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Saving Lives from Methanol poisoning:

What Healthcare Provider Should Know

Winai Wananukul, M.D.
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)é ) Methanol Poisoning:
U The Masked Intoxication Which Never Faded Away
®* Methanol poisoning is a serious and often underrecognized condition.

® Itis "masked" because its symptoms can mimic other conditions, leading

to delayed diagnosis and treatment.

® Initial presentation mimics ethanol intoxication, leading to potential

mismanagement.



)é ; Methanol Poisoning:
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®* Methanol poisoning is a significant public health issue, particularly in low-

and middle-income countries.

® Qutbreaks often occur due to the consumption of adulterated alcohol.



Suspected Methanol Poisoning Incidents
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Methanol Poisoning:

° °
e et Mass pOoIsoning Events
FACULTY OF MEDICINE RAMATHI I HOSPITAL

2012 Cambodia: 318 Hospitalization, 49 deaths
2018 Iran: ~ 1,000 cases, 100+ deaths
2020 India (Punjab): 120+ deaths

Indonesia: 30+ deaths

2021 Indonesia: >100 cases, 40 deaths




« Vang Vieng, Loas PDR. Nov 2024

Total Cases ?, 6 Deaths
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M999319N8
BP 140/80 mmHg, HR 110/min, RR 20 /min, T 37°C
A middle-aged male
HEENT: Not pale, no jaundice, no dry mouth, no wound
Neurology: Stupor, pupil 3mm RTL both eyes, no nystagsmus,
positive Doll’s eye sign
Motor er lll all extremities, normal tone, reflex 2+ all

Babinski’s sign: plantar flexion bilateral
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Blood Chemistry: Plasma ¢clucose 202 mg%, HbAlc 6.0%
BUN/Cr18/1.1 mg/dL, Na 135, K 4.7, Cl 103, CO, 9.0 mmol/L.
Anion gap 23

Arterial blood gas:

pH 7.036, PCO, 33.10 mmHg, PO, 559 mmHg, HCO, 9.4 mmol/L

Expected PCO, 22
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Differential diagnosis
1. Alcoholic lactic acidosis and ketoacidosis
2. Toxic alcohol:
Methanol Intoxication
Ethylene ¢lycol Intoxication

3. Diabetic ketoacidosis
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« CT brain: normal, no hypo/hyperdensity lesion

. lasunissnuiUesdulay

e Tyneanismela
® 59 dextrose in NSS iv 150 ml/h

® Thiamine 100 mg iv.

. AARIUAT serum electrolyte 4 1lassiaNn anion gap 20



Y18 91 40 U

Blood Chemistry: Plasma ¢clucose 202 mg%, HbAlc 6.0%
BUN/Cr18/1.1 mg/dL, Na 135, K 4.7, Cl 103, CO, 9.0 mmol/L.
Anion gap 23

Arterial blood gas:

pH 7.036, PCO, 33.10 mmHg, PO, 559 mmHg, HCO, 9.4 mmol/L
Expected PCO, 22

Serum Lactate 9.6 mmol/L, Blood ketone 1.1 mmol/L (normal)
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Differential diagnosis
1. Alcoholic lactic acidosis and ketoacidosis
2. Toxic alcohol:
Methanol Intoxication
Ethylene ¢lycol Intoxication

3. Diabetic ketoacidosis
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Differential diagnosis
1. Toxic alcohol:
Methanol Intoxication
Ethylene ¢lycol Intoxication
2. Alcoholic lactic acidosis and ketoacidosis

3. Diabetic ketoacidosis
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e LNNILINISINRYL LB UL Methanol intoxication
. 1¥n155n91m78 ethanol drip 1119 nasogastric tube

. UInw1 Nephrologist #1549 dialysis
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. 33911 CT brain without contrast Wu
hypodensity lesion at bilateral
putamen, non-specific small
hypodensity lesion at subcortical

white matter at bilateral frontal lobe
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. Nephrologist La¥1n hemodialysis U 2 #asa1nsnElUlsInegIuIa
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. %183 hemodialysis lavean155n©¥1AI8 ethanol
. U 5 vasnsusulsangIvIa gUheRuTuNUIINISNaLAIUEAUNA

« Ophthalmologic examination:
® visual acuity: hand movement both eyes

® bilateral disc swelling, clear vitreous and normal macula, no retinal hemorrhage

or cotton wound spot
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* Juil 7 veamsusulsmnenuia fUieduasnss
M99ANU Glascow Coma Scale (GCS) anad
Uy E2M5V2

® CT scan of brain without contrast:
hyperdensity lesion at left basal ganglion
VYUIA 2.5 x 4.6 x3.3 cm with minimal
midline shift to rigsht 3.7 cmm compatible
with acute hematoma on top of putamen
necrosis

