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CASE REPORT

Sequential MR Imaging Changes in Nonketotic
Hyperglycinemia

J. Mourmans
C.B.L.M. Majoie

P.G. Barth
M. Duran

E.M. Akkerman
B.T. Poll-The

SUMMARY: Serial diffusion-weighted (DWI) and diffusion tensor imaging (DTI) were performed in a
patient with neonatal onset nonketotic hyperglycinemia (NKH). At 3 weeks areas that are normally
myelinated at this time showed increased T2-signal intensity and restricted diffusion, consistent with
vacuolating myelinopathy. At 3 months, these areas had increased in the topographic pattern of normal
myelination, whereas fractional anisotropy was compatible with axonal sparing. At 17 months, diffu-
sion restriction had disappeared, likely because of coalescence of myelin vacuoles. A decrease of
fractional anisotropy was observed in the previously myelinated areas indicative of axonal loss. We
conclude that DWI and DTI can be used to identify and characterize white matter tract abnormalities
in patients with NKH.

Nonketotic hyperglycinemia (NKH) is a disorder of glycine
metabolism caused by a defect in the glycine cleavage en-

zyme system, resulting in high glycine concentrations in urine,
plasma, and especially CSF and the brain.1 The diagnosis can
be confirmed by enzyme assay in liver tissue or by mutational
analysis.2 Glycine plays 2 important roles in the central ner-
vous system: an inhibitory neurotransmitter in the spinal cord
and a modulator of excitation at the N-methyl-D-aspartate
receptors in cerebral cortex, hippocampus, and cerebellum. In
neonatal-onset NKH, neonates manifest lethargy, hypotonia,
apnea, and intractable epileptic seizures. Probably because of
the rarity of NKH, reports on the imaging findings are scarce.
The outcome of conventional T2-weighted images in 7 pa-
tients from 4 days to 38 months old reflected supra- and in-
fratentorial volume loss, impaired myelination of supratento-
rial tracts, but normal myelination in the brain stem and
cerebellum.3 Two recent case reports described abnormalities
of diffusion-weighted imaging (DWI) with restricted diffu-
sion.4,5 High-signal-intensity DWI together with low apparent
diffusion coefficient (ADC) probably reflect the well-known
neuropathologic finding of vacuolating myelinopathy in
NKH.

We report initial and follow-up MR imaging in a boy with
NKH until death at 17 months, by using conventional imag-
ing, DWI, and ADC, as well as diffusion tensor imaging (DTI).
Using DTI as an additional instrument affords a means to
study the progressive effect of glycine encephalopathy on ax-
onal integrity in the affected areas.

Case Report
The male patient was born at term after an uncomplicated preg-

nancy and delivery. Apgar scores were 9 and 10, birth weight 4100 g,

and head circumference 35 cm. On the fourth day of life, he was

admitted because of progressive weakness and feeding difficulties. At

the age of 16 days, myoclonic seizures were observed. Electroencepha-

lography showed a burst suppression pattern, later evolving to an

abnormal high voltage background pattern with frequent multifocal

epileptic bursts. The diagnosis of NKH was based on gross elevation of

glycine in plasma (903 �mol/L; controls, 20 –356 �mol/L) and in CSF

(142 �mol/L; controls, 3– 8.3 �mol/l), with an elevated glycine CSF-

to-plasma ratio of 0.16 (normal � 0.02). The activity of the glycine

cleavage system in biopsied liver tissue was clearly diminished (1.7

nkat/kg protein, controls 110 � 41). Treatment with sodium benzo-

ate (300 mg/kg/day) and dextromethorphan (3.5 mg/kg/day) de-

creased plasma glycine concentrations, but CSF glycine values re-

mained unchanged. Only a temporary positive effect on seizure

frequency and hypotonia was observed, despite increase of dextro-

methorphan to 10 mg/kg/day. Treatment with phenobarbitone and

clonazepam had no effect on the epileptic seizures. Severe hypotonia,

therapy-resistant epilepsy and developmental failure marked the sub-

sequent course, and he died of respiratory insufficiency at the age of

17 months. Permission for autopsy was declined.

