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ABSTRACT 
Background: A family history of glaucoma was found to carry a relative risk of 2.1 times for being associated with at 

least possible primary open angle glaucoma (POAG) in middle aged and older individuals. Around half of all POAG 

patients have a positive family history and their first degree relatives have an approximately 9-fold increased risk of 

developing glaucoma. 

Objective: the aim of the present study was to demonstrate possible early macular alterations in young relatives of POAG 

patients using spectral domain optical coherence tomography (SD-OCT) posterior pole asymmetry analysis (PPAA) map. 

Patients and methods: in a prospective comparative study; 40 subjects were classified into 2 groups: group of young 

healthy relatives of POAG patients and another group of young healthy subjects as control. All participants had OCT of 

the PPAA, retinal nerve fiber layer (RNFL), ganglion cell complex (GCC) and hemi-field macular thickness. 

Results: There was no statistically significant difference between the relative and control group in aspect of RNFL, 

macular hemi-fields and PPAA measurements (P-value >0.05). 

Regarding GCC thickness, there were statistically significant differences between both groups in the superior, inferior 

and nasal thickness measurements. 

Conclusion: Young healthy relatives of POAG patients didn’t show any early glaucomatous damage when compared 

with controls except for GCC thickness which showed statistically significant decrease. 

Keywords:  Primary open angle glaucoma, Optical coherence tomography, Posterior pole asymmetry analysis, Retinal 

nerve fiber layer, Ganglion cell complex. 

 

INTRODUCTION 

       Glaucoma is a group of chronic progressive 

neuropathies that cause morphological changes to the 

optic nerve head (ONH) and retinal nerve fiber layer 

(RNFL) that are associated with visual field defects (1). 

Primary open angle glaucoma (POAG) is the most 

common type of glaucoma and globally considered the 

most common cause of irreversible blindness, with an 

estimated 70 million affected individuals (2). POAG can 

be defined as progressive characteristic optic disc 

changes which are usually associated with 

corresponding visual field defects (3). 

         The presence of a family history of glaucoma was 

found to have a relative risk of 2.1 times for being 

correlated with at least possible OAG. However, the 

relative importance of family history may vary 

according to the closeness of relationship of a patient to 

an affected family member (first, second or even third 

degree). Around half of all POAG patients have a 

positive family history and their first degree relatives 

(parents, siblings or children) have an approximately 9-

fold increased risk of developing glaucoma (4).  

        Spectral-domain optical coherence tomography 

(SD-OCT) is considered one of the most promising 

image modalities in evaluating glaucoma. Heidelberg 

Engineering (Spectralis SD-OCT, Heidelberg, 

Germany) customized the most recent retinal thickness 

protocol to obtain retinal thickness measurement of the 

central of the posterior pole (5). The posterior pole 

retinal thickness map is a color-coded map that provides 

mean retinal thickness value of grid centered on the 

foveal pit. The grid is positioned symmetrically to the 

fovea-disc axis (6). 

        The current study was conducted to demonstrate 

possible early macular alterations in young relatives of 

primary open angle glaucoma patients using Spectralis 

SD-OCT posterior pole asymmetry analysis map. 

 

PATIENT AND METHODS 

      This prospective comparative study included forty 

subjects classified into two groups; group I of young 

healthy relatives of POAG patients and another group 

II of young healthy subjects as control. Their age ranged 

from 17-40 years.  

Ethical approval: 

An informed written consent from all the subjects 

and the approval of the Medical Ethics Committee 

of Al-Azhar University were obtained. It was done 

adhering to the principles of the Declaration of 

Helsinki guidelines. 

Inclusion criteria included: 

 Young  relatives  of  POAG  patients (having at least 

one POAG relative (1st or 2nd degree)) with spherical  

equivalent  between  -1.5  and  +1.5  diopters with best 

corrected visual acuity (BCVA) 20/20 in both eyes.  

