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Background: Methanol Poisonings

• Methanol = toxic alcohols

• Toxicity is not immediate: Several hours’ time lag between 
ingestion and first symptoms of poisoning

• Alcoholic beverages that contain methanol do not have 
distinct alarming characteristics

• Limited time for treatment: impaired vision and blindness 
in non-fatal cases, high mortality rate

• Poisoning cases:
• Mostly sporadic events

• But: When people drink methanol-contained alcohol socially 
(e.g. weddings, holidays): Ability to cause a local outbreak
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Methanol poisoning cases and fatalities in Iran (23.02.-02.05.2020)

9.1% fatality rate

Importance for Nephrologists
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Mechanisms and patophysiology
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Methanol and metabolism
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Circulus hypoxicus: The toxic mechanism of formic
acid

Drangsholt E, Vangstad M, Zakharov S, Hovda KE, Jacobsen D. Basic Clin Pharmacol Toxicol 2018.
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Toxicity of formic acid is much higher than formate
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HCOOH  H+ + HCOO-

Formic acid formate

! More acidotic → more formic acid → more inhibition of the mitochondrium !

↑ inhibition

↓ inhibition

Herken W & Rietbrock. Naunyn Schmiedebergs
Arch Exp Pathol Pharmakol 1968

pKa = 3.8 meaning ↓ 
pH 0.3 -> doubling of 
the undissociated
acid!



Diagnosis
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Diagnosis 

1. Patient history

2. Clinical features

3. Analytical options

! Re-evaluate ! 
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Diagnostics – the basics

1. Patient history – be as precise as possible!
• Intake of illegal/bootleg/spurious alcohol?

• Methanol itself does not make you drunk, but it is often (usually) mixed with 
ethanol (can make you drunk): but symptoms only starts after ethanol is gone

• Others in surroundings with confirmed or suspect methanol poisoning 
(seriously ill, fatalities, blindness etc.)?

• Time from intake to symptoms >12 hours (often >24 hours)!
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Diagnostics – the basics

2. Clinical features
• Hyperventilation (respiration >20-25/min) / dyspnea

• Visual disturbances (ranging from blurred vision to blindness)

• Gastrointestinal symptoms (vomiting, abdominal pain etc.)

• Chest pain

• Severe/unusual “hang-over”: Feeling very sick the following day

• “Pseudopapillitis” -> blurred & hyperemic nervus opticus…
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Diagnostics

• Patient history

• Clinical features

• Analytical options; 
• Arterial blood gas – says nothing about the origin of the metabolic acidosis

• The Osmolal* - (OG) & Anion gap (AG) – unspecific, often not available

• Methanol analyses – (very) seldom available

• Formate analysis1,2 – until now less available

*Never use osmolality from the ABG machine!!!

1Hovda KE et al. J Anal Toxicol 2005; 29(6): 586-588
2Hovda KE et al.. Scand J Clin Lab Invest 2015; 75(7): 610-4
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The formate analysis – a simple lab test

Hovda KE et al. J Anal Toxicol 2005; 29(6): 586-588.

• Very sensitive (1.3 mmol/L or 4 mg/dL) and specific**
• Upper reference range 0.4 mmol/L  or 2 mg/dL**

**Urdal P. Clin Chem 1984; 30: 911-913
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New point-of-care diagnostic

The test detects
formate after 2-4 mins

Hovda KE et al. Formate test for bedside diagnosis of methanol poisoning. 
Basic Clin Pharmacol Toxicol 2021. 129(1):86-88.

?
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Hovda KE, McMartin KE, Jacobsen D. Methanol and formaldehyde poisoning.  
In: Brent J et al (eds). Critical Care Toxicology, 2nd Edition. Springer Publishing. 2017. 
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Differential diagnosis
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Most important - Alcoholic ketoacidosis

•Alcohol can among other things give: 
• Low extracellular volume (ECV):

Low ECV → ⍺-adrenergic stim → ↓ insulin release
=> the liver oxidizes alcohol → ketones

•↑ L-lactate (because: ↑ NADH/NAD+, sirc. failure, convulsions, lack of thiamine)
Thiamine = cofactor when pyruate enters Krebs´ cyclus (inhibits formation of lactate)

• Low intake of calories→ the liver uses alcohol as energy → ketones

• Treatment: IV fluids, thiamine and glucose (+insulin?)
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New flow charts – for use without or with blood gas machine
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Treatment
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Bicarbonate → less acidosis → less toxicity

HCOOH  H+ + HCOO-

formic acid formate

Bicarbonate
HCOOH  H+ + HCOO-

formic acid formate
pKa = 3.8 meaning ↑ 
pH 0.3 -> reduces 
formic acid amount 
to the half!

