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Conclusion

Based on a review of the literature it is extremely unlikely that the current
labeling of 20% benzocaine products for “adults and children 2 years of age and older for
the temporary relief of toothache pain” could cause clinically significant
methemoglobinemia.

Clinical Aspects of Methemoglobinemia
Acquired methemoglobinemia is considered an exceedingly rare event caused by

the excessive oxidation of the ferrous (Fe++) or reduced form of hemoglobin to the ferric
(Fe-+++) or methemoglobin species.'™ The reduced form of hemoglobin has the ability to
bind oxygen, transport it, and release it into tissues.” Normally, methemoglobin
represents less than 1% - 2% of the total hemoglobin species. It does not bind oxygen and
when present in toxic concentrations, it essentially reduces the level of functioning
hemoglobin. For example with a methemoglobin level of 50%, an original hemoglobin
level of 12 gm/dl would decrease to a functional hemoglobin level of only 6 gm/dL® In
addition during this state, the remaining reduced ferrous hemoglobin s?ecies develop an
increased affinity to oxygen and do not readily release it into tissues.>'° Symptoms and
signs vary according to blood levels of the methemoglobin species. Methemoglobin
levels above 10% produce visible signs of cyanosis in the buccal mucous membranes,
lips, nose, cheeks, fingers and toes.”” % 112 In addition arterial blood takes on a distinctive
chocolate brown appearance that fails to change color when exposed to air.' 12 At
concentrations below 30%, methemoglobinemia is generally well tolerated with a lack of
overt respiratory distress. L61L12 At concentrations of 30-40%, symptoms include
headache, weakness, dyspnea, tachycardia and dizziness. 1% Methemoglobin
concentrations above 50% are associated with lethargy, confusion, cardiac arrhythmias,
and depression of consciousness followed by seizures." 1912 Death may occur at ‘
concentrations exceeding 70%." % '? Intravenous methylene blue, a reducing agent is the
treatment of choice for treating methemoglobin levels above 30%."'2 While a few
individuals (most often found in the Alaskan Eskimo, Navajo Indian and Siberian
Yakutsk populations) possess a genetic deficiency in the enzyme nicotinamide adenine
dinucleotide dependent methemoglobin reductase (NADH cytochrome b5 reductase),’ ®
which continuously reduces methemoglobin to hemoglobin, most cases of
methemoglobinemia are in fact drug-induced in individuals without this deficiency.

The table below lists various drugs and chemicals with the greatest risk of
inducing methemoglobinemia.” 10.12 A7] of these drugs and chemicals share a common
property; they can produce a dose-dependent oxidation of hemoglobin directly or through
their metabolites. Two local anesthetic agents appear on this table, namely prilocaine and
benzocaine.



GENERIC NAME COMMON TRADE NAMES
Aniline Various dyes and inks
Benzocaine Americaine, Hurricaine
Ciprofloxacin Cipro

Dapsone Dapsone UPS

Flutamide Eulexin

Metoclopramide Reglan

Nitric Oxide  —memeeeeeee

Nitrates and nitrites Nitrostat, Nitro-Dur, Isordil
Phenazopyridine Urobiotic, Pyridium
Phenelzine Nardil

Phenobarbital Various generics

Prilocaine Citanest

Quinine Various generics
Resorcinol Bensulfoid Cream

Trimethoprim/sulfamethoxazole  Bactrim

Benzocaine-induced Methemoglobinemia
Since first described by Bernstein in 1950,'® more than 60 cases of benzocaine-

induced methemoglobinemia have been reported in the literature.” It has been estimated
that a threshold dose of 15 mg/kg benzocaine absorbed directly from mucous membranes,
pulmonary membranes, abraded skin or ingested are necessary to produce overt cyanosis
in most individuals.* '* The table below summarizes the minimal dose of benzocaine
required to produce clinically visible methemoglobinemia in individuals of varying body
weights.