MR imaging of the brain was performed on week 3 and at 3 and 17

months, on a 1.5T unit by using a standard quadrature head coil.

Conventional spin-echo T1-weighted 570/14 ms (TR/TE) and fast

spin-echo T2-weighted 3500/22–90 ms (TR/TEeff) images were

obtained with an echo train length of 10, a field of view of 23 � 23

cm, an imaging matrix of 256 � 256, a 5-mm section thickness

with a 1-mm gap. Diffusion-weighted MR images were acquired

with a field of view of 26 � 26 cm. Section thickness, gap, orien-

tation, and section positions were the same as in the axial T1- and

T2-weighted sequences. We used a single-shot, spin-echo, echo-

planar (EPI) sequence, with a TE of 100 milliseconds, an acquisi-

tion matrix of 96 � 200, reconstructed to 256 � 256 images. One

image with a b value of 0 was acquired, and 6 images with b values

of 1000 seconds/mm2, with the diffusion sensitizing gradient

pointing in 6 noncollinear directions, so as to gather complete

diffusion tensor data. The repetition time between EPI-acquisi-

tions was 4000 milliseconds. From the acquired data, the average

ADC was calculated, namely, one third of the trace of the diffusion

tensor, and the fractional anisotropy.6

The first MR imaging scan, at 3 weeks, showed a normal cortical

gyration, corpus callosum, ventricular system, and cerebellum. On

the T1- and T2-weighted images, the appearance of the white matter

myelination was inappropriate for age. The axial T1-weighted images

showed intermediate signal intensity in the dorsal brain stem, the

middle cerebellar peduncles, the posterior limbs of the internal cap-

sules, and bilateral corona radiata. On T2-weighted images increased

signal intensity was found in the dorsal brain stem, the cerebellar

vermis, the posterior limbs of the internal capsules, central corona

radiate, and perirolandic gyri (Fig 1A). DWI revealed hyperintense

signal intensity in these areas (Fig 1B) in combination with low ADC
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values (Fig 1C), consistent with restricted diffusion. On DTI, though,

a normal degree of anisotropy was found, which indicates axonal

integrity (Fig 1D). Corpus callosum measurements were well below

normal, the genu measuring 2.2, the corpus 1.5, and the splenium 2.5

mm.6 When the patient was 3 months of age, the axial T2-weighted

images showed high signal intensity in anterior and posterior limbs of

the internal capsules, optic radiations, ventral brain stem, central cer-

ebellar white matter, and in the peripheral white matter of the corona

radiata and centrum semiovale (Fig 2A). DWIs showed high signal

intensity (Fig 2B) and low ADC (Fig 2C) in these regions, consistent

with restricted diffusion in areas where myelin is normally present.

DTI showed age-related increase in fractional anisotropy in the cere-

bral white matter tracts.

MR imaging performed at 17 months showed moderate cerebral

atrophy. Interestingly, the high signal intensity on DWI had disap-

peared (Fig 3A). The fractional anisotropy maps showed decreased

anisotropy throughout the brain (Fig 3B).

Discussion
Inherent to the generally fulminant course of classical

NKH most neuropathologic data in NKH are referred to
neonates.7-11 Neuropathologic findings related to myelin in
NKH consist of spongy myelinopathy in myelinated ar-

eas.9,10 Vacuoles result from intra-
period myelin splitting.10 Microcystic
changes were mostly found in the as-
cending tracts in the brain stem, pos-
terior limbs of the internal capsules,
the cerebellar peduncles, optic tracts,
and optic chiasm. Areas that myelin-
ate later in life, like the peripheral
white matter in the centrum semi-
ovale, corona radiate, and corticospi-
nal tracts show no or mild spongiotic
changes. Electron microscopic stud-
ies have located the microcysts within
the myelin sheaths, splitting the mye-
lin at the intraperiod lines, without
axonal changes.8,10 Only mild gliosis
and few macrophages are found in the
spongiotic white matter.8-10 Some au-
thors concluded retarded myelina-
tion of white matter,8,9,11 but others
found the stage of myelination to be
normal.7,10

