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Dapsone-Induced Methemoglobinemia: a Primer for Clinicians
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apsone is a sulfone compound com-

monly used in the prevention of
Pneumocystis jiroveci pneumonitis (PJP)
as well as treatment of conditions such
as leprosy and dermatitis herpetiformis.t
PJP is a frequently encountered oppor-
tunistic infection in patients with de-
pressed cellular immunity resulting from
HIV, leukemia, and drug therapy used in
solid organ and hematopoietic stem cell
(HSCT) transplantation.>” When used to
prevent PJP, dapsone is typically re-
served as an alternative agent in patients
intolerant of or for whom trimethoprim/
sulfamethoxazole is contraindicated.®
The increase in this population has led to
a parallel increase in dapsone use in re-
cent years.® A significant adverse effect
associated with dapsone use in some pa-
tients is the development of Heinz body
hemolytic anemia and methemoglobine-
mia.! This review provides a primer for
clinicians on the identification and man-
agement of methemoglobinemia.

Data Sources

Literature regarding dapsone-induced
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methemoglobinemia was accessed through EMBASE, the
Cochrane Database, and MEDLINE (1966-March 2011).
All case reports, small case series, and randomized con-
trolled trials published in English were evaluated. Two
publications addressed dapsone-induced methemoglobine-
mia literature in the period between 1966 and 1996>%; in
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the absence of comprehensive updates since then, we re-
viewed publications between 1997 and March 2011.

Pathophysiology of Methemoglobinemia

Methemoglobin (MetHb) develops when heme iron is
in the ferric state (Fe**) instead of the normal ferrous state
(Fe?*). Under normal circumstances, erythrocytes produce
low levels of MetHb (<1%) continuously secondary to au-
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tooxidation, with 99% of hemoglobin (Hb) in the ferrous
state. Low MetHDb levels are achieved through the regulatory
actions of nicotinamide adenine dinucleotide (NADH)-de-
pendent cytochrome b5 reductase enzyme (~67-95% of the
conversion), nicotinamide adenine dinucleotide phosphate
(NADPH)-dependent MetHb reductase (~5% of the con-
version), and the nonenzymatic antioxidants ascorbic acid
and glutathione (~12-15% of the conversion).>*!' When
these control processes are malfunctioning or over-
whelmed, high MetHb (>1%) concentrations in erythro-
cytes develop. In the ferric form, the iron in heme cannot
bind oxygen.!*!213 Physiologically, the resultant oxygen-
dissociation curve of the unaffected Hgb will shift to the
left.>* The severity is relative to the patient’s Hb level; for
example, a patient with anemia who has an Hb level of
7.4 g/dL and a MetHb level of 25% would have only 5.5
g/dL of functional Hb.? Cyanosis associated with MetHb
results in a brown, pasty appearance of the mucous mem-
branes, unlike the blue color that is associated with
cyanosis from other causes.? Venous blood samples in
methemoglobinemia are brown, typically at levels of 10%
or higher.>!S Headache, fatigue, tachycardia, weakness,
and dizziness appear at levels between 30% and 40%.!°
The latter can lead to acidosis, paralysis, arrhythmias,
coma, and seizures when the MetHb level approaches
60%.%>1%12 Death occurs at levels higher than 70%,'>1¢ al-
though survival has been reported with levels as high as
83%.!" In patients with anemia, significant cardiac or res-
piratory disease, and other Hb abnormalities (eg, sickle
cell anemia), these symptoms occur at lower MetHb lev-
els (eg, 15% or less) 216181

In methemoglobinemia, a discrepancy exists between
noninvasive pulse oximeter arterial oxygen saturation
(SpO,) readings and oxygen saturation determined on arte-
rial blood gas testing, a phenomenon known as “saturation
gap.”¥! When MetHb is greater than 20-30%, SpO,
plateaus at 80-85% and is unaffected by oxygenation sta-
tus.'®2 The result is an underestimation of the SpO, when
the actual values are above 85% and an overestimation of
the SpO, in patients with hypoxemia below this level.® In-
deed, the condition of patients with methemoglobinemia
will improve little, even at high O, concentrations, and
worsening hypoxemia may go unnoticed.!! In these cir-
cumstances, the presence of cyanosis and low SpO, read-
ings with an incongruent normal arterial oxygen pressure
(Pa0,) shown on arterial blood gas testing should alert
clinicians to the possibility of methemoglobinemia.?>? A
CO -oximeter, which measures peak light absorbance for
MetHb, is a more accurate noninvasive method than pulse
oximetry for assessing MetHb levels.!*? When CO-
oximetry is not available, elevated MetHb concentration
determined with arterial blood gas testing typically sup-
ports the diagnosis.
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Dapsone

