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globinemia Type 1I
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Abstract

Individuals with methemoglobin exceeding 1.5 g/dl have clinically obvious central
cyanosis. Hereditary methemoglobinemia is due either to autosomal dominant M hemoglobins
or to autosomal recessive enzymopenic methemoglobinemia. Four types of enzymopenic
methemoglobinemia have been described. In addition to methemoglobinemia, individuals with
type II, which is the generalized cytochrome b, reductase deficiency, have severe and progressive
neurological disabilities.

Here we report a 3-year-old Thai boy with type II hereditary enzymopenic methemo-
globinemia. He was born to a second-cousin couple. His central cyanosis was first observed around
10 months of age. His neurological abnormalities were seizures beginning at 1 year of age, micro-
cephaly, and inability to hold his head up. His cardiovascular and pulmonary evaluations were
unremarkable. Methemoglobin level by spectral absorption pattern was 18 per cent. A qualitative
enzymatic assay confirmed the deficiency of the cytochrome b, reductase enzyme. With this
definite diagnosis, a prenatal diagnosis for the next child of this couple will be possible.
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Central cyanosis is most commonly due to
cardiopulmonary diseases(1). If evaluations of the
cardiovascular and pulmonary systems are
unremarkable, other disorders should be considered
such as those of the central nervous system causing
hypoventilation and hematological disorders. One
of the hematological causes is methemoglobine-
mia(2),

Oxygen transport depends on the mainte-
nance of hemoglobin in the ferrous (reduced, FeZ+)
state. Methemoglobin is hemoglobin in which the
iron has been oxidized from the ferrous to the ferric
(oxidized, Fe3+) state and is incapable of binding
oxygen(3). Normal erythrocytes contain less than 1
per cent methemoglobin. As red cells circulate,
a small amount of hemoglobin autooxidizes to
methemoglobin. The methemoglobin formed is
normally reduced by cytochrome bg and cyto-
chrome bs reductase(4) (Fig. 1). If methemo-
globin exceeds 1.5 g/dl, affected individuals will
have clinically obvious central cyanosis(3). Etiologi-
cally, methemoglobin can either be acquired or is
hereditary. Acquired methemoglobinemia is
generally due to exposure to certain drugs or toxins
such as nitrites, nitrates, and sulfonamides(6). Here-
ditary methemoglobinemia is due either to the pre-
sence of one of the M hemoglobins or to the defi-
ciency of cytochrome bg or the enzyme cyto-
chrome bg reductase(7).

Here we report a 3-year-old Thai boy
with central cyanosis and delayed development
born to a couple who were second cousins. His
cyanosis was shown to be caused by methemo-
globinemia as determined by a spectral absorption

Hb-Fe’” reduced cyt bs
Hb-Fe?* oxidized cyt bs
Fig. 1.
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pattern. The etiology of the methemoglobinemia
was cytochrome bg reductase deficiency, as
confirmed by a qualitative enzymatic assay.

MATERIAL AND METHOD
Patient

A Thai boy was born to a 21 year-old
GoP| mother and a 24 year-old father. The parents
were second cousins (see pedigree in Fig. 2).
There was no known exposure to teratogenic
agents, infections, or other environmental hazards.
Pregnancy, labor and delivery were normal. His
birth weight was 2,800 g. With no complications,
he was discharged from hospital 3 days after
birth.

The child presented to another hospital
at the age of 6 months because of delayed develop-
ment. At that time, he could smile but was not
able to hold his head up. Physical examination
showed microcephaly. Radiographs of his skull
revealed a small cranial vault with normal sutures
and no abnormal calcification. He was sub-
sequently admitted to hospital at the age of 7
months with a diagnosis of measles, pneumonia and
diarrhea. He was not cyanotic at that time. He was
then lost to follow-up.

