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Letter to the editor

Nonketotic hyperglycinemia (NKH) is an inborn 
error of glycine metabolism leading to refractory 
epilepsy and severe developmental delays. It is 
caused by autosomal recessive inheritance of a 
defect in the glycine cleavage system in the mito-
chondrial enzymatic complex pathway [1]. This 
defect leads to overstimulation of the N-meth-
yl-D-aspartate receptor and neurological damage 
due to glycine accumulation in all body compart-
ments. 

The typical presentation of NKH is progressive 
encephalopathy, apnea, and seizures during the 
neonatal period [2]. Those who survive the neo-
natal period progress into refractory seizures with 
moderate to severe cognitive impairment. Apart 
from antiseizure medications, sodium benzoate, 
dextromethorphan, and a ketogenic diet, no 
known therapy is effective in treating this condi-
tion [3]. 

Electroencephalography (EEG) is used to as-
sess brain and seizure activity in NKH. The usual 
patterns seen are burst-suppression, hypsarrhyth-
mia, and multifocal epileptiform activity [4,5]. 
Epilepsy of infancy with migrating focal seizures 
(EIMFS) in NKH has never been described in 
the literature. We report a case of a severe form of 
NKH presenting during the neonatal period that 

showed a burst-suppression EEG pattern and 
evolved into EIMFS. 

A female baby was the firstborn child of 
non-consanguineous Malay parents. She was 
born at term and weighed 2.78 kg (15th percen-
tile), with a head circumference of 32 cm (10th 
percentile). The antenatal period was uneventful. 
She was noted to be lethargic and tachypneic at 
14 hours of life, with poor feeding. She required 
ventilator support at 18 hours of life for progres-
sive lethargy with poor respiratory effort and re-
current apnea. She was treated for neonatal sepsis, 
as an echocardiogram and chest radiograph had 
excluded congenital heart disease and respiratory 
distress syndrome. The infection markers were 
mildly elevated, and no growth was observed in 
blood culture. She was noted to be hypotonic 
with hyporeflexia of the bilateral lower limbs. 

Initial investigations showed hypertransami-
nasemia with aspartate transaminase and alanine 
transaminase levels of 867 U/L (normal range, 
< 51) and 119 U/L (normal range, 1 to 25), re-
spectively. The ammonia and lactate levels were 
normal, but there were high levels of creatine ki-
nase (630 U/L; normal range, < 250 U/L) and 
lactate dehydrogenase (1,301 U/L; normal range, 
< 580 U/L). Screening for inborn errors in me-
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tabolism showed normal results apart from a high glycine level 
(1,042 μmol/L; normal range, 102 to 395). The cerebrospinal flu-
id (CSF) glycine level and CSF plasma/glycine ratio were not ob-
tained due to technical difficulties in obtaining samples despite 
multiple lumbar puncture attempts on different occasions. 

During her first few days on ventilator support, the child showed 
no spontaneous breathing efforts despite not being on any seda-
tion. She was able to be weaned from the ventilator by day 13 of 
life. She had her first seizure on day 10 of life, with clonic move-
ment of the left upper and lower limbs and focal eyelid myoclonia. 
She responded to a combination of phenobarbitone (6 mg/kg/
day) and levetiracetam (40 mg/kg/day). 

Her first EEG, on day 11 of life, showed a burst-suppression pat-

tern (Fig. 1A). A repeated EEG on day 29 of life showed less 
burst-suppression, but multifocal spikes/polyspikes and sharp 
wave discharges, predominantly in the left hemisphere. Magnetic 
resonance imaging (MRI) of the brain showed hypoplasia of the 
corpus callosum (Fig. 2). She was discharged home on day 31 of 
life. For the first 3 months, she had multiple episodes of seizures, 
with a baseline of up to 10 seizures daily. Three distinct semiolo-
gies were observed: eyelid myoclonia, alternating tonic seizures, 
and focal seizures. 

