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case

• Our  patient began to display neurological symptoms when she was 10 days old: hypotonia, 

lethargy, apnoea, and myoclonic seizures.she was intubated for near  one month..

• No fever/ biochemical abnormalities /sepsis/ammonia & lactate /brain anomaly in ct scan

• Her screening metabolic test was normal

• Suspicion of West syndrome was confirmed by EEG findings (burst-suppression during the first 

weeks of life, progressing to hypsarrhythmia a month after birth)  ..brain lactate was normal

• The patient was initially treated with valproate and gabapentin , with no improvement.
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• The second metabolic test showed an increase in glycine in serum amino acids. . 

While urine organic acids and serum acylcarnitines were again normal 

• Laboratory analysis revealed a glycine level of 920 μM in the serum and 229μM 

in the  CSF  and CSF/serum ratio, 0.25 [normal range, <0.12]

• After stopping Valpreat, my blood was checked again and the number 745μM ( 

nl<426) was obtained 

• The patient was diagnosed with classic neonatal NKH.

• He was treated with sodium benzoate, dextromethorphan, and anticonvulsant 

drugs. After about 1 year, the seizures  not decreased and but blood glycine level 

is normal and in terms of development, it has a clear developmental delay..  



GLDC ..exon21 
c.2458A>G  
p.M820V



WHAT IS GLYCINE? 
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Glycine cleavage system . . GLDC or AMT or Variant
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❑ cofactor lipoic acid

❑ tetrahydrofolate

❑ Pyridoxin

❑ Glycine transport defect

❑ cblX

Variant NKH 

https://en.wikipedia.org/wiki/Tetrahydrofolate


symptoms
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• Neonatal (first hours to days of life) with progressive lethargy evolving into profound coma and 
marked hypotonia. In 80% of infants ventilatory drive slows, leading to prolonged apnea

• The vast majority of infants regain spontaneous respiration within the first three weeks of life, 
often with oral bottle drinking.

• Myoclonic jerks and hiccups are often a sign of epilepsy

• The initial EEG often shows a burst suppression pattern.

• Infantile (age >2 weeks to 3 months). While these infants do not have lethargy and coma in the 
first days of life, they often have a history of hypotonia from early on.

• They present with developmental delay and infantile-onset seizures that can be mild or 
increasingly difficult to treat.

• Infants with lethargy, hypotonia, seizures, poor feeding, developmental delays
Children with developmental delays, hyperactivity , particularly with episodic worsening of 
manifestations

• Late (age >3 months) is rare, is always associated with the attenuated form, and involves 
developmental delays and possible mild seizures.

Atypical Form Symptoms.. Check glycine

• Seizures

• Abnormal muscle movements

• Intellectual disability

• Behavioral issues

• Attention-hyperactivity disorder

• Scoliosis

• Swallowing dysfunction

• Abnormal muscle tightness

• Gastroesophageal reflux
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Severe NKH:

• Many infants never make any developmental gains 

• limited interaction with their environment.

• progressive spasticity and cortical blindness

• Most have swallowing dysfunction

• Increasingly difficult-to-treat seizures

• Many develop scoliosis or hip dislocation 

• Occasionally  cleft palate or clubfeet .

• Some develop secondary microcephaly

Attenuated NKH :

• variable developmental progress. 

• little spasticity.

• They may develop a seizure disorder, which is often relatively easy to treat

• Hyperactivity is common

• Many have choreic movements

• intermittent episodes of severe lethargy, often triggered by fever and infection (sometimes reported in the past as a "mild 

episodic form").

Classification
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❑ Severe NKH. Children make no developmental progress and have intractable epilepsy.

❑ Attenuated NKH. Children make variable developmental progress and have treatable or no epilepsy. 

Attenuated NKH is further divided into:

• Attenuated poor : Children have a developmental quotient (DQ) of <20 and all have epilepsy.

• Attenuated intermediate : Children have a DQ of 20 to 50 and easily treatable epilepsy or no 

epilepsy.

• Attenuated good : Children have a DQ >50 and do not have epilepsy.

❖ Neonatal onset. 85% have severe NKH and 15% have attenuated NKH.

❖ Infantile onset (i.e., >2 weeks). 50% have severe NKH and 50% have attenuated NKH 

❖ Onset age >3 months. All had attenuated NKH

➢ The prevalence of nkh in the study of Dr. Salarian province was found to be 2.88 per 100,000 

screenings in Fars.

Eventually . . 
.



