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Abstract

Introduction In countries where alcoholic beverages are legally prohibited, methanol toxicity usually occurs due

to ingesting homemade alcoholic drinks. The initial ophthalmologic symptoms of methanol toxicity typically appear
6-48 h after ingestion, and the severity of symptoms varies widely from mild and painless decreased vision to no-light
perception vision.

Methods This prospective study examines 20 patients with acute methanol poisoning within 10 days of use. Patients
underwent ocular examinations, BCVA (Best Corrected Visual Acuity) recording, and OCTA (Optical Coherence Tomog-
raphy Angiography) of the macula and optic disc. BCVA measurement and imaging were repeated one month and
three months after intoxication.

Results There was a statistically significant reduction in superficial parafoveal vascular density (P-value =0.026),
inner retinal thickness (P-value =0.022), RNFL (Retinal Nerve Fiber Layer) thickness (P-value =0.031), and an increase
in cup to disc ratio (P-value <0.001), and central visual acuity (P-value =0.002) in this time course. However, there
was no statistically significant difference in FAZ (Foveal Avascular Zone) area (P-value =0.309), FAZ perimeter
(P-value =0.504), FD-300 (Foveal density, vascular density within a 300 um wide region of the FAZ) (P-value =0.541),
superficial vascular density (P-value =0.187), deep foveal vascular density (P-value =0.889), deep parafoveal vascular
density (P-value =0.830), choroidal flow area (P-value = 0.464), total retinal thickness (P-value =0.597), outer retinal
thickness (P-value =0.067), optic disc whole image vascular density (P-value =0.146), vascular density inside the disc
(P-value =0.864), or peripapillary vascular density (P-value =0.680) at different times.

Conclusion Over time, methanol poisoning can cause changes in retinal layers thickness, vasculature, and optic
nerve head. The most important changes include cupping of the optic nerve head, reduction in RNFL thickness, and
inner retinal thickness.

Keywords Methanol, Toxic optic neuropathy, Methanol-induced optic neuropathy, Blindness, OCTA, RNFL, Vascular
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solvent in printing and reproduction solutions, adhe-
sives, paints, polishes, and stabilizers, and these products
are readily available. It is also used as an antifreeze in car
windshield washer solutions and as a diesel additive [2].
During the COVID-19 pandemic, methanol poisoning
rates increased in some countries, along with the sale of
alcohol for disinfection increasing by 14-30% [2]. This
relationship seems to be due to increased ease of access
to non-standard alcohol disinfectants, raised probability
of accidental or intentional consumption of fake alcohol,
and some cultural misconceptions [2, 4].

Methanol can cause severe poisoning if taken orally.
The amount of 30 ml of methanol can be fatal. Although
the lethal dose of methanol is typically between 100—
125 ml [5]. In a study by Aghababaeian, of 768 patients
poisoned by non-standard alcoholic beverages, 96
(12.5%) patients died from all types of alcoholic poison-
ing, and 76 patients died specifically (10.1%) due to meth-
anol poisoning [6].

The effects of methanol poisoning are usually limited
to the nervous system, vision, and gastrointestinal tract.
Visual impairment is the most critical primary symptom
of methanol poisoning called MION (Methanol-Induced
Optic Neuropathy) and starts 12-24 h after exposure.
Visual symptoms can vary from blurred vision to some
permanent complications, such as complete blindness
in 25-33% of patients [7, 8]. Blurred vision, decreased
visual acuity, central scotoma, photophobia, and “snow-
storm” are the most common complaints of patients [9].
Ingestion of 10 ml methanol can cause permanent and
complete vision loss after 10-30 h of consumption or
longer in case of simultaneous consumption with etha-
nol. This happens due to retrolaminar axonal demyelina-
tion, a progressive condition that causes atrophy of the
optic nerve [5, 7]. Methanol poisoning in the eye causes
optic disc hyperemia, which results from methanol-
induced vasodilatation in the retina and brain [10, 11].
Peripapillary retinal and optic disc edema with loss of
physiologic cupping usually occur more slowly than disc
hyperemia [12]. Within a day, the white lines of edema
spread to the retina. The hyperemia of the optic disc
usually subsides within three days; however, the retinal
edema may remain for several weeks. Diminishing of
pathologic changes of the fundus and improvement of
visual acuity occurs 1-2 months after poisoning. How-
ever, 25—40% of the patients may present long-term vis-
ual impairment [13].