Dapsone (diaminodiphenylsulfone) is a synthetic sul-
fone that decreases folate synthesis by inhibiting the en-
zyme dihydropteroate synthetase.>® It was first used in the
1940s for treatment of leprosy and then in the 1980s for
prophylaxis of PJP malaria and treatment of dermatitis her-
petiformis.>® The drug’s bioavailability is approximately
70-80%, and it reaches peak concentration within 2-6
hours after a dose of 100 mg.>*"** Dapsone’s elimination
half-life is dose-dependent and, in adults, ranges from 20
to 30 hours!**; however, it can be as long as 80 hours
(mostly in overdose situations).>** In children, the half-life
is 15-22.2 hours.? Dapsone has a moderately large volume
of distribution (1.5 L/kg) and 70-80% protein bind-
ing.>152427 In the liver, it undergoes reversible acetylation
by N-acetyltransferase (NAT2) to monoacetyl dapsone and
cytochrome P450-mediated N-hydroxylation to dapsone
hydroxylamine.'?$?* The monoacetyl metabolite can also
be acetylated back to dapsone or, to a lesser extent, hy-
droxylated to N-hydroxy-acetyl dapsone.”® The acetylated
metabolite is 97-100% bound to plasma proteins and has a
half-life of approximately 30 hours.®***” Its proportion in
the plasma is dependent on the acetylator phenotype.?”*
Acetylated metabolites are not excreted in the urine and are
pharmacologically inactive.%”? Dapsone hydroxylamine is
generated by CYP2C isoenzymes, with minor contribu-
tions from other cytochrome P450 isoenzymes.332 Both
hydroxyl compounds undergo glucuronidation (represent-
ing 50% excretion of the oral dose'®) and, in addition to the
parent compound dapsone, are excreted in the urine.* In-
deed, 43 + 14% of the dapsone dose was recovered in the
urine as equal concentration of dapsone and hydroxyl-
amine dapsone.?!® The hydroxylamine metabolites are re-
tained in the circulation for a long period as they undergo
enterohepatic recirculation.* They are quickly taken up by
the erythrocytes where they (in particular, dapsone mono-
hydroxylamine*) are primarily responsible for the hemato-
logic adverse effects of methemoglobinemia and hemoly-
sis.* One hydroxylamine molecule can react with more
than 5 molecules of Hb.*

Demographically, previous reports have estimated that
4-13% of patients receiving dapsone develop some degree
of hemolytic anemia or methemoglobinemia, which is
more than other common iatrogenic offenders such as ben-
zocaine sprays.* In a study of 2 tertiary care hospitals, 138
cases of methemoglobinemia over 28 months were identi-
fied. Dapsone was the most common etiology, accounting
for 42% of all cases, followed by benzocaine spray at
20%.18 Because of its rapid access to the highly vascular
pharyngeal mucosa, benzocaine spray is the most common
etiology of methemoglobinemia in the perioperative period
when used to facilitate upper gastrointestinal endoscopy,
laryngoscopy, or bronchoscopy.*
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Management of Dapsone-Induced
Methemoglobinemia

METHYLENE BLUE

Methylene blue (aniline violet, methylthionine chloride)
acts in vivo as a cofactor for the NADPH-MetHb reductase
enzyme system.**%* Typically, in the presence of NADPH-
MetHD reductase, it accepts an electron from NADPH and
is reduced to leukomethylene blue.!**¢ Leukomethylene
blue then donates an electron to MetHb, causing the con-
version back to oxyhemoglobin.!¢3¢ The NADPH required
for this reaction is generated in erythrocytes from the pen-
tose phosphate shunt, through the action of glucose 6-
phosphate dehydrogenase (G6PD)."! NADPH-reductase
enzyme is less efficient in elderly individuals, young chil-
dren, and neonates.’

Methylene blue is given intravenously as 1-2 mg/kg of a
1% solution for the treatment of methemoglobinemia. The
dose is repeated if a sufficient response does not occur
within an hour following treatment.> Methylene blue is
eliminated in the bile, feces, and urine as leukomethylene
blue.’** Common adverse effects, such as electrocardiogram
abnormalities (inverted T waves and diminished R waves),
dyspnea, chest pain, nausea, diarrhea, oral dysesthesia, and
diaphoresis are seen, mostly at the 7-mg/kg cumulative
dose.'®3¢ At doses of 4 mg/kg or more, methylene blue can
cause harmless and reversible discoloration of skin, feces,
and urine 3% It is present in the urine up to 5 days after an
intravenous dose, despite its short-lived pharmacologic ac-
tion.'¥ When methylene blue was used in septic shock
treatment, pulmonary vasoconstriction and reduced oxy-
genation coincided with doses of 3-4 mg/kg in patients
with ventilation-perfusion mismatch (eg, acute lung injury,
acute respiratory distress syndrome).*” Recently, an associ-
ation between the use of injectable methylene blue in pa-
tients exposed to serotonin reuptake inhibition properties
was described.*® Cases of serotonin syndrome involved ag-
itation, diaphoresis, hypertonia, hyperpyrexia, tremor, hy-
perreflexia, and clonus.*® This may result from the fact that
methylene blue has structural properties similar to those of
monoamine oxidase inhibitors, known precipitants of sero-
tonin toxicity. Serotonin syndrome has been reported when
methylene blue was given at doses as low as 1 mg/kg in
patients receiving drugs with serotonin reuptake inhibition
properties (eg, duloxetine, venlafaxine, and clomipramine).3®
Several of these patients required admission to the inten-
sive care unit.

