
 
How to site this article: V H Karambelkar, V Pradhan

of primary open angle glaucoma with respect to visual field defects

April 2016; 18(3): 437-441. http://www.statperson.com

Original Article  
 

Comparative study of two methods to evaluate optic 

nerve head changes in patients of primary open 

angle glaucoma with respect to visual field defects
 

V H Karambelkar
1
, V Pradhan

2

 

1
Professor, 

2
Jr. Resident Department of Ophthalmology, Krishna Insti

Email: virajpradhan@gmail.com  
 

Abstract Background: Primary Open Angle Glaucoma is defined as a ‘Progressive, chronic optic neuropathy in adults where 

intraocular pressure and other currently unknown factors contribute to damage and in which, in the absence of other 

identifiable causes, there is characteri

axons; this is associated with an anterior chamber angle that is open by gonioscopic appearance’. The impairment of 

visual function in late stages is irreversible, it is 

examination, defect of RNFL and visual field defects (VFD) for early diagnosis and management of glaucoma. This 

study is to compare the two methods of evaluation of optic nerve head changes (cu

patients of primary open angle glaucoma with respect to visual field defects in Krishna medical institute. 

objectives: To co-relate clinically the Optic Nerve Head (ONH) changes and Visual Field Defects in pati

Primary Open Angle Glaucoma by two distinct methods. To evaluate ONH damage by two methods: Cup: Disc ratio and

NRR: Disc ratio. To stage ONH damage by DDLS (Disc Damage Likelihood Scale). To correlate ONH changes by the 

above methods with visual field defects by the Hodapp

18 months. Results: The correlation of Mean Defect (MD) and DDLS grades shows statistical significant correlation. 

(P<0.001). The relation shows negative correl

Vertical CD Ratio shows statistical significant correlation. (P = 0.003). The relation shows linear pearsons coefficient (r) 

as- 0.62. The correlation of DDLS and HPA shows statistical

Pearsons coefficient (r) as 0.70. The correlation of HPA and Vertical CD ratio shows statistical signification correlation. 

(P<0.001). The relation shows linear Pearsons coefficient (r) as 0.61

have a stronger Pearson coefficient with DDLS than with vertical CD ratio. 
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INTRODUCTION 
On the basis of the available data, it is estimated that 

there are approximately 11.2 million persons aged 40 

years and older with glaucoma in India.
1

with the disease are undetected and there exist major 

challenges in detecting and treating them. Glaucoma is 

the second leading cause of blindness worldwide and is 
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Primary Open Angle Glaucoma is defined as a ‘Progressive, chronic optic neuropathy in adults where 

intraocular pressure and other currently unknown factors contribute to damage and in which, in the absence of other 

identifiable causes, there is characteristic acquired atrophy of the optic nerve and loss of retinal ganglion cells and their 

axons; this is associated with an anterior chamber angle that is open by gonioscopic appearance’. The impairment of 

visual function in late stages is irreversible, it is crucial to monitor the extent of optic disc damage on clinical 

examination, defect of RNFL and visual field defects (VFD) for early diagnosis and management of glaucoma. This 

study is to compare the two methods of evaluation of optic nerve head changes (cup:disc ratio and NRR: disc ratio) in 

patients of primary open angle glaucoma with respect to visual field defects in Krishna medical institute. 

relate clinically the Optic Nerve Head (ONH) changes and Visual Field Defects in pati

Primary Open Angle Glaucoma by two distinct methods. To evaluate ONH damage by two methods: Cup: Disc ratio and

NRR: Disc ratio. To stage ONH damage by DDLS (Disc Damage Likelihood Scale). To correlate ONH changes by the 

field defects by the Hodapp-Parish-Anderson classification in Krishna hospital for a period of 

The correlation of Mean Defect (MD) and DDLS grades shows statistical significant correlation. 

(P<0.001). The relation shows negative correlation with Pearsons coefficient (r) as -0.71. The correlation of MD and 

Vertical CD Ratio shows statistical significant correlation. (P = 0.003). The relation shows linear pearsons coefficient (r) 

0.62. The correlation of DDLS and HPA shows statistical significant correlation. (P<0.001). The relation shows linear 

Pearsons coefficient (r) as 0.70. The correlation of HPA and Vertical CD ratio shows statistical signification correlation. 

