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ARTICLE

Clinical Toxicology, 37(5), 537-560 (1999)

American Academy of Clinical Toxicology
Practice Guidelines on the Treatment of
Ethylene Glycol Poisoning

Donald G. Barceloux, Edward P. Krenzelok, Kent Olson, and
William Watson (Ad Hoc Committee on the Treatment Guidelines
for Ethylene Glycol Poisoning on Behalf of the American Academy
of Clinical Toxicology)

ABSTRACT

Fomepizole (4-methylpyrazole, 4-M P, Antizol() isa potent inhibitor of alcohol
dehydrogenase that was approved recently by the US Food and Drug Adminis-
tration (FDA) for the treatment of ethylene glycol poisoning. Although ethanol
isthetraditional antidote for ethylene glycol poisoning, it has not been studied
prospectively. Furthermore, the FDA has not approved the use of ethanol for
this purpose. Case reports and a prospective case seriesindicate that theintra-
venous (1) administration of fomepizole every 12 hour s preventsrenal damage
and metabolic abnormalities associated with the conversion of ethylene glycol
to toxic metabolites. Currently, there are insufficient data to define therelative
role of fomepizole and ethanol in the treatment of ethylene glycol poisoning.
Fomepizole has clear advantages over ethanol in terms of validated efficacy,
predictable pharmacokinetics, ease of administration, and lack of adverse ef-
fects, whereas ethanol has clear advantages over fomepizole in terms of long-
term clinical experience and acquisition cost. The overall comparative cost of
medical treatment using each antidote requires further study.

Correspondence: Heather Miller, American Academy of Clinical Toxicology, PO Box 8820, Harrisburg, PA 17105-8820. Tel: 717-
558-7847; Fax: 717-558-7841; E-mail: hmiller@pamedsoc.org
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TREATMENT GUIDELINES

The determination of plasma ethylene glycol concen-
trationsisthe definitive method for the diagnosis of ethyl-
ene glycol poisoning. Frequently, this laboratory test is
not available immediately and therefore the initiation of
treatment with an antidote depends on the clinical presen-
tation and other laboratory measurements in addition to
the plasma ethylene glycol concentration. Table 1 lists
the criteria for the use of antidotes during the treatment
of ethylene glycol poisoning. After the diagnosis of docu-
mented or suspected ethylene glycol poisoning, Table 2
outlines the treatment plan.

Epidemiology

During the early 1900s, ethylene glycol was consid-
ered nontoxic. The first cases of ethylene glycol toxicity
were reported in 1930 when two young men devel oped
terminal respiratory failure and convulsions after ingest-
ing Prestone” antifreeze (95% ethylene glycoal).! The ac-
cessibility of ethylene glycoal, its intoxicating properties,
and its sweet taste resulted in the use of ethylene glycol as
a substitute beverage for ethanol. Epidemics of ethylene
glycol poisoning occurred during World War 112 and dur-

Table 1

Indications for Treatment of Ethylene Glycol Poisoning
with an Antidote

Criteria
1. Documented plasma ethylene glycol concentration
>20 mg/dL.*
OR

2. Documented recent (hours) history of ingesting
toxic amounts of ethylene glycol and osmol gap
>10 mosm/L.T

OR

3. History or strong clinical suspicion of ethylene
glycol poisoning and at least two of the following
criteria
A. Arteria pH <7.3.

B. Serum bicarbonate <20 mEqg/L.
C. Osmol gap >10 mosm/L.T
D. Urinary oxaate crystals present.

* There are inadequate data on the exact ethylene glycol concen-
tration at which the use of an antidote is necessary to prevent
renal complications. This recommendation is based on limited
clinica data and genera consensus. tLaboratory analysis by
freezing point depression method only.
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ing the 1973 Arab-Israeli conflict. Eighteen soldiers who
ingested ethylene glycol as a substitute for ethanol died
during World War 11.% In October 1973, the ingestion of
antifreeze-contaminated drinking water caused toxicity
inat least 22 soldiers and 1 death.* Serious cases of ethyl-
ene glycol poisoning are more sporadic in the civilian
population where intentional ingestions usually involve
attempted suicide or the substitution of ethylene glycol
for acohol.®

As recently as the late 1950s, 40—60 deaths per year
in the US were attributed to the use of ethylene glycol
as asuicidal agent and as a substitute for ethanol.® Case
series of suicides using ethylene glycol asthe agent were
reported in the US (12 cases with 6 deaths) during 1978’
and in Sweden (36 cases with 6 deaths) during 1987.8 In
1997, the American Association of Poison Control Cen-
ters Toxic Exposure Surveillance System received re-
ports on 4867 exposuresto ethylene glycol.® The vast ma-
jority (about 92%) of these exposures was unintentional
and about Y3 of the exposures to ethylene glycol involved
children (<18 years old). There were 21 fatalities among
the reported cases. In addition, ethylene glycol intoxica-
tion is a common cause of poisoning in small animals
brought to veterinarians,*® and an occasional cause of in-
toxication in wild animals.t

Physical and Chemical Properties

Ethylene glycol (1,2-ethanediol, CAS No. 107-21-1)
is acolorless, odorless, sweet-tasting compound that has
aweight of 62.07 g/mole. It isadihydric acohol deriva-
tive of the aiphatic hydrocarbon ethane (Figure 1). At
normal temperatures, ethylene glycol does not vaporize
easily as aresult of its low vapor pressure (0.6 mm Hg
at 20°C) and its low evaporation rate (2.625 times less
than ethyl ether). The boiling point of ethylene glycol is
197°C and its pH is neutral. It ismiscible in water, lower
aliphatic alcohols, and ketones, but isrelatively insoluble
in hydrocarbons.

Sour ces

Ethylene glycol is acommon constituent of antifreeze
and de-icing solutions. Other uses include a stabilizer of
moi sture content (humectant) in tobacco, baked products,
and dentifrices; a constituent of hydraulic brake fluid; a
solvent; a stabilizer for foam; a softening agent for cello-
phane; and acomponent for chemical synthesis. Acciden-
tal ingestions frequently involve the exposure of children
to automotive products. Intentional ingestions result from
the use of these products as inexpensive substitutes for
ethanol or as suicidal agents. Some newer formulations
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Table 2

Practice Guidelines for the Treatment of Potentially Serious Ethylene Glycol Ingestions

Treatment

Indications

Gut decontamination

Initial laboratory tests

General use of an antidote

Indications for the administration of
fomepizole rather than ethanol

Indications for the administration of
ethanol rather than fomepizole

Indications for hemodialysis

Supportive care

1. Consider gastric aspiration and lavage if <1 h after ingestion.
2. Activated charcoal if mixed ingestion.

Blood: Complete blood count, electrolytes, magnesium, calcium, osmol-
ality, ethanol, and EG. If acoholic ketoacidosis is suspected, obtain serum
lactate, 3-hydroxybutyrate. Urine: Urinalysis with microscopy for crystals.

1. For indications, see Table 1.

2. Administration of the antidote should continue until the EG is nondetect-
able or EG <20 mg/dL and the patient is asymptomatic with normal
pH.

Ingestion of multiple substances with depressed level of consciousness.

Altered consciousness.

3. Lack of adequate intensive care staffing or laboratory support to monitor
ethanol administration.

4. Relative contraindication to ethanol.*

Critically-ill patient with an anion gap-metabolic acidosis of unknown

etiology and potential exposure to ethylene glycol.

Patients with active hepatic disease.

NP

o

Fomepizole unavailable.t
Hypersensitivity to fomepizole.

Severe metabolic acidosis (<7.25—-7.3) unresponsive to therapy.

Renal failure.

EG >50 mg/dL unless fomepizole is being administered and patient is
asymptomatic with normal arterial pH.

Correct fluid deficit.

Correct pH <7.3 with intravenous bicarbonate.

3. Replacement of magnesium and administration of thiamine and pyridox-

ine in depleted patients.

Monitor acid-base status; urine output and serum creatinine.

5. Calcium replenishment only for symptomatic hypocalcemia or intracta-
ble seizures.

6. Monitor patients receiving an ethanol infusion in an ICU or similar

setting capable of providing close monitoring of metabolic acidosis,

vital signs, serum abnormalities (glucose, electrolytes), and serum eth-

anol.

whkE DR o

N

>

EG = ethylene glycol. * See relative contraindication section under ethanol. TEthanol should be administered cautiously to young
children because of the risk of hypoglycemia.

CH,—OH
| Dose-Effect
CH,—OH
In the first part of the 20th century, ethylene glycol
Figure 1. Chemical structure of ethylene glycol. was considered a relatively innocuous constituent of

of antifreeze contain propylene glycol, which is substan-
tially less toxic than ethylene glycol.

Copyright © Marcel Dekker, Inc. All rights reserved.
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pharmaceutical preparations.’?* In 1917, Bachem drank
45 mL ethylene glycol* and did not suffer any obvious
adverse effects from this ingestion. The commonly
quoted, minimum lethal doseis 1-1.5 mL/kg or approxi-
mately 100 mL for an adult. However, thisvalueis based
on an extrapolation from animal studies done during the
1930s and on case histories reported in the 1940s.315%
The methods used to estimate this minimal lethal dose
do not meet current criteriafor valid scientific studies.*’!®
Susceptibility to the toxicity of ethylene glycol varies
among species. Humans, monkeys, dogs, and cats are
highly susceptible to ethylene glycol poisoning, while
rats are less susceptible, and mice, guinea pigs, and rab-
bits are relatively resistant based on interspecies differ-
ences in the metabolism of ethylene glycol.**® Conse-
quently, the quantitation of the effect of ethylene glycol,
including the effect of fomepizole on ethylene glycol me-
tabolism,? is species-dependent. Patients have survived
the estimated ingestion of 1 and 2 liters of ethylene glycol
when treated within 1 hour.?% The estimated ingestion
of 3 liters of ethylene glycol (blood ethylene glycol con-
centration, 1889 mg/dL) produced nausea, vomiting,
metabolic acidosis (pH 7.19), and increased drowsiness
on admission 5 hours after ingestion.? Although acute
nonoliguric renal failure and mild pulmonary edema
complicated the hospital course, the patient survived after
the prompt initiation of an ethanol infusion, intubation,
and hemodialysis.

