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LATE FUNCTIONAL AND MORPHOLOGICAL 
FINDINGS AFTER METHYLALCOHOL POISONING

SUMMARY
Aim: The aim of the study was to determine the morphological and functional findings in a patient after methanol poisoning.
Examination methods: The patient (male, 38 years old) was suffered methanol poisoning in eight years ago (2012). The following tests and examinations 
were performed: neurological visual field XR test (Medmont M700), retinal nerve fibre layer (RNFL), ganglion cell complex (GCC) and peripapillary vessel 
density (all using Avanti RTvue, Optovue), pattern electroretinography (PERG) and pattern visual evoked potential (PVEP) examination according to 
ISCEV methodology (Roland Consult Instrument) and brain MRI examination (Philips Achieva Dstream 3 T).
Results: The biggest changes were found in RNFL and VD. PERG also showed damage to retinal ganglion cell axons. In left eye we determined decrease 
in oscillations (in comparison with contralateral eye) at N35-P50 and P50-N95. VEPs in both eyes were significantly reduced, almost inconspicuous in 
the left eye. Extension of latency time of P100 was not identified. Functional MRI showed a bilateral decrease in voxel activity with a greater decrease in 
the left eye. There were postmalatical changes in the dorsal parts of the putamen on MRI. The width of the optic nerve and chiasm was physiological.
Conclusion: Asymmetric damaging of RNFL and cortical centres of the brain were determined. We registered large pathological changes in VD, which 
are probably responsible for the deepening of optic nerve excavation and further loss of nerve fibers of retinal ganglion cells, which have not yet been 
described in the literature. Following these results is possible to define direct damage of nerve structures and blood vessels by toxins of methanol 
metabolism in the acute stage and upcoming reparation processes in following periods.
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INTRODUCTION

Methylalcohol poisoning is a life-threatening conditi-
on, which in those who survive causes toxic neuropathy 
of the optic nerve, with potential long-term consequen-
ces for sight. Naturally, in a country where the consump-
tion of alcoholic beverages is not prohibited, this is not 
a rare occurrence, and as a result we find studies on this 
theme also in our periodical. The first was conducted 
by Votočková, who describes stiff pupils in medium 
mydriasis, while the anterior segment was otherwise 
within the norm, in a 44 year old patient 24 hours after 
the consumption of methylalcohol. On the fundus there 
were worn edges of the papillae and barely perceptible 
blurred landscapes around the posterior pole. Vision was 

fingers to 3 m. As regards the other organs, the study in 
question describes minor haemorrhages also in the me-
ninges and the brain, which was oedematous. It also cites 
the study by Pick and Bielschowsky, who in 1912 presen-
ted the first descriptions of changes in the layer of the 
retinal ganglion cells. As against these changes, lesions 
of the optic nerve are only imperceptible, the tracts and 
further pathway are not damaged [1].

A second study was conducted by Cigánek et al., who 
described visual functions in 18 soldiers who had survi-
ved methylalcohol poisoning. Nine of them suffered 
changes in the visual fields, even despite values of 1.0 
visual acuity. Fluorescence angiography was performed 
on these patients. In the arteriovenous phase, infiltrati-
on of the contrast substance was evident from the edges 
of the optic nerve papilla and in the surrounding area, 
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which persisted into the venous phase. The blood vessels 
were slightly raised at the crossing of the edge of the 
papilla. Electroretinographic findings on a flash stimulus 
demonstrated a decrease of wave a in 100 % of cases and 
wave b in 33 %. In visually evoked potentials (VEP) to a re-
verse stimulus, change of latency was in only 22 %. In the 
pathogenesis of changes, the authors consider potential 
circulatory malfunction [2].