* T9inN15SnNWILUUUSEAUUTLADY
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o r{{ﬂaalé’%’umﬁﬁw CT scan DRANIUNANISSNWIN 1 way 2 dUn1Y 1a9a1nLu
WUINE putamen hemorrhage WU31 hematoma JvW1ALANaT

* NPUEDNANLTINYIUE: Qjﬂ’mﬁ richt hemiplegia grade IV/V, hand movement
VA both eyes HUrganunsatiulaely walker

* HANTSASIVTEAU blood methanol level (15n5U) au1NAT1 200 me/L
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Methanol Poisoning:

Pathophysiology & Clinical Aspects



Methanol Toxicokinetics
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® Absorption: Rapid, via gastrointestinal & respiratory tract
® Distribution: Vd ~ 0.7 L/kg

®* Metabolism:

® Alcohol dehydrogenase (ADH) system in cytosol of hepatocyte

® Peroxidase- catalase system in hepatocyte peroxisomes

® Elimination:
® Mainly by ADH metabolism

® 1% excreted unchanged in urine



Methanol: Metabolic pathways

OH  AlcD S  AldD Py
H,C—CH, H,C—CH H,C—C
OH
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Ethanol Acetaldehyde Acetic acid \
H,O0+ CO,

AlcD AldD 20 Folate

H,C—OH H,C=0

Methanol Formaldehyde Formic acid
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AlcD AldD 0 Folate
H,C—OH H,C=0 HE » H,O0+CO,
OH
Methanol Formaldehyde Formic acid
Clinical effects Central Nervous System Metabolic acidosis

Optic nerve ischemia

Brain ischemia



Methanol poisoning
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® Central Nervous System:
® Same as ethanol (MNDA antagonist & GABA agonist)
® Potency: Methanol < Ethanol < Isopropanol

® Systemic:

® Formic acid inhibit cytochrome ¢ oxidase in mitochondria
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® Early (6-24 h post ingestion):

® Nonspecific symptoms: headache, dizziness, nausea, vomiting, abdominal pain

* Mild CNS depression: similar to ethanol intoxication, but less potent than ethanol
® Late: (12-72 h post ingestion):

® Severe metabolic acidosis (High anion gap)

® Neurological complications: seizures, confusion, coma

® Visual symptoms: blurred vision, photophobia, “snowfield” vision, blindness

® Multi-organ failure: respiratory distress, renal failure
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Death due to respiratory failure or cardiovascular collapse

Permanent blindness
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Brain injury in Methanol Poisoning
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Death due to respiratory failure or cardiovascular collapse

Permanent blindness

Intracerebral infarction & hemorrhage

Parkinsonian-like syndrome (basal ganglia)

Hemiplegia
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« Central nervous system (seizure, coma)
« Metabolic acidosis

« Blindness (optic nerve injury)
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How to make an early diagnosis?



)é ? Diagnosis of Methanol poisoning:
U At Early (Asymptomatic) Phase
High Index of Suspicion:

Methanol poisoning should be suspected in patients with metabolic acidosis and a history of

alcohol consumption, especially illicit or hommemade alcohol.

Laboratory Tests:
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Clinical effects

Lab. test

H,C=0

H,C—OH

Methanol Formaldehyde

Central Nervous System

Serum methanol

Osmolal gap

Laboratory finding in Methanol poisoning

o Folate
HC™ » H,0+CO,
OH

Formic acid

Metabolic acidosis

Optic nerve ischemia

High gap metabolic acidosis
Serum lactate

Urine formic acid



Diagnosis of Methanol poisoning:
bt At Ea rly (ASym ptOm atiC) P h ase
High Index of Suspicion:

Methanol poisoning should be suspected in patients with a history of alcohol consumption,

especially illicit or homemade alcohol.

Laboratory Tests:

Serum Methanol Levels: Confirmatory test, but results may take time

Osmol gap: Elevated osmol gap (Differences between Measured Osmol- Calculated Osmol)



Osmolal gap-Anion gap Relationship

mEq/L
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Normal

Time from ingestion



Diagnosis of Methanol poisoning:
WU A0S oW NS TEUG At Ea rly (ASym ptOm atiC) P h ase
High Index of Suspicion:

Methanol poisoning should be suspected in patients with a history of alcohol consumption,

especially illicit or homemade alcohol.

Laboratory Tests:

Serum Methanol Levels: Confirmatory test, but results may take time
Serum Osmol Gap: Elevated osmol gap (Differences between Measured Osmol- Calculated Osmol)

Anion Gap Metabolic Acidosis: Elevated anion gap
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Methanol level

Toxic level > 25 mcg/dl
Osmol gap

Exogenous osmoles: osmol gap > 19 mOsm/L
Electrolyte:

High gap metabolic acidosis > 20 mEg/L



)é ) Diagnosis of Methanol poisoning:
U Symptomatic Phase: Metabolic Acidosis
oDifferentiating from Other Causes:

o Alcoholic Ketoacidosis

o Ethanol-Induced Lactic Acidosis



Diagnosis of Methanol poisoning:
Symptomatic Phase: Metabolic Acidosis

oDifferentiating from Other Causes:
oAlcoholic Ketoacidosis:

Chronic alcohol consumption, often following a period of binge drinking and subsequent

cessation of food and fluid intake.
A wide anion gap metabolic acidosis, elevated ketone levels and osmol gap.

