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Disc configuration as a risk and prognostic factor in NAION: the impact 51 

of cup to disc ratio, disc diameter, and crowding index. 52 

Abstract 53 

PURPOSE: The presence of the so called disc at risk (a small disc with no cupping) has 54 

been considered the main risk factor for the development of non-arteritic anterior ischemic 55 

optic neuropathy (NAION). However its role as a prognostic factor has not been studied. 56 

Our aim was to determine the weight of disc configuration as a risk and a prognostic factor 57 

for NAION. 58 

METHODS: Case control study. Forty eyes of 40 patients who were diagnosed with 59 

NAION between 2008 and 2017, and 120 controls (3 controls for each patient) were 60 

included in the study. Disc diameter (DD), cup to disc ratio (CDR), and peripapillar retinal 61 

nerve fiber layer thickness (RNFLT) of the non-affected eye were measured using optic 62 

coherence tomography (3D OCT 2000, Topcon). Crowding index (CI) was defined as the 63 

quotient of average RNFLT and disc area.  Mean deviation (MD) at the time of diagnosis 64 

and at least three months later was determined using a Humphrey Visual Field Analyzer 65 

(SITA standard 24-2 strategy). VA was measured using Snellen charts and transformed into 66 

LogMAR values. 67 

RESULTS: Only CDR was found to be a risk factor for NAION.  No correlationship was 68 

found between CI and visual loss. 69 

CONCLUSIONS: DD and CI did not show value as either prognostic or risk factors. Glial 70 

tissue may be a part of the content of the optic disc as important as axons. Our results are 71 
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in line with the latest studies about NAION pathophysiology. Contrary to classic thinking, 72 

these papers have not found smaller disc diameters, but smaller values of lamina cribosa 73 

depth in NAION patients. 74 

 75 

 76 

INTRODUCTION 77 

 78 

Non-arteritic anterior ischemic optic neuropathy (NAION) is the most common acute optic 79 

neuropathy among over 50-year old patients.1 Although its clinical course is well known, 80 

NAION seems to be an atypical and poorly understood infarct in which cerebrovascular 81 

risk factors seem to play a secondary role. Indeed NAION is not clearly linked to a higher 82 

cerebrovascular or cardiovascular risk and antiaggregation and anticoagulation have not 83 

been shown to be useful to prevent second-eye involvement.2 Several additional risk factors 84 

like obstructive sleep apnea,3,4 or the use of phosphodiesterase type 5 inhibitors5 have been 85 

associated with the development of this condition. Nevertheless the anatomic configuration 86 

of the optic disc, the so called disc at risk, seems to be the most significant risk factor.1  87 

Our aim was to determine the impact of disc configuration both as a risk and as a 88 

prognostic factor. We hypothesized that patients who had suffered NAION would have a 89 

higher degree of crowding (smaller discs, smaller cup/disc ratios and higher peripapillary 90 

retinal never fiber layer thickness) than controls and that a higher degree of crowding 91 

would be associated with worse visual prognosis (more severe visual field damage and 92 
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worse visual acuity). In order to test both hypothesis, we developed the concept of 93 

crowding index. This index was obtained dividing peripapillary retinal never fiber layer 94 

thickness by disc area.  95 

MATERIALS AND METHODS 96 

Patients diagnosed with NAION during the last ten years (2008-2017) were evaluated for 97 

inclusion. Patients were considered eligible, if they met the following criteria:  had 98 

experienced abrupt visual loss in one eye; diffuse or sectorial optic disc edema was present 99 

at initial evaluation (with or without hemorrhages);  visual field defect was compatible with 100 

NAION; there was an afferent pupillary defect in the affected eye; had no pain consistent 101 

with arteritic neuropathy or with optic neuritis; had no significant elevation of erythrocyte 102 

sedimentation rate; no other cause could explain the acute visual loss; had no previous 103 

history of optic neuropathy or optic neuritis in either eye. Only patients with at least 3 104 

months follow-up were included. For every patient included, we included 3 control 105 

subjects. Controls were considered eligible if they were referred to the primary care eye 106 

clinic and did not have any neuro-ophthalmologic condition. One eye of each control was 107 

randomly selected. The study was approved by the institutional ethics committee and 108 

adhered to the tenets of the Declaration of Helsinki. 109 

This study is based on inter-eye correlation because measurements of the cases were taken 110 

in the unaffected eye. We assumed that the optic disc of the unaffected eye was similar to 111 

the disc of the affected eye prior to the development of NAION. All participants underwent 112 

a comprehensive neuro-ophthalmic examination. Visual acuity (VA) was measured using 113 

