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ABSTRACT

We report the case of a 27-year-old male patient who presented with refractory hypoxemia 

following the alleged inhalation of an unknown substance. The patient appeared to show 

worsening cyanosis despite increment of supplemental oxygenation. A drawn sample of the 

patient’s blood appeared chocolate brown in color, and disparity was noted between the pa-

tient’s oxygen saturation (SaO2) in his blood against the pulse oximetry (SpO2) reading. A diag-

nosis of toxic methemoglobinemia was established following elevated levels of methemoglo-

bin discovered in his blood. The patient was started on methylene blue and instantaneously 

recovered without any complications. Methemoglobinemia should be suspected in any patient 

with refractory cyanosis, and early recognition of this condition could be potentially lifesaving.
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Introduction

Methemoglobin is an oxidized form of hemoglobin (Hb), in which its hem iron 
configuration has been altered from its original ferrous (Fe2+) state to an oxi-
dized ferric (Fe3+) state. In this oxidized state, the iron molecules are unable to 
bind and transport oxygen and carbon dioxide, which can lead to a myriad of 
health complications. Methemoglobinemia can be either congenital or acquired. 
The majority of people with the congenital form tend to be asymptomatic; how-
ever, acquired methemoglobinemia can be severe or even fatal.

Case report

A 27-year-old male patient, who worked in a plant fertilizer factory, presented 
to the emergency department in a reduced state of consciousness after the ac-
cidental inhalation of an unknown substance at his work place. 
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He arrived cyanosed and out of breath, with a blood 
pressure of 100/60 mmHg, a heart rate of 120 bpm, and a 
respiratory rate of 16 breaths/minute. The initial Glasgow 

Coma Scale (GCS) demonstrated an eye opening response 
to verbal stimuli, commands, and speech (E3), a motor re-
sponse of withdrawal to pain (M4), and a verbal response 
of being confused but able to answer questions (V4).

Respiratory examination was unremarkable. However, 
the patient’s pulse oximetry read 80% while on 100% sup-
plemental oxygen via a rebreather mask. In the blood sam-
ples drawn the patient’s blood appeared chocolate brown 
in color (Figure 1). The chest X-ray showed clear lungs.

Initial arterial blood gas showed a partial pressure of 
oxygen of 275 mmHg with an oxygen saturation of 99.6%. 
This disparity prompted us to consider that the pulse ox-
imetry and arterial blood gas results might appear mislead-
ing, especially when two or more types of hemoglobin are 
present in a particular sample of blood. The peculiar color 
of the patient’s blood added to the suspicion and prompted 
a direct measurement of oxyhemoglobin levels using a car-
bon monoxide (CO)-oximeter, showing that the patient 
had indeed a methemoglobin (MetHb) level of 69.8% (nor-
mal value 1–2%) in his blood.

A diagnosis of toxic methemoglobinemia was estab-
lished, and the patient was started on intravenous methy-

�

FIGURE 1.  A – The patient’s blood sample, which appeared dark brown; B – Comparison made with a normal blood sample

�

FIGURE 2.  A – Before treatment; B – After treatment
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FIGURE 3.  Greenish urine observed following the administration 

of methylene blue
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lene blue (MB) at a dose of 1 mg/kg over 5 minutes. An 
immediate response was seen within the first hour, and the 
patient’s MetHb levels dropped to 16% after 2 hours. His 
cyanosis had resolved (Figure 2), and the GCS returned to 
15. The patient was admitted to the ward for observation 
and was discharged after 2 days well with MetHb levels 
within normal limits.

Informed consent was signed by the patient on admis-
sion and included the use of clinical data for teaching and 
scientific purposes, and the publication of this case was 
agreed by the patient and the institution.

Discussion

Clinical presentation of methemoglobinemia

Patients with methemoglobinemia usually present dys-
pnea, pallor, cyanosis, and hypoxia that does not improve 
with supplemental oxygen administration. The clinical 
manifestations of this condition are directly correlated 
with the level of measured MetHb and underlying co-
morbidities.1 In more than half of the cases with acquired 
methemoglobinemia, the patients are initially not aware 

of being exposed to an exogenous agent that may have led 
to their symptoms. Dapsone and local anesthetic agents 
are often involved in these cases. They are also commonly 
used to lace “street drugs” and are known to represent a 
common cause of unexplained acquired methemoglobin-
emia for some patients.

Diagnosis of methemoglobinemia

Clinical suspicion of methemoglobinemia should arise in 
cases of refractory hypoxemia despite supplemental oxy-
gen and a chocolate brown-colored blood sample. CO-
oximetry is an important tool for establishing a conclusive 
diagnosis, using blood gas analyzers that are able to detect 
methemoglobin, or a direct assay for methemoglobin, e.g. 
the Evelyn-Malloy method.2,3

It is important to note that a pulse oximeter can only 
measure the relative absorbance of two wavelengths of light 
(660 nm and 940 nm), and this differentiates oxyhemoglo-
bin from deoxyhemoglobin. Methemoglobin increases the 
absorption of light at both wavelengths (more at 940 nm) 
and therefore offers optical interference to pulse oximetry 
by falsely absorbing light. This results in an underestima-

FIGURE 4.  The most frequent causes of methemoglobinemia
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Medication

•	Aminosalicylic acid 
•	Clofazimine
•	Chloroquine
•	Dapsone
•	Local anesthetics, 
•	Menadione
•	Metoclopramide
•	Methylene blue*
•	Nitroglycerin
•	Phenacetin
•	Phenazopyridine
•	Primaquine
•	Rasburicase
•	Quinones
•	Sulfonamides

Chemicals

•	Acetanilide 
•	Anilines 
•	Antifreeze
•	Benzene derivatives 
•	Chlorates and 

chromates 
•	Hydrogen peroxide 
•	Naphthalene 
•	Naphthoquinoe
•	Nitrates and nitrites 

(nitritesodium nitrite, 
nitrate- and nitrite-
containing foods, nitric 
oxide, well water)

•	Nitrobenzene (used as 
a solvent)

•	Paraquat (used in 
herbicides)

•	Resorcinol (used in 
resin melting and 
wood extraction)

Inherited disorders (rare)

•	Cytochrome B5 
reductase deficiency

•	Hemoglobin M disease
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tion of oxygen levels on a pulse oximeter (SpO2) when 
compared to SaO2 from an arterial blood gas.2

Methylene blue treatment in methemoglobinemia

MB is the treatment of choice in cases of acute toxic met-
hemoglobinemia. It is given in a dose of 1–2 mg/kg (up to 
a total of 50 mg in adults, adolescents, and older children) 
as a 1% solution in IV saline infused over 3–5 minutes. 
MB provides an artificial electron transporter for the re-
duction of MetHb via the NADPH-dependent pathway. 
The response is usually rapid, and in some cases, the dose 
may be repeated after one hour if the level of MetHb still 
remains high.3 A rebound methemoglobinemia may oc-
cur up to 18 hours after the initial MB administration, 
due to prolonged absorption of lipophilic agents (ben-
zocaine) from adipose tissue.4 The administration of MB 
may turn sweat, urine, and stools temporarily blue or a 
greenish hue (Figure 4). 

It is also important to note that MB is contraindicated 
in individuals with glucose-6-phosphate dehydrogenase 
(G6PD) deficiency.5 In such cases, exchange transfusion and 
hyperbaric oxygen treatment are good second-line options.

Conclusion

Methemoglobinemia should be suspected in any patient 
with refractory cyanosis, and early recognition of this con-
dition could be potentially lifesaving.
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