Diagnosis and Management
of Ethylene Glycol Ingestion
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Case Presentation

A 46 year old female with a history of depression
arrived at the emergency department by EMS
with altered mental status. Her husband found
her in the garage of their home with confusion,
incoherent slurred speech and an unsteady gait.
By his report, she had seemed well 4 h earlier.
Initial vital signs were as follows: HR 112, BP
145/91, RR 16, O, 99 % on RA, and temperature
98.9. Glucose was 127 mg/dL. GCS was 14.
There were no signs of trauma, and her physical
exam, aside from the findings mentioned above,
was unremarkable. Initial labs including CBC,
chemistries and urinalysis were normal. Urine
drug screen was negative. Salicylate, acetamino-
phen, and ethanol were not detected.
Carboxyhemoglobin level was 1.2%. ABG on
room air revealed: pH 7.36, pO, 88, pCO, 35,
HCO; 21, lactate 2.7. Head CT and CXR were
normal. EKG showed sinus tachycardia with nor-
mal intervals. I'V fluids were initiated.
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Over the next 2 h, her HR and RR increased
to 125 and 24 respectively. She was placed on
4 L NC for a room air saturation of 87 %. She
became more confused with a GCS of 10.
Repeat labs were obtained which demonstrated
a new anion gap of 22 (see below). A repeat
ABG (on4 L O,) showed the following: pH 7.22,
pO, 58, PCO, 26, HCO; 15, lactate 3.2.
Measured serum osmoles were obtained and an
osmolal gap of 40 was calculated. CXR revealed
pulmonary edema without cardiomegaly. Her
hypoxia and tachypnea worsened despite
increasing amounts of supplemental oxygen,
including 100 % NRB.

Calculation and Differential Diagnosis of the
Elevated Anion Gap with the Pneumonic
“MUDPILES”
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Salicylates
Starvation ketoacidosis

Question How would you proceed in the man-
agement of this patient?

Answer The combination of altered mental sta-
tus, progressive development of a high anion gap
acidosis and the presence of a marked osmolal
gap are highly suggestive of toxic alcohol inges-
tion, either methanol or ethylene glycol. Methanol
is a common ingredient in windshield washer
fluid and ethylene glycol is commonly found in
antifreeze. Ingestion of isopropyl alcohol, the
third common toxic alcohol ingestion, elevates
the osmolar gap but does not result in an acidosis
or significant elevation of the anion gap.

Given her decline in mental status and pro-
gressive failure of oxygenation secondary to
development of pulmonary edema, she was intu-
bated and mechanically ventilated. A loading
dose of 15 mg/kg intravenous fomepizole treat-
ment was immediately initiated to prevent further
metabolism of the parent alcohol. The cofactors
thiamine and pyridoxine were given. Her devel-
oping acidosis suggested that she had already
metabolized a substantial portion of the parent
alcohol into its toxic metabolites, and nephrology
was consulted for emergent hemodialysis. Gas
chromatography for toxic alcohols returned sev-
eral hours later and revealed an ethylene glycol
level of 257 mg/dL. Repeat urinalysis demon-
strated calcium oxalate crystalluria (Fig. 8.1).

The patient underwent three runs of intermittent
hemodialysis and was continued on IV fomepizole
per protocol. Her gap acidosis normalized and her
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measured ethylene glycol fell below 20 mg/dL. Her
renal function remained normal throughout her
clinical course. Her pulmonary edema resolved and
she was extubated on hospital day #2.

Principles of Management
Diagnosis

Ethylene glycol is an organic alcohol with mul-
tiple commercial and household purposes, and is
typically the primary compound found in anti-
freeze. It is a colorless liquid, although dyes are
often added by the manufacturer. The taste of
ethylene glycol is often described as “sweet”,
and therefore young children frequently fall vic-
tim to inadvertent ingestions [1]. Ethylene gly-
col is rapidly absorbed by the GI tract and
clinical intoxication may be apparent within
20-30 min. Peak serum concentrations can be
expected between 1 and 4 h post-ingestion [2].
Ingestions of as little as 1 mL/kg may lead to
toxic serum concentrations [3].

