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This Journal feature begins with a case vignette that includes a therapeutic recommendation. A discussion 
of the clinical problem and the mechanism of benefit of this form of therapy follows. Major clinical studies, 

the clinical use of this therapy, and potential adverse effects are reviewed. Relevant formal guidelines,  
if they exist, are presented. The article ends with the author’s clinical recommendations.
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A 35-year-old man is brought to the emergency department by his wife after ingesting 
automobile antifreeze in an attempt at self-harm. On presentation, the patient is 
somnolent. He is afebrile and has a blood pressure of 126/72 mm Hg, a pulse rate of 
102 beats per minute, and a respiratory rate of 24 breaths per minute. Pulse oximetry 
shows a hemoglobin saturation of 97% while the patient is breathing ambient air. His 
physical examination is normal except for tachypnea. His serum electrolyte profile 
and creatinine level are normal except for a serum carbon dioxide level of 17 mmol per 
liter. Arterial blood gas measurement reveals a pH of 7.30. Urinalysis shows micro-
scopic hematuria and needle-shaped crystals typical of calcium oxalate. The patient’s 
calculated serum osmolarity is 308 mOsm per liter, and his measured serum osmola-
lity 395 mOsm per kilogram. A medical toxicologist recommends treatment with fo-
mepizole. Subsequently, the patient’s serum ethylene glycol concentration is deter-
mined to be 580 mg per deciliter (93.4 mmol per liter).

The Clinic a l Problem

Poisoning with ethylene glycol or methanol can occur through attempted inebriation, 
unintentional ingestion, or intentional self-harm. In 2007, poison centers in the 
United States received reports of 5731 possible ethylene glycol exposures and 2283 
possible methanol exposures.1 Because reporting of such exposures is not manda-
tory, these data undoubtedly underestimate the total number of cases.

Ethylene glycol is a component of antifreeze, which is the major source of ex-
posure in poisonings. Antifreeze generally has a bright color, and its ethylene glycol 
content confers a sweet taste. These qualities render it a common source of pediatric 
ingestions. The principal clinical features of ethylene glycol poisoning are some 
degree of inebriation or alteration in consciousness, a profound metabolic acidosis, 
oxalate crystalluria, and acute renal failure. In severe cases, clinical hypocalcemia, 
multiorgan-system failure, and death occur.2 There are no data on the rate of death 
among persons with untreated ethylene glycol poisoning.

Methanol poisoning most often occurs from the ingestion of windshield-washer 
f luid. Methanol is also used in copy machines and as an ingredient in canned-
heating products, embalming fluids, and paint removers. Methanol poisoning is a 
well-known consequence of ingesting “moonshine” liquor.3 The ingestion of small 
quantities of methanol induces a profound metabolic acidosis, visual changes that 
may progress to blindness, and (in severe cases) multiorgan-system failure and 
death.4 Untreated methanol poisoning is associated with a rate of death of 28% 
and a rate of visual deficits or blindness of 30% in survivors.3
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Pathoph ysiol o gy a nd Effec t 
of Ther a py

Although there is little toxicity associated with 
ethylene glycol itself, it is metabolized by succes-
sive oxidations to active metabolites (Fig. 1A). 
One of these metabolites is oxalic acid, which may 
combine with ionized calcium in plasma to form 
calcium oxalate. Calcium oxalate precipitates in 
the renal tubules and is thought to be the cause of 
ethylene glycol–induced renal injury,5,6 although 
some studies suggest a role for other metabo-

lites.7 The prominent metabolic acidosis is due to 
circulating glycolic acid.8-10

Like ethylene glycol, methanol itself is not re-
sponsible for the major adverse effects of its in-
gestion. Rather, it is metabolized to formaldehyde, 
which is subsequently oxidized to formic acid 
(Fig. 1B). Formic acid is the cause of the retinal 
and optic-nerve damage seen in patients who sur-
vive serious methanol poisoning.11,12 Although 
the primary site of metabolism of methanol is the 
liver, some metabolism appears to occur in the 
retina as well, and local retinal conversion to for-
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Figure 1. Effect of Fomepizole on the Pathophysiological Effects of Poisoning from Ethylene Glycol and Methanol.

