
Definition and Relevance of the Problem
Exposures to toxic alcohols such as methanol, ethylene gly-

col, and isopropanol have been reported in the medical literature
for decades. These agents are found in a variety of household
products, leading to accidental ingestion in the pediatric popula-
tion and intentional ingestion in
the adult population as a suici-
dal agent or as an inexpensive
substitute for ethanol. Poison-
ings with these agents can result
in significant morbidity and
mortality and require a height-
ened awareness on the part of
the emergency physician to rec-
ognize and manage these expo-
sures.

Methanol
History and Epidemiology. Methanol, or methyl alcohol,

was first isolated from distilled boxwood by Robert Boyle in
1661, its molecular composition being determined in 1834 by
Dumas and Peligot. Its name stems from the term methylene
from the Greek roots for “wood wine.” It also goes by the names

“colonial spirit,” “wood alcohol,” and “solvent alcohol.”
Methanol is a clear, colorless, volatile, highly flammable liquid
that is soluble in water and has a musty, fruity, alcoholic taste and
smells slightly sweeter than ethanol.1 Its industrial production
began in 1923 with over one billion gallons produced annually,

and it is used widely as a sol-
vent and in the production of
formaldehyde and methylated
compounds.2 Methanol-con-
taining consumer products
include windshield washer
fluid, model airplane fuel,
canned heat (Sterno), photo-
copying fluid, perfumes, paint,
shellac, gas line antifreeze, and
as an adulterant in “denatured”
alcohol. Small amounts of
methanol are also found in

foods such as fresh fruit, juices, vegetables, and, because it is a
natural fermentation product, as a minor ingredient in all spirits.3

(See Table 1.)
The American Association of Poison Control Centers Toxic

Exposure Surveillance System reports approximately 2200
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methanol exposures per year, with one death for 180 exposures.2

Most poisonings follow ingestions, whether accidental or inten-
tional; however, rare cases have been reported after dermal4 and
inhalational exposures.5 Unintentional exposures usually involve
consumption of household products by children. Purposeful
ingestions involve either ingestion of a commercially available
product in a suicide attempt or the consumption of methanol con-
taining products by alcoholics as a cheap substitute for ethanol.
Several epidemics of methanol poisoning have been reported in
the United States, the most recent involving the ingestion of
tainted fermented beverages by 44 inmates at the State Prison in
Southern Michigan.6 Although domestic production of moon-
shine has declined over the past 30 years, global epidemics con-
tinue to ravage countries such as Kenya, El Salvador, and
Bangladesh.7

Toxicokinetics and Toxicodynamics. Methanol is readily
absorbed via gastrointestinal, percutaneous, and inhalational
routes, with peak concentrations reached within 30-60 minutes.8,9

After uptake and distribution in the total body water compart-
ment (0.6 L/kg), 97% is cleared from the body by metabolism in
the liver; the rest is excreted as unmetabolized methanol in the
urine or in expired air.10 Metabolism occurs sequentially, with
alcohol dehydrogenase acting as the primary enzyme responsible

for the oxidation of methanol to formaldehyde.11 Aldehyde dehy-
drogenase then rapidly converts formaldehyde to formic acid
with no appreciable accumulation of formaldehyde in the
blood.12 In the final metabolic step, tetrahydrofolate-dependent
reactions transform formic acid to carbon dioxide and water.13

(See Figure 1.) This process is slow and observes Michaelis-
Menton kinetics. At low serum concentrations methanol disposi-
tion obeys first-order kinetics with a half-life of three hours or
less. However, at higher concentrations, such as those seen in
overdose, alcohol dehydrogenase is saturated, and elimination
becomes a zero-order process with a rate of 8.5 mg/dL/hour.14

Additionally, the limited folate reserve found in primates
becomes overwhelmed causing formic acid accumulation, the
entity thought to be responsible for the metabolic acidosis in the
early stage of methanol poisoning.15

Pathophysiology. Signs and symptoms of methanol poison-
ing can be delayed 12-24 hours as formic acid slowly accumu-
lates, although patients may become symptomatic as early as 2-5
hours after ingestion, implying a dose-dependent response.9 In
contrast, latency periods can be as long as 96 hours if patients co-
ingest ethanol, a competitive inhibitor of methanol metabolism.16

Once accumulated, formic acid inhibits cytochrome oxidase c
activity, leading to tissue hypoxia, lactate formation, and worsen-
ing acidosis.11,17 As acidosis worsens, formic acid diffuses more
easily across cell membranes (including the blood brain barrier)
causing further central nervous system depression, hypotension,
and continued increases in lactate production.12 The undissociat-
ed formic acid preferentially targets the optic disc and optic
nerve causing localized cellular hypoxia and leading to disc
edema, myelin sheath breakdown, and optic nerve atrophy.18 The
putamen, caudate nucleus, and peripheral white matter are also
susceptible to injury, leading to edema, necrosis, and hemor-
rhage.19

Clinical Manifestations. The clinical features of methanol
poisoning involve the triad of severe anion gap metabolic acido-
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Table 1. Commercial Sources of Toxic 
Alcohols

SUBSTANCE FORMULA COMMERCIAL SOURCES

Methanol CH3OH Windshield washer fluid, model 
airplane fuel, canned heat 
(Sterno), photocopying fluid, 
perfumes, paint, shellac, 
gas line antifreeze, varnish