Toxicokinetics
Absorption

Ethylene glycol is absorbed rapidly in the gastrointes-
tinal tract; however, the percutaneous and pulmonary ab-
sorption of ethylene glycol is very limited. In an in vitro
study of donor skin samples from the thigh of 3 Cauca-
sian males, a dose of 8 ug *C-labeled ethylene glycol/
cm? was applied to the skin surface in an acetone vehicle
and left for 24 hours.® During this time period, the aver-
age flux of ethylene glycol for this skin model was 0.09
pg/cm?/h.

Peak concentrations of ethylene glycol occur 1 to 4
hours after ingestion. There are little data on the pulmo-
nary absorption of ethylene glycol. The low vapor pres-
sure of ethylene glycol virtually excludes exposure to
toxicologically significant amounts of vapors at room
temperature. Volunteer studies indicate that upper respi-
ratory tract irritation limits exposure to mists of ethylene
glycol and there was no evidence of absorption of toxic
amounts following exposure to concentrations up to 27
ppm for 4 weeks.®

REPRINTS
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Distribution

Ethylene glycoal is highly water-soluble and it distrib-
utes evenly and relatively rapidly throughout tissues of
the body.?® The volume of distribution is approximately
0.5-0.8 L/kg.

Metabolism

Figure 2 illustrates the successive oxidation of ethyl-
ene glycol to glycoaldehyde, glycolate, and glyoxylate.
In the presence of the electron acceptor, nicotinamide ad-
enine dinucleotide (NAD), acohol dehydrogenase oxi-
dizes ethylene glycol to glycoaldehyde. This zinc-con-
taining enzyme resides primarily in the cytosol of the
liver cells. Both ethanol and fomepizole prolong the elim-
ination half-life of ethylene glycoal in the blood by com-
petitively inhibiting this step in the pathway (albeit by
different mechanisms). The rate-limiting step in the me-
tabolism of ethylene glycol is the conversion of glycolic
acid to glyoxylic acid. Aldehyde dehydrogenase converts
glycoaldehyde to glycolate rapidly, and consequently lit-
tle glycoaldehyde appears in the blood during ethylene
glycoal intoxication. The conversion of glycolateto glyox-
ylateis slow. The subsequent accumulation of substantial
amounts of glycolate in the blood following the ingestion
of large amounts of ethylene glycol produces a metabolic
acidosis.

Pyridoxine and thiamine are cofactors in some of the
metabolic pathways involving glyoxylate (Figures 2).
Several pyridoxine-dependent amino acid—glyoxylate
aminotransferases catalyze the formation of glycine from
glyoxylate. However, glyoxylate accumulates to a much
lesser extent compared with glycolate during ethylene
glycol poisoning.?” Therefore, these factors probably do
not contribute significantly to the detoxification of ethyl-
ene glycol. A small proportion of glyoxylate is metabo-
lized rapidly to oxalate, which quickly precipitates with
calcium to form calcium oxalate crystals. These crystals
appear throughout the body, primarily in the rena tu-
bules. The oxidation of ethylene glycol to glyoxylate, and
subsequently to oxalate, requires the conversion of NAD
to NADH. The altered NAD/NADH ratio results in the
conversion of pyruvate to lactate and in the production
of lactic acidosis.

Elimination
Mechanisms

The liver metabolizes about 80% of the absorbed dose
of ethyleneglycol. Therena glomeruli filter and then the
tubules passively reabsorb approximately 80% of a1 mg/
kg dose of ethylene glycol. The kidneys excrete about
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Ethylene glycol

oll-l o!H
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I 1l
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Figure 2. Major pathway for the metabolism of ethylene glycol. The first step in this pathway is catalyzed by alcohol dehydroge-
nases. Thus, inhibitors of alcohol dehydrogenases prevent the metabolism of ethylene glycol to toxic metabolites.

20% of the dose of ethylene glycol unchanged in the
urine. The mean renal clearance of ethylene glycol ranges
up to about 27 mL/min depending on rena function.?
About 1% of the dose of ethylene glycol appears in the
urine as the metabolite, oxalic acid. In the rhesus mon-
key, the kidney excretes 0.5-10% of the dose of ethylene
glycol as calcium oxalate.”® Thereis little pulmonary ex-
cretion of ethylene glycol dueto its chemical characteris-
tics of high water solubility and low vapor pressure.

Half-Life

The elimination half-life of ethylene glycol during an
episode of poisoning is about 3 hours® but it ranges up

to 8.6 hours.® The presence of ethanol at a concentration
of 50-100 mg/dL saturates the active sites of alcohol
dehydrogenase and reduces the rate of ethylene glycol
metabolism.®? The affinity of alcohol dehydrogenase for
ethanol is substantially greater than the affinity of this
enzyme for ethylene glycol. In 0.1 M pyrophosphate
buffer (pH 9.0 at 25°C), horse liver alcohol dehydroge-
nase has a K, for ethanol of 0.8 mM and for ethylene
glycol of 53 mM.® The presence of ethanol concentra-
tions of 100 mg/dL prolongs the elimination half-life of
ethylene glycol 5-fold to approximately 17—18 hours.*
Similar prolongation of the half-life of ethylene glycol
occurs during treatment with fomepizole. During the
META study of patients treated with fomepizole, the ap-
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parent half-life of ethylene glycol in patients treated with
fomepizole was approximately 20 hours.®* A fomepizole
plasma concentration of 0.8 pg/mL was sufficient to in-
hibit alcohol dehydrogenase and this was exceeded by
the conventional dosing used in the META study.*

Pathophysiology
Mechanism of Toxicity
Gastrointestinal Tract

Ethylene glycol is a gastric irritant. Calcium oxalate
deposits and focal hemorrhages in the intestinal mucosa
also produce irritation of the gastrointestinal tract.

Central Nervous System

Ethylene glycol producestheinitial inebriation associ-
ated with intoxication. Glycoaldehydes, glycolic acid,
and glyoxylic acid may contribute directly to central ner-
vous system (CNS) depression; however, animal studies
by McChesney and colleagues® and by Clay and Mur-
phy* have shown that only glycolic acid reaches high
concentrations during ethylene glycol intoxication. Be-
cause the average half-life of ethylene glycol is approxi-
mately 3 hours, persistent stupor or coma probably results
from a metabolic encephalopathy (acidosis, electrolyte
imbalance, hypoxemia) and from cerebral edema.®” Hy-
pocalcemia may contribute to the development of sei-
Zures.

Kidney

Serious ethylene glycol poisonings usually produce
reversible oliguric or anuric renal failure. The deposition
of calcium oxalate crystals in the epithelium of the proxi-
mal renal tubules contributes to the devel opment of renal
failure, although only a small portion of ethylene glycol
is converted to oxalate.® The deposition of calcium oxa-
late crystals also produces hydronephrosis.* However,
the formation of oxalate crystals does not fully explain
therenal toxicity that results from ethylene glycol intoxi-
cation. Other suggested mechanisms of renal toxicity in-
volve direct cytotoxicity. Although the exact mechanism
of renal toxicity is unclear, toxic metabolites (e.g., gly-
colate) of ethylene glycol probably contribute to the de-
velopment of acute tubular necrosis, primarily in the
proximal tubules.®

Heart

Autopsies of patients who die from ethylene glycol
poisoning demonstrate the deposition of calcium oxalate

REPRINTS
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crystals in the myocardium along with interstitial edema
and focal hemorrhage, but the contribution of these
changes to myocardial dysfunction remains unclear.%
Hypocalcemiamay contribute to the development of dys-
rhythmias and negative inotropic effects. Profound meta-
bolic acidosis aso contributes to myocardial depression.

Metabolic Disturbances

The anion gap metabolic acidosis results primarily
from the formation of glycolic acid and, to a much lesser
extent, from the formation of lactic acid.*® The rate-lim-
iting step in the metabolism of ethylene glycol isthe con-
version of glycolate to glyoxylate. Thisreactionis satura-
ble and the accumulation of glycolate correlateswell with
the increasing anion gap and the reduction of the serum
bicarbonate concentration.®® Glyoxylate accumulates at a
much lower concentration compared with glycolate,* and
the contribution of glyoxylate to toxicity and the anion
gap is probably small.®® For patients with severe meta-
bolic acidosis during ethylene glycol intoxication, the ox-
alate concentrationsarelow (<0.33 mmol/L) and oxalate
does not appear to contribute significantly to the anion
gap.”® The oxidative metabolism of ethylene glycol de-
pletes the oxidized form of nicotinamide-adenine dinu-
cleotide (NAD™) and reducesthe NAD*/NADH ratio, re-
sulting in the inhibition of the citric acid cycle and the
accumulation of lactic acid. The production of formate
during the metabolism of ethylene glycol does not con-
tribute significantly to the development of metabolic aci-
dosis. Hypocalcemia may result from chelation of cal-
cium by oxalate,? although there are scant data available
to support this hypothesis.