A further study was also conducted by Czech authors, 
but its results were published in a foreign periodical. It 
describes 42 patients observed from 5 to 50 months after 
methylalcohol poisoning. Changes in the retinal nerve fi-
bre layer (RNFL) were observed in 33 % of cases, and their 
progression was recorded in 24 %. Changes of latency 
of P1 oscillation of VEP was recorded in 18/42 right eyes 
and 21/42 left eyes. Abnormal amplitude of N1-P1 was 
observed in 10/42. A significant association was present 
between chronic neurodegeneration of the retina, pro-
gressive loss of visual functions and necrotic lesions in the 
brain. An improvement of conductivity of the optic nerve 
was observed in more than 80 % of patients, but the am-
plitude of the evoked potential had a tendency to a further 
decrease over the course of 4 years of observation [3].

CASE REPORT AND EXAMINATION METHODS

In May 2020 a 38 year old man was examined, who had 
been treated in September 2012 for acute methylalcoholy 
poisoning following the consumption of approximately 
250 ml of adulterated rum. The consumption of the be-
verage took place over a period of 2-3 hours, the alcohol 
was consumed without food, in addition to it the pati-
ent drank only cola. After 16 hours the first symptoms of 
poisoning appeared (fluctuating malfunction of vision, the 
patient stated that “everything was white, I could barely 
distinguish colours”). The first contact with a doctor took 
place 36 hours after the consumption of the alcohol. The 
patient was examined at internal medicine and neurology 
departments; in addition to malfunction of vision he sta-
ted pain throughout his whole body, abdominal cramps, 
headache and breathlessness. At the examination he was 
agitated and restless, as a result diazepam was adminis-
tered. CT of the brain was performed, with a negative fin-
ding. The results of the toxicological examination of blood 
serum demonstrated severe methylalcohol poisoning: the 
concentration of methylalcohol in serum was 2779 mg/l 
(toxic concentration 200 mg/l), concentration of formic 
acid 898 mg/l, ethanol in serum undetectable. The patient 
was transferred to the intensive care department, during 
transit he received 80 ml of 40 % ethanol solution applied 
via a nasogastric probe. Due to deepening malfunction 
of consciousness, orotracheal intubation was performed, 
and artificial lung ventilation was commenced, the patient 
was administered midazolam 10 mg and succinylcholine 
100 mg intravenously. Upon admission to the department 
the patient was in a coma (Glasgow Coma Scale 3 points), 
haemodynamically stable (MAP over 80 mmHg without 
noradrenaline). The baseline laboratory values correspon-

ded to a condition of severe metabolic acidosis (pH of 
arterial blood 6.71, bicarbonate 4.3 mM/l, base deficit 38 
mM/l, anion gap 55 mM/l, serum lactate 11.4 mM/l), stress 
hyperglycaemia (18.4 mM/l) and acute renal failure (crea-
tinine in serum – 175 uM/l). The patient was administered 
bicarbonate for correction of acidemia (total 950 ml of 8.4 
% NaHCO3 solution), leucovorin for substitution of folate, 
and the antidote fomepizole (ADH inhibitor) was applied 
in a dose of 1 g every 4 hours (total 5 g). One hour after 
admission to the department, the patient was attached 
to intermittent haemodialysis with maximum flow speed 
(flow speed of dialysate 30 l/h, flow speed of blood 250 
ml/min), which persisted for 10 hours. After dialysis, the 
follow-up level of formic acid was negative, concentration 
of methylalcohol 233 mg/l, after normalisation of the in-
ternal environment further therapy continued with etha-
nol intravenously. During the course of hospitalisation at 
the intensive care department there was a development 
of aspiration pneumonia on the right side, as a result of 
which amoxycillin and metronidazole were applied intra-
venously. A bacteria culture test determined haemophilus 
influenzae on a massive scale, and medication was chan-
ged to ampicillin and sulbactam. A further complication 
during the course of treatment was the onset of delirium 
in reaction to the combination of neuroleptics. The total 
period of hospitalisation in the intensive care department 
was 6 days, after which the patient was transferred to the 
standard internal medicine department. During hospitali-
sation in the internal medicine department the patient sta-
ted a malfunction of vision of the character of a dark stain 
upon frontal gaze, black spots in the visual field, blurred 
vision in both eyes, more pronounced in the left eye, and 
stinging in both eyes. The conclusion of the ophthalmolo-
gical consultation was as follows: subjective malfunctions 
of vision, more pronounced in left eye, distance vision of ri-
ght eye within the norm, in left eye reduced by 1 row, near 
vision without correction within the norm bilaterally. The 
perimeter could not be evaluated due to the low validity 
of the examination. The finding on the retina was within a 
physiological framework bilaterally. After 7 days of hospi-
talisation in the internal medicine department the patient 
was discharged for home treatment.

