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ABSTRACT. Morphologic appearance and metabolic dis-
turbances of the brain of a patient with 1.-2-hydroxyglutaric
acidemia were investigated with use of magnetic resonance
imaging and localized proton magnetic resonance spectros-
copy in vivo. Whereas magnetic resonance imaging re-
vealed increased internal and external cerebrospinal fluid
spaces as well as patchy white matter lesions, metabolic
deviations included a 50% decrease of N-acetylaspartate
(neuronal marker), a 75% increase of myo-inositol (glial
marker), and a 40% decrease of choline-containing com-
pounds in white matter relative to age-matched controls. A
clinical deterioration of the patient was clearly reflected in
a follow-up examination 22 mo later, resulting in a further
reduction of N-acetylaspartate and a more pronounced
enhancement of myo-inositol. No elevation of lactate was
observed. The magnetic resonance spectroscopy findings
are in line with a generalized neurodegenerative process in
1.-2-hydroxyglutaric acidemia but also suggest a defect in
phosphatidyl inositol metabolism of glial cells. (Pediatr
Res 35: 614-616, 1994)

Abbreviations

Cho, choline-containing compounds
CSF, cerebrospinal fluid

Ins, inositol

L20Hglu, 1.-2-hydroxyglutaric

MRI, magnetic resonance imaging
MRS, magnetic resonance spectroscopy
NAA, N-acetylaspartate

Cr, creatine and phosphocreatine

T1, spin-lattice relaxation time

T2, spin-spin relaxation time

L20Hglu acidemia is a rare inherited neurometabolic disease
with eight cases including three pairs of siblings reported in
Europe so far (1). The patients had cerebellar ataxia (scven of
eight) and mild mental retardation (eight of eight) in combination
with various other clinical and paraclinical signs such as extra-
pyramidal and pyramidal symptoms, seizures, and abnormalities
on EEG. Biochemical findings included increased levels of
L20Hglu acid in body fluids such as urine, plasma, and CSF, as
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well as a high CSF/plasma ratio, indicating intracerebral produc-
tion. Lysine concentrations in CSF and plasma were also ele-
vated, suggesting a rclationship with the catabolism of lysine. A
recent study of four more cases by Barth ¢t al. (personal com-
munication) discussed the possibility of a disturbed L-2-hy-
droxyacid-dehydrogenase function.

Here we report the findings of a combined MRI and localized
proton MRS study of one of the patients with L2Z0Hglu acidemia
described previously, i.e. patient 4 of the study by Barth ¢r al.
(1). The present results are part of an ongoing study of neuro-
metabolic/neurodegenerative diseases that so far includes more
than 80 cases with white matter diseases.

MATERIALS AND METHODS

Magnetic resonance studies. MRI/MRS examinations on two
occasions 22 mo apart were performed after a mild sedation with
midazolam on a 2.0-tesla MRI system (Siemens, Magnetom
SP4000, Erlangen, Germany) with use of the standard imaging
head coil for both MRI and MRS. After a fast-scan MRI protocol
comprising T1-weighted fast low-angle shot images and T2-
weighted contrast-enhanced Fourier acquired steady state images
(2), localized proton magnetic resonance spectra were acquired
by means of a short echo time (20 ms) stimulated echo acquisi-
tion mode sequence with repetition times 3000 ms and 128
accumulations. Volumes of interest with sizes ranging from 8 to
18 cm? were located in parietal white and gray matter and in the
striatum. Technical details are given elsewhere (3). Quantitative
spectral evaluations were based on a fully automated analysis of
resonance areas with use of metabolite model spectra acquired
under identical experimental conditions (4). Absolute concentra-
tion levels were calibrated with resonance areas obtained from
reference solutions with known metabolite concentrations (5).

Patient. The female patient is the Ist child of nonrelated
healthy Turkish parents; one younger brother is healthy. Her
mental and motor developments were only mildly delayed during
the Ist years. The 1st obvious symptoms occurred at the age of
2 y when she had a grand mal seizure. Furthermore, ataxia,
spastic symptoms, and mild mental retardation were noticed.
After a relatively stable period over many years, the clinical
course of the disease showed a progressive deterioration since the
age of 16 y. She now has repeated episodes of seizures and is
unable to walk. Cranial computed tomography findings included
white matter changes and enlarged CSF spaces. Visual evoked
potentials at the age of 15 y showed prolonged latencies. Labo-
ratory examinations yielded an increased L20Hglu acidurna
[193-832 mmol/mol creatinine (normal, <2)], a mild hyperly-
sinuria in combination with a hyperlysinemia (310-380 umol/L
(normal, <250)], and elevated CSF protein (60-70 mg/dL).
L20Hglu acid and lysine concentrations in CSF were not deter-
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Fig. 1. White matter hyperintensities in transverse T2-weighted MRI
sections (contrast-cnhanced Fourier acquired steady state, repetition
time/echo time/a = 14/-6/40 degrees, 4-mm thickness) of a patient
with L20Hglu acidemia (first magnetic resonance examination at the
age of 16 y). The hoxes indicate volumes of interest sclected for localized
proton MRS as shown in Figure 2. Between acquisition of images a and
b, the patient was repositioned.
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Fig. 2. Cercbral metabolic alterations in a patient with L20Hglu
acidemia (first magnetic resonance examination at the age of 16 y).
Localized proton magnetic resonance spectra (stimulated echo acquisi-
tion mode (repetition time/echo time/middle interval = 3000/20/30 ms,
128 accumulations) from the right striatum (8 mL volume of interest),
right dorsoparietal paraventricular white matter (8 mL volume of inter-
est), and midline occipitoparietal gray matter (18 mL volume of interest)
as indicated in Figure 1. Resonance frequencies (chemical shifts) from
NAA, Cr, Cho, and myo-Ins are given in ppm and referenced to NAA
(2.01 ppm). All spectra have the same vertical and horizontal scale.
Further resonances are caused by cytosolic proteins or short-chain fatty
acids (0.8-1.2 ppm), lactate (doublet at 1.33 ppm), glutamate (2.1-2.3
ppm), scyllo-inositol (3.35 ppm), and cerebral glucose (3.43 ppm).