Optical Coherence Tomography (OCT) is a non-inva-
sive, high-resolution optical imaging technology that uses
interference between a signal from an object under inves-
tigation and a local reference signal to produce images.
Optical Coherence Tomography Angiography (OCTA)
can produce images of blood flow with the resolution of
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all the retinal vascular layers, diagnosing diseases such as
glaucoma, macular degeneration, and diabetic retinopa-
thy [9, 14].

Due to the lack of a similar study, this study aimed to
evaluate the course of OCTA changes in 20 patients with
methanol toxicity at intervals of 10 days, one month, and
three months.

Materials and methods

This study investigated 20 patients between 15 to 53 years
of age with acute methanol poisoning within 10 days of
consumption. These patients were referred to Nikookari
Ophthalmology Center in Tabriz after receiving the nec-
essary treatments, such as sodium bicarbonate (1-2 meq/
kg bolus and 132 meq infusion for patients with PH<7.3),
ethanol (10 mg/kg), folic acid (50 mg every six hours,
continued for one month), methylprednisolone (1000 mg
daily for three days), erythropoietin (20,000 unit daily for
three days), and hemodialysis. Both eyes of each patient
were examined, and the eye with better OCTA quality
was included in the study. Of 20 eyes, 13 were right eyes,
and seven were left. This study started in April 2020 and
continued for six months. All patients underwent clinical
ophthalmic examinations, including BCVA based on log-
MAR (Minimum Angle of Resolution), slit lamp exami-
nation, detailed fundus examination, and OCTA of the
macula and optic nerve head. OCTA was repeated one
month and three months after poisoning. Imaging was
done by an Opto-Vue OCT device, which can produce
images (3 mm x 3 mm) of the macula with a foveal center.
Each OCT angiography device contains 304 x 304 pixels
resulting from the intersection of vertical and horizontal
B-scan images. OCTA images were evaluated by a retina
specialist in terms of segmentation accuracy and image
quality. OCTA measures the FAZ (Foveal Avascular
Zone) area, FAZ perimeter, FD-300 (foveal density, vas-
cular density within a 300 pm wide region of the FAZ),
superficial and deep foveal vascular density, superficial
and deep parafoveal vascular density, choroidal flow area,
total retinal thickness, inner and outer retinal thickness,
optic disc whole image vascular density, vascular density
inside the disc, peripapillary vascular density, cup to disc
ratio, RNFL (Retinal Nerve Fiber Layer) thickness. Dur-
ing the follow-up, The visual acuity of each patient was
recorded, and its time course was evaluated.

Exclusion criteria were as follows: patients with a poor
general condition, retinal pathologies such as retinal dys-
trophies, trauma, pathological myopia (spherical equiva-
lence>6D), history of uveitis, hypertension, diabetic
retinopathy and papillopathy, history of retinal surgeries,
and patients whose OCTA image did not have the appro-
priate quality.
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Due to the quantitative variables during the time
period (three points) and the comparison of these
periods, we analyzed the standard deviation and mean
using repeated measures one-way ANOVA test. We
analyzed the data using IBM SPSS Statistics for Win-
dows, version 23 (IBM Corp., Armonk, N.Y., USA) sta-
tistical software and considered the significance level at
P=0.05.