(P<0.001). The relation shows linear Pearsons coefficient (r) as 0.61. Both the Mean Defect (MD) and HPA classification 

have a stronger Pearson coefficient with DDLS than with vertical CD ratio.  
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On the basis of the available data, it is estimated that 

there are approximately 11.2 million persons aged 40 
1
 Most of those 

with the disease are undetected and there exist major 

and treating them. Glaucoma is 

the second leading cause of blindness worldwide and is 

also an under diagnosed condition. It is also the 

commonest leading cause of incurable blindness 

worldwide.
2
 Improved methods to diagnose and manage 

glaucoma are urgently needed.
3
 Since the impairment of 

visual function in late stages is irreversible, it is crucial to 

monitor the extent of optic disc damage on clinical 

examination, defect of RNFL and visual field defects 

(VFD) for early diagnosis and management of glaucoma

Optic nerve head assessment is a crucial part of clinical 

examination in glaucoma. Owing to large variability in 

ONH features among healthy subjects, the identification 

of glaucomatous abnormality is extremely challenging 

particularly in early stages of the disease. Nevertheless, it 

has been indicated that structural glaucomatous 

abnormalities precede the appearance of functional 

abnormality, further emphasising the importance of disc 

assessment.
4
 In this study we compare the two methods of 

evaluation of optic nerve head changes in patients of 
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primary open angle glaucoma with respect to visual field 

defects. 

 

METHODS AND MATERIAL 
120 eyes of 60 patients who were diagnosed cases of 

Primary open angle glaucoma were enrolled in the study. 

10 eyes were excluded due to advanced glaucoma and 

severe visual loss as visual field examination was not 

possible in these cases. All patients unde

ophthalmological examination including medical and 

ophthalmic history, slit lamp examination, gonioscopy 

and fundoscopy. Intraocular pressure was recorded in 

every patient with Goldmann applanation tonometer. 

Visual field examination was carried out with an Octopus 

300 perimeter with a standard 30-2 program for 

glaucoma. Dilated fundus examination and disc 

assessment was done using a direct ophthalmoscope and 

slit lamp examination using a + 78D lens. Optic disc 

photographs were taken with a Topcon slit lamp camera. 

Patients suspected of having compressive/infiltrative 

lesions of the optic nerve, ischaemic optic neuropathy, 

optic neuritis, congenital glaucoma, angle closure 

glaucoma, Secondary glaucoma and hazy media that 

interferes with fundus examination were excluded from 

the study. Optic nerve head changes were staged as per 

the Disc Damage Likelihood Scale. 120 Vertical disc 

diameter was measured using a Volk 78D lens. The slit 

beam was focused on the disc and length of the beam 

increased or decreased as per the vertical disc size. The 

disc size was then read from the graticule of the slit lamp. 

Measured disc size was multiplied by a correction factor 

of 1.2 as per guidelines by the European Glaucoma 

Society.Cup:Disc ratio was estimated. The n

rim was evaluated for thinning and notching. Presence of 

disc haemorrhages and beta zone peripapillary atrophy 

were examined. Retinal nerve fibre layer defects were 

examined using red free filter.  

1. Rim to disc ratio was calculated by comparing 

the radial width of the neuroretinal rim with that 
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primary open angle glaucoma with respect to visual field 

120 eyes of 60 patients who were diagnosed cases of 

Primary open angle glaucoma were enrolled in the study. 

10 eyes were excluded due to advanced glaucoma and 

severe visual loss as visual field examination was not 

possible in these cases. All patients underwent a full 

ophthalmological examination including medical and 

ophthalmic history, slit lamp examination, gonioscopy 

and fundoscopy. Intraocular pressure was recorded in 

every patient with Goldmann applanation tonometer. 

ed out with an Octopus 

2 program for 

glaucoma. Dilated fundus examination and disc 

assessment was done using a direct ophthalmoscope and 

slit lamp examination using a + 78D lens. Optic disc 

con slit lamp camera. 

Patients suspected of having compressive/infiltrative 

lesions of the optic nerve, ischaemic optic neuropathy, 

optic neuritis, congenital glaucoma, angle closure 

glaucoma, Secondary glaucoma and hazy media that 

xamination were excluded from 

the study. Optic nerve head changes were staged as per 

the Disc Damage Likelihood Scale. 120 Vertical disc 

diameter was measured using a Volk 78D lens. The slit 

beam was focused on the disc and length of the beam 

decreased as per the vertical disc size. The 

disc size was then read from the graticule of the slit lamp. 

Measured disc size was multiplied by a correction factor 

of 1.2 as per guidelines by the European Glaucoma 

Society.Cup:Disc ratio was estimated. The neuroretinal 

rim was evaluated for thinning and notching. Presence of 

disc haemorrhages and beta zone peripapillary atrophy 

were examined. Retinal nerve fibre layer defects were 

Rim to disc ratio was calculated by comparing 

the radial width of the neuroretinal rim with that 

of the disc diameter in the same axis. Rim area at 

which the rim is narrowest was noted and Rim to 

Disc Ratio calculated at that point. 

2. In the absence of neuroretinal rim, the rim to disc 

area is 0 and circumferential extent of rim 

absence is measured in degrees. DDLS stage was 

assigned to each disc based on the average of the 

above measurements using the DDLS 

nomogram. 
 