Pathological Findings

The classical pathologic findings of ethylene glycol
poisoning are acute tubular necrosis and the presence of
cacium oxalate crystals in the kidneys.*” Nonspecific
gross findings include generalized congestion in the lep-
tomeninges, brain, lungs, and abdominal organs. Histo-
logical examination of renal tissuefrom patientswith eth-
ylene glycol intoxication reveals widespread necrosis of
the renal tubular epithelium and deposition of calcium
oxalate crystalsin tubular lumina, but the basement mem-
branesand glomeruli remain intact.**° The proximal con-
voluted tubules are dilated with flattening or vacuoliza-
tion of the epithelium.® Although degeneration of the
distal tubules commonly occurs, the damage is less com-
pared with the damage to the proximal tubules. The fact
that the amount of renal damage does not correlate with
the number of crystals deposited in the kidney suggests
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that a direct toxic effect of glycolate or another metabo-
lite may contribute to the renal dysfunction.! Marked
edema of the brain and lungs may occur along with peri-
vascular extravasation of erythrocytes and lymphocytic
or neutrophilic infiltration. Diffuse petechia hemor-
rhages appear in the brain, pleura, lungs, pericardium and
the heart along with cloudy swelling of the heart, and
kidneys.”? Deposition of calcium oxalate crystals occurs
in the meningeal vessels, brain, lungs, heart, and spleen.#

Clinical Presentation

Renal failure is the most common serious manifesta-
tion of ethylene glycol poisoning and hepatic damage is
usually minimal. In 1950, Kahn and Brotchner described
thefollowing 3 classical stages of ethylene glycol poison-
ing: 1) neurological, 2) cardiopulmonary, and 3) renal .52
Although these stages are useful theoretical descriptions
of ethylene glycol poisoning, the onset and progression
of the clinical course is frequently not consistent or pre-
dictable. Consequently, one stage may predominate
while another stage may be absent. Frequently, patients
who present many hours after ingestion are comatose
with respiratory distress and renal insufficiency.* The se-
verity of each stage and the progression of the clinical
course through each stage depend on the amount in-
gested, the coingestion of ethanol, and the timing of med-
ical intervention.® The following clinical findings indi-
cate a severe intoxication when present at admission:
hyperkalemia, severe acidosis, seizures, and coma.®

Toxicity typicaly resolves completely after medical
treatment, even after profound metabolic acidosis or se-
vere neurological dysfunction.’ Although renal function
usually returns to normal following ethylene glycol in-
toxication, hemodialysis may be required for months and
some renal damage may persist.”’

Several case reports have described the development
of crania nerve deficits late in the clinical course of eth-
ylene glycol poisoning. Berger and Ayyar described the
first case of delayed crania neuropathies during ethylene
glycol intoxication in 1981.% Since that time, other cases
have been reported that involve crania nervesll, V, VII,
VI, IX, X, and XI1.59-% Typically, these patients ingest
large (>100 mL) quantities of ethylene glycol, present
late in the course of poisoning, and require hemodialysis.
The initial onset of the cranial neuropathy is late (5—20
days after ingestion). Bilateral facial neuropathy was
present in almost all cases. No abnormalities were present
on CT scans of the head, but MRI findings were consis-
tent with local infiltration secondary to the deposition of
cacium oxalate crystals.?? Delayed cranial neuropathy
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developed in this patient despite adequate supplementa-
tion of thiamine and pyridoxine. Recovery was slow in
the other patients; however, complete clinical resolution
occurred after approximately 1 year.

Stage 1: Neurological (0.5-12 Hours
After Ingestion)

Ethylene glycol produces transient inebriation and eu-
phoriathat occur within thefirst several hours after inges-
tion in a pattern similar to ethanol intoxication, but the
odor of alcoholic beveragesis absent. These effects result
from the parent compound, ethylene glycol. Gastrointes-
tinal symptoms (e.g., primarily nausea and vomiting) re-
sult from the direct irritation of ethylene glycol. As the
metabolism of ethylene glycol proceeds, a metabolic aci-
dosis develops and CNS depression replaces the initial
symptoms of inebriation. Typically, the symptoms asso-
ciated with the toxic metabolites of ethylene glycol ap-
pear 4—-12 hours after ingestion. The coingestion of sub-
stantial amounts of ethanol may delay the onset of these
symptoms to the later part of this range, depending on
the dose of ethanol ingested. In cases of more severe poi-
soning, the alteration of consciousness progresses to
coma, associated with hypotonia, hyporeflexia, and occa-
sionally seizures and meningismus. Cerebral edema, con-
sidered secondary to cytotoxic damage and to the deposi-
tion of calcium oxalate, contributes to CNS depression.
Additional neurological symptoms may include nystag-
mus, ataxia, ophthalmoplegias, and myoclonic jerks. The
optic fundusis usually normal, although occasionally the
presence of papilledemamay confuse the clinical presen-
tation with that of methanol poisoning.

Stage 2: Cardiopulmonary (12—24 Hours
After Ingestion)

Tachycardia and mild hypertension occur often. Dur-
ing a serious poisoning, a severe metabolic acidosis with
compensatory hyperventilation devel ops along with mul-
tiple organ failure. Hypoxia may result from aspiration
of gastric contents, congestive heart failure, or adult re-
spiratory distress syndrome (ARDS).* Most deaths occur
during this stage.®

Stage 3: Renal (24—72 Hours After Ingestion)

This stage is characterized by oliguria, flank pain,
acute tubular necrosis, rena failure, and rarely bone mar-
row suppression.® In severe poisoning, rena failure ap-
pears early and progresses to anuria. The presence of re-
nal dysfunction may require the use of hemodialysis for
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several months. Recovery of renal function is usualy
complete. However, renal damage may be permanent, al-
though chronic hemodialysis or renal transplantation is
rarely necessary. Serious hepatic damage seldom occurs.

Differential Diagnosis

The following combination of signs and/or laboratory
findings suggests ethylene glycol toxicity: 1) inebriation
without the odor of ethanol, 2) metabolic acidosis with
alarge anion gap, and 3) an altered mental status, osmolal
gap, and calcium oxalate crystals with hypocalcemia. In
the absence of diabetic or acoholic ketoacidosis, the
presence of both an osmolal gap and an anion gap
strongly suggests either ethylene glycol or methanol poi-
soning. The clinical presentation of methanol poisoning
is similar to the clinical presentation of ethylene glycol
poisoning, but visual abnormalities and papilledema sug-
gest the former. In the absence of hypotension, acohol-
ism, renal failure, seizures, and diabetes, the presence of
an anion gap suggests the presence of a toxic substance,
such as ethylene glycol, propylene glycol, methanal, iron,
or salicylates.

Laboratory
Sl Units

1 mg/dL = 0.161 mmol/L = 161 pmol/L
1 mmol/L = 62 mg/L = 6.2 mg/dL

Abnormalities

Although the combination of an osmolal gap and an
anion gap is strongly suggestive of ethylene glycol or
methanol intoxication, certain clinical conditions may
also produce these abnormalities. Examples include dia-
betic ketoacidosis (accumulation of acetone, acetoace-
tate, B-hydroxybutyrate), alcoholic ketoacidosis (primar-
ily B-hydroxybutyrate), multiple organ failure, chronic
rena failure, and critical illness.®-%

Osmolal Gap

Osmolality (osmoles per kilogram solvent) and osmo-
larity (osmoles per liter of solution) represent a measure
of the number of particles dissolved in solution. The os-
molal gap is an estimate of the unmeasured, osmotically
active constituents in the serum. This gap consists pri-
marily of calcium, calcium anions, proteins, and lipids.
In healthy individuals, Equation 1 estimates the serum
osmolarity (O¢) based on the concentrations of sodium,
glucose and urea nitrogen (BUN) in S| units (mmol/L).
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Calculated osmolarity (Oc) =
(1.86[Na] + [BUN] + [glucose]) +~ 0.93 (1)

To use traditional units, divide the BUN concentration in
mg/dL by 2.8 and the glucose concentration in mg/dL
by 18. The measured osmolality (Oy) normally is about
270-290 mOsm/kg H,O. Osmolarity or osmolality
should be measured by the freezing point depression
method even though ethylene glycal is not very volatile
because the vapor pressure method underestimates the
contribution of volatile acohols (ethanol, isopropanol,
methanol, propylene glycol).®™ The difference between
the measured and calculated osmolality is the osmolal
gap (Og) as defined by Equation 2. Normally, the value
of the gap using Equation 1 in the calculation of Equation
2 is 10-15 mOsm/kg H,O. The reference range for the
osmolal gap depends on the variability of the laboratory
equipment (i.e., coefficient of variance) and the exact ref-
erence range is specific to the individual hospital.” The
presence of an elevated osmolal gap suggests that sig-
nificant concentrations of ethylene glycol, propylene gly-
col, methanol, ethanol, isopropanol, or acetone may be
present. Early in the course of an ethylene glycol poison-
ing, the osmolal gap usually exceeds 20 mOsm/kg H.O,
but late in the course, the osmolal gap may be normal.

OG = OM - OC (2)

The contribution of metabolites of ethylene glycol to
the osmolal gap is small, and ethylene glycol accounts
for the majority of the osmolal gap produced, following
the ingestion of ethylene glycol. Consequently, the os-
molal gap may be transient because of the relative short
plasma half-life (approximately 3 hours) of ethylene gly-
col and the limited osmotic activity of the metabolites
of ethylene glycol. The maximum osmolal gap occurs
following the peak absorption of ethylene glycol, prior
to metabolism. As the metabolism of ethylene glycol pro-
ceeds, the osmolal gap decreases and the anion gap in-
creases. Consequently, late in the course of ethylene gly-
col poisoning, the osmolal gap does not reflect the
severity of the poisoning.’2™

The contribution of ethylene glycol to the osmolal gap
isrelatively small compared with other alcohols. A serum
ethylene glycol concentration of 50 mg/dL, which is as-
sociated with a serious ingestion of ethylene glycol, pro-
duces an 8-10 mOsm rise in the osmolal gap. Severa
studies of patients using standard calculations of the os-
mola gap indicate that the 95% confidence limit for the
osmolal gap includes negative values.”*™ Therefore, the
presence of an osmolal gap supports the diagnosis of eth-
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ylene glycol poisoning, but the absence of an osmolal
gap does not exclude serious poisoning.

Other compounds may contribute to the osmolal gap
(Table 3). Erroneously elevated osmola gaps may result
from the presence of one of the following in the blood:
spurious hyponatremia secondary to hyperlipidemiaor to
hyperproteinemia, the presence of endogenous solutes
(e.g., amino acids during end organ failure), sorbitol, dia-
trizoate (IVP dye), glycerin, fructose, propylene glycol,
or mannitol.