Ethylene CH2OHCH2OH Antifreeze, adhesives, brake 
gylcol and hydraulic fluids, cosmetics, 

de-icers, detergents, fire 
extinguishers, inks, lacquers, 
paints, pesticides, polishes, 
and some windshield-washer 
fluids

Isopropanol CH3CHOHCH3 Rubbing alcohol, solvents, 
lacquer



sis, visual changes, and mental status depression. The early stage
of methanol poisoning may involve mild CNS depression, the
mechanism for which is not yet fully elucidated, but presumed to
be analogous to the inebriation seen in ethanol consumption,
which is mediated through increased GABAergic tone.20,21

Patients are otherwise relatively asymptomatic during this initial
period, after which an uncompensated anion gap metabolic aci-
dosis develops. This intermediate stage is manifested by the
development of a wide range of visual disturbances from blurred
vision to visual field deficits to complete blindness.22 Often,
patients will report the “feeling of being in a snow field.” The
physical examination is notable for central scotoma of visual
field testing, hyperemia, and pallor of the optic disc and
papilledema.19

Other symptoms associated with methanol intoxication
include headache, lightheadedness, abdominal pain, nausea,
vomiting, and dyspnea. Methanol exerts a direct toxic effect on
the pancreas to produce pancreatitis.23 Acute renal failure, a rare
complication of methanol poisoning, is a consequence of myo-
globinuria.24 Without treatment, coma and respiratory and circu-
latory failure may ensue.

Survivors of severe methanol poisoning who have suffered
putamenal and subcortical white matter lesions may develop a
Parkinson-like extrapyramidal syndrome characterized by rigidi-
ty, bradykinesia, mild tremor, masked faces, lethargy, and mild
dementia.25

Ethylene Glycol
History and Epidemiology. Ethylene glycol was first synthe-

sized in 1859 by Charles Wurtz and because of its low
freezing point (~13°C) and high boiling point (198°C),
it started being used as an engine coolant as early as

World War II. Although its primary use remains as auto-
motive antifreeze, ethylene glycol can also be found in
adhesives, brake and hydraulic fluids, cosmetics, de-icers,
detergents, fire extinguishers, inks, lacquers, paints, pesti-
cides, polishes, and some windshield-washer fluids. (See
Table 1.) The ingestion of ethylene glycol, intentional or
unintentional, results in approximately 5000 poisonings
each year, with about 30-40 fatalities.26 Poisonings occur
in intentional ingestions as a suicide agent and, because of
its sweet taste and intoxicating properties, as an inexpen-
sive substitute for ethanol.27 The vast majority of expo-
sures are through accidental misuse; however, purposeful
ingestions account for most documented fatalities.28

Toxicokinetics and Toxicodynamics. Ethylene glycol
is absorbed rapidly in the gastrointestinal tract; however,
unlike methanol, its percutaneous and pulmonary absorp-
tion is very limited due to low volatility and poor skin
penetration.29 It is highly water soluble and distributes
evenly throughout tissues of the body with a relatively
small volume of distribution (0.5-0.8 L/kg).30 Peak con-
centrations are reached one to four hours after ingestion;
approximately 80% of the absorbed dose undergoes
hepatic metabolism. The other 20% is excreted

unchanged in the urine by the kidneys, the only toxic alcohol to
exhibit this effect.31 The elimination half-life of ethylene glycol is
approximately 3 hours when following first order kinetics, but
increases to 8.5 hours when serum concentrations are higher,
such as in overdose.32 Additionally, metabolism is slowed and
elimination can be prolonged up to 18 hours when competitive
alcohol dehydrogenase antagonists such as ethanol or fomepizole
are present.33

In a manner similar to methanol, ethylene glycol undergoes
sequential oxidation to form toxic metabolites. Alcohol dehydro-
genase oxidizes the parent compound to glycoaldehyde, which
rapidly gets oxidized by aldehyde dehydrogenase resulting in
very little appreciable glycoaldehyde being detectable in the
blood. The resultant metabolite, glycolic acid, accumulates in
substantial amounts due to its relatively slow oxidation to gly-
oxylic acid and is the primary compound responsible for the
metabolic acidosis seen in ethylene glycol poisonings.34 Once
formed, however, glyoxylic acid is rapidly oxidized to one of sev-
eral metabolites, including oxalic acid, which chelates with calci-
um to precipitate as calcium oxalate crystals.35 (See Figure 2.)

Pathophysiology. The accumulation of glycolic acid corre-
lates with the severity of the metabolic acidosis and depletion of
serum bicarbonate concentration seen in ethylene glycol inges-
tion. Glyoxylic acid and oxalic acid make minimal contributions
to the overall derangements in the anion gap as they accumulate
at much lower concentrations.36 The successive oxidative meta-
bolic processes result in a depletion of NAD+, leading to inhibi-
tion of the citric acid cycle, accumulation of lactic acid, and con-
sequential worsening of the metabolic acidosis.37 The calcium
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Figure 1. Pathways of Methanol Metabolism
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oxalate crystals deposit throughout the body leading to end organ
damage. Their accumulation in the epithelium of the proximal
renal tubules causes physical blockage and compression of the
tubular lumen, which leads to the development of acute renal
failure. They also have been found to be directly cytotoxic to the
tubules themselves, causing acute tubular necrosis.38 Crystal dep-
osition also has been reported in the brain and may account for
multiple cranial nerve abnormalities as well as cerebral edema
observed in ethylene glycol poisoned individuals.39 Deposits
found in the myocardium on autopsy of ethylene glycol individu-
als have yet to be linked to any changes in myocardial dysfunc-
tion.40 Of note, hypocalcemia resulting from oxalic acid chelation
with calcium can lead to prolongation of the QTc interval, nega-
tive inotropic effects, dysrhythmias, and seizures; hypocalcemia
is likely the cause of acute death in ethylene glycol poisoning.41

