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The authors describe a 27-year-old man with signs 
of acute ethylene glycol intoxication, including coma, 
absent pupillary reflexes, hypotonia, and hyporeflexia, 
plus laboratory evidence of a high-anion-gap metabolic 
acidosis, an osmolal gap, calcium oxalate monohydrate 
crystalluria, and elevated serum ethylene glycol levels. 
He failed to respond to sodium bicarbonate and ethanol 
therapy and died immediately before hemodialysis. 
The diagnosis, clinical presentation, pathophysiology, 
and treatment of acute ethylene glycol intoxication are 
reviewed. 
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Originally prepared during a glycerine short-
age in World War I,1,2 ethylene glycol (EG) is 
a colorless, odorless, water-soluble saturated 
polyalcohol with a variety of commerical uses.3"5 

It is used as a freezing-point depressant in anti-
freezes, de-icers, and coolants; as a solvent for 
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detergents, paints, lacquers, polishes, cosmetics, 
and pharmaceuticals; and has been improperly 
used as a preservative in juices and some Austrian 
wines. 

See also the editorial by Freed (pp 255-257). 

Nicknamed the "sweet killer,"7 EG's warm, 
sweet taste and ready availability have made it a 
popular ethanol substitute, a suicide agent, and 
an accidental intoxicant.1"7 It was initially pro-
moted as a benign medicinal solvent, but EG's 
toxicity began to be recognized after the first 
cases of fatal EG intoxication were described in 
1930.8 Since then, many additional cases have 
been reported. Forty to 60 fatalities annually 
have been thought to occur in the United 
States,2'3 but Field9 has suggested recently that 
this estimate may be high because of earlier di-
agnosis and aggressive treatment. 

We saw a patient who was fatally intoxicated 
with EG during an attempted suicide. T o increase 
the awareness of physicians at this and other 
institutions we describe the clinical syndrome of 
EG intoxication, its pathophysiology, diagnosis, 
and current treatment. 

Case report 
An otherwise healthy 27-year-old man with a history of 

chronic relapsing paranoid schizophrenia was admitted to 
the psychiatric unit after he had talked of suicide to his 
family by telephone. He was confused and combative, but 
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there were no significant physical findings. Four hours after 
admission, he became unresponsive. At that time, he was 
pale, with a blood pressure of 1 2 0 / 7 0 mm Hg; apical rate, 
100 beats per minute; respirations, 32 per minute of Kuss-
maul quality; and oral temperature, 36.5 °C. There were no 
signs of trauma, and there was no odor of ethanol on his 
breath. He was comatose and completely unresponsive to 
stimuli and had small (2 mm), equal, unreactive pupils; 
normal retinas, optic discs, and venous pulsations; dimin-
ished corneal reflexes; absent doll's eyes reflex; generalized 
muscular hypotonia and hyporeflexia; and flexor plantar 
responses. 

He was immediately given one ampule of D5 0W, two 
ampules of naloxone, and 100 mg of thiamine hydrochloride 
intravenously, without effect. An arterial blood gas with the 
patient breathing room air showed a pH, 6.96; arterial 
oxygen partial pressure, 98 mm Hg; arterial carbon dioxide 
partial pressure, 14 mm Hg; bicarbonate, 4.5 mEq/L; and 
arterial oxygen saturation, 99%. Three ampules of sodium 
bicarbonate were given intravenously. An endotracheal tube 
was placed, he was transferred to the intensive care unit, 
and mechanical ventilation was begun. 

Laboratory investigation revealed the following: a white 
blood cell count (WBC), 21 ,000 cells/mm3 , with a normal 
differential; hematocrit, 44.5%; sodium, 135 mEq/L; potas-
sium, 8.4 mEq/L; chloride, 100 mEq/L; bicarbonate, 4.0 
mEq/L; anion gap, 31 mEq/L; blood urea nitrogen (BUN), 
21 mg/dL; creatinine, 2.0 mg/dL; albumin, 4 .6 g /dL; cal-
cium, 7.2 mg/dL; glucose, 158 mg/dL; creatine phospho-
kinase (CPK), 270 U / L , with a skeletal muscle (MM) frac-
tion of 99% and a myocardial (MB) fraction of 1%; venous 
lactate, 2.2 mEq/L; serum ketones, absent; measured serum 
osmolality, 378 mOsm/kg; and osmolal gap, 70 mOsm/kg. 
A urinalysis showed a specific gravity, 1.010; trace protein; 
1+ hemoglobin; and numerous needle-shaped calcium oxa-
late monohydrate crystals. An electrocardiogram showed 
sinus tachycardia and hyperacute T waves. A chest radio-
graph was normal. Blood and urine cultures had no growth. 
Qualitative serum and urine toxicology screens showed the 
presence of ethylene glycol, with ethanol, methanol, salicy-
lates, paraldehyde, and other drugs absent. T h e serum EG 
level was 14 m g / d L six hours after admission. 

