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Methemoglobinemia is a rare but clinically important condition that should be considered among dif-
ferential diagnosis' in cyanosis. The conventional treatments of methemoglobinemia are high flow ox-
ygen and methylene blue therapies.

We present a 52-year-old male patient who admitted to emergency room with severe cyanosis and
dyspnea after he was exposed to paint thinner and zinc phosphate solution. The patient was diagnosed
with methemoglobinemia with a MetHb level of 49.1mm/Hg in his arterial blood gas test. Patient's
symptoms and increased MetHb levels were resistant to high flow oxygen and methylene blue therapies
so hyperbaric oxygen therapy (HBO) as an alternative treatment was initiated and the patient was cured
promptly.

In this case presentation, we aim to discuss the alternative treatment modalities in methemoglobi-
nemia patients with persistent hypoxia and cyanosis, who are unresponsive to standard methylene blue
treatment.
Copyright © 2018 The Emergency Medicine Association of Turkey. Production and hosting by Elsevier B.V.

on behalf of the Owner. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Methemoglobinemia is a relatively rare but clinically important
condition that should be considered among differential diagnosis'
in cyanosis.1,2 This condition results from the oxidation of ferrous
iron (Feþþ) into ferric iron (Feþ3) in the hemoglobin (Hb) molecule.
The amount of methemoglobin (MetHb) is less than 1% of the total
Hb, under normal conditions. With the increased blood concen-
trations of MetHb; Hb oxygen dissociation curve shifts and the af-
finity of the Hb molecule to oxygen (O2) increases. This decreases
oxygen delivery to peripheral tissues.3 Aromatic amines, nitro-
benzene, methyl nitrite, sulphonamides, naphthalene, silver
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nitrate, copper sulfate, and zinc sulfate are potential toxic agents
that may cause methemoglobinemia. Moreover; fire fume inhala-
tion may also cause this condition.3,4

Our aim is to discuss therapeuticin patients who are unre-
sponsive to standard methylene blue treatment with persistent
hypoxia and cyanosis.
2. Case presentation

A 52-year-old male, working at a steel-wire factory was brought
to our emergency department (ED) after a syncope attack. He
declared that he passed out while he was cleaning the factory. He
was conscious with a Glasgow Coma Scale (GCS) of 14 at his arrival
to ED, which was 30 minutes after the incident. He had no known
diseases except migraine in his medical history. His family and
friends confirmed that he had no suicidal behavior.

Patient's complaints were dizziness, nausea, and dyspnea. In his
physical examination severe cyanosis and respiratory insufficiency
were present. He had circumoral and facial cyanosis (Fig. 1). He also
had cyanosis all around his fingers and fingernails (Fig. 2). There
and hosting by Elsevier B.V. on behalf of the Owner. This is an open access article
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Fig. 1. Circumoral and facial cyanosis.

Fig. 2. Cyanosis around fingers and fingernails.
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were no other pathological findings.
He was monitorised in the resuscitation room. Initial vital signs

were as follows: BP: 110/80mmHg, pulse rate: 105 bpm, respiratory
rate: 22/min, SO2: 70%, temperature: 36 �C. Syncope work-up tests
were initiated and computerized cranial tomography (CT) was or-
dered. The fingertip blood glucose was 128 mg/dL. The initial
arterial blood gas was as follows: pH: 7.40, PO2: 43.8 mmHg,
PCO2:41.9 mmHg, COHb: 1.1 mmHg, lactate: 1.2 mmol/L, MetHb:
49.1 mmHg. Intracranial pathologies were ruled-out by a normal
cranial CT.

An IV line was established and high flow oxygenwas initiated at
a rate of 3 L/min through a face mask. Blood biochemistry revealed
glucose 206 mg/dl; creatinine 0.6 mg/dL, BUN 13 mg/dL, CK-MB 28
mg/dL, CK 662 mg/dL and a negative Troponin T. All coagulation
and CBC parameters were within normal limits. The second blood
gas analysis (venous sample) was as follows: pH: 7.40, PO2: 31.5
mmHg, PCO2: 41.4 mmHg, COHb: 1.4 mmHg, lactate: 0.8 mmol/L,
MetHb: 43.5 mmHg. He was consulted to the Nephrology and He-
matology departments. However; neither hemodialysis nor
apheresis was indicated. Methylene Blue, 1 mg/kg infusion in 5min
was initiated. After thirty minutes, MetHb was decreased to 18.1
mmHg. High flow oxygen therapy was continued. and consulted
the patient for hyperbaric oxygen therapy (HBO) because there was
no regression in the respiratory symptoms at the 8th hour of his
admission to the ED. Hyperbaric oxygen therapy of 2.2 atm in a
multi-place chamber (Baroks O2multi Series Mul32) unit was
performed for 90 minutes, since respiratory systems did not
regressed back at the 8th hour of ED admission.. MetHb level was
decreased from 18.1 mmHg to 1.5 mmHg immediately after the
HBO therapy. The patient was observed for 24 hours under oxygen
until all symptoms were disappeared. The detailed patient history
taken then revelaed that the factory was using Zinc-phosphate in
liquid tanks for the production of steel lining, and thinner was
widely used in the area. He was discharged from the hospital after
the blood gases and vital signs recovered back to normal.