Panel A shows the metabolic transformation of ethylene glycol to glycolic acid, which is responsible for metabolic 
acidosis. Glycolic acid is further metabolized through the intermediate glyoxylic acid to oxalic acid. When the solu-
bility product of calcium oxalate is exceeded, precipitates form in the renal tubules, causing acute kidney injury. In 
severe cases, calcium oxalate crystals deposit diffusely in multiple organs. Panel B shows similar effects of fomepi-
zole on methanol metabolism.
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mic acid may be a factor in the retinal toxicity of 
methanol.13,14

The metabolism of both ethylene glycol and 
methanol occurs primarily through the hepatic 
enzyme alcohol dehydrogenase (Fig. 1A). Ethanol, 
which is a competitive substrate for alcohol de-
hydrogenase, can be administered to inhibit the 
metabolism of ethylene glycol or methanol, fol-
lowed by hemodialysis to remove both the parent 
compound and its metabolites.15-17 However, eth-
anol has erratic pharmacokinetics18-20 and can 
cause changes in mental status,20 hypoglycemia,18,19 
and pancreatitis.19

Fomepizole (4-methylpyrazole) is a competitive 
inhibitor of alcohol dehydrogenase that prevents 
the formation of metabolites of ethylene glycol8 
and methanol.21 It is most effective when given 
early, before significant quantities of metabo-
lites are formed. Given the efficacy of inhibition 
of alcohol dehydrogenase by fomepizole,8,21,22 the 
prognosis is primarily dependent on the time 
from ingestion to the initiation of therapy and 
the amount of the toxic metabolite that has ac-
cumulated, rather than the plasma concentration 
of the parent compound at the time that fomepi-
zole is administered.8,21 Fomepizole was approved 
in the United States for the treatment of ethylene 
glycol poisoning in 1997; in 2000, an indication 
for methanol toxicity was added.

Clinic a l E v idence

The primary evidence for the efficacy of fomepi-
zole in the treatment of human poisonings derives 
from two retrospective case series,23,24 another 
case series related to an outbreak of methanol 
toxicity in Norway,25,26 and two prospective clin-
ical trials.8,21 None of the studies involving hu-
mans used untreated control subjects or com-
pared fomepizole with ethanol therapy.

The two prospective clinical studies were sub-
studies of the Methylpyrazole for Toxic Alcohols 
(META) trial.8,21 These studies used formal as-
sessment and treatment protocols and specific 
diagnostic criteria. Because of the lack of experi-
ence with fomepizole at the time of the META 
trial, patients underwent hemodialysis if their 
plasma concentration of ethylene glycol or meth-
anol exceeded 50 mg per deciliter (8.1 mmol of 
ethylene glycol per liter; 15.6 mmol of methanol 
per liter) or if they had prespecified signs of 
severe poisoning.

The ethylene glycol substudy8 of the META 
trial enrolled 23 consecutive patients, 19 of whom 
ultimately met the criteria for ethylene glycol 
poisoning. Eighteen patients survived; the one 
death occurred in a patient with severe acidemia 
whose clinical course was complicated by a myo-
cardial infarction immediately before presenta-
tion and who died of cardiogenic shock on the 
day of admission. All 10 patients who had normal 
renal function at the time of presentation showed 
no subsequent kidney injury despite plasma ethyl-
ene glycol concentrations as high as 446 mg per 
deciliter (71.9 mmol per liter) and arterial pH 
levels as low as 7.16. These patients all had plas-
ma glycolic acid concentrations of under 80 mg 
per deciliter (10.5 mmol per liter).8

The META trial also studied methanol poison-
ing in 11 consecutive patients,21 of whom 2 died. 
Both of the deaths occurred in patients who were 
comatose with signs of anoxic brain injury on 
admission, who had severe acidemia (pH levels 
of 6.90 and 7.01), and who had plasma formic 
acid concentrations of 198 and 129 mg per deci-
liter (43 and 28 mmol per liter), respectively. The 
remaining nine patients survived even though 
several of them were initially comatose with pH 
levels as low as 6.90, plasma methanol concentra-
tions as high as 612 mg per deciliter (191.0 mmol 
per liter), and visual deficits severe enough that 
they were only able to count fingers. All these 
patients regained their baseline visual acuity. In 
contrast to the two patients who died, all survi-
vors had plasma formic acid concentrations of no 
more than 100 mg per deciliter (21.7 mmol per 
liter).

Clinic a l Use 

In all cases of suspected ethylene glycol or meth-
anol poisoning, immediate consultation with a 
medical toxicologist or a poison control center is 
strongly recommended. These poisonings consti-
tute a potentially serious medical emergency, and 
the guidance of an experienced specialist may 
prove decisive in the treatment of such patients.

