MALDEK
CONDITION CATALOG - TOXICOLOGY / HEMATOLOGY

Methemoglobinemia

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 STORY IN ONE SENTENCE

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.

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

Normal anatomy — the body's job

Hemoglobin inside red blood cells carries oxygen from your lungs to every tissue in your body.
Each hemoglobin molecule holds four iron atoms, and each iron must stay in the Fe?* (ferrous)
form to grab and release oxygen properly.

BODY'S JOB

Fe2* iron binds oxygen in the lungs (where oxygen is plentiful), then releases it in tissues
(where oxygen is low). An enzyme called cytochrome b5 reductase (NADH-dependent)
continuously flips any stray Fe3+ back to Fe?*+, keeping methemoglobin below 1-2 percent
of total hemoglobin at all times.

. Lungs fill with air; oxygen crosses into the blood.
. Hemoglobin's Fe?* iron grabs oxygen molecules, turning the blood bright red.

. Red cells flow through arteries to tissues (brain, heart, muscles).

1

2

3

4. Tissues pull oxygen off the hemoglobin; blood turns darker red.

5. Cytochrome b5 reductase flips any accidental Fe3* back to Fe?* every cycle.
6

. Red cells return to the lungs, reload oxygen, and the cycle repeats.
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What breaks

An oxidizing poison overwhelms the enzyme that keeps iron in the good Fe?* form. The iron
flips to Fe3+ faster than the enzyme can fix it, so methemoglobin (the bad version) piles up and
oxygen delivery stops.

CLINICAL TERM
Oxidant exposure (dapsone, benzocaine, nitrites, aniline dyes, chloroquine, primaquine, or
nitrobenzene) oxidizes heme iron from Fe2* to Fe3*, forming methemoglobin. Cytochrome
b5 reductase is overwhelmed, and methemoglobin rises above 1-2 percent. Because Fe3*
cannot bind oxygen, functional oxygen-carrying capacity drops even though dissolved pO2
remains normal.

How the body compensates

The body tries to deliver oxygen by pumping faster (tachycardia) and breathing faster
(tachypnea), but because the hemoglobin itself cannot carry oxygen, these efforts fail to raise
oxygen delivery. Vital signs may look acceptable until methemoglobin climbs above 30 percent,
then compensation collapses suddenly.

1. Heart rate rises to push more blood per minute, trying to deliver oxygen with the few
working hemoglobin molecules left.

2. Breathing rate climbs because the brain senses low oxygen delivery, even though lung
oxygen levels are fine.

3. Blood pressure may stay normal at first because the heart is pumping hard and blood
vessels squeeze down.

4. Bluish skin (Cyanosis) (blue lips, fingertips, skin) appears because the blood is half-full of
brown methemoglobin that cannot carry oxygen; tissues stay hungry.

5. Once methemoglobin exceeds 30-40 percent, the heart cannot pump fast enough to
compensate; blood pressure drops, confusion sets in, and arrhythmias (irregular
heartbeats) start.

6. Above 50-70 percent methemoglobin, oxygen delivery to the brain and heart falls so low
that seizures, coma, heart attack, or cardiac arrest occurs within minutes.

Domino effect

1. Oxidant drug or chemical enters the blood and flips hemoglobin iron from Fe?* to Fe3+. —
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.
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2. Methemoglobin climbs above 1-2 percent and the blood turns chocolate brown. — 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.

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

4. Bluish skin (Cyanosis) (blue skin, lips, nails) appears even though arterial pO2 measured on
a blood gas is normal. — 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.

5. Symptoms progress from headache and fatigue (10-20 percent methemoglobin) to
confusion, chest pain, and shortness of breath (20-50 percent). — 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.

6. Above 50 percent methemoglobin, seizures, loss of consciousness, arrhythmias, and cardiac
arrest occur. — 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. — 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. — 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.

Symptoms - what the patient feels, 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.

educational use only - not a substitute for clinical judgment page 3 of 13



Maldek Condition Catalog - Toxicology / Hematology

* 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.

Nausea: The gut and the brain's nausea center (the chemoreceptor trigger zone in the
brainstem) are sensitive to low oxygen and chemical stress; methemoglobinemia can
trigger these sensors and cause queasiness.

Confusion or altered mental status: The brain's thinking centers (especially the prefrontal
cortex) need a lot of oxygen; when methemoglobin levels climb above 30-40%, oxygen
delivery drops enough that neurons can't fire properly, causing foggy thinking, confusion, or
even loss of consciousness.