Clinical Manifestations. Three classic stages of ethylene gly-

col poisoning were first described by Kahn and
Brotchner in 1950, but the onset, progression,
and convergence of these stages varies wide-

ly.42 (See Table 2.) Also, the concomitant inges-
tion of amounts of ethanol may delay the onset
of symptoms by several hours, similar to the
latency periods seen in methanol/ethanol co-
ingestions. The first stage is characterized by
neurologic symptoms that occur 30 minutes to
12 hours after ingestion. Ethylene glycol pro-
duces transient inebriation and euphoria in a
pattern similar to that seen in ethanol intoxica-
tion. Slurred speech, ataxia, and nystagmus may
occur. However, patients lack the odor of alco-
holic beverages and, instead, have a faint, sweet,
aromatic odor to them.43 Individuals may also
complain of abdominal pain and exhibit nausea
and vomiting as ethylene glycol acts directly as
a gastric irritant.37 Metabolism produces meta-
bolic acidosis, concurrently, inebriation pro-
gresses to lethargy, stupor, and coma. In addi-
tion, patients exhibit hyperreflexia, tremors,
tetany, and seizures.39 These symptoms typically
appear 4-12 hours after ingestion and result
from cerebral edema and meningoencephali-
tis.35,44 Patients may exhibit hyperventilation as
a compensatory response to the developing
metabolic acidosis.

Cardiopulmonary signs and symptoms are
encompassed in the second stage that occurs 12-
24 hours post-ingestion. Tachypnea and Kuss-
mall respirations continue in an attempt to cor-
rect the severe metabolic acidosis and tachycar-
dia and mild hypertension develop. Hypoxia
may become evident, resulting from aspiration,
congestive heart failure, or acute respiratory dis-
tress syndrome (ARDS); dysrhythmias from
hypocalcemia may ensue.45 Death most com-
monly occurs during this stage, with the etiolo-

gies being cardiac dysrhythmias, cerebral edema or infarction,
multiple organ failure, or irreversible shock.46

Stage three occurs 24-72 hours after ingestion and is charac-
terized by acute renal failure. Patients who survive the second
stage may report severe flank pain and oliguria progressing to
anuria.47 Renal dysfunction may be severe enough to require
hemodialysis, a therapeutic intervention that usually leads to
complete recovery of kidney function. However, some patients
sustain permanent damage requiring protracted hemodialysis
and, rarely, renal transplantation.37 Cranial neuropathies have
been described in the literature, but these presentations usually
involve patients who have ingested large quantities of ethylene
glycol and present late in their clinical course. These findings
typically present themselves 5-20 days after ingestion, undergo
slow recovery, but typically resolve after approximately one
year.39
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Figure 2. Pathways of Ethylene Glycol Metabolism
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Isopropyl Alcohol
History and Epidemiology. Isopropanol, or isopropyl alco-

hol, is a clear, colorless, volatile alcohol usually sold as a 70%
solution in rubbing alcohol, although it is also found in lacquers
and used as a solvent in many household, cosmetic, and topical
pharmaceutical products. (See Table 1.) Exposure to it is usually
through ingestion as an ethanol substitute; however, its toxicity
has also been reported via inhalation48 and from dermal absorp-
tion in children sponge-bathed with isopropanol to reduce
fevers.49,50 In fact, exposures to isopropanol are the most common
toxic alcohol exposures reported to poison control centers in the
United States.51

Toxicokinetics and Toxicodynamics. Isopropanol is rapidly
absorbed from the stomach after oral ingestion, with peak serum
concentrations achieved in 30-60 minutes.52 Metabolism to acetone
follows via alcohol dehydrogenase, with ketonemia and ketonuria
occurring rapidly after exposure.53 Clearance follows first-order
kinetics, and elimination is primarily by the renal route.54 Impor-
tantly, metabolism of isopropanol produces not an acid metabolite,
but a ketone. (See Figure 3.) In fact, ketosis without acidosis is the
defining characteristic of isopropanol poisoning.55

Pathophysiology. Isopropyl alcohol ingestion causes central
nervous system (CNS) depression, gastrointestinal irritation, and
impaired gluconeogenesis. The hemorrhagic gastritis is thought
to result from direct gastric mucosal irritation by the toxic alco-
hol as opposed to the acetone metabolite.56 However, one author
reported a case of hemorrhagic gastritis after dermal exposure,
suggesting a possible end-organ effect in contrast to a direct local
irritant effect.52 Metabolic acidosis is possible after isopropanol
exposure; however, it is the result of isopropanol-induced shock
leading to tissue hypoxia and resultant lactate accumulation.48

Clinical Manifestations. Patients suffering from isopropanol
intoxication generally present with CNS depression and gastroin-
testinal distress. The increased lipophilicity of isopropyl alcohol
makes it a more potent intoxicant than other alcohols (including
ethanol); its effects persist for a longer duration than ethanol due
to its slower metabolism as well as the intoxicating effects of
acetone.56 Patients also may complain of headache and lighthead-
edness due to hypotension and may appear ataxic and
dysarthric.57 Gastrointestinal symptoms typically include abdom-
inal pain, nausea, vomiting, and hematemesis. The examining
physician also may note a characteristic fruity odor to the
patient’s breath caused by the rapid development of ketonemia.58

