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ABSTRACT 
Background: Papilledema is swelling of the optic disc caused by high intracranial 

pressure. Swelling of the optic disc will cause compression of the ganglion cell axons 

resulting in decreased visual acuity. Therefore, visual acuity examination and assessment 

of the optic disc are important related to the patient's risk of blindness. Retinal nerve fiber 

layer (RNFL) parameters on optical coherence tomography (OCT) can provide objective 

data regarding patient's optic disc condition. 

Objective: To determine whether there is a correlation between visual acuity and RNFL 

layer thickness in patients with papilledema. 

Methods: This study is an analytic observational with a cross-sectional design. This is a 

retrospective study using medical records of patients diagnosed with papilledema at the 

Neuro-ophthalmology (NO) unit between the period January 2016-December 2020. 

Results: There were 102 patients (204 eyes) with papilledema enrolled in this study, with 

the median age was 41 years. There were 32 patients (31%) male and 70 patients (69%) 

female. Most CT scan results were intracranial tumors in 88 patients (87.52%) with 

meningioma suggestive in 42 patients. The median value of visual acuity is 0.50 logMar. 

The median value of the average thickness of the RNFL is 179.50 µm. The correlation test 

showed a negative correlation between visual acuity and the average thickness of the RNFL 

(p<0.05, r value = -0.204). 

Conclusion: There is a negative and weak correlation between visual acuity and RNFL 

layer thickness in patients diagnosed with papilledema 

 

Keywords: papilledema, visual acuity, retinal nerve fiber layer, optical coherence 

tomography. 

 

INTRODUCTION      

Papilledema is defined as optic 

disc edema caused by elevated 

intracranial pressure (ICP). Increased 

in intracranial pressure may cause 

decreased vision, blindness, even 

patient’s death. Papilledema can be 

found as a dangerous clinical sign 

through fundoscopy procedure by an 

ophthalmologist.  1-4 

     The incidence of papilledema in 

United States of America (USA) is 

0.9 per 100,000 populations per year, 

and mostly caused by Idiopathic 

Intracranial hypertension (HII). The 

Ministry of Health of the Republic of 

Indonesia recorded brain tumors as 

the most common etiology of 

papilledema at 3.4 per 100,000 

populations.5-7 

     Papilledema is caused by an 

increase in cerebrospinal fluid (CSF) 

pressure on the optic nerve sheath. 

When intracranial CSF pressure 

increases, the force transmitted to the 

optic nerve. It causes a distention of 

the optic nerve sheath. Optic nerve 

sheath enlargement can compress 
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blood vessels and ganglion axon cells 

thereby inhibiting axoplasmic 

transport resulting in leakage of 

axoplasmic fluid, accumulation of 

metabolic waste products and 

oxidative stress in the optic disc 

resulting in optic disc swelling. 

Compression of ganglion cell axons 

results in hypoxia and cell apoptosis, 

leading to decrease in the patient's 

visual acuity.8-11 

     Cunha et al. stated that the 

examination of visual acuity and the 

condition of the optic disc is an 

essential assessment in patients with 

papilledema. The examination is 

carried out to monitor the risk of 

blindness that patient can experience. 

Evaluation of the degree in patients 

with papilledema is currently using 

the Frisén scale. This scale is used to 

assess the severity of optic disc 

swelling. The disadvantage of using 

this scale is that the assessment is 

subjective and depends on the 

examiner's experience. 9,12-14 

     One of the diagnostic tests that can  

be used to assess the condition of the 

optic disc swelling non-invasively 

and quantitatively is optical 

coherence tomography (OCT). This 

OCT examination can provide 

detailed information about the 

thickness of the RNFL. This 

thickening of the RNFL indicates the 

presence of nerve fiber edema in 

papilledema patients.12,15-17 

     No studies have directly assessed 

the correlation of visual acuity 

between increased nerve fiber layer 

thickness in papilledema patients. 

Evaluation of the functional and 

structural relationship of the optic 

disc is used in monitoring the course 

of papilledema. The need for 

objective (quantitative) information 

regarding the degree of swelling of 

the optic disc and direct evaluation of 

visual acuity prompted a study to 

assess the correlation between visual 

acuity and retinal nerve fiber layer 

(RNFL) thickness through optical 

coherence tomography (OCT) 

examinations in patients with 

diagnosed with papilledema. 

 

MATERIALS AND METHODS 

     This study is an analytic 

observational study with a cross-

sectional study. The sampling was 

carried out retrospectively, through 

medical records of patients diagnosed 

with papilledema at the Neuro-

ophthalmology Division, based on the 

ICD-10 code H47.1. Data collection 

was carried out after obtaining 

approval from the Research Ethics 

Committee of the National Eye 

Center, Cicendo Eye Hospital, 

Bandung. 