Often associated with electrolyte imbalances, including hyponatremia, hypokalemia, and

hypophosphatemia.



Diagnosis of Methanol poisoning:
Symptomatic Phase: Metabolic Acidosis
oDifferentiating from Other Causes:

oEthanol-Induced Lactic Acidosis:

Patients consume excessive ethanol and develop abdominal pain, nausea, vomiting,

tachycardia, hypotension, and tachypnea.

Elevated lactate levels (>2.4 mmol/L).



)é » Diagnosis of Methanol poisoning:
U Symptomatic Phase: Metabolic Acidosis
oDifferentiating from Other Causes:

o Alcoholic Ketoacidosis  digions with



Diagnosis of Methanol poisoning:
Symptomatic Phase: Metabolic Acidosis
oKey Diagnostic Clues:

oSevere metabolic acidosis which not corrected by thiamine, slucose and iv fluid therapy, AND

a history of alcohol consumption are strong indicators of methanol poisonine.



é@ Management of Methanol Poisoning
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General management:

Immediate Stabilization:

o Airway, Breathing, Circulation (ABC): Ensure the patient is stable, especially if CNS depression or respiratory

failure is present.

o Correction of Acidosis: Administer sodium bicarbonate to correct metabolic acidosis.

Specific treatment:

o Decontamination X
o Enhanced Elimination v

o Antidotes v



Treatment of Methanol Poisoning

Ethanol
Fomepizole

!

AlcD AldD
H,C=0

Methanol Formaldehyde

e

HC™

Folate

i
OH

Formic acid

» H,0+ CO,
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« Ethanol

— Compete with methanol (as substrate) to be metabolized by alcohol

dehydrogenase

« Fomepizole

— Inhibit alcohol dehydrogenase
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e Mechanism of action:

— Compete methanol to be metabolized by alcohol dehydrogenase
« Therapeutic goal:

— Serum ethanol level of = 100 mg/dl

 Availability of ethanol
— Oral v

— Intravenous v
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RAMATHIBODI POISON CENTER

Faculty of Medicine RamathodHospital, Mahidol University

Sukho Place Building, Sukhothai Rd., Bangkok 10300 Hotline 1367

PREPARATION OF 20% ETHANOL PO FROM ALCOHOL BEVERAGE (37%v/v)

Calculation:

Sp.gr (D) - Mwv

Ethanol density (D) = 0.79 g¢/mL
Alcohol beverage 37% v/v = 0.37 mL of ethanol in solution 1 mL

M (Mass of 0.37 mL ethanol) = D'V
= 0.79 ¢/mL * 0.37 mL
= 0292¢
Therefore, 1 mL solution of alcohol b ge 37% v/v contains ethanol 292 mg.

PREPARING 20% ETHANOL SOLUTION: Ethanol 20% v/v contains 158 mg ethanol/mL or
approximately 150 mg ethanol/mL

Therefore,

20% ethanol solution can be prepared by adding 1 mL of alcobol beverage 37% to

1 mlL of drinking water. (to make up a volume of 2 mL, 1:1)

Oral Ethanol

-
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RAMATHIBODI POISON CENTER
Faculty of Medicine RamathibodiHospital, Mahidol University
Sukho Place Building, Sukhothai Rrd., Bangkok 10300 Hotline 1367

20% ETHANOL ORAL ADMINISTRATION’

IN METHANOL POISONING

Prepare from Alcohol Beverage Concentration 37% w/iv

Volume of Alcohol Beverage (mLY Volume of added Water (mL)
Dose in various Body Weight (kg)
10 kg 15kg 30 kg 50 kg T0 kg 100 kg
Loading Dose: 800 meg/kg mar a1/l B2 137137 1927192 274274
(NG feed or PO}
Normal Maintenance Dose: select an option
below to keep Blood ethanol level 100 mese
[0 80 meskemr 3 aa s 14/14 19/19 2828
O 110 mekerhe ad &6 1111 19/19 26/26 3838
[ 130 markarhr 5/5 ki 13713 2222 v 4575
Maintenance Dose for Chronic Alcoholic:
O 150 meskahe 5/5 7} 15/15 26/26 36/36 5252
: Dose During Aialvst
select an option below to keep blood ethancl
level 100 mg%
D 250 mg/kg/hr w9 13713 26/26 43/43 G060 B&MBS
O 300 me/kgrhr w10 | 1616 | 3w3 52/52 1272 103/103
D 350 my/kg/hr 1212 1818 34736 S0/60 8484 1207120

