
 

 

 

 

ETHYLENE GLYCOL OVERDOSE 

 

“Fishing Fleet off Labrador”, oil on canvas, William Bradford, 1884, New Britain Museum 

of American Art, Connecticut USA. 

 

The sea there is swarming with fish which can be taken not only with net but with baskets let 

down with a stone, so that it sinks in the water. I have heard this Messer Zoane state so 

much. These same English, his companions, say they could bring so many fish that this 

kingdom would have no further need of Iceland, from which there comes a very great 

quantity of the fish called stockfish. 

 

Raimondo di Soncino, Letter:  

Milanese envoy in London, to the Duke of Milan December 18, 1497 

 

It has been calculated that if no accident prevented the hatching of the eggs and each egg 

reached maturity, it would take only three years to fill the sea so that you could walk across 

the Atlantic dryshod on the backs of cod. 

 

Alexandre Dumas, Le Grande Dictionnaire de Cuisine, 1873   



Christopher Columbus supposedly discovered the New World, in 1492, however there is 

strong evidence for much earlier European knowledge of it, at least of the far Northern 

Arctic regions of North America. In the Tenth Century Vikings sailed the frozen north seas 

towards Iceland, Greenland and probably on to New Foundland. Basques travelled the same 

route in medieval times, long before Columbus. The reason for these little known journeys 

was simple - cod. It was no coincidence that this route was known in pre- Columbian times, it 

followed precisely the population of cod. The abundance of life in the seas in these times was 

by all accounts beyond imagination. Evolution left untouched for millions, even billions of 

years, by the exploiting hand of humanity had produced a paradise of abundance. Europe 

was fed on the plentiful bounty of the Arctic and sub-Arctic seas. The fishing grounds 

however were kept very secret and only the very toughest of seafarers could survive in the 

frozen conditions. By the late Fifteenth century, however the secret Basque aquatic 

“Eldorado” was beginning to become known to the rest of Europe. Portuguese seafarers had 

taken to the high seas in their caravels with unprecedented skill and courage. Whispered 

rumors began to filter back about unheard of riches of the sea in these distant regions, most 

particularly in the form of the Atlantic cod. It had not been previously known where the 

Basques had obtained these fish, or had it been appreciated the immense distances they had 

been travelling to obtain them. In these times it was said that if one knew where to look all 

one needed to do was to lower a stone weighted basket into the water and an immense catch 

of cod could then simply be hauled up. The fisheries of the New World were an untouched 

Eden of plenty. 

 

Once the secret was out, European exploitation quickly followed. The earliest settlements of 

North America would be based on whaling and cod fishing. Entire colonies, then cities grew 

up whose prosperity and wealth were based on the sea. The sea was thought to have an 

inexhaustible supply of fish, all one had to do was to reach into the waters and take what one 

wanted. Fishing continued to be the main industry of the far North of America from the time 

of the discovery of the fishing grounds by the Genoese John Cabot in 1497 until the late 20th 

Century. But then disaster struck. Twentieth century industry, especially in the form of giant 

sea bottom net trawlers finally led to a catastrophic collapse in the cod population. By 

1990s, there were not only fears for the cod fishing industry – but real fears for cod 

extinction! What had taken nature billions of years to evolve, humanity had wiped out in less 

than the geological blink of an eye. Finally all cod fishing in the North Atlantic was banned 

in the desperate hope of averting extinction. The fact that this step had to be taken was 

profoundly shocking and profoundly thought provoking - there was once a time when it 

seemed you could almost “walk across the Atlantic dryshod” on the backs of these creatures 

– but this realization should not have been shocking. The history of humanity’s relationship 

with its fellow species on Earth is merely the story of the cod repeated over and over. 

Another example from the seas is the whales, another industry of the early days of New 

World settlement. On the land the story is even worse. The great American bison roamed the 

planes in untold millions until hunting for “sport” brought them to the point of extinction. 

The peaceful and harmless North American carrier pigeon used to roam the skies in flocks 

that were said to darken the Sun for hours at a time. They were also hunted for “sport”. 

Today they are extinct. 

 

Many unthinking individuals today merely shrug their shoulders and ask “so what?” when 

confronted by the planet’s increasingly alarming loss of biodiversity. Putting aside for a 

moment the simple irreplaceable loss of the richness and beauty of the planet, as well as 

pertinent questions of a moral nature relating to the duty of the dominant species of the 



planet to protect the weak, one could answer from a purely self interested point of view. In 

the 21st Century we are on the brink of a revolution in the understanding as well as the 

manipulation of the genetic code of life which perhaps for those of the 22nd Century will have 

profound implications for the well being, even betterment of our species. Billions of years of 

evolutionary biodiversity contain unimaginable secretes of life that we have not even begun 

to scratch the surface of. By unlocking the secrets of how species deal with various biological 

and environmental problems we may one day be able to manipulate these for our own well 

being. Medical agents to combat disease are one obvious example, but the possibilities are 

very much greater even than that limited viewpoint. One could take the cod for example. Can 

we obtain anything from this species besides simply eating it? The answer happens to be yes 

