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CT and MR Studies of Methylmalonic Acidemia

Cosma Felice Andreula,' Roberto De Blasi, and Aristide Carella

Methylmalonic acidemia (MMA) is a disorder of organic acid
metabolism. It consists of a group of biochemically and ge-
netically distinct disorders that produces a block in the con-
version of methylmalonyl-CoA to succinyl-CoA, with conse-
quent accumulation of methylmalonate in the blood and urine,
secondary hyperammonemia, and often severe ketoacidosis
[1].

Methylmalonic acid is part of the organic and amino acid
oxidative process, in which the methylmalonyl-CoA is con-
verted to succinyl-CoA by methylmalonylmutase, an enzyme
whose cofactor is a cobalamin coenzyme (5’-deoxyadenosyl
cobalamin). MMA is caused by absence or mutation of meth-
yimalonylmutase or by defective synthesis of the coenzyme,
and is transmitted in an autosomal recessive inheritance
pattern [1]. Rarely, MMA can be produced by a deficit of the
racemase that converts p-methylmalonyl-CoA to L-methyl-
malonyl-CoA [2]. In the affected patients, an increase of
methylmalonic acid in blood produces marked ketoacidosis,
lethargy, and coma [1, 3-5]. The long-lasting metabolic dis-
order produces physical and mental delay.

Aicardi [3] has reviewed the clinical and neuroradiologic
features of MMA. CT demonstrates, even in the acute phase,
areas of hypodensity affecting the pallidal nuclei bilaterally,
which do not enhance after infusion of iodinated contrast
medium, although enhancement can occur in the subacute
phase [5]. In our case, immediately after the onset of the
disease, MR showed the cytotoxic edema affecting the palli-
dal nuclei bilaterally, characterized by low signal intensity on
T1-weighted images and high signal intensity on T2-weighted
images. The neuroradiologic follow-up showed the progres-
sive changes of necrosis in these lesions.

Case Report

A baby girl, whose parents were cousins, was born after a full-
term uncomplicated gestation. Her weight at birth was 3.2 kg. An
older sister had died soon after birth from respiratory distress. At
birth, the patient suffered generalized seizures without hypoxia.
Psychomotor development was normal until the age of 24 months,
when she was hospitalized with fever and generalized atonic seizures.
Neurologic examination showed lethargy, diffuse muscular hypotonia,
and a right pyramidal hemisyndrome.

CT examination (CE 12000, CGR, Paris, France) during the acute
phase revealed diffuse hypodensity of the pallidal nuclei and posterior
limbs of the internal capsules, more evident on the left than on the
right (Fig. 1A). MR studies were performed on a 0.5-T superconduct-
ing magnet (MAX Plus, GE, Milwaukee, WI). Sagittal T1-weighted
images, 500/25/2 (TR/TE/excitations), were acquired with a 25-cm
field of view, 5-mm slice thickness with 1-mm interslice gap, and 256
X 256 acquisition matrix. T1-weighted IR transaxial images (1250/
400,25/2) and intermediate and T2-weighted transaxial images (2000/
25,100/2) were acquired by using a 5-mm slice thickness with 1-mm
interslice gap, 25-mm field of view, and 256 X 256 acquisition matrix.
The MR studies confirmed the cytotoxic edema involving the globi
pallidi and the internal capsule. The signal of the lesions appeared
mildly hypointense on the T1-weighted images, iso- to hyperintense
on the proton-density images, and hyperintense on the T2-weighted
images (Fig. 1B).

Four days later, after the appearance of hepatomegaly, there was
hyperammonemia (110 mg/dl; normal range, 30-70 mg/dl) and very
high levels of blood pyruvate (55 mg/dl; normal range, 5.7-22) and
lactate (1.0 mg/dl; normal range, 0.36-0.59), which reached their
maximum values almost 20 days after the onset of symptoms (74
mg/dl and 1.57 mg/dl, respectively). Serum glycine also markedly
increased, with a peak on the 14th day (1268 pmol/l; normal range,
158-302).

The second CT examination (9800, GE, Milwaukee, WI), performed
20 days after the onset of the disease, revealed dilatation of the
ventricular system and subarachnoid spaces. At this time the pres-
ence of methylmalonate was discovered in the urine (5614 mmol/d
creatinine; upper limit of normal, 4.0 mmol/d). The patient was given
a low protein diet. Therapy with vitamin B,, was begun, which quickly
improved the mental status and muscular hypotonia. Motor deficit
and dysphasia showed slower improvement.

