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ARTICLE INFO ABSTRACT

Keywords: Background: Methanol poisoning (MP) occurs often via ingestion, inhalation, or dermal exposure to formulations

Methanol containing methanol in base. Clinical manifestations of MP include gastrointestinal symptoms, central nervous

I];/i.etzb()llc acidosis system (CNS) suppression, and decompensated metabolic acidosis occurred with blurred vision and early or late
ndness

blindness.

Objective: This study reviewed the clinical manifestations, laboratory and radiology findings, and treatment
approaches in MP.

Discussion: Methanol is usually rapidly absorbed after ingestion and metabolized by alcohol dehydrogenase
(ADH), then distributed to the body water to reach a volume distribution approximately equal to 0.77 L/kg. It is
also eliminated from the body as unchanged parent compounds. Clinical manifestations of MP alone initiate
within 0.5-4 h after ingestion and include gastrointestinal symptoms and CNS suppression. After a latent period
of 6-24 h, depending on the absorbed dose, decompensated metabolic acidosis occurs with blurred vision and
early or late blindness. Blurred vision with normal consciousness is a strong suspicious sign of an MP. The
mortality and severity of intoxication are well associated with the severity of CNS depression, hyperglycemia,
and metabolic acidosis, but not with serum methanol concentration. After initial resuscitation, the most
important therapeutic action for patients with known or suspected MP is correction of acidosis, inhibition of
ADH, and hemodialysis.

Conclusion: Since MP is associated with high morbidity and mortality, it should be considered seriously and
instantly managed. Delay in treatment may cause complications, permanent damage, and even death.

Hemodialysis

1. Introduction

Methanol (CH30H), which has long been used in mummification in
ancient Egypt, was obtained from the distillation of wood, which in
Greek roots was called methylene or wood wine [1]. It is a toxic alcohol
used as a solvent or in denatured industrial alcohol. Methanol produc-
tion reached industrial scale in 1923 and has found wide applications in
various consumer industries, such as model cars, airplane fuel,

perfumery, copy machine fluid, gas line antifreeze (“dry gas”), etc. [2].

Some factors contribute to the delay in receiving suitable care. First,
in areas where alcohol consumption is unsocially or religiously accept-
able, presentations may be delayed due to fear of punishment [3,4].
Second, the manifestations of early methanol toxicity are nonspecific,
which leads to delay in diagnosis [5]. Clinical toxicologists encounter
some limitations in diagnosing and treating methanol poisoning (MP) in
Iran. Several teaching and referral hospitals have almost no laboratory
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amenities to evaluate blood levels of toxic alcohol and their metabolites,
including methanol, formate, and formic acid concentrations, neither by
gas chromatography with or without mass spectrometry confirmation
(gold standard method) nor enzymatic assays. Furthermore, there are
insufficient supplies and equipment to measure serum osmol and chlo-
ride for calculating anion gap and serum lactate level; even an arterial
blood gases (ABG) test is performed on occasion. Although some of these
problems may be due to the US sanctions against Iran, one should not
ignore officials’ inattention to poisoned patients and maladministration
[6]. Most of the MP cases reported in the United States involve in-
gestions of such products as windshield washer fluid, though most
inhalational exposures involve carburetor cleaner.

The MP occurred via ingestion, inhalation, or dermal exposure with
formulations containing methanol in base can also cause toxicity [7].
Reports show that most methanol toxicities are related to the ingestion
of cologne and perfumes in Tunisia, Turkey, and India [8,9]. Herbal
water possibly contain some level of alcohol impurity. Important factors
influencing the amount of methanol and ethanol production include the
duration of maceration and starting the distillation process, wood con-
tent of the plant, temperature, unopened bottles of distillates, soaking
time, types of plants, the collection or storage of aromatic substances,
and distillates pasteurization. Note that passing time will change the
level of alcohol in distillates [10-13].