Reported autopsies with survival of 15,12 24, and
36 months13 described cortical atrophy, white matter de-
generation, thin corpus callosum, and cerebellar atrophy,
with variable degrees of gliosis. The diameters of many of
the vacuoles shown in figures in the report by Shuman et al
appear to be several times the nuclear diameters.13 In neo-
natal autopsies these vacuoles were much smaller, with di-
ameters less than the axon diameter size and at most equal
to the nuclear diameters.8,10

MR imaging findings of increased signal intensity on DWI,
together with lowered ADC values in previous studies,4,5 re-
flect the neuropathology reports. Our DWI/ADC findings are
similar to the previous studies. We applied DTI to the long-
term follow-up of a single patient to obtain an integrated pat-
tern of the impact on both myelin and axons. Our findings at
3 weeks of age were comparable to those of Khong et al4 and
Sener,5 showing increased signal intensity with restricted dif-
fusion of fast myelinating areas. We also observed an increase
of the areas with restricted diffusion in the same topographical
pattern as seen in normal myelination at 3 months. Thus, my-
elination itself did not appear to be delayed. On the basis of the
DTI there appears to be a high grade of axonal integrity at 3
months, which was subsequently lost as seen upon follow-up
at 17 months, shortly before the patient died.

Fig 1. MR images at the age of 3 weeks.

A, Axial fast spin-echo T2-weighted MR image (3500/90/1)
shows high signal intensity in the posterior limbs of the
internal capsules suggesting abnormal myelin.

B, Diffusion-weighted MR image demonstrates high signal
intensity in the posterior limb of the internal capsule.

C, ADC map corresponding to area in panel B shows de-
creased ADC values in these areas consistent with restricted
diffusion.

D, Color-coded fractional anisotropy-map demonstrates pres-
ervation of fractional anisotropy in white matter tracts. Red
refers to FA � 1 and purple to FA � 0.
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Fig 2. MR images at the age of 3 months.

A, Axial fast spin-echo T2-weighted MR image (3500/90/1)
shows high signal intensity in the entire internal capsules
and the optic radiations.

B, Diffusion-weighted MR image shows increased signal
intensity in the areas indicated in panel A and to a lesser
degree throughout the white matter.

C, ADC map corresponding to area in panel B shows de-
creased ADC values consistent with restricted diffusion.

D, Color-coded fractional anisotropy map demonstrates pres-
ervation of FA in white matter tracts, and increase in FA as
compared with Fig 1D.

Fig 3. MR images at the age of 17 months.

A, Diffusion-weighted MR image shows atrophy and disap-
pearance of diffusion restriction in the bilateral internal
capsules and optic radiations.

B, Color-coded FA map demonstrates FA decrease compared
with Fig 2D, indicative of axonal loss.
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Moseley et al14 calculated that proton diffusion in any di-
rection is restricted when the axis is �14 –16 �m. Pathologic
findings in NKH consist mainly of white matter spongiosis
with microcysts, with diameters in the order of 15–20 �m,
between the myelin sheaths. It is therefore likely that these
microcysts are the cause of diffusion restriction in NKH as
suggested elsewhere.4,5 Similar findings with restricted diffu-
sion were demonstrated in other diseases with spongiotic
changes due to microvacuole formation, such as Canavan
disease,15 Creutzfeldt-Jakob disease,16 and van der Knaap
vacuolating leukoencephalopathy.17 In our patient with
NKH, the disappearance of diffusion restriction at 17
months suggests coalescence of microvacuoles to larger
cysts, and the decrease of fractional anisotropy suggests ax-
onal degeneration. These results are consistent with previ-
ous neuropathologic findings.12,13

In conclusion, DWI and DTI are valuable techniques for
the detection and characterization of white matter tract ab-
normalities and for following the evolution of the brain pa-
thology in NKH patients.
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