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Abstract
Nonketotic hyperglycinemia (NKH) is a rare disease caused by defects in the glycine metabolism, leading to
accumulation of excessive glycine in the body, CSF, and brain. We report an infant with NKH who presented with
poor sucking power, hypothermia, hyperreflexia, and hypotonia soon after delivery at the gestational age of 38 weeks,
and progressed to respiratory failure, coma, and seizures. The diagnosis of NKH was established by laboratory data
showing marked elevation of glycine levels in the plasma, cerebrospinal fluid (CSF), and increased CSF/plasma ratio
of glycine levels. Genetic analysis demonstrated a missense mutation of GLDC gene (Exon 19) derived from her
mother. Magnetic resonance (MR) imaging of the brain performed at the age of 70 days demonstrated thinning of the
corpus callosum, symmetric distribution of restricted diffusion and abnormal signals on T2-weighted images in the
white matters. A glycine peak at 3.55ppm was depicted on proton magnetic resonance spectroscopy (1H-MRS) using
time to echo of 144ms, supporting the clinical diagnosis of NKH. The combination of conventional, diffusion MR
imaging, and 1H-MRS, can be helpful in identification of white matter abnormalities in patients with NKH.

Nonketotic hyperglycinemia (NKH) is a rare autosomal recessive metabolic disorder caused by defects in the
glycine cleavage system (GCS) in the body [1]. Defects in
the GCS lead to accumulation of excessive glycine in the
body, especially in the cerebrospinal fluid (CSF) system and
brain [2]. Glycine is one of the important neurotransmitters
[1]. In the most common classical neonatal type of NKH,
lethargy, poor feeding, hypotonia, myoclonic jerks, and
seizures may develop a few days after birth, and rapidly
progress to apnea, respiratory insufficiency, coma and
even death in early infancy [2]. Early diagnosis is crucial

to guide clinical management though sometimes it is difficult due to non-specific presentations. Besides amino acid
analysis, including glycine levels, in the plasma and CSF,
the magnetic resonance imaging (MRI), including conventional sequences, diffusion weighted imaging (DWI), and
the proton magnetic resonance spectroscopy (1H-MRS),
may help to diagnose NKH. We report a female infant
with classical symptoms of NKH since her early neonatal
period, presenting abnormally increased signal intensity
on T2-weighted images, restricted diffusion in the white
matter on MRI, and a glycine peak at 3.55ppm on 1H-MRS.
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Case Report
A full-term female baby was delivered spontaneously in a regional hospital without significant prenatal or
perinatal abnormality except for weak crying. Her Apgar
score was 8 and 9 at 1 and 5 minutes. Poor sucking power,
general weakness, hypothermia, hyperreflexia, and hypotonia occurred soon after delivery and then progressed to
apnea and coma. Endotracheal intubation was performed
due to respiratory failure and pneumonia in the right lung.
Her treatment continued at the regional hospital under the
impression of floppy infant. Due to persistence of symptoms
and signs, she was then transferred to the pediatric intensive

