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Abstract 

Purpose: To evaluate the changes in retinal nerve fiber layer thickness (RNFLT), ganglion 

cell layer thickness (GCLT), retinal thickness (RT), and subfoveal choroidal thickness (SFCT) 

in eyes who received pars plana vitrectomy (PPV) with internal limiting membrane peeling 

(ILM) for idiopathic macular hole (IMH) and to compare this data with data from fellow eyes 

and healthy controls. 

Methods: This cross-sectional study included 49 subjects. Eighteen eyes that underwent 

surgery for IMH, 18 fellow eyes, and 31 eyes of the healthy controls were designated as group 

1, group 2, and group 3, respectively. The RNFLT, GCLT, RT, and SFCT were measured by 

using the SS-OCT (The Deep Range Imaging OCT; Atlantis, Software version 9.14, Topcon, 

Japan) device at last postoperative visit. 

Results: The RNFLT was significantly lower in group 1 than group 2 and group 3 (p<0.05). 

The GCLT was significantly reduced in all sectors in group 1 as compared to group 2 and 

group 3 (p<0.05). RT was found to be significantly lower (except in central field) in group 1 

than group 2 and group 3 (p<0.05).  The SFCT was significantly decreased in group 1 as 

compared to group 2 and group 3 (p<0.05). 

Conclusion: A reduction in the RNFLT, GCLT, RT, and SFCT was observed following PPV 

with ILM peeling for IMH detected by SS-OCT. 

Keywords: Ganglion cell layer; macular hole; retinal nerve fiber layer; thickness; swept-

source optical coherence tomography 
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Introduction 

Idiopathic macular hole (IMH) is a full-thickness neurosensory retinal defect in the 

fovea that results in moderate to severe vision loss (Gass 1988). The pars plana vitrectomy 

(PPV) with internal limiting membrane (ILM) peeling procedure has been carried out with 

higher favorable anatomic outcome, resulting in improvement in visual acuity (VA) (Park et 

al. 1999). Despite favorable anatomic results, reduced VA could be seen following IMH 

surgery. It was suggested that postoperative changes in the retinal layers are correlated with 

the postoperative visual prognosis (Thinda et al. 2015). 

Various studies reported on the changes in retinal nerve fiber layer thickness 

(RNFLT), ganglion cell layer thickness (GCLT), retinal thickness (RT), and choroidal 

thickness (CT) in different ocular conditions (Lee et al. 2015; Arifoglu et al. 2015). Besides, 

studies have evaluated the changes in RNFLT, GCLT, RT, and CT following surgery for 

IMH, and it was demonstrated that thickness of the RNFL, GCL, and the whole retina reduces 

after PPV with ILM peeling (Thinda et al. 2015; Ahn et al. 2015; Baba et al. 2012). 

Thus, in the present study, we aimed to determine the changes in RNFLT, GCLT, RT, 

and subfoveal CT (SFCT) after successful PPV with ILM removal for IMH measured with 

SS-OCT.  

Materials and Methods 

A total of 49 subjects were included in this cross-sectional study. A local ethical 

committe approved the research. The study followed the principles laid out in the Helsinki 

Decleration. Three groups were designated: Group 1—eyes who received surgery (PPV with 

ILM peeling) for IMH; Group 2—fellow eyes without any ocular pathology; and Group 3—

eyes of the healthy controls. Patients were excluded if they had a history of ocular trauma, 

intraocular surgery, intraocular injection, any coexistent retinal and/or macular disorder, and 

higher refractive errors. All participants underwent a complete ophthalmologic examination, 

and a standard 23-gauge PPV was performed.  

SS-OCT (The Deep Range Imaging OCT; Atlantis, Software version 9.14, Topcon, 

Japan) examination was performed at the last postoperative visit. All examinations were 

performed at the same time of the day (2 – 4 PM) to prevent the effect of diurnal variations on 

the measurements of SFCT, as stated previously (Michalewska et al. 2015). A ‘3 D wide 

macula test’ was used during the SS-OCT examinations. All eyes were examined using the 
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wide angle scan (12x9 mm) scan setting centered on the posterior pole. The built-in software 

automatically calculated the RNFLT, GCLT, RT, and CT in super pixel grids. Two masked 

examiners (H.B. and Y.B.) evaluated the scan quality of the images. 

