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Benzocaine-induced methemoglobinemia: 
A condition of which all endoscopists should be aware
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Methemoglobinemia is a rare complication that can occur with the

use of benzocaine-containing compounds. Two cases of methemoglo-

binemia are reported, and the pathophysiology and treatment of

methemoglobinemia are reviewed. Both patients received topical

20% benzocaine spray before endoscopy. Immediately following the

procedure, there was a reduction in O2 saturation assessed by pulse

oximetry that was refractory to O2 therapy. Dramatic peripheral and

central cyanosis developed. O2 saturation measured by pulse oxime-

try ranged from 83% to 87% on O2 by nasal prongs and 100% O2 by

a nonrebreathing mask. Both patients were mildly confused and one

patient complained of a significant headache. The diagnosis of

methemoglobinemia was considered and arterial blood gas sampling

was performed. In both patients, the arterial blood had a chocolate

brown colour. A methemoglobin level of 48% and 18% was noted in

patient 1 and patient 2, respectively. Both patients were treated with

methylene blue, resulting in a significant improvement with gradual

normalization of their O2 saturation within 10 min to 30 min. The

use of benzocaine spray may not markedly alter the patient’s percep-

tion of endoscopy and thus, the routine use of these agents should be

questioned. If such agents are used, the physician must be aware of

this association to prevent a delay in the diagnosis and management

of this rare, but potentially lethal, condition.
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La méthémoglobinémie induite par la 
benzocaïne : Un trouble que tous les
endoscopistes devraient connaître

La méthémoglobinémie est une complication rare qui peut surgir par suite

de l’usage de composés contenant de la benzocaïne. On rend compte de

deux cas de méthémoglobinémie, et on examine la physiopathologie et le

traitement de la méthémoglobinémie. Les deux patients ont reçu une

vaporisation topique de benzocaïne 20 % avant l’endoscopie. Tout de

suite après l’intervention, on a remarqué une réduction de la saturation en

O2 évaluée par une oxymétrie réfractaire à l’oxygénothérapie. Une

cyanose centrale et périphérique spectaculaire s’est manifestée. La satura-

tion en oxygène mesurée d’après l’oxymétrie pulsée oscillait entre 83 % et

87 % avec les pinces nasales et s’élevait à 100 % avec le masque sans

réinspiration. Les deux patients étaient légèrement confus, et l’un s’est

plaint de gros maux de tête. Le diagnostic de méthémoglobinémie a été

envisagé, et une gazométrie du sang artériel a été effectuée. Chez les deux

patients, le sang artériel était brun chocolat. Un taux de méthémoglobine

de 48 % et de 18 % a été relevé chez le premier et le deuxième patient,

respectivement. Les deux patients ont été traités au bleu de méthylène, ce

qui a suscité une amélioration considérable et une normalisation gradu-

elle de leur saturation en O2 dans les 10 à 30 minutes. L’utilisation d’une

vaporisation de benzocaïne ne modifie peut-être pas sensiblement la per-

ception que le patient a de l’endoscopie. C’est pourquoi l’utilisation systé-

matique de cet agent devrait être remise en question. S’il est utilisé, le

médecin devrait être conscient de cette association afin de prévenir un

délai dans le diagnostic et la prise en charge de ce trouble rare, au poten-

tiel pourtant fatal.

Methemoglobinemia is a serious and potentially fatal
complication that can occur with the use of benzocaine-

containing anesthetics and a wide variety of other pharmaco-
logical agents. Due to the routine use of benzocaine as a topical
anesthetic during endoscopy, all endoscopists should be aware
of this reaction. Methemoglobinemia arises when an exogenous
substance, such as benzocaine, oxidizes the iron moiety of
hemoglobin from a ferrous to a ferric state, forming methemo-
globin (MHg) at a rate 100 to 1000 times faster than it can be
metabolized. MHg can no longer bind O2 properly, resulting in
a shift of the O2 dissociation curve to the left, thereby compro-
mising the transport of O2 from the lungs to metabolically
active tissue. Patients typically present with peripheral cyanosis,
mildly low O2 saturation levels by pulse oximetry and chocolate
brown-coloured arterial blood. Benzocaine is typically given as a
topical anesthetic during endoscopy and is administered by
spraying the oral pharynx. We describe two cases of significant
symptomatic methemoglobinemia occurring in the endoscopic
unit at the Foothills Medical Center (Calgary, Alberta) in a