 Normal age-matched healthy adults with a normal eye 

examination and a spherical equivalent between -1.5 

and +1.5 diopters with BCVA 20/20 in both eyes. 
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 Bilateral intraocular pressure (IOP) < 21 mm Hg with 

no history of elevated IOP. 

Exclusion criteria included: 

 Ocular diseases (e.g. corneal irregularity, dry eye, 

amblyopia, anisometropia > 1.00 diopters, glaucoma, 

retinal abnormalities, etc.). 

 Any condition preventing adequate examination of the 

fundus (e.g. ptosis, dense corneal opacities or lens 

opacities). 

 Active infection of the anterior or posterior segments of 

the eye.  

 Previous intraocular surgery, laser procedure or ocular 

trauma. 

 History of neuro-ophthalmological disease (optic 

neuritis, multiple sclerosis, etc.). 

 Any systemic diseases e.g. diabetes mellitus, 

hypertension, etc. 

 Medications that might affect the eye. 

 High ametropia. 

All patients had full ophthalmological examination 

including:  
o Visual acuity and refraction. 
o Slit lamp biomicroscopy. 
o IOP measurement by applanation tonometer.  
o Examination of posterior segment. 

Optical Coherence Tomography Measurements: 

        Spectralis SD-OCT  (Heidelberg  Engineering,  

Heidelberg,  Germany)  assessment  of  the macular 

thickness measurements in both eyes of each person 

using the posterior  pole  asymmetry  scan  protocol,  

peripapillary  RNFL measurements and macular 

ganglion cell complex (GCC) thickness measurement 

were performed. The GCC consists of the three inner 

most retinal layers: the RNFL, the ganglion cell layer 

and the inner plexiform layer. For GCC analysis, the 

built in macular star shaped scan was used to measure 

the GCC using manual caliber tools provided by 

Spectralis software (Heidelberg Engineering, 

Heidelberg, Germany), at a horizontal and vertical 

placement of 600 µm temporal, nasal, superior and 

inferior from the center of the fovea to achieve 

standardization. The OCT scans were excluded if the 

image quality was less than 25 decibels. All study eyes 

were not dilated before image acquisition. Participants 

in this study were instructed to fixate on the intrinsic 

fixation target during the whole process of OCT 

scanning.  

Statistical analysis: 
      Data were collected, revised, coded and entered to 

the Statistical Package for Social Science (IBM SPSS) 

version 23(IBM Corp., Armonk, New York, USA). The 

quantitative data were presented as mean, standard 

deviations (SD) and ranges. Also qualitative variables 

were presented as number and percentages. The 

comparison between groups regarding qualitative data 

was done by using Chi-square (2) test. The 

comparison between two groups regarding quantitative 

data and parametric distribution was done by using 

Independent t-test while with non-parametric 

distribution was done by using Mann-Whitney test. P-

value > 0.05: was considered non-significant (NS); P-

value:<0.05 Significant (S) and P-value < 0.01: Highly 

significant (HS). 

 

RESULTS 

Demographic and Clinical characteristics of the 

Study Population (Table 1 and Figure 1): 

        There was statistically non-significant difference 

between groups according to demographic data. 

  

 

Table (1): Comparison between the two groups according to demographic data 

 Group I Group II P-value Sig. 

No. = 20 No. = 20 

Age 

(Years) 

Mean ± SD 26.55 ± 6.70 29.15 ± 3.80 >0.05 NS 

Range 17 - 40 19 -39 

Sex Female 16 (80.0%) 12 (60.0%) >0.05 NS 

Male  4 (20.0%) 8 (40.0%) 
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Figure (1): The degree of relativity distribution in group I. 

      The mean spherical equivalent (SE), IOP and vertical Cup/Disc ratio of both groups were shown in Table (2); there 

was statistically non-significant difference between the two groups in SE and IOP; although the mean vertical Cup/Disc 

ratio was slightly higher in the relatives group, the difference was statistically non-significant (P >0.05). 

 

Table (2): Comparison between both groups with respect to SE, IOP and Vertical C/D ratio 

 Group I Group II P-value Sig. 