Anion Gap

The plasma is in a state of electrical neutrality with
the concentration of cations being equal to the concentra-
tion of anions. The anion gap is the difference between
the sum of the measured cations and the sum of the mea-
sured anions. Under normal circumstances, this gap rep-
resents negatively charged proteins (albumin), fatty
acids, and inorganic anions (sulfates, phosphates). Rou-
tinely, laboratories measure sodium and potassium,
which together account for about 95% of the extracellular
cations, as well as chloride and bicarbonate, which to-
gether represent about 85% of the extracellular anions.
The anion gap represents unmeasured anions. Normally,
the anion gap is about 12—16 mmol/L, but the actual lev-
els vary between laboratories depending on the accuracy
of laboratory measurements. The anion gap is defined by

Anion Gap (AG) =
[(Na"~ + K*) = (HCO;” + CI7)] ()

The metabolism of ethylene glycol produces organic
acids, and consequently the size of the anion gap depends
both on the amount of ethylene glycol ingested and on
the time since ingestion. Initially, serum bicarbonate con-
centrations fall asthe metabolism of ethylene glycoal pro-
ceeds. Therefore, a significant metabolic acidosis may
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appear before the anion gap develops. Glycolic acid is
the major constituent (i.e., approximately 96%) of the
anion gap* and the severity of the metabolic acidosis cor-
relates with the serum glycolate concentration.” The con-
current ingestion of ethanol with ethylene glycol delays
the metabolism of ethylene glycol to its acid metabolites
and therefore the appearance of the anion gap. In the ab-
sence of renal failure, hypotension, diabetes, seizures,
and alcoholism, the presence of an elevated anion gap is
suggestive of the ingestion of toxic substances, such as
methanol, ethylene glycol, propyleneglycol, iron, or sali-
cylates.

Most patients who have ametabolic acidosisfrom eth-
ylene glycol poisoning develop a metabolic acidosis with
a compensatory respiratory alkalosis. However, several
rare conditions may obscure the anion gap during ethyl-
ene glycol poisoning despite the presence of an acidemia.
Examples include multiple myeloma and the simultane-
ous ingestion of bromides that erroneously reduces the
anion gap.”® Most clinical laboratories do not distinguish
bromide from chloride. The ingestion of lithium carbon-
ate provides additional bicarbonate, and thus this inges-
tion also reduces the anion gap when coingested with eth-
ylene glycal.”

Urine

The presence of two forms (monohydrate, dihydrate)
of calcium oxalate crystals in the urine provides support-
ive evidence for ethylene glycol poisoning. The presence
of these two hydrated forms of calcium oxaate alone is
not specific for ethylene glycol poisoning because they
arefound naturally in plant tissues. The predominant type
of crystal is the monohydrate form (whewellite), which
may be confused with hippurate crystals.”®™ During pe-
riods of high concentrations of urinary oxalate, these
crystals may be present in the dihydrate form (weddel-

Table 3

Approximate Osmolal Contribution of Some Alcohols and Ketones

Concentration

Osmolal Contribution

Compound (mg/dL) (mOsm/kg H,0)
Propylene glycol 100 (13 mmol/L) 13
Ethylene glycol 100 (16 mmol/L) 16
| sopropanol 100 (17 mmol/L) 17
Acetone 100 (18 mmol/L) 18
Ethanol 100 (22 mmol/L) 22
Methanol 100 (34 mmol/L) 34
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lite), which is more specific for ethylene glycol toxicity
than the monohydrate form. These crystals appear after
alatent period of about 4—8 hours®®® and may be detect-
able up to 40 hours postingestion in the absence of etha-
nol.# In the presence of renal failure, these crystals may
persist in the urine for 6-10 days.®# On admission, up
to about 50% of patients poisoned with ethylene glycol
have calcium oxalate crystalsin their urine, and the per-
centage increases if the urinalysis is repeated over the
course of the poisoning.® The presence of hypocalcemia
and calcium oxalate crystalsin the urine is highly sugges-
tive of ethylene glycol poisoning. Although oxalate is
normally a minor metabolite of ethylene glycol metabo-
lism, oxalate crystals in the urine are a common, but not
invariable, feature of ethylene glycol intoxication.®® The
amount of oxalate crystalluria does not correlate with the
amount of ethylene glycol absorbed.® Repeat urinalysis
may be necessary to identify calcium oxalate crystalsin
the urine, particularly when the patient presents early in
the course of the poisoning. Healthy individuals, who in-
gest excessive amounts of vitamin C or foods (e.g., co-
coa, garlic, rhubarb, tea, tomatoes, spinach) that contain
high concentrations of oxalates, may develop crystalluria
without renal dysfunction.

When viewed through polarized light, calcium oxalate
crystals are birefringent, variegated, and pleomorphic.
There are two forms of urinary calcium oxalate crystals:
the octahedral or tent-shaped form of the dihydrate crys-
tals, and the prism or dumbell-shaped monohydrate
form.®”

The latter form is stable under normal physiologic
conditions and the dihydrate form appears only during
high urinary calcium and oxalate concentrations, as seen
in ethylene glycol poisoning. The dihydrate form can
transform into the monohydrate form.® The monohydrate
form of oxalate crystalsis easily misidentified as hippuric
acid crystals. However, X-ray diffraction definitively
separates these two types of crystals.

Other reported features of ethylene glycol poisoning
include hematuria, proteinuria, and the inability to con-
centrate urine. Because antifreeze usually contains so-
dium fluorescein as a marker for detecting radiator leaks,
the use of a Wood's lamp can occasionally detect the
presence of sodium fluorescein in the urine, in the lavage
fluid, or on the skin.®

Blood

Hypocalcemia may occur as aresult of the formation
of calcium oxalate crystals and hypocalcemia is mani-
fested by QT prolongation on the ECG. Hyperreflexia
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and muscle spasms may result. Myalgias, elevated serum
creatinine concentrations, and increased serum creatinine
phosphokinase concentrations may also develop.® Leu-
kocytosis is common.

Radiography

Frequently, the cranial CT is normal despite the pres-
ence of neurological signs.® The CT scan of the head
may demonstrate evidence of cerebral edema with com-
pression of the supratentorial ventricular system. Revers-
ibility of hypodense regions (thalamus, basal ganglia,
pons, corpora quadrigemina, and basal portions of the
temporal lobes) in a patient who ingested ethylene glycol
was consistent with meningoencephalitis.® A patient who
ingested ethylene glycol became comatose with flaccid
quadriplegia® The cranial CT demonstrated hypodense
areas extending from the upper brain stem to the basal
ganglia along with signs of diffuse brain edema. The pa-
tient recovered completely within 6 weeks and the repeat
cranial CT was normal.

Serum Ethylene Glycol Concentrations

The lack of correlation between the serum ethylene
glycol concentration and clinical symptoms results from
the rapid conversion of the parent compound to toxic me-
tabolites. The severity of an ingestion of ethylene glycol
depends on the absorbed dose (i.e., areaunder the curve),
which roughly correlates to the peak ethylene glycol con-
centration. However, patients frequently present late in
the course of a severe ethylene glycol poisoning, when
the serum ethylene glycol concentrations are low as a
result of the conversion of ethylene glycol to its toxic
metabolites. These patients usually have a significant
metabolic acidosis. Although the acidosis does not corre-
late with the serum ethylene glycol concentration, the se-
verity of the metabolic acidosis does correlate with the
rise of serum creatinine 72 hours after ingestion.* Recov-
ery has occurred with aggressive treatment in the pres-
ence of ethylene glycol concentrations of 145 mg/dL
(8-hour concentration) and 560 mg/dL (1-hour concen-
tration).?% Reported serum ethylene glycol concentra-
tions in survivors that were treated promptly included
concentrations of 650 mg/dL (146.1 mmol/L)% and 1889
mg/dL,?* whereas concentrations between 98 and 775
mg/dL were reported in fatalities.?#% Elevated glycolic
acid and reduced bicarbonate concentrations correlate
better with the severity of the intoxication than to the
serum ethylene glycol concentration because these con-
centrations reflect the effect of the toxic metabolites. In
a study of 19 patients who ingested ethylene glycol and
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were treated with fomepizole, no patient with an initial
glycolate concentration <10 mM developed signs of re-
nal dysfunction.®

Analytical Methods
Ethylene Glycol

The method of choice for analyzing ethylene glycol
is gas chromatography with flame ionization detection of
ethylene glycol or its boronic ester derivative.**% Appro-
priate internal standards include 1,3-propanediol or 1,2-
butanediol, but not propylene glycol. The IV use of
medications (e.g., diazepam, phenytoin), which contain
propylene glycol, may produce false positive results for
ethylene glycol. Confirmation by mass spectrometry is
recommended because of the potential confusion of pro-
pionic acid, 2,3-butanediol, and methanol-like products
present in the sera of diabetic patients with ketoacidosis.*”
The analysis of ethylene glycol requires a separate, dedi-
cated gas chromatography column, which is expensive,
and therefore most clinical laboratories send the blood
samplesto reference laboratories for analysis of ethylene
glycol. Significant delays in treatment will occur if the
physician withholds treatment until the reference labora-
tory reports the results.

There are screening assays for ethylene glycol that uti-
lize glycerol dehydrogenase.® During the oxidation of
ethylene glycol, this enzyme produces NADH, which is
measured spectrophotometrically. Crossreactions occur
with glycoaldehyde and glycerol, but not with methanal,
isopropanol, ethanol, acetaldehyde, lactate, or other me-
tabolites of ethylene glycol. Although the concentrations
of glycoaldehyde and glycerol are usualy low, interfer-
ence may occur in critically ill patients with high serum
glycerol (i.e., infusion of glycerol-containing medica-
tions) or elevated serum lactic acid concentrations.®
Measurement of serum ethylene glycol concentrationsis
not a routine part of toxicology screens.