Emergency Department Evaluation
Evaluation of individuals who have ingested toxic alcohols

should begin with a focused history regarding the time of inges-
tion, the amount and concentration of the ingested product if
known, as well as the nature and onset of symptoms. Information
regarding coingestants, particularly ethanol, should also be docu-
mented. A review of systems might reveal a feeling of intoxica-
tion, visual changes, dyspnea, gastrointestinal symptoms, and
flank pain. The physical examination should focus on the vital
signs, including respiratory rate, heart rate, and blood pressure.
Assessment then should proceed to neurologic status, visual acu-
ity, funduscopic exam, cardiopulmonary status, and abdominal
and back tenderness. Initial laboratory data should include com-
plete blood count; serum electrolytes, blood urea nitrogen, creati-
nine, glucose, liver function tests, lipase and/or amylase, calci-
um, ketones, and lactate; serum osmolarity; arterial blood gas
analysis; and urinalysis. To ensure accurate evaluation of severity
of intoxication, ideally serum chemistries, arterial blood gas, and
serum osmolality are measured concurrently. 

Early in a toxic alcohol overdose, the ingested parent com-
pounds contribute to the measured serum osmolarity, causing it
to become elevated. Determination of an osmol gap can thus aid
as an early surrogate marker of toxic alcohol poisoning. Serum
osmolarity can be calculated using the formula:

2(Na+) + (BUN/2.8) + (glucose/18) + (ethanol/4.6)
The measured osmolarity is typically about 270-290

mOsm/kg H2O. Of note, osmolality or osmolarity should be
measured by the freezing point depression method as opposed to
the vapor pressure method because the latter underestimates the
contribution of volatile alcohols (ethanol, isopropanol, methanol,
propylene glycol, and to a lesser extent, ethylene glycol).59 The
osmol gap, or the difference between the measure and calculated
osmolarity, is then determined using the equation:

Osmol gap (O
G
) = O

measured
– O

calculated

A normal osmol gap ranges anywhere between -14 and +10
mOsm; however, individual baseline osmol gaps usually are
unavailable for comparison at the time of presentation.60 For
example, if an individual’s baseline osmol gap is -14 mOsm and
on presentation his laboratory results yield an osmol gap of +10
mOsm, his osmol gap on this occasion is 24 mOsm, well beyond
the accepted normal range. Therefore, an osmol gap of +10
mOsm cannot exclude the possibility of serious toxic alcohol
ingestion. Additionally, a moderately elevated osmol gap (+10 to
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Table 2. Stages of Ethylene Glycol Poisoning

STAGE TIME OF ONSET CHARACTERISTICS

Stage 1 30 minutes to 12 hours Neurologic: Inebriation, euphoria, slurred speech, ataxia, nystagmus, lethargy, stupor, 
coma, hyperreflexia, tremors, seizures

Stage 2 12 to 24 hours Cardiopulmonary: Tachycardia, mild hypertension leading to hypotension and shock, 
dysrhythmias

Stage 3 24 to 72 hours Renal: Oliguria progressing to anuria
Stage 4 5 to 20 days Cranial neuropathies



+20) is not necessarily diagnostic of toxic alcohol poisoning, as
other entities such as alcoholic ketoacidosis and lactate-associat-
ed acidosis can raise the osmol gap.61 It is the markedly elevated
osmol gaps (>25 mOsm) that are difficult to explain by disorders
other than toxic alcohol exposures.15

An osmol gap can be used as a rough estimate of the concen-
tration of an alcohol using the following formula

Concentration of alcohol = (osmol gap – 10) x conversion factor
The conversion factor for ethanol is 4.6, methanol 3.2, iso-

propyl 6.0, and ethylene glycol 6.2. It is important to understand
this is a rough estimate for the reasons given above.

As the ethylene glycol and methanol are metabolized, their
toxic metabolites, glycolic acid and formic acid, respectively, are
formed. This process leads to a decline in serum bicarbonate
concentrations and a concomitant rise in serum chloride levels,
causing a significant metabolic acidosis before the development
of an anion gap. But, as metabolism continues, an anion gap and
metabolic acidosis occur together. Glycolic acid and formic acid
are the major contributors to the anion gaps in their respective
ingestions and the severity of the metabolic acidoses correlate
with the serum concentrations of each metabolite.14,62 The size of
the anion gap is determined by unmeasured anions. Its value is
given by the formula:

Anion Gap (AG) = [(Na+ + K+) – (HCO3- + Cl-)]
A normal anion gap is approximately 12-16 mmol/L, but the

actual levels vary between laboratories depending on the accura-
cy of laboratory measurements.  

In addition, an arterial blood gas analysis (ABG) should be
performed. Most patients who have a metabolic acidosis from
methanol or ethylene glycol poisoning develop a compensatory
respiratory alkalosis and an ABG will fully categorize the extent
of acidosis and compensatory measures. In general, patients who
present with an anion gap of greater than 30 and a serum pH of
7.05 or less must be considered to have ingested a toxic alcohol
unless proven otherwise.

