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Abstract
Aim: The aim of this study was to identify the early radiological ﬁndings detected in patients diagnosed with methanol intoxication and to investigate the relationship between the presence and
extent of these ﬁndings and the prognosis. Methods: The clinical and early radiological ﬁndings of
patients who presented at the emergency department with sudden-onset complaints and were
diagnosed with methanol intoxication were evaluated. The patients were grouped according to
the radiological ﬁndings and compared in terms of methanol levels at presentation, severity of
metabolic acidosis and clinical outcomes. Results: In this study, 45 patients (41 [91.1%] males) with
a mean age of 51.6 ± 13.6 years were evaluated. The most common symptom was vision loss
(N = 25; 55.6%). Pathological eﬀects were detected in 18 (40%) patients (Group I) using CT and
MRI, whereas 27 patients (60%) (Group II) had normal imaging ﬁndings. The number of patients
with sequelae or death in Group I (N = 18; 100%) was signiﬁcantly higher than in Group II (N = 9;
33.3%) (P < 0.001). Conclusion: Radiological imaging ﬁndings obtained in the early period can reveal
pathology and predict prognosis in methanol intoxication. Patients with radiological ﬁndings have
a worse prognosis than those without positive imaging ﬁndings.

Souhrn
Cíl: Cílem této studie bylo popsat časné radiologické nálezy u pacientů s diagnostikovanou intoxikací
metanolem a zjistit vztah mezi přítomností a rozsahem těchto nálezů a prognózou. Metody: Hodnoceny
byly klinické a časné radiologické nálezy u pacientů, kteří se dostavili na pohotovost s náhlými obtížemi,
a následně u nich byla diagnostikována intoxikace metanolem. Pacienti byli rozděleni do skupin podle
radiologického nálezu a porovnáni podle hladiny metanolu při příjmu, stupně závažnosti metabolické
acidózy a klinických výsledků. Výsledky: Do studie bylo zařazeno 45 pacientů (41 [91,1 %] mužů), jejichž
průměrný věk byl 51,6 ± 13,6 let. Nejčastějším symptomem byla ztráta zraku (n = 25; 55,6 %). Vyšetření
pomocí CT a MR zjistilo patologické změny u 18 (40 %) pacientů (skupina I), u 27 pacientů (60 %) (skupina
II) byly nálezy zobrazovacích metod normální. Počet pacientů, u nichž intoxikace vedla k následkům či
smrti, byl signiﬁkantně vyšší ve skupině I (n = 18; 100 %) než ve skupině II (n = 9; 33,3 %) (p < 0,001). Závěr:
Nálezy radiologických vyšetření provedených v časné fázi mohou u pacientů po intoxikaci metanolem
odhalit patologie a pomoci určit prognózu. Prognóza pacientů s radiologickým nálezem je horší než
u pacientů bez pozitivního nálezu.

