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Purpose: To analyze the correlation between microperimetric parameters and optical coherent tomographic 

findings in the eyes of patients with macular diseases.

Methods: A total of 64 eyes were included in this retrospective cross-sectional study. Differences in the macular 

integrity index and microperimetric parameters were analyzed according to types of outer retinal band defects. 

Correlations between average threshold values and retinal thickness in the corresponding areas were ana-

lyzed. Finally, microperimetric parameters were compared between inner and outer retinal lesions. 

Results: Measures of best-corrected visual acuity, macular integrity index, and average threshold values were 

significantly worse in eyes with defects in the ellipsoid portion of the photoreceptor inner segment (ISe), the 

cone outer segment tip (COST), and the external limiting membrane (ELM) than in eyes without ISe, COST, 

and ELM defects. Also, visual functionality is more significantly impacted by ELM defects than by other hy-

per-reflective band defects. There was a significant negative correlation between retinal thickness and the 

average threshold of the corresponding area in the Early Treatment Diabetic Retinopathy Study grid. Micro-

perimetric parameters in the eyes of patients with inner retinal lesions were better than in the eyes of patients 

with outer retinal lesions. 

Conclusions: The macular integrity index may be a useful factor for reflecting the functional aspects of macular 

diseases. Specifically, ELM, ISe, and COST defects are significantly associated with poor retinal sensitivity 

and macular integrity index values that suggest abnormalities. Among eyes with these particular defects, the 

visual functionality of patients is most sensitively impacted by ELM defects. This finding suggests that micro-

perimetric parameters are sensitive and useful for evaluating functional abnormalities in the eyes of patients 

with macular disease, particularly in patients with outer retinal pathology. 

Key Words: Ellipsoid portion of the photoreceptor inner segment, Microperimetry, Optical coherent tomography, 
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With advancements in medical and surgical techniques, 
the prognosis of various macular diseases has improved [1-
4]. As a result, accurate evaluation and documentation of 
residual macular functionality after treatment has become 
increasingly important. In turn, accurate evaluation of 
macular functionality helps clinicians to elucidate which 
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treatment modalities are most effective, and to character-
ize treatment responses in individual patients.

Macular evaluation is based on morphological and func-
tional assessment of the affected eye. With technological 
advancements, various methods for morphological evalua-
tion of macular disease are currently used, such as optical 
coherence tomography (OCT), confocal scanning laser 
ophthalmoscopy, and autofluorescence imaging [5-8]. 
Among these methods, spectral domain (SD)-OCT has im-
proved the accuracy of morphological assessment in eyes 
with macular disease, because SD-OCT displays improved 
resolution (i.e., axial resolution of 5 to 7 µm in tissue) com-
pared to time-domain OCT (which has axial resolution of 
8 to 10 µm in tissue) [9-11]. With the improved resolution 
of SD-OCT, it is possible to visualize hyper-ref lective 
bands corresponding to the anatomic layers of the human 
retina, thereby revealing details of the eye’s photoreceptor 
layer. The hyper-reflective lines of the outer retina consist 
of the external limiting membrane (ELM), the ellipsoid 
portion of the photoreceptor inner segment (ISe), and the 
cone outer segment tip (COST) [12,13]. Previous studies 
have reported that these hyper-reflective lines of the outer 
retina are significantly associated with visual functionality 
[12,14-17].

Until recently, measures of best-corrected visual acuity 
(BCVA) and perimetry findings have been the main indi-
cators of visual functionality in patients with macular dis-
ease. However, the introduction of microperimetry has led 
to precise topographic correlations between macular anat-
omy and light sensitivity. The macular integrity assess-
ment device (MAIA; CenterVue, Padova, Italy) is a third 
generation microperimetry system that measures visual 
sensitivity and fixation stability (FS) using 61 or 37 Gold-
mann-style stimulus points within a 10-degree radius cen-
tered on the fovea. Unlike other microperimetric instru-
ments, the MAIA automatically calculates and displays a 
macular integrity index by using the number of stimuli 
lower than 26 dB, the sensitivity of the central stimuli, and 
the FS factor. The macular integrity index is a numerical 
value that determines the probability that a patient’s re-
sponses are normal, suspect, or abnormal when compared 
to age-adjusted normative data. Higher values of the mac-
ular integrity index suggest a greater likelihood of abnor-
mal findings, while lower values suggest a greater likeli-
hood of normal findings. 