No. = 40 No. = 40 

SE (Diopter) Mean ± SD -0.14 ± 0.50 -0.08 ± 0.45 >0.05 NS 

Range -1.25 – 1 -0.75 – 0.75 

IOP(mmHg) Mean ± SD 14.13 ± 1.54 14.48 ± 1.60 >0.05 NS 

Range 11 – 17 12 – 18 

Vertical C/D Mean ± SD 0.28 ± 0.18 0.26 ± 0.14 >0.05 NS 

Range 0.1 – 0.7 0.1 – 0.6 

SE=spherical equivalent, IOP=intraocular pressure, C/D =cup to disc ratio 

  

OCT Measurements of the Study Population: 

 Peripapillary RNFL Measurements (Table 3 and Figure 2): 
       The mean peripapillary RNFL thickness was 104.78 ± 8.89 µm in the relatives group (Group I) and 104.73 ± 8.10 

µm in the control group (Group II). A statistically non-significant difference was observed between the two groups 

according to the mean peripapillary RNFL thickness (P-value =0.979). Segmental peripapillary RNFL thickness (Inferior, 

Superior, Nasal and Temporal) are shown in Table (3). There were statistically non-significant differences in the 

segmental peripapillary RNFL thickness of the quadrants between the 2 groups. 

 

Table (3): Peripapillary RNFL thickness values in relatives and control groups 

RNFL Thickness (µm) Group I Group II P-value Sig. 

No. = 40 No. = 40 

Mean RNFL thickness Mean ± SD 104.78 ± 8.89 104.73 ± 8.10 >0.05 NS 

Range 90 – 130 91 – 120 

Inferior quadrant Mean ± SD 133.88 ± 13.40 138.08 ± 19.89 >0.05 NS 

Range 102 – 165 108 – 180 

Superior quadrant Mean ± SD 130.05 ± 15.66 130.25 ± 15.08 >0.05 NS 

Range 99 – 173 101 – 164 

Nasal quadrant Mean ± SD 79.35 ± 14.51 75.55 ± 11.83 >0.05 NS 

Range 52 – 107 53 – 101 

Temporal quadrant Mean ± SD 74.40 ± 11.10 75.08 ± 8.27 >0.05 NS 

Range 60 – 111 60 – 103 

RNFL= retinal nerve fiber layer 

75%

25%

Degree of Relativity

1st 2nd
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Figure (2): RNFL thickness measurements of a relative from group I measured by Spectralis-OCT. 

 

 

 

 Macular Thickness Measurements (Table 4 and 

Figure 3): 
         The superior and whole macular thickness 

measurements were slightly higher in the relatives 

group (Group I) than the control group (Group II); 

however this was statistically non-significant. The 

inferior hemi-field macular thickness measurements 

were slightly higher in the control group (Group II) 

than in the relatives group (Group I); however this was 

statistically non-significant.  

     The asymmetry between superior and inferior hemi-

field macular thickness was calculated by subtracting 

the two corresponding values. PPAA revealed 

statistically non-significant difference between the 

groups. 

 

Table (4): Mean Macular Thickness Measurements of Whole macula, Superior and Inferior hemi-fields 

Mean Macular Thickness  

Measurements (µm) 

Group I Group II P-value Sig. 

No. = 40 No. = 40 

Whole Macula   Mean ± SD 290.73 ± 10.13 289.95 ± 12.48 >0.05 NS 

Range 271 – 312 270 – 317 

Superior hemi-field   Mean ± SD 291.18 ± 10.00 290.23 ± 12.84 >0.05 NS 

Range 272 – 309 270 – 316 

Inferior hemi-field    Mean ± SD 282.68 ± 34.01 289.60 ± 12.73 >0.05 NS 

Range 141 – 316 267 – 318 
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Figure (3): PPAA map of a relative from group I as provided by Spectralis-OCT. 

