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Abstract  

Aims: To describe a characteristic distribution of peripapillary retinal nerve fibre layer 

oedema in acute methanol-induced optic neuropathy (Me-ION).  

Methods: This retrospective case series study included four adult patients with acute Me-ION 

treated at Groote Schuur hospital in Cape Town during the national alcohol ban amid the 

COVID-19 pandemic from 27 March 2020 to 31 May 2020.  Clinical examination included a 

best corrected visual acuity, pupillary light reflex assessment, anterior segment slit-lamp 

examination, and dilated fundoscopy. Fundus photography and retinal nerve fibre layer 

(RNFL) thickness by optical coherence tomography (OCT) was performed.  

 

Results: All patients were examined during the acute phase of Me-ION, with a mean interval 

of 5.5 days between methanol exposure and ocular examination. Fundoscopy showed 

peripapillary retinal nerve fibre layer whitening and oedema, which extended superiorly and 

inferiorly from the optic disc and followed the vascular arcades but spared the nasal and 

temporal areas. In three cases, this correlated with a distinctive pattern of superior and inferior 

quadrant RNFL thickening on OCT with relative sparing of the nasal and temporal quadrants.  

 

Conclusion: Our study is the first to associate this fundoscopic finding with the distinctive 

superior and inferior quadrant RNFL oedema on OCT during the acute phase of Me-ION. 

Recognition of this pattern can aid in early diagnosis and timely initiation of life-saving 

treatment, particularly in cases where patients may be unaware of their methanol exposure. 
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Introduction:  

Methanol is a colourless liquid which is commonly used in antifreeze, industrial solvents, 

perfumes, washing liquids and paint removers.(1) The most common cause of methanol 

poisoning is the inadvertent ingestion of adulterated alcoholic beverages.(1) During the 

COVID-19 pandemic, several countries including Iran, India, the USA and Spain faced 

outbreaks of methanol poisoning (2–5). These incidents were attributed to alcohol 

prohibitions that prompted the circulation of illicit alcohol containing methanol as a cheap 

substitute for ethanol.(6) 

Methanol poisoning is a severe and potentially life-threatening condition, with a mortality  

rate ranging from 18% to 44%.(1) In the absence of prompt medical intervention, the lethal  

dose of methanol is estimated to be as little as 1.2ml/kg.(1) The first symptoms, which may  

develop within 4 hours of ingestion, include non-specific gastrointestinal complaints such as  

nausea and vomiting, as well as central nervous system depression, and can be mistaken for  

ethanol intoxication. This is then followed by an asymptomatic latent period of about 10-12 

hours, after which the typical triad of central nervous system depression, metabolic acidosis 

and visual loss develops. (7,8) Visual disturbances usually manifest at 12-48 hours after 

methanol ingestion, affect about 50% of cases of methanol poisoning, and may help to 

establish the diagnosis of methanol poisoning.(9)  

Methanol-induced optic neuropathy (Me-ION) is a serious condition that my result in long term 

visual impairment and even blindness. (10,11) The main mechanism of Me-ION is thought to 

be the inhibition of mitochondrial oxidative phosphorylation through the binding of formic 

acid, which is the toxic metabolite of methanol, to cytochrome c oxidase, which is the key 

enzyme of this process. The retinal ganglion cells and their axons, which form the optic nerve, 

are particularly susceptible to this mitochondrial dysfunction, likely due to their high energy 

dependence.(7)  

In the acute phase, Me-ION is characterized by bilateral, symmetrical visual loss with sluggish 

pupillary light reflexes and dyschromatopsia. The most common fundoscopy findings are 

hyperaemic, swollen optic discs and peripapillary retinal oedema.(6) In some cases, a 

characteristic pattern of white, peripapillary retinal oedema which spreads out superiorly and 

inferiorly from the optic disc and extends along the vascular arcades has been described. 

(12,13)  

We present a case series where we associate this striking clinical pattern of superior and 

inferior white peripapillary retinal oedema on fundoscopy with a unique pattern of superior   

and inferior retinal nerve fibre layer (RNFL) thickening on ocular coherence tomography 

(OCT) in 4 patients seen with acute methanol poisoning at Groote Schuur hospital in Cape 
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Town, South Africa, during the national alcohol ban of the COVID-19 pandemic.  

Methods:  

This is a retrospective case series of four adult patients with acute methanol toxicity who 

were seen at the Division of Ophthalmology, Groote Schuur hospital, Cape Town, South 

Africa, during the COVID-19 related national alcohol ban between 27 March 2020 and 31 

May 2020. An attempt was made to locate possible other patients but according to the 

author’s knowledge all other cases of methanol toxicity during the study period had passed 

away or did not present to hospital. 

Patients underwent ophthalmic evaluation once their general medical condition had stabilised. 

History taking included demographics (e.g., gender, age), particulars of the event involving 

methanol ingestion, pre-existing ocular conditions, systemic comorbidities, medication, and 

recreational drug usage. Details about the prior medical management of the systemic 

manifestations of methanol toxicity was collected from patient records. Clinical examination 

included a best corrected visual acuity using a Snellen visual acuity chart at 6 metres, pupillary 

light reflex assessment, anterior segment slit-lamp examination, and dilated fundoscopy. 