The anion gap and osmol gap have a reciprocal relationship
over time. The initial presence of the parent compounds causes
an elevated osmol gap, but no contribution to the anion gap. Over

time, the formation of acid metabolites contributes to the anion
gap and the osmol gap falls as the parent compounds disappear.15

(See Figure 4.)
Another contributor to the anion gap acidosis is the produc-

tion of lactate. In methanol intoxication, formate inhibits oxida-
tive phosphorylation and leads to anaerobic metabolism. Addi-
tionally, the successive oxidative metabolic processes involved in
toxic alcohol breakdown result in a depletion of NAD+, leading
to inhibition of the citric acid cycle and the favoring of the pro-
duction of lactic acid from pyruvate.37 Furthermore, hypotension
and organ failure in severely poisoned patients also contribute to
elevated lactate levels. Interestingly, ethylene glycol poisonings
can lead to a false-positive lactate elevation because the glycolic
acid metabolite is very similar in structure to lactate and inter-
feres with the measurement of whole blood lactate by some
enzymatic methods.27

The determination of serum concentrations of toxic alcohols
has been the topic of much debate in the field of toxicology. To
begin with, the methodologies typically used are gas chromatog-
raphy and mass-spectrometry, forms of testing that are expensive
and not available in most hospital laboratories. Sending out sam-
ples to reference laboratories can result in the withholding of
treatment until results are received, leading to possible significant
morbidity and mortality. Sample mishandling and improper
packaging results in falsely low values due to the high volatility
of the compounds.55 Secondly, many patients present late in their
exposure and, subsequently, have already metabolized the major-
ity of the parent compounds. It is for this reason that some
authors have advocated for the determination of serum glycolic
acid and formic acid levels, citing that clinical symptoms and
mortality correlate more closely with these serum concentrations
and metabolic acidosis rather than with serum ethylene glycol
and methanol levels,63,64 but the logistics for obtaining these lev-
els are not currently available in a timely fashion. Lastly, there is
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Figure 3. Pathways of Isopropanol 
Metabolism

Isopropanol 

CH3CHOHCH3 

Alcohol 

dehydrogenase 

Acetone 

CH3COCH

NAD

NAD

Figure 4. The Reciprocal Relationship 
of Anion Gap and Osmol Gap Over Time

N
o

rm
al

 

Time from Ingestion 

m
O

sm
 

m
E

q
/L

 

N
orm

al 

Anion gap 
(mEq/L)

Osmol gap (mOsm) 

NADH

CH3COCH3 Anion gap
mEq/L

Isopropanol

Alcohol 
dehydrogenase

CH3CHOHCH3

Acetone

NAD+

Osmol gap (mOsm)
m

O
sm

N
orm

al

m
E

q/
L

N
or

m
al

Time from Ingestion



significant controversy over the interpretation of serum methanol
and ethylene glycol concentrations once they are attained. His-
torically, 25 mg/dL has been considered a toxic concentration in
non-acidotic patients arriving early for care in either methanol or
ethylene glycol exposures. However, this is based on older case
reports and large outbreaks studies involving bootlegged prod-
ucts, and some textbooks make similar treatment guideline sug-
gestions without reference.9,65 More recent research has demon-
strated that in early presenters, a clear acidosis develops only
with a methanol level > 126 mg/dL, suggesting that the currently
available data are insufficient to apply 25 mg/dL as the treatment
threshold. Yet, due to a lack of available prospective studies, this
value continues to be used by most experts. Similarly, while
there is no specific level of isopropyl alcohol that mandates treat-
ment, some authors recommend that, in a patient that is persist-
ently hypotensive, a level greater than 400 mg/dL requires
hemodialysis.66

Urinalysis and microscopy can be helpful in providing evi-
dence of toxic alcohol exposures. The presence of two forms of
calcium oxalate crystals, monohydrate and dihydrate, lends sup-
portive proof for ethylene glycol poisoning. The monohydrate, or
needle-shaped, form is much more thermodynamically stable
than the dihydrate, or envelope-shaped, form. The dihydrate
crystals are seen early in ingestions after a latent period of 4-8
hours, but they undergo transformation to the monohydrate crys-
tals within 2-10 hours.14 In the presence of renal failure, these
crystals may persist in the urine for 6-10 days.67 The crystal pre-
cipitation in the urine leads to the hypocalcemia typically seen in
ethylene glycol exposures, and the presence of hypocalcemia and
calcium oxalate crystals in the urine is highly suggestive of ethyl-
ene glycol poisoning.37 It is to be noted that the amount of
oxalate crystalluria does not correlate with the amount of ethyl-
ene glycol absorbed and that the presence of these crystals is nei-
ther sensitive nor specific to ethylene glycol ingestions.

Sodium fluorescein is added to some commercial antifreeze
preparations as a colorant to aid in detection of radiator leaks.
Because of this, the use of a Wood’s lamp shown on a fresh urine
sample can be implemented to aid in the diagnosis of ethylene
glycol ingestions. However, there are several points to consider
regarding this adjunctive test. First, false-positives may occur if
the urine is examined in glass or plastic containers that have
inherent fluorescence or if other compounds present in the urine
also fluoresce, such as carbamazepine, niacin, and carotene. Sec-
ondly, false-negatives may occur if the sample is collected more
than four hours after ingestion due to prior excretion of the fluo-
rescein. Finally, extremely acidified urine, such as samples with
a pH of less than 4.5, causes the fluorescence of sodium fluores-
cein to disappear.68 In such cases, the pH needs to be adjusted
before ultraviolet light examination. While many authors cite the
utility of this test in the determination of ethylene glycol expo-
sures, recent work has refuted it, with one study citing fluores-
cence of all of their urine specimens.69 It is to be noted that the
Wood’s lamp also can be used to inspect for spilled sodium fluo-
rescein on the skin and clothing.

