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the fee of up to 240 units of botulinum A toxin for injection in 
the upper limb,[9] and the dosage is extremely low to deliver the 
maximum dose in all portions. The patients are satisfied with 
the botulinum A toxin treatment when they obtain maximum 
effect in a certain portion rather than when they acquire halfway 
effect in all portions. Therefore, for fixed wrist and fingers, the 
maximum dose should be injected into muscles which flex the 
wrist and fingers.

conclusIon

Our botulinum A toxin injection points for finger spastic 
paralysis produce great effect to flexed fingers.
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Abstract

Guanidinoacetate methyltransferase (GAMT) deficiency is the second most common defect in the creatine metabolism pathway resulting in 
cerebral creatine deficiency syndrome (CCDS). We report three patients from two unrelated families, diagnosed with GAMT deficiency on 
next-generation sequencing. All the probands had happy predisposition as a predominant manifestation in addition to the reported features of 
global developmental delay, seizures, and microcephaly. This further expands the phenotype of CCDS. The workup for creatine deficiency 
disorder should be included in the diagnostic algorithm for children with nonsyndromic intellectual disability, especially in those with a happy 
demeanor. These cases exemplify the utility of magnetic resonance spectroscopy of the brain in the workup of nonsyndromic intellectual 
disability to diagnose a potentially treatable disorder. In addition, documentation of low serum creatinine may be supportive. Early diagnosis 
and treatment is essential for better prognosis.
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IntRoDuctIon

Nonsyndromic intellectual disability is a diagnostic challenge. 
However, with an underlying etiology of a potentially treatable 
disorder such as guanidinoacetate methyltransferase (GAMT) 
deficiency, it is essential to make an early diagnosis for better 
outcome. GAMT is a key enzyme in the creatine metabolism 
pathway. GAMT deficiency results in features of cerebral 

creatine deficiency syndrome (CCDS). The prevalence of 
CCDS in patients with mild-to-severe intellectual disability is 
2.7%.[1] The estimated incidence of GAMT deficiency in the 
general population ranges from 1:2,640,000 to 1:550,000.[2] We 
report three patients with nonsyndromic intellectual disability 
from two unrelated families with GAMT deficiency. These 
cases exemplify the role of careful clinical profiling, 
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especially soft signs such as happy demeanor and easily 
available investigations such as serum creatinine and magnetic 
resonance spectroscopy (MRS) of the brain to diagnose CCDS. 
Next-generation sequencing (NGS) confirmed the genetic 
etiology in all three patients.

case RePoRts

Family 1: Patient A
A 3.6-year-old boy presented with a history of developmental 
delay and one episode of seizure at 1 year of age. He was 
the only child of nonconsanguineous parents, born full term 
by cesarean section, and the birth weight was 3.3 kg. The 
antenatal, perinatal, and neonatal periods were uneventful. 
He was exclusively breastfed for the first 6 months. The child 
was noted to have delay in achieving milestones at 6 months 
of age. He had global developmental delay when he presented 
at 1 year of age. Best-attained milestones at 1 year of age were 
sitting with support, mature palmar grasp, and babbling. He 
was unable to recognize parents and had no social smile. He 
was able to track objects and respond to sound.

The parents noticed that the child remained happy most of the 
times and rarely cried. The proband had one episode of fever 
triggered generalized seizure at one year of age.  There was 
no history of neuroregression, irritability, altered sensorium, 
recurrent illness, feeding problems, or characteristic odor of 
urine. There was no history of looseness or tightness of the 
body.

On examination at 1 year, the head circumference was 2–3 
standard deviation (SD) below the mean (44 cm), weight at −2 
SD (8.5 kg), and length between mean and −2 SD (73 cm) as 
per the WHO growth charts. On examination, the child had 
happy demeanor with poor eye contact. He had spontaneous 
limb movements. He would fall within seconds when made 
to sit with support. He had a flat occiput with brachycephaly. 
There was no dysmorphism. Cranial nerves’ examination was 
normal. There were truncal hypotonia and variable appendicular 
tone. The deep tendon reflexes were normal in both the upper 
and lower limbs. There was bilateral extensor plantar response. 
Rest of the systemic examination was unremarkable.

In view of global developmental delay, happy demeanor, and 
microcephaly, the differential diagnosis of a chromosomal 
microdeletion or microduplication syndromes, Angelman 
or Angelman-like syndromes including Mowat–Wilson 
syndrome, Pitt–Hopkins syndrome, Kleefstra syndrome, and 
adenylosuccinate lyase deficiency was considered though he 
lacked the characteristic syndromic features.

The investigations that were already done included a normal 
karyotype, electroencephalogram (EEG), auditory brain 
stem-evoked response, magnetic resonance imaging (MRI) of 
the brain, ultrasound abdomen, and echocardiography. The blood 
lactate, ammonia, liver function tests, creatinine phosphokinase, 
and urine organic acid analysis by gas chromatography-mass 
spectrometry (GC-MS) were normal. The chromosomal 

microarray analysis (CMA) and the genomic DNA testing 
of the child for Angelman syndrome at 15q11 region by 
methylation-specific multiplex ligation probe assay were normal.