two-month period. A further review of the diagnosis, treat-
ment and pathophysiology of this condition is warranted given
the common use of benzocaine-containing agents during
endoscopy, and because many gastroenterologists, gastroen-
terology fellows and residents are unaware of this adverse drug
reaction.

CASE PRESENTATIONS
Case 1
A 60-year-old woman who had a cardiac transplant for car-
diomyopathy three years ago was undergoing an upper
endoscopy for investigation of microcytic anemia. Her past med-
ical history was significant for lupus erythematosus and chronic
renal insufficiency (creatinine 212 µmol/L). Her medications
included cyclosporine, mycophenolate mofetil, omeprazole,
enalapril maleate, pravastatin sodium, diltiazem hydrochloride,
epoetin alfa and etidronate sodium. The patient also routinely
took 1 g of vitamin C per day. All of these medications were last
taken the day before the endoscopy.
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The patient was sedated with a total of 4 mg of midazolam
and 50 µg fentanyl. Her oropharynx was sprayed twice with the
benzocaine-containing topical anesthetic (Hurricane spray;
Beutlich Pharmaceuticals, USA). The endoscope was inserted
into the esophagus and the stomach was examined without dif-
ficulty. A slight reduction in O2 saturation was noted approxi-
mately 15 min following the administration of the topical
anesthetic, with a drop in O2 saturation from 95% to 97% to
88% to 90%. The patient was started on 4 L/min of O2 by nasal
prongs and was transferred to the recovery room. Her O2 satu-
ration dropped to 84% to 86% and the nursing staff increased
the O2 in a step-wise fashion until she was placed on a
100% O2 nonrebreathing mask. There was no significant
improvement in O2 saturation. The physician was then alerted
to the patient’s deterioration. 

The patient was found to have profound peripheral and
central cyanosis. Her cardiac and respiratory exams were nor-
mal. Her blood pressure was 107/73 mmHg, heart rate was
96 beats/min and O2 saturation by pulse oximetry was 82% to
89% on 100% O2 by a nonrebreathing mask. Her chest and
cardiovascular exam were normal but she was dyspneic, drowsy
and confused. Flumazenil (0.2 mg intravenously) and naloxone
hydrochloride (0.4 mg intravenously) were administered with-
out a significant response. The O2 was briefly discontinued
without a significant change in her O2 saturation or clinical
condition. The patient denied any chest pain or shortness of
breath, but did have a significant headache and stated she felt
generally unwell. Her chest x-ray and electrocardiogram were
unremarkable. 

With no change in her O2 saturation with or without O2, as
well as the significant peripheral and central cyanosis, the
diagnosis of methemoglobinemia was considered. An arterial
blood gas was requested. The arterial blood was chocolate
brown coloured which further suggested the diagnosis of
methemoglobinemia. Methylene blue was ordered as the blood
gas was processed. Methemoglobinemia was confirmed with
arterial blood gas analysis with an MHg level of 48.7% (normal
0.0% to 1.5%). The patient was treated with 1.5 mg/kg of
methylene blue given intravenously as an intravenous push
into an intravenous line with normal saline running at
200 mL/h over a period of 5 min. Within 5 min of methylene
blue administration, the patient started feeling better and her
colour improved. Her headache resolved over approximately
30 min to 45 min. 

