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synchronous pulses. Vital signs were 
normal. The abdomen was tense on  
palpation, and he was drooling. A  
moderate-sized soft bladder was pal-
pated, and the patient urinated a small 
amount during examination. Dale was 
ambulatory but ataxic and had normal 
general conscious proprioceptive 
reflexes and a normal cranial nerve 
examination. He was approximately  
8% dehydrated. Body condition score 
was 5/9.
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Dale, a 4-year-old, 25-kg, 
castrated crossbreed dog, was 
presented for a 4-hour history 
of staggering, vomiting, and 
excessive drinking and urinating.
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Multiple toxicities 
and disease 
processes can 
present with acute 
neurologic signs. 

History
Dale had been normal before this event. 
He is allowed to go on off-leash walks in 
the woods, has access to his owners’ 
garage, has had no other previous medi-
cal conditions, and and was current on 
all vaccinations (including leptospiro-
sis) vaccines.

Examination
Dale was quiet and slightly dull but 
responsive. Heart and lungs were  
normal on auscultation, with strong 
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AG = anion gap, BUN = 
blood urea nitrogen,  
EG = ethylene glycol

TABLE 1

SIGNIFICANT LABORATORY RESULTS

Diagnostic Test Result Reference Range

CBC

Red blood cells (×106/µL) 	 9.2 5.83-8.87

BLOOD CHEMISTRY

Blood urea nitrogen (mg/dL) 	 40 5-30

Creatinine (mg/dL) 	 1.4 0.7-1.8

VENOUS BLOOD GAS

pH 	 7.29 7.35-7.46

Partial pressure CO2 (mm Hg) 	 22 40-46

Bicarbonate (HCO3
–; mmol/L) 	 12.8 22-24

Chloride (mEq/L) 	 115.4 109-120

Sodium (mEq/L) 	 160 140-150

Potassium (mEq/L) 	 4.8 3.9-4.9

Base excess (mmol/L) 	 –10.2 –4 - +4

URINALYSIS

Urine specific gravity 	 1.010 1.018-1.050

Sediment Negative

ETHYLENE GLYCOL TEST

Kacey Ethylene Glycol Test Strips Positive for 50 mg/dL Negative

Diagnostics
Venous blood gas analysis (Table 1) 
showed metabolic acidosis with respira-
tory compensation and an increased 
anion gap (AG). A chemistry panel 
showed elevated blood urea nitrogen 
(BUN) and normal creatinine. The 
increased BUN was presumed to be 
because of dehydration. CBC showed 
hemoconcentration but was otherwise 
unremarkable. Free-catch urinalysis 
revealed isosthenuria and a significant 
number of calcium monohydrate crys-
tals. Based on the suspicion of possible 
ethylene glycol (EG) toxicity from access 
to his owners’ garage (where antifreeze 
was present), a Kacey Ethylene Glycol 
Test Strip (Kacey Diagnostics) was  
performed and was positive for EG at  
a lethal dose of 50 mg/dL.

ASK YOURSELF

h What was Dale’s AG?  
What are the diagnostic differentials  
for an increased AG?

h What is the toxic dose for EG in dogs  
vs cats?

h In what stage did Dale present for EG 
toxicosis, and what are the stages of 
toxicity with EG?

h What are current options for treatment for 
EG toxicosis and during what timeline do 
they need to be instituted in dogs as 
compared to cats?

Calcium monohydrate 
crystals present
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TABLE 2

SUGGESTED PROTOCOLS FOR ETHYLENE GLYCOL INTOXICATION 

Antidote Dogs Cats

ETHANOL 20% ethanol: 5.5 mL/kg IV every 4 hours  
for 5 treatments, then every 6 hours for  
4 treatments or same dose administered  
as CRI until EG levels are negative, which  
is typically more than 48 hrs.

30% ethanol: 1.3 mL/kg slow IV bolus, then 
0.42 mL/kg/hr CRI for 48 hours

20% ethanol: 5.0 mL/kg IV every 6 
hours for 5 treatments, then every 
8 hours for 4 treatments

30% ethanol: 1.3 mL/kg slow IV 
bolus, then 0.42 mL/kg/hr CRI for 
48 hours

4-METHYLPYRAZOLE 
(FOMEPIZOLE)  

(50 mg/mL)*

Initial 20 mg/kg slow IV bolus over  
15-20 minutes

At 12 and 24 hours after initial bolus,  
15 mg/kg IV

At 36 hours after initial bolus, 5 mg/kg IV

Initial 125 mg/kg slow IV bolus

31.25 mg/kg IV every 12 hours after 
initial bolus for 3 treatments

*�Antizol-Vet (fomepizole, Paladin Labs) has been withdrawn from the market, but human-use fomepizole and compounded  
versions are available.