In his anamnesis the patient stated past abuse of mari-
juana and methamphetamine, smoking and alcohol abu-
se (approximately 1 litre of rum per week). Of secondary 
illnesses the patient had arterial hypertension being trea-
ted by beta-blockers, mixed hyperlipidaemia (cholesterol 
concentration 6.1 mM/l, lipids 4.8 mM/l), hyperuricaemia 
(concentration of uric acid 474 uM/l), chronic hepato-
pathy evidently of alcoholic etiology (GGT 2.94 µkat/l). 
The patient continued to be observed and examined at 
regular intervals during the years 2013-2018.

Results of a subsequent examination 10 months after 
poisoning: V: 1.0 naturally, Jaeger no. 1 naturally. Parallel, 
motility free, isocoria, optic media clear, temporally pale 
and bordered on papilla of fundus. Retina without patho-
logical finding. Global RNFL had decreased since the first 
examination bilaterally by 3 µm. After stimulation of the 
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left eye an examination of PVEP recorded slight extensi-
on of P100 latency to 118 ms. In the right eye the finding 
was within the norm.

On magnetic resonance of the brain the patient had 
symmetrical deposits in the putamen of increased signal 
in T2W, reduced in T1W without changes after applicati-
on of KL, without signs of haemorrhage.

Visual acuity was 1.0 naturally 4 years after poisoning. 
On the fundus in the right eye the optic nerve papilla 
was temporally pale, in the left eye pale. The RNFL was 
unchanged from the previous examination. Progression 
was also not demonstrated by a perimetric examination. 
Visually evoked potentials had normalised. MR examina-
tion on a 3T instrument detected that necrosis in the re-
gion of the putamen was partially haemorrhagic. 

The results 6 years after poisoning were as follows: V 
1.0 naturally. On the ocular fundus the papillae were bila-
terally pale with c/d = 0.5. We did not determine progre-
ssion in the perimeter or RNFL. PVEP showed a normal 
finding in the right eye, borderline finding in the left eye.

A control MR examination of the brain confirmed 
symmetrical lesions of the putamen bilaterally, which 
corresponded to necrosis, with slight signs of haemorrh-
age. In comparison with the previous examination there 

was no evident progression of the extent of the finding.
During the course of the entire observation period the 

patient had normal serum concentration of vitamins B12 
(234-264 ng/l), B1 (48-73 µg/l) and TSH (2.8-4.7 mlU/l).

In addition to an ocular examination, we also condu-
cted an examination of colour sensitivity with the aid of 
Isihara pseudoisochromatic plates (Kanehara and co., Ja-
pan). We examined the visual field with a fast threshold 
program within the range of 0-30 degrees on the instru-
ment Medmont M700 (Medmont International Pty Ltd., 
Australia). We examined the fibre layer (RNFL), Ganglion 
cell complex (GCC) and peripapillary vessel density (VD) 
on the instrument Avanti RT-Vue XR (Optovue, USA). 
Examination of pattern electroretinogram (PERG) and 
pattern visually evoked potentials (PVEP) was performed 
according to the ISCEV method on a Roland Consult in-
strument (Germany). The difference from the recommen-
ded ISCEV method was the distance of the eye from the 
stimulation surface (instead of the recommended 50 cm, 
in our case the distance was 30 cm).