Following methylene blue administration, her O2 satura-
tion by pulse oximetry fell further to approximately 65%, indi-
cating that the methylene blue likely interfered with the
ability of pulse oximetry to accurately assess O2 saturation. In
addition, within a few minutes of its administration, the
patient experienced significant nausea and vomiting, a noted
side effect of methylene blue treatment. This was successfully
treated with ondansetron (4 mg intravenously). The peripheral
and central cyanosis completely resolved within 30 min of
methylene blue administration. An arterial blood gas repeated
2 h later showed an MHg of 6.0%. The patient was discharged
2 h later (approximately 5 h after the administration of meth-
ylene blue) in stable condition and feeling completely well.
The patient refused a further in-hospital observation period
but was closely observed at home by her spouse and directed to
seek medical attention immediately if she developed further
problems. Follow-up phone calls by her physician at 3 h and
12 h following discharge revealed that she was completely

asymptomatic and felt well. Due to the mildly elevated MHg
level, the patient was instructed to take 1 g of vitamin C twice
a day for two days and then to continue with her usual dose of
vitamin C. The patient had no further problems and was
instructed to avoid benzocaine-containing compounds.

Case 2
A 22-year-old woman was admitted to hospital for investiga-
tion of persistent nausea, vomiting and weight loss of 7 kg. She
had undergone an appendectomy two months earlier but was
otherwise healthy and was only taking antiemetics. An
endoscopy performed one month earlier in a local hospital
revealed gastritis and duodenitis. The day after admission she
developed coffee ground hematemesis and a repeat gastroscopy
was performed. Before the endoscopy, the patient received top-
ical Hurricane spray to the oropharynx. The patient was sedated
with 6 mg of midazolam and 100 µg fentanyl in incremental
doses. The gastroscope was introduced into the esophagus
without difficulty. A shallow, clean-based gastric ulcer was
found in the antrum but the endoscopy was otherwise unre-
markable. During the procedure, the O2 saturation was noted
to be 88%. O2 was administered at a rate of 4 L/min by nasal
prongs. She was transferred to the inpatient ward in stable con-
dition; however, her O2 saturation remained in the 85% to
88% range. O2 was administered with a nonrebreathing mask
but her O2 saturation remained lower than 88%. She was alert
and oriented, and complained of mild dyspnea. Her chest exam
was normal and her chest x-ray was also unremarkable.
Arterial blood gas analysis revealed an MHg level of 18.8%
(normal 0.0% to 1.5%). A total of 50 mg (approximately
1 mg/kg) of methylene blue was administered by direct intra-
venous push over 5 min. Repeat blood gases 90 min later
showed resolution of the methemoglobinemia (MHg 1.2%),
and she was completely asymptomatic. She was transferred
back to the medical ward 3.5 h following the administration of
methylene blue and her vital signs were monitored closely.
Further investigations into her nausea and vomiting were com-
pleted and were unrevealing. Her nausea and vomiting sponta-
neously improved and she was discharged after one week in
hospital with instructions to avoid benzocaine-containing
compounds in the future.

DISCUSSION
Benzocaine has been associated with methemoglobinemia in a
wide variety of different preparations and concentrations
(5% to 20%), including over-the-counter preparations used for
the relief of pain and itching associated with vaginal irritation
(1), oral sores (2) and in its use as a topical anesthetic spray
during intubation, bronchoscopy, transesophogeal electrocar-
diography and endoscopy (3-12). MHg is formed when an iron
moiety of hemoglobin is oxidized from a ferrous ion to a ferric
ion (Fe3+). MHg has an impaired O2 binding capacity and is
unable to carry O2 from the lungs to metabolically active tis-
sue. Furthermore, the oxidation of one subunit of the hemo-
globin tetramer to MHg prevents the remaining normal
subunits from unloading their bound O2, causing an additional
leftward shift in the O2 dissociation curve. In the case of ben-
zocaine, a toxic metabolite N-hydroxy derivative is thought to
be responsible for the oxidation of hemoglobin to MHg (13).
Under normal physiological conditions, approximately 0.5%
of total hemoglobin exists in the oxidized form of MHg (14).
These low levels of MHg are predominantly maintained
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enzymatically by NADH-MHg reductase; which is a two-
enzyme system involving both cytochrome-b5 and
cytochrome-b5 reductase; the latter reduces methemoglobin
back to its functional form (15) (Figure 1). Another important
enzyme involved in reducing MHg is NADPH-MHg reductase.
The activity of this enzyme to reduce MHg is greatly increased
by methylene blue (Figure 1) (16). Other agents, such as ascor-
bic acid and glutathione, can act indirectly in these pathways
to reduce oxidative stress and  may thus prevent further pro-
duction of MHg (17).