TRANSIENT

• Transient NKH is a phenocopy. In this clinical setting, neonates present with acute 

neurological symptoms and have elevated CSF glycine with often elevated 

CSF:plasma glycine levels. These elevated CSF glycine levels disappear spontaneously 

over the next days to weeks. There are no mutations present in the genes of the 

glycine cleavage enzyme and the GCS activity is normal. This feature can be seen in a 

variety of clinical settings, most commonly in hypoxic ischemic injury in a neonate 

• The absence of the typical pattern of diffusion restriction of NKH indicates a 

phenocopy
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➢ Biochemical diagnosis is based on quantification of glycine levels in the 

plasma/serum and in the CSF, combined with urine organic acid analysis 

to rule out organic aciduria.

➢ CSF/plasma glycine levels are higher than 0.08 in the classic type of NKH 

and range from 0.04 to 0.02 in the atypical forms.

➢ Plasma glycine is often but not always elevated.

CSF glycine is always elevated with the elevation related to outcome, as 

a high CSF glycine is predictive of severe NKH

For this reason, lowering the blood level does not necessarily improve 

the neurological prognosis
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Diagnosis
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CSFglycine levels:
• Blood and brain glycine levels are high in newborns and decrease rapidly 

after 1 month
• Accurate measurement of CSF glycine requires that the CSF be 

completely free of contamination by blood or serum. 

• The elevation of CSF glycine is more important than the ratio, which is 

only a secondary measure. 

• In CSF, the serine concentration can be low, but the threonine 

concentration should not be elevated. 

• The elevation of glycine levels in CSF in NKH is usually higher than that 

observed in disorders affecting the cofactors of the glycine cleavage 

enzyme system (lipoate, pyridoxal phosphate) and overlaps with 

attenuated NKH

• Documentation of a normal level of pyridoxal phosphate in the CSF 

helps to exclude disorders of pyridoxal phosphate metabolism



DDX
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1. Hypoxic ischemic encephalopathy

2. Medications such as valproic acid and barbiturates which cause the elevation of glycine and burst suppression on
EEG respectively.

3. Transient glycine encephalopathy

4. Organic acidemias may all cause elevations of glycine, however they are seen with a ketosis.

5. Elevations of glycine may be seen in the urine of patients with type I or type II hyperprolinemia, benign
hyperglycinuria, or familial iminoglycinuria.

6. Pyridoximine 5′ phosphate oxidase deficiency giving rise to seizures produces a burst suppression on EEG

7. Other Inborn errors of metabolism giving rise to neonatal seizures such as peroxisome disorders, molybenum
cofactor deficiency, Vitamin B6 and B9 dependent seizures, and phosphoglycerate dehydrogenase deficiency.

8. Liver failure

9. Immunoglobulins

10. herpes virus infection



MRI (DWI)

• In the frst months of life

• diffusion restriction in the pyramidal tract  in the posterior limb of the internal capsule and the anterior 

brain stem, in the posterior tegmental tract and cerebellum . 

• This combination is highly suggestive of NKH and distinguishes the presentation from the transient 

NKH and from variant NKH

• show leukodystrophy or involvement of basal gangli It shows mitochondrial disorders

• Other:

• The corpus callosum can be thin and shortened but is not absent.

• A small group of infants develop hydrocephalus, often with an enlarged retrocerebellar cystic region.

• Atrophy is present in older individuals with severe NKH, but often not in individuals with attenuated NKH.
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Treatment

Current treatment is focused on:

1) Reduction of plasma concentration of glycine

2) Use of N-methyl-D-aspartate (NMDA) receptor site antagonists

3) Symptomatic care
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Other.

• Gastrostomy tube 

• Gastroesophageal reflux is common. Some individuals have benefited from a Nissen procedure.

• Chronic obstipation, a frequent problem in severe NKH, can be treated with laxatives.

• Scoliosis and hip dislocation, common in older children with severe NKH, are managed with standard 
techniques. 

• Individuals with severe NKH have progressive difficulty maintaining good airway management. 

• Vigabatrin can cause rapid deterioration . ACTH treatment has not been effective in the treatment of West 
syndrome and is associated with worsening clinical status including inducing coma. Valproate is 
contraindicated in the patients with NKH.

•



Sodium benzoate

• can reduce the plasma glycine concentration into the normal 
range. The therapeutic goal is to lower the plasma glycine 
concentration into the low normal range, defined as 120 to 
300 µmol/L for samples obtained one to two hours after a 
benzoate dose (timing is important).

• Individuals with attenuated NKH require a lower dose (200-
550 mg/kg/day). For older children and adults, start at 5.5 
g/m2 BSA.

• Individuals with severe NKH require a higher dose (550-750 
mg/kg/day) for adults, maximum 16.5 g/m2/day.