Structural and functional MR was performed on the 
system Philips Achieva DStream 3 Tesla Version sw. 
5.6.11. Examination by functional magnetic resonance 
(fMR) was conducted according to our method [4].

Fig. 1. Perimeter within range of 0-30 degrees. Above right, below left field

Deviation from age standard (overall)

Deviation from age standard (overall)

Deviation from HoV of patient (numerical)

Deviation from HoV of patient (numerical)
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RESULTS OF EXAMINATIONS 

The external ocular finding was normal, including pupil 
reactions. The anterior segment of both eyes and the optic 
media were within the norm. On the fundus, the optic nerve 
papillae were atrophic with sharp borders and excavation 
of 0.7 and 0.8 respectively. The central landscape was within 
the norm, without foveolar reflex. The finding in the vessels 
was normal, as was the remainder of the retina. Vision: 1.0 
without correction. Jaeger no. 1 also without correction bi-
laterally. Intraocular pressure (IOP) 18.9 and 18.5 mmHg re-
spectively (according to Ocular Response Analyser). Achro-
matopsia. Visual fields with pronounced defects in central 
part, mainly in left eye unchanged during the observation 
period (from 10/2012 to 5/2020). The last findings are shown 
by Fig. 1. OCTA demonstrated pronounced reduction of VD 
both in the overall image (39.5 % and 35.5 % respectively) 
and peripapillary (40.2 % and 34.4 % respectively). We recor-
ded a peripapillary decrease also in the RNFL (59 µm and 51 
µm respectively). See Fig. 2. A similar decrease of the RNFL 
and GCC in the macula is demonstrated also in Fig. 3. 

An electrophysiological examination – PERG demon-
strated a normal response in the right eye, but an extensi-
on of N95 latency to 100.7 ms, in the left normal response 

but reduced by 40 % in comparison with the right eye. Si-
milarly as in the right eye, in the left eye also there was an 
extension of N95 latency to 100.7 ms. PVEP amplitudes 
were bilaterally markedly reduced, in which there was a 
greater decrease on the left side. Latency of oscillation 
P100 was not extended. 

Examination by magnetic resonance demonstrated 
post-malatic changes of the dorsal parts of the puta-
men bilaterally, with small peripheral gliosis as changes 
of the character of toxic leukoencephalopathy (within 
the framework of changes following methylalcohol 
poisoning). Without signs of intracranial haemorrhage, 
without deposits of hemosiedrin in brain tissue, without 
image of acute brain ischemia. Width of optic nerves 
and optic nerve sheaths laterolaterally 1 cm behind 
dorsal contour of eyeball, within limits of norm. Width 
of nucleus geniculatum laterale bilaterally with slight 
reduction of dimensions as against norm. Width of chia-
sma within norm, without manifest signal alteration, 
without expansion [5].

With the aid of functional MR after stimulation of the 
right eye we determined 465 voxels, left eye 388 (normal 
values after stimulation of right eye 7508±2018, left eye 
7340±2775) [6].     

Fig. 2. Thickness of retinal nerve fibre layer (RNFL) and vessel density (VD). Above right eye, below left eye.
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DISCUSSION  

Methylalcohol ranks among substances with high toxi-
city of intermediary metabolites. In humans and prima-
tes, methylalcohol is oxidised especially in the liver by 
the enzyme alcohol dehydrogenase (ADH) into formal-
dehyde, and further by aldehyde dehydrogenase (ALDH) 
into formic acid [7,8,9,10,11].

Formaldehyde does not accumulate in the blood, be-
cause its conversion into formic acid is very rapid, with a 
half-life of 1-2 minutes [12,13].

Formic acid inhibits cytochrome c oxidase in mitochon-
dria (Ki~6 mmol/l), and thereby triggers cellular hypoxia 
accompanied by an accumulation of lactate and a decre-
ase of ATP in cells [14,15,16,17,18].

Accumulation of formic acid and later also lactic acid leads 
to the development of severe metabolic acidosis [19,20,21].