A study in Hamadan, Iran showed that more than 50% of herbal
drink samples were contaminated with methanol [14]. High concen-
trations of methanol and ethanol may cause toxicity in people taking
herbal distillate products for a long time [15]. Following the coronavirus
disease 2019 (COVID-19) pandemic in Iran (February 19, 2020 to April
27, 2020), there has been a significant increase in methanol-induced
morbidity and mortality. This was the greatest prevalence of methanol
mass poisoning in the country in recent periods. Because methanol is less
expensive and more readily available than ethanol, some fraudsters in
Iran use it instead of ethanol in home-made alcohol. Therefore, it is
important to increase public knowledge about the deadly consequences
of consuming fake alcohol sold on the black market [16,17]. Thus, the
current study reviewed the clinical manifestations, laboratory and
radiology findings, and treatment approaches in MP.

2. Discussion
2.1. TOXICOKINETICS/TOXICODYNAMICS
The estimated least lethal dose of methanol for adults is almost 10

mL, though there are reports of consuming more than 400 mL without
consequences [18,19]. Methanol is usually absorbed rapidly after
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ingestion, and undergoes first-pass hepatic effects and is metabolized by
gastric alcohol dehydrogenase (ADH) [20] (Fig. 1). As mentioned
before, there are three main ways to MP, and inhalation is not as com-
mon as others [21]. In chronic inhalation situations, the administration
of folate and inhibiting ADH in the methanol metabolism pathway is
preferred, but the need for hemodialysis varies from one case to the
other [22,23]. Methanol penetrates throughout the skin; this route of
intoxication is predominantly reported in infants even with fatal meta-
bolic acidosis. Its toxic effects are associated with the duration of contact
and some individual characteristics (large body surface-volume ratio)
[24-26]. Methanol is distributed to the body water right after absorption
to reach a volume equal to 0.77 L/kg. The methanol distribution half-life
is about 8 min, which is longer than the absorption half-life; thus, the
peak serum concentrations are achieved relatively fast after ingestion,
and then fall [27]. Methanol can be eliminated from the body as un-
changed parent compounds, and it has an insignificant renal excretion
[28]. ADH and aldehyde dehydrogenase (ALDH) are the two key en-
zymes responsible for the oxidation of methanol by converting NAD + to
NADPH to produce formic acid. Formate metabolites are bound by tet-
rahydrofolate and convert to water and CO2 by 10-formyltetrahydrofo-
late dehydrogenase [29].

2.2. Pathophysiology and clinical effects

Clinical manifestations of pure methanol toxicity initiate within
0.5-4 h after ingestion and include gastrointestinal disorders (nausea,
vomiting, and abdominal pain) and central nervous system (CNS) sup-
pression (confusion and drowsiness) (Fig. 2). Depending on the absorbed
dose, after a latent period of 6-24 h, decompensated metabolic acidosis
occurs with blurred vision, photophobia, diplopia, early or late blind-
ness, and less commonly, nystagmus. Blurred vision with normal con-
sciousness is a strong suspicious sign of an MP. Mortality and severity of
clinical effects are well associated with the severity of CNS depression,
hyperglycemia, and metabolic acidosis, but not with serum methanol
concentration [18,30-32]. The pupils of MP patients are mydriatic, with
a delayed or non-response to light.A high anion gap metabolic acidosis
may be exposed at later phases of methanol. Hyperglycemia and
hyperkalemia due to acidosis may also occur in MP [33]. Leukotriene
(LT)-mediated neuro inflammation may show a significant role in the
mechanisms of toxic brain injury in acute MP in patients. An important
association between acute serum LT concentration and the result of
poisoning may indicate the neuroprotective effect of a moderate in-
crease in LT concentration observed in patients with MP [34].

(Ataxia, Mild inebriation, Lethargy)

Fig. 1. Methanol biotransformation.
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Fig. 2. Mechanism of action in methanol poisoning.