"20% ethanol solution s preferred for palatability and absorption.
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RAMATHIBODI POISON CENTER

Faculty of Medicne RamathiodiHaspital, Mahidol University

Sukho Place Building, Sukhothai Rd., Bangkok 10300 Hotline 1367

PREPARATION OF 10% ETHANOL IV FROM ABSOLUTE ETHANOL (99%v/v)

Calculation:

Sp.gr (D) = Mwv

D = Density (kg/L) ... (g/mL)
= Mass (kg)
v = Volume (L) ....... (mL)
Ethanol density (D) =0.79 ¢/mL
Absolute ethanol 99% v/v = 0.99 mL of ethanol in solution 1 mL

M (Mass of 0.99 mL ethanol) = D*v
= 079 ¢/mL*099 mL
= o782g
= 08¢
Therefore, 1 mL solution of absolute ethanol (99% v/v) contains ethanol 800 mg.

PREPARING 10% ETHANOL SOLUTION: Ethanol 10% v/v contains 80 mg ethanol/mL.
Therefore,

10% ethanol solution can be prepared by adding 1 mL of absolute ethanol (99%) to
9 mL of dextrose 5%. (to make up a volume of 10 mL, 1:10)

Intravenous ethanol

om - - o

AUTINOTTGUR
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RAMATHIBODI POISON CENTER

Faculty of Medicine RamathibodiHospital, Mahidol University

Sukho Place Building, Sukhothai Rdl., Bangkok 10300 Hotline 1367

10% ETHANOL INTRAVENOUS ADMINISTRATION"
IN METHANOL POISONING

Prepare from Absolute Ethanol Conc Y 9996 VAV

Volume of 99% Ethanol (mL)/ Volume of Dextrose 5% (mL)

Dose in various Body Weight (kg)
10 kg 15kg 30 kg 50 kg 70 kg 100 kg
Loading Dose: 800 mg/kg 10/90 15/135 | 30/270 50/450 70/630 100/900

(nfusion over 1 hr)

Normal Maintenance Dose: select an option

below to keep blood ethanol level 100 me%s
[0 20 mexghe V9 15135 | w1 5/a5 /63 10/%
O 110 mgkgte 14126 | 218 3% /63 1090 14/126
0 130 me/kg/he 1.6134 | 25/225 wvas a2 11.5/1035 167144

Maintenance Dose for Chronic Alcoholic:
O 150 me/keme 218 21 sa a1 117 19171

e Dose During F dial
select an option below to keep blood ethanol

level 100 mg3
[0 250 mekerhr 321 5/a5 9 /81 167144 22/198 312719
[0 300 me/kerhr ar36 /54 199 191171 26237 38302
B w5 . 45405 | /63 By | 22198 31219 44/396

"109% ethanol solution is preferred for IV to minimize fluids, but may require central venous access
in children.




Treatment of Methanol Poisoning

Ethanol
Fomepizole
l Folate
AlcD AldD _0
H,C—OH H,C=0 Hfl > H,0+ CO,
OH
Methanol Formaldehyde Formic acid

T~

Hemodialysis
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« Mechanism of actions:
— Remove methanol and formic acid

— Correct acidosis
e Indications:

Suspected methanol poisoning patients with

— New visual impairment with metabolic acidosis or detectable methanol level OR
— Severe metabolic acidosis (pH<7.1) OR
— Serum methanol > 50 mg/dl OR

— History of ingestion > 1 g/kg of methanol
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« Endpoints:
— Serum concentration < 20 mg/dl And

— No acidosis

« |If no serum concentration available:

— After hemodialysis:
o discontinue ethanol
 follow electrolyte for metabolic acidosis
e If re-occur, repeat hemodialysis

e If not, stop treatment
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« General management:
« Specific treatment:
« Supportive Care:
oFluid and Electrolyte Management: Correct dehydration and electrolyte imbalances.

oOphthalmologic Evaluation: Monitor for optic nerve damage and visual impairment.

oObserve for other neurological complications



Q) Antidote Supply in Thailand

Ethanol
Ethanol oral
Ethanol intravenous: Ramathibodi Poison Center

Fomepizole

° Undergoing registration as an orphan drug in the National Essential Drug List by the Thai FDA

° In the process of being included in the Thai National Antidote Program by the NHSO



Key Takeaways

Early recognition, prompt treatment, and access to antidotes are critical for

saving lives in methanol poisoning.

Healthcare providers should have a high index of suspicion for methanol

poisoning, especially in regions where illicit alcohol is prevalent.

Advocate for stronger regulatory measures and public health interventions

to prevent future outbreaks.
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