Paradoxically, methylene blue may induce methe-
moglobinemia at doses ranging from 4 to 15 mg/kg by oxi-
dizing Hb to MetHb, although levels rarely exceed
8% 14163639 This happens when leukomethylene blue,
methylene blue’s metabolite, reduces oxygen to hydrogen
peroxide, some of which is detoxified through the hexose
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monophosphate shunt.* When this mechanism is over-
whelmed, reduced glutathione is depleted and the remain-
ing hydrogen peroxide can oxidize Hb to MetHb.™ In pa-
tients with GO6PD deficiency, where NADPH is decreased,
methylene blue administration may result in hemolysis." It
may exacerbate dapsone-induced Heinz body hemolytic
anemia, and this effect can be delayed for several days. It
has been suggested that a dose lower than 1 mg/kg can be
used in G6PD -deficient patients with methemoglobine-
mia.3 However, even with a lower dosage, methylene blue
will be ineffective in the treatment of methemoglobinemia
in some of these patients, because of the decrease in
NADPH concentration.®* In the management of methe-
moglobinemia, the drug can also alter SpO, readings, as it
absorbs most light emitted by a pulse oximeter.*” Although
transient, the interference is interpreted as a reduction in
circulating Hb and a falsely depressed SpO, reading.4
Cyanosis is an unreliable guide to methylene blue’s clinical
response because the bluish discoloration of skin con-
founds physical assessment. Elimination of cyanosis may
lag behind symptomatic relief; anemia can also disguise
cyanosis symptoms despite high MetHb concentration.**

Table 1 describes reports published between 1997 and
March 2011 of methylene blue use in overdose situa-
tions. 212427394146 Some reports suggest that continuous in-
fusion of methylene blue is effective in recalcitrant dap-
sone-induced methemoglobinemia?42; however, the safety
profile of protracted use is unknown. As such, it should be
considered with caution.

CIMETIDINE INTERACTION WITH DAPSONE

In an analysis of 8 patients receiving dapsone for derma-
tologic conditions, Rhodes et al. studied cimetidine’s effect
on MetHb and dapsone kinetics.* Daily dosages of oral
dapsone were 100 mg (n = 6), 75 mg (n = 1), and 50 mg (n
= 1). Cimetidine 800 mg was given 1 hour prior to dapsone
(to inhibit dapsone hydroxylation at peak concentration)
followed by 400 mg (8 hours after the 800-mg dose) for 12
weeks. At week 3 of cimetidine, mean dapsone concentra-
tions increased by 30% versus baseline (p < 0.01). No ef-
fect on dapsone acetylation ratio was seen during the study.
Basal MetHb fell from a mean of 5.5 + 2.2% at baseline to
3.9 + 1.1% at week 3 of cimetidine administration (p <
0.01) and remained low up to week 9. At week 12, MetHb
increased to 5.3 £ 2.2%, despite the continuation of cimeti-
dine. Skin disorder control was not lost, suggesting a neu-
tral effect of cimetidine on the parent drug dapsone, with
its neutrophil inhibitory properties.*® Previous work from
the same group showed that a 2-week course of cimetidine,
by virtue of its inhibitory action on cytochrome P450
(chiefly 2C19) isoenzymes, decreased dapsone’s metabo-
lism to its toxic hydroxylamine metabolite with an atten-
dant 27% reduction in the baseline MetHb level.?® An el-
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administered
MetHb >30% in 2 elderly pts. who took dapsone

MB bid, gastric lavage, activated charcoal
200 mg/day

0.003); mortality higher in older pts.

0.009)

and ED presentation longer in pts. who died

9 (19.6%) Pts. died; interval between ingestion
(P
P

(more in older patients), abdominal pain, hypoxemia

cyanosis, dyspnea, mental status changes

43.97 g)
Mean MetHb 30.80 g/dL (mean 543.9 minutes after ingestion);

Mean age 60.91 years; mostly intentional overdoses (mean

observational study
=46)

Park (2010)*® Retrospective
(N
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methemoglobin; SpO,= pulse oximeter

Glasgow Coma Scale; MB= methylene blue; MetHb =

glucose-6-phosphate dehydrogenase; GCS =

= emergency department; G6PD =

arterial blood gases; ED

ABG

arterial oxygen saturation.