Diagnosing ethylene glycol poisoning can be
quite challenging, as the acute clinical presenta-
tion is typically non-specific and may appear
quite similar to ethanol intoxication. Individuals
with intentional ingestions may not be forthcom-
ing, or may be too obtunded to provide a history
of ingestion. Prompt initiation of treatment is
imperative, and delays strongly correlate with the
development of acidosis and renal failure once
toxic metabolites accumulate (Fig. 8.2) [4, 5].
The gold standard for diagnosis uses gas chroma-
tography to measure serum ethylene glycol lev-
els, but may take 2—4 h to perform, and is not
readily available at most medical facilities [2, 6].
Serum measurement of the glycolic acid metabo-
lite has also been advocated by some, owing to its
stronger correlation with the development of
renal complications, but this also requires gas
chromatography and therefore carries the same
limitations [7]. Therefore, the clinician often
must utilize surrogate markers when considering
a toxic alcohol exposure.

Since ethylene glycol is an osmotically
active substance, the osmolal gap (measured
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Fig. 8.1 Calcium oxalate
crystals

osmoles — calculated osmoles) will typically
be elevated during the initial phase following
substantial ingestions. As the parent com-
pound is metabolized, the osmolal gap will
gradually decline and a metabolic anion gap
acidosis will develop (Fig. 8.3) [9]. There are

several caveats to note when interpreting an
osmolal gap, however. Numerous formulas
exist for calculating serum osmoles, and there
is no consensus on which one is superior [2,
10, 11]. One commonly used formula is as
follows:

Osmc =[2xNa+1.15(glucose /18) + BUN/ 2.8+ EtOH / 4.6 |

An elevated osmolal gap is non-specific and
may be seen with various conditions including
ethanol intoxication, alcoholic ketoacidosis,
DKA, renal failure, shock, and after use of
other exogenous osmotically active compounds
such as mannitol [10]. Additionally, since the
normal reference range for a calculated osmolal
gap may be as low as —10 mosm, the addition
of measured osmoles from a toxic alcohol may
not raise this gap beyond the accepted upper
limit of +10 mosm. This can be understood
when considering that an ethylene glycol level
of 21 mg/dL (the threshold where treatment is
recommended) would only be expected to
increase serum osmoles by 4 mosm [2]. Despite
these limitations, a large retrospective analysis
suggested that an unexplained osmolal gap

exceeding 50 was highly suggestive of a toxic
alcohol ingestion, and that nearly 50 % of toxic
ingestions had osmolal gaps greater than
30 [10].

In the initial phase following ethylene glycol
poisoning, the anion gap is typically normal, and
then begins to rise approximately 3 h post-
ingestion [2]. When presentation or treatment is
delayed, the parent alcohol is metabolized by
alcohol dehydrogenase and aldehyde dehydroge-
nase into glycolic acid. Further metabolism of
glycolic acid is very slow and therefore this com-
pound progressively accumulates resulting in an
anion gap acidosis. Cardiopulmonary manifesta-
tions are likely both due to the acidemia, as well
as the direct toxic effect of glycolic acid. During
this phase, patients may develop tachycardia,
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Fig. 8.2 Metabolism of ethylene glycol

hypotension, myocardial depression and conges-
tive heart failure, cerebral edema, and an ARDS-
type picture [3, 12].

A small portion of glycolic acid is then fur-
ther metabolized into oxalate. Deposition of
calcium oxalate crystals in renal tubules results
in tubular necrosis and renal failure, and gener-
ally occurs 24-72 h post-ingestion. This can
also lead to significant hypocalcemia [2].
Testing for calcium oxalate crystalluria as an
adjunct to the diagnosis of ethylene glycol
ingestions has been evaluated. Unfortunately,
crystals are seen in only 33-63 % of those with
known ingestions, and the baseline prevalence
of crystalluria due to other causes such as
dietary factors make this finding neither sensi-
tive nor specific [2, 13].

