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ABSTRACT

Congenital methemoglobinemia is a rare cause of cyanosis that 
is characterized by increased methemoglobin levels and caused 
by mutations in the cytochrome B5 reductase 3 (CYB5R3) gene 
resulting in deficiencies of the nicotinamide adenine dinucleo-
tide-cytochrome b5 reductase enzyme. The congenital disease 
has two types: type I, in which the enzyme deficiency occurs only 
in the erythrocytes, and type II, in which all tissues are affected. 
Accordingly, cyanosis is the sole clinical manifestation in type 
I, whereas cyanosis is accompanied by such severe neurologi-
cal findings as intellectual disability, microcephaly, generalized 
dystonia, and movement disorders. In this study, a case who pre-
sented with respiratory distress was found to have high methe-
moglobin levels and was diagnosed with type II congenital met-
hemoglobinemia due to the presence of neurological findings 
was presented. The patient's treatment was adjusted, the met-
hemoglobin level was reduced, and cyanosis regressed, but no 
change was observed in neurological findings. This untreatable, 
rare condition must be included in the differential diagnosis of 
patients with unexplained cyanosis and high methemoglobin 
levels, and genetic counseling must be provided to the family, 
because of its severity and 25% recurrence rate.

Keywords: Methemoglobinemia, congenital, cyanosis, neuro-
logical development

ÖZET

Konjenital methemoglobinemi, methemoglobin düzeyinde ar-
tışla seyreden, nadir siyanoz sebeplerindendir. Hastalıktan so-
rumlu olan nikotinamid adenin dinükleotit sitokrom b5 redüktaz 
enzimi eksikliğine sebep olan sitokrom B5 redüktaz 3 (CYB5R3) 
gen mutasyonlarıdır. Konjenital hastalığın iki tipi vardır; tip I’de 
sadece eritrositlerde  enzim eksikliği görülürken, tip II’de tüm 
dokular etkilenir. Buna bağlı olarak tip I’de siyanoz görülen tek 
klinik bulgu iken tip II’de hafif siyanozun yanında bilişsel yetersiz-
lik, mikrosefali, jeneralize distoni, hareket bozuklukları gibi cid-
di nörolojik bulgular eşlik eder. Bu çalışmada, solunum sıkıntısı 
yakınması ile başvuran, methemoglobin düzeyi yüksek sapta-
nan, nörolojik bulguların eşlik etmesi sebebi ile tip II konjeni tal 
methemoglobinemi tanısı alan olgu sunuldu. Has tanın tedavisi 
düzenlendi, methemoglobin düzeyi düşürüldü, siyanoz geriledi, 
ancak nörolojik bulgularda değişiklik görülmedi.  Tedavisi olma-
yan bu nadir hastalık, açıklanamayan siyanozu olup methemog-
lobin düzeyi yüksek saptanan hastaların ayırıcı tanıları arasında 
yer almalı ve hastalığın şiddeti ve %25 nüks oranı nedeniyle aile-
ye genetik danışmanlık verilmelidir.

Anahtar Kelimeler: Methemoglobinemi, konjenital, siyanoz, 
nörolojik gelişim
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INTRODUCTION

Methemoglobinemia is a rare condition characterized by el-
evated methemoglobin (metHb) levels in the blood. Under 
normal conditions, a small amount of metHb is produced 
in the erythrocytes upon exposure to various free radicals, 
and the nicotinamide adenine dinucleotide-cytochrome b5 
reductase (NADH-CYB5R) enzyme plays a protective role by 
reducing 99% of the metHb to hemoglobin A, thus main-
taining a metHb level of 1–2%. If this protective mechanism 
is impaired, the metHb level increases. The reason for me-
tHb level increase can be congenital, resulting from enzyme 
deficiency; or acquired, such as through exposure to var-
ious chemicals (1-3). The congenital form that is inherited 
in an autosomal recessive fashion has two types: in type I, 
NADH-CYB5R enzyme deficiencies occur only in the eryth-
rocytes; while in type II, all tissues are affected. The disease 
can be attributed to mutations on the 22q13 gene chro-
mosome. Clinical manifestations vary depending on the 
metHb level. Although cyanosis is the only clinical manifes-
tation in recessive congenital methemoglobinemia (RCM) 
type I, which is the benign form of the condition; RCM type 
II presents with cyanosis accompanied by neurological find-
ings (1,3,4). Due to the rarity of the disease, it may not be 
considered in differential diagnoses of patients with cyano-
sis. The current report presents a patient with RCM type II 
which presented with respiratory distress.