– from its genetic code! This creature has had to survive the freezing Arctic and North 

Atlantic conditions and its evolutionary progress has produced a remarkable gene, one that 

produces the fish’s very own “anti-freeze”. Ice crystals are extremely damaging to biological 

tissues. The cod produces a protein that essentially acts as an anti-freeze that enables the 

creature to survive in its environment. So what, the ignorant again ask. 21st Century genetic 

engineering has been able to isolate this very gene and implant it into a tomato! We now 

have tomatoes, a source of food for human beings that are frost resistant! The cutting edge 

science of genetically modified crops however has caused a good deal of anxiety in many. 

The great biologist Richard Dawkins has tried his best to reassure the ignorant however. He 

has likened these people to the Nineteenth century luddites of the early industrial revolution! 

He amusingly writes in his book, “A Devil’s Chaplain”: 

 

“What then of the widespread gut hostility, amounting to revulsion, against all such 

transgenic imports? I suspect that it comes from a pre-Watson/ Crick misconception. Surely, 

the appealing but erroneous reasoning goes, an anti-freeze gene from a fish must come with 

a fishy “flavour”. Surely some of its fishiness must rub off? Surely it is “unnatural” to splice 

a fish gene, which was only ever “meant” to work in a fish, into the alien environment of a 

tomato cell? Yet nobody thinks that a square root subroutine carries a “financial flavour” 

with it when you paste it into a rocket guidance system. The very idea of “flavour” in this 

sense is not just wrong but profoundly and interestingly wrong. It is a cheerful thought, by 

the way, that most young people today understand computer software far better than their 

elders, and they should grasp the point instantly. The present Luddism over genetic 

engineering may die a natural death as the computer-illiterate generation is superseded”. It 

may be that 22nd Century medical science will be able to “splice” the anti-freeze” gene into 

a human being, creating super-humans able to live in the most hostile regions of the arctic in 

relative comfort! However given the current rate of species extinction in the 21st Century, it 

may be that just as we acquire this miraculous capability in the 22nd Century, we may have 

no genetic biodiversity left to work with – a powerful argument for the preservation of as 

much of the planet’s species as possible! The sad story of the Atlantic cod demonstrates two 

fundamental aspects of humanity – its enormous capacity on the one hand for miraculous 

and noble undertakings, yet on the other for greed, and wanton disregard for the planet’s 

limited resources. By saving the cod we may save far more than we realize than mere food 

stocks. Perhaps one day we will have genetically engineered humans able to live on the ice 

cold world of Mars. Today however all we can provide in the way of anti-freeze is chemical 

substances used in our machinery. Like Professor Dawkins in the world of biology, in the 

medical field we also strive to correct the ignorant ideas of others. One example is provided 

by those who wish to incorporate anti-freeze into their bodies, not via genetic engineering, 

but via their gastro-intestinal tracts!                  

 



ETHYLENE GLYCOL OVERDOSE 

 

Introduction 

 

Ethylene glycol is a highly toxic alcohol. 

 

It is commonly used as an anti-freeze agent and coolant. 

 

Deliberate self poisoning is usually lethal without timely medical intervention.  

 

Treatment consists of: 

 

● Supportive care 

 

● Fomepizole or Ethanol infusion 

 

● Hemodialysis (the definitive treatment, especially in the absence of Fomepizole)  

 

Fomepizole is a specific antidote that can be used in place of ethanol, (and possibly 

hemodialysis in selected cases) and is now available in Australia but is still (somewhat 

surprisingly) not stocked by most public hospitals.    

 

See also separate documents on: 

 

● Fomepizole (in Drugs folder). 

 

● Ethanol (in Drugs folder). 

 

Pharmacokinetics 

 

Absorption: 

 

● Ethylene glycol is rapidly absorbed following ingestion. 

 

● Peak concentrations occur within 1 - 4 hours. 

 

Distribution: 

 

● Ethylene glycol is distributed across the total body water. 

 

● There is rapid CNS penetration. 

 

● The volume of distribution is 0.6L / kg 

 

Metabolism and elimination: 

 

Ethylene glycol is metabolized initially by alcohol dehydrogenase to glycoaldehyde and then 

by aldehyde dehydrogenase to glycolic acid. 

 



Glycolic acid in turn is metabolized to glyoxylic acid and oxalic acid, as shown below. 

 

In the absence of inhibition of alcohol dehydrogenase (by ethanol or fomepizole), the 

elimination half-life of ethylene glycol is 3 hours. 

 

Elimination half-life increase to 17 hours when Ethylene glycol has to be eliminated 

exclusively by the kidney. 