     The sampling technique was 

according to the patient's arrival date 

in the medical record when they first 

conducted an examination 

(consecutive sampling). The 

inclusion criteria in this study were as 

follows 1) the medical record of 

patients with a diagnosis of 

papilledema verified by a consultant 

in the field of Neuro-ophthalmology 

2) the results of a CT scan of the head 

with contrast are attached to the 

medical record which shows the cause 

of increased intracranial pressure 

such as intracranial lesions, 

intracranial hemorrhage, meningitis, 

etc. 3) there were results of spectral 

domain Optical Coherence 

Tomography (SD-OCT) Carl Zeiss 

Cirrus 5000 HD parameters ONH 

(optic nerve head) and RNFL (retinal 

nerve fiber layer) by scanning optical 
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disc cube dimensions of  200x200 in 

both eyes of patients in medical 

records 4) patients aged > 18 years.  

    The exclusion criteria in this study 

were as follows 1) the results of signal 

strength reliability at low OCT < 5/10, 

2) patients who have received surgical 

treatment or therapy from the 

neurosurgery department 3) history of 

taking drugs or other substances such 

as ethambutol, amiodarone, 

sildenafil, methotrexate and alcohol 

can cause optic disc swelling 4) the 

patient's history of systemic disease 

includes hypertension, diabetes 

mellitus, dyslipidemia, stroke, 

coronary heart disease. 

    The data taken are age, gender, 

duration of visual disturbances, 

corrected visual acuity converted to 

logMar, the average thickness of 

RNFL and each sector on the OCT 

results, and the results of head CT 

scan interpretations which showed the 

cause of the increase in intracranial 

pressure.     

     Statistical analysis used the 

Kolmogorov-Smirnov test (z) to test 

the normality of the data and the 

correlation test with Spearman (ρ). 

Interpretation of the results based on 

the strength of the correlation, the 

direction of the correlation, and the p-

value. Calculation of correlation 

strength (r), based on the criteria of 

Guilford (1956). Processing data 

using Microsoft Excel 2013 and SPSS 

version 25. The results of the analysis 

are presented in table form to 

facilitate data visualization. 

 

RESULTS 

    Medical record data was taken 

from January 2016 to December 2020 

based on ICD 10 H47.1. Research 

subjects who met the inclusion 

criteria were 102 medical records 

(204 eyes) from 621 medical records. 

There were 519 medical records not 

included in this study due to false 

code of other disease diagnoses such 

as optic neuritis or ischemic optic 

neuropathy, the absence of OCT 

results and head CT scans, the 

reliability of the OCT results below 

the value 5/10, the patient has 

received therapy from the 

neurosurgery department, history of 

systemic disease and use of other 

drugs that can affect the optic disc. 

     Based on 102 medical records in 

the study, the median age was 41 

years (range 19-65 years). In the 

study, 32 patients (31%) were male, 

and 70 patients (69%) were female. 

The median duration of visual 

disturbances was 6 weeks (range 1-52 

weeks). The results of the CT scan of 

the head showed intracranial tumors 

were 88 patients (87.52%) with the 

highest suspicion of a meningioma in 

42 patients.  

     Table 2 showed an overview of 

visual acuity and the average 

thickness of the RNFL. The median 

visual acuity value was 0.50 logMar 

(range 0.00 – 3.00 logMar). The 

median of RNFL average thickness 

was 179.50 µm (normal value 75 – 

107.2 µm). 

     The data normality test was carried 

out before correlation statistical 

analysis. The homogeneity of the data 

was obtained through the 

Kolmogorov-Smirnov test (z). The 

normality test results for these 

variables showed that the data 

distribution was not normal, with a p 

value of <0.05. 
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Table 1. Description of Subject Characteristics

Variable N=102 (medical records) 

Age (years)  

Median 41 

Range (min-max) 

 

19 - 65 

Gender  

Male 32(31%) 

Female  

 

70(69%) 

Duration of visual disturbances (weeks)  

Median 6 

Range (min-max) 

 

1 - 52 

The results of head CT scan  

Intracranial tumors 

a. Meningioma              

b. Astrocytoma              

c. Glioma                       

d. Pseudotumor             

e. Craniopharyngioma  

f. Glioblastoma              

g. Medulloblastoma       

h. Schwannoma            

i. Undescribed                                    

 88 (87,52%) 

42 

4 

3 

3 

3 

2 

2 

1 

27 

Abscess 6 (5,88%) 

Intracranial hemorrhage 1 (0,98%) 

Subdural hemorrhage 1 (0,98%) 

Infarct 2 (1,34%) 

Meningoencephalitis 2 (1,34%) 

Intracranial metastases 1 (0,98%) 

Cerebral venous sinus thrombosis (CVST) 1 (0,98%) 

Table 2. Overview of Visual Acuity and RNFL Thickness 

Variable N=204 (eyes) 

Visual acuity (logMar)  

Median 0,50 

Range (min-max) 

 

 0 – 3,00 

Average RNFL Thickness (µm)  

Median 179,50 

Range (min-max) 

 

72 - 552 

     The correlation test was carried 

out on the visual acuity variable with 

the mean thickness of the RNFL. 