 

RESULTS 
110 eyes of 60 patients were studied in this cross 

sectional study. 10 eyes were excluded on account of 

advanced glaucoma with severe visual loss in whom 

visual fields could not be charted. 
 

Table 1: Correlation of MD and DDLS

Relation 

between 

r- 

value 

p-

value 

Regression

DDLS and 

MD 
-0.71 

<0.00

1 

 

The correlation of MD and DDLS grades shows statistical 

significant correlation. (P<0.001). The relation shows 

negative correlation with Pearsons 

 
Figure 1: Corelation of MD and DDLS. 
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of the disc diameter in the same axis. Rim area at 

which the rim is narrowest was noted and Rim to 

Disc Ratio calculated at that point.  

In the absence of neuroretinal rim, the rim to disc 

rcumferential extent of rim 

absence is measured in degrees. DDLS stage was 

assigned to each disc based on the average of the 

above measurements using the DDLS 

 

 
110 eyes of 60 patients were studied in this cross 

sectional study. 10 eyes were excluded on account of 

advanced glaucoma with severe visual loss in whom 

visual fields could not be charted.  

Correlation of MD and DDLS 

Regression 

coefficient 
SE R

2
 

-3.48 5.03 0.51 

The correlation of MD and DDLS grades shows statistical 

significant correlation. (P<0.001). The relation shows 

negative correlation with Pearsons coefficient (r) as -0.71.
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Table 2:

Relation between 

MD and CD 

The correlation of MD and Vertical CD Ratio shows statistical significant correlation. (P = 0.003). The relation shows 

linear pearsons coefficient (r) as- 0.62. 
 

Figure 2: 

 

Relation between 

DDLS and HPA 

The correlation of DDLS and HPA shows statistical significant correlation. (P<0.001). The relation shows linear 

Pearsons coefficient (r) as 0.70. 
 

Relation between 

HPA and CD ratio 

The correlation of HPA and Vertical CD ratio shows statistical signification correlation. (P<0.001). The 

linear Pearsons coefficient (r) as 0.61. 
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Table 2: Correlation of MD and vertical CD 

r- value p-value Regression coefficient SE R2

-0.62 0.003 -12.38 5.84 0.38

Ratio shows statistical significant correlation. (P = 0.003). The relation shows 

 
Figure 2: Correlation of MD and vertical CD 

Table 3: Correlation of DDLS and HPA 

r- value p-value Regression coefficient SE R2

0.70 <0.001 0.87 3.78 0.49

The correlation of DDLS and HPA shows statistical significant correlation. (P<0.001). The relation shows linear 

Figure 3: Correlation of DDLS and HPA 
 

Table 4: Correlation of CD ratio and HPA 

r- value p-value Regression coefficient SE R2

0.61 <0.001 0.74 4.78 0.37

The correlation of HPA and Vertical CD ratio shows statistical signification correlation. (P<0.001). The 

 
Figure 4: Correlation of CD ratio and HPA 
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R2 

0.38 

Ratio shows statistical significant correlation. (P = 0.003). The relation shows 

R2 

0.49 

The correlation of DDLS and HPA shows statistical significant correlation. (P<0.001). The relation shows linear 

 

R2 

0.37 

The correlation of HPA and Vertical CD ratio shows statistical signification correlation. (P<0.001). The relation shows 
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Relation between 

DDLS and LV 

The correlation of DDLS and LV shows statistical significant correlation. (P<0.001). The relation shows linear Pearsons 

coefficient (r) as 0.70. 
 

 
Table 6: 

Relation between 

CD ratio and LV 

The correlation of LV and Vertical CD ratio shows statistical significant correlation. (P<0.001). The relation shows 

linear Pearsons coefficient (r) as 0.65. 

 

Figure 6: 

DISCUSSION 
In 1960, Armaly devised the first methodology for 

quantitatively evaluating disc damage. 

received worldwide acceptance and is still commonly 

used today. The method was simple: Estimate

the proportion of the width of the cup of the disc in 

comparison to the width of the entire disc.
5

(C/D ratio) is obtained by dividing cup diameter with the 

disc diameter. It was concluded that C/D ratios greater 

than 0.3 were the characteristic of glaucoma. 

vertical cup to disc ratio is a better measure of deviation 

from normal than the horizontal ratio because the early 

neuroretinal rim loss occurs preferentially at the upper 

and lower poles of the disc
6
. Kirsch and Anderson, and 

others, described vertical elongation of the cup as 

typically occurring in glaucoma. The presence of a 

notched rim became popular as a method of 

distinguishing glaucomatous cups from the cups that were 
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Table 5: Correlation of DDLS and LV 

r- value p-value Regression coefficient SE R2

0.70 <0.001 0.82 5.83 0.49

of DDLS and LV shows statistical significant correlation. (P<0.001). The relation shows linear Pearsons 