Brain imaging can also be a useful component in the evalua-

tion of toxic alcohol exposures. Cranial CT scans may demon-
strate evidence of cerebral edema with compression of the supra-
tentorial ventricular system in ethylene glycol toxicity. Cases
have also reported reversible hypodensities in the thalamus, basal
ganglia, pons, and temporal lobes consistent with meningoen-
cephalitis.70 While CT imaging of the brain often is normal when
performed within 24 hours of a methanol exposure, repeat imag-
ing in severe cases most consistently demonstrates bilateral puta-
minal necrosis with lesser involvement of the caudate nucleus.71

MRI scanning also has been performed in methanol poisonings
and has demonstrated atrophy of the optic chiasm as well as per-
sistent occipital lesions.72

Emergency Department Management
Initial treatment strategies for toxic alcohol ingestions should

focus on the evaluation and correction of immediate life-threat-
ening complications to the airway, breathing, and circulation.
Intravenous access should be established and oxygen applied,
and the patient should be placed on hemodynamic monitoring.
IV fluid therapy is necessary to ensure adequate urine output,
and the volume status of the patient must be monitored closely to
prevent fluid overload in those who present with renal dysfunc-
tion. Hypoglycemia should be corrected with IV dextrose admin-
istration.

Gastrointestinal decontamination methods have never been
examined for their efficacy in toxic alcohol ingestions. Many
authors cite the rapid absorption of the toxins and the limited
binding capacity of activated charcoal to alcohols as reasons for
its lack of role. Gastric aspiration and lavage may be effective,
and sources support its use if employed one to four hours post-
ingestion, especially if moderately large amounts are ingested.73

Activated charcoal also has demonstrated some merit in certain
studies and is still recommended at a dosing of 1 g/kg, particular-
ly if a co-ingestant is suspected.74 Syrup of ipecac generally is
condemned as a treatment modality due to its sedative properties
combined with the risk of aspiration of gastric contents by an
obtunded patient as well as its universal ineffectiveness in
improving patient outcomes.75

Metabolic acidosis must be treated aggressively as it corre-
lates consistently with severity and outcome, especially in
methanol toxicity. Dissociated formic acid, or formate, is much
less toxic than undissociated formic acid due to its lower affinity
for cytochrome oxidase and its decreased access to the CNS.35

Serum alkalinization also enhances formate clearance in the
urine by ion trapping.14 Serum pH values below 7.2 should be
managed with intravenous sodium bicarbonate solution to correct
the acidosis to above 7.2-7.3. Dosing is calculated using the for-
mula:

NaHCO3 dose = 0.7 x kg x (desired – actual [HCO3-])
When 0.7 is the volume of distribution of bicarbonate in aca-

demia, and kg is the lean body weight. Sodium bicarbonate
should be mixed with 1/4 NS or D5W up to 2-3 amps per liter.35

Similar dosing can be utilized in metabolic acidosis associated
with ethylene glycol poisoning, with the realization that serum
alkalinization may worsen hypocalcemia. Of note, bicarbonate
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can be added to the dialysate bath during hemodialysis to restore
the serum bicarbonate concentration.76

The inhibition of alcohol dehydrogenase is at the cornerstone
in the management of ethylene glycol and methanol poisoning,
and the decision to implement such therapy may be based on the
history or on laboratory data alone. Patients with a believable
history of ingestion should be treated because, as stated earlier,
physical signs and symptoms and laboratory abnormalities ini-
tially may be absent. Additionally, patients with an unexplainable
osmol or anion gap should also receive treatment. Conversely,
isopropyl alcohol exposures should not be treated with ADH
inhibitors because acetone is not substantively more toxic than
isopropanol.  

Historically, ethanol has been used as an antidote for
methanol and ethylene glycol poisonings since the 1940s, despite
the fact that it has not received FDA approval for such use.77 It is
effective because ADH’s affinity for ethanol is 15 times greater
than its affinity for methanol and 67 times greater than its affinity
for ethylene glycol.78,79 Typically, a 10% intravenous solution is
administered through a central venous catheter to maintain a
serum concentration of 100 mg/dL, although authors have pro-
posed that lower levels could well be as effective based on clini-
cal results.10 Where there is no intravenous alcohol available, oral
alcohol can be used, though levels achieved are more variable.
The goal is to give 0.6-0.8 g/kg as a loading dose and 0.11-0.15
g/kg/hr as a maintenance dose. This can be accomplished by 0.8-
1.0 mL/kg of 95% ethanol in orange juice or by using any com-
mon alcoholic beverage using the following conversion:

Grams of ethanol = volume of beverage in mL x 0.9 x
proof/200.

Side effects, however, include inebriation and CNS depres-
sion, hypoglycemia (more often in children), hyponatremia,
thrombophlebitis, pancreatitis, gastritis flushing, and hypoten-
sion.44,80 Due to this fact, ethanol has been considered an outdat-
ed therapeutic option, and those patients receiving ethanol infu-
sions require intensive care unit admission for close monitoring.