3. Discussion

Methemoglobinemia is a clinical condition inwhich ferrous iron
(Feþþ) in the hemoglobin molecule is oxidized to ferric iron (Feþ3)
form. In methemoglobinemia, the delivery of the oxygen from
hemoglobin to the tissue is diminished. Hypoxia and hypoperfusion
at the cellular level is present. Although the patient has severe
oxygen depletion, the blood gas analysis is usually within normal
limits with normal oxygen saturation (SO2). There is a typical
mismatch of oxygen saturation between the results of pulse ox-
imetry and blood gas analysis.3,4 In concordance with the level of
the methemoglobin, the tissue hypoxia results in significant
cyanosis, cardiac ischemia, central nervous system symptoms such
as stroke, seizure, lactic acidosis, and even coma leading to death.
However, there may be individual differences in the metabolizing
enzymes, and the concentration of toxin may not correlate to the
symptoms.3

The most common form of methemoglobinemia is the acquired
form, which is secondary to chemical agents used in industry. There
is also a congenital type of methemoglobinemia seen during
childhood in patients with nicotinamide adenine dinucleotide
phosphate (NADPH) MetHb reductase enzyme deficiency. This
enzyme is also useful in therapy because it converts methylene blue
to leukomethylene blue, which in turn reduces MetHb to Hb. It
must be noted that in congenital glucose-6-phosphate dehydroge-
nase (G6PD) deficiency, methylene blue is contraindicated since
these patients cannot produce NADPH. The absence of NADPH may
worsen symptoms due to the conversion of Hb into MetHb by
methylene blue.4e6

In our case report, the patient was exposed to paint thinner
besides Zinc phosphate solution. Paint thinner is a solvent used for
cleaning oil-based paints. It is composed of highly toxic agents such
as acetone, benzene, carbon tetrachloride, and toluene.6

The methemoglobinemia patients usually have the dominant
symptoms of the respiratory system with typical cyanosis and
dyspnea. Patients also experience tachycardia, headache, vertigo,
and syncope. When MetHb is between 10% and 20% cyanosis is
observed. Above 20% dyspnea, tachycardia and central nervous
system signs are present. Severe lactic acidosis starts above 50%,
and death is presumed above 70%.5

Although the diagnosis of methemoglobinemia is not difficult,
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the treatment success is variable. The mainstay of the therapy is
high flow oxygen. Methylene blue is an oxidizing agent used at a
dose of 1e2 mg/kg. On the other hand, methylene blue has a nar-
row therapeutic index. It is not a harmless drug and has many side
effects. It inhibits nitric oxide synthase and guanylate cyclase en-
zymes. It also reacts with RBC to form leukomethylene blue, which
reduces oxidized Hb and converts the ferric ion (Feþ3) to ferrous
(Feþþ) which can carry oxygen molecule. Methylene blue is re-
ported to be highly cardiotoxic. It may cause arrhythmias, heart
failure, and shock. It decreases renal and mesenteric blood flow. It
also has several nephrotoxic and metabolic side effects and drug
interactions.7 If the patient symptoms do not subside after the
therapeutic 1e2 mg/kg dose range; the emergency physician
should consider alternative treatment modalities, such as HBO.
HBO was the second alternative therapy we used in our case, and it
proved to be successful. Each patient has different time course for
the therapy even after HBO because theoretically, each patient has a
different enzymatic system.8 HBO therapy has been studied for the
treatment of methemoglobinemia since the 1970s.8 Majority of
these studies used HBO as an additional treatment to methylene
blue and found that it is an effective treatment in methemoglobi-
nemia patients.8e11 HBO therapy inhibits the oxidation of hemo-
globin by nitrite, and reduces MetHb levels at a rate of 8% per hour.8

In our case, MetHb reduction was even greater.
There are also other alternative treatment modalities: ascorbic

acid and riboflavin have been used in selected patients, but they are
not conventional.12 In the literature, extracorporeal methods such
as plasmapheresis and hemodialysis have also been used for re-
fractory methemoglobinemia patients. When oliguria is detected,
hemodialysis should be started promptly. Neurological status is the
critical point for deciding whether to give plasmapheresis or not.
These two methods are effective in the elimination of the agent,
and they also reduce the defeceted RBCs when the patient is
transfused during the therapy.5 But in our case, we preferred HBO
therapy over hemodialysis and plasmapheresis since HBO unit was
closer in the distance and more reachable.

4. Conclusion

Methemoglobinemia diagnosis is a fast and relatively easy
procedure. It should be considered among other differential
diagnoses' in cyanosis. Alternative treatment regimens should be
initiated when the patient is unresponsive to standard Methylene
Blue treatment. Hyperbaric oxygen therapy is a promising alter-
native treatment in patients with persistent hypoxia and cyanosis.
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