2.2.1. Neurologic manifestation

Depending on the dose, whole alcohol can cause inebriation and
drunkenness.On a molar basis, it appears that alcohols with a higher
molecular weight (isopropanol) are more poisonous than alcohols with a
lower molecular weight (methanol) [35]. However, the absence of clear
inebriation does not exclude ingestion, exclusively if the patient
chronically drinks alcohol and is thereby tolerant to its CNS manifes-
tation [36]. Additionally, serum methanol concentrations of 25-50
mg/dL may be accompanying toxicity, whereas in most conditions, one
may legally drive an automobile with a blood alcohol concentration of
up to 80 mg/dL. The CNS effects of MP are mediated through increased
gamma-aminobutyric acid (GABA) —eric tone directly and through in-
hibition of presynaptic GABA (GABA-A receptors) and N-Methyl--
p-aspartic acid (NMDA) glutamate receptors [37-41].

2.2.2. Metabolic acidosis

One of the signs and symptoms of MP is metabolic acidosis with an
elevated anion gap and osmol gap. This is a consequence of the break-
down of methanol to formate and formic acid. Since formic acid has no
rapid natural metabolic pathway of elimination, it is accumulated.

2.2.3. Visual impairment

Untreated methanol overdose causes specific ocular toxicity deter-
mined by destruction of optic nerve and pigmented retinal epithelial
cells, resulting in visual defects, ranging from blurred vision to “snow-
field vision™ or total blindness in severe poisoning. Visual disorders are
caused by formate metabolites and may occur up to 72 h after ingestion
[42]. Vision loss may not be symmetric [43,44]. On visual field testing,
central scotoma, hyperemia, pallor of the optic disc, papilledema, and an
afferent papillary defect may be present, which are described as char-
acteristic findings. Electroretinography may demonstrate a diminished
b-wave [45-48], a marker of bipolar cell dysfunction. Additionally,
optical coherence tomography, which is similar to ultrasound but uses
reflected light waves to image translucent tissues, may demonstrate
peripapillary nerve fiber swelling and intraretinal fluid accumulation

[49]. Formate is a mitochondrial toxin, inhibiting cytochrome oxidase
and it thereby interferes with oxidative phosphorylation [50-52].

Although it is unclear why this results in ocular toxicity while other
tissues are comparatively saved, retinal pigmented epithelial and optic
nerve cells appear to be uniquely susceptible [48,53,54]. After several
years of exposure, optic nerve atrophy, disc pallor, and severe cupping
may be present, even with normal intraocular pressure [55].

2.2.4. Brain impairment

Bilateral basal ganglia lesions, bilateral necrosis of the putamen
(with or without hemorrhage), and less commonly, the caudate nucleus
is characteristically abnormal visualized on computed tomography (CT)
scan or magnetic resonance imaging (MRI) after MP [56-61] (Fig. 3).
While these injuries are nonspecific and may occur in hypoxia due to
other types of poisoning, in MP cases, they occur without hypoxia and
hypotension due to direct toxic mechanism. Many patients develop
Parkinsonism after poisoning by methanol, a finding that is consistent
with the lesions in the basal ganglia lesions. In addition to clinical and
laboratory findings, the existence of the putamen hemorrhage and
insular sub cortex white matter necrosis is associated with a poor clinical
outcome in patients with methanol toxicity [62-70] (Table 1). Both the
retinal and neurological effects of MP may be permanent (see Fig. 4).

According to the results of two studies on MP outbreaks in Estonia
and Iran, predicting the long-term outcomes of retinal and neurologic
sequelae of methanol toxicity is difficult [31,71-76].

2.2.5. Kidney impairment

Rarely, injury to other tissues may also occur. Both acute kidney
injury (AKI) and pancreatitis are reported after MP [71,75-79]. Some of
the AKI cases resulting from MP may be due to myoglobinuria [80]. AKI
is associated with more severe poisoning, as manifested by low initial
serum pH, high initial osmolality, and high peak formate concentration
[81].
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Fig. 3. Basal ganglia and putamen involvement in methanol toxicity in MRI or CT scan view.

2.2.6. Liver impairment

Pathologic abnormalities of the liver, esophagus, and gastric mucosa
are also found in some fatal MP cases. Histological changes in liver tissue
include microand macrovesicular steatosis, central hepatocyte necrosis,
mild intrahepatic bile stasis, and fluffy and hydropic degeneration. Liver
impairment occurred in males 6.3 times more than females, and most of
the victims were middle-aged people [82,83].

