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Molybdenum Cofactor Deficiency Presenting With

Severe Metabolic Acidosis and Intracranial

Hemorrhage

ABSTRACT

Molybdenum cofactor deficiency leads to combined deficiency of
sulfite oxidase, xanthine dehydrogenase, and aldehyde oxidase
enzyme activities. The major clinic symptom is intractable seizures
seen soon after birth. No definite therapy is available. We report
here a newborn with molybdenum cofactor deficiency–associated
Dandy-Walker malformation who presented with severe lactic aci-
dosis and intracranial hemorrhage. (J Child Neurol 2004;
19:155–157).

Molybdenum cofactor deficiency is an autosomal recessive metabolic dis-
order.1 The molybdenum cofactor is essential for the function of sulfite oxi-
dase, xanthine dehydrogenase, and aldehyde oxidase enzymes.2 Molybdenum
cofactor deficiency can occur owing to mutation at either of the two sep-
arate steps in the formation of molybdenum cofactor. MOCS1 encodes two
enzymes for the synthesis of the precursor (complementation group A). The
conversion of the precursor into the organic moiety of molybdenum cofac-
tor is catalyzed by molybdopterin synthase (MOCS2). MOCS2 is defective
in patients with complementation group B deficiency. In addition, a third
type of molybdenum cofactor deficiency, type C, is caused by mutation in
the gephyrin gene. However, the phenotype is identical in all complemen-
tation groups.3

The most common clinical symptoms are neonatal intractable seizures
and feeding difficulties. Biochemically, there are decreased uric acid lev-
els in serum and increased excretion of sulfite, thiosulfate, S-sulfocysteine,
taurine, xanthine, and hypoxanthine in urine.4 Brain computed tomography
(CT) and magnetic resonance imaging (MRI) can show multicystic leuko-
malacia involving both the gray matter and the white matter while preserving
the brainstem.5,6 A definite diagnosis of molybdenum cofactor deficiency
is based on a sulfite dipstick test and absent sulfite oxidase activity in
either skin or liver fibroblast culture.4,7

Prenatal diagnosis of molybdenum cofactor deficiency is possible by
demonstration of either sulfite oxidase deficiency in a chorionic villus sam-
ple or an increased S-sulfocysteine level in the amniotic fluid.8,9 The amni-
otic fluid uric acid level is not helpful in the prenatal diagnosis.8 Although
there is no definite therapy, dietary methionine restriction, cysteine and sul-
fate supplementation, and low sulfur-containing amino acids can be used
for treatment that does not change neurodevelopmental outcome and prog-
nosis.10 If these patients survive beyond the neonatal period, they suffer

severe psychomotor retardation and intractable seizures caused by pro-
gressive cerebral degeneration.6

We report here a newborn with molybdenum cofactor deficiency
associated with Dandy-Walker malformation who presented with severe lac-
tic acidemia and intracranial hemorrhage. 

Case Report

A female infant was born at term as the product of the third pregnancy of
a 34-year-old mother. The patient was transferred to our hospital on her sec-
ond day of life owing to feeding difficulty. The prenatal history was unre-
markable. The parents of the patient were first cousins. She had one healthy
brother and sister. Although her birthweight and length were in the normal
ranges for gestational age, her head circumference was above the 90th
percentile. 

On physical examination, hypotension, tachypnea, grunting, cyanosis,
a coarse face appearance, and hypotonia were identified. Newborn reflexes
were absent. An ophthalmologic examination was normal. On laboratory
examination, complete blood count, blood glucose, routine urinalysis, renal
and liver function tests, serum proteins and lipids, coagulation tests, ammo-
nium, pyruvate, and blood and urine amino acid analysis were within nor-
mal limits. Reducing substance and ketone were negative in the urine, as
were serum ketones. She had severe metabolic acidosis and hypoxia (pH
6.8, HCO3 4.3 mmol/L, base excess  �25 mEq/L, PO2 38 mm Hg, saturated
PO2 57%, PCO2 95 mm Hg). Serum lactate levels were elevated (157 mg/dL,
normal range < 14 mg/dL). Urine organic acid analysis revealed lactic aci-
dosis. The serum uric acid level was very low (0.3 and 0.07 mg/dL). Cardiac
enzyme levels were increased (creatine phosphokinase–myocardial band
76.9 ng/mL, normal range 0–5 ng/mL; troponin-t 3 ng/mL, normal range
0–0.1 ng/mL). Chest radiography demonstrated cardiomegaly. An electro-
cardiogram (EEG) revealed ST segment elevation, and echocardiography
demonstrated decreased myocardial contractility (ejection fraction of 30%).
Renal ultrasonography was normal.