Either ethanol or fomepizole may be used to 
inhibit alcohol dehydrogenase. However, fomepi-
zole has superseded ethanol as the antidote of 
choice in most settings in the United States. 
There are no contraindications to the use of fo-
mepizole except in the case of previous allergic 
reaction, none of which have been reported.
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On the basis of the META study, traditional 
practice guidelines indicate that treatment of 
toxic alcohol poisoning can be based on a mea-
sured blood concentration of the suspected agent 
(Table 1).17,27 However, the decision to start ther-
apy must be made expeditiously, and results of 
assays for toxic alcohols are usually not available 
promptly enough to assist in this decision. Alter-
native criteria, according to the guidelines, in-
clude a documented recent ingestion of a toxic 
alcohol and metabolic evidence consistent with 
toxic alcohol poisoning.17,27 However, with the 
introduction of fomepizole, it has become in-
creasingly evident that these criteria are also 
probably too stringent. Many experts consider a 
suspicion of ingestion or the presence of a meta-
bolic acidemia of unknown cause to be sufficient 
to start therapy.

Fomepizole is given intravenously; recommend-
ed doses are listed in Table 2. The plasma fomepi-
zole concentration that is required to inhibit alco-
hol dehydrogenase is approximately 0.8 μg per 
milliliter (10 μmol per liter),28,29 and clinical 
trials8,21 have shown that levels in this range are 
obtained during therapy. For patients undergo-
ing dialysis, the interval between doses is short-
ened. Repeated administration of fomepizole has 
been reported to induce cytochrome P-450 me-
tabolism.30 Therefore, current guidelines recom-
mend an increased dose for patients who require 
more than 48 hours of treatment17,27 (Table 2). 
No dose adjustments are necessary for patients 
with renal or hepatic disease, and no significant 
interactions with other medications have been 
reported.

Patients with ethylene glycol or methanol poi-
soning are often treated in intensive care units. 
Intubation and ventilatory support may be re-
quired in severely intoxicated patients, as may 
hemodynamic support with fluid resuscitation 
and vasopressors. For patients with severe aci-
demia (a pH level below 7.3), the administration 
of sodium bicarbonate is recommended. Howev-
er, less severely poisoned patients may be treated 
on general medical wards or in medical psychiat-
ric units.

Hemodialysis is an important adjunctive ther-
apy in patients who are treated with ethanol for 
toxic alcohol poisoning. The existing clinical 
guidelines,17,27 which are based more on clinical 
experience than on research data, recommend 
considering hemodialysis for any ethanol-treated 

patient with a serum concentration of ethylene 
glycol or methanol of at least 50 mg per deciliter 
(8.1 mmol of ethylene glycol per liter; 15.6 mmol 
of methanol per liter), significant acidemia, a 
major decrement in renal function (for ethylene 
glycol poisoning), or visual signs or symptoms 
(for methanol poisoning).

The introduction of fomepizole has obviated 
the need for hemodialysis in many patients, espe-
cially if they do not have signs of renal or optic 
injury and do not have profound acidemia.23,26,31 
Patients with blood methanol concentrations as 
high as 146 mg per deciliter (45.6 mmol per liter) 
have been treated with fomepizole alone without 
sequelae.24 In my institution, patients with a 
blood ethylene glycol concentration of more than 
700 mg per deciliter (112.8 mmol per liter) have 
been treated with fomepizole alone without ad-
verse effects or sequelae.

In patients with ethylene glycol poisoning, the 
administration of pyridoxine has been frequently 
advocated as an adjunctive therapy, because py-
ridoxine is a cofactor in the metabolism of gly-

Table 1. Criteria for the Initiation of Therapy in Patients with Known or Suspected 
Ethylene Glycol or Methanol Poisoning.*

Ethylene glycol

Documented plasma concentration of ethylene glycol of ≥20 mg per deciliter 
(3.2 mmol per liter)

Or

Documented recent history of ingestion of toxic amounts of ethylene glycol 
and an osmolal gap of >10 mOsm per liter

Or

Suspected ethylene glycol ingestion and at least three of the following criteria:

Arterial pH level of <7.3

Serum carbon dioxide level of <20 mmol per liter

Osmolal gap of >10 mOsm per liter

Oxalate crystalluria

Methanol

Documented plasma methanol concentration of ≥20 mg per deciliter (6.2 mmol 
per liter)

Or

Documented recent history of ingestion of toxic amounts of methanol and an 
osmolal gap of >10 mOsm per liter

Or

Suspected methanol ingestion and at least two of the following criteria:

Arterial pH level of <7.3

Serum carbon dioxide level of <20 mmol per liter

Osmolal gap of >10 mOsm per liter

* Data are from Barceloux et al.17 and the American Academy of Clinical Toxicol-
ogy Ad Hoc Committee on the Treatment Guidelines for Methanol Poisoning.27 
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colic acid to glycine.18 However, there are sparse 
data supporting any beneficial effect of such 
treatment.

