
8 285.5±17.8 266.9±19.0 0.006 174.0±12.4 168.7±10.0 0.170
9 281.1±23.3 266.5±18.9 0.047 179.1±11.2 172.8±10.8 0.104
10 302.8±20.8 277.4±23.1 0.002 173.6±9.6 168.5±11.0 0.163
11 323.9±19.3 288.6±28.4 ,0.001 169.7±12.1 162.3±11.2 0.068
12 339.1±22.0 295.9±32.7 ,0.001 167.1±16.4 165.5±12.9 0.747

Note: The values presented in bold are statistically significant (Student’s t test).
Abbreviations: cpGCC, circumpapillary ganglion-cell complex; cpOR, circumpapillary outer retina; cpRNFL, circumpapillary retinal nerve fiber; cpTR, circumpapillary 
total retina; OCT, optical coherence tomography.
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area) for cpGCC thickness (r=0.756, P,0.001) and cpTR 

thickness (r=0.731, P,0.001). All very strong correlations 

were found in sector 5 (the inferotemporal sector).

Relationships between the sectoral cpMP-sensitivity 

values and MD values are shown for the superotemporal and 

inferotemporal sectors (Figure 4). Statistically significant 

correlations were found between MD and cpMP sensitivity 

for sectors 1 and 5 (r=0.470, P=0.04 and r=0.685; P,0.001, 

respectively).

Discussion
In the current investigation, we analyzed structure-func-

tion relationships between MP sensitivity and various 

OCT-thickness parameters around the same circle with a 

diameter of 3.45 mm around the ONH center in healthy and 

early–moderate OAG eyes. The measuring circle used by 

us avoided the macular area and thus might be useful for 

glaucomatous eyes with AMD. Of the four OCT-thickness 

parameters (cpRNFL, cpTR, cpGCC, and cpOR) studied in 

the current investigation, cpTR and cpGCC showed statisti-

cally significant correlations with the corresponding cpMP-

sensitivity values in the highest number of sectors. While 

these two parameters exhibited significant correlations with 

the corresponding cpMP-sensitivity values in nine sectors, 

such significant correlations were detected only in five sectors 

for cpRNFL and three sectors for cpOR. Very strong relation-

ships (r$0.7) were seen only for cpGCC (r=0.756), cpTR 

(r=0.731), and cpRNFL (r=0.711). All these correlations 

were seen in the inferotemporal area, which indicates that 

our findings reflect typical early and moderate glaucoma-

related loss patterns.

Our results were not completely unexpected, since cpOR 

is not influenced by glaucomatous retinal thinning; there-

fore, no clinically useful correlation was expected from this 

parameter.13–16 It has also been shown that compared with 

cpRNFL thickness, the most commonly used parameter 

for glaucoma investigations,17–19 cpTR thickness is more 

reproducible, and cpGCC thickness has higher diagnostic 

accuracy.9,12 For structure-function relationships, in our 

current investigation cpGCC thickness and cpTR thickness 

performed better than cpRNFL thickness, both in terms 

of the number of significantly correlated sectors and the 

strength of the correlations in the inferotemporal area. 

In the superonasal area (sectors 10–12), these parameters 

were consistently greater for cpTR than for cpGCC. Since 

early glaucomatous structural change typically occurs in the 

superotemporal and inferotemporal areas, we also analyzed 

Table 3 Comparison of circumpapillary retinal sensitivity between 
groups

Sector Healthy 
controls

Glaucoma 
group

P-value

Median 
(IQR), dB

Median 
(IQR), dB

1 26.5 (3.25) 24.0 (4.75) 0.003
2 27.0 (4.00) 25.0 (3.25) 0.027
3 29.0 (3.00) 26.5 (4.25) 0.004
4 27.0 (3.13) 25.0 (4.00) 0.004
5 26.5 (4.50) 17.5 (19.25) ,0.001
6 27.0 (6.00) 21.0 (12.50) ,0.001
7 27.5 (4.00) 25.0 (3.50) 0.003
8 27.0 (2.25) 25.5 (2.25) 0.019
9 27.5 (2.88) 26.0 (3.00) 0.009
10 27.0 (4.25) 25.5 (3.25) 0.032
11 27.0 (2.38) 24.5 (3.75) 0.009
12 26.5 (4.25) 25.0 (4.25) 0.057

Note: The values presented in bold are statistically significant (Mann-Whitney U test).