Introduction
Methanol is a colourless and odourless substance used in the production of industrial
solvents and antifreeze solutions, and it tastes similarly to ethanol [1]. Methanol intoxication occurs due to oral intake, inhalation
or transdermal exposure to methanol by accident or for suicide purposes [2,3]. Metha-
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nol itself is non-toxic substance and when
taken orally, it is quickly absorbed through
the intestines within 30–60 min, in a similar
way to ethanol. Substances (formic acid and
formaldehyde) that are produced by the liver
as a result of methanol toxicity cause metabolic acidosis within 24 h [4]. Symptoms in
the early period of methanol intoxication are
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non-speciﬁc and can include mild or severe
headache, nausea and/or vomiting, and abdominal pain. The metabolization of methanol and the increase in the blood levels of
toxic substances lead to the development
of confusion, vision impairment, loss of consciousness and eventually death due to respiratory system depression [5]. Formic acid
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and formaldehyde may cause degenerative
demyelization of the optic nerve and retinal
toxicity. Therefore, optic nerve damage and
related neurological symptoms are common
in methanol intoxication [6].
Some patients are discharged with full recovery at the end of their treatment, but in
others, despite the use of appropriate treatment methods, loss of vision, neurological
sequelae (Parkinsonism symptoms such as
tremor, hypokinesia, rigidity and paralysis)
or even death may occur. From the studies
in the literature, a number of poor prognostic factors have been identified and it has
been concluded that the early diagnosis and
treatment are important for favourable clinical outcomes in methanol intoxication [7,8].
According to the literature, necrosis in the
basal ganglia (especially the putamen and
globus pallidus) may be evidence that the
toxic metabolite of methanol tends to accumulate and is the most commonly detected
radiologic ﬁnding in methanol intoxication.
In addition, necrosis of other structures (e. g.,
white and grey matter) in the brain has been
observed in severe cases. There is no clear
consensus on the role of radiological imaging in the early period (within the ﬁrst week)
in determining prognosis in methanol intoxication [9,10]. This study aimed to identify the
early radiological ﬁndings in patients diagnosed with methanol poisoning and to investigate the relationship between the presence and extent of these ﬁndings and the
clinical outcomes.

Materials and methods
Participants
In this study, the clinical and early radiological ﬁndings (within the ﬁrst week of presentation) of 45 consecutive patients who presented at the emergency department of our
hospital with sudden-onset complaints and
were diagnosed with methanol intoxication between April 2014 and July 2019 were
evaluated retrospectively. Patients who had
received any treatment for methanol intoxication before the imaging process were excluded from the study.

consciousness) were recorded. During laboratory tests, an arterial blood gas analysis
was performed and blood methanol levels
were measured. The diagnosis of methanol
intoxication was undertaken based on clinical ﬁndings accompanied by a blood methanol level of ≥ 10 mg/dL. Other toxic conditions (e. g., carbon monoxide inhalation and
acute cyanide intoxication) that could lead
to the clinical manifestation were ruled out
by laboratory tests.

Imaging methods
All patients in the study underwent noncontrast-enhanced CT of the brain (Toshiba
Aquilion Prime, Otawara, Japan) at the emergency department at the time of presentation. The patients with pathologies detected
on the CT images and those without pathology but with symptoms that did not subside
within the ﬁrst week of treatment also underwent 3.0 T (Ingenia, Philips Medical Systems, Best, Amsterdam, the Netherlands) or
1.5 T (Signa, GE Medical Systems, Milwaukee, WI, USA) MRI of the brain and orbit
without contrast enhancement. Any abnormal signal intensity in the brain and orbit
were evaluated by an experienced neuroradiologist in conventional sequences (T1weighted images [T1WI], T2-weighted images [T2WI] and ﬂuid attenuated inversion
recovery [FLAIR]) and diffusion weighted
imaging [DWI]).

Treatment and follow-up
All patients were placed under observation at the emergency department at presentation. Fomepizole was administered to
all patients. A haemodialysis was applied in
patients in whom metabolic acidosis with
the increased anion gap (cut-oﬀ value of
pH: < 7.35 and anion gap: > 12 ± 2 meq/L)
was detected in the blood gas test. The patients were treated and followed up at the
intensive care service. After discharge following treatment, the patients were clinically evaluated by a neurologist and an
ophthalmologist. The clinical data of the patients were screened from the hospital’s patient information system and recorded.

Clinical evaluation
At the time of presentation, all patients were
questioned about their alcohol consumption (within the past week) before the development of their complaints. Symptoms
that may be associated with methanol intoxication (headache, dizziness, nausea, vomiting, abdominal pain, vision loss and loss of

Cesk Slov Ne urol N 2021; 84/ 117(5): 442– 448

Patient grouping
The patients were grouped according to the
pathological ﬁndings obtained from the CT
and MRI. The patients with putamen necrosis and additional accompanying pathologies (globus pallidus, thalamus, white matter and cortex necrosis, and parenchymal

and/or subarachnoid haemorrhage) were
included in Group I, while those with normal
imaging ﬁndings were included in Group II.
The patients in Group I and Group II were
compared in terms of methanol levels at
presentation, severity of metabolic acidosis
and clinical outcomes.