Fomepizole

High-performance liquid chromatography is a rapid
method for the determination of fomepizolein the plasma
and in didysate.®® The limit of quantitation is 0.3
mg fomepizole/L plasma and the method is linear up
to 30 mg/L.** Other methods include gas chromatogra-
phy with nitrogen-sensitive detection'® and mass frag-
mentography.’® This method is linear over the range
of 25-1000 ng/mL plasma and 0.5-5 pg/mL urine.
The between-day coefficient of variation was <6%.
The use of fomepizole concentrations is not a routine
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part of the management of cases of ethylene glycol
poisoning.

Ethanol

The reference method for the determination of ethanol
is headspace gas chromatography. However, most clini-
cal laboratories use enzymatic ethanol assays to detect
and to quantify the presence of ethanol in serum samples.
Thesesimple, rapid assays utilize the oxidation of ethanol
to acetaldehyde by alcohol dehydrogenase with the con-
current reduction of nicotinamide adenine dinucleotide
(NAD) to NADH. The absorbance at 340 nm due to
NADH formation correlates with the serum ethanol con-
centration. Other enzymatic reactions (e.g., serum lactate,
lactate dehydrogenase) that use NAD as a coenzyme and
generate NADH may interfere with the determination of
ethanol.*** Plasma ethanol concentrations are similar to
serum ethanol concentrations, but the ethanol concentra-
tion in blood cells is lower than in the plasma. Conse-
quently, the whole-blood ethanol concentration is lower
(approximately 15%) than the serum ethanol concentra-
tion.X®

Treatment
Stabilization

The initial evaluation should be directed toward the
evaluation and correction of immediate life-threatening
complications (i.e., airway, breathing, circulation). The
most common serious complications of ethylene glycol
poisoning are CNS depression, acute rena failure, and
metabolic acidosis. 1V glucose (50% glucose 50 mL or
25% glucose 2 mL/kg body weight in children) should
be administered to patients who have altered mental sta-
tus and suspected hypoglycemia unless the rapid glucose
screen demonstrates an adequate glucose concentration.
Frequently, patients who ingest ethylene glycol are alco-
holics. These patients should receive thiamine 100 mg
intravenously as well as multivitamin supplementation.
Fluid resuscitation should be guided by clinical assess-
ment of volume status and the serum creatinine concen-
tration in order to prevent fluid overload in those patients
who present with renal dysfunction.

Seizures should be treated with standard doses of 1V
benzodiazepines (diazepam, lorazepam) and, if needed,
IV phenytoin or fosphenytoin. The development of per-
sistent seizures suggests the presence of hypocalcemia,
particularly if large amounts of sodium bicarbonate are
required to treat the metabolic acidosis. The administra-
tion of 1V calcium is not recommended routinely to cor-
rect hypocalcemia because of the potential to increase
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the formation of calcium oxalate crystals. However, if
seizures persist despite the administration of adequate
doses of anticonvul sants, the administration of 10—-20 mL
(0.2—0.3 mL/kg) 10% calcium gluconate as a slow 1V
infusion is an option, particularly in the presence of a
prolonged Q-T interval. Large amounts of sodium bicar-
bonate may be necessary in the first several hours to
correct the metabolic acidosis. Serum sodium, acid-
base status, and fluid balance should be monitored
closely.

Gut Decontamination

The efficacy of activated charcoal, cathartics, or gas-
tric lavage following the ingestion of ethylene glycol has
not been documented. The rapid absorption of ethylene
glycol suggests that gastrointestinal decontamination
(i.e., gastric aspiration and lavage) may be effective only
within the first hour after ingestion.'® The administration
of syrup of ipecac is contraindicated because of the risk
of CNS depression. Activated charcoal does not bind
clinicaly significant amounts of ethylene glycol, and
therefore the use of activated charcoal is not indicated
following the ingestion of ethylene glycol unless indi-
cated by the coingestion of other drugs.’"1%

Antidotes

Supportive careisthe cornerstone of managing al poi-
soned patients. Ethanol has been the traditional antidote
for ethylene glycol intoxication, even though it has not
been studied prospectively and the US FDA has not ap-
proved ethanol for the treatment of ethylene glycol poi-
soning. The US FDA recently approved the use of fomep-
izole (Antizol) asan effective antidote for ethylene glycol
intoxication. There are no clinical studies that directly
compare the efficacy of fomepizole with that of ethanol.

Ethanol

Ethanol has been the recommended antidote for ethyl-
ene glycol intoxication since Wacker et al. published
their experience with its use in 1965.1% Although ethanol
has a so been used as an antidote for methanol poisoning
since the 1940s,° the FDA has not approved its use for
either methanol or ethylene glycol poisonings.

Formulation Ten percent (volume/volume) IV solu-
tions of ethanol are difficult to obtain commercialy. Use
of a 5% solution of ethanol requires administration of
large volumes of fluid. If available, a 95% solution of
ethanol may be diluted to 10% by removing 50 mL
of fluid from 1 liter of 5% ethanol in dextrose 5% (DsAs)
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and replacing the extracted fluid with 50 mL of 95% etha-
nol. Alternately, withdrawing 100 mL of fluid from 1 liter
of 5% dextrose and replacing the extracted fluid with 100
mL of absolute ethanol produces a 10% ethanol solution.
Prior to dilution, the ethanol should be purified through
a micron filter because these solutions are not pyrogen-
free. Denatured ethanol should not be used. Ethanol may
be administered orally as a 20% pharmaceutical prepara-
tion or as an alcoholic beverage.

Pharmacokinetics Ethanol is absorbed rapidly from
the gastrointestinal tract primarily from the duodenum.
Factorsthat prolong gastric emptying, including the pres-
ence and type of food, reduce and delay ethanol absorp-
tion. Ethanol distributes into the total body water. The
approximate volume of distribution (V) is 0.6—0.7 L/kg.
Women have a slightly smaller V4 because the average
woman has less water and more fat compared with the
average man or child.****? Ethanol crosses the placenta
and the blood-brain barrier rapidly. The liver metabolizes
90-98% of an absorbed dose of ethanol, while the kid-
neys and lungs excrete most of the remaining dose of
ethanol unchanged. Zero-order kinetics characterize the
hepatic metabolism of ethanol except at very low or very
high concentrations.**1** The rate of metabolism depends
on avariety of factors, including age, chronic use of etha-
nol, ethanol concentration, and type of blood specimen
(e.g., whole blood vs serum). Typical ethanol elimination
rates average about 15-20 mg/dL/h in healthy adults
with a range of 10-34 mg/dL/h.**> The ethanol elimina-
tion rate is higher in alcoholics compared with nonal co-
holic adults.

Mechanism of Action Alcohol dehydrogenase has a
higher affinity for ethanol than for ethylene glycol ,**¢ and
thus ethanol competitively inhibits the metabolism of eth-
ylene glycal to its toxic metabolites by blocking the re-
ceptor sites of acohol dehydrogenase. Ethanol therapy
has been used successfully for many years to reduce the
formation of toxic metabolites and indirectly to increase
the renal elimination of ethylene glycol. However, stan-
dard doses of ethanol may not completely block metabo-
lism of high concentrations of ethylene glycol. Despite
the presence of therapeutic doses of ethanol and the use
of hemodialysis, renal failure may develop in patients
who ingest large amounts of ethylene glycol. A 28-year-
old male presented with classic signs of severe ethylene
glycol poisoning (arterial pH = 6.99, urinary calcium ox-
alate crystals, altered consciousness) despite the presence
of aserum ethanol concentration of 120 mg/dL on admis-
sion.'” The use of hemodialysis beginning 4 hours after
activation of the 911 call and the continuation of an etha-
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nol infusion did not prevent the development of anuria
on the 2nd day of hospitalization.

Indications Ethanol infusions are not the sole ther-
apy or the sole antidote for ethylene glycol intoxication.®
The clinical course of each patient should be evaluated
for factors which favor the use of one antidote over an-
other (Table 2). The presence of acidemiafollowing eth-
ylene glycol intoxication indicates the presence of toxic
metabolites and hemodialysis may be indicated to correct
the acidosis and to prevent the development of renal
failure.

Generd indicationsfor the use of an antidote are listed
in Table 1. Ethanol should be administered as soon as
possible because the elimination half-life of ethylene gly-
col is approximately 3 hours. The administration of fo-
meypizole should be considered instead of ethanol for eth-
ylene glycol intoxication, particularly if the patient
develops altered consciousness, seizures, or a significant
metabolic acidosis. A case report suggests that therapeu-
tic concentrations of ethanol may not block the formation
of toxic metabolites from very high concentrations of eth-
ylene glycol,**” and use of fomepizole in this situation
may offer atheoretical advantage over the use of ethanol.

Cautions

1. Relative contraindications

Ethanol should be used with caution in patients who
recently have ingested disulfiram or drugs that produce
CNS depression. Similar reactions may occur following
the co-administration of metronidazole or chlorprop-
amide. Ethanol should be used with caution in patients
with hepatic disease and the oral administration of etha-
nol should be avoided when there is a recent history of
gastrointestinal ulcers. In patients with a history of alco-
hol addiction, fomepizole therapy may be preferable to
the use of ethanol.

2. Precautions

a. Drug interactions

Flushing and hypotension may occur following the ad-
ministration of ethanol to patients on disulfiram therapy.
For patients who have ingested ethanol in addition to eth-
ylene glycol, the loading dose of ethanol should be re-
duced accordingly. Ethanol is a CNS depressant and the
coingestion of other CNS depressants (e.g., opioid anal-
gesics, antihistamines, sedative-hypnotics, muscle relax-
ants, anticonvulsants, antidepressants) would be expected
to enhance the depressant effect of ethanol. Ethanol may
cause orthostatic hypotension in patients who use vasodi-
|ator agents.
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b. Pregnancy

The treatment of ethylene glycol poisoning with etha-
nol is short-term (i.e., severa days). The adverse repro-
ductive effects (e.g., fetal alcohol syndrome) associated
with ethanol are not expected to occur following the use
of ethanol as an antidote for ethylene glycol poisoning
during the 2nd and 3rd trimester. The use of any alcohol
during the 1st trimester is more controversial because of
the association of fetal alcohol syndrome with peak etha-
nol concentrations during a short period of vulnerability
during organogenesis.

c. Children

There are few data on the complications of the ethanol
infusions in children. Children are more susceptible to
the development of hypoglycemia during ethanol intoxi-
cation compared with adults™® Neither ethanol nor fo-
mepizole is approved for use during ethylene glycol in-
toxication in children.