The RNFLT, GCLT, and RT were assessed in a manner compatible with previous 

literature (Yang et al. 2015). The RNFLT was measured between the ILM and GCL. The 

RNFLT was measured in a circumpapillary circle of 3.4 mm diameter and automatically 

centered on the optic disc. It was divided into a grid with 4 equal sectors for superior RNFLT, 

temporal RNFLT, inferior RNFLT, and nasal RFLT. The GCLT was measured between the 

ILM and the inner plexiform layer. The six fields seperated by 2 concentric circles with 

diameters of 1 mm and 6 mm were segmented into 6 equal areas. It was automatically 

centered on the fovea. These 6 fields are defined as GCLT1: upper, GCLT2: temporal and 

upper, GCLT3: temporal and below, GCLT4: below, GCLT5: nasal and below, and GCLT6: 

nasal and upper. 

Retinal thickness was measured between the ILM and retinal pigment epithelium 

(RPE). The numeric averages of the RT measurements were calculated for each of the nine 

map fields defined by the Early Treatment Diabetic Retinopathy Study. The nine fields 

seperated by 3 concentric circles with diameters of 1 mm, 3 mm, and 6 mm were segmented 

into 4 quadrants automatically centered on the fovea. These nine fields are defined as RT1: 

outer and upper, RT2: middle and upper, RT3: central, RT4: middle and below, RT5: outer 

and below, RT6: outer and nasal, RT7: middle and nasal, RT8: middle and temporal, and 

RT9: outer and temporal.   

The CT profile was identified by manually measuring the SFCT from the posterior 

edge of the RPE to the choroido-scleral junction, as described previously (Ruiz-Medrano et al. 

2015). The SFCT was measured from the subfoveal grid where the RNFL has the least value. 

Figure 1 depicts the RNFLT, GCLT, RT, and SFCT measurements obtained in the study. 
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Figure 1: The SS-OCT image of a patient showing the RT, GCLT, RNFLT and CT maps after surgery. 

 

Results 

A total of 49 subjects (18 patients and 31 healthy controls) were studied. There were 

29 female (59.2 %) and 20 male (40.8 %) in the study. The mean age of the study population 

was 63.55±7.20 years (range, 51 to 79 years). No significant differences were observed 

between the patients and controls in terms of age (p=0.46) and sex (p=0.93). The 

demographic data was given in detail in Table 1.There were 10 (55.6 %) patients with stage 4 

IMH and 8 (44.4 %) patients with stage 3 IMH before surgery in the study. 

 

 

Table 1: Demographic data of the study population 

  Groups p 

Total 

(N=49) 

Group 1 and Group 2 

(N=18) 

Group 3 

(N=31) 

 

Age 
(year) 

Mean±SD 63.55±7.20 64.55±7.99 62.97±6.77 a0.46 

Min-Max (Median) 51-79 (64) 51-78 (64) 53-79 (64) 

Sex 

N (%) 

Female 29 (59.2) 10 (55.6) 19 (61.3) b0.93 

Male 20 (40.8) 8 (44.4) 12 (38.7) 

aStudent-t Test  bYates Continuity Correction Test  

SD: standard deviation; min: minimum; max: maximum 
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The mean preoperative BCVA was 1.18±0.65 LogMAR (range, 0.43 to 2.15 

LogMAR) and mean postoperative BCVA was 0.74±0.44 LogMAR (range, 0.2 to 2.15 

LogMAR). BCVA significantly improved after surgery (p=0.001). The mean postoperative 

follow up was 12.16±2.66 months  (range, 7 to 16 months). 

The RNFLT was found to be significantly reduced in temporal, superior, and inferior 

quadrants in group 1 as compared to group 2 and group 3 (p<0.05). No significant difference 

was found in nasal RNFLT between the groups (p>0.05). The RNFLT measurements were 

summarized in Table 2. 