So far, no existing studies compare the macular integrity 

index and various SD-OCT parameters. Therefore, this 
study analyzes the correlations between various microper-
imetric parameters, including the macular integrity index, 
and optical coherent tomographic findings. We also assess 
the correlation between retinal thickness and the average 
threshold of the corresponding area.

Materials and Methods

Study design and participants

This study was approved by the institutional review board 
of the Asan Medical Center and follows the tenets of the 
Declaration of Helsinki. A retrospective review was con-
ducted of all the patients who underwent microperimetric 
examination at the Asan Medical Center in Seoul, Korea, 
from March 2013 to July 2013. The inclusion criteria in-
volved 1) the definite presence of abnormal findings in the 
macular area on SD-OCT, and 2) conduction of microperi-
metric examination and SD-OCT examination on the same 
day. Exclusion criteria included eyes with significant media 
opacities that interfered with microperimetric and SD-OCT 
evaluation, glaucoma, amblyopia, optic nerve diseases, or 
previous use of drugs known to interfere with macular 
functionality (e.g., chloroquine, hydroxychloroquine, and 
tamoxifen). Normal control data were obtained from 28 
contra-lateral eyes of age-matched patients with unilateral 
disease, such as idiopathic epiretinal membrane, macular 
holes, ocular trauma, or rhegmatogenous retinal detachment. 

Primary and secondary objectives 

The primary objective of this study is to determine dif-
ferences in the values of the macular integrity index, 
BCVA, total average threshold, and average threshold 
within a 1,000-µm central subfield area of patients with 
macular disease according to types of outer retinal band 
defects. Several secondary objectives of this study aim to 
determine 1) the correlation between the average threshold 
and retinal thickness in corresponding areas of the Early 
Treatment Diabetic Retinopathy Study (ETDRS) grid, 2) 
which outer retinal hyper-reflective band defects most sig-
nificantly affect visual functionality, 3) differences in mi-
croperimetric parameters between eyes with inner retinal 
lesions (i.e., without ISe, COST, or ELM disruption) and 
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eyes with outer retinal lesions (including ISe, COST, or 
ELM disruption), and 4) differences in microperimetric 
parameters between age-related macular degeneration 
(ARMD), epiretinal membrane, and macular edema.

Ophthalmic examinations 

All patients underwent a complete bilateral ophthalmic 
examination, including assessment of BCVA using the 
Snellen eye chart. BCVA results were converted to the log-
arithm of the minimum angle of resolution (logMAR) 
scale. All patients also underwent biomicroscopic and fun-
dus examinations. The Heidelberg Spectralis (Heidelberg 
Engineering, Heidelberg, Germany) was used to obtain 
SD-OCT images of the macula using a custom 20° × 20° 
volume acquisition protocol to obtain a set of high-speed 
scans from each eye. With this protocol, 25 cross-sectional 
B-scan images were obtained, each composed of 512 
A-scans. The four bands of the outer retina are shown in 
Fig. 1, and consist of the ELM, ISe, COST, and the retinal 
pigment epithelium [13]. With the obtained SD-OCT imag-
es, the presence of ELM, ISe, and COST defects within a 
1,000-µm central subfield area were determined. ELM, 
ISe, and COST defects were analyzed by two independent 
observers (DYK and HYY). If there was a discrepancy in 
interpretation, a third observer (JYL) was asked to analyze 
the defect within the 1,000-µm central subfield area. We 
also determined the retinal thickness within each ETDRS 
grid by automatically segmenting the retina and measuring 
the thickness. The automatically-segmented retinal thick-
ness was reviewed by a retina specialist (JYL). If there 
were segmentation errors in the automatic segmentation, 

the segmented line was manually modified by JYL. 
For the microperimetric analysis, the MAIA device was 

used with 37 Goldmann-style stimulus points to measure 
the macular integrity index, the total average threshold, 
the average threshold in each ETDRS grid area within 
3,000 µm, and FS. For FS, P1 and P2 were defined as the 
percentage of fixation points within a circle of 1º and 2º ra-
dii, respectively. 

