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ABSTRACT 
Ethylene glycol is one of the most toxic alcohols; it may be accidentally or intentionally consumed as a substi-
tute for ethanol or related to suicidal attempts. Ingestion of ethylene glycol causes a severe metabolic acidosis 
with increased anion and osmotic gap due to its toxic metabolites, leading to a clinical picture of central nervous 
system depression, cardiovascular and renal impairment. A 16-year-old boy was admitted with clinical and bio-
logical signs of ethylene glycol poisoning after simultaneous ingestion of antifreeze and ethanol. The patient 
had mild anion gap metabolic acidosis only at the debut, rapidly corrected with one dose of sodium bicarbonate; 
further evaluation did not reveal acidosis, even if the subsequent evolution included acute renal failure requiring 
hemodialysis. Due to the absence of a positive history and of a persistent metabolic acidosis, the diagnosis of 
ethylene glycol poisoning was delayed until it was confi rmed by serum toxicological test. Conclusions: con-
comitant ingestion of ethanol may mask the symptoms of ethylene glycol poisoning; the absence of persistent 
metabolic acidosis does not rule out the diagnosis. 
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CASE PRESENTATIONS

INTRODUCTION

Ethylene glycol (EG) is a toxic, colorless, odor-
less alcohol, found in antifreeze, brake fl uid and as a 
stabilizer in foam agents and solvents. Due to its 
sweetness, children are tempted to consume it in 
large quantities, leading to accidental poisoning (1).

Ethylene glycol is mostly metabolized by he-
patic alcohol dehydrogenase (ADH). The main 
toxic metabolites are glycolic acid, contributing to 
a signifi cant acidosis, and oxalic acid that binds to 
calcium, leading to calcium oxalate crystals forma-
tion. Deposition of crystals in various organs ex-
plains multisystem damage. The precipitation of 
calcium oxalate in kidney may result in tubular 
epithelial necrosis, associated with decreased glo-
merular fi ltration and renal failure (2).

CASE REPORT

We present the case of a 16-year-old teenager 
admitted in a tertiary hospital for headache, abdom-
inal pain and vomiting. Symptoms started 48 hours 
before admission, after ingestion of approximately 

1500 ml of wine and beer. His fi rst medical exami-
nation revealed: confusion and balance disorders. 
Biological tests showed signifi cant metabolic aci-
dosis (bicarbonate level = 10 mEq/l), with increased 
anion gap (22), azotemia (urea = 0.78 g/l, creati-
nine = 1.8 mg/dl), oliguria with microscopic hema-
turia and negative result of breathalyzer test. Sodi-
um bicarbonate and intravenous fl uids were given. 
Six hours later, increasing levels of blood urea and 
creatinine and severe oliguria required the transfer 
to Acute Care Unit at our hospital.

On admission, the patient was in a severe general 
condition, presenting confusion with short periods 
of hallucinations, abdominal pain, diarrhea, oliguria 
(0.17 ml/kg/h) and hematuria. The biological exams 
highlighted neutrophilic leukocytosis, azotemia 
(blood urea = 56 mg/dl, creatinine = 3.54 mg/dl), 
increased uric acid levels (8.8 mg/dl), pH=7.33, so-
dium bicarbonate 18.8 mmol/l with pseudonormal 
anion gap (18) and mild hyponatremia (Na2+ = 133 
mEq/l). The osmolar gap could not be calculated be-
cause we could not measure osmolality. Urinalysis 
revealed hematuria, proteinuria, leucocyturia, fre-
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quent calcium oxalate crystals and negative toxico-
logical test. The diagnosis was acute renal failure 
due to septic or toxic interstitial nephritis; treatment 
started with sodium bicarbonate and antibiotics. The 
patient’s family denied EG ingestion.

One day after admission, the patient was still 
confused, creatinine level increased (up to 6.49 mg/
dl), oliguria became severe, with creatinine clear-
ance = 20.49 ml/min/1.73m2, and blood pressure 
raised (up to 165/95 mmHg), so hemodialysis was 
started. 48 hours later, the serum toxicological test 
result confi rmed EG poisoning. When the patient 
became conscious and cooperative, he told us he 
had bought antifreeze, which was afterwards 
poured into wine by his friends. 

Seven hemodialysis sessions were conducted, 
associated with antibiotics, antihypertensive medi-
cation, supportive treatment, leading to favorable 
outcome: the renal function and blood pressure 
normalized (Fig.1). The patient was discharged af-
ter 14 days in good general condition, with mini-
mum hematuria and proteinuria. One month later, 
biological picture was normal. 

DISCUSSIONS

EG poisoning occurs most often in children 
through the ingestion of antifreeze. EG is rapidly 
absorbed in the gastrointestinal tract, with a plas-
matic peak within 1-4 hours. Lethal dose is 1 to 1.4 
ml/kg of pure ethylene glycol. Serum levels of eth-
ylene glycol > 20 mg/dl were associated with 98% 
mortality in untreated patients (3).