Statistical analysis
The demographic information and clinical characteristics of the patients were expressed as descriptive statistical data. Quantitative data showing normal distribution
were obtained as mean and standard deviation, while median and maximum-minimum
values were used to present quantitative
data without normal distribution. Qualitative
data were summarized as numbers and percentages. The variables were comparatively
evaluated between Groups I and II using the
chi-square (Fisher’s exact) test. A P-value of
less than 0.05 was considered statistically
signiﬁcant. TURCOSA software (Turcosa Analytics Ltd. Co., Kayseri, Turkey) was used for
statistical analyses.

Results
The set consisting of 45 patients (41 [91.1%]
males) with a mean age of 51.6 ± 13.6 years
was evaluated. When the clinical histories of
the patients over the past 24 h were questioned, 43 (95.6%) had consumed alcohol,
1 (2.2%) had ingested spirit by an accident,
and 1 (2.2%) had ingested antifreeze solution for the purpose of suicide. The symptoms at presentation were headache (N = 4;
8.9%), nausea and/or vomiting (N = 3; 6.7%),
vision loss (N = 25; 55.6%) and loss of consciousness (N = 13; 28.9%). On the CT and
MRI, the pathological ﬁndings were compatible with methanol intoxication in 18 (40%)
patients (Group I), whereas 27 patients (60%)
(Group II) had normal imaging ﬁndings.
The ﬁrst treatment was undertaken in all
patients at the emergency department; haemodialysis was performed in 38 patients
(84.4%) (Group I: N = 18; 100% and Group
II: N = 19; 70.4%) due to metabolic acidosis.
The arterial blood gas analysis conducted
at presentation revealed the mean pH value
of 7.05 ± 0.09 for Group I and 7.22 ± 0.24 for
Group II. There was a signiﬁcant diﬀerence
between the two groups in terms of the pH
values (P = 0.003). The mean pCO2 value was
37.6 ± 16.2 kPa for Group I and 41.5 ± 16.2 kPa
for Group II. There was no signiﬁcant diﬀerence between the two groups in terms of
the pH values (P = 0.184). The median meth-
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anol levels of Groups I and II were 44.9 (8.9–
202) mg/dL and 17 (10–289) mg/dL, respectively, indicating no significant difference
(P > 0.05). The demographic information
and clinical characteristics of the patients are
summarized in Tab. 1. In Group I, 14 (77.8%) of
the patients were imaged using MRI of the
brain and orbit in addition to the brain CT.
The remaining four patients (22.2%) could
not be evaluated by MRI due to their unstable clinical condition. The imaging of Group
I revealed isolated putamen necrosis (increased signal in T1WI, T2WI and FLAIR images) in 3 patients (16.7%) (Fig. 1), basal ganglia necrosis (increased signal in T1WI, T2WI
and decreased diﬀusion in DWI especially
in the lentiform nucleus) in four patients
(22.2%) and diffuse cerebral necrosis (increased signal in T1WI, T2WI and decreased
diﬀusion in DWI in basal ganglia necrosis
and subcortical white matter) in 10 patients
(55.6%) (Fig. 2). Three patients with diﬀuse
cerebral necrosis (16.7%) were also found
to have subarachnoid haemorrhage on the
brain CT (Fig. 3). Isolated diﬀusion restriction
of the optic nerve was found in one patient
(5.6%), while other patients with vision loss
had normal ﬁndings for the optic nerves in
DWI (Fig. 4).
Death occurred in seven (38.9%) patients
in Group I during their treatment at the
emergency department. Another seven patients (38.9%) were discharged with isolated
vision loss and four (22.2%) with vision loss