Correlation of spectral domain optical coherence to-
mography imaging and the average threshold of the 
corresponding area

A thickness map and average threshold values of the 
corresponding area are shown in Fig. 2. On the SD-OCT 
images, the diameter of the first and second circles were 
1,000 and 3,000 µm, respectively. In microperimetry, the 
diameter of the first, second, and third circles were 1,000, 
2,000, and 3,000 µm, respectively. Therefore, 13 stimulus 
points within a 1,000-µm diameter in microperimetry cor-
responded to the area within the first circle of the SD-OCT 
image. The second and third circles of microperimetry 
corresponded to the area between the first and second cir-
cles of the SD-OCT image. Therefore, six stimulus points 
of the second and third circles in each quadrant (i.e., the 
superior, nasal, inferior, and temporal quadrants) approxi-
mately corresponded to each area in the ETDRS grid.

Statistical analysis

The Kolmogorov-Smirnov test was used to determine 
whether the data were normally distributed. To compare 

Fig. 1. Outer hyper-reflective bands on spectral domain optical 
coherent tomography. Band 1, external limiting membrane; band 
2, ellipsoid portion of the photoreceptor inner segment; band 3, 
cone outer segment tip; band 4, retinal pigment epithelium.

Fig. 2. Retinal thickness map (A) and average threshold of the cor-
responding area (B). (a) Fovea center within a 1,000-µm diameter, 
(b) superior to fovea center (1,000 to 3,000 µm), (c) nasal to fovea 
center (1,000 to 3,000 µm), (d) inferior to fovea center (1,000 to 3,000 
µm), and (e) temporal to fovea center (1,000 to 3,000 µm). 
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microperimetric parameters, the Mann-Whitney U-test 
and Kruskal-Wallis test were used. Pearson correlation 
analysis was used to analyze the relationship between reti-
nal thickness in the corresponding area of the ETDRS grid 
and the average threshold in the same area. Receiver oper-
ating characteristic (ROC) curves were generated accord-
ing to the presence of ISe, COST, and ELM defects. IBM 
SPSS ver. 21.0 (IBM Corp., Armonk, NY, USA) was used 
for all statistical analyses, and a p-value of <0.05 was con-
sidered statistically significant.

Results

Patient characteristics

A total of 36 eyes from 32 patients satisfied the inclusion 
and exclusion criteria, and were therefore analyzed in this 
study. In addition, 28 eyes of healthy subjects were used as 
controls. The clinical characteristics of the patients with 
macular disease and the healthy subjects are shown in Ta-
ble 1. Age and gender were not significantly different be-
tween the two groups. However, the logMAR BCVA of 
patients with macular disease was significantly lower than 
that of the control group (p < 0.001). The macular integrity 
index of healthy eyes was significantly greater than the 
macular integrity index of eyes with macular disease 

(34.06 ± 30.70 vs. 91.95 ± 17.85, p < 0.001). The values of 
total average threshold and the average threshold within a 
1,000-µm diameter of healthy eyes were also significantly 
greater than these values in the eyes of patients with mac-
ular disease. The clinical diagnoses of all cases of macular 
disease are shown in Table 2. Of the 36 eyes of patients 
with macular disease, 11 eyes had ARMD, seven eyes had 
epiretinal membrane, and nine eyes had macular edema 
secondary to retinal vascular disease. 

Primary objective 

The microperimetric parameters according to ELM, ISe, 
and COST defects in eyes with macular disease are shown 

Table 1. Clinical characteristics of healthy subjects and macular disease patients

Characteristic Total Healthy subjects Macular disease 
patients p-value

No. of eyes            64            28           36
Age (yr)   54.31 ± 15.37   51.50 ± 14.51   56.50 ± 15.86   0.092*

Gender (man / woman)   27 / 37   14 / 14   13 / 23   0.264†

ISe defect   14 / 64 (21.9%) 0 / 28 (0%)   15 / 36 (41.7%) <0.001†

COST defect   26 / 64 (40.6%) 0 / 28 (0%)   26 / 36 (72.2%) <0.001†

ELM defect    9 / 64 (14.1%) 0 / 28 (0%)  9 / 36 (25%)    0.004†

Baseline BCVA (logMAR)   0.15 ± 0.32   0.01 ± 0.03  0.26 ± 0.40 <0.001*

Total average threshold (dB) 24.21 ± 5.60  27.21 ± 5.60 21.63 ± 5.32 <0.001*

Average threshold within a 1,000-µm 
diameter 

24.05 ± 6.04  28.53 ± 1.68 20.57 ± 5.91 <0.001*

Macular integrity index   66.22 ± 37.76   34.06 ± 30.70 91.95 ± 17.85 <0.001*

ISe = ellipsoid portion of the photoreceptor inner segment; COST = cone outer segment tip; ELM = external limiting membrane; BCVA = 
best-corrected visual acuity; logMAR = logarithm of the minimum angle of resolution.
*Mann-Whitney U-test; †Chi-square test.