Administration The infusion of ethanol requires
close monitoring (i.e., every 1-2 hours) of serum ethanol
concentrations until the serum ethanol concentration
reaches a steady state of 100—150 mg/dL. Serum ethanol
concentrations may change after the achievement of
steady state concentrations, and therefore the serum etha-
nol concentration should be monitored every 2—4 hours
during this period. Variability in individual metabolic
rates and the rate-limited kinetics of ethanol may cause
large increases in the serum ethanol concentration after
only small changes in the infusion rate. Consequently,
any change in the infusion rate (e.g., initiation of treat-
ment, adjustment of ethanol dose, hemodialysis) requires
careful monitoring (i.e., every 1-2 hours) of the serum
ethanol concentration until the serum ethanol concentra-
tion reaches a steady state concentration within the thera-
peutic range. 1V ethanol should be administered through
an infusion pump and the patient should be monitored in
an intensive care setting in order to observe the patient
closely for signs of CNS and respiratory depression and
to monitor the serum ethanol concentration.

The kinetics of ethanol following oral administra-
tion are more unpredictable than the kinetics of IV eth-
anol. Therefore, close monitoring of serum ethanol con-
centrations is also necessary after oral loading doses
and changes in the oral dosage. Because of the hyper-
osmolarity of loading doses of ethanal, the initial dose
of ethanol is administered over 1 hour. For maximum
tolerability, the oral solution of ethanol is diluted to
20% ethanol and administered hourly via a nasogastric
tube.
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Dosage The loading dose is 0.6-0.7 g ethanol/kg.
Initially, the serum ethanol concentration should be mon-
itored closely (i.e., every 1-2 hours) in order to ensure
that the serum concentration remains in therapeutic range
of 100—150 mg ethanol/dL. Theoretically, the amount of
ethanol necessary to prevent the formation of toxic me-
tabolites depends on the amount of ethylene glycol pres-
ent, and therefore relatively higher doses of ethanol may
be required for very large ingestions of ethylene glycol.
The average maintenance dose is about 110 mg ethanol /
kg/h (1.4 mL 10% ethanol/kg/h). The actual dose varies
from 66 mg ethanol/kg/h (0.8 mL 10% ethanol/kg/h) for
nondrinkers to 154 mg ethanol/kg/h (2.0 mL 10%
ethanol/kg/h) for acoholics as outlined in Table 4. For
severe adult poisoning in which medical care will be de-
layed several hours, the use of approximately four 1-0z
oral ‘‘shots'’ of 80-proof whiskey before or during trans-
port to the hospital is an option (see Equation 4).

Oral loading dose =
g ethanol/mL 80 proof solution (4)
Assuming:
Loading dose for 70 kg patient (g ethanol)
= 069g/kg X 70 =42¢
Amount (grams) ethanol in 80 proof solution
= 0.40 v/v ethanol = 0.40 X 0.79 = 31.6 g/100 mL
Assuming: 80 proof solution
= 40% ethanol and specific gravity = 0.79
= 42.0 g +~ amount ETOH in 80 proof solution
_ 429
316 g per 100 mL 80 proof solution

Amount required = 42.0 g + (31.6 g X 100 mL)
= 1329 mL (or about 2 mL/kg body weight)

Ethanol therapy should continue until the ethylene glycol
serum concentration is undetectable or <20 mg/dL and
the patient is asymptomatic with a normal arterial pH.
The presence of a metabolic acidosis despite ethylene
glycol concentrations <20 mg/dL suggests the presence
of substantial concentrations of glycolate or a coexisting
process. Based on an elimination half-life of 17 hoursfor
ethylene glycol in the presence of ethanol, approximately
2-3 days are necessary to eliminate ethylene glycol dur-
ing an ethanol infusion. Table 4 outlines the range of eth-
anol doses based on average pharmacokinetic values and
the chronic use of ethanol. The dose for moderate drink-
ers is about the mean between the value listed for non-
drinkers and the value for acoholics listed in Table 4.
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The actual amount of ethanol administered depends on
the results of frequent monitoring of the serum ethanol
concentration. First-pass metabolism reduces the bio-
availability of orally administered ethanol and the use of
IV ethanol produces slightly higher and earlier peak se-
rum ethanol concentrations compared with the oral
route® The clinical significance of these pharmacoki-
netic differences remains unclear. Low doses of ethanol,
food, and chronic ethanol consumption increase first-pass
metabolism.® However, these effects are usually minor
(<10%) following the administration of moderate doses
of ethanol after a light meal %12

Adverse effects Ethanol may cause hypoglycemia,
particularly in children and in malnourished patients. The
dose required to treat ethylene glycol poisoning will pro-
duce clinical signs and symptoms of ethanol intoxication
(e.g., inebriation, depression of cortical function, emo-
tional lability, poor coordination, loss of judgment, visual
impairment, slurred speech). Therefore, patients should
be assisted with any action that requires judgment or co-
ordination. Severe depression of mental status may ne-
cessitate intratracheal intubation in order to protect
against aspiration and respiratory depression, particularly
with the coingestion of another CNS depressant. A 10%
solution of ethanol is hyperosmolar (1713 mosM/L)
without dilution, and therefore a local phlebitis may de-
velop following the IV use of this solution. The adminis-
tration of 10% ethanol 1V frequently requires central ve-
NOUS access.

Fomepizole (4-Methylpyrazole, 4-MP, Antizol)

Fomepizoleisapotent inhibitor of acohol dehydroge-
nase. In the 1970s, investigators demonstrated that fo-
mepizole could prevent the metabolic acidosis associated
with ethylene glycol poisoning in animals.®%!2 The
manufacturer recently completed phase I11 trials for use
of thisdrug in thetreatment of methanol poisoning. Other
suggested uses for fomepizole that are not approved by
the FDA include the following: diethylene glycol toxic-
ity,? propylene glycol intoxication,*?* prevention of the
disulfiram/ethanol reaction,’® and the suppression of
acetal dehyde accumulation in alcohol-sensitive patients.'2

Potential advantages of the use of fomepizole com-
pared with ethanol infusions include the following: ease
of administration, predictable pharmacokinetics, im-
proved patient safety profile, standardized and less com-
plicated dosing regimen that does not require direct ob-
servation and frequent blood monitoring, fewer side
effects, and potentially reduced intensive care and hemo-

MaRcEL DEKKER, INC. ﬂ
270 Madison Avenue, New York, New York 10016 o

Copyright © Marcel Dekker, Inc. All rights reserved.



ORDER |

AACT Practice Guidelines on EG Poisoning

REPRINTS

551

Table 4

Sandard Range of Therapeutic Doses of Ethanol Based
on Average Pharmacokinetic Values

Amount
Absolute Volume (43% Volume (10% 1V
Ethanol* Oral Solution)?t Solution)
Loading dose§ 600 mg/kg 1.8 mL/kg 7.6 mL/kg
Standard maintenance dose, 66 mg/kg/h 0.2 mL/kg/h 0.83 mL/kg/h
Nondrinker
Standard maintenance dose, 154 mg/kg/h 0.46 mL/kg/h 1.96 mL/kg/h

chronic drinker
Maintenance dose during di-

alysis, nondrinker
Maintenance dose during di-

alysis, chronic drinker

169 mg/kg/h

257 mg/kg/h

0.5 mL/kg/h 2.13 mL/kg/h

0.77 mL/kg/h 3.26 mL/kg/h

* Specific gravity = 0.79; Tequivalent to 86 proof undiluted liquor (34 g ethanol/dL); tequivalent
to 7.9 g ethanol/dL; 8assumes initial ethanol concentration is zero, dose is independent of chronic

drinking status. Adapted from Ref 122.

dialysis costs. Fomepizole does not cause CNS depres-
sion and the drug has a longer duration of action com-
pared with ethanol. The primary disadvantages of the use
of fomepizole are the high acquisition cost and the lim-
ited clinical experience. Considering the cost of blood
ethanol monitoring and the use of an infusion pump in
an intensive care setting, the cost of administering etha-
nol may be equal to or greater than the cost of using fo-
mepizole for patients who are stable.

Formulation In the US fomepizole is available as a
parenteral solution (Antizol) from Orphan Medical (Min-
netonka, MN). Each vial contains 1.5 g fomepizole. The
solution is a clear-to-yellow, water soluble liquid, which
may solidify at room temperature because its melting
point is 25°C (77°F). Antizol is the free base form of
fomepizole and Antizol has a molecular weight of 82.1
g/mole.

Pharmacokinetics The information on the pharma-
cokinetics of fomepizole is based on a small number of
animal studies, case studies, and human volunteer stud-
ies. There are few data on the effect of age, gender, he-
patic insufficiency, or rena dysfunction on the pharmaco-
kinetics of fomepizole. Case reports indicate that
hemodialysisremoves significant amounts of fomepizole.
In 2 patients with anuric renal failure due to ethylene
glycol poisoning, the removal rates were 50 mg/h and

83 mg/h.** The mean dialysances were 117 mL/min and
137 mL/min, respectively.