At the age of 10 months, the patient was
taken to Chulalongkorn Hospital for the first time
due to rhinorrhea. He was still unable to control
his head. His weight was 5,540 g (-4SD) and his
anterior fontanel was closed. Central cyanosis was
observed for the first time. Examination of the
heart, lungs, and abdomen were within normal
limits. No finger clubbing was noted. Oxygen satura-
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Fig. 2.  Pedigree.

tion by pulse oxymetry at room temperature was
96 per cent and with 10 liters per minute of oxygen
was 97-98 per cent. Laboratory data showed a
hemoglobin concentration of 12.3 g/dl, hematocrit
37.3 per cent, white blood cells 9,090 /mm3, neutro-
phils 50 per cent, lymphocytes 39 per cent, mono-
cytes 5 per cent, atypical lymphocytes 4 per cent,
eosinophils 2 per cent, and platelet 259,000 /
mm3. The mean corpuscular volume (MCV) was
68.5 fL, mean corpuscular hemoglobin (MCH)
22.7 mmol/L, and mean corpuscular hemoglobin
concentration (MCHC) 33.1 fmol/cell. Plasma
glucose was 86 g/dl, BUN 6 mg/dl, Cr 0.4 mg/dl,
sodium 137 mEq/L, potassium 4.9 mEq/L, chloride
105 mEq/L, and bicarbonate 19 mEq/L. The
parents declined any further investigations and
did not bring the patient for follow-up.

At 3 years of age, the patient was
admitted for investigation of central cyanosis,
delayed development and seizures. He was still
unable to hold his head up. His first seizure
occurred at around 1 year of age and the frequen-
cy of the seizures had increased to a few times
a day during the 3 months before admission.

Physical examination revealed an alert
Thai boy with circumoral and peripheral cyanosis
without respiratory distress (Fig. 3). His body
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Fig. 3.

The patient's face.

weight was 7.5 kg (-2 SD), length 75 cm (-2 SD),
head circumference 42.5 cm (-5 SD), body tempe-
rature 36.8°C, respiratory rate 22/min, and pulse
rate 105/min. Blood pressure of his right arm,
left arm, right thigh and left thigh were 87/39,
96/34, 107/41 and 109/47 mmHg, respectively. He
was not pale or icteric. Examination of his chest
showed normal contour, no retraction, and normal
breath sounds. His heart sounds were normal with
no cardiac murmur. The liver and spleen were
not enlarged. His genitalia were normal for a
prepubertal male. No finger clubbing was observed.
Neurological examination revealed normal cranial
nerves, normal power but increased tone of mus-
cles of all extremities, normal response to pain
stimuli, reflex 3+, plantar response to Babinski
test, no clonus, and no signs of meningeal irrita-
tion.

Laboratory data showed a hemoglobin
concentration of 10.2 g/dl, hematocrit 32.9 per cent,
white blood cells 8,930 /mm3, neutrophils 67 per
cent, lymphocytes 23 per cent, monocytes 8 per
cent, atypical lymphocytes 1 per cent, eosinophils 1
per cent, and platelet 356,000 /mm3. The MCV
was 63.9 fL, MCH 19.8 mmol/L, and MCHC 31.0
fmol/cell. Peripheral blood smear revealed anisocy-
tosis 1+ and hypochromic microcytic red cells 2+.
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Urine analysis showed specific gravity of 1.037,
protein 1+, glucose —ve, and no cells. Plasma
glucose was 104 g/dl, BUN 17 mg/dl, Cr 0.6
mg/dl, calcium 9.9 g/dl, sodium 144 mEq/L, potas-
sium 4.3 mEq/L, chloride 112 mEgq/L, and bicar-
bonate 18 mEq/L. A chest radiograph revealed a
normal cardiac shadow and pulmonary blood
flow. An echocardiogram revealed no intracar-
diac or intrapulmonary shunts. All cardiac valves
appeared normal. Oxygen saturations by pulse
oxymetry at room air and at the time of
receiving 10 L/min of oxygen were around 90
per cent. Arterial blood gas taken at the time of
receiving 10 L/min of oxygen revealed pH of
7.42, p02 149.9 mmHg, pC02 27.2 mmHg, HCO3'
17.7 mEg/L. and SpO, 99 per cent. The direct
measurement of oxygen saturation at that time
was 84 per cent. Glucose-6-phosphate dehydro-
genase activity was normal.