Table 2. Clinical diagnosis of patients with macular disease

Diagnosis  No. of eyes
Age-related macular degeneration  11
Epiretinal membrane 7
Cystoid macular edema, secondary reti-

nal vascular disease
9

Central serous chorioretinopathy 2
Macular hole 3
Other 4
Total 36
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in Table 3. Of the 36 eyes with macular disease, 15, 26, and 
nine had ISe, COST, and ELM defects, respectively. The 
macular integrity index was significantly worse in eyes 
with ISe, COST, or ELM defects than in eyes with intact 
ISe, COST, and ELM (ISe intact 87.33, ISe defect 98.89, p 
= 0.002; COST intact 78.66, COST defect 97.27, p = 0.007; 
ELM intact 89.65; ELM defect 99.71, p = 0.001). Further-
more, values of BCVA, total average threshold, and aver-
age threshold within a 1,000-µm diameter were also sig-
nificantly worse in comparison to these values in eyes with 
intact ISe, COST, and ELM.

Secondary objectives

Retinal thickness values according to microperimetric 
thresholds of the corresponding area are shown in Table 4. 
At the center, nasal, and inferior sides of the fovea, there 
were significant negative correlations between retinal 
thickness and the average threshold of the corresponding 
area. ROC curves for average threshold within a 1,000-µm 
diameter and minus logMAR BCVA values according to 
ISe, COST, and ELM defects are shown in Fig. 3. The area 
under the ROC (AUROC) curve for ELM defects was larg-
er than the AUROCs of COST and ISe defects. BCVA and 
microperimetric parameters in patients with inner retinal 
lesions and outer retinal lesions are shown in Table 5. The 

macular integrity index values of inner retinal lesions were 
significantly greater than the macular integrity index val-
ues of eyes with outer retinal lesions (78.66 ± 29.73 vs. 

Table 3. Microperimetric parameters according to spectral domain optical coherent tomography parameters

Intact  
ISe

Disrupted 
ISe p-value* Intact 

COST
Disrupted 

COST p-value* Intact  
ELM

Disrupted 
ELM p-value*

Number       15       21       10       26       27        9
Baseline BCVA 

(logMAR)
  0.05 (0.09)  0.54 (0.48) <0.001   0.02 (0.05)   0.35 (0.43) 0.002   0.08 (0.11)   0.79 (0.48) <0.001

Total average 
threshold (dB)

23.56 (2.32) 18.94 (7.05)   0.049 24.36 (1.98) 20.59 (5.84) 0.053 23.19 (3.14) 16.98 (7.70)   0.012

Average threshold 
within a 1,000-µm 
diameter

23.38 (2.41) 16.64 (7.11) <0.001 24.17 (2.36) 19.19 (6.30) 0.008 22.79 (3.29) 13.91 (7.13) <0.001

Macular integrity 
index

  87.33 (21.96) 98.89 (2.18)   0.002   78.66 (29.73) 97.27 (4.11) 0.007   89.65 (19.81) 99.71 (0.77)   0.001

Fixation stability P1 
(within 1o) (%)

93.57 (8.41)   78.33 (27.08)   0.096   90.70 (11.35)  85.88 (22.26) 0.715   92.96 (10.31)  70.00 (30.40)   0.012

Fixation stability P2 
(within 2o) (%)

98.24 (4.15)   91.33 (15.71)   0.191 96.90 (5.76)   94.77 (12.46) 0.958 98.04 (4.64)   87.33 (18.97)   0.012

Values are presented as number or mean (standard deviation) unless otherwise indicated.
ISe = ellipsoid portion of the photoreceptor inner segment; COST = cone outer segment tip; ELM = external limiting membrane; BCVA = 
best corrected visual acuity; logMAR = logarithm of the minimum angle of resolution.
*Mann-Whitney test.