Dapsone-Induced Methemoglobinemia

derly patient developed methemoglobinemia with mild
cyanosis when dapsone therapy was initiated for pemphi-
gus.¥ After 4 weeks of cimetidine treatment (400 mg 3
times a day), his MetHb level and cyanosis improved with-
out interference with dapsone’s effectiveness. In general,
most case series describing cimetidine use for the treat-
ment of dapsone-induced methemoglobinemia reported a
positive outcome. 13161847 Almost all of these reports were
in patients receiving dapsone for dermatologic indications
in which protracted cimetidine administration did not hin-
der dapsone’s effectiveness.347 Although unlikely in the-
ory, its interference with dapsone’s antiinfective indications
(eg, PJP prophylaxis) is unknown. Cimetidine use was ad-
vocated in patients receiving dapsone preoperatively to re-
duce the risk of intraoperative methemoglobinemia.*’ Con-
versely, some authors recommended against cimetidine use
in the acute setting, citing its slow onset of action as a
shortcoming.!® Cimetidine’s effect on dapsone-induced
hemolytic anemia has been inconsistent.!33047

OTHER REMOVAL COMPOUNDS OR PROCEDURES

Because dapsone undergoes enterohepatic circulation,
multiple doses of active charcoal have been attempted, es-
pecially in the acute overdose setting.2*® The hypothesis
for this treatment is that activated charcoal will interrupt
dapsone’s (and its metabolite) enterohepatic circulation.?
Repeated charcoal administration resulted in a decrease of
both dapsone’s and monoacetyldapsone’s mean half-life
from 77 = 23 hours to 12.7 = 0.7 hours and 51 + 10 hours
to 13.3 = 1.0 hours, respectively.*!S Activated charcoal use
is typically limited by gastrointestinal intolerance and is re-
served for conscious patients.>* As a source of NADH to
red blood cells from glycolysis, dextrose administration
was advocated for treatment of acute methemoglobi-
nemia.® Gastric lavage, combined with oral charcoal thera-
py, has been attempted in acute overdose.'s Its benefit is
short-lived and limited to the early phase of the acute in-
gestion.'s Charcoal hemoperfusion has been used; howev-
er, the procedure’s benefits remain ill-defined.? It success-
fully reduced dapsone’s half-life, with clinical resolution,
but adverse effects such as hypoglycemia, hypotension,
and thrombocytopenia developed.!® Ascorbic acid, which
increases nonenzymatic reduction of MetHb, has been
tried but, because of its slow onset of action, is not recom-
mended as monotherapy for acute symptomatic methe-
moglobinemia.'® Vitamin E has been evaluated, with in-
consistent results.” In refractory acute overdose cases, hy-
perbaric oxygen therapy, hemodialysis, and plasma exchange
have been attempted, with equivocal results.>* The lack of
response with the latter 2 strategies was attributed to dap-
sone’s large volume of distribution. Indeed, when initiated
3 days after massive dapsone ingestion, plasma exchange
removed only 2% of the ingested drug.*
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Literature Review

Ash-Bernal et al. reviewed the charts of 138 patients
who acquired methemoglobinemia in 2 teaching hospitals
in Maryland.®® They found that the majority (58) of cases
were caused by dapsone. Discontinuation of dapsone oc-
curred in 18 of the 42 documented mild cases; 2 were
treated with methylene blue. In fact, 1 patient with
hemolytic anemia had symptoms at a MetHb level of
4.67%. The majority of patients in the series were anemic
(2 patients with MetHb levels of 3.6% and 6.5% were
treated with a reduced dapsone dose and cimetidine). In 1
sample case, a 34-year-old HIV-positive patient presented
with dyspnea on exertion, cyanotic extremities, and an
SpO, of 89% on room air. His MetHb level was 12.1%. He
had been on dapsone for 3 months. The drug was stopped
and the patient improved within 24 hours. In a study of
HIV-positive children receiving either weekly (4 mg/kg; n
= 46) or daily (1-2 mg/kg; n = 48) dapsone, changes in
methemoglobinemia were similar with all dosing regi-
mens: 15 and 2 had MetHD levels above 5% and 10%, re-
spectively.5® All patients were asymptomatic. The authors
surmised that the lack of differences may be the result of
the high dosage with the weekly regimen.