Gastric lavage was performed, and 50 grams of an acti-
vated charcoal-sorbitol mixture was instilled. T w o ampules 
of calcium chloride were given intravenously. A loading 
dose of 0 .6 g / k g of 50% ethanol was given by nasogastric 
tube, and a maintenance dose of 110 m g / k g / h of 20% 
ethanol was begun by the same route. After a total of 11 
ampules of sodium bicarbonate were given intravenously, a 
repeat arterial blood gas with the patient breathing room 
air showed a pH, 7.21; arterial oxygen partial pressure, 100 
mm Hg; arterial carbon dioxide partial pressure, 14 mm 
Hg; bicarbonate, 5 .0 mEq/L; and arterial oxygen saturation, 
99%. A repeat serum potassium was 4 .3 mEq/L. Femoral 
vein cannulation was performed for emergency hemodi-
alysis, but before dialysis could be started, sustained ventric-
ular tachycardia and ventricular fibrillation developed that 
did not respond to resuscitation. 

T h e postmortem examination revealed abnormalities 
mainly in the liver, lungs, and kidneys with no pathological 
findings in the spleen, pancreas, heart, large intestine, or 
brain. T h e liver weighed 2 ,275 g. T h e external and the cut 
surfaces were reddish brown. Microscopically, severe fatty 
metamorphosis was seen. T h e right and left lungs (925 g 
and 875 g, respectively) had a moderate decrease in crepitus 

and increase in consistency in all lobes. T h e cut surfaces 
were reddish pink, moist, and covered with abundant, frothy 
pink fluid. Microscopically, acute passive congestion was 
seen. T h e kidneys (right, 190 g; left, 195 g) had a smooth, 
reddish brown surface. T h e cut surface disclosed normal 
corticomedullary demarcation. Microscopically, numerous 
birefringent sheaf-shaped crystals in the lumen of tubules 
were seen. Incidentally, black foreign material consistent 
with charcoal was seen on the microscopic examination of 
the mucosal surfaces of the stomach, small intestine, and 
esophagus. 

Comment 
As in this case, EG intoxication should strongly 

be suspected in a patient who appears to be 
inebriated without the presence of ethanol on his 
breath or in his blood, or who has confusion 
or coma plus laboratory evidence of a high-anion-
gap metabolic acidosis and an osmolal gap, with 
or without calcium oxalate crystalluria.3 '5,9-15 

Diagnosis 
T h e diagnosis of EG intoxication can be made 

from a history of ingestion; the patient's clinical 
presentation; the identification of the compound 
in a container,2 '12 body fluids (serum, urine, 
gastric contents),2,3,5'10 or postmortem tissues1-3,7; 
or f rom elevated serum oxalate levels.2,3'5,10 EG 
may be identified by boiling point determination, 
ultra-red spectroscopy, and paper chromatogra-
phy.2 Both EG and a major metabolite, glycolate, 
may be detected by colorimetric or gas chroma-
tography or by mass spectroscopy, the preferred 
methods.16"18 Recently, a rapid enzymic spectro-
photometry assay using yeast alcohol dehydro-
genase has been developed for detecting EG in 
body fluids.16,17 Regardless of the method of de-
tection, specimens should be evaluated immedi-
ately because prolonged refrigeration may de-
crease EG levels.19 

Metabolism 
EG is a nontoxic compound, but its metabo-

lites are highly toxic.3,10,13,14,20 Once ingested, EG 
is rapidly absorbed f rom the gastrointestinal tract 
and distributed throughout the body fluids and 
tissues.11 T h e metabolism of EG follows satura-
tion kinetics; therefore, the half-life is highly 
variable after ingestion.3,5,10,11,13'21 Twenty-four 
hours after ingestion, no EG is usually detect-
able in body fluids.11 Its volume of distribution is 
0.83 L/kg,21 and the volume of distribution of a 
major metabolite, glycolate, is 0.55 L/kg.22 Ap-
proximately 10 g of EG is metabolized by the 
liver per hour, and the production of acid metab-
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olites can be as high as 150 mEq per hour.2 3 T h e 
lethal dose of EG is thought to be 100 mL (1.4 
to 1.6 mL/kg),1 '3-6 1 2-1 4 1 7 but as little as 30 mL 
has proven fatal,9 and recovery has occurred af ter 
the ingestion of as much as 2 L.11'20 

In the liver, EG is first oxidized to glycoalde-
hyde by nicotinamide adenine dinucleotide 
(NAD)-dependent alcohol dehydrogenase. Gly-
coaldehyde is rapidly oxidized to glycolate, which 
in turn is oxidized to glyoxylic acid in a rate-
limiting step.22 Glyoxylic acid may be converted 
to either formic acid and carbon dioxide; to 
glycine; to oxalomalate, alpha-hydroxy-beta-ke-
toadipate, and gamma-hydroxy-alpha-ketoglutar-
ate; or to oxalate. EG and its metabolites are 
excreted by the kidney.3 , 1 1 1 3 1 8 