Shortness of breath (dyspnea): Even though the lungs are pulling in oxygen, the blood can't
carry it well, so the body feels starved for air and the person breathes harder and faster
trying to catch their breath.

Seizures or loss of consciousness: When methemoglobin levels rise above 50-60%, the
brain's neurons don't get enough oxygen to maintain normal electrical activity, which can
cause the brain to misfire (seizure) or shut down protectively (passing out).

Focused exam

* Blue or purple skin and lips (cyanosis) that does NOT turn pink even when you give 100%
oxygen: Normal bluish skin (cyanosis) from low oxygen gets better with extra oxygen. If it
stays blue, the problem is inside the blood itself — the hemoglobin's iron has flipped to a
form that cannot carry oxygen, no matter how much air you give.

educational use only - not a substitute for clinical judgment page 4 of 13



Maldek Condition Catalog - Toxicology / Hematology

* Pulse oximeter reading stuck around 85% and won't budge higher, even on high-flow
oxygen: A regular pulse oximeter cannot tell the difference between normal hemoglobin
and methemoglobin, so it reads a false middle number around 85%. This mismatch — bluish
patient but 'okay' oxygen number — is a red flag that methemoglobin is fooling the
machine.

* Headache, dizziness, confusion, or shortness of breath that gets worse as methemoglobin
level climbs: The brain and muscles are starving for oxygen because the blood's cargo
trucks (hemoglobin) have broken loading docks (Fe3* iron instead of Fe?*). As the
percentage of bad hemoglobin rises, tissues cry out louder — first a headache, then
confusion, then seizures or coma if it keeps climbing.

* Recent use of a known trigger: dapsone, benzocaine spray, local anesthetic, nitrites (food
preservative or recreational 'poppers'), aniline dye, or nitrobenzene: These chemicals rip
electrons off hemoglobin's iron, forcing it from Fe?* (good form that holds oxygen) to Fe3*
(broken form that cannot). Finding the trigger tells you the cause and reminds you to STOP
it immediately.

* Chocolate-brown blood when you draw it (instead of the usual bright red or dark red):
Normal hemoglobin is red because Fe?* iron holds oxygen tightly. Methemoglobin is brown
because Fe3* iron sits empty and reflects light differently. This brown color is so classic that
seeing it clinches the diagnosis even before the lab result comes back.

Diagnostics - every test answers a question

* Co-oximetry (arterial or venous blood gas with methemoglobin measurement) - How much
of the patient's hemoglobin has flipped to the broken Fe3* form that cannot carry oxygen?

* Arterial blood gas (ABG) with calculated oxygen saturation — Is the oxygen pressure in the
blood normal even though the patient looks blue and the pulse oximeter reads low?

* Pulse oximetry (Sp0O2) reading — Does the oxygen reading stay stuck around 85% and
refuse to go higher, even on 100% oxygen?

* Complete blood count (CBC) and reticulocyte count — Is the patient also breaking red blood
cells (hemolysis), especially if you gave methylene blue and they have G6PD deficiency?

* Comprehensive metabolic panel (electrolytes, kidney and liver function) — Is the body still
able to clear the poison and support itself, or are the kidneys and liver struggling?

» Toxicology screen or specific drug levels (e.g. dapsone level) — Which poison caused the
methemoglobin, and is it still in the body at dangerous levels?
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Treatment logic

» 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
Fe?* 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.

* Hyperbaric oxygen therapy (placing the patient in a high-pressure oxygen chamber) for life-
threatening cases when methylene blue fails or cannot be given — Forces large amounts of
oxygen to dissolve directly in the blood plasma (not carried by hemoglobin), bypassing the
broken hemoglobin entirely and delivering oxygen to tissues by sheer pressure. Can buy
time until exchange transfusion or other rescue measures work.

* Monitor methemoglobin levels every 4-6 hours for at least 24 hours after treatment,
especially with long-acting triggers like dapsone — Catches rebound methemoglobin early.
Some poisons (especially dapsone, which has a half-life of 20-30 hours) keep releasing into
the blood and re-oxidizing hemoglobin even after the first dose of methylene blue wears off
(methylene blue's effect lasts only a few hours). Repeat dosing may be needed.
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Medications

Methylene blue - Electron donor (reducing agent)

Methylene blue donates electrons to methemoglobin (the stuck, brown form of hemoglobin that
can't carry oxygen) and flips it back into normal red hemoglobin that can grab oxygen again. It
acts like a jump-start that resets the iron inside hemoglobin from its stuck +3 state back to the
working +2 state, so oxygen can hook on and ride through the bloodstream to feed tissues.