In patients with methanol poisoning, the ad-
ministration of folate is of theoretical benefit, 
because formic acid is catabolized to carbon di-
oxide and water by tetrahydrofolate synthetase, 
an enzyme that is dependent on stored folate.32 
An initial intravenous dose of 1 mg per kilogram 
of body weight (up to 50 mg) of folinic acid 
(leucovorin), the activated form of folate, is typ-
ically given. Stereospecific levoleucovorin has 
become available.33 If used, it should be admin-
istered at one half the dose of leucovorin. Subse-
quently, folic acid may be administered at the 
same dose as leucovorin every 6 hours until the 
metabolic acidosis resolves.

Patients with ethylene glycol poisoning who 
have signs of renal injury should be followed with 
daily measurements of serum creatinine until 
their renal function returns to baseline. Those 
who have severe kidney injury should be treated 
in a standard fashion, including hemodialysis, if 
necessary. The typical clinical picture is one of 
acute and transient renal failure. There is no evi-
dence of the development of latent renal injury 
that may be manifested after the initial episode 
has resolved.

The visual deficits from methanol poisoning 
are most often reversible if they are treated early 
with fomepizole.21,24,34,35 However, for patients 
presenting late, optic injury may be permanent. 
Once the diagnosis of methanol poisoning is 
made, visual function should be followed during 
the acute phase by daily assessment of visual 
acuity and color perception. There is no specific 
treatment for methanol-induced optic-nerve in-
jury that persists once the acute phase of the 
toxicity has resolved.

Clinical guidelines,17,27 which are based on 
clinical experience rather than evidence, call for 
continuation of treatment until the plasma ethyl-
ene glycol or methanol concentration is below 
20 mg per deciliter (3.2 mmol of ethylene glycol 
per liter; 6.2 mmol of methanol per liter). The 
time that is required to eliminate a fomepizole 
dose of 10 mg per kilogram is approximately 24 
hours.36 In addition, most patients who receive 
the standard-dose regimen have fomepizole plas-
ma levels that considerably exceed the minimum 
therapeutic concentration.8,21 For these reasons, 
fomepizole can be safely stopped before the plas-
ma level of ethylene glycol or methanol reaches 
the traditional threshold. Although the exact point 
at which treatment can be terminated has not 
been defined, it is undoubtedly safe to discon-
tinue therapy when the plasma ethylene glycol or 
methanol concentration is 30 mg per deciliter 
(4.8 mmol of ethylene glycol per liter; 9.4 mmol 
of methanol per liter).

Fomepizole has recently attained generic-drug 
status. The current cost of fomepizole is approxi-
mately $800 per 1.5 g, or $373 to $533 per dose. 
In the META trials, patients with ethylene glycol 
poisoning received a median of 3.5 doses (range, 
1 to 7),8 and those with methanol poisoning 
received a median of 4 doses (range, 1 to 10).21

A dv er se Effec t s

Because ethylene glycol and methanol poisoning 
occur relatively infrequently, most trials and clin-
ical series reporting the effects of fomepizole 
therapy are small. In addition, the agent is used 
only for a short time and in patients who are 
acutely ill. As a result, it is difficult to estimate 
the incidence of adverse effects of fomepizole. 
The most common adverse effect is burning at the 
infusion site. Other reported effects include head-
ache, nausea, dizziness, agitation, eosinophilia, 
and seizures.8,21,24,37 It is unknown whether these 
effects were due to fomepizole treatment or the 
patients’ poisonings.

In a study of 15 human volunteers given fo-
mepizole for up to 5 days, increases in levels of 
alanine aminotransferase, aspartate aminotrans-
ferase, or both were seen in 6 subjects. The peak 
reported value for alanine aminotransferase was 
109 U per liter, 2.5 times the upper limit of the 
normal range. This effect was transient, did not 
appear to be of any clinical significance, and was 
not dose-related.38 Increased aminotransferase 

Table 2. Recommended Doses of Fomepizole for Ethylene Glycol or Methanol 
Poisoning.*

For patients not undergoing hemodialysis

Loading dose: 15 mg per kilogram of body weight, followed by 10 mg per kilo-
gram every 12 hr; after 48 hr, 15 mg per kilogram every 12 hr

For patients undergoing hemodialysis

Same doses administered to patients who are not undergoing hemodialysis, 
except that the drug is given 6 hr after the first dose and every 4 hr there-
after

* All doses are administered intravenously over a 30-minute period. These regi-
mens have been shown to maintain therapeutic plasma fomepizole concen-
trations both in patients undergoing dialysis and in those not undergoing 
dialysis.8,21
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levels have been rarely reported during therapeu-
tic use of fomepizole as well.39 These increases 
tended to resolve despite continued treatment. 
There were no reports of fever, eosinophilia, or 
rash in this study.