Snellen charts. The mean deviation on visual field of the affected eye at diagnosis 114 
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(determined using a Humphrey Visual Field Analyzer,SITA FAST 24-2 strategy) was 115 

considered the main variable to determine visual loss.  To be considered reliable a visual 116 

field should have less than 20% false positive responses or false negative responses.  If 117 

unreliable, visual fields were repeated. Disc diameter (DD), cup to disc ratio (CDR), and 118 

peripapillary retinal nerve fiber layer thickness (RNFLT) were measured using the 119 

automatic algorithm implemented in our optic coherence tomography device (3D OCT 120 

2000, Topcon). The Optic Disc Cube scanning protocol was chosen; this strategy registers 121 

1024 dots in each of the128 vertical scans, covering an area of 6 x 6 mm around the optic 122 

disc. Optic disc diameter was calculated as the average between horizontal and vertical 123 

measures. Subjects underwent ocular imaging with dilated pupils. Only centered, high 124 

quality scans (image quality>75), with focused images were included in the analysis. Other 125 

recorded variables were age, gender, laterality, high blood pressure (HBP), diabetes 126 

mellitus (DM), migraine and previous ocular surgery.  127 

The degree of crowding is the result of the relationship between continent and content at 128 

the optic disc. For expressing this concept we developed a new parameter. This parameter 129 

was named crowding index (CI), and was defined as the quotient of RNFL and disc area. 130 

To avoid observer bias, automated Bruch`s opening area was used as an estimation of optic 131 

disc area. RNFL is supposed to be proportional to the volume of fibers that go through the 132 

lamina cribosa.  133 

 134 

 135 

 136 
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 137 

 138 

 139 

To assess the role of disc morphology as a risk factor, optic disc biometric measurements of 140 

NAION patients were compared with control subjects. To quantify the impact of optic disc 141 

morphology as a prognostic factor, the correlation between these variables and visual acuity 142 

and visual field mean defect was studied in the NAION group. Before comparing cases and 143 

controls the normality of the quantitative variables was tested using the Kolmogorov-144 

Smirnov test. Many of the studied variables did not meet this assumption, so non 145 

parametric tests were chosen to compare them.  146 

Due to the non-normal distribution of many of the studied variables, descriptive statistics 147 

were expressed as median values and interquartile range for quantitative variables. 148 

Qualitative variables were described as proportions. The Mann-Whitney U test was chosen 149 

to test the impact of biometric parameters as risk factors (to test the differences between 150 

NAION cases and controls). The level of signification was corrected using Bonferroni 151 

method. Seven contrasts were chosen (cup to disc ratio, disc diameter, global crowding 152 

index, and crowding index in each quadrant), so contrasts were considered significant when 153 

p<0.0071. 154 

Spearman`s correlation coefficient (two-tailed) was used to identify potential prognostic 155 

factors, to evaluate the relationship between potential prognostic factors (CDR, DD, CI, 156 

HBP, DM and age) and outcome variables (MD and VA at the time of diagnosis). Ten 157 

variables were studied, so applying Bonferroni correction, values of 0.005 were considered 158 

statistically significant. A secondary analysis was performed to determine the prognostic 159 
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value of these variables at the last follow up visit. Statistical analysis was performed using 160 

SPSS version 16.0 (SPSS Inc., Chicago, IL, USA).  161 

 162 

RESULTS 163 

 164 

Forty consecutive patients diagnosed with NAION met the inclusion criteria. One hundred 165 

and twenty control eyes (3 controls for each NAION eye), were included. Demographical 166 

and clinical data are recorded in table 1. Cases and controls were similar in age, male-167 

female ratio, and prevalence of diabetes mellitus, but high blood pressure was more 168 

frequent among NAION patients than among controls.  169 

Most cases of NAION were idiopathic. However, two cases occurred after cataract surgery, 170 

and two cases as a complication of a migraine attack. In one patient who suffered migraine 171 

(although visual loss didn’t develop in association with a migraine attack), an 172 

antiphospholipid syndrome was diagnosed. One patient suffered advanced non- 173 

proliferative diabetic retinopathy. None of the cases was considered related to 174 

phosphodiesterase type 5 inhibitors intake (one patient had taken tadalafil (Cialis®), 175 

however he reported having taken it two months before suffering visual loss). None of the 176 

patients reported amiodarone intake. 177 

The impact of biometric measurements as risk factor was studied comparing the NAION 178 

group with a group of 120 controls using the Mann-Whitney test. (Table 2) Only cup to 179 

disc ratio was different between both groups.  180 
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Correlation of potential prognostic factors with visual field damage and visual acuity was 181 

studied using Spearman´s correlation coefficient (Table 3). Correlation was studied at two 182 

times, at the time of diagnosis (short term prognosis), and at the last follow-up visit (long 183 

term prognosis). Median follow up was 33.1 months for visual acuity (interquartile range: 184 

16-72.4 months) and 27.9 months for visual field (interquartile range: 15.7-73.2 months). 185 