A

Tab. 1. Demographic and clinical characteristics of patients treated and followed up
due to methyl alcohol intoxication.
Total
N = 45

Group I
N = 18

Group II
N = 27

51.6 ± 13.6

51.6 ± 11.6

51.6 ± 15.1

41 (91.1%)

17 (94.4%)

24 (88.9%)

4 (8.9%)

1 (5.6%)

3 (11.1%)

headache

4 (8.9%)

–

4 (14.8%)

nausea and/or vomiting

3 (6.7%)

1 (5.6%)

2 (7.4%)

vision loss

25 (55.6%)

10 (55.6%)

15 (55.6%)

loss of consciousness

13 (28.9%)

7 (38.9%)

6 (22.2%)

Features
age, years, mean ± SD

P

sex, N (%)
male
female
symptoms at presentation, N (%)

laboratory tests
methyl alcohol, mg/dL, median (min–max) 29 (10-289) 44.9 (10-202) 17 (10-289) > 0.05
arterial blood gas
pH, mean ± SD
pCO2, kPa, mean ± SD

7.1 ± 0.18

7.05 ± 0.09 7.22 ± 0.24

0.003

37.6 ± 16.2 41.5 ± 16.2 34.9 ±1 5.9

0.184

N – number; SD – standard deviation

and neurological sequelae at the end of
their treatment.
All three patients with isolated putamen
necrosis were found to have vision loss at
the end of their treatment. Of the patients
with detected putamen and globus pallidus
necrosis, three (75%) had visual impairment

B

and one had neurological sequelae (25%) at
the end of treatment.
Seven of the patients with diﬀuse cerebral
necrosis (70%) died during their treatment at
the emergency department and three (30%)
had visual loss and neurological sequelae
at the end of their treatment. All three pa-

C

Fig. 1. The brain MRI images of a 37-year-old male patient who developed vision loss after alcohol consumption. The T1-weighted (A),
T2-weighted (B), and FLAIR (C) sequences reveal bilateral putamen necrosis and increased signal at the putamen level (methanol level:
58.3 mg/dL, arterial blood gas pH: 7.01, pCO2: 28 kPa). Vision loss was present at the time of discharge from the hospital.
FLAIR – ﬂuid attenuated inversion recovery
Obr. 1. Snímky z MR mozku 37letého pacienta, u kterého došlo ke ztrátě zraku po požití alkoholu. T1 vážená sekvence (A), T2 vážená
sekvence (B) a sekvence FLAIR (C) ukazují oboustrannou nekrózu putamen a zvýšený signál v oblasti putamen (hladina metanolu:
58,3 mg/dl, vyšetření arteriálních krevních plynů – pH: 7,01, pCO2: 28 kPa). Při propuštění u pacienta přetrvávala ztráta zraku.
FLAIR – ﬂuid attenuated inversion recovery
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A

B

C

Fig. 2. The brain MRI images of a 58-year-old male patient that presented to the emergency department due to headache that developed after alcohol consumption. At the level of the basal ganglia, findings were normal in the T2-weighted (A) sequence but clearly
distinguished in the diffusion-weighted image (B) and ADC mapping (C) (methanol level: 9. 7 mg/dL, arterial blood gas pH: 7.33, pCO2:
31.4 kPa). Vision loss was present at the time of discharge.
ADC – apparent diﬀusion coeﬃcient
Obr. 2. Snímky z MR mozku 58letého pacienta, který se dostavil na pohotovost kvůli bolesti hlavy po požití alkoholu. Nálezy v oblasti
bazálních ganglií byly v T2 vážené sekvenci (A) normální, ale na difúzí vážených obrazech (B) a v mapách ADC (C) měla bazální ganglia
restrikci difúze (hladina metanolu: 9,7 mg/dl, vyšetření arteriálních krevních plynů – pH: 7,33, pCO2: 31,4 kPa). Při propuštění u pacienta
přetrvávala ztráta zraku.
ADC – aparentní difuzní koeﬁcient
Fig. 3. The brain CT images of a 67-year-old male patient who developed vision loss
after alcohol consumption. Diffuse parenchymal hypodensity in the basal ganglion
and subcortical white matter, parenchymal and subarachnoid hemorrhage revealed by
CT images (methanol level: 202 mg/dL, arterial blood gas pH: 6.95, pCO2: 49.7 kPa). The
patient died during treatment.
Obr. 3. Snímky z CT mozku 67letého pacienta, u kterého došlo ke ztrátě zraku po požití
alkoholu. Snímky ukazují difúzní parenchymální hypodenzity v oblasti bazálních ganglií
a subkortikální bílé hmoty, parenchymální a subarachnoidální krvácení (hladina metanolu:
202 mg/dl, vyšetření arteriálních krevních plynů – pH: 6,95, pCO2: 49,7 kPa). Pacient
v průběhu léčby zemřel.