BODY WEIGHT (kg) BODY WEIGHT (Ibs)  Benzocaine Dose (mg)

25 55
50 110
70 150

375
750
1050

Methemoglobinemia Associated with Oral Health Care Products
Accidental ingestion by neonates and young children, or absorption from open

wounds or mucous membranes account for several published reports of this
phenomenon.> 117 In one such case it was estimated that 3300 mg of 2 7.5%
benzocaine gel (total benzocaine dose of 250 mg) had been applied intraorally to a 14
month old teething infant resulting in a methemoglobin level of 33%.'6 This translated
into a weight based dose of 25 mg/kg. While the child was markedly cyanotic, there was
no evidence of respiratory distress. The child received 100% oxygen by mask for 3 hours
and ascotbic acid 100 mg by mouth. Within 12 hours the child was clinically free of all
signs of cyanosis and was discharged from the hospital a day later. Another case
involved the accidental ingestion by a 2 ¥ year old of approximately 560 mg or 40 mg/kg
of benzocaine (7500 mg of a 7.5% gel).!” The child was markedly cyanotic with a
quantitative methemoglobin level of 59%. Intravenous methylene blue 10 mg was
administered due a methemoglobin level well over 30%, accompanied by oxygen.

Within 8 minutes the cyanosis had visibly faded with methemoglobin levels being



reduced to 4.4% within 6 hours of methylene blue administration. Both of these reports
describe benzocaine exposures 31grnficant1y greater than the 15 mg/kg threshold reported
to produce methemoglobinemia.” ' One other case occurred in the out-patient hospital
environment where oral and maxillofacial surgeons applied excessive amounts of 20%
benzocaine to the oral mucous membranes of a 5 ¥ year old, to facilitate the removal of
maxillary and mandibular arch bars.'® The child was administered 20 mg of intravenous
methylene blue and the cyanosis resolved within 15 minutes.

Over-the-counter benzocaine preparations in the form of gels and hqulds have
been widely used for the temporary relief of toothache pain for almost 80 years.'®
However even with this wide spread use, only one case of benzocaine-induced
methemoglobinemia has been reported in this patient population. 19 The patient claimed to
had used “the entire bottle of Anbesol” several hours before presenting to the emergency
room due to a syncopial episode. Since the Regular Strength formulation of this product
contains 10% benzocaine and the total volume of the bottle is 9 ml, total benzocaine
exposure was 900 mg, resulting in a methemoglobin concentration of 46%. He was
promptly treated with intravenous methylene blue and was discharged home the next day.

From the cases discussed above, it appears that the occurence of
methemoglobinemia due to benzocaine administration is typically due to an acute
overdose of the drug.

Methemoglobinemia Associated with Other Benzocaine-containing Products

In reviewing the cases of benzocaine induced methemoglobinemia that appear in
the literature, procedures involving the application of benzocaine via a spray for
intubations, endoscopies, bronchoscopies and transesophageal echocardiography
represent the vast preponderance of the cases. 219,12, 13, 20-2% potimated benzocaine
dispersion rates can range from 200 — 295 mg/sec In addition, these reports typically
involve patients of advanced age and/or serious preexisting medical conditions. The
table below summarizes some of these cases.

Age Sex Procedure Concomitant Estimated Methemoglobin Ref.
Medical Conditions Benzocaine Level
Dose
68 M TEE Cardiac arrhythmias Unknown 31% 2
59 F  TEE Atrial fibrillation, ~ Unknown 29% 2

fever, dyspnea,
renal transplant

71 F Bronch Severe anemia, 400 mg 23% 3
esophageal ulcers,
pulmonary infection

76 F Intub Rheumatoid 800—-1600mg 24% 4
arthritis

76 F Intub Pneumonia, Unknown 33% 5

respiratory distress




65

71

65

50

51

24

83

77

80

41

52

73

Intub

TEE

TEE

Bronch

Endos

Intub

Intub

Bronch

Bronch

. Endos

Intub

Endos

Rheumatoid
arthritis, peptic
ulcer, spinal cord
compression,
dyspnea

Recent knee
amputee, cardiac
valvular sclerosis

TIA

Lung cancer,
lobectomy, mucus

plug

Morbid obesity,
gallstone

Drug/alcohol abuse,
tracheal stoma

Alzheimer’s,
thyroid tumor

Atelectasis
Ischemic bowel

GI bleeding,
hereditary MetHb
reductase deficient

Oral cancer,
alcoholic, seizures,
previous MI

Esophageal
carcinoma, chronic
renal failure

600 mg

Unknown

Unknown

Unknown

Unknown‘

600 mg

600 mg

“Liberal™
“Usual amount”