Diagnosis
Ethylene glycol toxicity

Treatment
Dale was hospitalized, and IV fluid therapy 
with a balanced electrolyte solution (Plasma-
Lyte A, 6 mL/kg/hr) was initiated. A bolus  
of 30% ethanol (1.31 mL/kg, slow IV) was 
administered, followed by 30% ethanol  
(0.42 mL/kg/hr CRI IV) as an antidote for  
EG toxicosis (Table 2). Dale was placed under 
general anesthesia, and a dialysis catheter 
was placed in the right jugular vein. He 
received an 8-hour hemodialysis treatment 
(Figure 1) with a urea reduction ratio goal of 
95%. A high blood flow rate of 20 mL/kg/min 
was well-tolerated and a dialysate flow of 500 
mL/min was used. The dialysate was formu-
lated with 4 mmol/L potassium, 30 mmol/L 
bicarbonate, and 140 (mmol/L) sodium.  d �Patient receiving hemodialysis for EG toxicity.

1
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Ethanol was added to the dialysate concentra-
tion to achieve a dialysate ethanol concentra-
tion of 0.1%. Dale was also maintained on an 
IV ethanol infusion throughout the procedure.

Outcome
Dale did well during the hemodialysis treat-
ment and was bright, alert, and eating nor-

can cause significant CNS depression and GI 
irritation in Stage 1. CNS depression develops 
within 30 minutes of ingestion and often 
manifests as incoordination, ataxia, and 
“drunkenness.” During Stage 1, dogs may have 
profound polyuria and polydipsia secondary  
to the osmotic diuretic effects of EG.4–6

	 In Stage 2, CNS signs may resolve by about 12 
hours, and clinical signs may seem to resolve 
briefly; during this stage, however, dogs may 
become dehydrated and develop tachycardia 
and tachypnea secondary to the developing 
metabolic acidosis. In Stage 3 (36 to 72 hours 
after ingestion), signs of severe renal dysfunction 
may be observed in dogs. Patients may have 
large swollen kidneys, may be oliguric to anuric, 
and may quickly progress to profound lethargy, 
vomiting, seizures, coma, and death. Cats are 
more susceptible to EG toxicity, have a lower 
LD50, and progress through the stages much 
more rapidly than dogs.3,7–9

	 The enzyme alcohol dehydrogenase (ADH) 
converts EG into its toxic metabolites, including 
calcium oxalate crystals that develop throughout 
the body and cause secondary acute kidney 
injury (AKI). Treatment of EG exposure focuses  
on competitive inhibition of ADH to prevent the 
formation of these toxic metabolites, particularly 
glycoaldehyde and glycolic acid. If untreated, 
calcium oxalate monohydrate crystals can be seen 
within 4 to 6 hours of ingestion in dogs (3 hours in 
cats).7,10 AKI can develop within 24 to 72 hours and 
is often fatal once azotemia has developed.

mally the next day. On recheck bloodwork 
the following morning, his renal values, 
BUN, and venous blood gas parameters were 
normal. The patient was maintained on IV 
fluids for an additional 24 hours and was 
then discharged. On recheck 2 weeks later, 
Dale was doing well and renal values 
remained normal. n

DID YOU ANSWER?

h	 The AG is used to help differentiate the causes  
of metabolic acidosis, which can be classified as 
an increased AG (with normochloremia) or a 
normal AG (with hyperchloremia). It is calculated 
as the difference between the measured cations 
and anions: 

	 Anion gap = ([Na+] + [K+]) – ([Cl–] + [HCO3
–])

	 Dale’s AG was 36.6 with a normal chloride con-
centration. Normal AG is typically 12 to 24 mEq/L 
in dogs and 13 to 27 mEq/L in cats. Differentials 
for an increased AG include diabetic ketoacido-
sis, uremia, EG intoxication, and lactic acidosis. 
Less common causes include ingestion of other 
toxicants (eg, salicylates [such as aspirin- 
containing compounds], methanol, ethanol).

h	 EG is found in high concentrations in antifreeze, 
some windshield deicing solutions, and other 
industrial solvents. It can also be found in low 
concentrations in paint, printer cartridges, and 
household chemicals, although the levels in 
these products are generally so low that they are 
unlikely to result in toxicosis. EG toxicity can be 
fatal because of the small amount that needs  
to be ingested for a lethal dose. Outcome is 
associated with time elapsed between ingestion 
and treatment. The lethal dose for dogs is 4.4 to 
6.6 mL/kg.1 Cats are significantly more sensitive 
to EG, with a lethal dose of 1.5 mL/kg.2

h	 EG is rapidly absorbed from the GI tract and 
reaches peak levels 3 hours after ingestion.3 EG 
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ADH = alcohol 
dehydrogenase, 
AG = anion gap, 
AKI = acute 
kidney injury, 
BUN = blood urea 
nitrogen,  
EG = ethylene  
glycol,  
4-MP = 4-methyl–
pyrazole
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exposure for best outcome). Hemodialysis  
is an effective treatment modality for EG.8,13  
If instituted within the first 6 to 8 hours of 
exposure, hemodialysis can remove the water-
soluble EG and its toxic metabolites from the 
blood and may be curative in a single treatment. 
If AKI occurs, hemodialysis may also be used to 
support the patient while waiting to see if renal 
function returns, which may take months.