The patient’s guardian provided informed consent. 

CASE PRESENTATION

A 9-year-old female presented to our hospital with respiratory 
distress and involuntary movements. The patient was born to 
consanguineous parents (first-degree relatives) with no com-
plications after a normal pregnancy. There was no remarkable 
family history. The patient had normal development in the 
first six months of life but then encountered delays in reach-
ing developmental milestones and growth retardation. She 
developed microcephaly (43 cm, < 3 percentile, -6.5 SDS) in 
the first year, while other anthropometric measurements re-
mained within normal ranges. Psychomotor retardation had 
become prominent, and opisthotonus attacks and choreo-
athetotic movements had increased for the last two years. 
She had frequent fits of crying and prominent agitation. At 
age four she was making simple utterances and would smile 
at familiar faces. It was learned from the mother that she had 
episodes of cyanosis when she had a fever. During these pe-
riods, a slight increase in the methHb level was observed, but 
it was stated that this was not significant.

A physical examination revealed central cyanosis and 
neurological findings such as microcephaly, hypertonia 
in the trunk and extremities, hyperactive deep tendon 
reflexes, widespread dystonia that became prominent 
upon physical contact, intense choreoathetotic move-
ments, growth retardation, intellectual disability and de-

lay in speech development. A diagnosis of methemoglo-
binemia was first considered due to the observation of 
central cyanosis that was unresponsive to oxygen thera-
py, chocolate-colored blood (Figure 1), and metHb levels 
of 17–18.6% measured from an arterial blood gas analy-
sis. No exposure to any toxic substances was detected. 
Cardiac and respiratory examinations revealed normal 
findings; chest X-ray and echocardiography showed nor-
mal findings; and cranial magnetic resonance imaging 
study revealed cerebral atrophy and ventricular dilation 
(Figure 2). Routine laboratory examinations and metabol-
ic screening tests were normal. Electroencephalography 
was normal. A genetic analysis was conducted with a pre-
diagnosis of RCM based on the clinical and laboratory 
findings, and revealed a homozygous pathogenic muta-
tion in the CYB5R3 (c.489C>G) gene, as a result of which, 
the patient was diagnosed with RCM type II. The patient 
was placed on a treatment  of ascorbic acid 500 mg/day 
and riboflavin 120 mg/day. Despite the improvement 
in the cyanosis and metHb level (5.3-6.5%), no change 
was observed in the neurological symptoms at the 3-6 
months follow-up. The patient died six months after the 
diagnosis in a different center, where she applied with 
respiratory distress and was diagnosed with pneumonia. 
During this period, the patient continued her medication. 

Figure 1: Arterial blood gas samples; A: Chocolate 
brown colored blood sample of the patient, B: Blood 
sample from a normal person
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DISCUSSION