Methemoglobinemia arises when the level of MHg rises
above 5% (Figure 1). Individuals that are deficient in the
amount of NADH-MHg reductase (autosomal recessive defi-
ciencies in cytochrome-b5 or cytochrome-b5 reductase) have
congenital methemoglobinemia. The congenital form of
methemoglobinemia is most common in Alaskan Native
Americans and individuals of Inuit descent (18-20). MHg levels
in individuals with this congenital form of methemoglobine-
mia are usually between 15% and 30% of total hemoglobin,
and individuals are normally asymptomatic except for varying
degrees of persistent cyanosis. Another form of congenital
methemoglobinemia occurs in individuals who display an aber-
rant form of hemoglobin (HbM), where the reduced ferrous
ion is destabilized and is more easily oxidized to a ferric ion. In
addition, the enzyme methemoglobin reductase cannot inter-
act with and efficiently reduce the MHg in individuals display-
ing this form of hemoglobin (21).

Acquired methemoglobinemia occurs when an exogenous
substance, typically a pharmacological agent, oxidizes hemo-
globin producing MHg at rates 100 to 1000 times greater than
it can be metabolized (Figure 1). Methemoglobinemia has
been observed with a wide variety of different compounds
including lidocaine, procaine, antimalarials, dapsone, nitrate
derivatives such as nitroglycerin, nitrofuran, nitric oxide and
nitroprusside, and numerous other compounds (16,17,22). Of
particular importance to the endoscopist is the occurrence of
methemoglobinemia with benzocaine-containing topical anes-
thetics. The incidence of benzocaine-induced methemoglo-
binemia in bronchoscopy is estimated to be one in
7000 exposures (16) and is most common in pediatric and eld-
erly patients (23,24). Small infants are at increased risk
because they have markedly lower levels of cytochrome-b5
reductase (25) and fetal hemoglobin is more easily oxidized to
MHg (17). The activity of some enzymes involved in these
processes is less efficient in the elderly (13,17).
Methemoglobinemia has also been reported in dialysis patients
and may be a result of chloramine toxicity due to inadequate
removal by hemodialysis filters (26).

Patients with methemoglobinemia present with a wide
spectrum of symptoms depending on the amount of MHg pres-
ent in the blood. The initial symptoms of methemoglobinemia,
such as visible cyanosis and chocolate brown-coloured arterial
blood, typically begin to appear when the level of MHg rises
above 10% to 15% and are unresponsive to O2 therapy (13).
As the level of MHg rises past 20%, patients may exhibit anx-
iety, fatigue, dyspnea, dizziness, tachycardia, headache and syn-
cope (13). Stupor, coma and convulsions have been reported
with MHg levels greater than 50% (13,23,24,27), and death
from cardiac hypoxia has been reported when levels exceed
70% (17,22).

The diagnosis of methemoglobinemia is based on clinical
and laboratory findings. The cyanosis is generally out of