Statistical analysis was performed 

with Spearman (ρ) due to the non-

normal distribution of the data. The 

results showed a correlation between 

visual acuity and the mean thickness 
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of RNFL in papilledema patients 

(p<0.05). The correlation coefficient 

(R) value is -0.24 which indicates the 

direction of the negative correlation 

and the strength of the correlation is 

weak (r value = 0.2-0.4). This shows 

increase in the thickness of the RNFL 

results in better visual acuity (lower 

logMar values). 

 
Table 3. The Correlation Analysis of 

Visual Acuity with the Average RNFL 

Thickness 

Variable     R  p-value 

Visual 

Acuity with 

the Average 

RNFL 

Thickness 

-0,204 0,003 

 

DISCUSSION 

     Papilledema is caused by an 

increase in cerebrospinal fluid (CSF) 

pressure that is transmitted to the 

optic nerve sheath. It gives a 

compressive effect on the axons and 

blood vessels around the optic disc. 

This situation can also inhibit 

axoplasm flow in the optic nerve, 

causing the accumulation of 

organelles and waste products of 

metabolism in the cytoplasm of 

retinal ganglion cell axons, resulting 

in optic disc swelling that appears 

clinically. Sustained compression will 

cause hypoxia and retinal ganglion 

cell apoptosis, resulting in decreased 

visual acuity in patients.1-4,9 

    Papilledema is mostly caused by 

intracranial tumors, IIH, obstructive 

hydrocephalus, meningitis and 

CVST.1,5 It can be life-threatening, so 

that the diagnosis of papilledema 

requires special attention. The 

Ministry of Health of the Republic of 

Indonesia noted the intracranial 

tumors as the most common etiology 

of papilledema.6 Kartika et al. in their 

study, also stated that a meningioma 

caused 47.72% of patients with 

intracranial tumors.18 This is in 

accordance with the results in this 

study that showed intracranial tumors 

as the main cause of papilledema. The 

most suspected tumor as an etiology 

is meningioma in 88 patients 

(87.52%). 

     A study conducted by Crum et al. 

stated that IIH caused 87% of patients 

with papilledema.19 This study does 

not suggest a possible etiology of IIH 

in papilledema patients who had 

normal CT scan results due to the 

absence of a lumbar puncture 

examination in the patient. In this 

study, there were 2 patients having 

infarct lesions based on CT scan 

results even though systemic 

conditions had been excluded. The 

intracranial tumors such as 

oligodendroglioma, meningitis, early 

stages of cerebral abscess (cerebritis) 

can also mimic an infarct lesion.20 

     Raju et al. showed that patients 

with papilledema caused by 

intracranial lesions had an average 

age of 40-50 years and the majority 

were female.21 Crum et al. showed 

that the incidence of papilledema was 

in the 4th and 5th decades of life.19 

Regarding neuro-ophthalmic 

manifestations of intracranial tumor 

patients conducted by Kartika et al. in 

2017 showed that the majority of 

patients were female as many as 

59.1% with an average age of 40.14 

years.18 This is the same with this 

study which showed that the median 

age was 41 years (range 19-65 years) 

and the majority in  70 patients (69%) 

were female. 
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     Papilledema appears in a matter of 

weeks with mild and slow intracranial 

pressure. In sudden, high ICP 

elevation condition, such as in 

subarachnoid hemorrhage and rupture 

of a vascular aneurysm in the brain, 

papilledema can develop within 

hours. Miller et al. mentioned that 

complaints of blurred vision in 

patients with papilledema indicates an 

advanced stage.2-4 Until now, no 

study has confirmed the length of 

time from the onset of papilledema to 

the appearance of blurry complaints 

in patients. This condition is 

influenced by the duration and 

magnitude of the increase in ICP that 

occurs. This study showed that the 

duration of symptoms of visual 

disturbances ranged from 6 weeks, 

but the course of disc swelling that 

had occurred in patients could not be 

determined. 

     Examination of visual function 

and the condition of the optic disc 

were important to monitor the risk of 

blindness in patients with 

papilledema. The degree of swelling 

of the optic disc using the Frisén scale 

is generally subjective and depends 

on the examiner’s experience. 