Prolonged video telemetry EEG was done at 3 months of age 
and showed multiple seizures, including a migrating pattern with 
an ictal rhythm starting from the left and migrating to the right 
(Fig. 1B). This reflected an EIMFS pattern of genetic cause. There-

Fig. 1. (A) A bipolar montage showing her background brain activity in keeping with burst-suppression pattern. (B) Two bipolar montages 
from prolonged electroencephalography telemetry. The left montage shows a seizure over the left hemisphere that correlated with right 
sided tonic seizure lasted about 80 seconds and the right montage shows a seizure over the right hemisphere that correlated with left 
sided tonic seizure lasted about 60 seconds.
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fore, hence phenobarbitone was switched to a titrated dose of phe-
nytoin (up to 15 mg/kg/day, with the phenytoin therapeutic level 
between 155 and 170 μmol/L), but seizure control was unsuccess-
ful. At this time, a workup for EIMFS was conducted, and a genetic 
study revealed that the child had compound heterozygous muta-
tions of the aminomethyltransferase (AMT) gene (c.472-2A > T 
and c.1033+5G > A), which are associated with glycine encepha-
lopathy, and a missense mutation of sodium voltage-gated channel 
alpha subunit 3 (SCN3A; c.145C > T, p.Pro49Ser), which is associ-
ated with developmental and epileptic encephalopathy (DEE). Pa-
rental testing confirmed heterozygous inheritance, in which the 
mother was the carrier of the SCN3A c.145C and AMT c.1033+5G 
> A mutations and the father was the carrier of the AMT c. 472.2A 
mutation. Neither parent was affected by these conditions. 

The patient experienced an episode of infantile spasms at 4 
months old and was successfully treated with oral prednisolone 
and vigabatrin (dose, 1,000 mg daily). Standard therapy of dextro-
methorphan and sodium benzoate was commenced by 6 months 
of age. Repeated measurements of plasma glycine levels remained 
high, but the latest reading decreased to 512 μmol/L. 

Her seizure burden remains hard to control with multiple semi-
ologies, mainly myoclonic and asymmetric tonic posturing. She is 
on oral topiramate (25 mg twice a day), dextromethorphan (10 
mg thrice daily), sodium benzoate (625 mg thrice daily), pheno-
barbitone (15 mg thrice daily), and vigabatrin (500 mg twice dai-
ly) as well as a ketogenic diet. The child is now 1 year old, and she 
has remained generally encephalopathic with profound global de-
velopmental delays and a persistent burst-suppression EEG pat-
tern. 

NKH, also termed glycine encephalopathy, is an inborn error of 
glycine metabolism that results in the accumulation of large quan-

tities of glycine in all body tissues, including the brain, due to a de-
fect in the glycine cleavage system [6]. It is a rare condition with an 
incidence of 1 in 200,000 worldwide, but it is more common in 
Finland, British Columbia (Canada), and the Israeli-Arab popula-
tion [7].  

The clinical presentations of NKH vary with different types of 
disease. A classical severe form of NKH typically presents in the 
first week of life, with life-threatening encephalopathy, apnea, and 
seizures. This initial presentation may mimic typical hypoxic-isch-
emic encephalopathy or other causes of central nervous system de-
pression, including metabolic and infective causes [8]. 

The diagnosis of NKH is confirmed by elevated glycine levels in 
the serum and CSF in the absence of an organic disorder. Com-
mon biochemical and baseline investigations, including blood gas-
es, lactate, ammonia, liver function tests, and infection screens, are 
usually normal [8]. The typical EEG pattern in NKH is a 
burst-suppression pattern, with cortical atrophy and hypoplasia of 
the vermis, along with delayed myelination, on MRI [9]. Our pa-
tient had transient transaminitis accompanied by elevated creatine 
kinase and lactate dehydrogenase, which led the neonatologist to 
manage her in the same way as a patient with hypoxic-ischemic en-
cephalopathy, even though there was no sentinel event during la-
bor. 