 

Ethylene Glycol  

 

       Alcohol dehydrogenase 

 

Glycoaldehyde 

 

 

 

Glycolic acid 

(Glycolate) 

 

 

 

 

Formic acid           Glyoxylic acid                       Oxalic acid                   

 

 

Pyridoxine       Thiamine 

 

 

Glycine (toxic)                                 a-hydroxy-b-ketoadipate (non-toxic) 

 

Toxicology 

 

Ethylene glycol causes CNS effects similar to those of ethanol, however it is its metabolites 

that are the cause of life-threatening toxicity. 

 

Accumulation of acidic metabolites results in a severe increased anion gap metabolic 

acidosis. 

 

Calcium oxalate crystals also form in tissues including renal tubules, myocardium, skeletal 

muscle and the CNS. 

 

Hypocalcaemia follows the formation of calcium oxalate. 

 

Risk Assessment 

 

Ethylene glycol is extremely toxic if ingested as an overdose. 

 

Ingestion of greater than 1 ml/kg of 100% (i.e around 1 gram/kg) solutions is potentially 

lethal. 



 

All deliberate ingestions should be assumed to be potentially lethal. 

 

Dermal or inhalation exposure does not result in significant toxicity. 

 

Clinical Features 

 

Ethylene glycol itself is relatively non-toxic, apart from some mild alcohol like effects. 

 

Toxicity is due to its metabolites that cause a severe metabolic acidosis as well as direct 

tissue destruction (especially of brain and kidney) due to calcium oxalate crystal formation. 

 

Ethylene glycol toxicity is classically described as occurring in 3 stages, initial CNS, 

followed by CVS, followed by renal toxicity, but in reality these are somewhat artificial 

descriptions of what can be a rapidly developing clinical course. 

 

Note that the coingestion of ethanol can delay the onset of the clinical features of 

ethylene glycol poisoning. 

 

A “typical” time course is as follows:  

 

1. Initial 1-2 hours: 

 

Features similar to ethanol intoxication: 

 

● Nausea/ vomiting 

 

● Sedation 

 

● Euphoria/ dysphoria 

 

Note that absence of initial symptoms does not exclude a significant ingestion. 

 

2. Progressively severe features occur over the subsequent 4-12 hours: 

 

● Decreasing conscious state. 

 

● Coma. 

 

● Seizures. 

 

● Metabolic acidosis. 

 

● Cardiovascular collapse. 

 

 ● Renal failure. 

 

3. Late cranial nerve neuropathies: 

 



● These have been described as occurring up to 5-20 days later. 

 

  Neuropathies to the following cranial nerves have been described: 

 

  ♥ II, V, VII, VIII, IX, X, XII 

 

Investigations 

 

Blood tests: 

 

1. FBE 

 

2. U&Es/ glucose 

 

3. Osmolar gap: 

 

● There will be an increased osmolar gap (develops before acidosis). 

 

● Note that absence of an osmolar gap will not exclude a significant ingestion. 

 

4. AGBs/ lactate. 

 

● Increased anion gap metabolic acidosis, (this develops after the osmolar gap 

 becomes apparent). 

 

Note that some lab assays cannot differentiate glycolate from lactate, as so 

may greatly overestimate lactate levels.      

 

5. Ethylene glycol levels: 

 

● These can be done, and provide definitive confirmation of diagnosis, but are 

 difficult to obtain within clinically useful timeframes.  

 

 ● Levels > 20mg/dL are likely to result in toxicity. 

 

6. Calcium levels: 

 

 ● Hypocalcaemia. 

 

7. Blood alcohol levels: 

 

● To look for coingestion of ethanol. 

 

● To help titrate ethanol infusions. 

 

8. Paracetamol levels, if coingestion is suspected. 

 

 

 



Urine: 

 

This can be checked for birefringent calcium oxalate crystals, which are diagnostic.  

 

Absence of these does not however exclude the diagnosis. 

 

ECG: 

 

As for any unwell/ acidotic patient 

 

For indications of possible coingestion with cardiotoxic drugs. 

 

Management 

 

1. Immediate attention to ABC issues.  

 

● IV access. 

 

● If the patient is very cerebrally irritated, intubation needs to be considered, to 

 enable adequate subsequent treatment, especially dialysis. 

 

● Intubated patients must be hyperventilated to help reverse ongoing acidosis. 

 

● IV fluids for hypotension. 

 

2. Charcoal: 

 

● This is not effective for ethylene glycol. 

 

3. Correct electrolyte disturbances: 

 

 ● Hypocalcaemia 

 

 ● Hypoglycemia 

 

4. Fomepizole: 

 

Fomepizole has superseded ethanol as the antidote of choice in most settings in the 

United States. It is an expensive drug, however its cost may be more than offset by 

the possible avoidance of haemodialysis and/ or an ICU admission, (to say nothing of 

the greater ease and safety of its administration compared to an ethanol infusion). 

