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Abstract
Congenital methemoglobinemia is an inborn error of metab-
olism, which may or may not be familial. Normal range of 
methemoglobin (metHb) is 0.01% to 1%. The enzyme system 
which regulates the balance between hemoglobin (Hb) con-
taining iron in the ferrous state and metHb containing iron in 
the ferric state is disturbed. Cyanosis is a significant clinical 
feature of the disease and is usually present in varying degrees. 
The administration of methylene blue or ascorbic acid (vitamin 
C) decreases metHb level.

Administration of methylene blue is the treatment of choice for 
severe methemoglobinemia. In the presence of nicotinamide 
adenine dinucleotide phosphate, methylene blue is con-
verted to leucomethylene blue, which results in nonenzymatic 
reduction of metHb. Ascorbic acid directly reduces metHb, but 
the rate of reaction is too slow for it to be effective when used 
alone. A combination of methylene blue and ascorbic acid 
is also used sometimes; if this combination fails to reduce the 
metHb level, then hyperbaric oxygen and exchange transfu-
sions are alternative therapies.
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Introduction
Methemoglobin (metHb) is an oxidized derivative 
of hemoglobin in which heme iron is in the ferric or 
oxidized state (Fe3+). MetHb is incapable of binding 
or releasing oxygen. Hence, the presence of significant 
amount of MetHb adversely affects oxygen transport.

The MetHb that is formed rapidly is reduced through 
the action of NADH metHb reductase in the RBCs, 
so that in a normal person metHb level seldom exceeds 
1%.1

Congenital methemoglobinemia is due to inher-
ited disorders of hemoglobin (Hb) structure or severe  
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deficiency of NADH metHb reductase. According to 
literature, its prevalence is < 1/10,00,000 and < 100 
cases have been reported till date.2

Inheritance of methemoglobinemia is autosomal reces-
sive.3 Mutations in the α and β chains of the Hb mole-
cule are associated with neonatal methemoglobinemia 
because these are the globins that from Hb F.

Case Report
A 26-year-old woman, with second-degree consan-
guinity, delivered a term male neonate by lower segment 
cesarean section, which was done in view of meconium 
stained amniotic fluid. The neonate cried weakly imme-
diately after birth and showed signs of secondary apnea 
with APGAR scores of 3 and 5 at 1 and 5 minutes, 
respectively. The neonate was given 3 cycles of bag and 
mask ventilation and was intubated.

The neonate was shifted to the neonatal intensive care 
unit, was put on continuous mandatory ventilation, 
and preductal and postductal oxygen saturation levels 
were monitored.

Physical examination showed that the neonate had 
blonde hair, appeared limp and cyanotic, with preductal 
and postductal oxygen saturation levels of 70% to 75% 
even with fraction of inspired oxygen (FiO2) of 100%. 
Heart rate was 148 beats/min and mean arterial pres-
sure was 55 mm Hg. Systemic examination revealed 
loud S2 with pansystolic murmur. The neonate was 
then subjected to echocardiographic analysis, which 
showed perimembranous ventricular septal defect, a 
small patent foramen ovale with moderate tricuspid 
regurgitation (TR), and pulmonary pressure of 40 mm 
Hg. As per the cardiologist’s prescription, fluids were 
restricted and diuretics, sildenafil injection, and iono-
tropes were administered as part of the treatment. In 
addition to this treatment, the neonate required venti-
lator support and mild cyanosis persisted.

The couple’s first child had a history of methemo-
globinemia. The neonate’s DNA test report showed 
mutation in CYB5R3 gene, which was suggestive of 
methemoglobinemia. Hence, this neonate’s blood 
sample was analyzed for metHb level. Reports revealed 

elevated metHb level of 9%, while the normal metHb 
level seldom exceeds 1%.

The neonate was administered intravenous meth-
ylene blue at a dosage of 1 mg/kg (as a 1% solution in 
normal saline) along with vitamin C tablet (100–300 
mg/d). The neonate’s oxygen saturation level gradu-
ally improved and reached up to 92% to 94% with 
FiO2 of 40% by 2 weeks of life. The neonate was then 
gradually weaned off the ventilator and shifted to hood 
box oxygen (2 L/min) by day 6 of life. Ionotropes and 
diuretics were weaned off by day 10 and day 15 of life, 
respectively.

Methylene blue was continued as intravenous injec-
tion for a total of 19 days before the neonate was shifted 
to oral methylene blue supplementation. The neonate 
was then gradually weaned off the hood box oxygen to 
room air by day 23 of life and was discharged on day 35 
of life. 

Postdischarge investigations and their results are as 
follows:
•	 Optic coherence tomography revealed absence of 

foveal dip with persistence of inner retina in the 
foveal center, which is a sign of foveal hypoplasia 
with roving eye nystagmus.

•	 Otoacoustic emission examination was normal.
•	 Electroencephalogram was normal.
•	 Brain magnetic resonance imaging showed benign 

enlargement of subarachnoid cerebrospinal fluid 
space and benign external hypoplasia. 

•	 Serum ammonia level was 165 mmol/L (normal 
range: 11–51 mmol/L).

•	 Serum lactate level was 20 mg/dL (normal range: 
4.5–20 mg/dL)

•	 Serum biotinidase level was 6.35 nmol/min/mL 
(normal level > 5)

•	 MetHb level was 3%. 
•	 DNA test reports are awaited.

The neonate is presently on oral methylene blue.

Follow-up examination of the neonate at 9 months of 
age revealed roving nystagmus with normal tone and 
deep tendon reflex. The neonate still has blonde hair  
along with mild motor and neurodevelopmental delay.
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Discussion
The cardinal manifestation of congenital methe-
moglobinemia is cyanosis, which is not due to any 
cardiac or respiratory pathology in newborns.4 Skin 
color change is observed with abnormal metHb level. 
Visible cyanosis in newborns can be seen with metHb 
levels as low as 0.5%.5 As the metHb level rises above 
15%, neurologic and cardiac symptoms appear as a 
consequence of hypoxia. MetHb levels above 70% are 
usually fatal. Blood color is examined either on white 
filter paper after exposure to room air or after aerating a 
tube of blood with 100% oxygen. If the blood remains 
dark, then the presence methemoglobin is likely. More 
accurate determination of the blood color is done by 
co-oximetry/spectrophotometry.

Treatment with intravenous methylene blue (1 mg/
kg as a 1% solution in normal saline) is indicated 
when metHb level is > 15% to 20%. Other medica-
tions include ascorbic acid, riboflavin, cimetidine, 
and N-acetylcysteine. Prognosis is generally favorable. 
Newborns are usually asymptomatic except for the 
presence of chronic cyanosis in cases of mild methemo-

globinemia. Neurologic complications include enceph-
alopathy, dystonia, choreoathetosis, microcephaly, and 
intellectual disability.

Conclusion
Congenital methemoglobinemia is very rare but a 
treatable cause of neonatal cyanosis and should be 
considered in differential diagnosis of cyanosis. Early 
diagnosis and prompt treatment are necessary to avoid 
the deleterious neurologic complications.
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