In this study, we considered all the ethical principles
by confirmation of the ethical committee of Tabriz Uni-
versity of medical science (IR TBZMED.REC.1399.404).
The study was performed in accordance with the Hel-
sinki Declaration. All patients obtained full knowledge
of this study by reading the informed consent form and
confirming it. Patients were not charged for obtaining
OCTA images.

Results

Twenty patients with methanol poisoning were exam-
ined, of which three (15%) were women and 17
(85%) were men. The average age of the patients was
34.96 £+ 12.34, the youngest was 15 years and the oldest
was 53 years.

According to Table 1 and statistical data and tests,
there was no statistically significant difference in FAZ
area (P-value=0.309), FAZ perimeter (P-value=0.504),
FD-300 (foveal density, vascular density within a 300 pm
wide region of the FAZ) (P-value = 0.541), superficial vas-
cular density (P-value=0.187), deep foveal vascular den-
sity (P-value=0.889), deep parafoveal vascular density
(P-value =0.830), choroidal flow area (P-value=0.464),
total retinal thickness (P-value=0.597), outer retinal
thickness (P-value=0.067), optic disc whole image vas-
cular density (P-value=0.146), vascular density inside
the disc (P-value =0.864), peripapillary vascular density
(P-value =0.680) at different times. However, there was
statistically significant decrease in superficial parafoveal
vascular density (P-value=0.026), inner retinal thick-
ness (P-value =0.022), RNFL thickness (P-value =0.031)
and central visual acuity (P-value=0.002) and signifi-
cant increase in cup to disc ratio (P-value<0.001), in
time course. In other words, according to our findings
and a statistically significant difference in inner retinal
thickness three months after poisoning, we have seen
a decrease in the retinal thickness between the internal
limiting membrane and the external limiting membrane
of the patients’ eyes. The rise in optic disc cupping par-
allels the decrease of the retinal nerve fiber layer thick-
ness. Central visual acuity of the patients based on the
logMAR decreased, which means relative recovery after
poisoning.
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Discussion

Methanol poisoning can be lethal and has catastrophic
visual effects. The recent methanol poisoning outbreak
during the Covid-19 pandemic was the most signifi-
cant methanol poisoning in Iran and the world. Visual
symptoms due to methanol poisoning might appear
hours after ingestion, ranging from a progressive
decrease in vision to dyschromatopsia, scotoma, and
photophobia [15].

Similar to previous studies, 80% of poisoned patients
were males, while 20% were females [6, 16]. The higher
occurrence of poisoning in men may be due to the more
frequent consumption of alcoholic beverages in greater
volumes than in women [17]. Another reason to be con-
sidered is more risky behaviors in men [18].

We found that superficial parafoveal vascular density
decreased in patients with methanol toxicity, but there
were no significant changes in deep parafoveal, peri-
papillary, and inside disc vascular density. On the other
hand, there was a significant decrease in inner retinal
thickness, which can be a reason for the lower superficial
parafoveal vascular density. However, Abri Aghdam et al.
[19] reported that inside disc and peripapillary vessel
density were significantly lower in patients with metha-
nol-induced optic neuropathy compared to normal indi-
viduals after six months of poisoning. These differences
may be due to population size and length of follow-up,
and age. Nevertheless, the cause of this distribution of
changes in different regions of the retina is unclear and
more studies are recommended in this field (Fig. 1).

In two studies by Klein and Hedges [2] and Shin and
Uhm [20] the RNFL thickness after methanol poison-
ing decreased bilaterally around the optic disc, and as
the axonal inflammation resolved, the RNFL got thin.
Nurieva et al. [21] showed that ethanol administration
and a higher rate of formate elimination were associated
with higher RNFL thickness. The present study con-
firmed previous reports that the RNFL thickness signif-
icantly decreases after poisoning. In a recent study, the
cause of this decrease was attributed to changes in the
optic disc and radial peripapillary capillary (RPC) ves-
sel density [19]. According to Galvez-Ruiz et al. [16], all
patients with methanol toxicity had optic nerve atro-
phy, and almost half of the patients had cupping (cup
to disc ratio) more than 0.8 at least in one eye after one
month. Cup to disc ratios in our study increased signifi-
cantly in three months. However, there was no increase
in the first month after poisoning, and the means of the
cup to disc ratio of the patients’ eyes in three months
follow-up was lower than 0.8, but it may increase with
longer follow-ups. One of the possible causes of cup-
ping in severe methanol poisoning can be due to the
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Table 1 OCTA results and central visual acuity at different times and their related data