Screening for methemoglobin

Three ml of peripheral blood was drawn
from the patient and a control subject. The color
of the blood from the patient was chocolate
brown while that from the control was dark red.
When mixed with oxygen, the patient’s blood
specimen remained a chocolate brown but that
of the control changed to a red color.

Methemoglobin level

Direct measurement of methemoglobin
by a spectral absorption pattern(8) using a spectro-
photometer revealed a methemoglobin concentra-
tion of 18 per cent.

Qualitative enzymatic assay

Five ml of peripheral blood was drawn
from the patient and a control subject. A qualita-
tive enzymatic assay of cytochrome bg reductase
(methemoglobin reductase) was performed by
measuring the rate of defluorescence of reduced
NAD (NADH) in a reduction reaction of dichloro-
phenol-indophenol (DCIP) as previously described
(9). The principle of the test is illustrated in figure
4. The control specimen was defluorescent around
30 minutes while the patient’s specimens were
not defluorescent until 80 minutes. The result was
interpreted by a scientist who had been blinded
to the specimen identity. Prolongation of the defluo-
rescence suggested deficiency of the cytochrome
bs reductase system.
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DCIP NADH (fluorescent)
Cytochrome bs reductase
Reduced DCIP NAD (not fluorescent)

Fig. 4. Principle of the qualitative assay of the acti-
vity of the cytochrome bg reductase. After
adding whole bleod to a hemolyzing agent,
NADH, and DCIP, in the presence of
cytochrome bg reductase in the red cells,
the DCIP is reduced by NADH. During the
reaction, NADH, which fluoresces when
illuminated by long wavelength UV light,
is oxidized to NAD, which is not fluores-
cent.

Therapeutic trial

The patient was given 1 per cent methy-
lene blue 0.8 ml intravenously twice daily (2 mg/
kg/day). The cyanosis disappeared within 24 hours
after starting the methylene blue. Arterial blood
gas at that time showed a pH of 7.327, pO, 107.4,
pCO, 30.2, HCO3~ 15.3, and SpO; 97.4 per cent.
Direct measurement of oxygen saturation showed
SpOy of 95.9 per cent. After the discontinuation
of the methylene blue, the cyanosis reappeared.

DISCUSSION

This patient came to medical attention
because of cyanosis and developmental delay.
Because there was no evidence of heart or lung
disease, methemoglobinemia was considered.
One of the simple bedside procedures to determine
methemoglobinemia was performed. After mixing
a blood specimen with air or oxygen, if the
cyanosis is due to decreased oxygen saturation,
it will change from a purple to a red color. In
contrast, a blood specimen from this patient
remained a chocolate brown color despite expo-
sure to oxygen. This finding suggested methemo-
globinemia, which was later confirmed by spectro-
scopic examination of the hemolysate. The patient’s
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methemoglobin level was 18 per cent, which was
several times higher than that of a normal indi-
vidual. Moreover, the diagnosis of methemoglo-
binemia was strengthened by the disappearance
of the cyanosis and the increase of SpO, after
administration of methylene blue (from 84% to
95.9%) and by the reappearance of the cyanosis
after discontinuation of the medication.

Oxygen saturation can be determined by
several methods. Pulse oxymetry measures the
transmission of 2 wavelengths of light most
absorbed by oxyhemoglobin and deoxyhemo-
globin. A blood gas machine calculates oxygen
saturation from the partial pressure of oxygen in
the blood(10). Therefore, the values of oxygen
saturation obtained by pulse oxymetry and a blood
gas machine are unreliable in the presence of
methemoglobin. The oxygen saturation in this
patient measured by pulse oxymetry and a blood
gas machine was not less than 90 per cent, whereas,
direct measurement revealed an oxygen saturation
of only 84 per cent. Clinicians should be aware of
the unreliability of oxygen saturation determined
by pulse oxymetry and a blood gas machine when
an abnormal hemoglobin is present.

