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Topographic changes of the macula after  

closure of idiopathic macular hole 

 Vitrectomy and gas tamponade is the standard procedure for macular hole(MH). It has been suggested that glial proliferation and centripetal 

contraction of the retinal tissue result in hole closure. However, recent studies demonstrated asymmetric elongation of foveal tissue and foveal 

displacement to the optic disc, showing that the hole closure is more complicated than a simple centripetal contraction. 

 The purpose of the present study is to make the retinal vascular displacement map by comparing locations of the retinal vessels before and 

after vitrectomy for idiopathic MH, to find factors correlated to the displacement, and to suggest its mechanisms. 

Inclusion and exclusion 

  We included idiopathic macular hole patients who underwent vitrectomy combined with ILM removal between 2012 to 2014. Fundus photographs taken at 

baseline and postoperative 4 to 6 months were collected. A set of photographs taken using different fundus cameras was excluded. If a disparity in the 

locations of the optic disc was more than 0.5 disc diameters (DD) between two photographs, the set of photographs was also excluded.  

 This study enrolled 73 eyes of 73 patients. Displacement of the retinal vessels in each sector is schematized in Figure 2. The average 

displacement was to nasal side in all sectors. Inferior displacement was noted in the superior sectors, and superior displacement in the inferior 

sectors. The average displacement of the whole macula (16 sectors) was 57.2μm to -3.3º, or to the optic disc and slightly inferiorly.  The 

displacement distance was significantly larger in the inner ring (84.6  ± 67.1μm) than the outer ring (53.2 ± 39.4μm, p<0.001), and in the 

temporal sectors than the corresponding nasal sectors (p<0.001 – p=0.008).  

 Multiple regression analysis revealed that the distance of the average displacement was associated with basal horizontal diameter of MH and 

size of ILM removal  in the inner ring (p=0.009, adjusted R2=0.837), and only with ILM removal size in the outer ring (p<0.001, adjusted 

R2=0.601).  

 The retinal vascular displacement of the macula after MH surgery was towards the horizontal raphe as well as the optic disc and slight inferior. 

The topographic changes suggest following factors as the mechanisms; (1) centripetal contraction in process of hole closure, (2) contraction 

force by the nerve fiber layer released after removal of the ILM, and (3) the gravity. 

Figure 1. (A) Pre- and postoperative fundus photographs of macular 

hole patients were loaded in the custom software. (B) Visualization of 

the retinal vessels was enhanced by truncating redundant levels and 

adjusting brightness/contrast. (C) The scale, angle and position of the 

postoperative photograph were adjusted to match two photographs by 

registering 4 points of vascular bifurcation. (D) En face image of 6x6 

mm optical coherence tomography volume scan was registered by 

matching two vascular bifurcations to calculate the scale of the 

photograph. (E) The grid of 16 sectors was superimposed the 

photographs, and a vascular shift was measured in each sector. (F) 

The measurement was completed in all the sectors. 

 

Figure 2.  Schematic drawing shows displacement after closure of 

macular hole. Thin arrows represent each case. Thick arrows 

represent average displacement. The length of the arrows is 

enlarged three times than actual displacement for better visibility. 

Note the asymmetricity between temporal and nasal sectors. 
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Measurement of vascular displacement 

 The custom program was developed to compare the position of the retinal 

vessels in the macula between pre- and post-operative photographs (Figure 1). 

The images were processed to enhance visualization of the vessels (Figure 1-

B), and adjusted to match the bifurcating points of the temporal and nasal 

vascular arcades (Figure 1-C). En Face image of the 6x6 mm optical 

coherence tomography volume scan was registered to calculate the scale of the 

photographs (Figure 1-D). A grid of 16 sectors was superimposed on the 

processed images (Figure 1-E). The grid was composed of two rings, and each 

ring had 8 sectors; T, ST, S, SN, N, IN, I, and IT. The diameter of the inner ring 

was 2 to 4mm and that of the outer ring was 4 to 6 mm. The displacement of the 

retinal vessels was measured as a vector value by comparing the position of the 

bifurcation or distinct portion in each sector of the grid (Figure 1-F).  

Statistical analysis 

 Average displacement was calculated by averaging the measured vectors. The 

distance and angle of displacement were calculated from the vector values. The 

associationss between the distance and various clinical parameters such as MH 

diameters, size of ILM removal, adjuvants for ILM removal, and change of best-

corrected visual acuity (BCVA) were analyzed using multiple regression 

analysis. 

  Sector T IT I IN N SN S ST 

Inner 

ring 

Distance(μm) 121.3 108.2 73.4 63.9 43.6 68.2 93.0 125.4 

Angle(º) -5.3 12.5 26.1 44.8 3.8 -39.5 -34.6 -12.9 

No. of eyes 54 69 65 62 36 57 65 65 

Outer 

ring 

Distance(μm) 52.0 39.4 34.0 29.3 26.9 36.6 40.6 51.1 

Angle(º) -4.1 0.5 35.2 44.7 8.5 -34.5 -36.4 -15.4 

No. of eyes 67 67 66 59 55 61 61 70 

Table 1. Average distance and angle values of displacement  after closure of macular hole 

Whole macula Inner ring Outer ring 

β p β p β p 

Size of ILM removal 0.506 0.012 0.457 0.009 0.780 <0.001 

Basal horizontal MH 

diameter 

0.398 0.045 0.747 0.007 NS 

Table 2. Results of multiple linear regression analysis of correlation between various 

parameters and retinal vascular displacement after surgical closure of macular hole. 

T= tempral ; IT= infero-temporal; I= inferior; IN=infero-nasal; N=nasal; SN=supero-nasal; 

S=superior; ST=supero-temporal 

ILM = internal limiting membrane; MH = macular hole; NS = not significant 