Urine fluorescence is another strategy that
has been evaluated by investigators to aid in
determination of ethylene glycol ingestions.
Fluorescein is often added to engine coolants by
manufacturers to facilitate a mechanic’s ability
to detect radiator leaks using UV light [2]. In the
setting of ingestions, fluorescein is excreted
unchanged in the urine. However, not all anti-
freeze preparations contain this compound.
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Osmols Acids
Time
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Fig. 8.3 The mountain: A visual schematic for clarify-
ing the temporal relationship between the anion gap and
osmole gaps in toxic alcohol poisoning. A: Ethylene gly-
col is the predominate form in the serum. Only an osmo-
lar gap is present. No acidosis or anion gap yet noted. C:
Ethylene glycol is being metabolized. Some glycolic
acid is present. Both an osmolar gap and an anion gap
acidosis are present. B: All the ethylene glycol has been
metabolized to glycolic acid. Osmolar gap no longer
exists. Large anion gap acidosis is present (From Mycyk
and Aks [8]. Reprinted with permission from Elsevier
Limited)

Furthermore, fluorescence is short-lived during
the first few hours and may be difficult to detect.
Inter-rater reliability when assessing urinary
fluorescence is poor and fluorescein cannot be
detected when urinary pH falls below 4.5. For
these reasons, this screening test cannot be rec-
ommended [2, 6, 14].

As a result of the poor performance of any
one marker for the diagnosis of toxic alcohol
ingestion, it is recommended by the American
Academy of Clinical Toxicology that the clini-
cian maintain a high index of suspicion and low
threshold for treatment [6]. Diagnostic criteria
and indications for treatment are shown below
[4, 6, 15].

Diagnostic Criteria and Indications for
Treatment of Ethylene Glycol Poisoning
e Ethylene glycol level >20 mg/dL or
* Recent history of known ingestion AND
osmolal gap >10 or
e Strong suspicion of ethylene glycol
ingestion AND two of the following
e pH,73
e serum bicarbonate <20
* osmolal gap >10
* Calcium oxalate crystalluria
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Ventilator and Circulatory Support

Ethylene glycol exerts effects on GABA and
Glutamate receptors in a similar manner to etha-
nol. In severe poisonings, respiratory depression
and/or inability to adequately protect one’s air-
way may necessitate intubation and mechanical
ventilation. When an acidosis is present, atten-
tion to adequate minute ventilation is imperative
to allow for adequate respiratory compensation.

Hypotension may result from direct vasodila-
tation caused by the toxic alcohol, or secondary
to myocardial depression due to acidosis. In cases
of congestive heart failure or impending circula-
tory collapse, vasopressor agents may be needed.
Serial EKGs should be obtained to assess for pro-
longation of the QTc which may be seen when
hypocalcemia is present. Calcium repletion
should be limited to patients who are symptom-
atic (cardiac arrhythmias, seizures), as this may
hasten calcium oxalate precipitation in the renal
tubules [16]. The presence of hyperkalemia is
often the result of extracellular shifts due to the
metabolic acidosis, and treatment should be
reserved for individuals with concerning EKG
manifestations. An ARDS-like picture may rarely
develop and should be managed with lung-
protective ventilation.

Gastric Decontamination/Lavage/
Charcoal

Gastrointestinal decontamination and gastric
lavage have limited benefit following ethylene
glycol absorption due to its very rapid absorp-
tion. Furthermore, toxic alcohols bind poorly to
activated charcoal, and its use is not recom-
mended [16].