No correlation was found between visual acuity and visual field mean deviation and any of 186 

the studied biometric parameters. 187 

 188 

 189 

DISCUSSION 190 

The pathogenesis of NAION is not fully understood; however, it is believed that NAION is 191 

caused by vascular insufficiency resulting from disturbed small vessel autoregulation of the 192 

posterior ciliary circulation that leads to optic nerve head ischaemia.6 Indeed when the 193 

morphology of the infarct is studied, the infarct does not correspond to the territory of a 194 

particular artery.7   195 

Although disc morphology is not considered a diagnostic criterion, most neuro-196 

ophthalmologists believe that the presence of a disc at risk in the contralateral eye supports 197 

the diagnosis. For at least three decades, disc configuration has been considered the main 198 

risk factor.8 In Palombi´s series, vertical disc diameter was 1.8 mm (SD 0.17 mm) and the 199 

average CDR was 0.21(SD=0.09).9 These values are similar in our study, however they did 200 

not differ from controls in our sample. 201 
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Most of the research concerning this disease has been focused on risk factors 2-5,9-11 and 202 

potential treatments.12-17  In our sample, diabetes mellitus did not seem to be a risk factor 203 

but NAION was clearly linked to high blood pressure (50% of NAION patients had HBP, 204 

while this risk factor was present in only 24% of controls). These figures are slightly lower 205 

than those previously reported in the literature.9,10.  206 

Disc morphology was poorly related to NAION as a risk factor. Disc diameter and 207 

crowding index were similar in NAION patients and controls. Only CDR proved to be a 208 

risk factor. However cognitive bias could be in part responsible for this association as 209 

ophthalmologists are more prone to diagnose NAION when a small CDR is present in the 210 

contralateral eye.  211 

The term optic disc encloses a gross simplification. The dictionary defines disc as a circular 212 

thin object and the papilla is a three dimensional body with no geometrical shape and high 213 

inter-individual variation. The optic disc head is neither a disc nor a cylinder.  It is clear 214 

that the clinical disc border and the neural canal opening may not be the same.18 To avoid 215 

observer bias, automated Bruch opening area was used as an estimation of optic disc area. 216 

Few publications have focused on prognostic factors.19,20 However, a better understanding 217 

of the involved prognostic factors could improve our knowledge of this disease and help to 218 

design new treatment strategies. Even more, it could also help to make comparable groups 219 

when potential treatments are studied. For example, when evaluating the potential utility of 220 

corticosteroids in NAION, some authors considered that in the original article that 221 

suggested a beneficial effect of corticosteroids, the study groups were not comparable 222 

because in the treatment group there was a lower percentage of diabetics. Nevertheless in 223 

our study DM did not behave as a risk factor and was not linked to worse prognosis.21-23 224 
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As the origin of the compartment syndrome is the disproportion between the compartment 225 

and the content, we have created a new parameter that brings together both factors. We 226 

have named this parameter crowding index (CI). In it, the compartment (denominator) is 227 

represented by optic disc area, measured at the level of the pigment epithelium while the 228 

content (numerator) is represented by retinal nerve fiber layer thickness. This parameter 229 

was studied globally. Surprisingly this parameter did not show any value as a prognostic or 230 

risk factor. 231 

We have tried to express the degree of crowding in a single parameter. Nevertheless we 232 

have found only a significant association with CDR. In contrast to what we expected, 233 

crowding index did not show any value as a risk or prognostic factor. Our study suggests 234 

that either the content or continent of the optic disc are not correctly expressed in this 235 

equation. The optic disc head comprises retinal ganglion cell axons, blood vessels, glia and 236 

connective tissue.18 Glial tissue may represent a part of the content of the optic disc as 237 

important as axonal tissue, and RNFL measures were taken 1.7 mm from the center of the 238 

optic disc (the RNFL protocol measures the RNFL in a circle with a t 3.4 mm diameter 239 

centered on the optic disc). Maybe closer measurements would have shown greater 240 

correlation. Optic nerve glial and connective tissue may have greater weight than axonal 241 

tissue as a determinant of compartment syndrome.24  242 

  On the other hand disc area may not correctly express the continent. These results are in 243 

line with the latest studies about NAION pathophysiology. Contrary to classical thinking, 244 

these papers have not found smaller disc diameters, but smaller values of lamina cribosa 245 

surface depth in NAION patients than in normal tension glaucoma and healthy controls.25-27 246 

We recognize several shortcomings in our study. The study was performed at only one site. 247 
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The number of patients is small. The fact that this study is based on interocular correlation 248 

also constitutes a limitation. A good study on prognostic risk factors should also include the 249 

risk of bilateralization. This variable could not be included because this is a retrospective 250 

study and patients that had suffered bilateralization didn`t have a healthy eye to study disc 251 

configuration prior to the occurrence of NAION.  252 

 253 
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