T h e aldehyde metabolites (glycoaldehyde, gly-
colate, glyoxylic acid) inhibit protein synthesis, 
DNA replication, ribosomal RNA synthesis, oxi-
dative phosphorylation, respiration, and glucose 
metabolism.3,10,14 Oxalate may produce renal 
damage and acidosis and may cause hypocalcemia 
by chelating the calcium ion.3,10,13'14 Lactic acid 
is formed during the breakdown of EG because 
of nicotinamide adenine dinucleotide (NADH) 
production and through inhibition of the citric 
acid cycle by the products of glyoxylic acid oxi-
dation.5,10,11,13,14 Oxalate, glycolate, and glycine 
contribute to the acidosis.2,3,11,18,19 Pyridoxal 
phosphate is consumed during the transamina-
tion of glyoxylic acid to glycine, and thiamine 
pyrophosphate is used during the formation of 
alpha-hydroxy-beta-ketoadipate.3 

Differential diagnosis 
Sodium and potassium account for 95% of 

extracellular cations, while chloride and bicar-
bonate account for 85% of extracellular anions, 
so the sum of the measured cations exceeds the 
sum of the measured anions. This difference is 
known as the anion gap, and it is normally 10 to 
14 mEq/L. The anion gap consists of unmeas-
ured anions, including albumin, sulfate, phos-
phate, negatively charged proteins, and organic 
acids. T h e addition of an organic acid with a 
nonchloride anionic moiety to the extracellular 
fluid causes the loss of bicarbonate and results in 
a high-anion-gap metabolic acidosis. A high-an-
ion-gap metabolic acidosis occurs with established 
renal failure, ketoacidosis (starvation, alcoholic, 
diabetic), lactic acidosis, and ingestion of certain 
toxic substances.11,14'15,24'25 These substances in-
clude salicylates, methanol, paraldehyde, phen-
formin, iron, isoniazid, and EG.11,24 Salicylate 

intoxication causes a pure respiratory alkalosis or 
a combined respiratory alkalosis and metabolic 
acidosis, plus elevated serum salicylate lev-
els.1112,14,24 Th ree drops of 10% ferric chloride 
added to 1 mL of boiled urine result in a positive 
test (purple color) in the presence of salicylates, 
and an Ames Phenistix® dipstick turns brown in 
the presence of either salicylates or phenothia-
zines; addition of one drop of 20 N sulfuric acid 
bleaches the dipstick if phenothiazines are pres-
ent.11 Methanol intoxication causes inebriation, 
visual blurring, abdominal pain, and neurological 
signs (e.g., seizures, coma) ,14'24; physical exami-
nation shows retinal edema, optic disc hyperemia, 
and papillitis5'11'12'14'24; laboratory evaluation 
shows leukocytosis, an elevated mean corpuscular 
volume, and both a high-anion-gap metabolic 
acidosis and an osmolal gap.5,14 Paraldehyde 
ingestion is seen in ethanol and/or drug abusers, 
and it can be diagnosed at bedside by its charac-
teristic odor.11 ' Phenformin ingestion 
causes prolonged hypoglycemia. Iron intoxica-
tion causes severe emesis and diarrhea, whereas 
isoniazid causes seizures.11 

The serum osmolality is a reflection of the 
number of particles per given weight of solvent 
and can be almost entirely accounted for by 
sodium, urea, and glucose.11'12'14,24'26,27 The 
serum osmolality can be calculated14 by doubling 
the serum sodium concentration and adding ap-
proximately 10, or by using the following 
formula1 1 , 1 , 2 4 '2 7: 2(Na) + BUN/2.8 + glucose/ 
18. T h e normal serum osmolality is 285-295 
mOsm/kg. The difference between the measured 
serum osmolality and the calculated serum os-
molality is known as the osmolal gap. Normally, 
the osmolal gap is less than or equal to 10 mOsm/ 
kg and may be accounted for by proteins, lipids, 
and calcium.12,24,25 An osmolal gap greater than 
10 mOsm/kg suggests the serum presence of high 
levels of low-molecular-weight, osmotically active 
compounds.11,12,14,15,24,26 '27 An osmolal gap can 
occur with hyperglycemia, hyperlipidemia, 
hyperproteinemia, parenteral hyperosmolar so-
lutions, and ingestion of certain toxic sub-
stances.14'25'27 T h e latter includes ethanol, isopro-
panol, methanol, EG, mannitol, glycerol, ace-
tone, ethyl ether, and trichloroethane. Of these, 
only methanol and EG cause both a high-anion-
gap metabolic acidosis and osmolal gap,11-15 25 26 

An EG level of 21 mg/dL increases the serum 
osmolality by 4.0 mOsm/kg.2 6 We emphasize that 
a measured osmolal gap may be significantly 
higher than the osmolal gap calculated based on 
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the molecular weight of EG. T h e other metabo-
lites of EG (glyoxylic acid, formic acid, etc.) also 
contribute to the clinically observed osmolal gap. 

