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A 38-year-old Hispanic man was admitted to the telemetry

floor with diagnosis of pericarditis. Blood cultures revealed

methicillin-sensitive Staphylococcus aureus and the patient

was started on nafcillin. Despite appropriate antibiotic ther-

apy, the patient remained febrile. Transesophageal echocar-

diogram (TEE) was performed to evaluate for endocarditis.

An hour after the TEE, patient started to desaturate and

complained of shortness of breath. At this point, the patient

was afebrile, with a pulse rate of 110 beats/minute and

blood pressure of 97/63 mm Hg. Oxygen saturation by pulse

oximetry of 82% on room air progressively declined even

with administration of supplemental oxygen to 77%, neces-

sitating intubation. Despite mechanical ventilation with

100% oxygen delivery, the patient remained cyanotic, with

pulse oximetry reading of 69%, and with the arterial blood

obtained from the patient at this time for laboratory analy-

sis appearing brown in color.

Based on the temporal correlation of benzocaine spray

used during TEE and the symptoms—cyanosis, hypoxia de-

spite 100% fraction of inspired oxygen (FiO2), and ‘‘choco-

late-brown’’ arterial blood—a diagnosis of methemoglobine-

mia was made. The patient’s methemoglobin level was

reported at 41% (normal range, 0-3%). The patient received

methylene blue, recovered rapidly, and was extubated the

next day. Subsequent methemoglobin level obtained less

than 24 hours later was reduced to 0.8%. Two days later the

patient was discharged to home.

Discussion
Methemoglobin is the state in which ferrous (Fe2þ) ions of

heme are oxidized to the ferric state (Fe3þ). Because red

blood cells are continuously exposed to various oxidative

stresses, a methemoglobinemia level of approximately 1% is

present in normal individuals at baseline. This low level is

maintained through reduction by enzyme systems within

the erythrocyte. The most important is the reduced nicotin-

amide adenine dinucleotide (NADH)-cytochrome-b5 reduc-

tase system.1 Others, functioning mainly as reserve systems,

are ascorbic acid, reduced glutathione, and reduced nicotin-

amide adenine dinucleotide phosphate (NADPH)-methemo-

globin reductase. The latter requires a natural cofactor or an

autooxidizable dye such as methylene blue for activity.

Methemoglobinemia can be congenital or acquired. Con-

genital methemoglobinemia is very rare and is due to a

cytochrome-b5 reductase deficiency or presence of an

abnormal hemoglobin M molecule.2 Acquired methemoglo-

binemia, the more common type, results from exposure to

chemicals that cause more rapid accumulation of methemo-

globin than the rate at which methemoglobin can be

reduced. Many chemical and environmental agents can

cause acquired methemoglobinemia (Table 1). Local anes-

thetics are the most common hospital-based pharmacologic

agents to cause methemoglobinemia. Prilocaine has been

implicated most frequently, especially in newborns. Prilo-

caine-induced methemoglobinemia is dose-dependent and

occurs when doses used exceed 600 mg in a 24-hour period.

Lidocaine is a rare cause of methemoglobinemia, but

comorbidities like renal failure and use of other local anes-

thetics like benzocaine will increase the chances of methe-

moglobinemia. Benzocaine has been reported to cause

methemoglobinemia after its use as a lubricant on endotra-

cheal, bronchoscopic, and nasogastric or orogastric tubes,

but more commonly after its use as a spray. Benzocaine is

lipophilic and may continue to enter the bloodstream from

adipose tissue after methylene blue concentrations are no

longer therapeutic.

Clinical presentation varies based on methemoglobin lev-

els. Early symptoms of methemoglobinemia, when the blood

contains 15% to 50% methemoglobin, include nonspecific

headache, fatigues, dyspnea, and lethargy. As the amount of

methemoglobin in the blood exceeds 50%, the patients

develop more serious neurological symptoms, ranging from

confusion to seizures, respiratory depression, and death

(Table 2). Clinical interpretation of methemoglobin levels

must take into account the total hemoglobin value because

anemic patients will have proportionately less functional

hemoglobin.3 Methemoglobinemia that develops rapidly will

be clinically more severe than a similar degree that develops

gradually. The acute accumulation of <30% methemoglobi-

nemia is usually well tolerated in the nonanemic patient.
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The suspicion for methemoglobinemia should be raised in

the presence of dark or ‘‘chocolate-brown’’ arterial blood that

does not become red with exposure to air.4 Dark-colored blood

from patients with hypoxia should redden with exposure to

air; blood darkened by methemoglobin does not. The suspi-

cion for methemoglobinemia should also be raised in the pres-

ence of a ‘‘saturation gap,’’ when the measured oxygen satura-

tion of blood by pulse oximetry is less than the oxygen

saturation calculated by routine blood gas analysis by more

than 5%.5 The oxygen saturation on arterial blood gas is calcu-

lated from partial pressure of arterial oxygen (PaO2) and pH.

