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(Abstract

C in methemoglobinemia treatment.

Methemoglobinemia is a potentially fatal condition in where hemoglobin is oxidized to its ferric state, reducing oxygen-
carrying capacity and causing tissue hypoxia. It can be treated with methylene blue (MB), though it is contraindicated in
Glucose-6-Phosphate Dehydrogenase (G6PD) deficiency due to risk of hemolysis. This case describes an 86-year-old male
with membranous nephropathy, chronic kidney disease and unknown G6PD status who developed methemoglobinemia after
receiving dapsone for Pneumocystis jirovecii pneumonia prophylaxis. He exhibited worsening hypoxia, altered mental status,
and chocolate-colored blood. After MB administration, he experienced an acute hemoglobin drop, treatment was transitioned
to high-dose vitamin C resulting in clinical improvement. This case supports vitamin C as a safe alternative therapy when MB
is contraindicated. It emphasizes the importance of clinical judgment in diagnosing and treating conditions like methemoglo-
binemia, where pulse oximetry may provide misleading results. Further research is needed to establish guidelines for vitamin
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Introduction

Methemoglobinemia is cause of hypoxia in which iron within
hemoglobin is oxidized from a ferrous state (Fe*") to a ferric
state (Fe*"). Ferric iron irreversibly binds oxygen, leading to
reduced oxygen-carrying capacity, impaired oxygen unload-
ing, and subsequent tissue ischemia [1,2]. Methemoglobinemia
can be due to an autosomal recessive defect in nicotinamide
adenine dinucleotide (NADH) cytochrome b, reductase, but
much more commonly due to drugs or toxins [3,4]. Dapsone,
local anesthetics, and antimalarial drugs are known oxidizing
agents that most frequently cause methemoglobinemia [3].
Clinically, methemoglobinemia classically presents as dys-
pnea and hypoxemia refractory to supplemental oxygen [5]. It
may also present with headache, fatigue, dizziness, metabolic
acidosis and in severe cases coma and death [5,6] Traditional
dual-wavelength pulse oximetry provide unreliable measure-
ments of oxygen saturation as methemoglobin absorbs light at
both 660 and 940 nm, interfering with the measurement. When
methemoglobin levels reach 30-35%, the absorbance ratio be-
comes 1.0, which falsely reads as an SpO2 of 85% [5]. The gold
standard therapy has been methylene blue (MB) which acts as

an oxidizing agent, accepting an electron from nicotinamide
adenine dinucleotide phosphate (NADPH) for reduction of fer-
ric to ferrous iron [2,5]. However, methylene blue therapy is
contraindicated in patients with Glucose-6-phosphate dehydro-
genase (G6PD) deficiencies as high doses of leucomethylene
blue, a reducing agent byproduct, cause life-threatening intra-
vascular hemolysis [7] Additionally, certain countries such as
Korea have MB shortages due to import suspensions [8]. Thus,
it is important to identify other safe and effective therapies for
methemoglobinemia. We present a case of dapsone induced
methemoglobinemia treated with high dose vitamin C therapy.

Case Presentation

An 86-year-old man admitted to Harry S. Truman Memorial
Veterans' Hospital for fatigue and worsening bilateral edema
of the lower extremities and a reported 20Ib weight gain. He
had stage III chronic kidney disease, membranous nephropa-
thy, hypertension, atrial-fibrillation, post-traumatic stress dis-
order and obstructive sleep apnea. Physical examination re-
vealed 3+ pitting edema from bilateral knees to the feet and 2+
pitting edema in bilateral thighs. Labs showed hyponatremia
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(122mmol/L), hyperkalemia (5.3mmol/L) and elevated creati-
nine (2.69mg/dL), with a baseline creatinine of 2.15mg/dL. He
was previously treated with Rituximab but discontinued due
to serum sickness. He was transitioned to 100mg cyclosporine
twice daily which he had been tolerating well. After workup,
he was diagnosed with relapsing membranous nephropathy.
Cyclosporine was discontinued due to rising creatinine levels,
and he was transitioned to intravenous (IV) Furosemide 80mg
daily.