1600

160 mg*

800 mg

55%

50%

44%

32%

Unknown

23%

54%

51%

21%

75%

26%

49%

12

20

20

21

22

23




61 M Bronch Oral cancer, lung > 1020 mg* 55% 24
cancer

TEE = transesophageal echocardiography, Bronch = bronchoscopy, Endos =
endoscopy, Intub = intubation, TIA = transient ischemic attack.
* Includes estimated butylaminobenzoate dose

Intubation, endoscopy, bronchoscopy and transesophageal echocardiography
procedures account for the greatest number of cases because the doses that are employed
are relatively high (each one-second spray of a 20% solution delivers approximately 200
mg of benzocaine), a large amount of the drug is absorbed from both the respiratory tree
and the gastrointestinal tract, and many of these patients are of advanced age with serious
concomitant medical conditions. In fact, following bronchoscopy procedures, the
estimated incidence of methemoglobinemia after topical anesthesia is 1/7000 patients.’
Uptake of local anesthetics from the tracheal mucosa is almost as rapid as intravenous
administration.”” The elderly and patients suffering from anemia and advanced
cardiopulmonary diseases are more likely to develop methemoglobinemia when given
high doses of oxidizing drugs.'® The increased susceptibility in the elderly is believed to
be due to less efficient nicotinamide adenine dinucleotide phosphate methemoglobin
reductase, delaying the conversion of methemoglobin back to the native non-oxidized
species.’ In the one case where an adult patient received only 160 mg of benzocaine,
excessive benzocaine absorption probably occurred due to the presence of a squamous
cell carcinoma in the retromolar trigone region. The contributing factors of advanced
age, poor overall health and drug overdose are further supported by the fact that in a
study of 91 relatively healthy individuals age 20-81 years, a two-second spray of 20%
benzocaine (approximate dose of 400 mg) did not produce clinically significant
elevations or symptoms of methemoglobinemia in any of the subjects.®

2

Pharmacokinetics

The popularity of benzocaine as an intraoral topical anesthetic is a result of its limited
systemic absorption following its application to mucous membranes.”® Any drug that
reaches the systemic circulation would be rapidly hydrolyzed by plasma esterases.”’

[H,O]
H,oN COOC,H; =w==d H,N COOH

+ CH.CH,OH

Benzocaine Para-aminobenzoic acid Ethanol

While direct pharmacokinetic studies of benzocaine in man are lacking, the related
injectable ester procaine, is reported to have a plasma half-life of one minute or less® It
is possible that the para-aminobenzoic acid metabolite or a minor aniline metabolite
contribute to the production of methemoglobinemia during a toxic overdose of
benzocaine.® The half-life of methemoglobin has been reported to be approximately 55



minutes in man.?® Therefore if a patient self-medicating for toothache were to applya
supra-therapeutic dose of benzocaine and developed a sub-clinically evident, yet elevated
methemoglobin level of 4%, within 2 hours of application the methemoglobin levels
would be down to 1% which would be considered in the normal range. It is thus
extremely unlikely that the current labeling of 20% benzocaine products for “adults and
children 2 years of age and older: apply to the affected area up to 4 times daily or as
directed by a doctor/dentist” could cause clinically significant methemoglobinemia. The
dearth of case reports in toothache patients compared to other medical uses of benzocaine

supports this assumption. Therapeutic dosing of up to & times per day would still be well
within the margin of safety.
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