Variable Time Mean Standard deviation P-value

Superficial foveal vascular density (%) First 10 days 20.27 +7.65 0.187
1 month later 21.34 +9.04
3 months later 16.22 +10.39

Deep foveal vascular density (%) First 10 days 40.06 +733 0.889
1 month later 40.88 +8.70
3 months later 36.85 +8.06

Superficial parafoveal vascular density (%) First 10 days 49.03 +371 0.026
1 month later 48.96 +3.81
3 months later 45.59 +4.67

Deep parafoveal vascular density (%) First 10 days 5175 +3.91 0.830
1 month later 54.44 +3.64
3 months later 56.49 +202

Optic disc whole image vascular density (%) First 10 days 41.93 +341 0.146
1 month later 41.38 +4.01
3 months later 3867 +7.58

Vascular density inside the disc (%) First 10 days 43.20 +3.05 0.864
1 month later 42.64 +4.25
3 months later 43.12 +6.00

Peripapillary vascular density (%) First 10 days 41.98 +421 0.680
1 month later 41.66 +4.83
3 months later 39.89 +9.16

Foveal avascular zone area (mm?) First 10 days 0.20 +0.06 0.309
1 month later 0.19 +0.07
3 months later 0.21 +0.08

Foveal avascular zone perimeter First 10 days 1.78 +027 0.540
1 month later 1.75 +0.36
3 months later 1.78 +0.38

Foveal density (FD-300) First 10 days 49.69 +392 0.541
1 month later 51.99 +3.09
3 months later 5049 +339

Choroidal flow area (mm?) First 10 days 0.49 +0.30 0.464
1 month later 046 +0.25
3 months later 042 +021

Total retinal thickness (um) First 10 days 253,64 + 1442 0.597
1 month later 25336 +18.68
3 months later 246.00 +1991

Inner retinal thickness (um) First 10 days 46.82 +13.13 0.022
1 month later 4791 +14.10
3 months later 3591 +19.34

Outer retinal thickness (um) First 10 days 206.82 +1141 0.067
1 month later 205.18 +11.49
3 months later 210.09 +1262

Cup to disc ratio First 10 days 0.15 +0.11 0.001 >
1 month later 0.14 +0.12
3 months later 032 +022

Retinal nerve fiber layer thickness (pm) First 10 days 116.00 +36.69 0.031
1 month later 113.91 +41.05

3 months later 74.73 +42.71
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Table 1 (continued)
Variable Time Mean Standard deviation P-value
Central visual acuity (logMAR) First 10 days 2.70 +191 0.002

1 month later 1.1 +0.56

3 months later 1.02 +0.69

foveal avascular zone)

toxic effect of methanol metabolites such as formic acid
on the mitochondria of prelaminar astrocytic glial cells
and retrolaminar oligodendrocytes, which results in the
loss of axons and other cells in the prelaminar region
[16]. Loss of axons and cells in the prelaminar region in
arteritic AION disease also leads to cupping. However,
the loss of axons and cells in arteritic AION disease is
due to ischemia, but in methanol poisoning, it is caused
by mitochondrial dysfunction due to toxic metabolites
[22]. In mild cases, cupping occurs less often, which is
due to the insufficient amount of toxic substances to
destroy the substantial astrocyte cells [23]. The central
visual acuity examination in the three-month follow-
up showed improvement relative to the acute phase,
which may be due to the detxification. Furthermore,
the central vision relative to the peripheral was improv-
ing because the central ganglion cells are more resist-
ant than peripheral cells. With long-term follow-up,
the final central visual acuity will probably get worse
and decrease. Nurieva et al. [21] reported that acute

Fig. 1 OCTA images (A Superficial vessel dinsity, B Inner thickness, C radial

peripapillary capillary, D radial peripapillary capillary vessel density, E

retinal ganglion cell injury by methanol was followed by
chronic neurodegeneration and progressive axonal loss
in up to 25% of the patients.