Table 4. Correlation of retinal thickness with microperimetric 
threshold of the corresponding area

Mean (SD) Correlation 
coefficient p-value*

Foveal center
Retinal thickness (µm) 308.13 (93.17) -0.433 0.001
Average threshold (dB) 24.05 (6.03)

Nasal
Retinal thickness (µm) 362.96 (66.89) -0.269 0.047
Average threshold (dB) 24.93 (5.05)

Inferior
Retinal thickness (µm) 355.27 (82.17) -0.405 0.002
Average threshold (dB) 24.83 (5.11)

Temporal
Retinal thickness (µm) 337.78 (55.23) -0.174 0.203
Average threshold (dB) 25.08 (5.70)

Superior
Retinal thickness (µm) 347.38 (42.98)  0.082 0.554
Average threshold (dB) 24.43 (5.75)

SD = standard deviation.
*Pearson correlation analysis.
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97.27 ± 4.11, p = 0.007). The microperimetric parameters 
of patients with ARMD, epiretinal membrane, and macu-
lar edema are shown in Table 6. Values of the macular in-

tegrity index, BCVA, and average threshold within a 
1,000-µm diameter were superior in the eyes of epiretinal 
membrane patients than in the eyes of patients with ARMD 
and macular edema, but this finding was not statistically 
significant. The rate of ISe, COST and ELM defects was 
significantly higher in the eyes of patients with ARMD and 
macular edema than in the eyes of patients with epiretinal 
membrane.

Discussion

BCVA, contrast sensitivity, and perimetry have been used 
to assess macular functionality. Among these measures, 
BCVA is the most useful measure of the functional status in 
eyes with macular disease. However, BCVA does not cor-
relate topographic findings of macular anatomy with light 
sensitivity. The introduction of microperimetry has made it 
possible to determine the precise topographic correlations 
between macular anatomy and light sensitivity [18].

In this study, we analyze the correlations between various 
microperimetric parameters, including the macular integrity 
index, and various optical coherent tomographic findings. 
To evaluate macular sensitivity, we use MAIA microperim-

Fig. 3. Receiver operating characteristic (ROC) curves for average threshold within a 1,000-µm diameter and minus logarithm of the 
minimum angle of resolution (logMAR) best-corrected visual acuity (BCVA) according to (A) ellipsoid portion of the photoreceptor 
inner segment (ISe), (B) cone outer segment tip (COST), and (C) external limiting membrane (ELM) defects. The areas under the ROC 
curve (AUROC curve values) for the average threshold within a 1,000-µm diameter and minus logMAR BCVA according to ISe defects 
were 0.927 (95% confidence interval [CI], 0.860 to 0.995; p < 0.001) and 0.940 (95% CI, 0.861 to 1.020; p < 0.001), respectively. AUROC 
curve values for the average threshold within a 1,000-µm diameter and minus logMAR BCVA according to COST defects were 0.938 (95% 
CI, 0.884 to 0.992; p < 0.001) and 0.844 (95% CI, 0.747 to 0.941; p < 0.001), respectively. AUROC curve values for the average threshold 
within a 1,000-µm diameter and minus logMAR BCVA according to ELM defects were 0.968 (95% CI, 0.928 to 1.001; p < 0.001) and 0.988 
(95% CI, 0.963 to 1.013; p < 0.001), respectively.

Average threshold within 1,000 μm, A = 0.93
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Average threshold within 1,000 μm, A = 0.94
Minus logMAR BCVA, A = 0.84

Average threshold within 1,000 μm, A = 0.97
Minus logMAR BCVA, A = 0.99

Se
ns

itiv
ity

1-Specificity

0.0

0.2

0.4

0.6

0.8

1.0

0.0 0.2 0.4 0.6 0.8 1.0
Se

ns
itiv

ity

1-Specificity

0.0

0.2

0.4

0.6

0.8

1.0

0.0 0.2 0.4 0.6 0.8 1.0

Se
ns

itiv
ity

1-Specificity

0.0

0.2

0.4

0.6

0.8

1.0

0.0 0.2 0.4 0.6 0.8 1.0

A B C

Table 5. Microperimetric parameters in patients with inner 
retinal lesions and outer retinal lesions

Inner retinal  
lesions

Outer retinal  
lesions p-value*

Number      10     26
Baseline BCVA 

(logMAR)
0.02 ± 0.50 0.35 ± 0.43 0.002

Total average 
threshold (dB)

 24.36 ± 1.98  20.59 ± 5.84 0.053

Average threshold 
within a 1,000-µm 
diameter 

 24.17 ± 2.36  19.19 ± 6.30 0.008

Macular integrity 
index

78.66 ± 29.73  97.27 ± 4.11 0.007

Fixation stability P1 
(within 1o) (%)

90.70 ± 11.35 85.88 ± 22.26 0.715

Fixation stability P2 
(within 2o) (%)

 96.90 ± 5.76 94.77 ± 12.46 0.958

BCVA = best-corrected visual acuity; logMAR = logarithm of 
the minimum angle of resolution.
*Mann-Whitney U-test.
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etry, which provides not only accurate sensitivity maps of 
the central retina, but also generates a unique macular integ-
rity index. Several previous studies have compared light 
sensitivity between microperimetry and SD-OCT findings. 
However, no existing studies compare the macular integri-
ty index and various SD-OCT findings.