 Ganglion Cell Complex Measurements (Table 5 and Figure 4): 
       There was statistically significant difference between the two groups with respect to the GCC thickness measurements 

superiorly, inferiorly and nasally while it was statistically non-significant temporally; with the nasal and inferior thickness 

measurements differences being highly significant. 

 

Table (5): Ganglion cell complex measurements in both groups 

GCC Thickness (μm) Group I Group II P-value Sig. 

No. = 40 No. = 40 

Superior Thickness Mean ± SD 91.83 ± 7.38 95.58 ± 9.23  0.048 S 

Range 78 – 105 79 – 124 

Inferior Thickness Mean ± SD 87.98 ± 6.27 93.75 ± 9.32 0.002 HS 

Range 77 – 99 77 – 119 

Nasal Thickness Mean ± SD 74.93 ± 4.13 86.90 ± 8.13 0.001 HS 

Range 67 – 83 69 – 103 

Temporal Thickness Mean ± SD 87.60 ± 5.14 90.93 ± 10.35 >0.05 NS 

Range 72 – 96 71 – 124 

GCC: Ganglion Cell Complex 

 

 
Figure (4): Ganglion cell complex measurements in both groups 

         There were no significant differences between first and second degree relatives of POAG patients with respect to 

the mean RNFL, PPAA and GCC thicknesses (P-value >0.05). 
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DISCUSSION 

       Glaucoma is the second most common cause of 

blindness that causes irreversible blindness. The World 

Health Organization has estimated that 12.3% of the 37 

million people blind worldwide is attributed to glaucoma 
(7). POAG is the most common type of glaucoma with a 

higher prevalence in individuals of African ancestry (8). 

While open-angle glaucoma is a chronic insidious 

process, patients are often unaware of their disease until 

vision loss has progressed significantly, known as the 

“sneak thief of sight”. Early diagnosis remains a challenge 

given the insidious nature of the onset of this process and, 

therefore, formal ophthalmologic evaluation of any 

patient with risk factors is critical for prompt detection (9). 

       Family history is a definite risk factor. Heritable 

susceptibility has been shown a percentage of 10-20% of 

glaucomatous patients have a positive family history. 

Studies found that family history of glaucoma in a sibling 

is a greater risk factor than glaucoma in a parent. The 

relative risk of having glaucoma was found to be 

increased 3.7-fold for individuals who have siblings with 

POAG (10). The emerging view is that POAG is a complex, 

multifactorial disease resulting from interactions between 

several genetic and environmental factors (11). 

       Based on the above considerations, in the present 

study, we evaluated 20 young healthy relatives of POAG 

patients of first and second degrees; however the study 

showed that the characteristic glaucomatous damage 

indicators including peripapillary RNFL thickness, IOP 

and PPAA were similar in young healthy relatives of 

POAG and healthy controls. Young adults were only 

included in the study to eliminate the age-related risk of 

glaucoma since age is an important factor in the 

occurrence of POAG.  

      It is now easier to detect glaucoma early with the 

development of SD-OCT and its new software programs 

as Khanal et al.(12)  stated that the  recent  introduction of 

SD-OCT technology provides real time, rapid, high  

resolution  in  vivo  scans  of  ocular  tissues  and  thus  

facilitates  the  assessment  of  RNFL  as  well  as  macular  

thickness.  Normative  OCT  measurements  in  healthy 

population  have  been previously  established  as  well  as  

consistently  shown  that  both  peripapillary  RNFL  

thickness  and  macular  thickness are  lower  in  

glaucomatous  eyes. 

       Investigating the importance of macular thickness 

measurements for early diagnosis of glaucomatous 

damage was done by a lot of studies. Several studies have 

shown that early glaucomatous diagnostic ability of 

macular thickness measurements was generally lower 

than that of peripapillary RNFL thickness measurements 

highlighting the importance of RNFL thickness 

measurements in early diagnosis of glaucoma (13-15). 