care unit of our hospital at the age of 27 days. Some episodes
of seizure occurred during this hospitalization.
A series of studies were arranged. Blood biochemistry,
muscle biopsy and chromosome study were non-specific.
The levels of serum creatine kinase, ammonia and lactate
were within normal limit. No ketoacidosis or ketonuria
was noted. Brain ultrasonography revealed thinning of the
corpus callosum. Liquid chromatography-tandem mass
spectrometry (LC- MS/MS) of the blood sample collected
at the age of 35 days showed increase of plasma glycine
(956 µmol/L) and several amino acids. Amino acid analysis
of CSF and plasma using high-performance liquid chromatography (HPLC) at the age of 48 days revealed elevation
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Figure 1. MRI of the brain at the age of 70 days: a. T1-weighted FLAIR (Fluid Attenuated Inversion Recovery) sagittal
image (TR/TE/TI=2135.85/10.056/850 ms).; b. T2-weighted fast spin echo image (TR/TE = 8627/152 ms); c. and d.
T2-weighted FLAIR axial image (TR/TE/TI = 8627/152/2100 ms); e. and f. ADC and EADC maps (TR/TE = 9650/94.6 ms).
The T1-weighted sagittal image depicts thinning of the corpus callosum (arrows in a.). The T2-weighted images (b. to
d.) show symmetric distribution of abnormal high signal intensity in the genua and posterior limbs of internal capsules,
centra semiovales, cerebellar peduncles, and brain stem, suggestive of abnormal myelination. Restricted diffusions are
demonstrated with decreased EADC and increased ADC values involving genua, anterior and posterior limbs of internal
capsules (e, f).
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of glycine, 94.3 µmol/L and 537.5 µmol/L respectively.
(The normal glycine levels in newborn and infants are:
3-21 µmol/L in CSF and 153-318 µmol/L in plasma). The
CSF/plasma ratio of glycine level elevated to 0.175 (normal
< 0.02, classical NKH > 0.08). The results of amino acid
analysis highly suggested the diagnosis of NKH. We
extracted genomic DNA from peripheral lymphocytes of
patient and parents, and screened mutations in the exon 1
to exon 25 of GLDC and exon 1 to exon 9 of AMT respectively. Genetic analysis demonstrated a missense mutation
(c.2281G > A,p.Gly761Arg) of GLDC gene in the Exon 19
derived from her mother, supporting the diagnosis of NKH,
despite no mutation in the AMT gene.
MRI of the brain was performed at the age of 70
days on a 3.0-Tesla scanner (Signa VH/I, GE Healthcare,
Milwaukee, WI, USA) using a standard quadrature head
coil. The conventional MRI revealed thinning of the corpus
callosum (Fig. 1a). Abnormally increased signal intensities
on T2-weighted images were noted symmetrically in the
centra semiovales, coronae radiatae, genua, posterior limbs
of the internal capsules, cerebellar peduncles, and pyramid
tracts (Fig. 1b-1d). Symmetric distribution of restricted
diffusion in the cerebellar peduncles, coronae radiatae,
genua, anterior and posterior limbs of internal capsules
was depicted on apparent diffusion coefficient (ADC) and
exponential apparent diffusion coefficient (EADC) maps

(Fig. 1e, 1f). A 2D MRS sequence with point-resolved
(PRESS) volume pre-selection was used. Water suppression
was accomplished using three preceding CHESS pulses.
The field homogeneity was optimized automatically over
the selected vision of interest (VOI) by observing the water
signal. Spectra were acquired with repetition time (TR)
1500 ms, echo time (TE) 144 ms, Matrix size of 16 × 16
over a field of view (FOV) of 24 cm resulting a scan time
of 6.4 min. A representative spectrum was obtained at the
right centrum semiovale with a prominent peak at 3.55ppm
detected, which is assigned to glycine (Fig. 2). The MR
findings, especially the glycine peak at 3.55 ppm, supported
the clinical diagnosis of NKH.

Discussion
Nonketotic hyperglycinemia (NKH) is a rare autosomal recessive disorder of glycine metabolism caused by
defects in the GCS, resulting in high glycine concentrations
in the urine, plasma, and especially CSF and the brain [1].
Patients are classified into three clinical subtypes (neonatal,
infantile, and late-onset) based on the onset of clinical
symptoms [3]. Neonatal type of NKH is the most common.
Patients usually manifest feeding difficulty, lethargy, hypotonia, hyperreflexia, apnea, and intractable seizures in the