• Sodium benzoate should be divided into no less than three 
doses per day; doses are more frequent in infancy (for 
example, neonates typically receive six daily doses).
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• If the plasma glycine concentration is not within target range, the dose is increased by 50 mg/kg/day, and 

plasma glycine concentration is measured again as soon as 48 hours later. When glycine is within the target 
range, plasma glycine levels are measured regularly:

• every two weeks for infants, 

• every month for young children

• every three months for older children.

• Because the liver and kidney (but not the brain) are the sites of action of sodium benzoate,It is known that 
treatment with sodium benzoate does not normalize CSF glycine concentration. Follow up with serial 
measurements of CSF glycine concentration is not required.

• High-dose sodium benzoate (500-750 mg/kg/day) is frequently associated with gastritis, which may require 
oral administration of antacids, H2 antagonists, or proton pump inhibitors.

• High-dose sodium benzoate in young infants can be associated with excessive loss of carnitine; those with 
low carnitine levels should receive supplementation to maintain normal plasma concentrations.

• Dosing of sodium benzoate in excess of the individual requirement is dangerous: benzoate toxicity has high 
morbidity and mortality .Hypocalcemia and low plasma glycine concentration (<150 µmol/L) can be early 
signs of sodium benzoate overdose. 

• As benzoate is unpalatable, a saliva-resistant granulated benzoate is available in several countries
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NMDA Receptor Site Antagonists

Dextromethorphan
• doses commonly range from 3 to 15 mg/kg/day, but individual variability is substantial.  

typically started at 10 mg/kg/day for neonates, 5 mg/kg/day for children, and 3 mg/kg/day for 
adolescents and adults, administered in three or four doses per day

• cimetidine not used as they may cause toxicity

• dextromethorphan can cause increases in sleepiness and movement.

❖ Attenuated NKH. Dextromethorphan used in combination with sodium benzoate has 
improved neurocognitive outcome and decreased seizure propensity. Improved attention, 
school performance, and behavior, as well as decreased chorea, have been observed in several 
individuals with attenuated NKH . In itself, high-dose dextromethorphan may have some 
anticonvulsant activity.

❖ Severe NKH. In patients with severe NKH, dextromethorphan is less effective or 
ineffective and may result in recurrent pneumonia, presumably due to decreased 
coughing 

• An alternative lipophilic non-competitive NMDA receptor blocker is ketamine

Oral ketamine
• , used in oral application at daily doses of 15 mg/kg in neonates, reduced to 

9 mg/kg/day in infants (range: 1–32 mg/kg) with improved cognitive outcome in 
case of early treatment in attenuated mutation carriers.
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Diet . .

❖ Glycine-restricted diet. contribution of dietary glycine is small compared to the excess in 

endogenous glycine synthesis versus endogenous catabolism of glycine.

• Infant formula is typically low in glycine; advancing the diet to intake of solid food introduces a 

small amount of extra dietary glycine. 

• Restriction of dietary glycine can aid in controlling plasma glycine levels for some individuals with 

severe NKH. For many individuals a mild increase in the dose of sodium benzoate compensates for 

increased dietary intake of glycine.

• An inappropriately severe glycine-restricted diet has been associated with protein malnutrition 

• The clinical effect of this form of glycine restriction is only partially described, and includes a 

decrease of seizures, increased alertness with variable effect on the EEG pattern..

❖ Ketogenic diet

Ketogenic diet always lowers the amount of glycine substantially and the dose of sodium benzoate should be reduced accordingly 

to avoid benzoate toxicity . Ketogenic diet has resulted in improved seizure control, but did not change hypsarrhythmic

background.

• * Note: Because the glycine pool is reduced when individuals are on a ketogenic diet, sodium 

benzoate dose must be reduced upon initiation of this diet to avoid toxicity.
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➢For severe NKH, no treatment is effective in changing the natural history of developmental delays, 

spasticity, and intractable epilepsy. Specifically, glycine-lowering therapy is not effective in 

improving the affected individual's development, even when initiated at birth 

However, glycine-lowering therapy does decrease the frequency and severity of seizures and 

is used as part of the overall epilepsy management of disease . It also improves attentiveness 

and resolves neonatal apnea.

➢ In contrast, for attenuated NKH aggressive treatment of children with pathogenic variants 

associated with residual glycine cleavage enzyme system (GCS) activity who are likely to develop 

attenuated NKH resulted in improved neurodevelopmental outcome and reduced propensity for 

epilepsy .



GLDC ..exon21 
c.2458A>G  
p.M820V
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