A r e a s of Uncerta in t y

As noted above, the appropriate threshold con-
centration of ethylene glycol or methanol at which 
an alcohol dehydrogenase inhibitor should be 
started has not been established. The currently 
recommended value17,27 of 20 mg per deciliter is 
undoubtedly protective, since there have been no 
reports of harm to patients with the use of this 
criterion. However, it is plausible that a higher 
treatment threshold may be equivalently safe. The 
advice of a medical toxicologist should be sought 
in making the decision to initiate or withhold 
treatment.

When patients with ethylene glycol or metha-
nol poisoning present many hours after ingestion, 
a significant proportion of the parent compound 
has already been metabolized to glycolic and 
oxalic acid or to formic acid, respectively (Fig. 1). 
These metabolites, as well as the parent alcohol, 
can be efficiently cleared by hemodialysis.9,15,16,26,40 
However, it is unknown whether hemodialysis, 
once alcohol dehydrogenase has been efficiently 
inhibited, affects the outcome in such patients.

When fomepizole is not available, ethanol 
(combined with hemodialysis) remains the most 
appropriate alternative for treatment of ethylene 
glycol or methanol poisoning. Whether ethanol 
is a reasonable alternative for some patients even 
when fomepizole is available is debatable,41,42 
but in practice the use of fomepizole has increas-
ingly become the preferred treatment, at least in 
the United States. The costs of ethanol for intra-
venous use and generic fomepizole are similar.

Although treatment with fomepizole clearly 
eliminates the need for hemodialysis in many 
cases of ethylene glycol poisoning, this is not al-
ways clear with methanol poisoning. In one small 
study, the mean elimination half-time of metha-
nol when alcohol dehydrogenase was inhibited 
was 52 hours.25 This finding argues for compara-
tively more frequent use of hemodialysis in pa-
tients with methanol poisoning. The practical 
threshold for hemodialysis in such patients has 
not been determined.

The pediatric experience with fomepizole is 
strictly anecdotal. However, on the basis of the 

few available reports in this population, the use 
of the drug appears to be both efficacious and 
without unusual adverse effects.20,43-48 There are 
no data regarding the use of fomepizole during 
pregnancy.

Guidelines

The American Academy of Clinical Toxicology has 
promulgated practice guidelines for the treatment 
of ethylene glycol17 or methanol27 poisoning. 
These guidelines call for fomepizole to be the 
first-line agent in the treatment of both types of 
poisoning, with ethanol to be used if fomepizole 
is unavailable. The guidelines list recommended 
doses of fomepizole that are similar to those de-
scribed in this review (Table 2).

R ecommendations

The patient in the vignette presents with mild 
metabolic acidemia after ingestion of ethylene 
glycol. This information alone is sufficient to ini-
tiate fomepizole therapy. Thus, as a consulting 
medical toxicologist, I would agree with the rec-
ommendation to begin fomepizole therapy imme-

Table 3. Methods for Determining the Osmolal Gap and Its Application  
in Screening for Ethylene Glycol or Methanol Poisoning.

Calculation of the osmolal gap

Osmolal gap = measured serum osmolality − calculated serum osmolarity

Calculation of serum osmolarity (traditional units)

Serum osmolarity = ([2 × sodium] + [BUN ÷ 2.8] + [glucose ÷ 18.1])*

Application of the osmolal gap to patient in vignette

Osmolal gap = 395 mOsm/kg – 308 mOsm/liter = 87†

Thus, 87 mOsm/liter are unaccounted for, so if the contribution of eth-
ylene glycol to the osmolal gap is: ethylene glycol (mg/dl) ÷ 6.2, the 
value for ethylene glycol is 6.2 × 87 = 539 mg/dl

* In this equation, serum sodium is given in millimoles per liter, and levels of 
blood urea nitrogen (BUN) and glucose are given in milligrams per deciliter. 
If ethanol, ethylene glycol, or methanol is present, its contribution to the os-
molal gap is as follows (all expressed in milligrams per deciliter): ethanol ÷ 4.6, 
ethylene glycol ÷ 6.2, and methanol ÷ 3.2. The same equation using international 
units is: serum osmolarity = ([2 × sodium] + BUN + glucose), in which serum 
sodium is measured in millimoles per liter, and glucose and BUN are mea-
sured in millimoles per liter of serum. If ethanol, ethylene glycol, or methanol 
is present, its contribution to the osmolal gap is measured in millimoles per 
liter.