A small proportion of hemoglobin
autooxidizes when red cells circulate. The methe-
moglobin formed is normally reduced by the reac-
tions shown in Fig. 1. The major pathway of
methemoglobin reduction is catalyzed by cyto-
chrome bg and cytochrome bs reductase(11). With
the capacity to reduce methemoglobin far excee-
ding the normal rate of hemoglobin oxidation, the
steady-state level of methemoglobin in normal red
cells is less than 1 per cent(12). Etiologies
of methemoglobinemia can be classified into 2
major classes: acquired and hereditary. Acquired
methemoglobinemia is generally due to exposure
to certain drugs or toxins, which can be life-threa-
tening. Nitrite and chlorate oxidize the heme iron
directly. Aniline dyes, acetanilide, sulfonamides
and lidocaine are other examples of compounds
causing clinically significant methemoglobi-
nemia(13).

Hereditary methemoglobinemia is due
either to the presence of one of the M hemoglo-
bins or to deficiency of the enzyme cytochrome
bs reductase or cytochrome bs. The M hemoglo-
bins are hemoglobin variants having amino acid
substitutions of residues responsible for the
binding of the heme iron to the globin, which faci-
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litates the oxidation of the heme iron in the
affected subunit(14). There have been 5 variants
described, two of which, Hb M Boston and Hb
M Iwate, are a-chain variants. In these cases,
patients are cyanotic at birth. Individuals with the
other three B-chain variants, Hb M Saskatoon, Hb
M Hyde Park, and Hb M Milwaukee, do not
become cyanotic until about 4 to 6 months of age,
when fetal hemoglobin has been replaced by adult
hemoglobin. Except for cyanosis, these patients are
asymptomatic. All of the variants are inherited in
an autosomal dominant manner.

The other variety of hereditary methemo-
globinemia is the enzymopenic form, which is
caused by the deficiency of either the cytochrome
bg reductase or the cytochrome bg. This condition
is inherited in an autosomal recessive pattern(15).
Patients have lifelong cyanosis of variable degree,
depending on the level of methemoglobin. Un-
treated individuals usually have 15 to 30 per cent
methemoglobin. The patient described in this
report had 18 per cent methemoglobin and the
qualitative enzyme assay for cytochrome bj re-
ductase revealed decreased activity. In addition, the
history of his parent’s consanguineous marriage
is consistent with the recessive mode of inheri-
tance.

The enzymopenic hereditary methemoglo-
binemia has been classified into 4 types based on
clinical and biochemical features(15). The most
common is type I, in which the deficiency of cyto-
chrome bg reductase is limited to the erythrocytes.
These subjects have methemoglobinemia alone
without other symptoms(10), Type II is the gene-
ralized form and occurs in 10 to 15 per cent of
cases. Cytochrome bg reductase is deficient in all
tissues. In addition to methemoglobinemia, patients
with this type have severe and progressive neuro-
logical disabilities(16-18), In type III, cytochrome
bs reductase deficiency is limited to hematopoietic
cells and is demonstrable in red cells, lympho-
cytes, granulocytes, and platelets. The only
clinical manifestation is cyanosis(19). A patient
with type IV lacks cytochrome bs and has
cyanosis without neurological abnormalities(20),
In this patient the activity of cytochrome bg
reductase in tissues other than red cells was not
assayed. As no factor evident from the history or
physical examination could explain the severe
neurological deficits in this patient, it was
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determined that the neurologic type II form of the
hereditary enzymopenic methemoglobinemia was
present.

In summary, we have identified a 3-year-
old Thai boy with type I hereditary enzymopenic
methemoglobinemia. The severity of the phenotype
makes prenatal diagnosis justified. Because of the
ability to make a definite diagnosis in the proband,
a method to perform prenatal diagnosis is now
available to the parents.
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