tients with diﬀuse cerebral necrosis and subarachnoid haemorrhage died. The imaging
ﬁndings of the patients in Group I and their
clinical status at the time of discharge are
summarized in Tab. 2.
In Group II, three of the patients (11.1%)
died during the treatment at the emergency
department. Six (22.2%) patients had vision
loss at the end of their treatment. In these
patients, in addition to CT, MRI was performed but did not reveal any ﬁndings consistent with methanol intoxication or any pathology that could have caused vision loss.
Eighteen of the patients in Group II (66.7%)
recovered fully and were discharged.
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Among the methanol intoxication patients that were treated and followed up,
sequelae (N = 17; 37.8%) or death (N = 10;
22.2%) occurred in 27 patients (60%), regardless of the group. When the patients were evaluated according to groups,
the number of patients with sequelae or
death in Group I (N = 18; 100%) was signiﬁcantly higher than in Group II (N = 9; 33.3%)
(P < 0.001).

Discussion
In this study, 45 patients with methanol intoxication were evaluated by radiological
imaging in the early period. When the patients were divided into two groups according to the presence/absence of pathological
ﬁndings on radiological imaging, there was
a significant difference between the two
groups in terms of the clinical prognosis of
patients (P < 0.001).

The majority of the patients with methanol intoxication (95.6%) had consumed alcohol within the last 24 h. According to studies
in the literature, the aetiology of methanol
intoxication in Turkey is mostly due to the
consumption of alcohol produced illegally.
In Turkey, the price of methanol is much
lower than that of ethanol and therefore it
is often used for the illegal production of liquor. Since illegal liquor is batch-produced
and distributed to a certain region, methanol intoxication is generally seen in the
form of epidemics [11,12]. The most common symptom was vision loss (55.6%). Even
at very low blood methanol levels, such as
10 mg/dL, methanol intoxication may cause
visual loss due to degenerative demyelization in the optic nerve and retinal toxicity. Therefore, optic nerve damage and related neurological symptoms are common
in methanol intoxication [6].
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A

B

C

Fig. 4. The brain MRI images of a 59-year-old male patient referred to the emergency department due to loss of consciousness after
alcohol consumption. The hypointensity in the basal ganglia revealed by the T1-weighted (A) image and hyperintensity and diffusion
restriction in the basal ganglia and subcortical white matter revealed by FLAIR (B) and diffusion-weighted (C) images are consistent
with diffuse cerebral necrosis (methanol level: 23.4 mg/dL, arterial blood gas pH: 7.21, pCO2: 31.9 kPa). Neurological sequelae and
vision loss were present at the time of discharge.
FLAIR – ﬂuid attenuated inversion recovery
Obr. 4. Snímky z MR mozku 59letého pacienta odeslaného na pohotovost z důvodu ztráty vědomí po požití alkoholu. Hypointenzity
v oblasti bazálních ganglií zjištěné v T1 vážené sekvenci (A) a hyperintenzity spolu s restrikcí difúze v oblasti bazálních ganglií a
subkortikální bílé hmotě zjištěné v sekvenci FLAIR (B) a na difúzí vážených obrazech (C) odpovídají difúzní mozkové nekróze (hladina
metanolu: 23,4 mg/dl, vyšetření arteriálních krevních plynů – pH: 7,21, pCO2: 31,9 kPa). Při propuštění u pacienta přetrvávaly ztráta
zraku a neurologické následky.
FLAIR – ﬂuid attenuated inversion recovery