† It is conventional to compare the calculated serum osmolarity (in millios-
moles per liter) with the measured serum osmolality (in milliosmoles per kilo-
gram), despite the fact that the units of measure are not the same. Because the 
specific gravity of human serum is 1.01, one liter of serum weighs approxi-
mately 1 kg. Therefore, the osmolarity and osmolality of serum are approxi-
mately the same.
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diately, without waiting for the result of a mea-
sured ethylene glycol concentration. The patient’s 
osmolal gap can be calculated from the data that 
are provided, suggesting an ethylene glycol con-
centration of approximately 539 mg per deciliter 
(86.8 mmol per liter) (Table 3).49

If treatment is initiated while the patient’s 
renal function is normal, his prognosis is excel-
lent. His hemodynamic status and respiratory 
function should be carefully monitored, but if 
his vital signs remain stable, he could be treated 
on a general medical ward and would not require 

admission to an intensive care unit. Given his 
attempt at self-harm, a psychiatric evaluation and 
close observation are required.

Although hemodialysis is not necessary in this 
case, it could be performed electively, given that 
the mean plasma half-life of ethylene glycol dur-
ing fomepizole treatment is 19.7 hours. Thus, his 
hospital stay might be shortened. However, my 
practice in these cases is to forgo the risks and 
invasiveness of hemodialysis.

No potential conflict of interest relevant to this article was 
reported.

References

Bronstein AC, Spyker DA, Cantilena 1. 
LR Jr, et al. 2007 Annual report of the 
American Association of Poison Control 
Centers’ National Poison Data System 
(NPDS): 25th annual report. Clin Toxicol 
(Phila) 2008;46:927-1057.

Jacobsen D. Ethylene glycol and other 2. 
glycols. In: Brent J, Wallace KL, Burkhart 
KK, Phillips SD, Donovan JW, eds. Critical 
care toxicology diagnosis and manage-
ment of the critically poisoned patient. 
Philadelphia: Elsevier Mosby, 2005:869-79.

Bennett IL Jr, Cary FH, Mitchell GL Jr, 3. 
Cooper MN. Acute methyl alcohol poison-
ing: a review based on experiences in an 
outbreak of 323 cases. Medicine (Balti-
more) 1953;32:431-63.

Jacobsen D, McMartin K. Methanol 4. 
and formaldehyde poisoning In: Brent J, 
Wallace KL, Burkhart KK, Phillips SD, 
Donovan JW, eds. Critical care toxicology 
diagnosis and management of the critical-
ly poisoned patient. Philadelphia: Elsevier 
Mosby, 2005:895-901.

Corley RA, Wilson DM, Hard GC, et al. 5. 
Dosimetry considerations in the enhanced 
sensitivity of male Wistar rats to chronic 
ethylene glycol-induced nephrotoxicity. 
Toxicol Appl Pharmacol 2008;228:165-78.

Guo C, Cenac TA, Li Y, McMartin KE. 6. 
Calcium oxalate, and not other metabo-
lites, is responsible for the renal toxicity 
of ethylene glycol. Toxicol Lett 2007;173:8-
16.

Poldelski V, Johnson A, Wright S, Rosa 7. 
VD, Zager RA. Ethylene glycol-mediated 
tubular injury: identification of critical 
metabolites and injury pathways. Am J 
Kidney Dis 2001;38:339-48.

Brent J, McMartin K, Phillips S, et al. 8. 
Fomepizole for the treatment of ethylene 
glycol poisoning. N Engl J Med 1999;340: 
832-8.

Jacobsen D, Ovrebø S, Ostborg J, Se-9. 
jersted OM. Glycolate causes the acidosis 
in ethylene glycol poisoning and is effec-
tively removed by hemodialysis. Acta Med 
Scand 1984;216:409-16.

Clay KL, Murphy RC. On the metabolic 10. 

acidosis of ethylene glycol intoxication. 
Toxicol Appl Pharmacol 1977;39:39-49.

Eells JT, Salzman MM, Lewandowski 11. 
MF, Murray TG. Formate-induced altera-
tions in retinal function in methanol-intox-
icated rats. Toxicol Appl Pharmacol 1996; 
140:58-69.

Eells JT, Henry MM, Lewandowski 12. 
MF, Seme MT, Murray TG. Development 
and characterization of a rodent model of 
methanol-induced retinal and optic nerve 
toxicity. Neurotoxicology 2000;21:321-30.