There is a direct correlation between the concentration 
of formic acid in serum and fatality due to methylalcohol 
poisoning [22]. The most sensitive to the cytotoxic effect 
of formates are neurons of the retina, axons of the optic 
nerve and neurons of the basal ganglia of the brain [23].

Eells et al. determined that the concentration of formic 
acid in the ocular tissues of rats, especially in the retina 
and vitreous body, was 50 % higher than in the brain due 
to slower oxidation [24,25]. The onset of severe metabo-
lic acidosis potentiates the effect of formic acid on the 

central nervous system (CNS), because it facilitates its 
passage through the blood-brain barrier, which leads to 
oedema of the brain and damage (necrosis, haemorrh-
age) in the region of the putamen, nucleus pallidus and 
subcortical white matter [26,27,28,29].

Malfunctions of vision are manifested in blurred visi-
on, malfunction of colour vision or light flashes and fee-
lings of dazzling, or conversely “dimming” and scotomas 
[30,31,32,33,34].

On the ocular fundus there is frequent presence of hy-
peraemia and oedema in the region of the optic nerve 
papilla [35,36,37].

Hyperaemia may also be the result of the vasodilation 
effect of methylalcohol, not only on the level of the reti-
na, but also of the brain [38].

Retinal ganglion cells and their axons, which form the 
optic nerve, are very sensitive to histotoxic hypoxia cau-
sed by an inhibition of mitochondrial cytochrome c oxi-
dase, because they have higher energy demands and a 
relatively low number of mitochondria [39,40,41].

Nevertheless, biochemical and morphological chan-
ges caused by the toxic effect of formic acid are present 
also in other types of cells: in photoreceptors, in Müller 
cells etc. [42,43,44].

Symptoms of affliction of sight in patients with acute 
methylalcohol poisoning are manifested with a certain 
latency of 8-48 hours. The latency period depends on the 

Fig. 3. Ganglion cell complex (GCC), retinal nerve fibre layer (RNFL) and optic nerve head (ONH). Above right eye, 
below left eye.  
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quantity of consumed methylalcohol, ratio of ethanol and 
methanol in the toxic beverage, and other factors [45,46,47].

In a range of cases, full recovery takes place over the 
course of a number of weeks, with normalisation of the 
finding on the ocular fundus and normalisation of visual 
functions [35,48,49].

However, long-term damage to sight may persist in 10-
30 % of surviving individuals [37,46,50,51,52,53,54].

Although our patient has visual acuity within the norm, 
we recorded severe changes in the perimeter, which 
were virtually unchanged from the first examination in 
2012, as well as achromatopsia.

The long-term consequences of poisoning on the visu-
al analyser include constriction of the visual field, scoto-
mas, reduced visual acuity and contrast sensitivity, mal-
functions of colour sensitivity to complete blindness.

In a retrospective study conducted by Galvez-Ruiz et al. 
[46,50], out of 50 patients examined after the subsidence 
of acute optic neuropathy, excavation of the optic nerve 
papilla was present in 22 patients. All the patients from the 
cohort had signs of atrophy of the optic nerve and defects 
of the visual field. The authors of the study came to the 
conclusion that excavation following acute methylalcohol 
poisoning may have a higher prevalence than previously 
assumed. Excavation of the papilla is a manifestation of 
the toxic effect of formic acid on axons and glial cells in the 
prelaminar, laminar and retrolaminar regions.

Eight years after the acute damage, our patient also had 
excavation of papillae of 0.7 and 0.8 respectively. Its dee-
pening is not only the result of acute direct loss of axons of 
retinal ganglion cells [55], but also by the long-term effect 
of glutamate on VD. This is documented not only by the 
pronounced loss of VD in our patient, but also the expe-
rimental demonstration of the influence of glutamate on 
the retinal capillaries [56]. Damage to the myelin sheath 
of the optic nerve was described in a study by Sharpe in 
four patients who died of acute methylalcohol poisoning. 
Sharpe observed demyelination of the retrolaminar part of 
the optic nerve, without disruption of axons [41].