Fundoscopy was performed by the same medical practitioner using a slit lamp with 78-dioptre 

lens as well as an indirect ophthalmoscope with a 20-dioptre lens. Fundus photography (Canon 

CF-1 Digital Retinal Camera, Retinal imaging control software MYD; version 4.5.0.8) and 

optical coherence tomography (OCT) using a Heidelberg SD-OCT Spectralis (Heidelberg 

Engineering GmbH, Heidelberg, Germany: software version V6.16.8) was performed. 

Summary statistics and frequencies were used to describe the data using R-Studio version 

2023.09. Data was entered into an Excel spreadsheet and the mean values of the horizontal and 

vertical distribution of peripapillary retinal nerve fibre layer oedema were calculated and 

compared against the mean values of the normative database of the Heidelberg SD-OCT 

Spectralis (Heidelberg Engineering GmbH, Heidelberg, Germany: software version V6.16.8). 

This study was approved by the Human Research Ethics Committee of the University of 

Cape Town. (HREC nr: 712/2021)  

Results  

During the national alcohol ban implemented in South Africa during the initial stages of the 

COVID-19 pandemic in 2020, four patients presented with acute Me-ION to the Division of 

Ophthalmology, Groote Schuur hospital, Cape Town.  

All patients admitted to drinking an alcoholic home brew within 2 days of visual loss. All were 

male with a mean age of 39 years (range 33-50 years). Case 1 and 4 were admitted to the 
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intensive care unit for sustained low-efficiency daily diafiltration dialysis (SLEDD). All 4 

cases received methylprednisolone 1g daily intravenously for 3 days and erythropoietin 20 000 

IU intravenously. None of the patients had any known comorbidities or past ocular history, and 

none admitted to any recreational drug use. All patients were referred to ophthalmology as 

soon as their general medical condition allowed with a mean interval between methanol 

exposure to ocular examination of 5.5 days (range 3-10 days). Table 1 details the ocular 

findings of the patients. Case 1,2 and 3 presented with bilateral profound acute painless visual 

loss with visual acuities of count fingers (CF) or worse and decreased optic nerve function. In 

contrast, case 4 presented with left-sided visual loss and reduced optic nerve function but 

retained 6/6 vision and normal optic nerve function in the right eye.  

In all cases, fundoscopy showed a distinctive pattern of peripapillary RNFL whitening and 

oedema, which extended superiorly and inferiorly from the optic discs and followed the 

vascular arcades but spared the nasal and temporal areas (see figure 1). Additionally, the 

RNFL whitening and oedema in case 2 was more widespread and extended nasally and 

temporally from the optic disc. Case 4 had the characteristic pattern of superior and inferior 

whitening and oedema in the eye with normal optic nerve function, as well as the eye with 

visual impairment and reduced optic nerve function. (see figure 2) 

 

 Time   

between   

methanol   

ingestion   

and ocular   
examinati
on (days) 

Snellen   

visual acuity 

Pupillary  

light   

reflexes 

Anterior  

segment 

Fundoscopy 

OD  OS  

Case 1  3  NPL  NPL  Bilateral   
total 
afferent 
pupillary   

defects 

Normal Superior and   

inferior   

peripapillary   

retinal nerve   

fibre layer   
whitening 
and oedema 

Case 2  5  CF  CF  Sluggish   

pupillary   

light   

reflexes 

Normal Global   

peripapillary   

retinal nerve   

fibre layer   
whitening 
and oedema 
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Case 3  10  CF  CF  Sluggish   

pupillary   

light   

reflexes 

Normal Superior and   

inferior   

peripapillary   

retinal nerve   

fibre layer   
whitening 
and  oedema 

Case 4  4  6/6  CF  Left 
afferent 
pupillary   

defect 

Normal Superior and   

inferior   

peripapillary   

retinal nerve   

fibre layer   
whitening 
and  oedema 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Fundus photos and RNFL OCT of case 1. Patient presented with bilateral NPL vision 

with total afferent pupillary defects. Both eyes demonstrated peripapillary retinal nerve fibre 

layer whitening and oedema which extended superiorly and inferiorly from the optic discs, and 

which corresponded to superior and inferior RNFL thickening on OCT. 

Table 1: Clinical examination of all study participants 
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Figure 2: Fundus photos and RNFL OCT of case 4. The right eye had 6/6 

vision with normal optic nerve function, whilst the left eye had CF vision and 

a relative afferent pupillary defect. Both eyes demonstrated peripapillary 

retinal nerve fibre layer whitening and oedema which extended superiorly and 

inferiorly from the optic discs, and which corresponded to superior and 

inferior RNFL thickening on OCT. 
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RNFL OCT of case 1,3 and 4 demonstrated RNFL thickening with a distribution that 

corresponded to the fundoscopy findings, affecting predominantly the superior and inferior 

quadrants, whilst the nasal and temporal quadrants were relatively spared (see figure 1 and 2). 