The patient was put on mechanical ventilation. On the fourth hour of
her admission, a tonic-clonic seizure developed. Phenytoin was initiated,
and then phenobarbital, pyridoxine, folinic acid, and corticosteroid were
added to control the seizure. Finally, the patient responded well to intra-
venous infusion therapy of midazolam. An EEG showed bioelectrical
silence. On the ninth hour of hospitalization, peritoneal dialysis was initi-
ated owing to refractory acidosis. The peritoneal dialysis resulted in nor-
malization of acid-base balance within 2 days of initiation of treatment.
Cranial ultrasonography on the fifth day of life demonstrated dilatation of
the lateral ventricles and intraventricular hemorrhage. Cranial CT on the
eighth day of life revealed Dandy-Walker variant, corpus callosum hypo-
genesis, hemorrhages in the lateral ventricles and parenchyma, and diffuse
cystic cavities involving the temporal and parietal lobes bilaterally (Figure
1). Cranial MRI 3 weeks after cranial CT demonstrated hypoplasia of the
cerebellum, Dandy-Walker malformation, corpus callosum hypogenesis,
dilated lateral and third ventricles, and intraventricular and intraparenchymal
subacute hemorrhages in the right temporal and bilateral parietal lobes. In
addition, hyperintensities in the basal ganglia on T2-weighted images and
diffuse cystic changes in the cerebral white matter bilaterally without
intrinsic signal abnormality of the brainstem were identified (Figure 2). At
this time, intrauterine and postnatal asphyxia were thought to result in the
constellation of findings of intracranial hemorrhages, cystic changes of
the cerebral hemispheres, bioelectrical silence on EEG, lactic acidosis,
and cardiac failure. The urine sulfite dipstick test was positive for sulfite
reaction. Urine thiosulfate level was increased at 410 mmol/mol creatinine
(normal range < 115 mmol/mol creatinine). An extremely low plasma uric
acid level and a positive urinary sulfite dipstick test suggested the diagno-
sis of molybdenum cofactor deficiency. The diagnosis was confirmed by the
finding of decreased sulfite oxidase activity in skin fibroblast culture. 

The patient was discharged on her 35th day of life. Cranial CT was per-
formed 2 months later, which demonstrated severe triventricular hydro-
cephalus, diffuse cystic changes throughout the cerebral hemispheres with
severe parenchymal destruction, and cerebral atrophy. Unfortunately, the
patient suffered severe feeding difficulties and motor and mental retarda-
tion and died of pneumonia at 4 months of age. 
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Discussion

Molybdenum cofactor is necessary for the activity of sulfite oxidase, xan-
thine dehydrogenase, and aldehyde oxidase enzymes.1 When molybdenum
cofactor is deficient, all three enzyme activities are decreased or absent. The
clinical and laboratory findings were consistent with sulfite oxidase and xan-
thine dehydrogenase deficiency in our patient. However, an isolated enzyme
deficiency can also occur in these patients. In the isolated sulfite oxidase
deficiency, there are increased levels of sulfite, sulfocysteine, taurine, and
thiosulfate in the urine, whereas the blood uric acid level remains nor-
mal.11 In xanthine dehydrogenase deficiency, hematuria is the first renal sign,
whereas renal stones, xanthine deposits in the muscle, xanthinuria, and
hypouricemia are observed without accompanying symptoms.12

A history of perinatal hypoxia can result in the mistaken diagnosis of
hypoxic-ischemic encephalopathy.6 In fact, there can be severe neurologic
manifestations that resemble anoxic encephalopathy, leading to further
misinterpretation.12 In our patient, there were severe clinical and laboratory
findings of hypoxia, including respiratory distress, severe acidosis, car-
diac failure, seizure, bioelectrical silence, and intracranial hemorrhage.
However, very low levels of serum uric acid level and intractable seizures
were highly suggestive of molybdenum cofactor deficiency, which was
confirmed by skin fibroblast culture.

Topcu et al. reported three infants with the diagnosis of molybdenum
cofactor deficiency who presented with the incorrect initial diagnosis of
hypoxic-ischemic encephalopathy.13 They proposed that molybdenum cofac-
tor deficiency should be included in the theoretical differential diagnosis
of patients presenting with intractable seizures in the newborn period who
have CT and MRI findings akin to hypoxic-ischemic encephalopathy.

The encephalopathy symptoms are related to sulfite metabolites, espe-
cially S-sulfocysteine and thiosulfate.6,14 Sulfite might damage mitochondr-
ial function, either directly via disruption of membrane integrity or indirectly
by interfering with the tricarboxylic acid cycle.14 Uric acid is a potent antiox-
idant and a normal product of this cycle. However, if uric acid levels decrease
in the blood, reactive oxyradicals can accumulate and contribute to neuro-
logic injury (a characteristic of molybdenum cofactor deficiency)13,14. 