2021 - ISN Webinar on poisoning & kidney involvement



pH-dependent reabsorption in the kidney

HCOOH  H+ + HCOO-

Formic acid formate

• Simplified:
• Formate (HCOO-) is excreted through the kidneys
• Formic acid (HCOOH) is reabsorbed in the kidneys

 More acidotic, more reabsorption
=> more bicarbonate, more excretion!

↑ excretion↓ excretion
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Dosing of bicarbonate

1. “Full correction” 

Base deficit x patient weight x 0.3 (= mmol bicarb)

2. If no ABG available:

Give bicarbonate until no more hyperventilation is 
apparent
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Antidote
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Rationale:
Stop the metabolism of the 
parent alcohol to the toxic 
metabolite (the alcohols are 
not toxic themselves)



Two different antidotes.
What are the criteria for choosing one or the
other?

• Availability

• Outcome

• Safety of use

• Cost (antidote + overall cost)

• Simplicity of use

• Availability of supplementary treatment (e.g. ICU, dialysis)

• Other (religious issues etc.)
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Efficacy
– ability to reverse

toxic alcohol effect

Efficiency
– practicality of use



Dosing of ethanol - a suggestion
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Rule of thumb: Beer contains 5%, wine 12-14% and spirits 40-45% ethanol.

Suggested dosing regimen for ethanol 
(be aware of individual differences and frequent under-dosing): 

Hovda KE et al. Methanol and formaldehyde poisoning. Critical Care Toxicology, 2nd Edition 2017. 1769-86.

https://msf.no/mpi



Jacobsen D et al. Am J Med 1988;84:145-52

Dosing difficulties with ethanol
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Therapeutic
ethanol level



-> i.e.: Start the antidotal treatment
as early as possible –
prehospitally if strong suspicion!!!
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Dialysis
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Rationale:
Eliminate the toxic 
alcohol (methanol)  + 
the toxic metabolite 
(formate) + correct 
the acidosis



IHD vs. CRRT – elimination of toxic 
alcohol/metabolite
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IHD vs. CRRT – efficiency of acidemia correction
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IHD vs. CRRT - outcome
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Peritoneal dialysis

• Significantly slower elimination (not well documented) on
elimination of methanol as well as correction of acidosis

• Probably only indicated if nothing else available, transport to dialysis
facilities is not feasible AND the procedure is well known to the
treating doctors
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Keyvan-Larijarni H et al. Arch Intern Med. 1974;134(2):293-296.



Folic/folinic acid
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Simple. No/little side 
effects (vitamin B). 
Cheap. Limited 
documentation on 
outcome. 

Rationale:
Increase the 
endogenous 
(the body´s own) 
metabolism of 
formic acid/formate



Prognosis
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Prognosis - methanol poisoning

• Coma on admission1,2,3,4,5,6,7

• Degree of metabolic acidosis
(pH<6.9-7.0, BЕ -24-28) 1,2,3,4,5,6,7

• Ability to hyperventilate (pH vs. pCO2) 1,2,6,7

• S-methanol NOT prognostic!

1Paasma R et al. Clin Toxicol 2007; 45:152-158
2Hovda KE et al. J Intern Med 2005; 258(2): 181-90
3Hassanian-Moghaddam H et al. Hum Exp Toxicol 2007; 26(7): 583-6
4Liu JJ et al. J Toxicol Clin Toxicol 1998; 36(3): 175-81
5Kute VB et al. Saudi J Kidney Dis Transpl 2012;23(1):37-43
6Paasma R et al. Clin Tox 2012; 50: 823-31
7Zakharov et al. Clin Tox 2014; 52: 1013-1024
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What is the range of the problem?

2021 - ISN Webinar on poisoning & kidney involvement



The range of the problem...
• identified outbreaks of methanol poisoning
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https://docs.google.com/spreadsheets/d/1pcHJuKohfsVGtldOryDvlWa-T0WmblIh0hLTC5SaWeQ/edit?ts=58bd4b2f#gid=1424710251


Reported methanol incidents
– the tip of the iceberg

Thousands are being
poisoned, blinded or dying
every year, but cases are
rarely reported...

https://msf.no/mpi



Summary
• Methanol causes thousands of fatalities, but is not toxic by itself

• Diagnosis is difficult, but can be approached from various sides

• Treatment is effective, but needs early initiation

• Overall handling requires emergency preparedness systems

• Handling can be done everywhere, but requires a basic set of knowledge. 

• Adaptation to local circumstances is crucial to have success
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2021 - EAPCCT webinar on methanol poisoning
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