	 Aggressive stabilization and supportive care  
are also extremely important in treating these 
patients. Because of the GI, central nervous 
system, and osmotic diuretic effects of EG, 
dehydration and potential hypovolemia 
secondary to concurrent vomiting and polyuria 
make IV fluid therapy an essential component  
of treatment. Close monitoring of the patient’s 
acid–base and volume status, cardiovascular 
stability, and urine output is imperative. The 
prognosis for patients with EG toxicity depends 
on the amount ingested and the time elapsed 
between exposure and institution of treatment. 
If dogs are treated within 12 hours and cats 
within 3 hours, outcomes are typically  
good.5,7–9,14 However, even if antidote therapy  
is implemented, the prognosis is grave if the 
patient has become anuric.

	 Using a glycol test kit that detects EG concen- 
trations >20 mg/dL can be useful to diagnose 
suspected EG toxicity in dogs. This test is reliable 
in cats; however, because of their significantly 
lower EG level for toxicity, the test may remain 
negative even with a toxic exposure. False-
positive results can occur with propylene  
glycol, glycerol, ethanol, formaldehyde, and 
metaldehyde. Severe elevations of lactate 
dehydrogenase or lactic acid may also cause 
false-positive results.11 Definitive diagnosis of EG 
can be performed using gas chromatography, 
but this is expensive and not readily available.12 
Ideally, a quantitative EG level, which can be 
performed at a veterinary diagnostic laboratory 
or human hospital, should be obtained for 
definitive diagnosis and monitoring of 
treatment.

h	 Because EG is absorbed rapidly, induction of 
emesis is not indicated except within 2 hours  
of ingestion. As EG does not reliably bind to 
activated charcoal, further decontamination 
with charcoal is not warranted. Therapy focuses 
on prevention of metabolism and increasing 
speed of excretion of EG. Treatment with the 
antidote, 4-methylpyrazole (4-MP; fomepizole), 
or ethanol should be implemented as soon as 
possible (and ideally within 8 to 12 hours of 

References 
1.	 Kersting EJ, Nielson SW. Experimental ethylene glycol 

poisoning in the dog. Am J Vet Res. 1966;27:574-582.
2.	 Miles G. Ethylene glycol poisoning with suggestions for its 

treatment as oxalate poisoning. AMA Arch Pathol. 1946;41:631-
638.

3.	 McChesney EW, Goldberg L, Parekh CK, Russell JC. 
Reappraisal of the toxicology of ethylene glycol. II. 
Metabolism studies in lab animals. Food Cosmet Toxicol. 
1971;9:21-38.

4.	 Thrall MA, Grauer GF, Mero KN. Clinicopathologic findings in 
dogs and cats with ethylene glycol intoxication. JAVMA. 
1984;184:37-41.

5.	 Connally HE, Thrall MA, Forney SD, Grauer GF, Hamar DW. 
Safety and efficacy of 4-methylpyrazole as treatment for 
suspected or confirmed ethylene glycol intoxication in dogs: 
107 cases (1983-1995). JAVMA. 1996;209:1880-1883.

6.	 Grauer GF, Thrall MA, Henre BA, Grauer RM, Hamar DW. Early 
clinicopathologic findings in dogs ingesting ethylene glycol. 
Am J Vet Res. 1984;45:2299-2303.

7.	 Dial SM, Thrall MA, Hamar DW: Comparison of ethanol and 
4-methylpyrazole as therapies for ethylene glycol 
intoxication in the cat. Am J Vet Res. 1994;55:1771-1782.

8.	 Rollings C: Ethylene glycol. In: Silverstein D, Hopper K, eds. 
Small Animal Critical Care Medicine, 1st ed. St. Louis: 
Saunders; 2009:330-334.

9.	 Thrall MA, Connally HE, Grauer GF, Hamar DW. Ethylene 
glycol. In: Peterson ME, Talcott PA, eds. Small Animal 
Toxicology, 3rd ed. St. Louis: Elsevier; 2013:551-567.

10.	 Dial SM, Thrall MA, Hamar DW: Efficacy of 4-methylpyrazole 
for treatment of ethylene glycol intoxication in dogs. Am J Vet 
Res. 1994;55:1762-1770.

11.	 Eder AF, McGrath CM, Dowdy YG, et al. Ethylene glycol 
poisoning: toxicokinetic and analytical factors affecting 
laboratory diagnosis. Clin Chem. 1998;44(1):168-177.

12.	 Creighton K, Koenigshof A, Weder C, Jutkowitz LA. Evaluation 
of two point-of-care ethylene glycol tests for dogs. J Vet 
Emerg Crit Care. 2014:24(4):398-402.

13.	 Cowgill LD. Urea kinetics and intermittent dialysis 
prescription in small animals. Vet Clin North Am Small Anim 
Pract. 2011;41: 193-225.

14.	 Penumarthy R, Oehme FW. Treatment of ethylene glycol 
toxicosis in cats. Am J Vet Res. 1975;36(2):209-212.

http://www.cliniciansbrief.com/