The typical imaging findings in molybdenum cofactor deficiency are
cystic changes, particularly located in the subcortical region, with associ-
ated parenchymal loss and atrophy.13 Other findings include dilated ventricles,
severe volume loss of the basal ganglia (particularly the caudate nucleus),
and atrophy of the corpus callosum, which can also occur in the setting of
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Figure 1.  Unenhanced brain computed tomographic image demon-
strating an acute intraparenchymal hemorrhage in the right tempo-
ral lobe and an intraventricular hemorrhage in the occipital horn of
the left lateral ventricle. There is also extensive encephalomalacia
throughout the cerebral hemispheres bilaterally.

Figure 2.  A, Axial T1-weighted magnetic resonance image demon-
strating subacute intraparenchymal hemorrhages in the right temporal
lobe and an intraventricular hemorrhage within the occipital horn of
the left lateral ventricle. Extensive cystic encephalomalacia is also noted
throughout the cerebral hemispheres bilaterally. B, Sagittal T1-weighted
magnetic resonance image demonstrating cystic dilatation of the
posterior fossa with vermian hypoplasia and hypoplasia of the cor-
pus callosum.

A

B

 at OAKLAND UNIV on February 8, 2015jcn.sagepub.comDownloaded from 

http://jcn.sagepub.com/


hypoxic-ischemic encephalopathy.5 Our patient’s CT and MRI findings were
also similar to the findings observed in asphyxiated term infants with
hypoxic-ischemic encephalopathy. However, to our knowledge, the findings
of intraventricular hemorrhages, intraparenchymal hemorrhages, and dif-
fuse cystic changes throughout the brain have not been reported previously
in patients with molybdenum cofactor deficiency, although molybdenum
cofactor deficiency associated with Dandy-Walker variant has been reported
in a few patients.2,13,15

Impaired platelet aggregation secondary to acidosis can be a factor
in perinatal intracerebral hemorrhage.16 The degree of hypoxia and other
factors, such as hypotension and hypercarbia, affecting cerebral blood
flow are also important in the pathogenesis of cerebral damage in perina-
tal hypoxia.17 Also, Bakkeren et al1 reported excessive excretion of lactic
acid in the urine of two premature newborns with severe respiratory dis-
tress and cerebral hemorrhages.18 That study suggested that an abnormal
urinary organic acid excretion pattern was probably caused by severe tissue
hypoxia. 

Lactic acidosis is an uncommon feature of molybdenum cofactor
deficiency. Kang et al reported infants with molybdenum cofactor defi-
ciency who had elevated lactate levels in the blood and cerebrospinal
fluid.19 In our patient, initially, the lactic acidosis was considered to be
secondary to severe hypoxia. However, it is understood that the lactic
acidosis was most likely due to molybdenum cofactor deficiency. Sal-
van et al found that the parieto-occipital area was characterized by
accumulation of lactate in brain proton magnetic resonance spectroscopy
in a 20-day-old infant with molybdenum cofactor deficiency.20 The pres-
ence of a prominent lactic acid peak in proton magnetic resonance
spectroscopy can be suggestive for the development of cavitations in cere-
bral hemispheres. However, severe seizures can also be the underlying
factor leading to elevated lactate levels. Therefore, it is difficult to dif-
ferentiate the primary reason of the lactic acidosis because our patient
had intractable seizures.

In conclusion, hypoxic-ischemic encephalopathy is not necessarily the
sole cause of diffuse intraparenchymal cystic changes that can be associ-
ated with intracranial hemorrhages because molybdenum cofactor deficiency
is another potential etiology of these findings albeit less common. There-
fore, molybdenum cofactor deficiency should be included in the differen-
tial diagnosis in a newborn who presents with early intractable seizures,
hypouricemia, and diffuse intraparenchymal cystic changes that are asso-
ciated with intracranial hemorrhages on imaging studies.
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Topiramate-Valproate–Induced Hyperammonemic

Encephalopathy Syndrome: Case Report

ABSTRACT

A 15-year-old boy with inverted duplication of chromosome 15 was
admitted for acute onset of irritability, increasing sleepiness, and
worsening of seizures. He had been on valproate and other anti-
convulsants. However, he was found to have hyperammonemia
within 2 weeks after the addition of low-dose topiramate to valproate.
He recovered within 7 days after discontinuation of valproate. Top-
iramate was tailed off. The reintroduction of valproate monother-
apy caused hyperammonemia again without clinical features of
encephalopathy. He also developed anticonvulsant hypersensitiv-
ity syndrome following the use of phenytoin. We propose the term
topiramate-valproate–induced hyperammonemic encephalopathy
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