Aldehyde Dehydrogenase (ADH)
Blockade

Inhibition of ADH is the mainstay of treatment
and prevents metabolism of ethylene glycol into
its toxic metabolites, and it is generally accepted
that treatment should be initiated for serum

ethylene glycol concentrations in excess of
20 mg/dL [6]. The parent alcohol is then excreted
largely unchanged in the urine. The elimination
half-life of ethylene glycol ranges from 14 to 20
h in the setting of ADH inhibition [4, 6, 10]. The
two ADH inhibitors that may be used are ethanol
and fomepizole.

Prior to the advent of fomepizole, ethanol was
historically used for ADH blockade. Ethanol is
the natural substrate for ADH, and given its
higher binding affinity over ethylene glycol, it
serves as a competitive inhibitor to toxic alcohol
metabolism. The generally accepted regimen for
ethanol administration is a loading dose of
600 mg/kg of a 10 % solution IV through a cen-
tral venous catheter, followed by a continuous
infusion of 110 mg/kg/h. The drip is then titrated
with a goal serum ethanol concentration between
100 and 125 mg/dL [6, 17]. This requires close
monitoring, given the unpredictable pharmacoki-
netics of ethanol metabolism. Ethanol adminis-
tration is not without side effects, and patients
must be monitored for deterioration of mental
status, hypoglycemia, hepatitis, and pancreatitis.
When no IV ethanol formulation is available, PO
ethanol can be considered using the same serum
concentration goal.

Fomepizole (4-methylpyrazole, Antizole) was
FDA approved in 1997 for use as a competitive
inhibitor of ADH in the setting of toxic alcohol
ingestions. Its efficacy was supported through a
small prospective clinical sub-study of the
Methylpyrazole for Toxic Alcohols (META)
trial. Patients treated with fomepizole who had
normal renal function at the time of treatment ini-
tiation had no subsequent kidney injury. It should
be noted, however, that patients with serum eth-
ylene glycol levels exceeding 50 mg/dL also
underwent hemodialysis [13]. Fomepizole, when
compared to ethanol, has the advantage of pre-
dictable pharmacokinetics. Its use is generally
well-tolerated although patients occasionally
report side-effects including headaches, nausea,
and dizziness [13, 18]. A loading dose of 15 mg/
kg IV is initiated, followed by 10 mg/kg every 12
h. Fomepizole may induce its own metabolism
via the CYP450 pathway, and dosing should be
increased to 15 mg/kg every 12 h for doses
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beyond 48 h of treatment. In patients undergoing
concurrent dialysis, the dosing frequency should
be increased to every 4 h, or alternatively a con-
tinuous infusion of 1 mg/kg/h can be considered
[4, 6, 18, 19]. Because ethanol metabolism is
inhibited by fomepizole, ethanol treatment
should not be used concurrently [20].

Hemodialysis

ADH blockade disrupts the initial metabolism of
ethylene glycol. The development of an anion
gap acidosis, or the presence of renal injury sug-
gests significant metabolism of ethylene glycol
into toxic substrates has already occurred. In
these cases, hemodialysis may be required to cor-
rect the acidosis and thwart further deterioration
of renal function [4, 6, 15, 21]. Although compli-
cations may occur, hemodialysis may shorten
hospital length of stays [22]. Indications for
hemodialysis were reported by the American
Academy of Clinical Toxicology in 1999, and
their guidelines have yet to be formally updated
[6]. These include:

e Deteriorating vital signs despite supportive
care.

¢ Severe metabolic acidosis (<7.25-7.30)

e Renal failure or severe electrolyte distur-
bances not responsive to conventional therapy
4. Ethylene glycol level >50 mg/dL

The use of an ethylene glycol concentration
threshold for hemodialysis has more recently
been called into question [4, 23, 24].