Williams et al. assessed the incidence of MetHb in chil-
dren with acute lymphoblastic leukemia receiving dap-
sone.?® Symptomatic MetHb was defined as above the nor-
mal level of MetHb, as measured by venous blood CO -
oximetry, coupled with hypoxemia with or without
cyanosis or respiratory distress. Twenty percent of patients
(3/15) had symptomatic methemoglobinemia, with a mean
MetHb level of 11.67%. The remaining 12 patients with
asymptomatic methemoglobinemia had a mean MetHb
level of 1.37% (range 0.02-3%). The mean blood cy-
tochrome b5 reductase level was lower in symptomatic pa-
tients than in asymptomatic patients. The low levels were
borderline statistically nonsignificant (p = 0.06), largely
due to a small sample size. To eliminate leukemia as a
cause of MetHDb,’! the authors analyzed 10 pediatric pa-
tients with leukemia who were receiving trimethoprim/sul-
famethoxazole as control. Their MetHb level was normal
at 0.54% (range 0.1-9.8%) and also significantly lower
than that of the 12 asymptomatic patients on dapsone (p <
0.001). Sulfamethoxazole is associated with less methe-
moglobinemia than dapsone because of the preferential
trapping of dapsone’s hydroxylamine metabolite in red
blood cells.®

A retrospective analysis of patients who had undergone
HSCT at a single institution found an incidence of approxi-
mately 3% (5 of 155 patients with dapsone adverse events)
of methemoglobinemia associated with dapsone given as
50 mg twice daily.! All patients had concurrent hemolytic
anemia. Another retrospective study in 327 patients who
received HSCT noted that, in the subset of patients who re-
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ceived dapsone 100 mg daily (n = 114), methemoglobine-
mia occurred in 3 individuals (2.6%).® In both reports, de-
tails about these patients were not provided. A male patient
who received HSCT presented with mild aphasia, difficul-
ty with coordination, paresthesia, and slurred speech.® A
faint bluish tinge on the patient’s nail beds was also noted.
The SpO, dropped into the high 80s, and he become pro-
gressively short of breath. Dapsone was stopped when a
MetHD level of 10.2% was determined, and methylene
blue was administered. In less than an hour, the SpO, rose
to approximately 97% and his mental status returned to
baseline. A second patient had severe chest congestion,
discomfort, and shortness of breath. The patient also had
left lobe crackles, tachypnea, and cyanosis. The MetHb
level was 9.7%; improvement occurred upon methylene
blue administration. Concomitantly, the patient was diag-
nosed with pneumonia. In this report, the authors stated
that dapsone-induced methemoglobinemia is not dose-re-
lated, a statement that is contrary to the body of evidence
in the literature.>?%3%3 In a study evaluating the effect of
cimetidine on dapsone kinetics, the daily dapsone dosage
exhibited linear correlation with the methemoglobinemia (r
=0.91 + 0.04). Non—dose-related methemoglobinemia
has been documented as part of dapsone-associated sul-
fone syndrome, an uncommon but potentially fatal hyper-
sensitivity reaction characterized by fever, malaise, exfolia-
tive dermatitis, or a morbilliform rash, hepatocellular dam-
age or cholestasis, lymphadenopathy, hepatosplenomegaly,
and hemolytic anemia.® Conversely, a study evaluating
dapsone 100 mg daily use in patients with leprosy found
no correlation between steady-state trough plasma concen-
trations and MetHb levels.® A weak correlation was seen
between dapsone and MetHb levels in overdose situa-
tions.*

Zosel et al. reported a case of a 37-year-old patient re-
ceiving dapsone for lupus.!? Dapsone was initiated 8
months before her admission, with a dose increase 2
months prior. On presentation, the patient experienced
cough and shortness of breath for the last 3 days with a
SpO, of 94% on 2 L of O,. A bluish hue to her fingertips
and lips was noted the day before admission. At the time,
methemoglobinemia was not suspected and the patient was
treated for pneumonia, as pulmonary infiltrates were seen
on chest computed tomography. The patient’s condition
worsened and, after 10 days of hospitalization, she devel-
oped respiratory alkalosis shown on arterial blood gas test-
ing, with a 94-97% SpO, on 5 L of O,. Her blood was dark
purple, and dapsone-induced methemoglobinemia was
suspected; a MetHb level of 25% confirmed the diagnosis.
Methylene blue was administered twice: the first dose re-
sulted in a MetHb level of 7%, only to rise to 13.6% within
6 hours. The second dose normalized the MetHb (values
not reported). With resolution of the dyspnea, the patient
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was discharged on hospital day 15 (5 days after dapsone
was stopped).!? Choi and Sarang reported the case of a 57-
year-old woman on dapsone for granuloma faciale who, 3
days following elective coronary artery bypass graft, de-
veloped methemoglobinemia.? She suddenly became
drowsy and was roused only by persistent verbal com-
mands, with no focal neurologic signs. The SpO, ranged
from 72% to 88%. The MetHb level determined on arterial
blood gas tests rose from a preoperative baseline of 4.4%
to 13%. Her condition improved within 24-48 hours after
stopping dapsone and initiating oral ascorbic acid therapy.