 
Figure 5: Correlation of DDLS and LV 

Table 6: Correlation of vertical CD ratio and LV 

r- value p-value Regression coefficient SE R2

0.65 <0.001 0.74 4.83 0.42

The correlation of LV and Vertical CD ratio shows statistical significant correlation. (P<0.001). The relation shows 

Figure 6: Correlation of vertical CD ratio and LV 
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Cup/Disc ratio 

(C/D ratio) is obtained by dividing cup diameter with the 

disc diameter. It was concluded that C/D ratios greater 

than 0.3 were the characteristic of glaucoma. 
5 
The 

vertical cup to disc ratio is a better measure of deviation 

n the horizontal ratio because the early 

neuroretinal rim loss occurs preferentially at the upper 

. Kirsch and Anderson, and 

others, described vertical elongation of the cup as 

typically occurring in glaucoma. The presence of a 

notched rim became popular as a method of 

distinguishing glaucomatous cups from the cups that were 

not glaucomatous.
7 
Because the C/D ratio system does not 

take into account the position of the cup and the size of 

the disc, it is not a highly reliable meth

normal from abnormal. The C/D ratio has several 

shortcomings: 

1. The C/D ratio does not take into account the size 

of the disc. Larger discs are likely to have a 

larger C/D ratio and are likely to be classified as 

glaucomatous, while small d

ratio are likely to be mistakenly diagnosed as 

normal. Various papers noted that the size of the 

optic cup was related to the size of the optic disc. 
5
 By and large, big discs have big cups and small 

discs have small cups. This observat

explained why many patients with large discs 

and large cups do have neither glaucoma nor 

visual field loss.  
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R2 

0.49 

of DDLS and LV shows statistical significant correlation. (P<0.001). The relation shows linear Pearsons 

R2 

0.42 

The correlation of LV and Vertical CD ratio shows statistical significant correlation. (P<0.001). The relation shows 
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take into account the position of the cup and the size of 

the disc, it is not a highly reliable method to distinguish 

The C/D ratio has several 

The C/D ratio does not take into account the size 

of the disc. Larger discs are likely to have a 

larger C/D ratio and are likely to be classified as 

glaucomatous, while small discs with small C/D 

ratio are likely to be mistakenly diagnosed as 

Various papers noted that the size of the 

optic cup was related to the size of the optic disc. 

By and large, big discs have big cups and small 

discs have small cups. This observation 

explained why many patients with large discs 

and large cups do have neither glaucoma nor 

LV
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2.  It only indirectly examines the neuroretinal rim, 

with more emphasis on the width of the cup 

rather than the surrounding rim tissue that 

determines its border. 

3. The focus is on the ratio of the vertical disc axis, 

and focal neuroretinal thinning in the oblique 

axis is overlooked.  

A study by Henderer et al was done to assess the ability 

of DDLS in detecting glaucomatous changes in the optic 

nerve on sequential optic disc stereo photographs as 

compared with three other different cup/disc grading 

systems, i.e., vertical, horizontal, and maximal cup/disc 

ratio. It was concluded that DDLS had a higher sensitivity 

and specificity for detecting glaucomatous changes versus 

C/D ratio when considering sequential stereo-

photographs.
8 
Similarly H V Danesh-Meyer et al in their 

study
9
 found that DDLS outperformed Cup/Disc ratio in 

predicting VF damage and has been shown to be a 

reliable and reproducible method of estimating the 

amount of optic nerve damage caused by glaucoma.Lee 

and associates using the Heidelberg Retinal Tomograph 

also noted a significant correlation for rim area with mean 

deviation(Pearson r=0.62,p<0.0001) and corrected pattern 

standard deviation (Pearson r=-0.34, p<0.0018) in 

patients with Primary Open Angle Glaucoma.
10 

 

CONCLUSION 
The early detection of optic nerve head changes by 

careful examination leads to early diagnosis and 

management of primary open angle glaucoma. The 

present study was undertaken to analyze to the optic 

nerve head in patients of open angle glaucoma with 

respect to visual field defects. To evaluate the amount of 

optic disc damage, DDLS and its accordance with visual 

field indices is superior to C/D ratio in understanding the 

extent of damage of the optic disc. In our study, we found 

DDLS to be an easy, quick, inexpensive and accurate 

method to document ONH damage. It appears to be 

superior to C/D ratio for optic disc evaluation. The two 

major advantages of DDLS are, firstly, that it considers 

the disc size and secondly that it focuses attention on how 

much neuroretinal rim tissue is present. DDLS adds value 
to clinical observation and appears to be superior to C/D 

ratio as a clinical approach to optic disc evaluation. It 

may help in early detection of glaucomatous changes and 

aid in treating POAG. 
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