Evidence Contour
Ethylene Glycol Treatment Threshold

Historically, a serum ethylene glycol concentra-
tion in excess of 20 mg/dL has been considered
to be the potentially toxic level where ADH
blockade was recommended [6]. This conserva-
tive threshold was likely extrapolated from case
reports involving toxic methanol ingestions, and

is based on opinion rather than evidence [25].
Furthermore, an absolute serum ethylene glycol
concentration does not take into account how
much metabolism has already occurred when
presentations are delayed. Serum glycolate levels
better correlate with the development of acidosis
and renal injury, but again there is no established
threshold for treatment [26].

Fomepizole vs Ethanol

Many toxicologists currently advocate fomepi-
zole as the first-line agent for ADH-blockade [4,
19]. This may be, in part, related to less reported
adverse events when compared to the use of
ethanol [27]. To date, there have been no con-
trolled clinical trials comparing the efficacy of
fomepizole to ethanol, and there is a paucity of
literature on the morbidity and mortality of
patients treated with either intervention [5, 28,
29]. Recently, Beatty et al. conducted a system-
atic literature review that included 145 trials
(none of which were randomized controlled
studies) [28]. Two hundred ninety-five patients
with ethylene glycol poisoning were identified
who received either fomepizole, ethanol, or
both. A higher mortality was seen in those
treated with ethanol when compared to fomepi-
zole (18 % vs 4.1 %). The author cautioned that
extrapolated data was often poor or incomplete,
and that literature reporting the use of fomepi-
zole tended to be more current, and that recent
advances in medical care may confound these
results.

ADH Inhibition without Hemodialysis

The guidelines published in 1999 by the American
Academy of Toxicology advocated initiation of
hemodialysis (HD) when ethylene glycol levels
exceed 50 mg/dL [6]. Since that time, there are
growing reports of patients with significant ethyl-
ene glycol ingestions, some with serum levels
exceeding 700 mg/dL, being treated with fomepi-
zole alone when acidosis and renal impairment
were absent [15, 24, 30, 31]. Some investigators
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have even reported successful management with
fomepizole alone when a mild acidosis was pres-
ent [3, 32]. This has led some experts to advocate
for the use of hemodialysis only in cases of sig-
nificant acidosis or with signs of renal impair-
ment, irrespective of the initial serum ethylene
glycol level [4, 15, 19, 23, 32]. However, pro-
spective studies are necessary to validate these
recommendations.

Serum and Urine Alkalization

In methanol ingestions, there is some limited evi-
dence that serum alkalization may promote
deprotonation of toxic acids into their less toxic
conjugate bases, and might also enhance urinary
excretion [33]. This has not been proven to be of
benefit in the setting of ethylene glycol intoxica-
tions, and alkalization for the sole purpose of
enhancing elimination is not supported by evi-
dence. Sodium bicarbonate therapy may be con-
sidered, however, in instances of refractory
acidosis [6].

Cofactor Supplementation

Pyridoxine and thiamine are cofactors which
facilitate conversion of glycolic acid to non-toxic
metabolites via alternative metabolic pathways,
potentially diverting metabolism away from the
production of oxalate. While advocated by many,
no clinical trials have substantiated this hypothet-
ical benefit, and supplementation is unlikely to be
useful in the absence of a pre-existing vitamin
deficiency [6, 34].

Other Toxic Alcohols
Methanol

Methanol (aka “wood alcohol”) was historically
found in methylate spirits. It is now found in sol-
vents, antifreeze, and certain fuels. The fatal dose
is considered to be anywhere between 1 and
2 mL/kg [35], although deaths have been reported

with doses as low as 0.1-0.4 mL/kg [35, 36].
Using the same enzymatic pathways as ethylene
glycol, methanol is metabolized to formaldehyde
then formate. Symptoms of acute ingestion are
almost identical to those of ethylene glycol.
Metabolic effects are also similar, including
development of an osmolar gap followed by an
anion gap acidosis. Metabolites of methanol are
also profoundly more neurotoxic, and the optic
nerve is particularly vulnerable which can result
in permanent visual impairment [3, 35, 37, 38].
Production of formate is prevented by early use
of fomepizole (preferred) or ethanol, and guide-
lines for initiation of these therapies are shown
below [33].