3. Diagnostic testing
3.1. Methanol and metabolite concentrations

Serum methanol and formate concentrations are ideal tests when
toxic alcohol poisoning is suspected a few hours after exposure. How-
ever, these concentrations are most commonly measured by gas chro-
matography or enzymatic assays for methanol and formate, and may
need more readily available clinical tests [84-86]. A group in Finland
defined a respiratory test for methanol, using a portable Fourier trans-
form infrared (FT-IR) analyzer similar to the “breathalyzer” used by
legal agents [87].

A formate concentration may be important in the case of late pre-
sentation after methanol ingestion. In one study, formate was detected
in blood samples from 97% of patients who died of MP; all of these
patients had detectable blood or vitreous methanol concentrations
[88-90]. Traditionally, a methanol concentration greater than 25 mg/dl
has been considered toxic, but the evidence supporting this as a
threshold is often questioned. Almost all reported cases of MP involve
patients with delayed presentations who already have metabolic
acidosis. The information currently available is insufficient to apply a
25 mg/dl management threshold in a patient presenting early after
ingestion without acidosis [91].The primary laboratory tests should

include serum electrolytes (Na, K, BS, BUN, Cr, U/A, and plasma
osmolality) and serum ethanol and methanol concentrations. Blood gas
analysis with a lactate concentration is also useful in the early assess-
ment of seemingly ill patients.

3.2. Osmol gap & anion gap

When patients are presented with an anion gap acidosis of unknown
causation and mostly with no history of ingestion, the first suspicion is
often the possibility of methanol toxicity. Unless clinical evidence sug-
gests otherwise, it is significant to exclude metabolic acidosis with
ketoacidosis and elevated lactate concentration, which are the most
common causes of anion gap acidosis, before pursuing methanol in these
patients [92]. {AG: Na - (cl + Hco3 (= 12-14, OG: OC = 2Na + Glu/18
+Bun/2.8}

The acidosis takes time to develop, sometimes up to 16-24 h for
methanol. Thus, the absence of an initial anion gap raised after
described methanol consumption does not exclude the diagnosis. A
potential early replacement sign of an MP is an elevated osmol gap.
However, a raised osmol gap is neither sensitive nor specific for MP
[93-97].

As methanol is metabolized to organic acid anions, the anion gap is
elevated whereas the osmol gap is decreased; thus, patients who present
to the emergency room primarily after consumption may have a high
osmol gap and normal anion gap, while those who come later may have
the reverse [98,99].

One retrospective and one prospective study attempted to evaluate
the performance of the osmol gap as a diagnostic test; in both cases, the
osmol gap performed fairly well. However, the sample size of both
studies was small (20 patients with toxic alcohol poisoning in the
retrospective study and 28 patients with MP in the prospective study).
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Fig. 4. Algorithm of diagnosis and treatment methanol poisoning.

Table 1
Comparison of brain CT signs among survived and died patients with methanol
poisoning.

CT findings Survivors (n = Died (n = Significance
36) 6)

Putaminal necrosis 23 (63.9%) 4 (66.7%) Ns®
Putaminal hemorrhage 4 (11.1%) 3 (50%) 0.018"
Insular subcortical necrosis 3(8.3%) 3 (50%) 0.007"
Insular subcortical hemorrhage 1 (2.8%) 0 NS*

Frontal white matter necrosis 5 (13.9%) 2 (33.3%) NS®
Occipital white matter necrosis 3 (8.3%) 2 (33.3%) NS*

Forth ventricle hemorrhage 0 1 (16.7%) NS*
Generalized supratentorial 0 1 (16.7%) NS*

necrosis

NS = not significant.
# The Fisher’s exact test.

b The Chi-square test.

The prospective study identified three patients with significant
poisoning and acidosis but “normal” osmol gaps, which was defined as
less than 25 in the study [98,100].