Fomepizole (4-methylpyrazole, 4-MP, Antizol) is an even
more potent, recently developed inhibitor of ADH that has
received FDA approval for use in methanol and ethylene glycol
poisonings. It has an affinity for ADH greater than 8000 times

that of ethanol and offers many clinical advantages over ethanol,
including a wider therapeutic index, longer duration of action,
easier dosing, and more predictable kinetics.81 It reliably inhibits
ADH when administered as an intravenous bolus every 12 hours
and does not require frequent monitoring and adjustment of plas-
ma concentrations.82,83 Additionally, fomepizole does not carry
the side effect profile seen in ethanol administration; the most
commonly reported adverse effects are headache, nausea, and
dizziness in clinical trials.14,82 The primary disadvantage of
fomepizole use is the high acquisition cost (~$1,000 per 1.5-g
vial). Assuming you did not admit a patient with ethylene glycol
poisoning to the ICU, significant cost savings can be attained
through its timely use by the avoidance of ethanol infusion and
associated ICU level care, hemodialysis therapy, and total hospi-
tal stay. In fact, recent case reports have demonstrated cost reduc-
tions of at least 40%.84 The dose of fomepizole is 15 mg/kg intra-
venously as an initial loading dose followed by 10 mg/kg every
12 hours. After 48 hours, fomepizole induces its own metabolism
and the rate must be increased to 15 mg/kg every 12 hours. Of
note, if the patient is to require hemodialysis, the dosing frequen-
cy should be increased to every 4 hours versus an infusion of 1-
1.5 mg/kg/h.37 Patients should continue to receive ethanol or
fomepizole therapy until their serum concentration of methanol
or ethylene glycol is below 20 mg/dL.82,83

Hemodialysis is the definitive treatment for patients poisoned
with toxic alcohols as it clears the parent compounds and their
toxic metabolites and corrects the acid-base disorder. Since the
advent of fomepizole treatment, however, the indications for
hemodialysis have become less clearly defined. Past treatment
guidelines recommended hemodialysis for methanol and ethyl-
ene glycol levels greater than 50 mg/dL, regardless of patient
presentation.81,85 Yet, this concentration alone does not denote
toxicity, predict prolonged elimination, or correlate with patient
outcome. Patients who present after significant ingestions, but
have yet to develop a metabolic acidosis, should have little
potential for toxicity if metabolism of their ingestant is effective-
ly blocked with either fomepizole or ethanol.81 In fact, recent evi-
dence suggests that fomepizole monotherapy can be used to safe-
ly manage these patients regardless of their initial toxic alcohol
concentrations as long as they do not exhibit renal impair-
ment.11,64,86

More recent recommendations for hemodialysis focus on
patients who present with end-organ toxicity or severe acidosis,
results of toxic metabolites, and problems not addressed by ADH
inhibition. Some authors have advocated for attaining serum con-
centrations of toxic metabolites, attesting that elevated concentra-
tions of formate and glycolic acid better predict ocular injury and
renal failure, respectively.63,64 Additionally, patients with renal
failure are unable to excrete parent compounds once ADH is
blocked, except in expired air in the case of methanol. Hemodial-
ysis, therefore, is suggested in the following conditions: deterio-
rating vital signs despite intensive supportive care, significant
metabolic acidosis (< 7.25–7.30), end-organ toxicity (including
vision changes, coma, and seizures), renal failure or electrolyte
imbalances unresponsive to conventional therapy.12,37 Extremely
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Table 3. Indications for Hemodialysis 
in Methanol Poisoning

ABSOLUTE INDICATIONS

• Deteriorating vital signs
• Metabolic acidosis
• End-organ dysfunction
• Renal failure
• Worsening electrolyte imbalances

RELATIVE INDICATIONS

• Extremely high levels of parent compounds
• High osmol gaps
• Lack of fomepizole



high levels of parent compounds or high osmol gaps are consid-
ered relative indications for hemodialysis, and decisions must be
based on physician judgment and resource availability (such as
lack of access to fomepizole). (See Table 3.) Once initiated, ther-
apy should continue until measured parent compound levels are
below 20 mg/dL and acidemia is corrected.55 If alcohol concen-
trations are unavailable, dialysis should continue at least 8 hours
or until the osmolal gap is normal (subtracting any possible con-
tribution from ethanol therapy).35 Lastly, as stated earlier, dosing
of fomepizole as well as ethanol must be increased during
hemodialysis as both compounds are cleared during treatment.

In addition to standard treatment strategies, there are several
therapeutic adjuncts that can be employed in toxic alcohol inges-
tions. Pyridoxine, thiamine, and magnesium are cofactors for the
metabolism of ethylene glycol. (See Figure 2.) Pyridoxine pro-
motes its metabolism to glycine, while thiamine and magnesium
promote its metabolism to ketoadipate. Similarly, folate and
folinic acid, or leukovorin, enhance formic acid metabolism.
Case reports have suggested that folate supplementation increas-
es formate clearance in methanol toxicity even more so than
hemodialysis.13 Despite these claims, however, no human clinical
trials have confirmed the benefit of using these modalities for
these purposes.

With regard to hypocalcemia related to ethylene glycol toxici-
ty, calcium should only be replenished if the patient is sympto-
matic (i.e., cardiac dysrhythmias, tetany, and seizures), as its
administration could theoretically enhance calcium oxalate tissue
precipitation, worsening toxicity. Lastly, steroids such as methyl-
prednisolone have shown some promise in reducing optic nerve
edema and, subsequently, improving visual outcome in methanol
toxicity.19,22 Further study needs to be done, however, before
widespread use is recommended.