Ingemansson SO. Studies on the effect 13. 
of 4-methylpyrazole on retinal activity in 
the methanol poisoned monkey by record-
ing the electroretinogram. Acta Ophthal-
mol Suppl 1983;158:1-24.

Garner CD, Lee EW, Terzo TS, Louis-14. 
Ferdinand RT. Role of retinal metabolism 
in methanol-induced retinal toxicity. J Tox-
icol Environ Health 1995;44:43-56.

Cheng J-T, Beysolow TD, Kaul B, Weis-15. 
man R, Feinfeld DA. Clearance of ethyl-
ene glycol by kidneys and hemodialysis.  
J Toxicol Clin Toxicol 1987;25:95-108.

Moreau CL, Kerns W II, Tomaszewski 16. 
CA, et al. Glycolate kinetics and hemodi-
alysis clearance in ethylene glycol poison-
ing. J Toxicol Clin Toxicol 1998;36:659-66.

Barceloux DG, Krenzelok EP, Olson 17. 
K, Watson W. American Academy of Clin-
ical Toxicology practice guidelines on the 
treatment of ethylene glycol poisoning.  
J Toxicol Clin Toxicol 1999;37:537-60.

Jacobsen D, McMartin KE. Antidotes 18. 
for methanol and ethylene glycol poison-
ing. J Toxicol Clin Toxicol 1997;35:127-43.

Hantson P, Wittebole X, Haufroid V. 19. 
Ethanol therapy for methanol poisoning: 
duration and problems. Eur J Emerg Med 
2002;9:278-9.

Boyer EW, Mejia M, Woolf A, Shannon 20. 
M. Severe ethylene glycol ingestion treat-
ed without hemodialysis. Pediatrics 2001; 
107:172-3.

Brent J, McMartin K, Phillips S, Aaron 21. 
C, Kulig K. Fomepizole for the treatment 
of methanol poisoning. N Engl J Med 
2001;344:424-9.

McMartin KE, Hedström K-G, Tolf 22. 
B-R, Ostling-Wintzell H, Blomstrand R. 
Studies on the metabolic interactions be-
tween 4-methylpyrazole and methanol us-
ing the monkey as an animal model. Arch 
Biochem Biophys 1980;199:606-14.

Borron SW, Mégarbane B, Baud FJ. 23. 
Fomepizole in treatment of uncomplicat-
ed ethylene glycol poisoning. Lancet 1999; 
354:831.

Mégarbane B, Borron SW, Trout H, et 24. 
al. Treatment of acute methanol poison-
ing with fomepizole. Intensive Care Med 
2001;27:1370-8.

Hovda KE, Andersson KS, Urdal P, Ja-25. 
cobsen D. Methanol and formate kinetics 
during treatment with fomepizole. Clin 
Toxicol (Phila) 2005;43:221-7.

Hovda KE, Froyshov S, Gudmunds-26. 
dottir H, Rudberg N, Jacobsen D. Fomepi-
zole may change indication for hemodi-
alysis in methanol poisoning: prospective 
study in seven cases. Clin Nephrol 2005; 
64:190-7. [Erratum, Clin Nephrol 2005;64: 
400.]

Barceloux DG, Bond GR, Krenzelok 27. 
EP, Cooper H, Vale JA, AACT Ad Hoc 
Committee on the Treatment Guidelines 
for Methanol Poisoning. American Acad-
emy of Clinical Toxicology practice guide-
lines on the treatment of methanol poi-
soning. J Toxicol Clin Toxicol 2002;40: 
415-46.

Blomstrand R, Ellin A, Löf A, Ostling-28. 
Wintzell H. Biological effects and meta-
bolic interaction after chronic and acute 
administration of 4-methylpyrazole and 
ethanol to rats. Arch Biochem Biophys 
1980;199:591-605.

McMartin KE, Collins TD, Hewlett TP. 29. 
High pressure liquid chromatographic 
assay of 4-methylpryazole: measurements 
of plasma and urine levels. J Toxicol Clin 
Toxicol 1984;22:133-48.

Wu D, Cederbaum AI. Induction of 30. 
liver cytochrome P4502E1 by pyrazole and 
4-methylpyrazole in neonatal rats. J Phar-
macol Exp Ther 1993;264:1468-73.

Hovda KE, Jacobsen D. Expert opin-31. 

Copyright © 2009 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by JOHN VOGEL MD on May 20, 2009 . 



Clinical Ther apeutics

n engl j med 360;21 nejm.org may 21, 2009 2223

ion: fomepizole may ameliorate the need 
for hemodialysis in methanol poisoning. 
Hum Exp Toxicol 2008;27:539-46.