3.3. Lactate concentration

MP by producing formate, as an inhibitor of oxidative phosphory-
lation and induction of anaerobic metabolism, can cause raised lactate
concentrations. Additionally, in severely intoxicated patients, hypoten-
sion and organ failure can also produce elevated lactate concentration.
However, lactate production by these mechanisms results in serum
concentrations not greater than 5 mmol/L.

3.4. Other diagnostics

Blood sugar concentration is obtained as part of routine laboratory
analysis. Hyperglycemia was associated with a higher risk of death after
MP in one retrospective study, with an odds ratio of 6.5.However, this
has not been prospectively validated yet [32]. Patients with abdominal
pain should also be tested for liver function and serum lipase because of
the possibility of associated hepatitis and pancreatitis. Although brain
CT and MRI disorders are frequently reported in MP, in the absence of
neurological disturbances on physical examination, routine CT scans
and MRIs are not indicated.



Z. Nekoukar et al.
3.5. Prognostic and diagnostic testing

Increases in both anion gap and osmol gap and evaluation of blood
gas may be useful for risk stratification in MP. A review of reported toxic
alcohol cases identified risk factors for morbidity and mortality in pa-
tients with MP. According to the results, no patient with a pH greater
than 7.22 and anion gap less than 30 meq/1 or osmolar gap less than 49
died. A pH less than 7.22 was an even better predictor of mortality
[101]. Another retrospective study of risk factors for poor outcomes in
MP found that only pH less than 7.00 (also coma or a >24-h delay to
presentation) was associated with death [102].

Similarly, another study examined the markers for poor visual
outcome after MP and found that pH was the best predictor, with the
amount greater than 7.20 associated with a high possibility of only
transient visual sequelae [103].

The factors suggesting a poor prognosis for MP at the admission time
include grade of metabolic acidosis, high serum methanol levels or the
long time passed from ingesting, loss of consciousness, seizures, respi-
ratory arrest, and increased PCO2 in the severely acidotic patients
[104-112]. In critically ill patients due to methanol toxicity, the
mechanisms of hyperglycemia are acute pancreatitis and stress-induced
hyperglycemia [113-117].

There was no relationship between electrocardiogram (ECG) varia-
tions, time between consumption, and treatment in one retrospective
observational case series. Although cardiotoxicity was high in MP, no
ECG changes could predict mortality. These findings do not rule out the
need to routinely run ECG for cardiotoxicity in every single patient
intoxicated with methanol [118].

4. Treatment

Methanol may cause coma and respiratory arrest; thus, intubation
and mechanical ventilation are required for patients with severe
poisoning. Methanol frequently causes hypotension by vasodilation and
vomiting, and many patients require hydration with intravenous crys-
talloid. Since methanol has rapid absorption and limited binding to
activated charcoal, gastrointestinal decontamination is rarely indicated
[20].

The most significant part of beginning treatment in patients with
known or suspected MP is the blockade of ADH, which prevents the
formation of toxic metabolites [119,120].

4.1. Ethanol

Ethanol (1 ml/kg of 5-fold diluted alcohol 96 as the loading dose,
0.16 ml/kg/h as the maintenance dose orally or by NGT, or ethanol 10%:
10 ml/kg IV as the loading dose, then 1 ml/kg/h up to ethanol serum
level 150 mg/dl) is the common method of ADH inhibition and may still
be the only choice in some institutions. The side effects of infusion
include hypotension, respiratory depression, flushing, hypoglycemia,
pancreatitis, gastritis, and inebriation; hence, patients receiving intra-
venous (IV) ethanol require admission to an intensive care unit (ICU).
The true incidence of these complications is unclear. In one study, it was
shown that complications of ethanol infusion in children were uncom-
mon [121]. However, in another review of 49 adults treated with
ethanol infusions, 92% of patients had at least one adverse event [122].
When intensive monitoring is unavailable, prescribing ethanol orally is
also effective, especially when the patient is taken to hospital late.