 

Table 2: The RNFL measurements in the study 

 

 

Group 1                   Group 2 Δ Group 3 

 

Group 1-

Group 2 

Group 1-

Group 3 

Group 2-

Group 3 

  RNFLT-N Mean±SD 85.83±16.94 85.39±18.81 0.44±17.78 83.48±23.74 d0.95 e0.94 e0.55 

Min-Max (Median) 65-105 (95) 61-129 (81) 6-129 (86) 

RNFLT-T Mean±SD 51.67±11.57 77.44±13.37 -25.78±18.04 74.1±20.92 d0.001** e0.001** e0.90 

Min-Max (Median) 38-71 (47) 54-98 (80) 15-97 (79) 

RNFLT-S Mean±SD 110.22±4.94 127.56±13.31 -17.33±13.22 118.45±34.29 c0.001** e0.004** e0.69 

Min-Max (Median) 101-119 (110.5) 107-151 (125.5) 39-169 (126) 

RNFLT-I Mean±SD 95.61±21.52 132.28±12.47 -36.37±20.60 124.55±37.14 d0.001** e0.001** e0.76 

Min-Max (Median) 67-119 (108) 104-160 (133) 24-168 (136) 

RNFLT 

Mean 

Mean±SD 85.83±12.53 105.67±9.07 -19.83±11.79 100.15±26.5 c0.001** e0.001** e0.83 

Min-Max (Median) 69.5-102.5 (90.25) 86-121.75 (106.63) 26.75-131.25 
(108) 

aStudent-t Test  cPaired Samples Test  dWilcoxon Signed Ranks Test  eMann Whitney U Test *p<0.05 **p<0.01 

RNFLT: retinal nerve fiber layer thickness; N: nasal; T: temporal; S: superior; I: inferior; SD: standard deviation; min: minimum; max: 

maximum; Δ: difference of the measurements between group 1 and group 2 

There was a statistically difference of GCLT between the groups. The GCLT was 

lower in group 1 than group 2 and group 3 (p<0.05). The GCLT measurements were given in 

detail in Table 3. 

After analysing the RT, it was found that RT (at each field except the central portion) 

was significantly lower in group 1 when compared to group 2 and group 3 (p<0.05); see Table 

4. 

The SFCT was 206.33±7.94 µm (range, 191 µm to 221 µm) in group 1, 276.38±53.69 

µm (range, 134 µm to 352 µm) in group 2, and 305.67±51.03 µm (range, 197 µmto 373 µm) 

in group 3. The SFCT was significantly lower in group 1 than group 2 (p=0.001) and group 3 

(p=0.001). No difference of SFCT was observed between group 2 and group 3 (p=0.006).  
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Table 3: The GCLT measurements in the study 

 

 

Group 1                        Group 2 Δ Group 3 Group 1-

Group 2 

Group 1-

Group 3 

Group 2-

Group 3 

GCLT-1 Mean±SD 45.06±11.51 67.89±10.28 -22.83±17.46 66.65±12.98 d0.001** e0.001** e0.99 

Min-Max (Median) 27-62 (47.5) 40-79 (71) 38-88 (69) 

GCLT-2 Mean±SD 47.72±12.00 73.78±8.13 -26.06±14.65 73.03±10.73 c0.001** e0.001** e0.89 

Min-Max (Median) 29-63 (51) 51-83 (75) 43-90 (75) 

GCLT-3 Mean±SD 48.56±8.30 75.72±10.49 -27.17±12.13 75.29±10.65 d0.001** e0.001** a0.89 

Min-Max (Median) 38-60 (44.5) 48-90 (78) 43-97 (77) 

GCLT-4 Mean±SD 53.00±7.54 68.17±6.90 -15.17±10.16 67.87±7.90 d0.001** a0.001** e0.99 

Min-Max (Median) 43-64 (55) 52-76 (71) 46-78 (70) 