Clinical presentation 
As described by Berman et al,1 the syndrome 

of EG intoxication can be divided into three 
successive stages. The severity of each stage and 
the progression from one stage to the next de-
pend upon the amount of EG ingested and 
the timing of medical intervention.3 1 0 1 1 , 2 0 Death 
may occur at any stage, but early mortality is due 
to shock, central nervous system (CNS) depres-
sion, or cardiopulmonary failure,3 - 5 1 9 and late 
mortality is due to renal failure.2,5 

The first stage of EG intoxication occurs 30 
minutes to 12 hours after ingestion, resembles 
ethanol intoxication, and is dominated by de-
pressive CNS signs and symptoms, accompanied 
by a profound high-anion-gap metabolic 
acidosis.1,3,4,11,19,24,28 The CNS signs and symp-
toms correlate with maximal production of alde-
hyde metabolites f rom EG and probably with the 
development of cerebral edema and calcium ox-
alate deposition.3'5'10'11,13 Nonspecific nausea, 
emesis, pyrosis, abdominal cramps, and hemate-
mesis are seen early after ingestion, reflecting 
gastric irritation.1-6,10,12 With small amounts of 
EG, the patient appears intoxicated, despite the 
absence of ethanol odor on the breath.1-6,10,13,14 

With larger amounts, common neurological 
findings include depression, hallucinations, con-
fusion, coma, meningismus, focal or generalized 
seizures, hypotonia, hyporeflexia or hyperre-
flexia, ataxia, tremors, myoclonic jerks, and tet-
any.1-6,10,13,14,18,28 Coma may last a week or 
more.3,29 Common ocular findings include de-
creased or absent pupillary reflexes, nystagmus, 
decreased visual acuity, optic disc blurring and 
pallor, internuclear ophthalmoplegia, strabismus, 
blue/red/green color blindness, papilledema, and 
optic atrophy.2-5,10,13,14,19,29 '30 Additional cranial 
nerve palsies may present as bilateral facial pa-
ralysis, dysarthria, dysphagia, and absent gag re-
flexes.18 Other early physical findings include 
tachycardia, mild hypertension, low-grade fever, 
Kussmaul respirations, and abdominal tender-

2 H "S 14 
ness. ' 

Laboratory evaluation may show a moderate 
leukocytosis (10,000-40,000 cells/mm3), with a 
neutrophil predominance, a high-anion-gap met-
abolic acidosis with hypobicarbonatemia (less 
than 10 mEq/L), an osmolal gap (greater than 

10 mOsm/kg), and hyperkalemia concomitant 
with the acidosis. Hypocalcemia may also be pres-
ent. 2-6,10,13,14 A typical urinalysis shows low spe-
cific gravity, proteinuria, microhematuria, pyu-
ria, cylinduria, renal tubular epithelial cells, and 
profuse crystalluria,1"6,10,13,14 with either spindle-
shaped calcium oxalate monohydrate crystals, or 
octahedral or dumbbell-shaped calcium oxalate 
dihydrate crystals.9'31"33 Crystalluria may be ab-
sent, depending on the time elapsed since 
ingestion.1 '914,29 Hippurate crystals are not pres-
ent, as formerly thought.5,9 ,32 An electrocardi-
ogram may be normal or may show hyperacute 
T waves consistent with hyperkalemia.2 An elec-
troencephalogram may show mild, diffuse, slow 
wave activity seen with a metabolic encephalop-
athy.2,3 A cerebrospinal fluid examination can be 
compatible with a chemical meningoencephalitis, 
with a cloudy or bloody appearance, increased 
pressure, increased protein, xanthochromia, a 
neutrophilic or monocytic pleocytosis, and 
sterile cultures.3-5,10,13,14,28,29 A cerebral com-
puted tomogram (CT) may be normal or show 
central edema, with sparing of the corona radiata 
and the cortical gray matter but with compression 
of the lateral and third ventricles and the 
sulci.29,34 

The second stage of EG intoxication occurs 
12-48 hours after ingestion, and is marked by 
cardiopulmonary failure caused by the toxicity 
of the acid metabolites of EG.1'4,15,19,24 28 Neuro-
genic influences,1 '4 hypocalcemia,3 1 1 1 3 and cal-
cium oxalate deposition in the myocardium, pul-
monary parenchyma, and the vasculature5 have 
also been suggested as causes. Physical findings 
may include tachypnea, tachycardia, cyanosis, 
ventricular gallop, inspiratory rales, and mild 
hypertension. Pulmonary edema, bronchopneu-
monia, cardiac dilatation, and cardiac arrhyth-
mias have been described.1"6'10,13,14,18 Recently, 
noncardiogenic pulmonary edema (adult respi-
ratory distress syndrome, ARDS) f rom EG intox-
ication has been reported.1 5 Cardiopulmonary 
arrest is less common now because of more ag-
gressive correction of acidosis and hypocal-
cemia,3,11 plus earlier use of ethanol therapy and 
hemodialysis.18 