Esbenshade et al.3 undertook a 15-year retrospective
cohort study of pediatric patients with hematologic dis-
eases receiving dapsone. The primary endpoint was time to
the development of symptomatic methemoglobinemia.
The prevalence of confirmed methemoglobinemia was ap-
proximately 20% (32 of 167 patients). Median MetHb lev-
el was 8.95% (range 3.5-22.4%), with the majority of pa-
tients presenting with cyanosis and hypoxia (SpO, <95%).
These patients received dapsone for a median of 67 days
versus 427 days in patients without methemoglobinemia (p
< 0.001). In the multivariate model, dapsone dose was as-
sociated with risk of methemoglobinemia (hazard ratio
6.25; 95% CI1 2.45 to 15.93; p < 0.001). Sex, age, and body
mass index were not associated with an increased risk of
methemoglobinemia. A cross-sectional analysis of a subset
of patients with methemoglobinemia (n = 20) with a
matched control without methemoglobinemia (n = 20) did
not find a correlation between cytochrome b5 reductase
levels and MetHb levels. The highest MetHb level was
seen in a symptomatic patient who subsequently was
found to be the only G6PD -deficient subject of the cohort.
A recent case report described a patient receiving dapsone
200 mg daily for dermatitis herpetiformis with chronic
methemoglobinemia and SpO, of 87-89% on room air."
Cimetidine was started and the MetHb level decreased to
6%, eventually normalizing to 2.1% after the dapsone
dose was halved to 100 mg daily.

The above, as well as additional reports describing dap-

sone-induced methemoglobinemia at therapeutic doses, are
liSted in Table 2 2,8,10-13,16,18,20,22,23,26,31,34,35,47,49,53,56-62

Discussion

Contrary to earlier findings,>* most of the published
dapsone-induced methemoglobinemia reports spanning the
last decade describe this adverse effect as occurring at thera-
peutic doses (Table 2). We were able to find only 10 ac-
counts of methemoglobinemia caused by overdose exposure
over the same time span.?12427:341-46 Thig largely mirrors
modern-day practices in which dapsone is used in many in-
dications, especially in immunocompromised hosts.

The review also sheds light on important clinical aspects
of dapsone’s ability to cause methemoglobinemia. First, it
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is clear that, when receiving therapeutic doses, patients can
become symptomatic at MetHb levels greater or less than
10% and that the existing MetHb level cut-offs for symp-
toms,? derived from overdose cases in otherwise young
healthy individuals, are not representative of what is seen in
present-day clinical practice.!® In general, the MetHb level is
useful to confirm diagnosis, but it is not as important as the
patient’s clinical status for determining early treatment.*
Symptoms have occurred at MetHb levels ranging from
1.9% to 26.8%, mostly at the 100-mg dose (Table 2). In
most cases, patients’ conditions tended to decompensate at
these MetHb levels because of concurrent cardiopulmonary
risk factors such as active coronary artery disease,?57:62
blood loss or anemia,!%:16:1820.233449.57.59.62 apnd pneumonia or
lung disease.®122%4758 [n other accounts, overexposure to dap-
sone due to renal failure?*! and a pharmacodynamic interac-
tion with another methemoglobinemia-inducing compound¢
were believed to be potential contributors. Those inciting
factors may also explain the wide variability in time to onset
of methemoglobinemia from dapsone therapy initiation as
well as, in part, the variability in time to symptom resolution
(Table 2). These findings are congruent with our clinical ex-
perience where we observed symptomatic methemoglobine-
mia at the range shown in Table 2 in patients with cardiopul-
monary compromise or in patients stable on dapsone who
began receiving an agent known to cause methemoglobine-
mia (eg, the aniline-like derivative phenazopyridine)® (RBI,
unpublished observation). It is well known that the combina-
tion of 2 or more drugs known to cause methemoglobinemia
increases its risk greatly.”

Second, protracted, or rebound methemoglobinemia is
uncommon at therapeutic dose—associated dapsone methe-
moglobinemia.1’8’10’11’1"’20’22’23’26’3"’35’49’56’58 In faCt, Only 4 re-
ports, each on 1 patient, have described a second MetHb
peak following appropriate interventions.>125%¢1 Two of
these patients had confounding factors: compromised renal
failure in 1% and a dosage higher (ie, 200 mg/day) than usu-
al in the other,!? suggesting increased dapsone exposure in
both patients. The third patient had a 10-year history of
grayish lips and fingers, hinting at a heightened sensitivity
to methemoglobinemia-precipitating factors.®® MetHb lev-
els on presentation were between 15% and 20% in all 4 re-
ports. Consistent with previously published overdose liter-
ature,'® 2 overdose cases in our review displayed a delayed
or rebound MetHb peak.?#? In our review, hemolytic ane-
mia was reported in all cases describing methemoglobine-
mia overdose?*¥#41424445 and, to a lesser extent, at therapeu-
tic doses.HL131831585 Hemolytic anemia secondary to dap-
sone overdose developed over 5-9 days.* In therapeutic
cases, it tended to be mild»!33!; however, a more severe
presentation with the administration of 2 doses of methy-
lene blue was also reported.! In the majority of overdose
cases, the hemolytic anemia was severe.?#?"3*4:4244 Collec-
tively, the reviewed publications suggest that the higher the
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MetHDb level on presentation, the greater the chances for a
delayed MetHb rebound and hemolytic anemia. The latter
entity is likely related to overexposure to dapsone’s hy-
droxylamine metabolites and subsequent recourse to multi-
ple doses of methylene blue to control the high MetHb lev-
els. As discussed earlier, the use of high doses of methy-
lene blue carries the risk of hemolytic anemia, especially in
GOPD -deficient patients.!4

