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Case report
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In encephalopathic infants, cerebrospinal fluid hyperglycinemia and elevated cerebro-

spinal fluid to plasma glycine ratio are considered pathognomonic of nonketotic hyper-

glycinemia (NKH). We present a case of NKH complicated by neonatal intractable seizures.

Increased ratio of cerebrospinal fluid to plasma glycine concentrations of 0.28 was seen as

a strong diagnostic indicator of nonketotic hyperglycinemia. Evaluating sick neonates with

hypotonia, encephalopathy, and/or seizures is a diagnostic challenge. NKH should be

considered; elevated cerebrospinal fluid/plasma glycine ratio will allow correct identifica-

tion and treatment more often in the future.

Copyright ª 2012, China Medical University. Published by Elsevier Taiwan LLC. All rights

reserved.
1. Introduction milder disease, with onset from late infancy to adulthood,
Glycine encephalopathy, also known as nonketotic hyper-

glycinemia (NKH), is an inborn error of glycine metabolism

caused by deficiency in the glycine cleavage system (GCS) [1]

and characterized by large quantities of glycine accumulated

inall body tissues, especially inserumandcerebrospinalfluids.

Most glycine encephalopathy cases occur during the neonatal

period. The neonatal form manifests in the first hours to days

of life with progressive lethargy, hypotonia, myoclonic jerks,

hiccups, and apnea, which often lead to coma or death [2].

Outcome is usually poor, with mortality up to 50% during the

first week of life [3]. Surviving infants have profound intellec-

tual disability and intractable seizures. Atypical forms include
trics, Children’s Medical
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which presents various neurological symptoms: seizure,

motor and/or cognitive impairments, aggressive behavior, and

impairedworkor school performance [2]. A rare transient form

has been described in which newborns have elevated cere-

brospinal fluid andplasmaglycine,which is biochemically and

clinically indistinguishable from the classic form. In the rare

form, glycine levels normalize over time without pharmaco-

logic intervention and often have few or no neurologic

sequelae[4]. We present a case of NKH neonatal intractable

seizures. Evaluating a sick neonate who presents with hypo-

tonia, encephalopathy, and seizures is a diagnostic challenge;

a high index of suspicion for timely diagnosis and treatment

could prevent severe complications.
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Fig. 1 e Amino acid profile of cerebrospinal fluid.
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2. Case report

A two month-old girl was transferred to our hospital for eval-

uation and management of seizure. She was a full-term baby,

her parents not consanguineous, pregnancy uneventful, and

labor and vaginal delivery uncomplicated. Apgar scores at birth

were 9 at 1minute and 10 at 5minutes birth bodyweight 3116 g

(50the75th percentile), birth height 52 cm (75the90th percen-

tile), head circumference 33.5 cm (50the75th percentile).

Physical and neurologic examinations were normal except for

mild hypertonic muscle tone. Sudden onset of general

convulsions accompanied by increased heart rate and oxygen

desaturation appeared 3 hours after birth. Symptoms lasted

about 3 to 4 minutes. One day after birth, general convulsions

werenotedeveryhour. Seizure frequency increasedevenunder

antiepileptic drug (AED) treatment. Laboratory examination

showed that blood cell count, electrolyte, glucose, ammonia,

and lactatewere allwithin thenormal range. Brain echography

showed negative findings. Urine organic acid examination and

blood liquid chromatography-mass spectrometry were unre-

markable. The infant was transferred to the ward due to poor

seizure control. After admission to our intensive care unit, she

showed frequently paroxysmal general tonic postures, associ-

ated with oxygen desaturation and increased heart rate.

Seizure was aggravated by touching. Phenytoin and pheno-

barbitalwere given, but in vain. Sleep EEG revealedparoxysmal

sharp waves over both central areas. Video on long-term EEG

monitor proved seizure associated with epileptic form

discharges, particularly in the frontal region. Ictal recording

showedgeneral tonic seizurewith tachycardia, associatedwith

epileptic form spikes. Brainmagnetic resonance imaging (MRI)

showed no remarkable findings. Frequency and intensity of

seizures did not improve after pyridoxine challenge and

prescription ofmultiple AEDs. Under the impression of suspect

NKH due to intractable seizures, cerebrospinal fluid examina-

tion was performed. Amino acid analyses (MRM mode) of

glycine were as follows: CSF ¼ 51.9mM; plasma ¼ 183.0mM; and

CSF/plasma ratio¼ 0.28 (Fig. 1). Diagnosis of NKHwas strongly

suspected. Regimen of frequent feedings, together with AEDs,

including phenobarbital and clonazepam, sodium benzoate

and dextromethorphan were prescribed. Episodes of seizures

and apnea decreased, and the patient was followed-up at the

outpatient clinic. Unfortunately, the patient expired at home

when she was 5-month-old due to sudden onset of cardiac

arrest and apnea.
3. Discussion

In neonatal seizures, issues to consider include hypoxia-

ischemia insult, hemorrhage or intracranial infarction,

trauma, infection, cerebral malformations, neurocutaneous

syndromes, drugs or toxic agents, andmetabolic and idiopathic

disorders. In our case, the birth course was smooth. Brain

imaging study revealed no abnormal brain malformation or

hemorrhage, yet refractory epilepsy was noted, which led us to

survey for possible inborn errors. Inmanymetabolic disorders,

epilepsy may even dominate the clinical picture, especially in

newbornsand infants.Onemustalwaysconsider thepossibility
of inborn metabolic errors in neonates with unexplained and

refractory epilepsy [1,2]. This patient’smetabolic study showed

unremarkable urine organic acid examination and blood liquid

chromatography-mass spectrometry. Blood tests including

electrolytes, glucose, ammonia, and lactate were within the

normal range. Pyridoxine treatmentwas eventually ineffective,

suggesting that pyridoxine-dependent epilepsy was unlikely.