proportion to the respiratory status of the individual and does
not respond to O2 therapy. This was clearly seen in both
patients, where high-flow O2 did not alter the cyanosis nor did
cessation of supplemental O2. The other classic clinical finding
is chocolate brown arterial blood, again seen in both patients.
The blood fails to change colour when exposed to supplemen-
tal O2 or when a drop is placed on filter paper (13). This bed-
side maneuver is a quick and accurate test to differentiate
cyanosis due to other causes than from MHg formation,
because  exposure of blood to a stream of O2 will turn the arte-
rial blood bright red in cases of cyanosis not associated with
methemoglobinemia. The determination of O2 saturation
(SpO2) by pulse oximetry is based on the fact that oxyhemo-
globin absorbs more light at 940 nm and reduced hemoglobin
absorbs more light at 660 nm. Because MHg absorbs light
equally at both these wavelengths, SpO2 by pulse oximetry can
be misleading in these patients. Due to these alterations in
normal light absorption, as MHg levels reach 30% to 35%,
SpO2 measured by pulse oximetry becomes stable at 82% to
86% independent of the actual MHg level (17). Co-oximetry
that measures light absorbance at four different wavelengths is
an accurate method of determining MHg levels and is the
method used in most hospital laboratories. Arterial blood gas
analysis is also misleading in these patients. The way in which
the partial pressure of O2 is calculated does not directly
assess the number of O2 molecules bound to hemoglobin but
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Cyanosis
Following the use of lidocaine- or benzocaine-containing topical anesthesia 

Supportive Management: 
• Oxygen therapy, consider reversal of narcotics and/or benzodiazepines 
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Figure 1) Clinical decision-making algorithm for methemoglobinemia
induced by the use of lidocaine- or benzocaine-containing topical anes-
thetics during endoscopy. Adapted from Abdallah and Shah (3). G6PD
Glucose-6-phosphate dehydrogenase; IV Intravenous; MHg
Methemoglobin; pts Patients
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measures the dissolved O2 in the sample and, thus, patients
with life-threatening MHg can have normal or elevated SpO2
levels (17).

Methylene blue dramatically improves the efficiency of
NADPH-MHg reductase and, thus, is an effective treatment
for this condition. Methylene blue should be administered
intravenously at a dose of 1 mg/kg to 2 mg/kg over a period of
5 min (16). Symptoms typically resolve within 30 min follow-
ing its administration (28). Doses of methylene blue exceeding
7 mg/kg have been associated with severe hemolytic anemia
(29). Furthermore, high concentrations of methylene blue can
lead to MHg production by directly oxidizing hemoglobin to
MHg (22). Because the enzyme responsible for the reduction of
MHg during methylene blue therapy is NADPH-dependent,
patients with glucose-6-phosphate dehydrogenase (G6PD)
deficiencies should not be treated with methylene blue
because this can result in severe hemolytic anemia. It has
been suggested that low doses of methylene blue can be used
in patients with G6PD deficiency, but in view of the likely
inefficacy of this therapy in such individuals and the possible
severe complications, most recommend treatment of these
patients with ascorbic acid, exchange transfusions and
hyperbaric O2 therapy (17).

G6PD deficiency is a common, X-linked condition that has
been estimated to affect more than 200 million people
throughout the world (30). There are over 400 variants of
G6PD but the most common, clinically significant G6PD vari-
ant primarily affects individuals of central African decent and,
thus, affects approximately 11% of African-descended males in
the United States. A second, more severe variant is relatively
common in those of Mediterranean descent; particularly,
Sardinians and Sephardic Jews. A third, slightly less severe
variant occurs in southern Chinese populations (30). The
diagnosis of G6PD deficiency should be considered in any indi-
vidual, particularly a male of African or Mediterranean
descent, who experiences an acute hemolytic episode (30).

Generally, methylene blue should reduce MHg levels signif-
icantly in less than 1 h (17). If a patient with methemoglo-
binemia does not respond well to methylene blue therapy, it
could be due to several different factors. Because the major
source of NADH in red blood cells is derived from the catabo-
lism of sugar via glycolysis, and dextrose is required for the for-
mation of NADPH that is necessary for methylene blue to
enhance MHg clearance, adequate amounts of dextrose should
be available (17). If cyanosis does not initially respond to
methylene blue, repeat doses can be given but should not
exceed 5 mg/kg to 7 mg/kg. Inefficacy of methylene blue ther-
apy could also indicate G6PD or NADPH-MHg reductase defi-
ciency and, thus, should be considered before methylene blue
therapy. The age of the patient, their drug history and the pres-
ence of metabolic acidosis could also affect MHg clearance.