GCLT-5 Mean±SD 57.33±10.88 74.50±9.34 -17.17±13.98 73.68±10.24 c0.001** e0.001** e0.78 

Min-Max (Median) 44-74 (55.5) 53-86 (76.5) 41-88 (75) 

GCLT-6 Mean±SD 39.89±7.40 75.78±9.32 -35.89±12.59 73.97±10.48 d0.001** a0.001** e0.45 

Min-Max (Median) 28-53 (37.5) 48-87 (78) 51-89 (74) 

GCLT-Mean Mean±SD 48.59±7.91 72.64±7.32 -24.05±11.14 71.75±8.74 c0.001** a0.001** a0.71 

Min-Max (Median) 36.83-59.33 

(49.08) 

59.67-82.33 

(75.08) 

43.67-83.83 

(72.33) 
aStudent-t Test   cPaired Samples Test  dWilcoxon Signed Ranks Test    eMann Whitney U Test     *p<0.05   **p<0.01 
GCLT: ganglion cell layer thickness; SD: standard deviation; min: minimum; max: maximum; Δ: difference of the measurements between 

group 1 and group 2 

 

Table 4: The RT measurements in the study 
 

 

Group 1                             Group 2 Δ Group 3 Group 1- 

Group 2 

Group 1- 

Group 3 

Group 2- 

Group 3 
   

        
RT-1 Mean±SD 232.06±20.9 278.72±13.88 -

46.67±29.94 

275.13±13.92 c0.001** a0.001** a0.38 

Min-Max (Median) 203-265 (231) 252-302 (282) 227-292 (277) 

RT-2 Mean±SD 246.28±35,18 317.83±18.35 -

71.56±42.21 

307.16±20.29 d0.001** e0.001** e0.12 

Min-Max (Median) 199-286 (247) 289-346 (323) 244-341 (312) 

RT-3 Mean±SD 235.5±37.78 253.11±30.08 -

17.61±40.29 

250.45±30.19 c0.081 a0.135 a0.77 

Min-Max (Median) 180-316 (228) 192-303 (257) 200-299 (254) 

RT-4 Mean±SD 254.94±24.79 311.5±22.65 -

56.56±36.73 

306.16±15.15 c0.001** e0.001** e0.27 

Min-Max (Median) 211-299 (259.5) 256-341 (315.5) 249-336 (308) 

RT-5 Mean±SD 242,17±16.5 274.72±16.87 -

32.56±23.85 

272.16±16.16 d0.001** e0.001** e0.24 

Min-Max (Median) 223-274 (240) 240-307 (277) 248-307 (267) 

RT-6 Mean±SD 218.56±18.25 291.44±25.62 -
72.89±31.32 

281.74±20.65 c0.001** a0.001** a0.15 

Min-Max (Median) 197-268 (215) 246-355 (290.5) 229-320 (287) 

RT-7 Mean±SD 235.22±28.25 311.28±14.4 -

76.06±31.81 

299.1±20.83 c0.001** e0.001** e0.042* 

Min-Max (Median) 201-288 (235) 293-340 (312.5) 230-328 (300) 

RT-8 Mean±SD 251.83±38.57 306.5±35.86 -
54.67±45.53 

303.9±15.03 c0.001** a0.001** a0.72 

Min-Max (Median) 203-333 (249.5) 184-357 (311.5) 270-334 (301) 

RT-9 Mean±SD 251.17±28,24 282±28.71 -

30.83±33.51 

285.65±19.4 c0.001** a0.001** a0.59 

Min-Max (Median) 211-296 (256) 204-320 (284) 252-321 (290) 

RT Mean Mean±SD 240.86±21.29 291.9±15.34 -
51.04±23.96 

286.83±12.08 d0.001** e0.001** e0.12 

Min-Max (Median) 211.33-274.44 

(242.78) 

259.22-311.33 

(298.72) 

255.89-310 

(286.89) 
aStudent-t Test  cPaired Samples Test   dWilcoxon Signed Ranks Test  eMann Whitney U Test *p<0.05  **p<0.01 