Seizure semiology varies in NKH, including apnea; hiccups; 
asymmetric tonic seizures; epileptic spasms; myoclonic, focal, and 
generalized seizures; and oro-ocular automatisms [5]. This pa-
tient’s seizure patterns evolved from myoclonic jerks to focal poly-
morphous seizures that occurred in clusters multiple times a day, 
asymmetric tonic seizures, and then infantile spasms and general-
ized tonic-clonic seizures. Based on this seizure pattern, it was not 
possible to easily distinguish between NKH and EIMFS, as both 
conditions may have similar and interrelated natural clinical histo-
ries. 

The typical EEG findings in NKH are a suppression-burst pat-
tern, hypsarrhythmia, and multifocal epileptiform discharges. 
However, the EIMFS EEG patterns were more commonly seen 
and reported in DEE, which is characterized by mutations in the 
SCN1A, KCNT1, SCN8A, SLC25A22, TBC1D24, and QARS 
genes [9]. This pattern is usually associated with a poor prognosis 
and is considered to indicate a complete disconnection within the 
thalamocortical systems. EIMFS has a natural history of distinct 
phases of EEG, in which focal EEG discharges typically migrate, 
starting from a cortical area and remaining localized or expanding 
to contiguous regions, whereas others independently develop in 
different areas of the same or the opposite hemisphere [10]. This 
was observed in our patient when a prolonged EEG at 3 months 
old showed a migrating pattern. Uncharacteristically, EIMFS has 

Fig. 2. Two images are T1 sequence of sagittal view of magnetic 
resonance imaging brain which was performed on day 14 of life 
that showed very thin or hypoplasia of corpus callosum (as per 
arrows). (A) image is showing an overall structure of the patient 
corpus callosum. (B) image is another slice of the same view to 
show a thin corpus callosum.
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not been described in NKH to date. Thus, more studies are needed 
to review the ever-evolving EEG in patients with early myoclonic 
epilepsy (e.g., NKH). 

Overall, the long-term outcome of NKH concerning seizures, 
encephalopathy, and psychomotor development remains very se-
vere. Many infants never make any developmental gains; at most, 
affected children may learn to smile and roll over, but continue to 
have limited interactions with their environment. Patients some-
times die before the end of the 1st year of life or later in the course 
of follow-up, mainly because of worsening encephalopathy and re-
spiratory failure. 

In conclusion, the typical EEG features in NKH are a suppres-
sion-burst pattern, hypsarrhythmia, and multifocal epileptic activi-
ty. This case illustrates that EIMFS is a new phenotype in the 
course of NKH that has not yet been reported in the literature. 

This study was approved by the International Islamic University 
Malaysia (IIUM) Research Ethics Committee (IREC 2022-157). 
Written informed consent by the patients was waived due to a ret-
rospective nature of our study.

Conflicts of interest

No potential conflict of interest relevant to this article was report-
ed. 

ORCID 

Muhamad Azamin Anuar, https://orcid.org/0000-0002-6231-
9354

Author contribution 

Conceptualization: MAA. Data curation: SASAA. Writing-original 
draft: MAA. Writing-review & editing: SM and ARM. 

Acknowledgements 

The authors would like to acknowledge the patient and her parents 
for permission to publish this case. We thank all staff at the Depart-
ment of Pediatrics of Sultan Ahmad Shah Medical Centre, academ-
ic staff of International Islamic University Malaysia and Pediatric 
Neurology Unit, Hospital Tunku Azizah Kuala Lumpur for assis-

tance in preparing this case report. This case report was supported 
by SRG21-020-0020. 

References 

1. Hamosh A, Johnston MV. Nonketotic hyperglycinemia. In: Val-
le D, Beaudet AL, editors. The online metabolic and molecular 
bases of inherited disease. New York: E-Publishing Inc.; 2009. 
[cited 2022 Dec 9]. Available from: https://ommbid.mhmedi-
cal.com/content.aspx?sectionid = 225085207&bookid = 2709 
&Resultclick= 2. 

2. Verissimo C, Garcia P, Simoes M, Robalo C, Henriques R, Dio-
go L, et al. Nonketotic hyperglycinemia: a cause of encephalop-
athy in children. J Child Neurol 2013;28:251-4. 