Previous reports have indicated that their patients were
admitted to the intensive care unit and monitored for up to
24 h to 48 h (2,3,5,6,9). The present patients were managed on
the postendoscopy recovery ward at the Foothills Medical
Centre. The patients were monitored at all times during their
recovery period. Following consultation with the hematology
service and the intensive care unit, the patients were dis-
charged from the recovery unit to the medical floor and moni-
tored there (patient 2), while patient 1 refused hospitalization
and was discharged 5 h following administration of methylene
blue. Both patients were asymptomatic at the time of discharge

from the recovery unit, 3.5 h (patient 2) and 5 h (patient 1)
following methylene blue administration. A review of the lit-
erature on methemoglobinemia demonstrated that there were
no cases in which an increase in MHg levels occurred follow-
ing treatment. Pharmacology and physiology data suggest that
there is a linear decline in MHg levels following treatment
(15,31). Increases in MHg levels could theoretically occur
with preparations or agents that are slowly absorbed such as
creams, ointments, slow release oral formulations or depot
injections. Pharmacological studies (12) have shown that ben-
zocaine sprays are rapidly absorbed. We suspect that numerous
patients have had undiagnosed, mild increases in MHg levels
following benzocaine exposure during endoscopy or bron-
choscopy and have been sent home as would patients without
methemoglobinemia. Clearly, a study measuring MHg levels in
consecutive patients following endoscopy or bronchoscopy
would shed more light on the actual prevalence of this benzo-
caine-induced side effect. All patients with methemoglobine-
mia should be closely monitored in hospital. Once they have
responded to therapy and are asymptomatic, decisions on dis-
charge or disposition should be made on a case-by-case basis
with consultation with the intensive care unit and hematology.

The occurrence of methemoglobinemia appears to be idio-
syncratic. It has been shown to occur both in healthy individ-
uals and those with underlying illness. Furthermore, cases of
methemoglobinemia have been reported in individuals with or
without prior benzocaine exposure. The cases we have reported
emphasize the fact that methemoglobinemia can occur in
young, healthy adults on minimal medications and in those
with complicated medical conditions. Some authors (13) sug-
gest that differences in the absorption and metabolism of
benzocaine-containing compounds could contribute to the
occurrence of methemoglobinemia. Benzocaine should not be
applied to lesions, inflamed or broken mucosa because this may
increase the absorption of benzocaine. To minimize the absorp-
tion of these compounds, excess solution should be removed by
having the patient expectorate and/or via suctioning (13).
There was a large difference in the MHg levels observed in our
two cases. Patient 1 had been taking ascorbic acid daily and
discontinued it the day before endoscopy. It is unclear whether
the abrupt discontinuation of ascorbic acid before endoscopy
could have led to an altered redox state in this patient, thus
contributing to the development of methemoglobinemia.
Another factor that could possibly predispose patients to the
development of methemoglobinemia is increasing age because
methemoglobin reductase appears to be less efficient in elderly
patients (24). Acidosis can also promote MHg formation and
should be considered when using agents that can induce MHg
formation.

If left undiagnosed and untreated, methemoglobinemia can
be fatal. Many of the gastroenterologists and gastroenterology
fellows informed of the present cases were unaware of this
adverse reaction to benzocaine-containing compounds. We
hope the presentation of these two cases and a review of
methemoglobinemia literature will be of value to other endo-
scopists. There is literature (32,33) suggesting that the use of
benzocaine as a topical anesthetic does not alter the patient’s
perception of the procedure when combined with benzodi-
azepine sedation. Thus, we feel the routine use of these agents
in endoscopy suite should be avoided. Furthermore, endo-
scopists should be aware of how to diagnose this condition, and
methylene blue should be readily available in all endoscopy
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suites to ensure prompt treatment of this condition. The endo-
scopist should also be aware of the risk of using benzocaine-
containing compounds and methylene blue in patients with
G6PD deficiency.
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