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Characteristic MR Imaging Changes in Severe
Hypermethioninemic States

In a recent report in this journal (1), Tada et al described a
patient with markedly elevated plasma methionine (740 �M)
and slightly elevated total homocysteine (tHcy) (37 �M) who
was diagnosed with possible cystathionine beta-synthase (CBS)
deficiency. During dietary methionine restriction with supple-
mental betaine and, later, pyridoxine, his plasma methionine
rose to 960–1560 �M. His tHcy level was normal (6.3–14.9
�M). Decreased appetite and daytime sleepiness developed,
and MR imaging revealed diffuse T1 and T2 prolongation in
subcortical areas extending to deep white matter with relative
sparing of the corticospinal tracts, corpus callosum, optic radi-
ations, ventral brain stem, and cerebellar white matter. Sym-
metrical lesions in the dorsal brain stem were recognized.
Diffusion-weighted imaging (DWI) demonstrated a decreased
apparent diffusion coefficient (ADC) in the white matter.
These findings were considered by the authors to be less sug-
gestive of CBS deficiency than of an alternative consistent with
the metabolite findings, that is, methionine adenosyltransferase
I/III (MAT I/III) deficiency (2). MAT I/III deficiency was then
confirmed by demonstration of compound heterozygosity for 2
mutations in the gene encoding this enzyme. Therapy was
discontinued, plasma methionine decreased to 570–1090 �M,
and brain imaging studies largely normalized.

We suggest that the MR imaging abnormalities in question
are similar to those already reported in other children with
extreme elevations of methionine who developed clinical signs
or symptoms of cerebral edema, thus prompting neuroimaging
studies: Patient 1. A 10-year-old girl with homocystinuria due
to CBS deficiency increased her plasma methionine from 800
to 3000 �M while on betaine therapy (3). MR imaging showed
T2 prolongation throughout the supratentorial white matter
extending into the brain stem, with relative sparing of the
cerebellum. There was striking involvement of the dorsal brain
stem, particularly in the region of the midbrain and pons
tegmentum (Fig 1A). MR spectroscopy was normal. Patients 2
and 3. Two normal infants developed hypermethioninemia
from inadvertent, excessive methionine intake, with levels of
2154 �M and 6830 �M (3). MR imaging findings in both were
similar to those in patient 1, and DWI in one showed decreased
ADC values in regions corresponding to T2 prolongation
within the brain stem (Fig 1B–D). Patient 4. A 4-year-old boy
with CBS deficiency was placed on betaine, and his plasma
methionine levels rose from 200 to 1190 �M. Methionine was
elevated also in CSF (4). MR imaging revealed diffusely ab-
normal signal within white matter bilaterally, but further im-
aging was not reported.

Thus, in each of the above-reported patients, hypermethi-
oninemia was associated with similar clinical and distinctive
MR imaging abnormalities: widespread edema in subcortical

FIG 1. T2-weighted MR images show in-
creased signal diffusely in white matter
and focally within the dorsal brain stem
(arrows) for patients 1 (A) and 2 (B). For
patient 3, note that signal is increased in
the b � 1000 image (C) and correspond-
ingly decreased in the ADC map (D), indic-
ative of restricted diffusion (arrows).
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and deep white matter, being pronounced in the dorsal brain
stem, with relative sparing of the cerebellum and ventral brain-
stem. As proposed by Tada et al (1), restricted water diffusion
in those areas could represent intramyelinic edema or revers-
ible energy failure. The metabolites formed from methionine in
the major pathway for its disposal are S-adenosylmethionine
(AdoMet), S-adenosylhomocysteine (AdoHcy), homocysteine,
and cystathionine. Of these metabolites, neither AdoMet nor
AdoHcy is elevated in MAT I/III deficiency (2). tHcy was
normal during treatment of the Tada et al patient, and cysta-
thionine is not elevated in CBS deficiency (2). Together, these
facts indicate that the high methionine itself was a causative
factor in the observed cerebral edema. Although both CBS-
deficient and MAT I/III- deficient patients have chronic eleva-
tions of methionine, cerebral edema is rare in such patients.
Betaine administration more than doubled the methionine lev-
els of the affected children. Because betaine is an intracellular
osmolyte, its concomitant use may have contributed to the
development of edema. Significantly, after institution of ther-
apy to reduce methionine levels, the clinical and MR imaging
findings resolved in all patients. Collectively, these cases un-
derscore a pattern of central nervous system injury due to
extremely high methionine levels.
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Comments on Time-efficient Technique for
Improved Tissue Contrast in Neuroimaging
With reference to the article on phase-sensitive inversion

recovery imaging published in the June/July 2005 issue of AJNR
(1), the authors did not acknowledge in their references our
original paper on phase-sensitive inversion recovery imaging
pulse sequence, technique, and image reconstruction algorithm
for tissue contrast enhancement published by Moran, Kumar,
et al in 1986 in Magnetic Resonance Imaging (2). The article in
the June/July 2005 issue of AJNR compared phase-sensitive
inversion recovery imaging sequence with T1SE and T1FLAIR
and found that the phase-sensitive inversion recovery sequence

has the highest contrast-to-noise ratio efficiency. However, we
already published in detail phase-sensitive inversion recovery
imaging technique for tissue contrast enhancement in our 1986
article. It is clear that the phase-sensitive inversion recovery
imaging technique did not originate with these authors be-
cause, as noted, it was already documented in 1986. The au-
thors used the phase-sensitive inversion recovery technique in
their AJNR paper without acknowledging our original publica-
tion. It becomes an ethical issue when a published original
article is not cited as a reference.

It is my request that this error be corrected based on merit
and on ethical guidelines for publications.
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Reply
As stated in our manuscript (1), the main purpose of our

paper was to “describe the implementation of a new technique
for generating high gray matter (GM) and white matter (WM)
contrast in a short scan time, make a quantitative evaluation of
the contrast efficiency, and explore its potential applications in
neuroimaging.” It was never our intention to claim that we
developed the phase-sensitive T1IR technique. This is obvious
from the numerous references that we provided to this tech-
nique in our publication (1; see references 10–18). In contrast,
the main purpose of the important publication by Moran et al
(2), as stated in their paper, was “to develop the appropriate
physical theory of both image reconstruction methods relevant
to IR sequences.” Their publication never addressed the opti-
mization of scan time, which is the main objective of our paper.
Thus, we do not think that there is any overlap between their
work and the current manuscript.
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