mined. Details for laboratory procedures are discussed in Hoff-
mann ¢! al. (6).

RESULTS

MRI at the age of 16 y at the beginning of the patient’s clinical
deterioration revealed wide internal and external CSF spaces. In
addition, prominent lesions in white matter were seen as hyper-
intense signals in T2-weighted images (Fig. 1) and as hypoin-
tensittes in Tl-weighted images of subcortical regions. White
matter adjacent to the frontal and occipital horn of the lateral
ventricles was similarly affected. No changes were noticed in the
centrum semiovale. The boxes in Figure 1 indicate the positions
of volumes of interest selected for MRS.
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Table 1. Cerebral merabolic changes*

NAA Cr Cho myo-Ins
Patient
16 y old 4.3 35 0.9 5.4
18 y old 24 35 0.8 6.0
Controls  8.37+0.76 4.57+0.53 145x0.15 3.06 +0.50

* Cerebral metabolic alterations in white matter of a patient with
L20Hglu acidemia vs age-matched controls (n = 10: mean age, 14.5 =
2.8 y) as detected by quantitative evaluations of localized proton mag-
netic resonance spectra (repetition time/echo time/middle interval =
3000/20/30 ms). The values are proportional to absolute concentration
levels (in mM) without corrections for a mild T1 saturation (repetition
time = 3000 ms) and for minor differential T2 losses (echo time = 20
ms, in vivo vs in vitro reference measurements).

The corresponding proton MRS examination showed marked
disturbances in both gray and white matter as compared with
metabolite patterns of healthy controls (Fig. 2). Major abnor-
malities included a 50% reduction of NAA, a 40% reduction of
Cho, and a 25% reduction of Cr. In addition, white matter
revealed an increase of the myo-Ins concentration by about 75%.
Although some of these findings may be recognized directly from
the spectra (Fig. 2), quantitative metabolic changes for NAA, Cr,
Cho, and /myo-Ins in white matter are more clearly appreciated
from the values given in Table | in comparison to age-matched
controls. The numbers are proportional to pertinent concentra-
tion levels (in mM) but do not contain corrections for a mild T1
saturation (repetition time = 3000 ms) and for minor differential
T2 losses (echo time = 20 ms, T2 differences between in vivo
and in vitro). It should be noted that neither lysine nor L2ZOHglu
acid could be detected by proton MRS because of their low
concentrations (<1 mM).

The relevance of the observed metabolic disturbances was
confirmed in a follow-up examination 22 mo later after a further
clinical deterioration. Whereas MR showed similar findings with
slightly progressed atrophy as evidenced by increased CSF spaces.
proton MRS of paraventricular white matter resulted in an even
more dramatic decrease of NAA to about 20-30% of its normal
level. As shown in Table 1, the concentration levels of Cr and
Cho remained unchanged with respect to the first magnetic
resonance examination, whereas myo-Ins was further increased
to twice its normal value.

DISCUSSION

With regard to the exclusive location of NAA in neurons, its
absence in glial tumors, and its decrease and irreversible loss in
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ischemic brain regions, this metabolite may be considered a
marker for vital neuroaxonal tissue. Hence, its overall reduction
in the brain of this patient with L20Hglu acidemia provides a
measure of progressive neuroaxonal degeneration. The absence
of elevated lactate levels at both examinations indicated undis-
turbed mitochondrial respiration. An interesting and potentially
specific finding is the opposite variation of Cho and myo-Ins. So
far, increased myo-Ins has only been observed in conjunction
with elevated Cho in diseases such as gliomas (7), multiple
sclerosis (8), and metachromatic leukodystrophy (9), where the
concomitant increase of both metabolites is thought to mark
membranoproliferative processes and glial growth. In contrast,
the present findings more likely reflect an inhibition of the
synthesis of phosphatidyl inositol in glial cells that leads to an
accumulation of the precursor myo-Ins. The extent of Cho
reduction then fits into the generalized neurodegenerative proc-
ess that commonly characterizes progressed stages of inherited
metabolic diseases.
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