1. Methylene blue enters the red blood cell and gets picked up by NADPH-methemoglobin
reductase, an enzyme that normally contributes only a small amount to fixing
methemoglobin.

2. The enzyme uses NADPH (a cellular energy carrier made during glucose metabolism) to
reduce methylene blue into leukomethylene blue (the colorless, active form).

3. Leukomethylene blue donates its electrons directly to methemoglobin, converting the iron
from Fe3+ (oxidized, stuck) back to Fe?* (reduced, ready to carry oxygen).

4. Normal hemoglobin is restored, oxygen delivery resumes, and the patient's blood shifts
from chocolate-brown back to healthy red.

SAFETY WATCH

NEVER give methylene blue to someone with G6PD deficiency—it will cause red blood cell
destruction (hemolysis) (red cells bursting apart), worsening anemia and potentially
triggering kidney injury from released hemoglobin. - Methylene blue can interfere with
pulse oximetry readings, making oxygen saturation appear falsely low (often reading
around 85%) even after methemoglobin is corrected; check an arterial blood gas co-
oximetry instead to see the real methemoglobin level. - Avoid in patients taking
serotonergic drugs (SSRIs, SNRIs, MAO inhibitors) because methylene blue inhibits
monoamine oxidase and can rarely trigger serotonin syndrome (dangerously high
serotonin causing confusion, agitation, fever, muscle rigidity, and seizures). - Dose is 1-2
mg/kg IV given slowly over 5 minutes; improvement (oxygen levels rising, skin color
changing from blue-gray to pink) usually appears within 30-60 minutes. A second dose
may be given if methemoglobin remains high after one hour, but repeated dosing can itself
cause mild methemoglobinemia (methylene blue in high amounts becomes an oxidant). -
Urine and skin may turn blue-green temporarily; reassure the patient this is harmless and
will clear.

Ascorbic acid (Vitamin C) - Antioxidant (reducing agent)

Ascorbic acid slowly donates electrons to methemoglobin, nudging the stuck iron back to its
normal state so hemoglobin can carry oxygen again. It works much more slowly than
methylene blue—taking hours to days instead of minutes—so it is used only for mild, chronic
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methemoglobinemia or when methylene blue cannot be given (such as in G6PD deficiency).
Think of it as a gentle, steady reset rather than a quick jump-start.

1. Ascorbic acid circulates in the blood and enters red cells.

2. It donates electrons directly to the oxidized iron (Fe3*) in methemoglobin, converting it
back to reduced iron (Fe?*) in normal hemoglobin.

3. The process is slow because ascorbic acid is a weak reducing agent compared to the
methylene-blue-NADPH system; methemoglobin levels drop gradually over hours to days.

4. Ascorbic acid is consumed (oxidized to dehydroascorbic acid) during this process, so
repeated dosing is needed for ongoing or chronic exposure.

SAFETY WATCH

Generally very safe; ascorbic acid is vitamin C, a nutrient the body uses every day. - High
doses (several grams per day) can rarely cause kidney stones (especially calcium oxalate
stones) in people prone to them, and may cause diarrhea or stomach upset. - Used at doses
of 300-1000 mg orally per day for mild chronic methemoglobinemia; not standardized
because it is rarely the first-line choice. - Safe in G6PD deficiency, unlike methylene blue,
making it the backup option when methylene blue is contraindicated and the
methemoglobinemia is not immediately life-threatening.

Removal of the offending agent - Primary intervention (not a drug)

This is not a medication, but it is the FIRST and most essential step in treating
methemoglobinemia: identify and STOP the chemical or drug that is oxidizing hemoglobin.
Methemoglobin forms when something keeps pushing the iron in hemoglobin from its normal
Fe?* state (which holds oxygen) into the stuck Fe3* state (which cannot). If you keep pouring in
the poison, even the best treatments cannot keep up. Once the oxidizing agent is removed, the
body's natural methemoglobin reductase enzyme (which continuously repairs small amounts of
methemoglobin every day) can start to catch up and gradually lower methemoglobin levels on
its own, especially in mild cases.

1. Identify the trigger: common culprits include dapsone (used for pneumocystis pneumonia or

dermatitis herpetiformis), local anesthetics containing benzocaine (topical throat sprays,
teething gels), nitrates/nitrites (in contaminated well water, cured meats, or used
recreationally as 'poppers'), sulfonamide antibiotics, primaquine (antimalarial),
phenazopyridine (urinary analgesic), and aniline dyes or nitrobenzene (industrial/
occupational exposure).

