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Background 

 Visual acuity is an useful method to evaluate the visual function but it is 

not possible to represent all of the functional features of the eye.             

Contrast sensitivity and microperimetry are additional useful methods to 

test the visual function. Contrast  sensitivity is measured under varying   

conditions of luminance and glare, it determines the limits of visual         

perception using various of spatial frequencies. Microperimetry can          

measure retinal sensitivity watching the real-time retinal images. It          

stimulates the specific retinal area with various static and dynamic           

techniques. In this study, we investigated correlations among central         

retinal thickness (CRT), microperimetry (MP) and contrast sensitivity       

(CS) in eyes with diabetic macular edema (DME).  

Patients and methods 

 A retrospective chart review was performed of consecutive patients with 

DME at Korea University Hospital from May, 2012 to August, 2012. This 

study included 47 eyes from 36 patients with DME (central 1mm zone     

retinal thickness (CRT) ≥250um).  

 The CRT and MP were tested by spectral SLO/SD-OCT system (OTI   

OCT, OPKO  Instrumentation, Miami, Florida, USA). CRT were              

measured mean central retinal  thickness at central 1mm zone. MP was 

performed with Goldmann Ⅲ size white-cross stimuli and a four to two    

staircase strategy. Retinal sensitivities were measured at 13 stimulus     

points (Figure 1). The mean retinal sensitivities for the central 2° and 4° 

were then calculated. CS were measured with 6 target sizes(6.3°, 4.0°,  

2.5°,  1.6°, 1.0°, 0.64°) using contrast glare tester (CGT-2000, Takagi    

Seiko co.,Ltd., Nagano-Ken, Japan). It was tested with or without glare   

under  5m distance mode, twilight background luminance (Figure 2).      

There are 14 contrast levels from 0.0071 to 0.64 and coverted to to         

logCS by taking -log10 to facilitate statistical analyses.  

Results 

 The mean CSs (-log) with glare at 6.3°, 4.0°, 2.5°, 1.6°, 1.0° and 0.64°  

was 1.09±0.47, 1.02±0.45, 0.85±0.43, 0.63±0.46, 0.36±0.37, and      

0.21±0.26, respectively. The mean CSs (-log) without glare at 6.3°, 4.0°, 

2.5°, 1.6°, 1.0° and 0.64° was 1.35±0.4, 1.28±0.41, 1.08±0.40,             

0.82±0.42, 0.52±0.34, and 0.32±0.30, respectively. The mean CS        

decreases as target size decreases with or without glare. Mean CS        

without glare was higher than the mean CS with glare at any target sizes 

(p=0.000). The   CRT showed no significant correlation with the mean     

retinal sensitivities of microperimetry at center, 2° and within 4°(p=0.598, 

0.762, 0.559, respectively).  Also, there were no significant correlation     

between CRT and CS (range, p=0.327-0.991). The mean retinal             

sensitivities of MP at the center had significant  correlation with CS of all 

the target sizes without glare(range, r=0.395-0.648, p=0.000-0.006). MP 

within central 2° and 4° also significantly correlated with CS of all the       

target sizes without glare (range 0.427-0.706, p=0.000-0.003) (Table 1). 
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Discussion 

 In this study, CRT, MP and CS were correlated in DME. While CS test was    

significantly correlated with the MP tests in all target sizes with and without     

glare, CRT did  not  show any significant correlation with both MP and CS.  

 There have been many studies regarding correlation between retinal              

sensitivity and retinal thickness in DME. However, the results of these studies 

are controversial. Okada et al. reported that retinal sensitivity with MP              

decreased in eyes with diabetic macular edema and MP showed negative       

correlation with the CRT (r2=0.581, P<0.0001; r2=0.551, P<0.0001). Hatef et al

. reported that macular sensitivity decreased by an average 0.05 dB                 

(95% CI: -0.08, -0.02) per 1-μm increase in thickness for thickness values       

> 280 μm.  However, Kiss et al. also reported that there was no significant              

correlation between retinal thickness and retinal sensitivity. The cause of            

disagreement  might result from the method of MP and retinal thickness         

measurement. For  MP, usually only a few representative number of points     

were tested in the central 1 mm diameter area, whereas for CRT                      

measurement, includes nearly all area in 1mm diameter area. Retinal point     

sensitivity is known to be associated with the   photoreceptor inner segment/  

outer segment (IS/OS). Therefore, selection bias of MP measuring retinal       

points could affect  the correlation with retinal thickness.  

 In conclusion, one retinal functional test MP showed significant correlation     

with another  retinal functional test CS. CRT in OCT cannot expect retinal             

function precisely without  considering the results of retinal functional tests. 

Microperimetry 
Contrast sensitivity 

Glare off Glare on 

C 2° 4° 6.3° 4.0° 2.5° 1.6° 1.0° 0.64° 6.3° 4.0° 2.5° 1.6° 1.0° 0.64° 

Central retinal 

Thickness 

r -.079 -.045 -.087 -.146 -.058 -.061 -.063 -.072 -.080 .092 .074 .002 -.008 .038 -.047 

p .598 .762 .559 .327 .700 .685 .672 .632 .592 .537 .622 .991 .960 .800 .755 

Micro- 

perimetry 

C 

r 1.000 .911 .845 .395 .434 .495 .595 .632 .648 .520 .581 .550 .563 .539 .507 

p <.0001 <.0001 .006 .002 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

2° 
r .911 1.000 .945 .427 .432 .497 .625 .664 .691 .552 .625 .624 .631 .610 .588 

p <.0001 <.0001 .003 .002 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

4° 
r .845 .946 1.000 .531 .491 .566 .678 .701 .706 .619 .669 .654 .651 .633 .584 

p <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

Figure 2. Contrast tester and a example of report 

 Takagi contrast glare tester  (CGT-2000)  measures contrast sensitivity at six  

target sizes: 6.3°, 4.0°, 2.5°,  1.6°,  1.0°, and 0.7° with or without  glare. There 

are 13 contrast levels  from 0.01 to 0.64 contrast threshold. 

Table 1. Correlation matrix while controlling visual acuity, cataract, age among central retinal thickness, microperimetry and contrast sensitivity 

Figure 1. Microperimetry      

display using spectral SLO/  

SD-OCT  system 

a) The microperimetry           

performed on the central 4°  

using 13 points (5 points of   

cross shape for central 2°,    

8 points of ring-shape  for     

central 2-4°).  

b) Fixation stabilities were   

measured within 2° and 4°. 