Sullivan-Mee et al.(16) stated that although prior studies 

suggest that both RNFL thickness and macular thickness 

are thinner in eyes with glaucoma, RNFL thickness was 

found to be more capable of diagnosing glaucomatous 

damage than macular thickness. However when intra-eye 

macular thickness asymmetry is used instead of measured 

macular thickness. As, when Um and associates(17) 

divided macular thickness measures into corresponding 

superior and inferior macular thickness zones and then 

evaluated symmetry between these zones, it was reported 

that the asymmetry in thickness between corresponding 

superior and inferior macular zones was more sensitive 

than RNFL thickness for detecting early POAG. 

      Yamashita et al.(18) stated that posterior pole 

asymmetry analysis (PPAA) by OCT was introduced for 

diagnosing glaucoma and is expected to improve the 

accuracy of diagnosing glaucoma. Its diagnostic accuracy 

was reported to be similar to that obtained by RNFL 

thickness circle scans. 

        In the current study, the superior and whole 

macular thickness measurement were slightly higher in 

the relatives group than the control group while the 

inferior hemi-field macular thickness measurements were 

slightly higher in the control group than in the relatives 

group; however no statistically significant difference was 

found while the peripapillary RNFL thickness values 

were similar in both groups. Also the asymmetries in 

macular thickness in each eye and between both eyes were 

not statistically different between the relatives and control 

group. Since there was no evidence of glaucoma in any of 

the participants this result does not indicate the superiority 

of macular thickness analysis over the peripapillary 

RNFL thickness analysis in early diagnosis of glaucoma. 

       The measurement of GCC thickness has emerged as 

a new diagnostic parameter as Yang et al.(19) stated that 

OCT measurements of macular structures such as macular 

ganglion cell complex (mGCC) may be useful for 

differentiating healthy and glaucomatous eyes. Macular 

GCC was reported to have similar diagnostic performance 

to peripapillary RNFL, however, measurement of 

peripapillary RNFL was suggested to be better. 

Therefore, in the current study, we measured the GCC 

thickness and compared the relatives with the control 

group; the GCC measurements were thinner in the study 

group in the nasal, inferior and superior thickness 

measurements than in the control group and this was 

statistically significant. The previously mentioned result 

was in agreement with Rolle et al.(20) who reported that 

the eyes of subjects with positive family history have 

significantly thinner GCC than normal eyes. However 

since it was measured manually using the caliber tools 

provided by the Heidelberg software, it is possible that 

there would be a different outcome if another 

measurement technique was used. 

        In population screening studies, there is high number 

of glaucoma diagnosis in relatives of POAG patients (21-

22). In the present study, we didn’t diagnose glaucoma 
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neither in any of the relatives nor in controls, may this be 

due to that fact that our participants are younger than 40 

years and the POAG most commonly occurs after 40 

years. The participants had same IOP, RNFL however 

different GCC measurements. Also the PPAA notes no 

statistically significant difference. 

         The present study has its limitations; first we didn’t 

measure the central corneal thickness, also although the 

GCC was measured at a more than single point it was 

measured manually and not automated. Also the sample 

size of the study is considered to be small, more 

participants of relatives of POAG needed to be screened 

in order to get more accurate results. Lastly, it would be 

beneficial to perform more functional tests to get 

additional parameters such as pattern electroretinogram 

which reflects retinal ganglion cell damage. 

 

CONCLUSION 

       In conclusion, no glaucomatous damage was detected 

in any of the young healthy relatives of POAG 

participated in the study after measuring PPAA and 

peripapillary RNFL thickness. Also IOP and vertical cup 

to disc ratios were similar in both groups. Macular 

thickness in the inferior hemi-field was not the same 

although the difference was insignificant. GCC 

measurements were different but more accurate 

measuring should be done.  As expected, age seems to be 

the main determinant in the occurrence of glaucomatous 

damage in the relatives of POAG patients. Further studies 

that would determine the macular thickness asymmetry 

with time need to be done. 
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Conflicts of interest: There are no conflicts of interest. 
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