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Acute methemoglobinemia may be caused by top-
ical anesthetics and other oxidizing medications
commonly prescribed by Family Physicians. With-
out knowledge of this potentially lethal condition,
delay in diagnosis and treatment is likely. Methe-
moglobinemia should be considered in any patient
presenting with cyanosis, particularly after the use
of oxidizing medications.
We describe a case of methemoglobinemia in a

patient who presented with cyanosis after endos-
copy. This case followed otherwise uncomplicated
upper gastrointestinal (GI) endoscopy. The diag-
nosis was delayed several hours because the physi-
cians treating the patient did not consider the pos-
sibility of acute methemoglobinemia.

Case Report
The patient was a 26-year-old white woman who
was sent to the emergency department for evalua-
tion of cyanosis immediately after esophagogas-
troduodenoscopy. Before the onset of cyanosis, the
procedure had been uncomplicated. Benzocaine
spray had been applied, and the patient was rou-
tinely sedated with meperidine and midazolam.
While in recovery, the nurses noted that the patient
became cyanotic and mildly short of breath.
The patient was transferred to the emergency

department, where she was markedly cyanotic. She
was initially given naloxone and flumazenil without
improvement in her cyanosis. Her blood pressure
was 72/48 mmHg, and she was tachypneic. Cardiac
and pulmonary exams were otherwise unremark-
able. Hemoglobin and hematocrit were 12.6 g/dL
and 0.384, respectively. The results of a basic
chemistry panel were normal. Arterial blood gas on
room air showed pH of 7.349, pCO2 was 40.8 mm
Hg, pO2 was 97.5 mm Hg, and HCO3 was 21.8
mEq/L. Oxygen saturation (SaO2) by pulse oxim-
etry was 83%. The patient was placed on 100%

oxygen, but there was no improvement in the SaO2.
A chest radiograph was unremarkable and results of
a ventilation-perfusion scan were normal. At that
time, a pulmonologist was consulted. He recom-
mended checking a methemoglobin level, which
was subsequently found to be elevated at 23.6%.
Because the patient was tachypneic and hypo-

tensive, she was admitted to the intensive care unit
and given 90 mg of intravenous methylene blue
(2 mg/kg) over 5 minutes. Repeat methemoglobin
level 3 hours later was near zero. The patient was
discharged the following day in stable condition
without any further complications.

Discussion
Primary care physicians (Family Physicians and
General Internists) perform many of the endosco-
pies in this country (eg, approximately 17% of
upper GI endoscopies in Medicare beneficiaries).1

These procedures often involve the use of oxidizing
agents such as benzocaine spray, which have a dem-
onstrated, although rare risk of causing acute met-
hemoglobinemia. Topical benzocaine spray has
been shown to improve patient tolerance of upper
GI endoscopy.2 It is generally used in conjunction
with conscious sedation. The potential complica-
tion of methemoglobinemia has prompted at least
one author to question whether the use of benzo-
caine spray should be continued.3

Pathology
Methemoglobin is produced naturally by the body
when the iron component of the heme molecule is
oxidized from the ferrous (Fe2�) state to the ferric
(Fe3�) state. Only the ferrous state has significant
oxygen-carrying capacity. Normal levels of methe-
moglobin are less than 1%. Reduction to the fer-
rous state occurs through the NADH-cytochrome
b5 reductase system. Oxidizing agents, such as ben-
zocaine, cause other substances to lose an electron,
hence the change from the ferrous state to the
ferric state.
When susceptible persons are exposed to certain

oxidizing agents, excessive production of methe-
moglobin may occur. This may result from a ge-
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netic deficiency of cytochrome b5 reductase, al-
though there have also been reports of acute
methemoglobinemia in patients with normal levels
of cytochrome b5 reductase.