1. Distribution

Fomepizole distributes rapidly into total body water
with a volume of distribution of approximately 0.6-1.0
L/kg. Most patients treated with fomepizole receive con-
centrations of fomepizole that far exceed the minimally
effective concentration (>10 pmol/L or >0.821 mg/
L).® The fomepizole concentrations in patients enrolled
in the META study ranged from 200-400 pmol/L
(16.42-32.8 mg/L).* An adequate therapeutic serum
concentration is 8—25 mg fomepizole/L with concentra-
tions >15 mg (183 umol) fomepizole/L producing com-
plete inhibition of acohol dehydrogenase based on clini-
ca trials.*®

2. Metabolism

Elimination of fomepizole occurs almost exclusively
(approximately 97%) by hepatic metabolism.** The ma-
jor metabolite in humans is 4-carboxypyrazole (approxi-
mately 80—85% of atherapeutic dose). There are species-
related differences in the pharmacokinetics of fomepi-
zole. For example, rats excreted >70% of a dose of 50
mg/kg body weight as 4-hydroxymethylpyrazole and 4-
carboxypyrazole.*®* Other minor, inactive metabolites of
fomepizole that are found in the urine of humans include
N-glucuronide conjugates of 4-carboxypyrazole and 4-
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hydroxymethylpyrazole. Only 1-3.5% of an adminis-
tered dose of fomepizole appears unchanged in the urine
of healthy volunteers.

3. Elimination

The plasmaelimination rate of fomepizole varies with
dose and with duration of treatment. At therapeutic con-
centrations (8.2—24.6 mg/L) fomepizole displays dose-
dependent, nonlinear elimination that does not match
Michaelis-Mentin kinetics. These complicated kinetics
probably result from the action of multiple metabolizing
enzymes, some of which are saturable and some of which
areinducible. Along with avariety of diverse compounds
(ethanol, acetone, isoniazid, pyridine), fomepizole in-
duces the P,s,mixed function oxidase system, particularly
Puso-11EL.22 The elimination rate of fomepizole increases
over the first 30—40 hours after the initial dose. Enzyme
induction is complete after this period, and first-order
elimination of fomepizole then occurs. The calculation
of the plasma half-life is not practical. At therapeutic
doses, the apparent rate of elimination is about 5 pumol
(0.41 mg)/L/h, and thus adose of 10 mg/kg iseliminated
in approximately 25 hours.®

Mechanism of Action Fomepizole is a potent inhibi-
tor of alcohol dehydrogenase in the liver tissue of dogs
and monkeys. By increasing the half-life of ethylene gly-
col in the blood, the administration of fomepizole pre-
vents the formation of toxic metabolites and increases the
renal elimination of the parent compound while the blood
still contains significant amounts of ethylene glycol.** In
the monkey model, fomepizole is a more potent inhibitor
of liver alcohol dehydrogenase compared with its more
toxic parent compound, pyrazole.** The competitive in-
hibition of alcohol dehydrogenase by fomepizole proba-
bly results from the formation of an inactive ternary com-
plex between alcohol dehydrogenase and the coenzyme
NAD.™ In studies of rats, fomepizole also inhibits the
activity of the cytochrome P,s,-dependent monooxygen-
ase system.®6557 A blood concentration of 10 uM fomepi-
zole produces constant inhibition of alcohol dehydroge-
nase activity in monkeys.*® Based on in vitro studies in
human liver tissue, the potency (K;) of fomepizole to in-
hibit alcohol dehydrogenase activity in humansis in the
range of 1 uM.*

A study in dogs suggested that fomepizole is a more
effective inhibitor of alcohol dehydrogenase compared
with ethanol.®® In this study, the administration of fo-
mepizole, but not ethanol, quantitatively increased the re-
nal excretion of ethylene glycol between 3—72 hours
postingestion compared with control (no treatment).
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However, no statistical analysis was reported to verify a
significant difference between the two groups. Although
both ethanol and fomepizole prevented the devel opment
of renal toxicity and metabolic acidosis in this experi-
mental setting, significant CNS depression occurred in
the ethanol group, but not in the fomepizole group.

Indications

1. Patient uses

The general indications for the administration of fo-
mepizole are similar to the indications for ethanol during
ethylene glycol intoxication. The administration of fo-
mepizole to patients with ethylene glycol poisoning is
preferred to the use of ethanol in the following situations:
ingestion of multiple substances with CNS depressant ac-
tivity; any alteration of consciousness; the lack of inten-
sive care beds; critically ill patient with an anion gap—
metabolic acidosis of unknown etiology and potential ex-
posure to ethylene glycol; the lack of laboratory support
to monitor ethanol administration; and the presence of
contraindications to the use of ethanol. Fomepizole is
easier to administer, more potent, and probably causes
fewer adverse reactions compared with ethanol. How-
ever, there are inadequate data to compare the efficacy
and cost-effectiveness of fomepizole with ethanol. The
administration of fomepizole to patients without serious
complications does not require an intensive care setting
as the use of ethanol does; therefore, some cost savings
occur when patients are treated outside the intensive care
unit. From a nursing perspective, the 12-hour dosing
schedule of fomepizole is less labor-intensive compared
with a continuous 1V infusion or an hourly oral dosing
schedule. The use of fomepizole may eliminate the need
for hemodialysis if the patient presents with high ethyl-
ene glycol concentrations before the development of a
serious metabolic acidosis (pH<7.25-7.3). There is a
risk of developing hypoglycemia in children during the
administration of ethanol and the use of fomepizole in-
stead of ethanol is a theoretical advantage in young chil-
dren. However, there are no data to confirm the superior-
ity of fomepizole over ethanol in the treatment of
pediatric ethylene glycol poisonings.

2. Supporting data

A multicenter study prospectively enrolled 19 patients
with ethylene glycol poisoning and validated the use fo-
mepizole in the treatment of ethylene glycol intoxica-
tion.* Thistrial demonstrated that fomepizole was an ef-
fective inhibitor of ethylene glycol metabolism that
prevents the development of renal damage. In this study,
all patients who had normal renal function at the time of
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the loading dose of fomepizole maintained normal renal
function. All patients who developed renal dysfunction
and received fomepizole had high plasma concentrations
of ethylene glycol and metabolic acidoses during initial
presentation. A retrospective, uncontrolled, unpublished
French study of 26 patients (age 19-71 years) indicated
that fomepizole was safe and effective when adminis-
tered either orally or intravenously as a loading dose up
to 19.5 mg/kg and as a cumulative dose up to 6 g.1° Sev-
enteen patients received fomepizole intravenously while
the remaining 9 patients received oral fomepizole, in-
cluding 1 patient who received both 1V and oral doses.
The median serum ethylene glycol concentration on ad-
mission was 10.4 mg/dL (range 1-831 mg/dL). Conse-
quently, the majority of these patients were not poisoned
severely, with the exception of several patients seen late
in their clinical course. Four of the 5 patients who re-
quired hemodialysis had renal failure. The fifth patient
received hemodialysis because of the high serum ethyl-
ene glycol concentration (831 mg/dL) present on admis-
sion. All patients who developed sequelae presented to
the health care facility late (17—31 hours postingestion)
in the course of their intoxication.

Case reports document successful outcomes following
the use of fomepizole without the use of ethanol or hemo-
dialysis. A patient presented 12 hours after ingesting
100—200 mL antifreeze; the serum pH was 7.12. The ad-
ministration of fomepizole was initiated 16 hours after
ingestion and the patient recovered without sequelae.**
Despite the rapid use of fomepizole during hemodialysis,
terminal multiple-organ failure developed in a 54-year-
old man, who presented 12 hours after ingestion with a
plasma ethylene glycol concentration of 350 mg/dL and
apH of 6.5

Cautions

1. Contraindications

Fomepizole should not be administered to patients
with known hypersensitivity reactions to fomepizole or
to other pyrazole compounds.

2. Precautions

Because of venous irritation, fomepizole should not
be administered as an undiluted formulation. For instruc-
tion on the dilution of fomepizole, see section on **Ad-
ministration.”’

a. Drug interactions

Both ethanol and fomepizole alter the metabolism of
the other. In 4 healthy male volunteers, serum ethanol
concentrations of 50—-150 mg/dL reduced the elimination
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rate of an IV dose of fomepizole 5 mg/kg by 50%.%> The
administration of fomepizole 10-20 mg/kg followed 1
hour later by ethanol 0.5-0.7 g/kg produced a 40% re-
duction in the elimination of the ethanol. The interaction
of other inhibitors (e.g., cimetidine, ketoconazole, phe-
nytoin) of cytochrome P,s, with fomepizole has not been
studied. Activated charcoal may adsorb fomepizole, but
there are no data to estimate the extent of adsorption.
Because the current formulation of fomepizole is paren-
teral, the use of activated charcoal does not affect the
efficacy of fomepizole.

b. Pregnancy

Fomepizole is a Pregnancy Category Class C drug.
Animal studies have not been conducted to assess the
effect of fomepizole on reproduction. There are no data
on the excretion of fomepizole in breast milk. Conse-
quently, fomepizole should be administered to pregnant
or breast-feeding women only after careful consideration
of the risks and benefits, including the alternative of ad-
ministering ethanol and/or hemodialysis.

¢. Long-term administration

There are no studies on the carcinogenic potential of
fomepizole. It isanticipated that the treatment of ethylene
glycol poisoning will be short-term because there is no
need to continue treatment beyond a few days.

Administration Fomepizole is available as a paren-
teral solution. If the Antizol solution solidifiesin thevial,
the solution should be warmed to liquefy the solution.
Solidification does not affect the stability of Antizol. The
shelf life of fomepizole viasis 2 years and the manufac-
turer will replace outdated vias of fomepizole free of
charge. The dose of Antizol should be diluted in at least
100 mL sterile sodium chloride 0.9% or 5% dextrose so-
[ution and infused over at least 30 minutes. When refrig-
erated or stored at room temperature, the fomepizole in
dilute solutions does not deteriorate for at least 48 hours
but the use of dilute solutions of fomepizoleisnot recom-
mended >24 hours after mixing.*® An oral solution of
fomepizoleisnot availablein the US. Data from preclini-
cal trials indicate that both routes of administration have
comparable elimination kinetics.