Black KA, Eells JT, Noker PE, Hawtrey 32. 
CA, Tephly TR. Role of hepatic tetrahy-
drofolate in the species difference in meth-
anol toxicity. Proc Natl Acad Sci U S A 
1985;82:3854-8.

Zittoun J, Tonelli AP, Marquet J, et al. 33. 
Pharmacokinetic comparison of leuco-
vorin and levoleucovorin. Eur J Clin Phar-
macol 1993;44:569-73.

Sivilotti MLA, Burns MJ, Aaron CK, 34. 
McMartin KE, Brent J. Reversal of severe 
methanol-induced visual impairment: no 
evidence of retinal toxicity due to fomepi-
zole. J Toxicol Clin Toxicol 2001;39:627-31.

Essama Mbia J-J, Guérit J-M, Haufroid 35. 
V, Hantson P. Fomepizole therapy for re-
versal of visual impairment after metha-
nol poisoning: a case documented by vi-
sual evoked potentials investigation. Am J 
Ophthalmol 2002;134:914-6.

Jacobsen D, Barron SK, Sebastian CS, 36. 
Blomstrand R, McMartin KE. Non-linear 
kinetics of 4-methylpyrazole in healthy 
human subjects. Eur J Clin Pharmacol 
1989;37:599-604.

Jacobsen D, Sebastian S, Blomstrand 37. 

R, McMartin KE. 4-Methylpyrazole: a con-
trolled study of safety in healthy human 
subjects after single, ascending doses. Al-
cohol Clin Exp Res 1988;12:516-22.

Jacobsen D, Sebastian CS, Barron SK, 38. 
Carriere EW, McMartin KE. Effects of 
4-methylpyrazole, methanol/ethylene gly-
col antidote, in healthy humans. J Emerg 
Med 1990;8:455-61.

Baud FJ, Bismuth C, Garnier R, et al. 39. 
4-Methylpyrazole may be an alternative to 
ethanol therapy for ethylene glycol intoxi-
cation in man. J Toxicol Clin Toxicol 
1986-1987;24:463-83.

Kerns W II, Tomaszewski C, McMar-40. 
tin KE, Ford M, Brent J, META Study 
Group. Formate kinetics in methanol poi-
soning. J Toxicol Clin Toxicol 2002;40: 
137-43.

Anseeuw K, Sabbe MB, Legrand A. 41. 
Methanol poisoning: the duality between 
‘fast and cheap’ and ‘slow and expensive.’ 
Eur J Emerg Med 2008;15:107-9.

Sivilotti MLA. Ethanol: tastes great! 42. 
Fomepizole: less filling! Ann Emerg Med 
2009;53:451-3.

Calello DP, Osterhoudt KC, Henretig 43. 
FM. New and novel antidotes in pediat-
rics. Pediatr Emerg Care 2006;22:523-30. 

[Errata, Pediatr Emerge Care 2007;23:82, 
354.]

Detaille T, Wallemacq P, Clément de 44. 
Cléty S, Vanbinst R, Dembour G, Hantson 
P. Fomepizole alone for severe infant eth-
ylene glycol poisoning. Pediatr Crit Care 
Med 2004;5:490-1.

Brown MJ, Shannon MW, Woolf A, 45. 
Boyer EW. Childhood methanol ingestion 
treated with fomepizole and hemodialysis. 
Pediatrics 2001;108(4):E77.

Baum CR, Langman CB, Oker EE, 46. 
Goldstein CA, Aviles SR, Makar JK. Fomepi-
zole treatment of ethylene glycol poison-
ing in an infant. Pediatrics 2000;106:1489-
91.

Benitez JG, Swanson-Biearman B, Kren-47. 
zelok EP. Nystagmus secondary to fomepi-
zole administration in a pediatric patient. 
J Toxicol Clin Toxicol 2000;38:795-8.

Harry P, Jobard E, Briand M, Caubet A, 48. 
Turcant A. Ethylene glycol poisoning in a 
child treated with 4-methylpyrazole. Pedi-
atrics 1998;102(3):E31.

Lynd LD, Richardson JK, Purssell RA, 49. 
et al. An evaluation of the osmole gap as a 
screening test for toxic alcohol poisoning. 
BMC Emerg Med 2008;8:5.
Copyright © 2009 Massachusetts Medical Society.

personal archives in the journal online

Individual subscribers can store articles and searches using a feature  
on the  Journal’s Web site (NEJM.org) called “Personal Archive.”  

Each article and search result links to this feature. Users can create  
personal folders and move articles into them for convenient retrieval later. 

Copyright © 2009 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by JOHN VOGEL MD on May 20, 2009 . 


