MALDEK
STUDY SHEET - TOXICOLOGY /f HEMATOLOGY

Methemoglobinemia

Poison locks hemoglobin's iron in the wrong form so it cannot carry oxygen.
Methylene blue flips it back.

THE ONE-LINE TRUTH

An oxidizing poison flips the iron inside hemoglobin from the good form (Fe?*) that grabs
oxygen to a bad form (Fe3+) that cannot, so the blood turns chocolate brown and the body
turns blue even though the lungs work fine.

The chain — how it unfolds

1.

Oxidant drug or chemical enters the blood and flips hemoglobin iron from Fe?* to Fe3*. —
why: Dapsone, benzocaine, nitrites, or other oxidizers steal an electron from the heme iron,
changing it to the ferric (Fe3+) state. That Fe3* form cannot bind oxygen at all, so each
molecule of methemoglobin is dead weight.

. Methemoglobin climbs above 1-2 percent and the blood turns chocolate brown. — why:

Normal hemoglobin is bright red when oxygenated; methemoglobin is dark brown. As more
hemoglobin is oxidized, the blood loses its red color and looks brown or muddy, even when
drawn into a tube.

. Pulse oximeter reads falsely around 85 percent and will not climb with supplemental

oxygen. — why: The pulse ox shines red and infrared light through the finger;
methemoglobin absorbs both wavelengths equally, so the device reads roughly 85 percent
no matter how much oxygen you give. This is a false reading—it does not reflect true
oxygen saturation.

. Bluish skin (Cyanosis) (blue skin, lips, nails) appears even though arterial pO2 measured on

a blood gas is normal. — why: Dissolved oxygen in the plasma (pO32) is fine because the
lungs work, but the hemoglobin cannot carry that oxygen to tissues. The blue color comes
from deoxygenated and methemoglobin circulating in the skin, not from lung failure.

. Symptoms progress from headache and fatigue (10-20 percent methemoglobin) to

confusion, chest pain, and shortness of breath (20-50 percent). — why: The brain and heart
are the hungriest organs for oxygen. As functional hemoglobin drops, they are the first to
signal distress—headache, dizziness, rapid heartbeat, and chest tightness as the heart
strains to compensate.

educational use only - not a substitute for clinical judgment page 1 of 4



Maldek Study Sheet - Toxicology / Hematology

6. Above 50 percent methemoglobin, seizures, loss of consciousness, arrhythmias, and cardiac
arrest occur. — why: At this level, less than half the hemoglobin can carry oxygen. The
brain shuts down (seizure, coma), and the heart cannot maintain rhythm or pressure. Death
follows within minutes without treatment.

7. Methylene blue (1-2 mg/kg IV) rapidly reduces Fe3* back to Fe?*, restoring oxygen-carrying
capacity within 30-60 minutes. — why: Methylene blue donates electrons through an
alternate enzyme pathway (NADPH-methemoglobin reductase) that bypasses the
overwhelmed cytochrome b5 reductase. As Fe3* flips back to Fe?*, hemoglobin can grab
oxygen again, bluish skin (cyanosis) clears, and symptoms resolve.

8. If the oxidant exposure stops and methemoglobin is reduced, full recovery is the rule;
chronic exposure or enzyme deficiency requires ongoing prevention. — why: Once the iron
is fixed, red cells live their normal 120-day lifespan and the body makes fresh hemoglobin.
Patients with inherited enzyme deficiency must avoid oxidant drugs for life; acquired cases
recover completely if the trigger is removed.

Spot it — what you see, and why

* Blue or gray skin and lips (cyanosis): Methemoglobin (a changed form of the blood's oxygen
carrier) is dark brownish-blue instead of bright red, so when it builds up above about 10-
15% of total hemoglobin, the skin and lips look blue-gray even though oxygen levels may
not be dangerously low yet.

* Headache: The brain is very hungry for oxygen; when methemoglobin can't carry oxygen
well, the brain senses a shortage and blood vessels widen to try to deliver more blood,
which stretches pain-sensing nerves and causes a headache.

» Feeling tired or weak: Because methemoglobin locks onto oxygen and won't let it go to the
body's cells, muscles and organs don't get enough fuel to work normally, so the person feels
worn out and weak.