In a multicentre study, Vaneckova et al
evaluated 46 patients who were treated and
followed up due to methanol intoxication.
For the evaluation of sequelae in the late period, brain imaging was performed in 42 patients (91.3%) using MRI and 4 patients (8.7%)
using CT. According to the imaging results,
21 patients (45.6%) had pathological ﬁndings [13]. In the current study, 18 patients
(40%) with methanol intoxication had pathological ﬁndings revealed by early radiological imaging. Seﬁdbakht et al evaluated nine
patients, who were treated and followed up
due to methanol intoxication, by radiological imaging in the early period. According to
the imaging results, haemorrhagic or nonhaemorrhagic necrosis in the putamen was
present in four patients; diﬀuse cerebral hypodensity and concomitant subarachnoid
haemorrhage in one patient; and necrosis in the bilateral basal ganglia, white matter and bilateral occipital cortex in another
patient [9]. The distribution of pathological ﬁndings detected in the current study
was similar, with the most common ﬁnding
being basal ganglia necrosis. The most common pathological ﬁnding in methanol intoxication is necrosis of the basal ganglia, especially that of the putamen. This is because
formic acid, which is the toxic metabolite of
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methanol, tends to accumulate in the basal
ganglia and inhibits the cytochrome C oxidase enzyme, causing a hypoxic eﬀect [14].
Necrosis of the basal ganglia detected in different diseases, including other intoxications
(carbon monoxide inhalation), metabolic
diseases (renal dysfunction), mitochondriopathies (Leigh’s disease) and neurodegenerative changes (Wilson’s disease), is non-speciﬁc ﬁnding. However, diﬀerential diagnosis
can easily be made with the detection of
acute metabolic acidosis together with
a history of alcohol consumption [9].
In autopsy studies on methanol intoxication patients, necrosis can be seen in the
white matter, especially in the subcortical ﬁbres [15]. In their case report, Server et al described a patient who was diagnosed with
methanol intoxication and reported that the
DWI ﬁndings in the early period revealed
the presence of the diﬀusion restriction of
the putamen and subcortical white matter. The authors attributed this to the termination of ATP cytotoxic oedema caused by
the impairment of the Na + / K + ATPase
pump, which is responsible for diﬀusion in
the cell membrane. Similarly, in the current
study, of the patients with pathological ﬁndings, 10 (55.6%) had cytotoxic oedema extending to the subcortical ﬁbres in the white

matter, and MRI revealed diﬀuse restriction
in these sections. Interestingly, one patient
(5.6%) with pathological ﬁndings had bilateral diﬀusion restriction in the retrobulbar
segment of the optic nerve. In the literature,
this was previously described in only one
case report [16]. In another study, Elkhamary
et al deﬁned the changes in the optic nerve
as atrophy and increased enhancement in
patients with methanol intoxication; however, since radiological images were obtained in the late period (from 12 weeks to
48 months), no diﬀusion restriction was detected in any of the patients [17].
In this study, three patients with pathological ﬁndings (16.7%) had subarachnoid
haemorrhage. Studies have shown that in
methanol intoxication, parenchymal haemorrhage is frequently detected in patients
with necrosis, but subarachnoid haemorrhage is extremely rare. Although there is
no clear consensus, some authors argue
that the use of heparin during haemodialysis
triggers bleeding in the presence of necrosis [18]. In this study, three patients had subarachnoid haemorrhage detected before
the application of haemodialysis treatment.
The cause of the subarachnoid haemorrhage may be extended haemorrhagic parenchymal necrosis. However, more study
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Tab. 2. Radiological findings and clinical outcomes of patients with pathological findings on radiological imaging performed due
to methyl alcohol poisoning.
Patient Imaging
No.
Modality
1
MRI