The third stage of EG intoxication occurs 48 
hours or more after ingestion and is character-
ized by acute renal failure caused by the toxicity 
of the acid metabolites of EG.1-410,11,13,14,18,28 

Acute tubular necrosis occurs and is pre-
dominantly proximal, but can also be distal.5,18 
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Renal edema and renal deposition of calcium 
oxalate crystals contribute to the renal fail-
ure.1'3'10'11 In severe cases, renal cortical necrosis 
has been found.2'5 Costovertebral angle tender-
ness is the most common physical finding,1"6,10,13 

but oliguria or anuria may also be seen.2-6'13'14 

Laboratory evidence of renal impairment may 
range from mild proteinuria and azotemia to 
frank renal fai lure. 1 - 4 1 0 ' 1 1 1 3 Plain abdominal ra-
diographs may show indistinct renal margins, 
suggesting perirenal edema.2 Renal ultrasound 
has been reported to show renal enlargement, 
with increased echogenicity and partial obstruc-
tion of the corticomedullary junction, as seen 
with primary hyperoxaluria. Abdominal C T has 
shown enlarged, low-attenuation kidneys.35 Re-
covery of renal function may require more than 
50 days to occur.3'36 Serial renal biopsies may be 
useful in predicting the reversibility of renal fail-
ure if the latter is prolonged more than 30 days36; 
permanent renal insufficiency from interstitial 
fibrosis and tubular atrophy is rarely seen.3'13'36 

Additional aspects of EG intoxication include 
a myopathy suggested by myalgias, muscle ten-
derness, and elevated serum creatine phospho-
kinase levels2'3'14 and possible toxic bone marrow 
suppression, with peripheral pancytopenia and 
bone marrow maturation arrest seen in bone 
marrow biopsies.29 

Pathology 
Generalized edema and hyperemia involving 

the brain, lungs, heart, kidneys, and liver have 
been described in the majority of cases.1"4, 

10,13,14,28,37-39 widespread petechiae in the brain, 
lungs, heart, pleura, pericardium, and great ves-
sels are common.1,3"5,13'15,28 ,29 ,39 Focal mucosal 
hemorrhages in the esophagus and stomach and 
intraparenchymal hemorrhages in the brain, 
lungs, and heart have been observed.1 5 , 3 9 Diffuse 
calcium oxalate crystal deposition occurs in the 
brain parenchyma, leptomeninges, choroid plex-
uses, vessel walls, and perivascular spaces1"5, 

10,13,14,19,28,37,38. j n p U i m o n a r y parenchyma 

and vessels1,10'19,37,38; the renal collecting system1" 
3,10,13,14,37-39. a n c j j e s s 0 f t e n jn t h e myocar-
dium,1 4 , 1 9 pericardium,5 liver, and spleen.2'5 1 9 , 3 7 

Deposition probably also occurs in the lymph 
nodes, adrenals, pancreas, and prostate.37 

T h e brain may show evidence of a sterile me-
ningoencephalitis.2"4,10 ,13 ,14 ,28 ,38 Perivascular infil-
tration with neutrophils, lymphocytes, and red 
blood cells; diffuse neuronal satellitosis; focal 

Betz and Purkinje cell chromatolysis; and astro-
cytosis in the cerebrum, brainstem, and cerebel-
lum have been seen microscopically.1,2,1 13> 14>28'37-39 

Diffuse pulmonary edema and focal hemor-
rhagic bronchopneumonia are found.1 ,4 ,10 Cardiac 
enlargement is usually present.1"3,10 There may be 
microscopic interstitial pneumonitis and myocar-
ditis.2,37,3^ 

Bilateral focal hemorrhagic renal cortical necro-
sis has been seen.2,5 Microscopically, dilated prox-
imal tubules with hydropic degeneration of the 
tubular epithelium are present.2,3,10,13,37 Large 
numbers of light yellow, brilliantly birefringent 
calcium oxalate crystals are found, primarily 
within the lumens and also within the epithelial 
cells o f the proximal tubules.1"3' 10.13,14,37-39 T O A 

lesser extent, these crystals may occur in the dis-
tal tubules and collecting ducts.2'3,10'14,37 Renal 
calcium oxalate crystal deposition has been found 
in all stages of EG intoxication and may also occur 
during intoxication with EG monoacetate, ethanol 
amine, glyoxal, and glycolate, as well as with pri-
mary hyperoxaluria and chronic renal failure.1419 

Eosinophilic casts may be present, and interstitial 
edema and nephritis have been found.2,3 ,5 ,13 ,37 T h e 
renal glomeruli are generally spared, except for 
increased cellularity, focal thickening of the base-
ment membrane, and deposition of protein in 
Bowman's space.2,3,10 