RT: retinal thickness; SD: standard deviation; min: minimum; max: maximum; Δ: difference of the measurements between group 1 and 

group 2 
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Discussion 

It has been demonstrated that inferior RNFL thins following IMH surgery (Thinda et 

al. 2015). On the other hand, a transient increase in the RNFL was observed following IMH 

surgery in another study and it was suggested that this increment was related to the edema of 

the inner retinal layers caused by the surgery (Hibi et al. 2014). In our study, we observed 

significantly thin RNFL in temporal, superior, and inferior regions in operated eyes as 

compared to the fellow and control eyes. But no significant difference was found in nasal 

RNFLT between the groups. One possible explanation for this issue might be the topographic 

distribution of Müller cell in different quadrants of the retina, as suggested previously (Seo et 

al. 2015). Also, it might be the effect of ILM peeling as well as retinal toxicity of the dye over 

the macula. 

A reduction in macular GC-inner plexiform layer thickness (GC-IPLT) has been found 

after PPV with ILM peeling for IMH (Seo et al. 2015). The authors attributed this decrease to 

the ILM peeling as well as the use of ICG. In another study, investigators showed a gradual 

decrease in GC-IPLT following IMH surgery and concluded that inner retinal layers thin and 

outer retinal layers thicken after surgery (Hashimoto et al. 2015). In contrast, a study did not 

identify a significant difference between preoperative and postoperative retinal ganglion cell 

complex thickness after BB-assisted ILM peeling (Sevim & Sanisoglu 2013). In the present 

study, significantly decreased GCLT was observed in operated eyes as compared to the GCLT 

in healthy eyes. This decrease was observed in all quadrants of the macula.  

Toba et al reported that change in RNFLT was not associated with the type of vital 

stain used during surgery (Toba et al. 2014). In another study, it was proposed that pulling of 

the Müller cells during ILM peeling would result in damage to inner retinal layers and 

eventually lead to reduced RNFLT and GCLT (Seo et al. 2015). 

Ahn et al reported that no significant change in SFCT was observed in IMH treated 

eyes, although inferior CT increased. The authors suggested that this change in SFCT was due 

to the compressive effect of the tamponading gas where the inferior choroid would be less 

affected because of the patient’s upright position during OCT measurements (Ahn et al. 

2015). On the contrary, no significant changes in SFCT after IMH surgery have been reported 

by several investigators (Fujiwara et al. 2012; Schaal et al. 2012). In the current study, we 

found significantly lower SFCT in IMH-treated eyes when compared to the fellow and control 

eyes. To the best of our knowledge, this is the first study revealing choroidal thinning in 
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operated eyes for IMH. In our opinion, SFCT follows the thinning in the RT after PPV with 

ILM peeling for IMH. Both layers respond in accordance to each other. 

Kumagai et al showed significantly higher RT in the central, inner superior, and inner 

nasal portion of the macula, whereas thinner RT was identified in the outer and inner temporal 

regions after IMH surgery. The study also found significant thinning in temporal RT 

(Kumagai et al. 2012). The inner and outer retinal layer thickness after IMH surgery has also 

been evaluated in another study. The authors observed inner retinal layer thinning and outer 

retinal layer thicknening with a significant increase in the whole retinal layer thickness during 

the postoperative period (Hashimoto et al. 2015). In our study, we observed a significant 

thinning in RT in all quadrants in operated eyes as compared to the control eyes, except for 

the central portion of the macula. In our opinion, the decrease in the total RT in the present 

study was affected from thinner RNFLT and GCLT. Furthermore, successful closure of the 

IMH after surgery might have an impact on the unaltered central RT in our study. 

Based on our results, we may indicate that eyes that have undergone PPV with BB-

assisted ILM peeling for IMH shows thinner RNFLT, GCLT, RT and CT than the fellow eyes 

and healthy controls measured by the SS-OCT. ILM peeling with the use of BB might have an 

influence on these findings. However, these results need to be validated with prospective large 

series studies. 
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