The work of Yohannan et al. [15] reports a correlation 
between retinal sensitivity and the status of the photore-
ceptor inner segment/outer segment layers in patients with 
diabetic macular edema (DME). That research reports that 
disruption of ISe correlates with a significant decrease in 
point sensitivity in eyes with DME. In addition, a study by 
Querques et al. [19] reports that reduced retinal sensitivity 
consistently correlates with disrupted ISe in AMD pa-
tients. A study by Reibaldi et al. [20] reports that in the 
eyes of patients with lamellar holes, preservation of the 
ELM is related to the maintenance of visual acuity. The 
work of Fujita et al. [16] reports that in patients with re-
solved central serous chorioretinopathy following photo-
dynamic therapy, the improvement of vision is correlated 
with the recovery of the ISe and COST lines at six and 12 
months post-therapy. Each of these previous studies sug-
gests that the outer retinal bands (i.e., ELM, ISe, and 
COST) are significantly related to visual functionality. 
Likewise, the current study also finds that retinal sensitivi-
ty is consistently affected by ELM, ISe, and COST status 
in patients with macular disease. Along with decreased 
point retinal sensitivity, disruption of the ELM, ISe, and 

COST significantly correlates with decreased macular in-
tegrity index values in the eyes of patients with macular 
disease. This study also analyzes differences in microperi-
metric parameters between inner and outer retinal lesions. 
The results show that microperimetric parameters are 
worse in eyes with outer retinal lesions than in eyes with 
inner retinal lesions. Therefore, microperimetric parame-
ters are more sensitive and useful for evaluating functional 
abnormalities in outer retinal pathology.

The macular integrity index is a numerical value that de-
scribes the probability that a patient’s responses are normal, 
suspect, or abnormal when compared to age-adjusted nor-
mative data. Higher macular integrity index values suggest 
a greater likelihood of abnormal findings, while lower val-
ues suggest a greater likelihood of normal findings. The 
present study shows that, along with BCVA and average 
threshold values, the macular integrity index reflects the 
functional status of eyes with macular disease, revealing 
morphological alterations of the macula in particular.

ROC curve analysis for minus logMAR BCVA and the 
average threshold within a 1,000-µm diameter was con-
ducted according to ISe, COST, and ELM defects. While a 
direct comparison of ROC curves according to types of 
outer retinal hyper-reflective bands was not performed, the 
AUROC was relatively large in patients with ELM defects 
(Fig. 3). A study by Chhablani et al. [21] reports that ELM 
is a predictor of visual improvement in DME patients fol-
lowing pars plana vitrectomy. The work of Oishi et al. [22] 

Table 6. Microperimetric parameters by macular disease

Age-related macular degeneration Epiretinal membrane Macular edema p-value
Number                            11 7 9
ISe defect     6 / 11 (54.5 %)   0 / 7 (0%)      5 / 9 (55.6%) 0.039*

COST defect     9 / 11 (81.8 %)      2 / 7 (28.6%)      8 / 9 (88.9%) 0.018*

ELM defect     6 / 11 (54.5 %)  0 / 7 (0%)      2 / 9 (22.2%) 0.040*

Baseline BCVA (logMAR)   0.47 ± 0.61   0.04 ± 0.08   0.24 ± 0.25 0.095†

Total average threshold (dB) 19.24 ± 7.87 24.50 ± 2.32 21.90 ± 4.30 0.280†

Average threshold within a 1,000-µm 
diameter

17.51 ± 8.61 24.59 ± 2.56 20.46 ± 4.03 0.076†

Macular integrity index 97.00 ± 5.47   80.50 ± 30.97   89.31 ± 19.96 0.074†

Fixation stability P1 (within 1o) (%)   77.09 ± 30.20   89.71 ± 13.17   91.56 ± 12.89 0.592†

Fixation stability P2 (within 2o) (%)   89.73 ± 17.10 95.86 ± 6.72 98.00 ± 5.29 0.159†

ISe = ellipsoid portion of the photoreceptor inner segment; COST = cone outer segment tip; ELM = external limiting membrane; BCVA = 
best-corrected visual acuity; logMAR = logarithm of the minimum angle of resolution.
*Pearson chi-square; †Kruskal-Wallis test.
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reports a significant relationship between ELM status and 
visual acuity in the eyes of patients with ARMD. Taken 
together with these reports, our data suggests that visual 
functionality is more significantly affected by ELM de-
fects than by other hyper-reflective band defects. There-
fore, the status of ELM may be the most useful factor in 
evaluating retinal morphology and functionality in patients 
with macular diseases.