Other pathological findings include central hy-
dropic or fatty degeneration and parenchymal 
necrosis in the liver2,3'37'39; parenchymal and inter-
stitial inflammation in the muscles 3 ; focal hyper-
plasia and pseudoacinar transformation in the ad-
renals; and interstitial inflammation in the pan-
creas and the diaphragm.2,37 

Treatment 
EG intoxication should be treated rapidly and 

aggressively.3,20 T h e objectives of therapy are to 
reduce the load of ingested EG, to inhibit the 
metabolism of EG to its toxic metabolites, and to 
prevent calcium oxalate formation and deposition, 
particularly in the kidney.20 

If the patient is alert and cooperative, emesis 
should be induced4; if the patient is confused or 
comatose, intubation should be performed before 
gastric lavage.4,6,11,19,20 Activated charcoal should 
be administered to remove any residual EG from 
the gastrointestinal tract.18 A cathartic such as 
sorbitol should also be given to decrease the intes-
tinal transit time of EG. Fluid resuscitation and 
intravenous pressor support are appropriate for 
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dehydration and shock.5'10 Although not clearly 
proven, forced diuresis with intravenous fluids, 
mannitol, and loop diuretics may increase renal 
clearance of EG during the early stages of intoxi-
cation and, if effective, should be continued until 
the crystalluria is gone.3'11'13'18'20 Meticulous fluid 
and electrolyte balance should be maintained to 
avoid causing acute pulmonary edema or electro-
lyte abnormalities.4' Intubation and mechanical 
ventilation should be instituted for cardiopulmo-
nary failure.410 Hypocalcemia should be corrected 
with intravenous calcium salts in order to pre-
vent seizures, tetany, and cardiac fail-
ure.5'6,10'11'13'19 Thiamine and pyridoxal phosphate 
cofactors should be given parenterally to help 
decrease calcium oxalate deposition because they 
function as cofactors in the metabolism of glyox-
ylate to alpha-hydroxy-beta-ketoadipate and gly-
cine instead of oxalate.1118 Intravenous sodium 
bicarbonate should be used to treat acute meta-
bolic acidosis3"6'10'11'13'19; massive doses up to 
1,000-2,000 mEq may be required.5 

Ethanol has a hundred-fold greater affinity for 
hepatic alcohol dehydrogenase, and it should be 
given as soon as possible after EG ingestion to act 
as a competitive inhibitor of EG so that the latter 
cannot be metabolized to its toxic intermedi-
ates.3,5'6'10'11'13'14'20'29 A loading dose of 0.6 g/kg of 
50% ethanol is given orally or by nasogastric tube 
and should be followed by a maintenance dose of 
109 mg/kg/h of 20% ethanol by the same 
route.5. The oral dose of ethanol should not 
exceed a concentration of 20% in order to avoid 
gastritis. CNS depression and hypoglycemia are 
also possible consequences of ethanol administra-
tion.11 A continuous intravenous infusion of 5 -
10% ethanol may be given instead if the patient 
is comatose,23 if prolonged emesis40 or adynamic 
ileus29 are present, or if the gastric contents (e.g., 
lipids, charcoal)21'23'29 may interfere with oral 
ethanol absorption. 

Simultaneously, or as rapidly as possible, he-
modialysis should be initiated to correct metabolic 
acidosis,3'14 treat crystalluria and renal fail-
ure,3,411,40 prevent or treat fluid overload,14 and 
remove both EG and its toxic metabolites, partic-
ularly glycolate and oxalate.3'11'14'29'41 The half-life 
of EG during hemodialysis and oral ethanol ther-
apy is 2.5 hours. The mean clearance of EG is 
210 ± 3.0 mL/min when the dialysis blood flow 
rate is 227 mL/min, similar to the clearance of 
urea.5'21 During hemodialysis, 237 mg/kg/h of 
20% ethanol should be given.513,21 Alternatively, 
95% ethanol can be added to the dialysate bath 

to achieve a dialysate level of 100 mg/dL and, 
thus, more stable blood ethanol levels.5,18'29,40 Re-
gardless of the route of administration, serum 
ethanol levels should be checked hourly to main-
tain a level between 100 mg/dL and 200 mg/dL 
to assure saturation of hepatic alcohol dehydro-
genase.10,11,13,18,20,21,29,35 Chronic ethanol abuse, 
hemodialysis, and activated charcoal may decrease 
ethanol levels after oral or intravenous adminis-
tration and increase the required loading and 
maintenance doses of ethanol by as much as 
50%.11,21,29 Bicarbonate dialysis is most appropri-
ate for long-term control of metabolic aci-
dosis.5,13,18 Dialysis should be continued until 
serum EG levels are undetectable, the metabolic 
acidosis is resolved, and the urine output is ade-
quate.5 '18 Ethanol therapy should be instituted 
promptly and continued to maintain ethanol con-
centrations within the range of 100-200 mg/dL 
until EG levels are undetectable. EG levels may 
transiently increase after hemodialysis as a result 
of fatty tissue release or from continued intestinal 
absorption.16,18,20,21 Peritoneal dialysis is also effec-
tive,6' °'13'42 but it is less efficient than hemodialysis 
in removing EG and its metabolites,13'18 so it 
should be used only if hemodialysis is not avail-
able. Activated charcoal hemoperfusion is effec-
tive but least desirable because acid-base imbal-
ances cannot be corrected and the charcoal col-
umns must be changed regularly at 1.5-2.0 hour 
intervals because they easily become saturated 
with EG.5'43 