4.2. Fomepizole

Fomepizole (4-methylpyrazole 15 mg/kg as the loading dose, 10 mg/
kg as the maintenance every 12 h up to 4 doses, and then 15 mg/kg every
12 h up to the serum methanol concentration below 25 mg/dl) is a
competitive antagonist of ADH that has many advantages over ethanol.
When fomepizole is administered as an IV bolus every 12 h, monitoring
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is not needed as with an ethanol infusion. Since it does not cause
inebriation and is associated with fewer side effects, it does not need ICU
monitoring. Hence, despite being extremely expensive, it is preferred to
ethanol [104,123-127]. Additionally, the cost difference will vary
depending on the setting of poisoning and the healthcare delivery sys-
tem of the country. A study in Belgium discovered that treating with
ethanol and dialysis was significantly less expensive than fomepizole
alone [128]. Bradycardia and hypotension may occur after fomepizole
infusion; thus, vital signs should be monitored carefully during and after
each dose [129,130]. A review of reported cases in which fomepizole
was used in children suggested that it is safe and effective with
weight-based dosing as in adults [131]. Pharmacokinetic data show that
there is no significant difference in serum concentrations between oral
and IV fomepizole [132]. Indications for fomepizole or ethanol therapy
could be based on clinical and laboratory findings. Every patient with a
credible history of methanol consumption and a high anion gap acidosis
without another description or an obviously elevated osmol gap should
be treated.

4.3. Abacavir

Abacavir (antiretroviral drug) is a substrate for ADH, which delays
the metabolism of methanol. It has been suggested that abacavir could
have potential efficacy as an alternative to fomepizole in places where
fomepizole is unavailable.

4.4. H2 blockers

H2 blockers are inhibitors of gastric and hepatic ADH and could
cause improved pH, formate concentrations, and retinal histopathology
[133-135].

4.5. Hemodialysis

Hemodialysis removes all parent toxic alcohols and their metabolites
during the first few hours after dialysis; redistribution of methanol could
elevate methanol concentrations [136]. Hemodialysis clears both
methanol and its toxic metabolites from the blood and corrects the
acid-base disturbance. The indications for hemodialysis have become
more restricted by the onset of fomepizole because of its effectiveness
combined with its low incidence of adverse effects.

Even a patient with a moderately elevated serum methanol concen-
tration (80 mg/dL or 2.5 mmol/L) was successfully treated with fome-
pizole alone [137]. Based on toxicokinetic data, some patients might be
treated with or without delayed dialysis, particularly in epidemic sce-
narios where the need for hemodialysis may exceed the availability
[138]. Although formate is normally cleared rapidly once ADH is
blocked, the half-life increases with higher serum methanol concentra-
tions and varies from 2.5 to 12.5 h. In severe poisoning cases, formate
was eliminated at a slow rate with a half-life of 77 h until hemodialysis
was initiated, underscoring the importance of hemodialysis in patients
with significant metabolic acidosis [139-141].

Thus, indications for hemodialysis include metabolic acidosis and
signs of end-organ damage (Table 2).

According to the data extracted from one case series, an increase in
formate concentration was a better predictor of clinically significant
poisoning than methanol concentrations [142].

Table 2
Indications Hemodialysis in Methanol poisoning.

1 Persistence metabolic acidosis: PH < 7.25, anion gap >30mEq/1

Signs of end-organ damage (Visual, CNS and Renal abnormality)
Deteriorating vital signs despite conservative therapy
Electrolyte abnormality

Methanol serum level >50 mg/dl

a s~ wWwN
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Although the elimination of formate by hemodialysis is considerable,
the whole clearance did not seem to increase significantly above
endogenous clearance in patients treated with folate and bicarbonate
[143-145].

Many patients will need several cycles of hemodialysis to excrete
methanol. Nephrologists determine the time required for dialysis
[146-150].

Continuous renal replacement therapy (CRRT), such as continuous
venovenous hemodiafiltration (CVVH), has sometimes been used in
patients with MP. Hemodialysis is much more effective in removing
drugs than CRRT, and it is approximately the preferred modality if
available. However, if there is a contraindication to hemodialysis, such
as hemodynamic instability or severe cerebral edema, or if hemodialysis
is unavailable, CRRT may be considered an intervention that may offer
some advantages over no extracorporeal removal at all. A pharmacoki-
netic model revealed that the addition of CRRT could decrease the
duration of treatment by 40% [119,151].