The work of Mylonas et al. [23] reports a positive re-
sponse in retinal sensitivity to ranibizumab treatment for 
macular edema after acute branch retinal vein occlusion. 
That research reports that retinal sensitivity improves with 
improvements in retinal thickness at the foveal center. A 
study by Munk et al. [24] investigates visual acuity and 
microperimetric mapping of lesion areas in eyes with in-
flammatory cystoid macular edema. That study reports 
that thickening of the neurosensory-fovea has a significant 
impact on both BCVA and retinal sensitivity. This study 
not only analyzes the correlation between average thresh-
old and retinal thickness at the foveal center, but also the 
correlation between the average threshold and retinal 
thickness of the corresponding area in the ETDRS grid. 
We find a significant negative correlation between retinal 
thickness and the average threshold of the corresponding 
area at the foveal center, as well as at the nasal and inferior 
sides of the fovea. However, we find no significant correla-
tion between retinal thickness and the average threshold of 
the corresponding area at the temporal and superior sides 
of the fovea. We are unable to surmise why retinal thick-
ness is not negatively correlated to the average threshold of 
the corresponding area in certain extrafoveal lesions. His-
topathologic studies on monkeys and humans demonstrate 
the presence of more ganglion cells in the nasal sector 
compared to other areas [25-27]. Based on this report, we 
hypothesize that pathologies on the nasal side of the fovea 
may have a more significant impact on retinal functional-
ity. Indeed, we note a significant negative correlation be-
tween retinal thickness and the average threshold on the 
nasal side of the fovea.

This study analyzes differences in microperimetric pa-
rameters between the eyes of patients with ARMD, epiret-
inal membrane, and macular edema secondary to retinal 
vascular disease. ARMD, macular edema, and epiretinal 
membrane are representative of outer retinal disease, inner 
retinal disease, and retinal surface disease, respectively. 
Our results show that the rate of outer retinal band defects 

is significantly different between the three diseases. More-
over, outer retinal band defects in the eyes of patients with 
ARMD and macular edema are more significantly ob-
served than in the eyes of patients with epiretinal mem-
brane. Because of the higher rate of ISe, ELM, and COST 
defects in patients with ARMD and macular edema, the 
microperimetric parameters of eyes with ARMD and macu-
lar edema are much worse than the microperimetric parame-
ters of eyes with epiretinal membrane. Therefore, microperi-
metric parameters are more sensitive and useful for 
evaluating functional abnormalities in outer retinal pathology.

The strengths of this study include the careful analysis 
of SD-OCT images by retinal subspecialists (DYK, HYY, 
and JYL), who were blinded to the clinical information of 
the patients. In addition, this is the first study to compare 
the macular integrity index with various SD-OCT parame-
ters. Unlike other studies, which assess the correlation be-
tween central retinal thickness and light sensitivity, the 
present study analyzes the correlation between retinal 
thickness and the average threshold of the corresponding 
area at the foveal center, as well as in the extrafoveal area. 
However, the present study has some limitations that are 
inherent to the retrospective design of the study. The sam-
ple size of this study is relatively small, which may limit 
the statistical strength of the analysis. Therefore, future 
studies that examine a larger number of patients are need-
ed to confirm a correlation between microperimetric pa-
rameters and SD-OCT findings. 

In conclusion, the macular integrity index is a useful 
factor for reflecting the functional aspects of macular dis-
eases. ELM, ISe, and COST defects are significantly asso-
ciated with poor retinal sensitivity and macular integrity 
index values that suggest abnormalities. Among these de-
fects, visual functionality is most sensitively impacted by 
ELM defects. These results suggest that microperimetric 
parameters are sensitive and useful for evaluating func-
tional abnormalities in the eyes of patients with macular 
disease, especially in patients with outer retinal pathology. 
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