3. Korman SH, Wexler ID, Gutman A, Rolland MO, Kanno J, 
Kure S. Treatment from birth of nonketotic hyperglycinemia 
due to a novel GLDC mutation. Ann Neurol 2006;59:411-5. 

4. Nasrallah F, Hadj-Taieb S, Chehida AB, Jelassi A, Ben Massoued 
S, Charfi M, et al. Nonketotic hyperglycinemia in Tunisia: re-
port upon a series of 69 patients. Neuropediatrics 2020;51:349-
53. 

5. Genc Sel C, Kilic M, Yuksel D, Aksoy A, Kasapkara CS, Ceylan-
er S, et al. Nonketotic hyperglycinemia: clinical range and out-
come of a rare neurometabolic disease in a single-center. Brain 
Dev 2018;40:865-75. 

6. Applegarth DA, Toone JR. Glycine encephalopathy (nonketotic 
hyperglycinemia): comments and speculations. Am J Med 
Genet A 2006;140:186-8. 

7. Iqbal M, Prasad M, Mordekar SR. Nonketotic hyperglycinemia 
case series. J Pediatr Neurosci 2015;10:355-8. 

8. Shuman RM, Leech RW, Scott CR. The neuropathology of the 
nonketotic and ketotic hyperglycinemias: three cases. Neurolo-
gy 1978;28:139-46. 

9. Kholin AA. Malignant migrating partial seizures of infancy 
(Coppola-Dulac Syndrome). In: Al-Zwaini IJ, Albadri AH, edi-
tors. Epilepsy: advances in diagnosis and therapy. London: Inte-
chOpen; 2019. [cited 2022 Dec 9]. Available from: https://
www.intechopen.com/chapters/65033. 

10. Coppola G. Malignant migrating partial seizures in infancy: an 
epilepsy syndrome of unknown etiology. Epilepsia 2009;50 
Suppl 5:49-51. 

Ann Child Neurol 2023;31(2):144-147

147https://doi.org/10.26815/acn.2022.00346

https://ommbid.mhmedical.com/content.aspx?sectionid=225085207&bookid=2709&Resultclick=2
https://ommbid.mhmedical.com/content.aspx?sectionid=225085207&bookid=2709&Resultclick=2
https://ommbid.mhmedical.com/content.aspx?sectionid=225085207&bookid=2709&Resultclick=2
https://doi.org/10.1177/0883073812441063
https://doi.org/10.1177/0883073812441063
https://doi.org/10.1177/0883073812441063
https://doi.org/10.1002/ana.20759
https://doi.org/10.1002/ana.20759
https://doi.org/10.1002/ana.20759
https://doi.org/10.1055/s-0040-1712489
https://doi.org/10.1055/s-0040-1712489
https://doi.org/10.1055/s-0040-1712489
https://doi.org/10.1055/s-0040-1712489
https://doi.org/10.1016/j.braindev.2018.06.007
https://doi.org/10.1016/j.braindev.2018.06.007
https://doi.org/10.1016/j.braindev.2018.06.007
https://doi.org/10.1016/j.braindev.2018.06.007
https://doi.org/10.1002/ajmg.a.31030
https://doi.org/10.1002/ajmg.a.31030
https://doi.org/10.1002/ajmg.a.31030
https://doi.org/10.4103/1817-1745.174445
https://doi.org/10.4103/1817-1745.174445
https://doi.org/10.1212/wnl.28.2.139
https://doi.org/10.1212/wnl.28.2.139
https://doi.org/10.1212/wnl.28.2.139
https://www.intechopen.com/chapters/65033
https://www.intechopen.com/chapters/65033
https://doi.org/10.1111/j.1528-1167.2009.02121.x
https://doi.org/10.1111/j.1528-1167.2009.02121.x
https://doi.org/10.1111/j.1528-1167.2009.02121.x

	Conflicts of interest
	ORCID 
	Author contribution 
	Acknowledgements 
	References 