Figure 2
Figure 2. 1H-MRS (TR/TE = 1500/
144 ms) obtained at right centrum
semiovale at the age of 70 days shows
an abnormal glycine (Gly) peak at
3.55 ppm. Cho indicates choline; Cr,
creatine; NAA, N-acetyl groups.
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first few days of life [2]. Most patients die within a few
weeks if left untreated [2]. In the infantile and late-onset
form, most patients remain asymptomatic throughout the
neonatal period, with subsequent neurogenic symptoms,
mental, and developmental retardation [3]. According to the
onset of clinical presentations, our case was classified as the
neonatal type.
Highly elevated glycine in the CSF, plasma, elevated
CSF/plasma glycine ratio, and absence of ketoacidosis are
the clues to the diagnosis [4], as those found in our case. The
GCS is one of the mitochondrial enzyme complexes, which
is composed of four proteins encoded on four different
chromosomes. Genetic defects in the GCS can be encoded
by GLDC, AMT or GCSH [3, 4]. The gene analysis in this
case demonstrated a missense mutation in GLDC gene
derived from her mother.
Widespread spongiosis of myelinated white matter
is the main histopathological feature of classical NKH
of neonates, involving tracts undergoing active myelination during the neonatal period [2]. The ascending and
descending tracts in the brain stem, posterior limbs of the
internal capsules, the cerebellar peduncles, optic tracts, and
optic chiasm are the mostly affected [2, 5-7]. The peripheral
white matter in the centra semiovales, coronae radiatae,
and corticospinal tracts are myelinated later in life and
show no or mild spongiotic changes in previous studies.
Electromicroscopic findings of NKH show intramyelinic
microvacuoles formation and splitting of myelin lamellae.
Other vacuolating myelinopathies include Canavan disease,
maple syrup urine disease, proprionic acidemia, van der
Knaap leukoencephalopathy, Creutzfeldt-Jakob disease,
some mitochondrial diseases, and intoxications [7, 8].
Press et al. reported seven patients with NKH using
conventional MR imaging which showed thinning of
the corpus callosum, age-related findings of progressive
atrophy and delayed myelination with pathological correlation [9]. Recent studies revealed evidence of restricted
diffusion in the affected areas [7, 8]. The possible causes of
restricted diffusion may be intramyelinic vacuole formation, or accumulation of fluid between the layers of splitting myelin lamellae [7,8,10]. DWI and conventional MRI
can also show progression of disease with time [7]. MR
findings of our case are similar to previous studies. The
T2-weighted and diffusion-weighted findings may suggest
vacuolating myelinopathy.
The distribution of abnormal signals on conventional
and diffusion weighted imaging in our patient symmetrically involved periventricular and deep white matter,
cerebellar peduncles and pyramid tracts, while the deep
gray matter and subcortical white matter were spared.
With this distribution, disorders of myelination should be
considered. In this age group, some metabolic diseases may
share similar pattern of early MR imaging findings. Metachromatic leukodystrophy occurs in older infants, children
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or adult, and it may appear more extensive white matter
disease. Krabbe disease, clinically showing extremely
irritability, involves periventricular, deep, and cerebellar
white matter with a ring-like appearance around dentate
nuclei. Typically, maple syrup urine disease shows edema
with restricted diffusion in the cerebellar and brain stem
more predominantly than in the supratentorial white matter.
Urea cycle disorders may sometimes present similar pattern
to that of NKH, mainly involves deep gray nuclei, deep
cerebral sulci and subcortical white matter, with sparing of
posterior fossa. Although the imaging pattern sometimes
may not be specific in these diseases, patient presentations,
clinical testing, and laboratory analysis can provide more
clues for diagnosis.
Heindel et al. found a large glycine peak at 3.55 ppm
on the 1H-MRS of two infants with NKH [12]. At short TEs,
the signals of myo-inositol (3.56 ppm) overlap with those
of glycine. Due to quick dephasing of the strongly-coupled
protons of myo-inositol [13], using longer TE can reduce
the signal of myo-inositol, making the glycine peak prominent. 1H-MRS has the potential to be used as a noninvasive
tool for monitoring the cerebral glycine level in patients
with NKH, and as a tool in differential diagnosis of NKH
from other metabolic disorders with hyperglycinemia [14].
If 1H-MRS can be performed earlier in our case, it could
suggest earlier use of amino acid analysis to diagnose the
disease. The glycine peak can also be found in some brain
tumors, including gliomas and central neurocytomas [15],
which can be differentiated from NKH according to clinical
history and imaging characteristics.
In summary, our case showed classical clinical presentations, typical MR findings in the white matter, and a
glycine peak at 3.55ppm on 1H-MRS, supporting diagnosis
of NKH. Combination of MRI, DWI, and 1H-MRS can help
early identification of the abnormalities of the white mater,
and provide a non-invasive method for monitoring clinical
management in newborn infants with NKH.
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