
CLINICAL QUIZ

Metabolic acidosis with increased anion gap, oxaluria, and acute
kidney injury: Answers
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Answers

(1) What is the most likely cause of acute kidney injury?

The patient in this case had somnolence, metabolic acidosis
with increased anion gap, oxaluria, and steadily increasing
serum creatinine. Based on laboratory findings, intoxication
was initially suspected. Salicylate, barbiturate, methanol, and
ethylene glycol (EG) poisoning were considered in differential
diagnosis. The parents were questioned about the patient’s
alcohol and drug history and psychological state (suicidal ten-
dency) but no helpful information was obtained. The urine
drug screen was negative, and a toxicology screen of the se-
rum identified no heroin, cocaine, amphetamine or metham-
phetamine. Eventually, the patient’s friend called his father to
report that the patient had recreationally drunk antifreeze at

work several days prior, confirming our preliminary diagnosis
of EG poisoning.

(2) Which additional tests would you perform to confirm the
diagnosis?

Serum EG concentration can be checked to confirm the
diagnosis. The patient’s serum EG level was above 200 mg/
L. The diagnosis and therapy guidelines for EG poisoning
have been developed by the American Academy of Clinical
Toxicology (Table 1) [1].

(3) How should this patient be treated?

The initial approach in EG poisoning includes stabilization
of the airway, breathing, circulation, and supportive therapy.
The main goals in treating EG poisoning are prevention of
toxic metabolite formation, infusion of bicarbonate for acido-
sis, use of specific enzymatic cofactors such as thiamine and
pyridoxine, and removal of the toxins and metabolites by he-
modialysis [2].

In our case, bicarbonate infusion was initiated to correct
acidosis after the first evaluation. Serum creatinine steadily

Table 1 Criteria for antidotal therapy in ethylene glycol poisonings (1)

• Serum ethylene glycol concentration > 200 mg/L (3 mmol/L) or
• Patient history of ingestion of a toxic dose of ethylene glycol and

osmotic gap of more than 10 mOsmol/kg or
• Suspicion of ethylene glycol poisoning by history, or clinical signs and

symptoms and two of the following criteria:
1. Arterial pH < 7.3
2. Serum bicarbonate < 20 mmol/L
3. Osmotic gap > 10 mOsmol/kg
4. Calcium oxalate crystals in urine sediment

This refers to the article that can be found at https://doi.org/10.1007/
s00467-020-04757-3
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increased from 1.2 to 6.7 mg/dL. Hemodialysis and empirical
intravenous antidote treatment with ethanol were started (0.6
g/kg within 60 min, followed by 0.1 g/kg/h). Thiamine (100
mg) and pyridoxine (100 mg) were given intravenously as a
single dose. Amlodipine and atenolol were started orally as
antihypertensive therapy. The patient’s serum EG level was at
> 200 mg/L.

The patient was further treated with ethanol and underwent
hemodialysis for 3 days for acute kidney injury. Episodes of
hypoglycemia were observed repeatedly but there was no sig-
nificant response to treatment. Fomepizole was not available
immediately; the poison control center supplied fomepizole
on day 3 of hospitalization. Ethanol infusion was stopped;
15 mg/kg fomepizole was given as loading dose, and 10
mg/kg maintenance dose after 12 h. Serum creatinine subse-
quently decreased to 2.2 mg/dL and hemodialysis was
stopped. The patient’s creatinine level decreased to 1.4 mg/
dL by the end of day 6. Serum creatinine values according to
treatment are given in Fig. 1. At final examination, serum
creatinine was 0.9 mg/dL while spot urine protein/creatinine
ratio was 0.2 mg/mg.

Pediatric psychiatry consultation revealed no previous his-
tory of substance abuse; the patient had drunk the liquid think-
ing it contained alcohol.

Discussion

Ethylene glycol is an organic compound used for antifreeze
formulations and as raw material for polyester production.
Due to its lack of color and odor and a sweet taste, it is often
ingested by dogs; accidental EG poisoning in humans is rare.
Global EGmortality rates are reported at 1–22% [3]. Ethylene
glycol is metabolized by alcohol dehydrogenase and other
liver enzymes to glycolaldehyde, glycolic acid (GA), and
oxalic acid. Toxicity is secondary to GA and oxalic acid.

Calcium oxalate crystals can cause acute kidney injury and
toxicity in the brain and other organs. The diagnosis of EG
poisoning is considered primarily in patients with confusion,
metabolic acidosis, serum EG concentration of over 200 mg/
L, and an appropriate history.

Diabetic and alcoholic ketoacidosis, uremia, lactic acidosis,
and methanol poisoning should be considered [2] in the dif-
ferential diagnosis.

Ethylene glycol toxicity is divided into 3 distinct phases:
central nervous system (CNS) depression (stupor, nausea and
vomiting, hallucinations, and seizures), cardio-respiratory tox-
icity (hypotension, tachypnea, congestive heart failure or, oc-
casionally, myositis), and kidney toxicity (flank pain, oxalate
crystalluria, oliguric kidney failure) [1].

Ethylene glycol poisoning was suspected in our patient due
to presence of somnolence, metabolic acidosis, acute kidney
injury, and oxaluria. IV bicarbonate and fluid infusion, thia-
mine, and pyridoxine therapy were started. A blood sample
was sent to a regional toxicology laboratory for EG analysis. It
was decided to start empirical ethanol treatment and hemodi-
alysis based on preliminary diagnosis. Fomepizole can be dif-
ficult to acquire as it is not available in every hospital. As the
main focus of treatment is the inhibition of glycolic acid pro-
duction, ethanol and fomepizole are used as an antidote.
Ethanol has been used as an efficient and inexpensive antidote
for many years, but due to the risk of hypoglycemia and alco-
hol poisoning and the preservation of therapeutic plasma con-
centration (500–1000 mg/L), serum ethanol and glucose
levels should be checked regularly during ethanol therapy
[4]. Our patient had episodes of hypoglycemia, and serum
ethanol was extremely difficult to monitor.

Fomepizole is a safe and effective competitive inhibitor of
alcohol dehydrogenase that does not require serum concentra-
tion monitoring. The most common side effects of fomepizole
are headache and nausea [5]. There have been no clinical
trials, in adults or children, comparing the efficacy and safety
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of fomepizole against ethanol. Numerous pediatric case stud-
ies of fomepizole use in EG poisoning have been reported in
the literature [6–10]. Therapeutic success and adverse effects
are comparable to adult cases. Hemodialysis treatment should
be started even when using fomepizole if serum creatinine is
high, that is, if there is acute kidney damage. If fomepizole is
not available, hemodialysis is recommended at EG serum
levels above 500mg/L, as successful results have been obtain-
ed with fomepizole treatment alone in cases without acute
kidney damage [1]. Since serum creatinine increased rapidly
in our patient, hemodialysis was performed with ethanol treat-
ment. Hemodialysis and ethanol treatment were continued at
the initial serum EG level > 200 mg/L, and fomepizole was
not immediately available. Our patient’s serum creatinine de-
creased to 2.2 mg/dL, and urine output was 1.5 cc/kg/h 16 h
after starting fomepizole.

Conclusion

While EG intoxication is rare in the pediatric population, it
should be suspected in a patient with acute kidney injury,
metabolic acidosis with increased anion gap, and oxaluria.
The diagnosis can be confirmed by serum EG concentration.
Early diagnosis and treatment of EG poisoning are important
to prevent morbidity and mortality.
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