Upon acute toxic neuropathy, swelling of the myelin 
sheath leads to compression of the axons and disruption 
of conductivity or complete blockage [57].

Acute demyelination of the optic nerve caused by the 
direct toxic effect of formic acid may lead to axonal de-
generation as a consequence of loss of trophic support 
from myelin, and disruption of the normal interaction of 
axons with myelin [41,57].

Damage to the myelin sheath of the axons of the op-
tic nerve could have taken place only in the acute stage 
of poisoning. Extension of P100 latency of visual evoked 
potential was recorded at a follow-up examination on a 
patient 10 months after discharge from hospital. In the 
following years the finding was normalised. In our case 
report, at the examination in 2020 we did not record any 
signs of demyelination of white brain matter.  

The influence of methylalcohol on retinal potentials 
was investigated in an animal model by Lee et al. and 
Garner et al., who determined a lower amplitude of wave 

b on ERG [58,59].
Similar changes in ERG were recorded by Cigánek et al. 

on 9 patients after consumption of methylalcohol, who 
had changes in the visual fields. They determined a redu-
ction of amplitude of wave b in 30 % of cases. Wave a was 
reduced in 100 % of cases [2].

In our patient a PERG examination demonstrated a 
lower response of the photoreceptors, central retinal 
structures and ganglion cells in the left eye (in compari-
son with the right eye the decrease was by 40 %). In the 
right eye the finding was normal. However, there was an 
extended N95 latency of oscillation bilaterally (to 102 
and 107 ms respectively), which demonstrates damage 
to the axons of the retinal ganglion cells.

Extended latency of VEP reflects the degree of demyelina-
tion of individual axons of the optic nerve (range of demyeli-
nated regions) and the following shortening of latency pro-
vides information about the process of remyelination [60].

In our patient, VEP amplitudes in the right eye were redu-
ced by 50 %, in the left eye the response was virtually absent. 
Extension of P100 latency was recorded only at the first exa-
mination after discharge, in the following years and at the 
time of the last examination we did not record this alteration.

Acute toxic neuropathy of the optic nerve may lead to 
axonal degeneration, both as a consequence of the di-
rect effect of formic acid, and indirectly, as a consequen-
ce of a myelinoclastic effect [41,45].

We demonstrated damage to the RNFL both peripapilla-
ry (with the aid of OCTA) and on the papilla, and also in the 
macular region, which was verified by a pronounced drop 
in VEP amplitudes and extended latency of N95 PERG.

However, in the case of acute toxic neuropathy cau-
sed by formic acid, histotoxic hypoxia may trigger a 
range of biochemical and genetically conditioned me-
chanisms leading to neuronal apoptosis after the subsi-
dence of acute poisoning [61].

With the aid of PERG, we demonstrated alteration of 
the retinal ganglion cells in our patient only in the left 
eye. We explain the pronounced reduction of voxel ac-
tivity of the visual cortex mainly with reference to direct 
toxic damage caused by methylalcohol.

Bilateral necrosis of the basal ganglia, in particular pu-
tamen, and haemorrhagic lesions of subcortical white 
matter are typical findings on CT or MRI of the brain in 
patients who have survived severe methylalcohol poiso-
ning [62,63,64,65,66,67].

Other, less common findings include necrotic changes 
and haemorrhagic lesions in the globus pallidus, nuc-
leaus caudatus in the thalamus, cerebellum and brain 
stem [68,69,70,71,72,73].

Our patient also had post-malatic changes of the dorsal 
parts of the putamen bilaterally upon magnetic resonan-
ce examination.

Results of fMR in patients surviving methylalcohol 
poisoning are not available in the literature. Our patient 
manifested markedly lower voxel activity (depending on 
functional and morphological changes) in the visual pa-
radigm. Damage to the ganglion cells and visual cortex 
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