4.6. Effects of extracorporeal treatment (ECTR) on clinical results

Despite the biases and limitations of the accessible clinical docu-
ments, the results of some reviews were considered possibly useful for
guiding judgments about ECTR in MP. For example, they presented some
evidence supporting the results of ECTR in improving acidosis and visual
disorder. However, this study is not essentially autonomous of the effect
of co-administered antidote treatment. Additionally, visual deficiency
recovered in some patients who did not receive ECTR but were managed
with fomepizole and ethanol [105,152-154]. Empirical studies in ca-
nines also showed that control animals developed neuronal symptoms
that consequently improved without ECTR [155]. Since primary
neuronal injury (including vision deficits) was not completely recorded
in some cases, clinical benefits cannot be easily assessed, partly due to a
change in the level of consciousness at the time of exposure. In the
absence of severe toxicity by balancing, the decision to use ECTR is
determined [152].

In situations to prevent the formation of formate, ethanol or fome-
pizole therapy has been quickly started, and if there are no acute clinical
signs, ECTR does not need to be initiated immediately. Instead, this can
be initiated at a later time until transfer to a center with ECTR services or
sufficient time for ECTR staff to arrive [152].

4.7. Adjunctive treatment

There are many therapeutic adjuncts to ADH inhibitors with or
without hemodialysis that should be considered for these patients.

4.7.1. Folate and leucovorin

Folate and leucovorin (folic acid 1 mg/kg up to 50 mg every 4 h or
folinic acid IV in D.W 5% in 30-60 min, then 10 mg daily up to 1 month)
in animal models enhanced the clearance of formate and formic acid;
however, there is only one human case report displays enhanced formate
elimination with Folic Acid therapy [156-158]. Formate is less toxic
than undissociated formic acid. Formic acid has a much higher affinity
for cytochrome oxidase in the mitochondria, the terminal purpose site
for toxicity. Formate can also diffuse into the target tissues [159]. It is
also recommended to prescribe vitamin B12 100 mg and vitamin B6 100
mg daily for up to 1 month [160].

4.7.2. Alkalinization

Alkalinization by NaHCO3 infusion shifts the balance toward the less
toxic and dissociated form, in accordance with the Hender-
son-Hasselbalch equation. Data from uncontrolled case series demon-
strate that patients treated with bicarbonate alone had better than
expected results after severe methanol toxicity [111], but the outcomes
are equivocal in patients also treated with ADH inhibitor and hemodi-
alysis [106,161]. However, in the absence of contraindications to
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bicarbonate infusion, alkalinization should be used in patients with
suspected MP and considerable acidosis, and pH more than 7.20 is a
reasonable endpoint.

4.7.3. Corticosteroids

Corticosteroids (methylprednisolone 500 mg q 12 h IV up to 5 days,
then prednisolone 1 mg/kg up to 2 weeks) are useful for retinal injury
following MP. In an uncontrolled case series, 13 of 15 patients showed
improvement in their vision after treatment with 1-g methylpredniso-
lone daily for 3 days, with one having worsening vision and one un-
changed [162]. Another uncontrolled case series used a slightly different
dosing regimen, with 250 mg of intravenous methylprednisolone
administered every 6 h then prednisolone 1 mg/kg daily for 10 days.
After treatment, visual acuity improved, but methanol concentrations
were not reported; since exposure was not confirmed and the acuity of
data was not reported for individual patients, it was unclear whether
there was any worsened case [163,164]. Another series of four patients
with mild MP were given the same treatment regimen, and the results
showed some improvement in vision [165]. During the MP outbreak in
India in 2009, all 63 male patients with evidence of optic neuritis (at
least 60% of 46 survivors) were treated with retro-bulbar injections of
triamcinolone, and 75% had some improvement [166]. However, these
documents are inadequate to support the routine usage of corticoste-
roids in MP [167].