Since PaO2 is within normal limits in methemoglobinemia, it

leads to a normal, though inaccurate, calculated oxygen satu-

ration. Multiple-wavelength cooximetry is the accepted stand-

ard for confirming and quantifying methemoglobinemia.6 This

assay involves measuring methemoglobin at its peak absorb-

ance of 630 nm and requires the addition of cyanide to convert

methemoglobin to cyanomethemoglobin, which absorbs at

shorter wavelengths, resulting in an absorbance decrease at

630 nm due to the disappearance of methemoglobin. Hyper-

lipidemia and intravenous administration of methylene blue

or other dyes may interfere with cooximetry measurements.

In asymptomatic patients with acute methemoglobine-

mia, discontinuation of the offending drug and proper mon-

itoring is sufficient. In patients who are symptomatic, in

addition to supplemental oxygen, methylene blue should be

used to enhance the reducing capacity of erythrocytes.

Methylene blue, given intravenously in a dose of 1 mg/kg

over 5 minutes, acts as an electron acceptor, enhances the

NADPH pathway, and rapidly reduces methemoglobin to

hemoglobin.7 However, methylene blue should not be used

in patients with glucose-6-phosphate dehydrogenase defi-

ciency as it can cause life-threatening hemolysis. In these

patients, ascorbic acid should be used. Hyperbaric oxygen

or exchange transfusion can also be used. In patients who

are in shock secondary to the methemoglobinemia, blood

transfusion or exchange transfusion is helpful.

Summary
Agents that inflict large oxidative stress, such as topical

anesthetics, can cause methemoglobinemia. A frequently-

used topical anesthetic agent like benzocaine is a common

cause of methemoglobinemia. The most characteristic find-

ings of methemoglobinemia are blue-gray or brown-gray cy-

anosis of the skin, lips, and nail beds, dark brown color of

TABLE 1. Etiologies of Methemoglobinemia

Name Key Features

Industrial agents

Naphthalene Coal tar, mothballs. Newborns are at increased risk for methemoglobinemia

Inorganic nitrates/nitrites Meat preservatives; vegetables—carrot juice, spinach. Nitrates are converted to nitrite by the bacteria in the gut. Most commonly acquired from

ground water contaminated with pesticides and fertilizers

Aniline/aminophenols Laundry ink. Aniline-induced methemoglobinemia is less responsive to methylene blue

Chlorates Matches, explosives, pyrotechnics, weed killers. Also cause intravascular hemolysis and toxic nephritis

Pharmaceutical agents

Local anesthetics: benzocaine,

lidocaine, prilocaine

Benzocaine: It is lipophilic and may continue to enter the blood stream from adipose tissue even after methylene blue concentrations are no

longer therapeutic.

Lidocaine: Very rarely causes methemoglobinemia alone. Comorbidities like renal failure and use of other local anesthetics will increase

the chances of methemoglobinemia. Prilocaine: Dose-dependent. Occurs when doses used exceed 600 mg. Newborns are at

higher risk

Primaquine Primaquine-induced methemoglobinemia, although almost universal with clinical doses, seems to be mild, self-limited, and tolerated without

symptoms or signs of cyanosis in otherwise healthy people

Dapsone Can cause methemoglobinemia both in acute intoxication as well as chronic use. May precipitate acute hemolytic anemia. Metabolites that cause

methemoglobinemia may last in the circulation for about 35 days

Phenacetin Phenacetin is generally metabolized to acetaminophen. In patients unable to metabolize phenacetin to acetaminophen, alternate metabolites are

produced that cause methemoglobinemia

Sulfonamides Does not respond well to methylene blue. Alternative therapies include ascorbic acid, riboflavin, or exchange transfusion

Nitrites (amyl and butyl) Amyl nitrite: Used in treating angina. Butyl nitrite: Used in room deodorizers. Both drugs are used for their alleged sexual enhancing properties

Nitroprusside Methemoglobinemia occurs in patients who have received a dose larger than 10 mg/kg in 1 day. It takes 16 hours of continuous infusion at the

maximum rate of 10 lg/kg/minute to reach the total accumulated dose

Phenazopyridine Increased incidence of methemoglobinemia in patients with renal failure. Drug also causes hemolytic anemia and turns the urine orange-yellow

in color. One of its metabolites is aniline

Metoclopromide Overdose in infants causes methemoglobinemia

Trimethoprim Methemoglobinemia usually occurs after prolonged periods of administration. Caution when used with dapsone

TABLE 2. Clinical Presentation

Level of
methemoglobinemia Symptoms

0-15% No signs or symptoms

15-20% Cyanosis and ‘‘chocolate brown’’ blood

20-50% Headache, fatigues, dyspnea, and lethargy

>50% Serious neurological symptoms ranging from confusion

to seizures; respiratory depression and death
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the blood, and ‘‘saturation gap.’’ Symptomatic patients

should be given methylene blue intravenously.
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