Therefore, further study of NKHwas enrolled.

NKH is an autosomal recessive metabolic disorder charac-

terized by glycine accumulating in the brain due to defective

GCS. Incidence of glycine encephalopathy in British Columbia

is 1:63,000 live births and 1:55,000 newborns in Finland [5].

Classically, NKH is associated with normal pregnancy and

birth, then neonatal apnea, lethargy, hypotonia, and seizures

occur, followed by severe psychomotor retardation in those

who survive. While the present case manifested mild hyper-

tonia, it may arise from severe encephalopathy. In the labora-

tory, NKH is characterized by elevated glycine concentrations

in plasma, CSF, and brain with a CSF glycine to plasma glycine

ratio greater than 0.08, which is diagnostic. A ratio of >0.04 is

suggestive but require further confirmation through enzy-

matic analysis of liver or mutation detection. In our case,

glycine CSF/plasma ratio is 0.28. Elevated cerebrospinal fluid

glycine is reported in infants with encephalopathy: e.g.,

hypoxic ischemic encephalopathy, congenital stroke, central

nervous system infection[3]. No perinatal insult or infection

appeared in this case.

Glycine is an inhibiting neurotransmitter in the spinal cord

and excitation modulator of N-methyl D-aspartate (NMDA)

receptors in the telecephalon and cerebellum [6]. The GCS

consists of four distinct (P, T, H, L) proteins. Over 80% of NKH

patients showdefects in theP-protein, ashighas 15%humanT-

protein defect, with H-protein deficiencies being rare [7e9].

NKHcanmanifestoneof four forms: classicneonatal, transient,

infantile, and late; differences lie in time of onset, severity of
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clinical presentation, and outcome [10,11]. The typical neonatal

form presents in the first few days after birth with progressive

lethargy, hypotonia, hiccups, and seizures, progresses to

central apnea, and often death. Surviving infants often have

profound developmental delay and intractable seizures. The

infantile form occurs in the first few months of life and is also

characterized by hypotonia, developmental delay, and

seizures. Increased CSF glycine level (typically 20e30 times

normal) alongwith elevated CSF/plasma glycine ratio, suggests

diagnosis. Gold standard for diagnosis is still liver biopsy, but

this is not feasible in many cases. A noninvasive [13] C-glycine

breath test and screening system for genomic deletion with

GLDC also help confirm diagnosis [12,13]. Genes known to

associatewithNKHareGLDC (encodingP-protein componentof

the GCS complex), AMT (encoding T-protein component), and

GCSH (encoding H-protein component) [12]. Molecular genetic

testing of all three genes is available on a clinical basis. Muta-

tions associatedwith residual enzymeactivity seemassociated

with a milder outcome and infantile presentation; two muta-

tionswith no residual enzyme activity seem linkedwith severe

outcome and neonatal onset [14,15]. Initial EEG typically shows

a burst-suppression pattern that evolves into hypsarrhythmia

or multifocal spikes over the next fewmonths.

MRI can shownormal, agenesis of the corpus callosum, delay

in myelination, vacuolation, gliosis, or, less frequently, retro-

cerebellar cysts with subsequent hydrocephalus [16e18]. Prior

reports revealed that hydrocephalus appears to predict poor

outcome [2,17]. A glycine peak on magnetic resonance spec-

troscopy (MRS) result is seen in the most severely affected

infants, carrying poor prognosis. MRS techniques may play

a key role in assessing adverse outcome in NKH. Identification

of NAA/Ins-Gly as an indicator of severity could be ultimately

applied tomonitor and predict evolution of NKH and fine-tune

existing and future treatments [18].

To date, no effective treatment exists for NKH. The stan-

dard treatment strategies for NKH include sodium benzoate

(to reduce plasma concentration of glycine) and NMDA

receptor antagonists (ketamine, dextromethorphan, felba-

mate, and topiramate) [19]. Both sodium benzoate and dex-

tromethorphan may improve alertness and decrease seizure

frequency if prescribed during the newborn period [2]. Others

focus on seizure control with AEDs. Among AEDs, valproate

should be avoided in glycine encephalopathy, since it raises

blood and CSF glycine concentrations by further inhibiting the

GCS and may increase seizure frequency [20]. Higher glycine

concentration would result in severe lethargy, seizures,

chorea (especially inmildly affected patients), and comap [21].

Other managements including gastrostomy tubation are used

for feeding problems and physical therapy can prevent several

complications. Surveillance developmental assessment is

vital throughout the first years of life; molecular genetic and/

or biochemical tests of at-risk symptomatic siblings are rec-

ommended to promote early diagnosis and treatment.
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