Patients on ethanol infusions can also become significantly ethanol intoxicated, 

creating challenging nursing issues in its own right!  

 

Usual fomepizole dosing is:  

 

Loading dose:  

 

● 15 mg/kg in 100 mL of normal saline or 5% dextrose IV over 30 minutes. 



 

Maintenance dose: 

 

● 10 mg/kg in 100 mL of normal saline or 5% dextrose IV over 30 minutes 

 every 12 hours for 48 hours. 

 

● If administration for more than 48 hours is required, increase to 15 mg/kg 

 every 12 hours to compensate for induction of metabolism. 

 

For patients on haemodialysis:  

 

If haemodialysis is undertaken, fomepizole should be given:  

 

● 4 hours rather than every 12 hours  

 

Or 

 

● As a continuous infusion at 1 mg/kg/hour for the entire duration of 

 haemodialysis. 

  

Monitoring of fomepizole concentrations is not necessary. 

 

Therapeutic end point: 

 

 ● Treatment continues with fomepizole until ethylene glycol or methanol levels 

  are <  20 mg/dL. 

 

5. Ethanol infusion: 

 

An alternative antidote to fomepizole is IV ethanol infusion, it competes with alcohol 

dehydrogenase and hence the metabolism of ethylene glycol (and methanol) is 

slowed, allowing time for excretion of the ethylene glycol.  

 

This treatment is more important early as in late presentations most of the  ethylene 

glycol has already been converted to toxic metabolites. 

 

 Use 10% ethanol in 5% dextrose solution. 

 

This is done by: 

 

Adding 100 mls of 100% ethanol, (when using 20 ml ampoules this would mean 5 

ampoules of 100% solution) to 900 mls of 5% dextrose (and mix the bag 

thoroughly). 

 

 The loading dose is: 

 

8 mls/kg of 10% ethanol, given over 30 minutes. 

 



A loading dose will not be required in the already alcohol intoxicated patient, (ie 

those who have taken both ethanol and methanol) 

 

The maintenance infusion rate of ethanol is then 100-200 mg/kg/hr titrated to effect. 

 

This is achieved with 1-2 mls/kg/hour of 10% ethanol, titrated to a blood level of 

22 - 44 mmol / L (= 100 mg/dl = 0.1% - 150 mg/dl) 

 

If the patient is a chronic alcoholic or on dialysis, then the higher rates will be 

required (ie 200 mg/kg/hr of ethanol) 

 

Blood alcohol levels will need to be monitored frequently, as levels can be very 

variable and the infusion rate adjusted accordingly. 

 

Note that breath ethanol estimations may also be used to monitor blood ethanol levels 

as an alternative to repeated blood level testing. 

 

The ethanol infusion is continued until: 

 

● Ethylene glycol levels are zero  

 

● Osmolar gap has resolved 

 

● Acidosis has resolved. 

 

6. Bicarbonate: 

 

● This may be given if acidosis is severe, especially in later presentations when 

 the cause is not as readily treated with ethanol infusions. 

 

7. Dialysis: 

 

Hemodialysis is the definitive management for ethylene glycol poisoning. 
 

It should be started early to treat acidosis and to prevent renal failure. 

 

 Indications include: 

 

 ● History of a large ingestion with an osmolar gap > 10. 

 

● pH < 7.30 

 

 ● Acute renal failure. 

  

● Ethylene glycol level (if available) of > 8.0 mmol/L, (50 mg/dl). 

 

 End points for hemodialysis include: 

 

 ● Correction of acidosis. 



 

 ● Osmolar gap < 10  

 

● Ethylene glycol level (if available) of < 3.2 mmol/L, (20mg/dl). 

 

Acid-base status and electrolytes should be repeated 4 hourly for 12 hours following 

the cessation of hemodialysis to confirm that further dialysis is not required.  

 

Some agents may be useful adjuncts to promote the metabolism of several of the toxic 

metabolites. 

 

8. Thiamine: 

 

 ● Give 100mg IV 6 hourly. 

 

9. Pyridoxine: 

 

 ● Give 50mg IV 6 hourly 

 

Disposition: 

 

All cases should be discussed with a Clinical Toxicologist.  

 

Patients who are clinically well, have normal venous bicarbonate level and a zero blood 

alcohol level at 4 hours post ingestion may be medically cleared. 

 

Patients who survive severe intoxications should be followed up to exclude the late 

development of cranial neuropathies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 Gadus Morhua, The Atlantic Cod. 

 

Hand coloured etching M.S Bloch, Allgemeine Naturgeschichte der Fische, Vol. 2 of 6, 

Berlin, 1785-97. (Rare Books Division, New York Public Library, Astor, Lenox and Tilden 

Foundations). 
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