Nephology was consulted for assistance in management re-
lapsing membranous nephropathy. Per nephrology recommen-
dations, the patient received 3 doses of IV methylprednisone
500mg daily, mycophenolate mofetil 500mg twice daily, pred-
nisone 60mg once daily to treat his relapsing membranous ne-
phropathy. He was also placed on a fluid and salt restricted diet.
After 10 days of steroid therapy, he was started on Pneumo-
cystis jirovecii pneumonia prophylaxis. Given poor renal func-
tion, dapsone 100mg daily was chosen over first line therapy
Trimethoprim/sulfamethoxazole therapy for concerns of renal
toxicity. Four days later, he began to exhibit signs of hypoxia,
asterixis and alerted mental status. His oxygen requirement be-
gan to progressively increase, escalating from baseline room
air to high flow nasal cannula. However, SpO2 continued to
range from 90-96%. He was transferred to a stepdown unit,
where he underwent a full pulmonary and infectious workup.

Initial workup including complete blood count (CBC), com-
prehensive metabolic panel (CMP) and portable AP chest x-
ray, showed no signs of infection but revealed elevated lactic
acid (2.8mmol/L) and decreased hemoglobin (9mg/dL). Arte-
rial blood gas (ABGs) showed a concerning mixed respiratory
and metabolic alkalosis (pH 7.76, pCO2 21, HCO3 34.3). Pa-
tient was started on Vapotherm high flow nasal cannula, 25L
and 100% FiO2. His status continued to rapidly decline, with
worsening mental status and weakness. Pulmonology was con-
sulted and identified no obvious pulmonary cause of hypoxia.
During routine labs, a nurse alerted the team about "choco-
late-colored" blood discoloration. A methemoglobin level was
drawn and was critically high at 22.1%. 75mg of IV MB was

administered over 30 minutes. Subsequently, an acute hemo-
globin drop from 8mg/dL to 7mg/dL was noted requiring 1
unit packed red blood cell transfusion and prompting concern
for hemolysis in a patient with unknown G6PD status. He was
transitioned to high dose vitamin C therapy (5000mg, IV once)
and monitored for clinical improvement. He remained enceph-
alopathic with repeat ABGs showing continued alkalosis (pH
7.84, pCO2 16.5, PO2 of 244). Vapotherm was discontinued,
and the patient was switched to 7L O2 via nasal cannula, with
Sa02 in the mid 80s. Two additional doses of high dose oral
Vitamin C (5000mg, oral) were administered. Repeat methe-
moglobin levels were 10.6%. His clinical picture slowly im-
proved.

Hematology-Oncology was consulted for concerns intravascu-
lar hemolysis, who believed the anemia to be multifactorial -- a
combination of dapsone-induced methemoglobinemia and MB
administration. He was restarted on prednisone 20mg daily and
mycophenolate mofetil 250mg twice daily as he continued to
improve. He was restarted on Pneumocystis jirovecii pneumo-
nia prophylaxis with sulfamethoxazole 400mg/trimethoprim
80mg renally dosed.

The patient remained in the hospital for an additional 25 days
receiving close laboratory monitoring and physical and occu-
pational therapy 4-6 times per week. He was discharged to a
skilled rehab facility due to weakness from a prolonged hos-
pital stay. His labs at discharge were as follows: hemoglobin
10.5g/dL, BUN 37 mg/dL and creatinine 1.71 mg/dL. He was
advised to continue prednisone 20mg daily for 2 weeks, then
10mg daily for 1 month in addition to mycophenolate mofetil
250mg twice daily until follow up with nephrology outpatient.

Discussion

Existing literature demonstrates 5 cases (Table 1) where pa-
tients with varying levels of dapsone induced methemoglobin-
emia were treated with vitamin C. The cases vary by patient
age, gender, and treatment regimen but highlights that vitamin
C was used in various doses and frequencies, with some cas-
es requiring additional treatments such as MB or hyperbaric
oxygen. In 2016, a 45-year-old patient with an initial methe-

Table 1: Previous cases of Dapsone-induced methemoglobinemia
treated with high dose vitamin C therapy.