Quantitative assessment of the optic 

nerve to evaluate the degree of 

swelling of the optic disc can be done 

by measuring the thickness of the 

RNFL. A correlation between visual 

function and RNFL thickness has 

been previously demonstrated in 

studies of patients with optic 

neuropathy.22 Heidary et al. showed a 

correlation between RNFL thickness 

and visual function in papilledema 

patients.23 Khalil et al stated that 

changes in RNFL thickness correlated 

with decreased visual field sensitivity 

in patients with papilledema.12 Visual 

field assessment is challenging to 

evaluate in patients who experience 

concurrent visual loss, so this study 

used visual acuity. Until now, no 

studies have assessed the correlation 

between RNFL thickness and visual 

acuity in papilledema patients. 

     The results of this study indicate 

that there is a negative correlation 

between visual acuity and RNFL 

thickness. Duman et al. found that it 

is sometimes difficult to determine if 

the reduction of optic nerve edema is 

due to resolve or retinal ganglion cell 

axon loss. If the optic disc edema is 

reduced but visual acuity persists, this 

indicates a loss of retinal ganglion cell 

axons (atrophy).10 Liu et al. and Lee 

et al. stated that the thickness of 

RNFL needs to be interpreted with 

caution because there may be atrophy 

of the optic disc that is obscured by 

residual edema 

(pseudonormalization). This explains 

that sometimes RNFL measurements 

do not always correlate with loss of 

visual function.24,25 Wall et al. stated 

that inter- and intra-individual 

variations can affect the meaning that 

some patients with marked optic disc 

edema have mild visual loss when 

compared to the other eye with less 

edema.26 Hatem et al. stated that no 

correlation was found between the 

severity of papilledema (Frisén scale) 

and visual function, which was made 

possible by the limitation of the study,  

lack of a sample.27 In this study, the 

direction of the correlation was 

negative, indicates that a higher 

thickness of the RNFL had better 

visual acuity values (lower logMar 

values). This condition was made 

possible by a mixture of optic disc 

atrophy obscured by residual edema 

(pseudonormalization). 
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     Merticariu et al. stated that there 

was a correlation between the 

thickness of the RNFL and Frisén 

scale. In the mild-grade group, the 

average RNFL thickness was 117 m 

(95% CI, ±16μm), the moderate-

grade group had an average RNFL 

thickness of 165 m (95% CI, ±89μm), 

and the high-grade group 269 μm 

(95). % CI, ± 31 m).28 In this study, 

the average thickness of the RNFL 

was at a median of 179.50 μm, 

indicating that the patients were at a 

moderate level (advanced stage). 

Khalil et al stated that there was a 

positive correlation between visual 

field damage and the initial thickness 

of the RNFL. In that study, the 

median degree of papilledema was on 

the Frisén scale II or mild degree.12 

The result of this study indicates a 

negative correlation possible by the 

condition of the degree of 

papilledema in patients in an 

advanced stage (moderate-high 

grade). 

     Alfonso et al. stated that one of the 

prognostic factors for visual acuity 

loss in papilledema patients is if the 

time from the appearance of 

symptoms to being diagnosed is more 

than 6 months.29 Ahmad et al. 

mentioned that it takes 4-6 weeks 

from the occurrence of axonal 

damage until optic disc atrophy 

begins to develop.30 The results of this 

study showed that the duration of 

symptoms of visual disturbances in 

patients ranged from a median of 6 

weeks. However, the duration of disc 

edema that had occurred in patients 

could not be determined. Based on the 

course of visual disturbances, it is 

possible that the patients who came to 

the clinic had an atrophic condition of 

the optic disc but were obscured by 

the existing edema, causing the 

results in this study to be negatively 

correlated. 

    Jain et al. and Rebodella et al. 

stated that although the optic disc 

edema has resolved, axonal damage 

has not been detected anatomically. In 

patients with optic disc swelling 

disorders, assessment using ganglion 

cell layer – inner plexiform layer 

(GCL-IPL) on OCT examination can 

provide information in assessing the 

irreversible loss of ganglion axon 

cells. Malhotra et al. suggest a GCL 

examination other than RNFL in 

patients with chronic papilledema or 

those who have shown reduced 

swelling.7,31-32 

     The limitations of this study were 

the retrospective design, so there was 

no data on the degree of lens opacity 

from the patient that can affect. Other 

limitations can affect the accuracy of 

the RNFL thickness calculation such 

as the patient's blink reflex, RNFL 

thickness segmentation algorithm and 

proper centration over the optic nerve 

head, which cannot be intervened in 

this study. This study also did not 

assess the thickness of the macular 

ganglion cell layer (GCL) and its 

effect on visual acuity. 

 

CONCLUSIONS 

      There is a negative correlation 

between visual acuity and RNFL 

(retinal nerve fiber layer) thickness in 

patients diagnosed with papilledema. 

It is necessary to assess the degree of 

lens opacity that can affect visual 

acuity in further research and other 

indicators that can be used as an 

assessment of visual prognosis in 

patients such as GCL - IPL and its 

correlation to RNFL and visual 

acuity. 
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