Radiological Findings

Clinical Outcomes

isolated putamen necrosis (Fig. 1)

vision loss (VA: 5/10)

2

MRI

basal ganglia necrosis (especially in lentiform nucleus)

vision loss (VA: 5/10)

3

CT

diﬀuse parenchymal hypodensity (necrosis of basal ganglia and subcortical white
death
matter) and subarachnoid hemorrhage (Fig. 3)

4

MRI

diﬀuse cerebral necrosis (in basal ganglia and subcortical white matter)

vision loss (VA: 3/10), right
hemiparesis and motor aphasia

5

MRI

basal ganglia necrosis (especially in lentiform nucleus)

vision loss (VA:5/10)

6

MRI

basal ganglia necrosis (especially in lentiform nucleus)

vision loss (VA:3/10) and tremor,
hypokinesia.

7

MRI

diﬀuse cerebral necrosis (necrosis of basal ganglia and subcortical white matter) vision loss (VA:5/10) and tremor,
(Fig. 2)
rigidity

8

MRI

diﬀuse cerebral necrosis (in basal ganglia and subcortical white matter) and
death
subarachnoid hemorrhage

9

CT

diﬀuse cerebral hypodensity (in basal ganglia and subcortical white matter)

death
diﬀusion restriction of the optic
nerve (Fig. 4)

10

MRI

diﬀusion restriction of the optic nerve (Fig. 4)

11

MRI

diﬀuse cerebral necrosis (in basal ganglia and subcortical white matter)

death

12

MRI

diﬀuse cerebral necrosis (in basal ganglia and subcortical white matter)

vision loss (VA:5/10) and right-sided
hemiparesis

13

CT

diﬀuse parenchymal hypodensity (necrosis of basal ganglia and subcortical
white matter) and subarachnoid hemorrhage

death

14

MRI

basal ganglia necrosis (especially in lentiform nucleus)

vision loss (VA:4/10)

15

MRI

isolated putamen necrosis

vision loss (VA:4/10)

16

MRI

isolated putamen necrosis

vision loss (VA:6/10)

17

CT

diﬀuse parenchymal hypodensity (in basal ganglia and subcortical white matter)

death

18

MRI

diﬀuse cerebral necrosis (in basal ganglia and subcortical white matter)

death

Necrosis – increased signal at T1-weighted image and T2-weighted image and decreased diﬀusion in DWI.
DWI – diﬀusion weighted imaging; VA – Visual acuity test

is needed to understand the reason
for this.
Vaneckova et al divided the patients into
two groups: those with and without pathological findings according to radiological imaging. There was a statistically significant diﬀerence between these groups in
terms of the arterial blood gas pH and blood
methanol values at the time of presentation
(P < 0.001 and P = 0.022, respectively) [13]. In
the present study, a statistically signiﬁcant
diﬀerence was observed between the arterial blood gas pH values of the patients with
and without pathological ﬁndings on radiological imaging (P = 0.003); however, there
was no statistical diﬀerence in relation to the
blood methanol levels (P > 0.05).
In the literature, studies have shown that
severe metabolic acidosis resulting from
methanol intoxication is a poor prognos-
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tic factor, but the blood methanol level has
no eﬀect on the prognosis in this patient
group [5,7]. This can be explained by the genetically varying speed and amount of the
alcohol dehydrogenase enzyme, which metabolizes methanol into its toxic metabolites.
Thus, the toxicity threshold value of methanol diﬀers from one person to another [19].
Furthermore, the ingestion of methanol together with ethanol, the latter being the antidote of the former, reduces the toxic effect, despite high blood methanol levels.
This was demonstrated in a patient in our
set with the highest blood methanol level
(289 mg/dL) at the time of diagnosis being
discharged without sequelae at the end of
the treatment. On the other hand, it was
determined that the blood levels of formic
acid, can be used to determine the prognosis of patients intoxication. However, tests in-