2. STOP the exposure: discontinue the drug, wash the chemical off the skin, remove the
contaminated food or water source, or stop the inhaled agent.
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3. Without further oxidative stress, red cells stop making new methemoglobin and the
baseline NADH-methemoglobin reductase system (which normally handles ~1%
methemoglobin every day) can begin reducing the accumulated methemoglobin back to
hemoglobin at a rate of roughly 15% per day in healthy individuals.

4. In mild cases (methemoglobin under ~20%, no symptoms), simply removing the agent and
providing supplemental oxygen may be enough; the body will clear the methemoglobin on
its own within 24-48 hours.

SAFETY WATCH

Always ask about recent medication changes, new topical anesthetics (dental work,
endoscopy with benzocaine spray, over-the-counter sore throat spray), well water use
(especially in rural areas or after heavy rain), and occupational chemical exposure when
methemoglobinemia is suspected. - Consider co-ingestions: some cases involve multiple
oxidants (for example, a patient on dapsone who also used a benzocaine spray), and each
must be identified and stopped. - In infants, even small exposures (teething gel, nitrate-
contaminated formula mixed with well water) can cause significant methemoglobinemia
because their fetal hemoglobin is more easily oxidized and their methemoglobin reductase
systems are immature. - Document the exposure clearly in the medical record to prevent
re-challenge (the same drug or chemical should be avoided permanently, and alternatives
should be chosen).

Exchange transfusion or red cell transfusion - Supportive intervention (not a
drug)

When methemoglobin levels are life-threateningly high (usually above 50-70%) and methylene
blue has failed, cannot be given (G6PD deficiency), or is not working fast enough, the fastest
way to restore oxygen-carrying capacity is to physically REPLACE the patient's blood with
healthy donor blood that contains normal hemoglobin. Exchange transfusion removes brown,
dysfunctional blood and swaps in fresh red cells that can immediately grab and deliver oxygen.
Simple (additive) transfusion can also help by diluting the methemoglobin and adding
functional hemoglobin, though it does not remove the abnormal blood. Think of it as swapping
out a tank of bad fuel for good fuel when the engine cannot wait for a slow chemical fix.

1. Exchange transfusion uses a machine (or manual technique in resource-limited settings) to
remove the patient's blood in small aliquots and replace it with donor packed red cells and
plasma, cycling until a large volume (often 1-2 blood volumes) has been swapped.

2. Methemoglobin-laden red cells are removed, and fresh red cells with normal hemoglobin
take their place, immediately improving the oxygen-carrying capacity without waiting for
biochemical reduction.
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3. Simple transfusion adds healthy red cells without removing the patient's blood, raising the
total hemoglobin and diluting the proportion of methemoglobin; it is faster and easier but
less effective than exchange.

4. The procedure is typically reserved for patients in extremis (severe low oxygen (hypoxia),
altered mental status, cardiovascular instability) who have not responded to methylene blue
within 1-2 hours or who cannot receive methylene blue (G6PD deficiency).

SAFETY WATCH

Transfusion carries standard blood product risks: transfusion reactions (allergic, feverish
(febrile), destroying red blood cells (hemolytic)), fluid overload (especially in patients with
heart or kidney disease), infection (rare with modern screening), and transfusion-related
acute lung injury (TRALI). - Exchange transfusion is more complex, requiring central
venous access, careful volume balance, and monitoring of electrolytes (especially calcium
and potassium, which can shift during the procedure). - Use O-negative or type-specific
packed red cells; use blood warmer if exchanging large volumes to prevent hypothermia. -
Continuously monitor oxygen saturation (via arterial blood gas co-oximetry, not pulse
oximetry, which is unreliable in methemoglobinemia), heart rhythm, and blood pressure
during the procedure. - Reserve for true emergencies—exchange transfusion is invasive
and resource-intensive, used only when methylene blue fails or is contraindicated and the
patient is critically ill.

Hyperbaric oxygen - Supportive intervention (not a drug)

Hyperbaric oxygen delivers 100% oxygen at pressures higher than normal atmospheric
pressure (typically 2-3 atmospheres) inside a sealed chamber, forcing extra oxygen to dissolve
directly into the plasma (the liquid part of blood) rather than relying solely on hemoglobin to
carry it. In severe methemoglobinemia, most hemoglobin is stuck in the methemoglobin form
and cannot carry oxygen, but dissolved oxygen in plasma can still reach tissues and keep vital
organs (brain, heart) alive while methylene blue or the body's natural systems slowly restore
normal hemoglobin. Think of it as a temporary oxygen bypass, like breathing for the blood
when the usual oxygen-delivery trucks (hemoglobin) are out of service.