Case 2 demonstrated more diffuse RNFL thickening, which corresponded to the more diffuse 

peripapillary retinal whitening and oedema visible on fundoscopy. Graph 1 shows RNFL 

percentage thickening compared to normative data both in the vertical meridian (mean of the 

superior and inferior quadrants) and horizontal meridian (mean of the nasal and temporal 

quadrants) for each eye of all cases. It demonstrates the pattern of predominantly vertical RNFL 

thickening with horizontal sparing in case 1,3 and 4, but global thickening in case 2.  

    

. 
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Graph 1: Retinal nerve fibre layer percentage thickening compared to normative data of the 

Heidelberg SD-OCT Spectralis (Heidelberg Engineering GmbH, Heidelberg, Germany: software 

version V6.16.8) both in the vertical meridian (mean of the superior and inferior quadrants) and 

horizontal meridian (mean of the nasal and temporal quadrants) for each eye of all cases. It 

demonstrates the pattern of predominantly vertical retinal nerve fibre layer thickening with 

horizontal sparing in case 1,3 and 4, but global thickening in case 2. 
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Discussion  

Methanol-induced optic neuropathy (Me-ION) is a potentially sight-threatening condition.  

During the COVID-19 pandemic and the associated alcohol prohibition, we observed four 

cases of Me-ION due to inadvertent consumption of tainted liquor. All patients were 

examined in the acute phase, with a mean interval between methanol exposure and ocular 

assessment of 5.5 days (range 3-10 days). Notably, three patients demonstrated distinct 

fundoscopic findings of white retinal oedema affecting only the superior and inferior 

peripapillary areas. This correlated with an increased peripapillary RNFL thickness on OCT 

in the superior and inferior quadrants, with relative sparing of the nasal quadrant and the 

maculopapular bundle.  

While this fundoscopy finding has been previously documented in older studies, its 

association with the characteristic vertical RNFL thickening on OCT in the acute phase of 

Me-ION is a novel observation. (12,13)  

Most publications that include peripapillary RNFL thickness measurements are performed in 

the subacute or chronic phase of Me-ION, often because the patients are systemically too 

unwell in the acute phase to receive the test. (14–16) Typically, the subacute phase (after acute 

systemic features have resolved) of Me-ION is associated with generalised RNFL swelling or 

normal RNFL measurements, while the chronic phase exhibits diffuse RNFL atrophy. (14–16) 

Interestingly, in a case report comprising two patients who underwent RNFL measurements at 

4- and 10-months post exposure, the RNFL was atrophic in the superior and inferior quadrants, 

and normal in the nasal and temporal quadrants.(17) It would be of interest to know whether 

the atrophic quadrants were thickened in the acute phase, as observed in our case series. The 

cause of vertical RNFL swelling with horizontal sparing, as observed in our case series, 

remains uncertain. In a recent publication featuring multimodal imaging of a case of subacute 

Me-ION, a similar fundoscopy appearance to our cases were observed. RNFL measurements 

were not performed, but OCT showed thickened, hyper-reflective inner retinal layers in the 

superior and inferior peripapillary areas, with normal macular OCT, mirroring our cases. The 

authors of this study proposed that this may signify ischaemic retinal nerve fibre layer oedema 

due to accumulation of formic acid with mitochondrial dysfunction, predominantly in the para-

optic short posterior ciliary arteries and their smaller branches, as opposed to the central retinal 

artery.(18) 

Compared to other disease entities causing bilateral optic disc swelling or papilledema, such as 

idiopathic intracranial hypertension and vascular papillopathy, a previous study makes 

conclusions. The study suggests that OCT features of optic disc oedema usually follow the 

normative pattern of RNFL thickness (Inferior>Superior>Nasal>Temporal). Exceptions are 
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noted in uveitis and compressive aetiologies (Superior>Inferior>Nasal>Temporal).(19) 

Interestingly, in our study, there was a difference in the distribution of oedema between the left 

and right eye.  Oedema in the right eye was most severe inferiorly 

(Inferior>Superior>Nasal>Temporal) and in the left eye superiorly 

(Superior>Inferior>Nasal>Temporal), however not all eyes followed these patterns of 

distribution. This shows that Me-ION does not follow a specific pattern of optic disc oedema 

compared to other disease entities, but the vertical meridian is significantly more affected than 

the horizontal meridian.   

 

This study has several limitations. The limited sample size and lack of a control group posed 

challenges in conducting a statistical evaluation to determine whether Me-ION adheres to the 

normative pattern of RNFL oedema. Larger studies to compare RNFL swelling patterns in 

acute Me-ION to other causes of acute visual loss and RNFL swelling, such as optic neuritis, 

are necessary to validate our observations. Additionally, investigating the connection 

between RNFL measurements during the acute phase of Me-ION and alterations in retinal 

ganglion cell layer analysis would be beneficial. This study describes a distinct pattern of 

superior and inferior quadrant peripapillary RNFL swelling on fundoscopy and RNFL OCT 

in acute Me-ION. Recognition of this pattern may facilitate early diagnosis and timely 

initiation of life-saving treatment, particularly in cases where patients may be unaware of 

their methanol exposure. 
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