Methemoglobinemia refers to the abnormal elevation of 
metHb levels in the blood resulting from a defect in the 
pathways that maintain metHb within normal ranges. In 
this form of hemoglobin, ferrous iron is oxidized into a 
ferric form, leading to a decrease in the oxygen-carrying 
capacity of erythrocytes, and resulting in cyanosis and hy-
poxia (1). Clinical manifestations vary depending on the 
rate of increase in metHb levels and the half-life of the 
responsible agent in an acquired form. But in the con-
genital form, compensatory erythrocytosis occurs and a 
milder presentation is observed in response to chronic in-
creases in metHb levels (5,6). RCM type I is a benign form 
of the condition in which the enzyme deficiency involves 
only erythrocytes, and cyanosis is the only clinical man-
ifestation. Whereas in type II, enzyme deficiency occurs 
in all tissues, and the most distinctive feature is cyanosis 
accompanied by neurological impairment in those aged 
6–9 months, resulting in death in the first years of life (7). 
Central cyanosis that is unresponsive to oxygen therapy 
and arterial blood that is darker than normal suggests the 
possible diagnosis, which can be supported by a mea-
surement of metHb levels. The presence of neurological 

findings such as progressive intellectual disability, micro-
cephaly, opisthotonus, athetotic movement, and gener-
alized hypertonia accompanying methemoglobinemia 
suggests the diagnosis of RCM type II. Confirming the 
diagnosis is easy in the presence of methemoglobinemia 
with accompanying neurological findings, as was the 
case in our patient; although it may be more challenging 
to recognize the condition clinically in the early periods 
when neurological manifestations have not yet devel-
oped. For this reason, acquired factors must first be ruled 
out in a patient with methemoglobinemia, and the work-
up should then proceed with genetic subtyping (3,7,8).

The homozygous mutation identified in our patient, 
c.489C>G, is one of a few identified mutations causing 
RCM type II. Up to 80 mutations have been identified in 
the CYB5R3 gene that are responsible for the condition; 
with the mutations that cause enzyme instability resulting 
in type I, and the mutations that cause enzyme inactiva-
tion resulting in the type II form (7-9).

There have been a few case reports presenting the cra-
nial imaging findings of patients with RCM type II, brain 
atrophy was noted in our patient, similar to previously 
reported cases.  The most commonly reported findings 
include brain atrophy, delayed myelination, and thinning 
of the corpus callosum, which are non-specific and have 
limited diagnostic contribution (3,4,9,10).

High-dose ascorbic acid (200–500 mg/day) therapy ef-
fectively reduces metHb levels in RCM, and it has been 
reported that riboflavin (120 mg/day) therapy is also effec-
tive in some cases. Methylene blue treatment can be used 
when the metHb level is very high or when the patient 
is severely symptomatic. Despite this therapy, patients 
have a poor prognosis, and the treatment has no effect 
on any neurological impairments that have already been 
acquired. Since the pathophysiology of the disease is un-
known, the reason for the ineffectiveness of the treatment 
on neurological findings is also unknown (1,3,4).

CONCLUSION

Reces sive congenital methemoglobinemia is a rare dis-
ease, with the type II form of the condition being particu-
larly rare and seldom taken into consideration in the dif-
ferential diagnoses. The condition must be remembered 
in the differential diagnosis of patients with methemoglo-
binemia if it is accompanied by neurological manifesta-
tions. Families must be provided with genetic counseling 
for this untreatable condition.

Informed Consent: The patient's guardian provided informed 
consent.

Peer Review: Externally peer-reviewed.

Figure 2: From left to right from top to bottom (A-F); on 
axial T2-weighted (A-B), coronal fat-suppressed T2-
weighted (C), FLAIR (D), sagittal T1-weighted (E) and axial 
T1-weighted (F) images; In both lateral ventricles, more 
prominent on the left frontal (green arrows), temporal (red 
arrows) and occipital horns (secondary to atrophy of white 
matter especially at this level) (purple arrows), in the 3rd 
ventricle (yellow arrow), extraaxial CSF distance (to be less) 
(orange arrows) marked dilatation is observed. There is 
also cystic dilatation of the 4th ventricle towards the 
posterior fossa (red arrowheads), and hypoplasia of the 
cerebellar vermis (blue arrowhead) and cerebellar atrophy 
(black arrowheads) (Dandy-Walker variant). There is also 
cerebral atrophy inconsistent with the patient’s age.
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