Table 4 Correlation between circumpapillary retinal thickness parameters and the corresponding retinal sensitivity thresholds in total 
population (n=36)

MP-3 
sector

OCT 
sector

cpRNFL, r P-value cpTR, r P-value cpGCC, r P-value cpOR, r P-value

1 1 0.448 0.006 0.514 0.001 0.508 0.002 0.134 0.437
2 2 0.274 0.106 0.469 0.004 0.465 0.004 0.132 0.444
3 3 -0.159 0.355 0.348 0.037 0.349 0.037 0.170 0.322
4 4 0.251 0.140 0.360 0.031 0.389 0.019 0.063 0.716
5 5 0.711 ,0.001 0.731 ,0.001 0.756 ,0.001 -0.250 0.141
6 6 0.437 0.008 0.509 0.002 0.496 0.002 0.190 0.266
7 7 0.097 0.573 0.318 0.059 0.286 0.091 0.123 0.473
8 8 0.325 0.053 0.189 0.269 0.238 0.163 0.031 0.860
9 9 0.156 0.365 0.180 0.295 0.197 0.249 0.092 0.595
10 10 0.455 0.005 0.554 ,0.001 0.439 0.007 0.336 0.045
11 11 0.360 0.031 0.520 0.001 0.382 0.021 0.372 0.025
12 12 0.276 0.103 0.542 0.001 0.343 0.041 0.494 0.002

Notes: r represents Spearman’s rank correlation coefficient. The values presented in bold are statistically significant.
Abbreviations: cpGCC, circumpapillary ganglion-cell complex; cpOR, circumpapillary outer retina; cpRNFL, circumpapillary retinal nerve fiber; cpTR, circumpapillary 
total retina.
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the relationship between HFA MD and cpMP sensitivity in 

sector 1 (superotemporal area) and sector 5 (inferotemporal 

area). A strong relationship was seen for both sectors, which 

suggests that cpMP may in fact be considered a clinically 

useful measure in glaucoma.

Directly comparing our findings regarding the relation-

ships between the MP and OCT measurements with those 

obtained in previous studies is difficult, because the previous 

studies concentrated on macular OCT and MP parameters. 

Sato et al examined macular ganglion-cell and inner plexiform 

layer (GCIPL) thickness using the Cirrus HD-OCT, and found 

that these parameters exhibited significant structure-function 

relationships with MP-derived central visual field sensitivity 

values in glaucoma patients.4 In a recent study by Rao et al, 

it was demonstrated that macular-sensitivity values obtained 

with MP and standard automated perimetry displayed similar 

relationships with macular GCIPL thickness in glaucoma 

patients.5 The same group showed that GCIPL thickness 

was significantly more useful for diagnosing glaucoma than 

MP-based macular sensitivity measurements.20

Figure 4 Scatterplots of associations between visual field mean deviation and superotemporal and inferotemporal circumpapillary retinal sensitivity.
Notes: (A) relationship between circumpapillary retinal sensitivity determined for sector 1 (superotemporal sector) and mean deviation. (B) relationship between 
circumpapillary retinal sensitivity determined for sector 5 (inferotemporal sector) and mean deviation. Significant correlations were found for both sectors (sector 1, 
r=0.470; P=0.04; sector 5; r=0.685, P,0.001).

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Ophthalmology 2018:12 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2543

Circumpapillary structure-function relationships

We recently conducted two pilot studies to examine the 

usefulness of new parameters for diagnosing glaucoma. The 

first study compared the diagnostic performance of cpRNFL 

thickness and cpMP sensitivity in 12 equally sized sectors of 

the same measuring circle. As a result, we demonstrated that 

the two parameters exhibited similar diagnostic abilities.6 The 

second study examined the utility of various circumpapillary 

OCT parameters for diagnosing glaucoma and revealed that 

cpGCC displayed greater diagnostic accuracy than cpRNFL 

thickness.9 In another of our studies, cpTR thickness dem-

onstrated high reproducibility.12 Furthermore, Simavli et 

al found that cpTR thickness diagnosed glaucoma more 

accurately than cpRNFL thickness.21

The present study was affected by several limitations. For 

example, the sample was relatively small and all subjects were 

Japanese. All the glaucomatous eyes were affected by early- or 

moderate-stage glaucoma, and there were no cases of severe 

or preperimetric glaucoma. In addition, the subjects in the 

healthy control group were significantly younger than those 

in the glaucoma group, which could have had an influence on 

between-group comparison results when structural and cpMP 

sensitivity were compared, respectively.22,23 However, when 

the sector-by-sector relationship between OCT parameters 

and cpMP sensitivity was analyzed, the between-group 

age difference had no influence, since the relationship was 

investigated in the total study population. We used two similar 

but still different test-site patterns in the MP examinations. 

Further studies are necessary to clarify which of two test sites 

is preferable for cpMP investigations.

Conclusion
We consider our study to be a pilot investigation. It strongly 

suggested that cpTR thickness and cpGCC thickness need 

more attention in structure-function research into glaucoma, 

particularly in eyes with macular disease. Our future research 

will target these glaucoma subpopulations.
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