1. The patient is placed in a hyperbaric chamber and breathes 100% oxygen at 2-3 times
normal atmospheric pressure.

2. Under high pressure, oxygen solubility in plasma increases dramatically (normally plasma
carries only ~0.3 mL O2/dL, but hyperbaric conditions can raise this several-fold), allowing
oxygen to dissolve in the liquid blood rather than depending on hemoglobin.

3. Dissolved oxygen diffuses into tissues, temporarily meeting metabolic oxygen demands
despite the high methemoglobin load.
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4. This buys time for methylene blue to work, for the offending agent to be cleared, or for
exchange transfusion to be arranged, preventing end-organ damage (brain injury,
myocardial starved blood flow (ischemia), lactic acidosis (acid from oxygen-starved tissues))
during the critical window.

SAFETY WATCH

Hyperbaric oxygen is available only in specialized centers (often large academic hospitals
or facilities with dive medicine programs), so it is NOT a first-line option and should not
delay methylene blue or exchange transfusion if those are available. - Risks include
barotrauma (ear or sinus injury from pressure changes, which can be severe in
unconscious or uncooperative patients), oxygen toxicity (seizures, lung injury) if used for
prolonged periods or at very high pressures, and claustrophobia (the chamber is a small,
enclosed space). - Requires stable patients who can tolerate being in the chamber;
critically unstable patients (on pressors, intubated) may be too difficult to manage inside
the chamber. - Typically considered only in rare, severe, refractory cases when methylene
blue has failed or is contraindicated (G6PD deficiency) and exchange transfusion is not
immediately available or is also failing. - Most commonly mentioned in case reports and
expert guidelines as a last-resort measure rather than standard practice.

Red flags

* 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)

Nursing priorities

1. Apply pulse oximetry and obtain arterial blood gas with co-oximetry panel immediately,
then place patient on continuous SpO2 monitoring. — 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.
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2. Start high-flow oxygen by non-rebreather mask at 15 liters per minute even if pulse ox
reads normal. — 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. — 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).

4. Immediately remove or stop any suspected causative agent including topical anesthetics,
medications, or chemical exposures, and document exact timing and dose. — Continued
exposure keeps forming more methemoglobin faster than the body or methylene blue can
fix it, so stopping the trigger is essential for treatment success and prevents rebound
elevations.

5. Check G6PD enzyme level before giving methylene blue, and if deficiency is known or
suspected, prepare ascorbic acid 500 milligrams to 1 gram IV or arrange exchange
transfusion instead. — Methylene blue requires G6PD enzyme (glucose-6-phosphate
dehydrogenase enzyme) to work and causes severe red blood cell destruction (hemolysis)
(red blood cell destruction) in deficient patients, making vitamin C or blood replacement
the only safe options.

6. Perform neurologic checks every 15 minutes and monitor for chest pain, arrhythmias on
telemetry, and lactate levels. — The brain and heart have the highest oxygen demands, so
confusion, seizures, or cardiac starved blood flow (ischemia) (heart muscle oxygen
shortage) indicate critical tissue low oxygen (hypoxia) (low oxygen) requiring escalation to
exchange transfusion or hyperbaric oxygen (high-pressure oxygen chamber).

7. Recheck methemoglobin level 1 hour after methylene blue dose and monitor for recurrence
over the next 24 hours. — Some causative agents like dapsone (antibiotic) have long half-
lives (stay in body many hours) and can cause rebound methemoglobinemia (bad iron
comes back) after initial treatment, requiring repeat methylene blue dosing.

8. Educate patient and family to avoid the identified trigger permanently and provide written
list of medications and products containing benzocaine, dapsone, or nitrites. — Re-exposure
will cause recurrent methemoglobinemia, and many over-the-counter products like
Chloraseptic spray, Orajel, and Anbesol contain benzocaine without clear warnings, so
written lists prevent future life-threatening episodes.

Sources

* American College of Medical Toxicology (ACMT) Position Statement on Methemoglobinemia

» UpToDate Clinical Guidelines
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* Annals of Emergency Medicine
* New England Journal of Medicine (NEJM)
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