Experimental therapy for the treatment of EG 
intoxication includes 4-methyl pyrazole, a potent 
and specific inhibitor of alcohol dehydrogenase 
used successfully to treat methanol intoxication in 
monkeys44 and EG intoxication in rats 
and monkeys.5,44'45 Four-methyl pyrazole is not 
currently available for treating EG intoxication in 
humans, and it has been used in humans only for 
experimental studies of ethanol metabolism. 

As a means of prevention, prominent labeling 
of all commercial glycol-containing solutions has 
been recommended. Public and professional ed-
ucation regarding the hazards of EG is important. 
Old antifreeze and other glycol preparations 
should be discarded and not saved. An unpalata-
ble but benign taste deterrent might be incopor-
ated into glycol-containing products.7,46 

Edward D. Sivak, M.D. 
Department of Pulmonary Disease 
The Cleveland Clinic Foundation 
9500 Euclid Avenue 
Cleveland, O H 44106 

 on August 7, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


July/August 1987 Cleveland Clinic Journal of Medicine 295 

References 

1. Berman LB, Schreiner GE, Feys J. The nephrotoxic lesion of 
ethylene glycol. Ann Intern Med 1957; 46:611-619. 

2. Friedman EA, Greenberg JB, Merrill JP, Dammin 
GJ. Consequences of ethylene glycol poisoning: report of four 
cases and review of the literature. Am J Med 1962; 32:891 — 
902. 

3. Parry MF, Wallach R. Ethylene glycol poisoning. Am J Med 
1974; 57:143-150. 

4. Moriarty RW, McDonald RH. The spectrum of ethylene gly-
col poisoning. Clin Toxicol 1974; 7:583-596. 

5. Winchester JF. Methanol, isopropyl alcohol, higher alcohols, 
ethylene glycol, cellosolves, acetone, and oxalate. [In] Haddad 
LM, Winchester JF, eds. Clinical Management of Poisoning 
and Drug Overdose. Philadelphia, W. B. Saunders, 1983, pp 
393-410. 

6. Anonymous. Some wine to break the ice (editorial). Lancet 
1985;2:254. 

7. Winek CL. Ethylene glycol poisoning. N Engl J Med 1975; 
292:928-929. 

8. Anonymous. Possible death from drinking ethylene glycol 
(Prestone), queries and minor notes (letter). JAMA 1930; 
94:1940. 

9. Field DL. Acute ethylene glycol poisoning, (letter). Crit Care 
Med 1985; 13:872. 

10. Vale JA, Bluett NH, Widdop B. Ethylene glycol poisoning. 
Postgrad MedJ 1976; 52:598-602. 

11. Brown CG, Trumbull D, Klein-Schwartz W, Walker 
JD. Ethylene glycol poisoning. Ann Emerg Med 1983; 
12:501-506. 

12. Cadnapaphornchai P, Taher S, Bhathena D, McDonald 
FD. Ethylene glycol poisoning: diagnosis based on high os-
molal and anion gaps and crystalluria. Ann Emerg Med 1981; 
10:94-97. 

13. Frommer JP, AyusJC. Acute ethylene glycol intoxication. Am 
J Nephrol 1982; 2:1-5. 

14. Scully RE, Galdabini JJ, McNeely BU. Case records of the 
Massachusetts General Hospital, Case 38-1979. N Engl J Med 
1979; 301:650-657. 

15. Catchings TT, Beamer WC, Lundy L, Prough DS. Adult 
respiratory distress syndrome secondary to ethylene glycol 
ingestion. Ann Emerg Med 1985; 14:594-596. 

16. Light RT, Nelson KM, Eckfeldt JH. Ethylene glycol poisoning 
(letter). JAMA 1981; 246:1769. 

17. Eckfeldt JH, Light RT. Kinetic ethylene glycol assay with use 
of yeast alcohol dehydrogenase. Clin Chem 1980; 26:1278-
1280. 

18. Daroza R, Henning RJ, Sunshine I, Sutheimer C. Acute ethyl-
ene glycol poisoning. Crit Care Med 1984; 12:1003-1005. 

19. Walton EW. An epidemic of antifreeze poisoning. Med Sci Law 
1978; 18:231-237. 

20. Stokes JB III, Aueron F. Prevention of organ damage in 
massive ethylene glycol ingestion. JAMA 1980; 243:2065-
2066. 