4 Other oxidizing med-
ications that may elicit this response include topical
anesthetics, dapsone, metoclopramide, nitrates, ri-
fampin, and sulfonamides.
Acute methemoglobinemia has been reported in

several clinical situations. Although the condition is
rare, there are case reports of its occurrence after
upper GI endoscopy, transesophageal echocardiog-
raphy, orogastric tube placement, and intubation
when topical benzocaine is applied.4–6 There are
reports of cases resulting from the use of intrave-
nous nitroglycerine.7 Eutectic mixture of local an-
esthetics (EMLA) cream has also been implicated.8

A recent review of cases of clinically significant
methemoglobinemia after use of topical benzocaine
spray in patients undergoing transesophageal echo-
cardiogram reported an estimated incidence of
0.1%.9

Clinical Findings
Signs and symptoms of methemoglobinemia corre-
late with the levels of methemoglobin in the blood.
Cyanosis becomes apparent at about 10% concen-
tration. Fatigue, confusion, tachypnea, and worsen-
ing tachycardia occur in the range of 30% to 50%.
Coma, seizures, arrhythmias, and acidosis may oc-
cur at levels greater than 50%. Levels above 70%
may be fatal. Symptoms may be worse if the patient
is anemic, or if the person has underlying cardiac or
pulmonary disease.10

Diagnosis
The diagnosis of methemoglobinemia should be
considered in a patient presenting with cyanosis
without a known cardiac or pulmonary cause. The
likelihood is increased in patients with exposure to
oxidizing drugs. Failure to promptly diagnose met-
hemoglobinemia can be fatal.
Certain laboratory findings suggest the presence

of abnormal hemoglobin, which occurs in methe-
moglobinemia. Oxygen saturation measured by
pulse oximetry is usually in the range of 80% to
85% regardless of the severity of methemoglobin-
emia. Routine arterial blood gas analysis is used to
determine partial pressure of oxygen (pO2), which
can be used to calculate oxygen saturation in the
blood. However, measurement of pO2 is not af-
fected by the presence of methemoglobin. There-

fore, a pulse oximeter reading that is inconsistent
with oxygen saturation calculated using the pO2
measurement is suggestive of methemoglobinemia.
This occurred in the patient described in this case.
Her pO2 was 97.5 mm Hg, which would normally
result in an oxygen saturation of greater than 90%;
however, the patient’s saturation by pulse oximetry
was only 83%.
The diagnosis of methemoglobinemia is con-

firmed by measuring the methemoglobin level of
arterial blood through co-oximetry. Routine pulse
oximetry only distinguishes deoxyhemoglobin from
oxyhemoglobin, but co-oximetry differentiates
oxyhemoglobin, deoxyhemoglobin, carboxyhemo-
globin, and methemoglobin. If methemoglobin-
emia is suspected, arterial blood should be drawn
for blood gas analysis and use of co-oximetry
should be specifically requested. Co-oximetry re-
quires a separate analyzer and is available at larger
hospitals but may not be available at some smaller
hospitals. If a blood gas specimen must be sent to a
referral laboratory for co-oximetry, the specimen
should be kept on ice and transported as quickly as
possible.
A quick, bedside method of differentiating met-

hemoglobinemia from deoxyhemoglobinemia is
the so-called “filter paper test.” Arterial blood is
drawn and a few drops placed on filter paper. De-
oxyhemoglobin is initially a deep purple, but on
exposure to oxygen, becomes bright red. Methe-
moglobin gives blood a chocolate brown color that
does not change when exposed to oxygen.

Treatment
The appropriate treatment of acute toxic methe-
moglobinemia is determined by the level of met-
hemoglobin and the presence or absence of symp-
toms. Methemoglobin levels of less than 20%
generally do not require specific treatment except
for removal of the causative agent. Symptomatic
patients with levels of 20% to 30% or higher
should receive IV methylene blue at a dose of 1 to
2 mg/kg over 5 minutes. At therapeutic doses,
methylene blue is metabolized to form a reducing
agent that facilitates the reduction of methemoglo-
bin. A single dose is usually sufficient, but the dose
may be repeated in 1 hour if necessary. Methylene
blue is readily available and is stocked in most
hospital pharmacies for this sort of emergency.
Patients with a deficiency of G6PD should not
receive methylene blue because this can result in
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hemolysis. Exchange transfusion should be consid-
ered in people with G6PD deficiency.11

Summary
Acute methemoglobinemia is a rare but potentially
life-threatening complication of the use of certain
oxidizing medications. There are numerous case
reports of this condition after upper GI endoscopy
and other procedures in which topical anesthetics
are used. Physicians who perform these procedures,
and those who are likely to see patients emergently,
should be aware of this complication. A finding
highly suggestive of methemoglobinemia is a dis-
crepancy between the SaO2 and the saturation cal-
culated from pO2. Rapid diagnosis and treatment, if
necessary, may be life-saving.

We thank Kaethe Ferguson for assistance with manuscript prep-
aration.
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