Guidelines for Initiation of Therapies

1. Documented plasma methanol concen-
tration >20 mg/dL (200 mg/L)

2. Documented recent history of ingesting
toxic amounts of methanol and osmolal
gap >10 mOsm/kg

3. History or strong clinical suspicion of
methanol poisoning and at least 2 of the
following criteria:
Arterial pH <7.3
Serum  bicarbonate

(20 mmol/L)
Osmolal gap <10 mOsm/kg H,O

<20 meq/L

Diagnostic Criteria and Indications for the
Treatment of Methanol Poisoning
* Documented plasma methanol concen-
tration>20 mg/dL
e Documented recent history of ingesting
methanol and osmolal gap >10 mOsm/kg
e History or strong clinical suspicion of
methanol poisoning and at least two of
the following criteria:
e Arterial pH <7.3
e Serum bicarbonate
(20 mmol/L)
* Osmolal gap <10 mOsm/kg H,O

<20 meq/L
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Folic acid should be administered in toxic
methanol ingestions since it serves as a cofactor
in the breakdown of formate [39]. Acidosis
should be corrected with sodium bicarbonate
administration [33]. Recent guidelines recom-
mend intermittent hemodialysis in severe inges-
tions for any of the following [40]:

e Seizures, coma, visual changes

e pH<7.15, or any acidosis unresponsive to
bicarbonate

e anion gap>24 mmol/L

* [methanol]serum>70 mg/dL in the setting of
fomepizole treatment

e [methanol]serum>60 mg/dL in the setting of
ethanol treatment

e [methanol]serum>50 mg/dL in the setting of
no competitive inhibition

e Impaired kidney function

e Extracorporeal treatment can be discontinued
when methanol concentration is <20-25 mg/dL.
[40].

Isopropyl Alcohol

Isopropyl alcohol (aka “rubbing alcohol”) pro-
duces an acute clinical picture of CNS intoxication
similar to that seen with ethanol, with greater rela-
tive potency. The primary metabolite of isopropyl
alcohol is acetone. This compound elevates the
osmolal gap and causes ketosis, but is not further
metabolized to a toxic carboxylic acid and is there-
fore significantly less harmful than ethylene glycol
and methanol. Management of acute ingestion
thus consists of supportive care, and ethanol and
fomepizole are not indicated [41].

References

1. Mowry JB, et al. 2012 Annual report of the American
Association of Poison Control Centers’ National
Poison Data System (NPDS): 30th annual report. Clin
Toxicol. 2013;51:949-1229.

2. McQuade DJ, Dargan PI, Wood DM. Challenges in
the diagnosis of ethylene glycol poisoning. Ann Clin
Biochem. 2013;51(2):167-78.

3. Buchanan JA, Alhelail M, Cetaruk EW, Schaeffer TH,
Palmer RB, Kulig K, et al. Massive ethylene glycol

10.

11.

12.

13.

14

15.

16.

17.

18.

19.

20.

21.

ingestion treated with fomepizole alone — a viable
therapeutic option. J Med Toxicol. 2010;6(2):131-4.

. Brent J. Fomepizole for ethylene glycol and methanol

poisoning. N Engl J Med. 2009;360(21):2216-23.

. Druteika DP, Zed PJ, Ensom MH. Role of Fomepizole

in the management of ethylene glycol toxicity.
Pharmacotherapy. 2002;22(3):365-72.

. Barceloux DG, Krenzelok EP, Olson K, Watson

W. American Academy of Clinical Toxicology prac-
tice guidelines on the treatment of ethylene glycol
poisoning. Clin Toxicol. 1999;37(5):537-60.

. Porter WH, Rutter PW, Bush BA, Pappas AA,

Dunnington JE. Ethylene glycol toxicity: the role of
serum glycolic acid in hemodialysis. J Toxicol Clin
Toxicol. 2001;39(6):607-15.