Limitations of this study were its small sample size, lack
of analysis between different retinal and demographic
variables, short study duration, lack of investigation and
analysis of the severity of poisoning and the blood level
of methanol and its metabolites with clinical results and
OCTA changes. Also, in this study, it was not possible
to consider confounders. Therefore, studies with larger
sample sizes and a more extended follow-up period are
required to obtain better results with greater reliability.

Conclusions

Methanol poisoning can cause changes in the retinal lay-
ers and vessels and the optic nerve head. Optic nerve
head cupping, reduction in RNFL thickness and inner
retinal thickness are the most important results of this
study. These changes happened over time, so it is necessary
to follow up the patients for longer.
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Abbreviations

BCVA Best corrected visual acuity

OCTA Optical coherence tomography angiography

RNFL Retinal nerve fiber layer

FAZ Foveal avascular zone area

FD-300 Foveal density, vascular density within a 300 um wide region of
the FAZ

COVID-19  Coronavirus Disease 2019

MION Methanol-induced optic neuropathy

oCcT Optical coherence tomography

OCTA Optical coherence tomography angiography
RPC Radial peripapillary capillary

Acknowledgements
We thank the Nikookari hospital of Tabriz and the Tabriz University of Medical
sciences.

Authors’ contributions

M.N. carried out the OCTA and ophthalmic examinations, A.J. wrote the first
draft, M.H. collected data, and M.A. revised the draft. The final manuscript was
read and approved by all authors.

Funding
This study was not funded by any particular organization, company, etc.

Availability of data and materials
We present all available data in this article and if more explanations are
needed, contact the corresponding author.

Declarations

Ethics approval and consent to participate

The medical ethics committee of Tabriz University of medical science
approved this study with ethics ID: IRTBZMED.REC.1399.404. This study was
conducted in accordance with the principles outlined in the Declaration of
Helsinki. Also, informed consent was obtained from all subjects and/or their
legal guardian(s) to publish the study results.

Consent for publication
Written informed consent for publication was obtained to publish the results
of evaluations and their data from all patients who participated in this study.

Competing interests
The authors declare no competing interests.

Received: 7 January 2023 Accepted: 21 April 2023
Published online: 25 April 2023

References

1. Klein KA, Hedges TR. Optical Coherence Tomography and Optic
Nerve Edema. In: Grzybowski A, Barboni P. eds. OCT in Central Nerv-
ous System Diseases. Cham: Springer; 2016. https://doi.org/10.1007/
978-3-319-24085-5_3.

2. Neufeld M, Lachenmeier DW, Ferreira-Borges C, Rehm J. Is alcohol an
“Essential Good" during COVID-19? Yes, but only as a disinfectant! Alcohol
Clin Exp Res. 2020;44(9):1906-9.

3. Aghababaeian H, Hamdanieh L, Ostadtaghizadeh A. Alcohol intake
in an attempt to fight COVID-19: a medical myth in Iran. Alcohol.
2020;88:29-32.

4. Arasteh P, Pakfetrat M, Roozbeh J. A surge in methanol poison-
ing amid COVID-19 pandemic: why is this occurring? Am J Med Sci.
2020;360(2):201.

5. Pakravan M, Sanjari N. Erythropoietin treatment for methanol optic
neuropathy. J Neuroophthalmol. 2012;32(4):325-8.

6. Aghababaeian H, AraghiAhvazi L, Ostadtaghizadeh A. The methanol
poisoning outbreaks in Iran 2018. Alcohol Alcohol. 2019;54(2):128-30.