21. Peterson CD, Collins AJ, Himes JM, Bullock ML, Keane 
WF. Ethylene glycol poisoning: pharmacokinetics during ther-
apy with ethanol and hemodialysis. N Engl J Med 1981; 304:21 -
23. 

22. Jacobsen D, 0vreb0 S, 0stborg J, Sejersted OM. Glycolate 
causes the acidosis in ethylene glycol poisoning and is effectively 
removed by hemodialysis. Acta Med Scand 1984; 216:409-
416. 

23. Freed CR, Bobbitt WH, Williams RM, Shoemaker S, Nies 

AS. Ethanol for ethylene glycol poisoning (letter). N Engl J 
Med 1981;304:976-977. 

24. Emmett M, Narins RG. Clinical use of the anion gap. Medicine 
1977; 56:38-54. 

25. Enger E. Acidosis, gaps and poisonings (editorial). Acta Med 
Scand 1982; 212:1-3 

26. Glasser L, Sternglanz PD, Combie J, Robinson A. Serum 
osmolality and its applicability to drug overdose. Am J Clin 
Pathol 1973; 60:695-699. 

27. Gennari FJ. Serum osmolality: uses and limitations. N Engl J 
Med 1984;310:102-105. 

28. Berger JR, Ayyar DR. Neurological complications of ethylene 
glycol intoxication: report of a case. Arch Neurol 1981; 
38:724-726. 

29. Bobbitt WH, Williams RM, Freed CR. Severe ethylene glycol 
intoxication with multisystem failure. West J Med 1986; 
144:225-228. 

30. Ahmed MM. Ocular effects of antifreeze poisoning. Brit J 
Ophthalmol 1971;55:854-855. 

31. Terlinsky AS, Grochowski J, Geoly KL, Stauch BS, Hefter 
L. Identification of atypical calcium oxalate crystalluria fol-
lowing ethylene glycol ingestion. Am J Clin Pathol 1981; 
76:223-226. 

32. Godolphin W, Meagher EP, FrohlichJ, Sanders HD. Case 38-
1979: ethylene glycol poisoning (letter). N Engl J Med 1980; 
302:465-466 ; 

33. Jacobsen D, Akesson I, Shefter E. Urinary calcium oxalate 
monohydrate crystals in ethylene glycol poisoning. Scand J Clin 
Lab Invest 1982; 42:231-234. 

34. Maier W. Cerebral computed tomography of ethylene glycol 
intoxication. Neuroradiology 1983; 24:175-177. 

35. Walker JT, Keller MS, Katz SM. Computed tomographic and 
sonographic findings in acute ethylene glycol poisoning. J Ul-
trasound Med 1983; 2:429-431. 

36. Collins JM, Hennes DM, Holzgang CR, Gourley RT, Porter 
GA. Recovery after prolonged oliguria due to ethylene glycol 
intoxication: the prognostic value of serial, percutaneous renal 
biopsy. Arch Intern Med 1970; 125:1059-1062. 

37. Smith DE. Morphologic lesions due to acute and subacute 
poisoning with antifreeze (ethylene glycol). Arch Pathol 1951; 
51:423-433. 

38. Pons CA, Custer RP. Acute ethylene glycol poisoning: a clin-
ico-pathologic report of eighteen fatal cases. Am J Med Sci 
1946; 211:544-552. 

39. Hagemann PO, Chiffelle TR. Ethylene glycol poisoning: a 
clinical and pathologic study of three cases. J Lab Clin Med 
1948; 33:573-584. 

40. Peterson CD, Collins AJ, Keane WF, Himes JM. Ethanol for 
ethylene glycol poisoning (letter). N Engl J Med 1981; 304:977-
978. 

41. Schreiner GE, Maher JF, Marc-Aurele J, Knowlan D, Alvo 
M. Ethylene glycol: two indications for hemodialysis. Trans 
Am Soc Artif Intern Organs 1959; 5:81-83. 

42. Vale JA, Prior JG, O'Hare JP, Flanagan RJ, Feehally 
J. Treatment of ethylene glycol poisoning with peritoneal 
dialysis. Brit MedJ 1982; 284:557. 

43. Sangster B, Prenen JAC, de Groot G. Case 38-1979: ethylene 
glycol poisoning (letter). N Engl J Med 1980; 302:465. 

44. Zahlten RN. Ethanol for ethylene glycol poisoning (letter). N 
Engl J Med 1981; 304:977. 

45. Clay KL, Murphy RC. On the metabolic acidosis of ethylene 
glycol intoxication. Toxicol Appl Pharmacol 1977; 39:39-49. 

46. Stinson RA. Ethylene glycol poisoning (letter). Lancet 1985; 
2:552. 

 on August 7, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/