Prognosis and Disposition
In ethylene glycol poisoning, the degree of metabolic acidosis

or glycolic acid accumulation at the initiation of treatment close-
ly correlates with the degree of renal injury. One retrospective
study found that predictors of renal failure included an initial
glycolic acid level of greater than 8 mmol/L, anion gap of greater
than 20 mmol/L, or arterial pH of less than 7.30.64 Similarly, a
prospective study of methanol ingestions found that endogenous
formate concentrations greater than 20 mg/dL were expected to
produce ocular injury and acidosis.63 More interestingly, howev-
er, were the results of a retrospective review of methanol poison-
ings, which concluded that coma or seizure on presentation and
severe metabolic acidosis, in particular an initial arterial pH < 7,
were poor prognostic indicators and carried with them an 84-
86% risk of mortality.11

A significant number of ethylene glycol and methanol poison-
ings require admission to an intensive care unit. Early consultation
with a toxicologist or poison control center is strongly encouraged
to aid in the diagnosis and care of these individuals, as well as in
the coordination of therapeutic options. Poisoned patients often
require hemodialysis, a modality that may not be available at some
medical centers. Therefore, clinical suspicion must remain high for

these clinical entities, and physicians should not hesitate to transfer
patients to higher levels of care if necessary.
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Physician CME Questions

41. Undissociated formic acid preferentially targets which tissues?

A. Proximal tubular cells

B. Optic disc and optic nerve cells

C. Hepatocytes

D. Myocardium

E. Skeletal muscle

42. Which compound is primarily responsible for the metabolic acidosis

seen in ethylene glycol poisonings?

A. Oxalic acid

B. Glyoxalic acid

C. Formic acid

D. Glycolic acid

E. Acetone

43. What is the primary enzyme in the cascade of methanol metabolism?

A. Aldehyde dehydrogenase

B. Alcohol dehydrogenase

C. Lactate dehydrogenase

D. Cytochrome oxidase C

E. Glycolic acid oxidase

44. Metabolism of isopropanol leads to which sine qua non metabolic

derangement?

A. Ketosis with metabolic acidosis

B. Anion gap metabolic acidosis with compensatory respiratory

alkalosis

C. Non-anion gap metabolic acidosis

D. Primary metabolic acidosis and primary respiratory acidosis

E. Ketosis without metabolic acidosis

45. The development of cranial neuropathies in ethylene glycol poisoning
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typically occurs how long after exposure?

A. 0-30 minutes

B. 30 minutes to 12 hours

C. 12-24 hours

D. 24-72 hours

E. 5-20 days

46. Early in a toxic alcohol exposure, the ingested parent compound con-

tributes to which early surrogate marker to poisoning?

A. Elevated anion gap

B. Lowered osmolar gap

C. Elevated osmolar gap

D. Elevated serum bicarbonate

E. Lowered anion gap

47. Which compound seen in ethylene glycol poisonings is responsible

for the development of acute renal failure?

A. Formic acid

B. Calcium oxalate

C. Acetone

D. Glycoaldehyde

E. Formaldehyde

48. Serum osmolarity is calculated using which of the following equa-

tions?

A. 2(Na+) + (BUN/18) + (glucose/2.8) + (ethanol/4.6)

B. 2(Na+) + (BUN/4.6) + (glucose/18) + (ethanol/2.8)

C. 2(Na+) + (BUN/2.8) + (glucose/18) + (ethanol/4.6)

D. [(Na+ + Cl-) – (K+ + HCO3-)]

E. [(Na+ + K+) – (Cl- + HCO3-)]

49. Which therapy is at the cornerstone of the management of ethylene

gylcol and methanol poisoning?

A. Charcoal

B. Gastric lavage

C. Urine alkalinization

D. Alcohol dehydrogenase inhibition

E. Hemodialysis

50. Which of the following is an indication for hemodialysis in methanol

poisoning?

A. Deteriorating vital signs

B. Undetectable parent compound level

C. Metabolic alkalosis

D. Lack of evidence of end organ dysfunction

E. Narrow osmol gap

CME Answer Key
41. B; 42. D; 43. B; 44. E; 45. E; 46. C; 47. B; 48. C; 49. D;

50. A
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Commercial Sources of Toxic Alcohols

SUBSTANCE FORMULA COMMERCIAL SOURCES

Methanol CH3OH Windshield washer fluid, model 
airplane fuel, canned heat 
(Sterno), photocopying fluid, 
perfumes, paint, shellac, 
gas line antifreeze, varnish

Ethylene CH2OHCH2OH Antifreeze, adhesives, brake 
gylcol and hydraulic fluids, cosmetics, 

de-icers, detergents, fire 
extinguishers, inks, lacquers, 
paints, pesticides, polishes, 
and some windshield-washer 
fluids

Isopropanol CH3CHOHCH3 Rubbing alcohol, solvents, 
lacquer

Stages of Ethylene Glycol Poisoning

STAGE TIME OF ONSET CHARACTERISTICS

Stage 1 30 minutes to 12 hours Neurologic: Inebriation, euphoria, slurred speech, ataxia, nystagmus, lethargy, stupor, 
coma, hyperreflexia, tremors, seizures

Stage 2 12 to 24 hours Cardiopulmonary: Tachycardia, mild hypertension leading to hypotension and shock, 
dysrhythmias

Stage 3 24 to 72 hours Renal: Oliguria progressing to anuria
Stage 4 5 to 20 days Cranial neuropathies

Indications for Hemodialysis 
in Methanol Poisoning

ABSOLUTE INDICATIONS

• Deteriorating vital signs
• Metabolic acidosis
• End-organ dysfunction
• Renal failure
• Worsening electrolyte imbalances

RELATIVE INDICATIONS

• Extremely high levels of parent compounds
• High osmol gaps
• Lack of fomepizole
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