. Mycyk MB, Aks SE. A visual schematic for clarify-

ing the temporal relationship between the anion and
osmol gaps in toxic alcohol poisoning. Am J Emerg
Med. 2003;21(4):333-5.

. Mycyk MB, Wills B, Mazor S, Deslauriers C, Metz

J. Fomepizole use is often suboptimal in cases of toxic
alcohol poisoning. Ann Emerg Med. 2004;44(4):S89.
Krasowski MD, Wilcoxon RM, Miron J. A retrospec-
tive analysis of glycol and toxic alcohol ingestion:
utility of anion and osmolal gaps. BMC Clin Pathol.
2012;12(1):2-10.

Khajuria A, Krahn J. Osmolality revisited: deriving
and validating the best formula for calculated osmo-
lality. J Clin Biochem. 2005;38(6):514-9.

Catchings T, Beamer W, Lundy L, et al. Adult respira-
tory distress syndrome secondary to ethylene glycol
ingestion. Ann Emerg Med. 1985;14:594-6.

Brent J, McMartin K, Phillips S, Burkhart KK,
Donovan JW, Wells M, Kulig K, Methylpyrazole for
Toxic Alcohols Study Group. Fomepizole for the
treatment of ethylene glycol poisoning. N Engl ] Med.
1999;340(11):832-8.

. McStay CM, Gordon PE. Images in clinical medicine:

urine fluorescence in ethylene glycol poisoning. N
Engl J Med. 2007;356(6):611.

Velez LI, Shepard G, Lee YC, Keyes DC. Ethylene
glycol ingestions treated only with fomepizole. J Med
Toxicol. 2007;3(3):125-8.

Hall TL. Fomepizole in the treatment of ethylene gly-
col poisoning. Can J Emerg Med. 2002;4(3):199-204.
Peterson CD, Collins AJ, Himes JM, Bullock ML,
Keane WEF. Ethylene glycol poisoning: pharmacoki-
netics during therapy with ethanol and hemodialysis.
N Engl J Med. 1981;304(1):21-3.

Howland MS. Antidotes in depth: fomepizole. In: Nelson
LS, Lewin NA, Howland MA, Hoffman RS, Goldfrank
LR, Flomenbaum NE, editors. Goldfrank’s toxicologic
emergencies. New York: McGraw-Hill; 2010.

Rehman H. Fomepizole for toxic alcohol poisoning.
N Engl J Med. 2009;361(12):1213-4.

Butler GK. When is it appropriate to treat ethylene
glycol intoxication with fomepizole alone without
hemodialysis? Semin Dial. 2011;24(4):441-2.

Ting SM, Ching I, Nair H, Langman G, Suresh V,
Temple RM. Early and late presentations of ethylene



Diagnosis and Management of Ethylene Glycol Ingestion

81

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

glycol poisoning. Am J Kidney Dis. 2009;53(6):
1091-7.

Battistella M. Fomepizole as an antidote for ethylene gly-
col poisoning. Ann Pharmacother. 2002;36(6):1085-9.
Wedge MK, Mataajan S, Johanson C, Patel R, Kanji S.
The safety of ethanol infusions for the treatment of
methanol or ethylene glycol intoxication: an observa-
tional study. Can J Emerg Med. 2012;14(5):283-9.
Megarban B, Borron SW, Baud FJ. Current recom-
mendations for treatment of severe toxic alcohol poi-
sonings. Intensive Care Med. 2005;31(2):189-95.
Buller GK, Moskowit CB, Eckardt K. The role of
hemodialysis and fomepizole in ethylene glycol
intoxication. J Nephrol Therap. 2012;S10:4.