* Dizziness or lightheadedness: The brain needs a steady oxygen supply to keep balance and
alertness; when methemoglobin levels rise, less oxygen reaches the brain's balance centers
(the cerebellum and inner-ear pathways), making the person feel dizzy or unsteady.

» Fast breathing (tachypnea): The brainstem's breathing control center (the medulla) senses
that blood oxygen delivery is low, so it speeds up breathing to try to pull in more oxygen
and blow off extra carbon dioxide.

» Fast heart rate (tachycardia): The heart pumps faster to circulate more blood per minute,
trying to make up for the fact that each red blood cell is carrying less usable oxygen
because of the methemoglobin.
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Red flags — act now

* Methemoglobin level above 20% (serious oxygen delivery problem; may need the antidote

methylene blue)

* Confusion, seizures, or passing out (sign the brain is dangerously low on oxygen)

* Chest pain or irregular heartbeat (the heart is struggling because it's not getting enough

oxygen)

» Severe shortness of breath or very fast breathing that doesn't improve with oxygen (oxygen

therapy alone won't fix methemoglobinemia because the problem is in the blood, not the
lungs)

Treat it — in this order

1.

STOP the poison immediately (remove or stop dapsone, benzocaine spray, local anesthetic,
nitrites, aniline dye, or any other trigger) — Shuts off the source that keeps ripping
electrons from hemoglobin and forcing iron into the broken Fe3* form. Once you stop the
incoming damage, the body's natural enzymes (mainly cytochrome b5 reductase) can slowly
convert methemoglobin back to normal hemoglobin at about 15% per hour — but ONLY if
no new poison is arriving.

. Methylene blue 1-2 mg/kg IV over 5 minutes (for methemoglobin > 20% OR any level with

serious symptoms like confusion, chest pain, or shortness of breath) — Donates electrons
through an alternate pathway (NADPH-methemoglobin reductase) to flip Fe3* iron back to
Fe2+ iron in minutes, directly fixing the broken hemoglobin so it can carry oxygen again.
Bluish skin (Cyanosis) fades, oxygen delivery improves, and symptoms lift within 30-60
minutes.

. Supplemental oxygen (high-flow nasal cannula or non-rebreather mask at 10-15 L/min) -

Keeps the small amount of remaining normal hemoglobin (Fe?+) fully loaded with oxygen
and increases the tiny amount of oxygen dissolved directly in the blood plasma, helping
tissues survive while you reverse the methemoglobin with methylene blue.

. Ascorbic acid (vitamin C) 500 mg to 1 gram by mouth or IV, repeated every few hours for

mild cases (methemoglobin 10-20%, minimal symptoms) or as add-on therapy — Slowly
donates electrons to reduce Fe3+ back to Fe?* through a gentler chemical pathway that does
not depend on G6PD. Safe, cheap, and effective for low-level methemoglobin or in patients
who cannot receive methylene blue.

. Exchange transfusion (remove the patient's blood and replace it with donor blood) for

refractory or very severe cases (methemoglobin > 70%, no response to methylene blue, or
methylene blue contraindicated) — Physically removes the blood pool full of broken
methemoglobin and replaces it with fresh red cells that have normal Fe?* hemoglobin,
immediately improving oxygen delivery without needing to wait for chemical reduction.
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Your top priorities at the bedside

1. Apply pulse oximetry and obtain arterial blood gas with co-oximetry panel immediately,
then place patient on continuous SpO2 monitoring. — why: Regular pulse oximeters read
falsely at 85 percent because methemoglobin (bad iron) absorbs light differently; co-
oximetry (special blood test) directly measures the methemoglobin level to guide treatment
and a level above 20 percent needs urgent methylene blue.

2. Start high-flow oxygen by non-rebreather mask at 15 liters per minute even if pulse ox
reads normal. — why: The remaining normal hemoglobin (good iron) needs maximum
oxygen saturation (loading with oxygen) to compensate for the methemoglobin that cannot
carry oxygen, improving oxygen delivery to vital organs like the brain and heart.

3. Establish large-bore IV access and prepare methylene blue 1 to 2 milligrams per kilogram
for IV push over 5 minutes if methemoglobin level is above 20 percent or patient has
symptoms. — why: Methylene blue acts as an electron donor (gives electrons) that converts
methemoglobin back to normal hemoglobin within 30 to 60 minutes, rapidly restoring
oxygen-carrying capacity and reversing bluish skin (cyanosis) (blue skin).
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