Case Year | Patient | Patient | Initial MetH- | Dose  of | Duration | Total Vita- | Reason for | Other
Age Gender | bg Level Vitamin C | of therapy | min C Used | Use Treatments
2014% 84 F 51.9 10g Q6 hours 120g Unavailable | None
MB
2016™ 45 M 18.3 Ig QI2 hours | 14g Unavailable | None
MB
2016' 34 M 28.2 2g I hour 2g Unavailable | Methylene
MB blue, hyper-
baric O2
2018% 8 M 24.8 Ig Q4 hours 8g Unavailable one
MB
20207 23 F 17.7 10g Q6 hours 160g Unknown Oral Vitamin C
Go6PD status | therapy for ad-
ditional 5 days
after IV therapy
2024 (Pres- | 84 M 22.1% 5g Three 15g Unknown | 1 dose MB
ent Case) individual G6PD status
doses
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moglobin level of 18.3% recerved 1g of vitamin C every 12
hours, totaling 14g, without any other treatments. The same
year, a 34-year-old patient with an initial methemoglobin level
of 28.2% was treated with a single 2g dose, along with MB
and hyperbaric oxygen. These case reports reveal vitamin C to
be an effective alternative treatment for methemoglobinemia.
The consistent success across varying levels of Methemoglo-
binemia suggests that vitamin C is a safe option for individuals
ranging from 8 to 84 years of age.

Dapsone is a sulfonate antibiotic with anti-inflammatory prop-
erties [9] used in this case for Pneumocystis jirovecii pneumo-
nia prophylaxis. Dapsone accounts for 42% of all cases of met-
hemoglobinemia [10], due to the metabolites of dapsone which
oxidize iron from ferrous to ferric state of hemoglobin forming
methemoglobin [9]. It is responsible for continual oxidative
stress due to the long half-life (30 or more hours) of the drug
[9]. Typically, MB is the first-line treatment in patients with
methemoglobin levels exceeding 30%, or 20% when symp-
tomatic [5]. MB relies on the enzyme G6PD to function as an
electron donor in reducing methemoglobin. However, in G6PD
deficient individuals, hemolysis can precipitate. In this case,
after administering MB, the patient experienced a significant
drop in hemoglobin levels raising concerns for hemolysis. MB
treatment was immediately stopped and transitioned to high-
dose vitamin C.

Unlike MB, vitamin C does not utilize the G6PD enzyme but
acts as a reducing agent, converting methemoglobin back to
hemoglobin via a different biochemical pathway. Vitamin C ef-
fectiveness can vary based on dose and patient factors, and it
has been most notably studied in its IV form. The pharmacoki-
netics of vitamin C demonstrate that IV administration results
in higher plasma concentrations compared to the oral route,
as shown by Padayatty [11]. In their study, a dose-dependent
manner increase in plasma vitamin C levels was observed with
IV administration, while a plateau effect was observed as oral
doses increased. This difference may suggest a limitation of
oral treatment, which may not provide the same therapeutic re-
lief as IV, particularly in severe cases of methemoglobinemia.
While oral vitamin C is widely and readily accessible, we were
compelled to use it due to the depletion of IV vitamin C sup-
plies at this hospital and nearby facilities. Additionally, vitamin
C can increase the urinary excretion of oxalate, posing a risk
of hyperoxaluria, especially in patients with renal dysfunction.
This was not seen in this case. Further studies are required to
establish clear guidelines for methemoglobinemia manage-
ment with Vitamin C.

This case also emphasizes the importance of clinical judgment
over relying on medical technology. Despite the patient show-
ing clear signs of respiratory distress, including increased oxy-
gen requirements, asterixis, and altered mental status, his pulse
oximeter readings remained in the normal range. Relying sole-
ly on pulse oximeter readings could have delayed diagnosis
and treatment. Clinicians should prioritize the clinical picture
over device readings for timely interventions.

Conclusion

This case highlights the effective use of vitamin C as a safe
alternative treatment for methemoglobinemia, especially in pa-
tients with unknown G6PD status. It showcases the importance
of relying on clinical judgement over medical devices. It em-
phasizes the value of multidisciplinary medical management,
careful monitoring of underlying comorbidities, adverse drug
reactions and the need for individualized care throughout a pa-
tient’s entire hospital stay.
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