While methemoglobinemia is clearly a dose-related ad-
verse effect,”®53 attempts to decrease the dapsone dose (ie,
from 100 mg/day to 50 mg/day) are not recommended in
patients taking the drug for antiinfective indications, as this
has been associated with higher incidence of breakthrough
infections.* Indeed, PJP rates increased from 2.6% to 11.3%
when the dapsone dose was decreased from 50 mg twice a
day to 50 mg daily.* In another report, dapsone 50 mg twice
daily 3 times a week was suboptimal in PJP prevention in
adults who received HSCT.% A retrospective single-institu-
tion study reported no adverse events and acceptable effec-
tiveness when a weekly dapsone dose of 50 mg/m? was giv-
en to a pediatric population, although breakthrough 7oxo-
plasma gondii was a concern.® Dapsone, when combined
with pyrimethamine, is active against PJP and 7. gondii.>’
While the intent of this regimen is to use lower doses of dap-
sone, it was found that the combination may cause more
methemoglobinemia than dapsone alone.*”

With the exception of 2 studies,?** most of the reviewed
publications lacked a rigorous scientific analysis of risk
factors for dapsone-induced methemoglobinemia. Naik et al.
showed that, in lung transplant recipients, the incidence of
dapsone-induced hemolytic anemia correlated with renal
function and low ideal body weight when the drug was given
at the fixed dose of 100 mg daily, suggesting a relation to to-
tal drug exposure.’ Because methemoglobinemia and
hemolytic anemia share the same offending agent, dapsone’s
hydroxylamine metabolites,* the contribution of these risk
factors to methemoglobinemia is possible and warrants study.
We suspect that a significant number of patients receiving
dapsone have a borderline elevated MetHb but remain
asymptomatic until the advent of a trigger, as illustrated in the
case report by Choi and Sarang.?* A study evaluating patients
on dapsone with MetHD levels obtained at baseline and at the
onset of symptomatic methemoglobinemia will help to ascer-
tain these observations. In our review, few reports assessed
the patient’s GOPD?3147535862 and cytochrome b5 sta-
tus, 212631535758 with the majority being descriptive. Esben-
shade et al.* and Williams et al.? studies were the only eval-
uations in which a statistical correlation between methe-
moglobinemia and cytochrome b5 reductase level was
undertaken. The presence of impaired cytochrome b5 re-
ductase activity, along with a slow acetylator NAT2*5B
haplotype, in an adult with methemoglobinemia was re-
cently described.* This is important because, excluding
overdose scenarios, toxic methemoglobinemia may result

»  The Annals of Pharmacotherapy ® 2011 September;, Volume 45

from ingestion of appropriate dapsone doses in individuals
with partial deficiencies of cytochrome b5 reductase.®’
The impact of CYP2C polymorphisms on dapsone-associ-
ated methemoglobinemia has yet to be addressed.*

It is known that children younger than 6 years are at an
increased risk of methemoglobinemia in the setting of gas-
troenteritis, dehydration, and sepsis because of the low ac-
tivity of erythrocyte NADH-MetHb reductase.’®# This is
more pronounced in neonates because fetal Hb, which is
unstable, is more easily oxidized to MetHb.>" In the pedi-
atric literature reviewed here, patients younger than 6
years, but not neonates, were examined with other chil-
dren; however, no separate analysis was conducted for this
age group.?5386 An exception was a retrospective review
of dapsone overdoses from Brazil in which a separate anal-
ysis of children younger than 5 years was conducted (Table
1).% The authors noted that cyanosis was the presenting
symptom in all children of this age group. In all, children
exhibited no excess or unusual morbidity to dapsone-in-
duced methemoglobinemia and appropriate response to
methylene blue intervention.741-3

Summary

Clinicians caring for patients receiving dapsone should
be aware of methemoglobinemia as a not uncommon ad-
verse effect of this antiinfective compound at therapeutic
doses. They should be aware of factors that may precipitate
dapsone-induced methemoglobinemia and, should it hap-
pen, know how to promptly and effectively manage it.
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EXTRACTO

OBJETIVO: Presentar una revisién exhaustiva de la metahemoglobinemia
inducida por dapsona y su tratamiento.