Kostic MA, Dart RC. Rethinking the toxic methanol
level. J Toxicol Clin Toxicol. 2003;41:793—-800.
Moreau CL, Kerns II W, Tomaszewski CA, McMartin
KE, Rose SR, Ford MD, et al. Glycolate kinetics and
hemodialysis clearance in ethylene glycol poisoning.
Methylpyrazole for Toxic Alcohols Study Group.
J Toxicol Clin Toxicol. 1998;36(7):659-66.

Beatty L, Green R, Magee K, Zed P. A systematic
review of ethanol and fomepizole use in toxic alcohol
ingestions. Emerg Med Int. 2013;2013:638057.
Watson WA. Ethylene glycol toxicity: closing in on
rational, evidence-based treatment. Ann Emerg Med.
2000;36:139-41.

Levine M, et al. Ethylene glycol elimination kinetics
and outcomes in patients managed without hemodial-
ysis. Ann Emerg Med. 2012;59(6):527.

Borron SW, Megarbane B, Baud FJ. Fomepizole in
treatment of uncomplicated ethylene glycol poison-
ing. Lancet. 1999;354:831.

Caravati EM, Heileson HL, Jones M. Treatment of severe
pediatric ethylene glycol intoxication without hemodialy-
sis. J Toxicol Clin Toxicol. 2004;42(3):255-9.

33.

34.

35.

36.

37.

38

39.

40.

41.

Barceloux DG, Bond GR, Krenzelok EP, Cooper H,
Vale JA. American Academy of Clinical Toxicology
practice guidelines on the treatment of methanol
poisoning. J Toxicol Clin Toxicol. 2002;40(4):
415-46.

Lheureux P, Penaloza A, Gris M. Pyridoxine in clini-
cal toxicology: a review. Eur ] Emerg Med. 2005;12:
78-85.

Jammalamadaka D, Raissi S. Ethylene glycol, metha-
nol, and isopropyl alcohol intoxication. Am J Med
Sci. 2010;339(9):276-81.

Bennett IL, Cary FH, Mitchell GL, Cooper MN. Acute
methyl alcohol poisoning: a review based on experi-
ences in an outbreak of 323 cases. Medicine.
1953;32(4):431-63.

Sharma R, Marasini S, Sharma A, Shrestha J, Nepal
B. Methanol poisoning: ocular and neurological man-
ifestations. Opt Vis Sci. 2012;89(2):178-82.

. Zakharov S, Pelclova D, Diblik P, Urban P, Kuthan P,

Nurieva O, et al. Long-term visual damage after
acute methanol poisonings: longitudinal cross-sec-
tional study in 50 patients. Clin Toxicol. 2015;53(9):
884-92.

Noker P, Ells J, Tephly T. Methanol toxicity: treat-
ment with folic acid and 5-formyl tetrahydrofolic
acid. Alcoholism Clin Exp Res. 2008;4(4):378-83.
Roberts D, Yates C, Megarbane B, Winchester J,
McClaren R, Gosselin S, et al. Recommendations for
the role of extracorporeal treatments in the manage-
ment of acute methanol poisoning: a systematic
review and consensus statement. Extracorporeal
Treatments in Poisoning Workgroup. Crit Care Med.
2015;43(2):461-72.

Slaughter R, Mason R, Beasley D, Vale J, Schep L.
Isopropanol poisoning. Clin Toxicol. 2014;52(5):
470-8.



	8: Diagnosis and Management of Ethylene Glycol Ingestion
	 Case Presentation
	 Principles of Management
	 Diagnosis
	 Ventilator and Circulatory Support
	 Gastric Decontamination/Lavage/Charcoal
	 Aldehyde Dehydrogenase (ADH) Blockade
	 Hemodialysis

	 Evidence Contour
	 Ethylene Glycol Treatment Threshold
	 Fomepizole vs Ethanol
	 ADH Inhibition without Hemodialysis
	 Serum and Urine Alkalization
	 Cofactor Supplementation

	 Other Toxic Alcohols
	 Methanol
	 Isopropyl Alcohol

	References