An MR examination at age 2 years 6 months revealed necrosis of
the pallidal nuclei with normal CSF spaces. The lesions appeared
hypointense on T1-weighted images and hyperintense on T2-
weighted images. Clinical examinations at 8, 15, and 22 months,
respectively, from the onset of the disease demonstrated only slight
right hemiparesis. The last MR examination at age 3 years 9 months
confirmed the bilateral pallidal necrosis and normal CSF spaces (Figs.
1C and 1D).

Discussion

MMA is a disease of organic acids, genetically transmitted
via a recessive autosomal mode of inheritance. The appear-
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Fig. 1.—CT and MR studies in young girl with
methylmalonic acidemia.

A, CT scan obtained at onset of symptoms
shows diffuse hypodensity of globi pallidi (ar-
rows), more evident on the left.

B, T2-weighted MR image (1500/100/2) ob-
tained during same period confirmed edema of
pallidal nuclei (arrows).

C and D, Third MR examination, performed 22
months after onset of symptoms. T1-weighted
IR image (1500/400/25) (C) and T2-weighted SE
image (2000/100) (D) show continued pallidal
necrosis (arrows) and normal CSF spaces.

ance of ketoacidosis in the neonate or in the first year of life
should suggest deranged organic acid metabolism, such as
methylmalonic aciduria, especially in the presence of acute or
subacute encephalopathy. The presence of ketoacidosis in
MMA allows differentiation from nonketotic hyperglycinemia,
which has a similar clinical onset of vomiting and lethargy in
early infancy and a similar high level of glycine in blood and
urine, but an absence of ketoacidosis [6, 7].

The bilateral pallidal necrosis, revealed by neuroimaging
techniques, is probably due to acute respiratory acidosis with
cell necrosis. These events likely result from intracellular
increase of methylmalonate that, with the block of mitochon-
drial respiration, progressively alters cellular respiratory dy-

D

namics. The inability of cells to compensate for hyperacidosis
due to an intercurrent disease could cause breakdown of
cellular energy production and subsequent cellular necrosis.
The pallidal involvement is probably due to the high energy
level in that location in the first year of life, with rich vascular-
ization, elevated metabolism, and consequent high energy
demands. With increasing age, this high energy role of the
pallidal nuclei is progressively lost.

The CT and MR findings of MMA, even considering the few
cases reported, allow us to suppose that the involvement of
a specific structure is related to the elevated metabolic level
and the high energy demands in a particular time of life. Of
the nine cases of MMA studied by CT that have been reported
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[1, 3-5, 8], seven of them (older than 8 months) revealed
bilateral hypodensity of the pallidum while the other two
showed diffuse low density of the white matter (1 and 4
months, respectively). Our patient had bilateral pallidal necro-
sis at the age of 24 months.

MMA can be differentiated from the other disorders asso-
ciated with bilateral necrosis of the basal ganglia that have an
acute or subacute course in infancy. In subacute sclerosing
panencephalitis, or Leigh disease, the basal ganglia are mainly
involved (preferentially the putamina), but CT hypodensity
may be seen in any part of the central gray matter, cerebellum,
or hemispheral white matter. MR shows lesions of decreased
intensity on T1-weighted images and of increased intensity
on T2-weighted images in the putamen, white matter of the
cerebral and cerebellar hemispheres, and even the brainstem
[9].

Another rare disease to differentiate is idiopathic bilateral
infantile striatal necrosis, a disease of unknown or possibly
infectious origin [3], which appears after mumps or influenza.
CT shows signs similar to those observed in MMA [3]. Bilat-
eral pallidal necrosis has been described in carbon monoxide
and cyanide poisoning [3, 4, 10], methanol poisoning [3-8],
and glutaric [3, 8, 11] and propionic acidemia [1-8]. Never-
theless, in carbon monoxide, cyanide, and methanol poisoning
the pertinent history should lead to the diagnosis; in propionic
acidemia, analysis of the urine, plasma, and CSF organic
acids will confirm the metabolic pathogenesis of the lesions.
In glutaric aminoacidemia type 1, the laboratory investigations
and the elective localization in the neostriatum may differen-
tiate it from MMA.
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Because of the CT and MR similarities of so many diseases
with pallidal necrosis, MMA can only be biochemically distin-
guished from other disorders. However, CT and MR are
important factors in detection of this disease.
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The reader’s attention is directed to the commentary on this article, which appears on the following pages.