Usually, the clinical picture of ethylene glycol 
poisoning comprises of three stages. During the 
fi rst 12 hours after ingestion, patients present con-
fusion, hallucinations, euphoria, seizures, central 
nervous system depression and general signs of in-
toxication such as: nausea, vomiting, diarrhea. In 
the following 12-24 hours, cardiovascular and re-
spiratory signs are noticed: dyspnea, tachycardia, 
cyanosis, hypertension, arrhythmia, due to accu-
mulation of organic acids through ethylene glycol 
metabolism. The fi nal stage, which occurs after 24-
48 hours, is characterized by oliguria, acute tubular 
necrosis, hematuria, proteinuria and acute renal 
failure (4). Severe cases of poisoning can present 
delayed neurological defi cits (1-2 weeks), such as 

FIGURE 1. Dynamic changes of intake, urine output and serum creatinine
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cranial nerve neuropathy, facial paralysis, loss of 
motor acquisitions, visual impairment. However, in 
the long run, late onset of renal or neurological im-
pairment was not recorded (5).

The diagnosis can sometimes be diffi cult in the 
absence of a positive anamnesis. Many of the signs 
and symptoms of ethylene glycol poisoning are 
nonspecifi c and common to other intoxications. 
The diagnosis is established by toxicological test 
results. Measuring the blood EG concentration by 
chromatographic method is laborious and often in-
accessible in many hospitals (6). The presence of 
severe acidosis with a large osmolar gap and/or in-
creased anion gap supports a diagnosis of EG poi-
soning (7). Urinalysis may reveal the presence of 
calcium oxalate crystals, although these may not be 
present until the late stages (2). Severe poisoning 
and death have been reported in clinical trials in the 
absence of calcium oxalate crystals and anionic 
gap. Other metabolic abnormalities that may be 
present are hypocalcemia and hyperkalemia.

Treatment of ethylene glycol poisoning include 
general supportive care (correction of acid-base and 
electrolyte disturbances, intravenous fl uids, providing 
ventilatory support), use of antidotes and hemodialy-
sis (8). Due to rapid absorption in the digestive tract, 
gastric decontamination effi cacy is limited. Sodium 
bicarbonate is recommended to correct metabolic aci-
dosis. The antidotes for ethylene glycol poisoning are 
represented by inhibitors of alcohol dehydrogenase: 
ethanol or fomepizole. Ethanol is a competitive sub-
strate for alcohol dehydrogenase and fomepizole is an 
enzyme inhibitor (9). Early administration of antidote 
may prevent kidney failure, being most effective be-
fore the formation of signifi cant toxic metabolites. 
Hemodialysis is considered a key element in severe 
ethylene glycol poisoning. Hemodialysis removes 
ethylene glycol and its toxic metabolites, corrects an-
ion gap, and reduces the antidote administration peri-
od and the length of hospitalization (8). 

Treatment of EG poisoning should be initiated 
from the fi rst suspicion, to avoid severe complica-
tions. In the long run, the renal prognosis is corre-
lated with tubulointerstitial damage caused by 
nephrocalcinosis (2), in some cases requiring 
chronic dialysis or kidney transplantation.

In the case we presented, the absence of persis-
tent metabolic acidosis and anion gap had delayed 
the diagnosis until it was confi rmed by toxicological 
test. The concomitant ingestion of ethanol had in-
creased the half-life of EG, due to its role as com-
petitive substrate for ADH, whose affi nity for etha-
nol is greater than for EG; thus, the metabolism of 
EG and the accumulation of toxic organic acids were 
delayed, explaining the lack of metabolic acidosis.

Similar cases were described by the medical lit-
erature, caused by concurrent ingestion of EG and 
ethanol (10, 11), EG and methanol (12), suggesting 
that the lack of metabolic acidosis and anion gap 
does not exclude the diagnosis of EG poisoning.

Because the patient had altered consciousness and 
no positive history was available to us, oral adminis-
tration of antidote was delayed; however, no intrave-
nous administration of antidote (ethanol or fomepizol) 
was available in our hospital. Despite the rapid dete-
rioration following admission, the evolution was still 
favorable, due to hemodialysis, which improved renal 
function and corrected metabolic imbalances. 

CONCLUSIONS

The absence of persistent metabolic acidosis 
does not rule out the diagnosis of EG poisoning. 
Concomitant intake of alcohol might act as a diag-
nostic trap. A previously healthy patient admitted 
with acute neurological and renal dysfunction 
should be investigated for EG poisoning, even if 
there is no history of ingestion and no metabolic 
acidosis. Hemodialysis is highly effi cient in treat-
ment of severe poisoning with ethylene glycol.
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