4.7.4. Erythropoietin

In vitro and animal studies have shown the neuroprotective effect of
erythropoietin (EPO (10.000 U amp Eprex q 12 h up to 3 days if Hb < 16,
SBP<160 mmHg) against hypoxic damage [160,168,169]. The proposed
mechanisms include direct neuroprotection, anti-apoptotic, anti-in-
flammatory, and anti-oxidant effects and improving blood flow to the
injured tissue [170-173]. Intravenous administration of EPO combined
with IV methylprednisolone followed by oral prednisolone 1 mg/kg up
to two weeks resulted in an effective treatment for methanol-induced
toxic optic neuropathy [160].

Another study shows that intravenous EPO causes a relatively rapid
increase in visual acuity when used within 3 weeks of methanol inges-
tion. EPO may be a promising modality of treatment for methanol-
associated optic neuropathy [174].

5. Special populations
5.1. Pregnancy

There are few reported cases of pregnant women with toxic alcohol
poisoning, but some conclusions can be drawn from the available data.
Methanol readily crosses the placenta and perinatal maternal methanol
ingestion has resulted in the death of a newborn [175].

5.2. Children

In younger children, a common clinical manifestation occurs when a
child swallows one or two amounts of a concentrated methanol solution.
These children should be transferred to the hospital [176].

Most cases of unintentional exposure evaluated shortly after con-
sumption does not manifest significant acidosis or any evidence of organ
damage. The ideal assessment is to estimate the serum alcohol concen-
tration to absorbed dose and predict the clinical course. Unfortunately,
such concentrations within a few hours of consumption are rarely
accessible, creating a diagnostic and therapeutic problem. If the inges-
tion is accidental and of small volume, the product is exactly identified,
the patient is without symptoms, the patient has a normal pH and anion
gap, there is no co-ingestion or treatment with ethanol or fomepizole,
the clinician can observe the patient and monitor blood gases and
electrolytes every one to 2 h to exclude the development of a metabolic
acidosis or an increasing anion gap. If acidosis does not develop within 8
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h of the ingestion, the MP risk is excluded. ADH inhibition should not be
initiated during this observation period as such treatment may prevent
the development of acidosis even in patients with massive ingestions. In
other words, the co-ingestion of ethanol or treatment with ADH inhib-
itor invalidates the above protocol. Parents should be counseled
regarding safe storage of household products and pharmaceuticals
before discharge. In symptomatic pediatrics, there is limited data sup-
porting that fomepizole is safe and effective in children, and the dosing
protocol is similar to that of adults [177]. Hemodialysis, hydration, and
bicarbonate administration are rational approaches for managing
methanol overdose in children [178].

6. Conclusion

Acute alcohol poisoning has high morbidity and mortality, and needs
to be considered seriously and instantly managed. Delay in treatment
may cause complications, permanent damage, or death. Since MP is
associated with high morbidity and mortality, if there is a history of
suspected alcohol ingestion or damage to vital organs, the patient should
be hospitalized and appropriate diagnostic and therapeutic management
should be performed. Moreover, if available, a clinical toxicologist
should be consulted to prevent irreversible damage.
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Article summary
1. Why is this topic important?

Due to the high incidence of methanol poisoning in Iran and many
other countries around the world, this study was designed to review the
basic knowledge and new findings of different aspects of methanol
toxicity.

2. What does this review attempt to show?

This review attempts to determine the clinical manifestations, lab-

oratory and imaging findings regarding methanol toxicity and effective

treatment options.

3. What are the key findings?
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The key findings include clinical manifestations (gastrointestinal
symptoms, central nervous system suppression, and ocular toxicity
determined by destruction of optic nerve and blindness), laboratory
findings (metabolic acidosis with elevated anion gap and osmol gap),
and radiology findings (bilateral basal ganglia lesions and bilateral ne-
crosis of the putamen).

4. How is patient care impacted?

Using early and effective treatment strategies can prevent the acute
and late complications of methanol poisoning.
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