Page 6 of 6

7. OnderF, llker S, Kansu T, Tatar T, Kural G. Acute blindness and putaminal
necrosis in methanol intoxication. Int Ophthalmol. 1998;22(2):81-4.

8. Waisberg E, Micieli JA. Neuro-ophthalmological optic nerve cupping: an
overview. Eye and Brain. 2021;13:255.

9. Spaide RF, Fujimoto JG, Waheed NK, Sadda SR, Staurenghi G. Optical
coherence tomography angiography. Prog Retin Eye Res. 2018;64:1-55.

10. Lestak J, Diblik P, Zacharov S, Fis M, Kyn¢l M, Tintéra J, et al. Late func-
tional and morphological findings after methylalcohol poisoning. Cesk
Slov Oftalmol. 2020;76(6):278-85.

11. Ziegler SL. The ocular menace of wood alcohol poisoning. Br J Ophthal-
mol. 1921;5(8):365.

12. Ingemansson SO. Clinical observations on ten cases of methanol poison-
ing with particular reference to ocular manifestations. Acta Ophthalmol.
1984,62(1):15-24.

13. Nurieva O, Hubacek JA, Urban P, Hlusicka J, Diblik P, Kuthan P, et al. Clini-
cal and genetic determinants of chronic visual pathway changes after
methanol-induced optic neuropathy: four-year follow-up study. Clin
Toxicol. 2019;57(6):387-97.

14. Podoleanu AG. Optical coherence tomography. Br J Radiol.
2005,78(935):976-88.

15. Souza Monteiro de Araujo D, Brito R, Pereira-Figueiredo D, dos Santos-
Rodrigues A, De Logu F, Nassini R, et al. Retinal toxicity induced by chemi-
cal agents. Int J Mol Sci. 2022;23(15):8182.

16. Galvez-Ruiz A, Elkhamary SM, Asghar N, Bosley TM. Cupping of the optic
disk after methanol poisoning. Br J Ophthalmol. 2015;99(9):1220-3.

17. White AM. Gender differences in the epidemiology of alcohol use
and related harms in the United States. Alcohol Res Curr Reviews.
2020;40(2):01.

18. Kritsotakis G, Psarrou M, Vassilaki M, Androulaki Z, Philalithis AE. Gender
differences in the prevalence and clustering of multiple health risk
behaviours in young adults. J Adv Nurs. 2016;72(9):2098-113.

19. Abri Aghdam K, Aghajani A, Razi-Khosroshahi M, SoltanSanjari M, Chai-
bakhsh'S, Falavarjani KG. Optical coherence tomography angiography
and structural analyses of the pale optic discs: is it possible to differenti-
ate the cause? Curr Eye Res. 2021;46(12):1876-85.

20. Shin YW, Uhm KB. A case of optic nerve atrophy with severe disc cupping
after methanol poisoning. Korean J Ophthalmol. 2011;25(2):146-50.

21. Nurieva O, Diblik P, Kuthan P, Sklenka P, Meliska M, Bydzovsky J, et al.
Progressive chronic retinal axonal loss following acute methanol-induced
optic neuropathy: four-year prospective cohort study. Am J Ophthalmol.
2018;191:100-15.

22. Danesh-Meyer HV, Savino PJ, Sergott RC. The prevalence of cupping in
end-stage arteritic and nonarteritic anterior ischemic optic neuropathy.
Ophthalmology. 2001;108(3):593-8.

23. Hassanpoor N, Niyousha M. Severe optic disc cupping following the
methanol toxicity in a 20-year-old man: a case report. Iran J Med Sci.
2021;46(5):395.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1007/978-3-319-24085-5_3
https://doi.org/10.1007/978-3-319-24085-5_3

	Time course study of optical coherence tomography angiography in patients with methanol induced optic neuropathy
	Abstract 
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