Dosage The loading dose of fomepizole is 15 mg/
kg, followed by 10 mg/kg every 12 hours for 4 doses by
IV. After these 5 doses, the administration of fomepizole
should continue at a rate of 15 mg/kg every 12 hours
until the ethylene glycol concentration is undetectable or
<20 mg/dL and the patient is asymptomatic with a nor-
mal arterial pH.*° Table 5 outlines the recommended dos-
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Table 5

Dosing Schedule of Fomepizole During Hemodialysis

Dose at the Beginning of Dialysis

<6 h since last dose
>6 h since last dose

Do not administer dose
Give next scheduled dose

Dose During Dialysis

Give dose every 4 h

Dose at Completion of Dialysis

<1 h since last dose
1-3 h since last dose
>3 h since last dose

No additional dose
Administer Y2 of next scheduled dose
Administer next scheduled dose

Maintenance Dose Off Dialysis

Administer next scheduled dose
12 h after last dose

Adapted from Product Monograph Antizol, Orphan Medical, 1998.

ing schedule of fomepizole during hemodiaysis. The
dosing interval of fomepizole should be reduced to every
4 hours during hemodialysis. Alternately, an infusion of
fomepizole 1-1.5 mg/kg/h during diaysis is sufficient
to maintain therapeutic concentrations of fomepizole.**
Monitoring of fomepizole concentrations during the
treatment of ethylene glycol poisoning is not necessary.
Currently, there are no specific dosing recommendations
for special populations (e.g., geriatric, pediatric, hepatic,
or renal dysfunction) because of the lack of clinical data.

Adverse effects During clinical trials, the most com-
monly reported adverse effects were as follows: head-
ache (12%), nausea (11%), and dizziness (7%).14014
These adverse effects are mild and transient despite the
attainment of concentrations 20—40 times the therapeutic
(10 uM) concentration of fomepizole.* L ess common ad-
verse reactions include vomiting, diarrhea, abdominal
pain, tachycardia, hypotension, vertigo, lightheadedness,
nystagmus, slurred speech, and inebriation. Case reports
have temporally associated eosinophilia, skin rash,** and
transient (1-2 weeks), mild elevation of hepatic transam-
inases with the administration of fomepizole.'® These re-
actions are not dose-dependent'* and these adverse reac-
tions were not reported in a prospective trial involving
19 patients.® In animal studies, pyrazole causes signifi-
cant liver toxicity, but 4-methylpyrazole (fomepizole)
does not cause hepatotoxicity at doses that block ethanol
metabolism in the rat.}% |nflammation may occur at the
site of theinfusion, particularly if the dose of fomepizole
exceeds 25 mg/mL over 5 minutes. At a dose of fomepi-
zole 100 mg/kg, all 3 volunteers developed a feeling of

inebriation characterized by dizziness and mild difficul-
ties with speech and vision.*

Extracorporeal Removal

Hemodialysis effectively removes both ethylene gly-
col and its toxic metabolites.®** Hemoperfusion is not an
effective means of removing these compounds.’#

Clearance Rates

Hemodialysisissubstantially superior to peritoneal di-
alysis for the remova of ethylene glycol and its toxic
metabolite, glycolic acid. The serum anion gap also de-
creases during hemodialysis.®® The mean clearance rate
of ethylene glycol during this procedure is approximately
145—-230 mL/min depending on the blood flow rate, and
the elimination half-life of ethyleneglycol during dialysis
is 2.5-3.5 hours.2%48 For example, the clearance rate of
ethylene glycol was 2103 mL/min when the blood flow
was 227 mL/min during hemodialysis® This vaue is
comparable to a clearance rate of 2.2 mL/kg/min ob-
tained during the hemodialysis of a 17-month-old infant
at a blood flow rate of 50 mL/min.*

In a study of healthy volunteers the renal clearance
of fomepizole was very low with only about 3% of a
therapeutic dose excreted in the urine unchanged.*® The
renal clearance for a fomepizole dose of 10 mg/kg and
20 mg/kg was 0.022 mL/min/kg and 0.014 mL/min/kg,
respectively. Case reports indicate that hemodialysis in-
creases the clearance of fomepizole. In 2 ethylene glycol-
intoxicated patients with anuric rena failure, the mean
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dialysance following the administration of 10 mg
fomepizole/kg and 18 mg fomepizole/kg was 117 mL/
min and 137 mL/min, respectively.’” This clearance
corresponded to the removal of 50 mg fomepizole/h and
83 mg fomepizole/h, respectively.

Glycolate possesses arelatively slow elimination rate
and a relatively long plasma half-life. In a series of 4
patients who received fomepizole for serious ethylene
glycol intoxications, the mean plasmaelimination rate for
glycolate before hemodialysis was 1.08+0.67 mmol/L/
h with a plasma half-life ranging up to approximately
18 hours.®® Hemodialysis effectively removes the toxic
metabolite, glycolate, and restores normal acid-base bal-
ance. Gabow and colleagues studied 3 patients who de-
veloped ethylene glycol intoxication and markedly ele-
vated glycolic acid plasma concentrations (>7 mEg/L).*
Hemodialysis clearance of glycolic acid was 105 mL/
min and 159 mEq of glycolic acid was removed in 3
hours. After hemodialysis with a bicarbonate dialysate,
the mean serum bicarbonate concentration increased
from5.5t0 20 mEg/L. In aseries of 5 patients with ethyl-
ene glycol intoxication, the mean clearance of glycolate
during hemodialysis was 170+23 mL/min with flow
rates of 250—-400 mL/min.* The mean plasma half-life
of glycolate decreased to approximately 2.5 hours.

Indications

Hemodialysis should be considered for the following
conditions: deteriorating vital signs despite intensive sup-
portive care, significant metabolic acidosis (<7.25—
7.30), and rena failure or electrolyte imbalances unre-
sponsiveto conventional therapy. A traditional indication
for hemodialysisisaserum ethylene glycol concentration
>50 mg/dL. Although this concentration is often used
as an indication for hemodialysis, there are insufficient
scientific data to determine the concentration at which
renal toxicity begins. In the absence both of renal dys-
function and a significant metabolic acidosis, the use of
fomepizole should obviate the need for hemodialysis,
even though the serum ethylene glycol concentration ex-
ceeds 50 mg/dL .* If patientswith high serum concentra-
tions of ethylene glycol are not treated with hemodialysis,
their acid-base balance should be monitored closely and
hemodialysis instituted if a metabolic acidosis develops.

Methods

Thetraditional endpoint for dialysisis an undetectable
serum ethylene glycol concentration or an EG <20 mg/
dL and the disappearance of acid-base abnormalities and
signs of systemic toxicity.’! However, prolonged dialysis
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may not be necessary in aselect group of patients receiv-
ing an antidote when the serum ethylene glycol concen-
tration falls below 50 mg/dL. Case reports describe pa-
tients who recovered without sequelae following the
termination of dialysis with the serum ethylene glycol
concentration between 10-50 mg/dL .%* These patients
had normal kidney function, and no significant metabolic
acidosis. Additionally, they received an ethanol infusion
until the ethylene glycol concentration was undetectable.
Further data are necessary to determine the exact concen-
tration at which hemodialysis is no longer necessary for
patients receiving fomepizole or ethanol. Correction of
the metabolic acidosis (anion gap) and the osmol gap are
adequate endpointsfor dialysis, particularly when the pa-
tient is receiving fomepizole or ethanol and the serum
ethylene glycol and/or glycolate concentrations are un-
available. Redistribution of ethylene glycol may result in
elevation of the ethylene glycol concentrations within 12
hours after hemodialysis ceases® and repeat hemodialysis
may be necessary. Consequently, serum osmolality and
serum electrolytes should be monitored closely (every 2—
4 hours) for the 12—24 hour period after hemodialysis
Ceases.

Increased administration of ethanol (e.g., addition of
95% ethanol to dialysate or increased infusion rates) or
of fomepizoleis necessary to replace the drug lost during
the dialysis procedure. Administration of ethanol or fo-
mepizole should continue after dialysis until the serum
ethylene glycol concentration is nondetectable or <20
mg/dL and the patient is asymptomatic with a normal
arterial pH. Hypophosphatemia is a rare complication of
the prolonged dialysis of patients, who have normal se-
rum phosphorus concentrations. Treatment of this com-
plication includes the use of phosphorus-enriched dialy-
sate during hemodialysis.**?

Supportive Care

Laboratory testsfor all patients who ingest potentially
toxic amounts of ethylene glycol include the following:
CBC, electrolytes, urinalysis, arterial blood gases, and se-
rum osmolality aswell as serum ethylene glycol and etha-
nol concentrations.

Cofactors

Pyridoxine and thiamine are cofactors for the metabo-
lism of ethylene glycol.* Pyridoxine promotes the metab-
olism of glyoxylate to glycine; thiamine promotes the
metabolism of glycolic acid to the nontoxic metabolite,
a-hydroxy-[3-ketoadipate. However, there are no clinical
data to support the effectiveness of these two cofactorsin
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the treatment of ethylene glycol intoxication in otherwise
healthy patients. Consequently, the administration of
these two cofactors is necessary only in patients (e.g.,
acoholics) who may have vitamin deficiencies.

Metabolic Disturbances

Magnesium is a cofactor along with thiamine pyro-
phosphate for the metabolism of glyoxylic acid,**® and
magnesium should be replenished, particularly in alco-
holic patients. Because of concern about precipitating
calcium oxalate crystal's, hypocalcemiaisusually not cor-
rected unless the hypocalcemia contributes significantly
to the clinical deterioration of the patient. Systemic aci-
dosis below 7.3 can be treated with IV sodium bicarbon-
ate solution to correct the acidosis to the normal range
(7.35-7.45). Adding bicarbonate to the dialysate during
hemodialysis also may restore the serum bicarbonate
concentration.®

Fluid and Electrolyte Balance

In patients with normal renal function, 1V fluids
should be administered in adequate volumes to maintain
urine output and the patient should be monitored care-
fully to detect evidence of early renal failure. The devel-
opment of rena failure may require limitation of fluids
in order to prevent fluid overload, and prolonged (1-4
weeks) dialysismay be necessary until normal renal func-
tion returns.
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