FUENTES DE INFORMACION: Se accedié a la recuperacién de literatura a
través de las bases de datos MEDLINE (1966-marzo de 2011), la
biblioteca Cochrane, y EMBASE mediante los términos de bisqueda
dapsone (dapsona) y methemoglobinemia (metahemoglobinemia).

SELECCION DE ESTUDIOS Y EXTRACCION DE DATOS: Se evaluaron todos los
articulos identificados en inglés de las fuentes de datos. Se evaluaron
todos los casos clinicos en humanos, los ensayos de series de casos de
tamaiio reducido y los ensayos aleatorizados y controlados que se
publicaron en inglés. Debido a la ausencia de actualizaciones exhaustivas
sobre este tema desde 1996, en esta revision se incluyeron las publicaciones
entre 1997 y marzo de 2011.

sinTEsIs: Entre 1997 y marzo de 2011, la mayoria de las publicaciones
que describen la metahemoglobinemia asociada con el uso de dapsona
notificaron este efecto adverso a dosis terapéuticas. Si excluimos las
situaciones de sobredosis, se identificaron 18 casos clinicos de metahemo-
globinemia sintomatica asociada con dapsona y la presentacion clinica
del trastorno oscila desde cianosis a dificultad para respirar. En casi
todos los casos, los pacientes presentaron un evento concurrente como
anemia o pneumonia sugerente de una interaccion entre estas comorbili-
dades y el inicio de la metahemoglobinemia sintomatica. Se ha observado
la aparicién de anemia hemolitica tardia en casos con un nivel alto de
metahemoglobinemia en la presentacion. El tratamiento consiste en la
administracion de azul de metileno en la mayoria de los casos. En general,
la mayoria de los casos clinicos tuvieron un resultado favorable y no
hubo fallecimientos resultantes de la metahemoglobinemia asociada con
el uso terapéutico del farmaco.

CONCLUSIONES: Los facultativos deben conocer la metahemoglobinemia
como un efecto adverso asociado con el uso de dapsona y los factores
potenciales que favorecen su aparicion. Asimismo, deben conocer como
tratar este evento de forma rapida y eficaz.

Traducido por Enrique Muioz Soler

Meéthémoglobinémie Induite par le Dapsone: une Mise a Jour Pour
les Cliniciens

JA Barclay, SE Ziemba, et RB Ibrahim

Ann Pharmacother 2011;45:xxxx.

RESUME

OBJECTIF: Présenter une revue détaillée de la méthémoglobinémie induite
par le dapsone et sa prise en charge.

SOURCES DE DONNEES: Une revue de la documentation scientifique a été
effectuée par le biais d’une recherche MEDLINE (1966 a mars 2011), la
Librairie Cochrane, et EMBASE avec 'utilisation des termes dapsone et
méthémoglobinémie.

SELECTION DES ETUDES ET EXTRACTION DES DONNEES: Tous les articles de
langue anglaise identifiés par le biais de la recherche ont été évalués.
Tous les rapports de cas, les séries de cas et les essais cliniques randomisés
publiés en anglais ont ét¢ analysés. En I’absence d’une mise a jour détaillée
sur le sujet depuis 1996, les publications disponibles de 1997 a Mars 2011
ont été inclues dans la revue.

SYNTHESE DES DONNEES: Entre 1997 et Mars 2011, la majorité des
publications concernant la méthémoglobinémie a I’utilisation du dapsone
ont rapporté cet effet indésirable a des doses thérapeutiques. En excluant
les situations de surdose, 18 rapports ont été identifiés avec une
méthémoglobinémie symptomatique associée a la prise de dapsone et
une présentation clinique attenante allant de la cyanose a des difficultés
respiratoires. Dans la majorité des cas, les patients présentaient un
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événement concomitant tel que de ’anémie ou une pneumonie
suggérant une relation entre ces comorbidités et le début de la méthémo-
globinémie symptomatique. Une anémie hémolytique retardée a également
été recensée pour les cas ou la méthémoglobine était élevée initialement.
La prise en charge consistait en I’administration de bleu de méthylene
pour la plupart des événements. En général, la majorité des rapports
faisaient état d’une résolution adéquate de la situation et aucune mortalité
n’est documentée a la suite d’une méthémoglobinémie associée a un
usage thérapeutique du dapsone.
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CONCLUSIONS: Les cliniciens doivent étre 2 méme de reconnaitre une
méthémoglobinémie, comme effet indésirable associé a la prise de
dapsone et les facteurs de risque qui favorisent son apparition. Ils doivent
également pouvoir réagir rapidement et efficacement pour prendre en
charge cette situation.
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