cluding the measurement of formic acid in
blood are not frequently performed by laboratories [20]. For example, it is not available
in our hospital.
Patankar et al evaluated the brain CT imaging ﬁndings and treatment results of four
patients who developed methanol intoxication. The authors detected isolated bilateral putamen and globus pallidus necrosis in
one patient, diﬀuse cerebral necrosis in one
patient, parenchymal bleeding accompanying putamen and globus pallidus necrosis
in one patient and no pathological ﬁndings
in the last patient. While death occurred in
a patient with diﬀuse cerebral necrosis, the
remaining patients were discharged with
mild sequelae or complete recovery. Patankar et al interpreted the results they obtained as an indication that there was no relationship between the prevalence of early
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radiological ﬁndings and prognosis in methanol intoxication [10]. In their early radiological examination of nine methanol intoxication patients, Seﬁdbakht et al detected
radiological ﬁndings in six patients. Of these
patients, two with developed diﬀuse cerebral necrosis died during treatment. In two
of the patients with normal radiological ﬁndings, sequelae as vision loss were detected
at the end of treatment, while one patient
recovered completely. Seﬁdbakht et al interpreted this as the presence of a relationship
between the extent of the radiological ﬁndings and the clinical outcomes [9].
In this study, the detection of pathological findings on early radiological imaging was found to be a poor prognostic factor (P < 0.001). All patients with pathological
ﬁndings who survived were discharged with
sequelae. Among the patients with radiological ﬁndings, diﬀuse cerebral necrosis was
present in all patients who died. This shows
that radiological findings are poor prognostic factors; there may also be a relationship between the extent of the radiological ﬁndings and the prognosis in methanol
intoxication.
Similarly, to the study by Seﬁdbakht et
al [9], the current set also included patients
who did not have radiological ﬁndings but
developed sequelae or died. In this group,
respiratory depression associated with deep
metabolic acidosis may have been the cause
of death. In addition, we consider that for
patients presenting with no radiological
ﬁndings who develop sequelae such as vision loss, radiological images cannot reveal
the pathology in the optic nerve and visual
pathways. Therefore, early radiological imaging may not be suﬃcient to predict the development of sequelae such as vision loss.
To the best of our knowledge, this study
presents the largest number of patients in
whom early radiological ﬁndings were identified in methanol intoxication. In addition,
this is the ﬁrst study demonstrating that radiological ﬁndings detected in the early period of methanol intoxication are a poor
prognostic factor.
There were several important limitations
to this study. Since it was conducted retrospectively, the appropriate sample size was
not calculated in advance. The clinical back-
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ground of the patients was not taken into
consideration, and therefore previously existing vision loss or neurological sequelae in
patients may have potentially aﬀected our
results. However, the records we obtained
through the registration system of our hospital did not show any visual loss or neurological sequelae in the clinical histories of
the patients. Lastly, the response rate of the
patients was evaluated based on the complete recovery and development of sequelae, but patient response to treatment was
not graded.
In conclusion, although the clinical course
may vary in methanol intoxication, clinical
outcomes are quite poor. Therefore, prognostic factors must be determined for early
diagnosis and treatment. Radiological imaging ﬁndings obtained in the early period
can reveal any pathology and help predict
prognosis. Patients with radiological ﬁndings have a worse prognosis than those with
more common symptoms. However, even
with an absence of radiological ﬁndings in
methanol intoxication, there are patients
who develop sequelae or die, and larger-scale prospective studies are needed to explain this situation.
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