On follow-up at 2 years of age, he had marked behavioral 
problems with frequent bursts of laughter and happy affect. 
There were two episodes of myoclonic seizures, and he was put 
on levetiracetam. There were head nodding and truncal ataxia. 
Further on, clinical exome sequencing test for single-gene 
disorders by NGS of the genomic DNA was carried out. 
A homozygous variant was identified in the exon 6 of GAMT 
gene (ENST00000252288), c.595dupG (p.Glu199GlyfsTer68) 
that resulted in a frameshift and premature truncation of 
the protein, 68 amino acids downstream to codon 199. The 
variant was classified as “likely pathogenic,” confirming the 
diagnosis of autosomal recessive CCDS type 2. This variant 
is novel, not reported in both the 1000 genome and ExAC 
databases. The in silico prediction of the variant was damaging 
by MutationTaster-2, PolyPhen-2, and SIFT.[3] The reference 
region is conserved across the species. The segregation studies 
of this GAMT variant by Sanger sequencing confirmed the 
heterozygous carrier status in parents and homozygous state 
in the child. The blood creatinine level done twice was low 
(0.15 and 0.08 mg/dl). The MRS of the brain showed an absent 
creatine peak at 3 ppm at TE of 135 ms [Figure 1]. The test for 
urine or blood guanidinoacetate was not available.

The child was started on treatment at 2 years of age, with oral 
creatine monohydrate 400 mg/kg/day and L-ornithine 400 mg/
kg/day in four divided doses. On follow-up after 3 months, 
he was able to sit without support and stand with support but 
continued to have happy effect. He had complaints of polyuria. 
The renal function tests, glomerular filtration rate, plasma amino 
acids, ammonia, protein, and albumin levels were normal. The 
repeat MRS of the brain at 3 years of age showed a decreased 
creatine peak, evidence of recent supplementation of the same. 
At 3.6 years (1 year of treatment), he is now able to walk, run, 
obey commands but has not developed speech and continues to 
have behavioral problems. The polyuria symptom has resolved.

Family 2: Patients B and C
Patients B and C were 10-year and 8-year-old sisters born 
to nonconsanguineous parents [Figure 2]. The birth history 
was uneventful. Both had a similar phenotype; global 

Address for correspondence: Dr. Ratna Dua Puri, 
Institute of Medical Genetics and Genomics, Sir Ganga Ram Hospital, 

New Delhi ‑ 110 029, India.  
E‑mail: ratnadpuri@yahoo.com

This is an open access journal, and articles are distributed under the terms of the Creative Commons 
Attribution‑NonCommercial‑ShareAlike 4.0 License, which allows others to remix, tweak, and build 
upon the work non‑commercially, as long as appropriate credit is given and the new creations are 
licensed under the identical terms.

For reprints contact: reprints@medknow.com

DOI: 10.4103/aian.AIAN_367_18

Submitted: 22-Aug-2018 Revised: 02-Dec-2018  
Accepted: 06-Dec-2018 Published: 10-Jun-2020



Case Reports

 Annals of Indian Academy of Neurology ¦ Volume 23 ¦ Issue 3 ¦ May-June 2020 349

developmental delay first was noted at 8–10 months of age 
when they had not achieved neck holding and social smile. At 
present, they could walk unsupported stooping forward with 
poor balance. They had no speech, poor expressive language, 
and cognition. They also had hyperactivity, sleep disturbances, 
frequent bursts of laughter, and happy predisposition. The 
younger sibling had myoclonic seizures twice. Both had normal 
vision and hearing. The weight and height of both siblings lie 
between −2 and −3 SD as per the WHO growth chart. The head 
circumferences of the girls were 50 cm and 49 cm, respectively. 
On examination of both siblings, there was no dysmorphism. 
The cranial nerve assessment, tone, and deep tendon reflexes 
were normal. There were no abnormal cerebellar signs 
except for truncal ataxia. The MRI brain, EEG, and CMA 
were normal. The blood tandem mass spectrometry and urine 
GC-MS were normal. The methylation-specific PCR study 
for Angelman syndrome was normal. Patient B underwent 
NGS-based clinical exome sequencing. A pathogenic 
homozygous missense variant in exon 5 of GAMT gene, 
c.506G>A, p.C169Y (ENST00000447102) was identified. 
The same homozygous variant was identified by Sanger 
sequencing in patient C, and their parents were confirmed to 
be carriers. This is a previously reported variant in a patient 
with GAMT deficiency and not present in 1000 genome 
and ExAC databases.[4] The variant is damaging by in silico 
prediction tools. The region is conserved across species. 
Reverse phenotyping with MRS brain confirmed an absent 
creatine peak in both siblings. The blood creatinine in patient 
B was 0.18 mg/dl (0.015 mmol/L) and patient C was 0.2 mg/dl 
(0.017 mmol/L), which were low (normal 0.55–1.3mg/dl); the 
urine creatinine was 2.02 mg/dl and 2.18 mg/dl in patients 
B and C, respectively. Both siblings were started on daily 
oral creatine monohydrate 400 mg/kg/day in four divided 
doses and L-ornithine 400 mg/kg/day in three divided doses. 
On follow-up after 6 months of treatment, there was a mild 
improvement in gait, sleep disturbance, and hyperactivity.

DIscussIon

Creatine deficiency syndromes (CDSs) comprise the 
arginine, glycine amidinotransferase (AGAT), and GAMT 
deficiencies, which are autosomal recessive disorders and the 
X-linked creatine transporter defect. The AGAT is involved 
in transfer of amidino group from arginine to glycine to yield 

Figure 1: Magnetic resonance spectroscopy brain of patient A showing 
absent creatine peak at 3 ppm at TE of 135 ms

guanidinoacetate. The guanidinoacetate is methylated by 
GAMT to yield creatine along with conversion of the methyl 
donor S-adenosylmethionine to S-adenosylhomocysteine.[5]

The creatine is utilized in the muscle and brain where it is taken 
up by the creatine transporter and contributes to majority of 
adenosine triphosphate production. Creatine is essential for 
proper brain function, energy storage, and neuromodulation. 
Creatine and creatine phosphate are nonenzymatically 
converted into creatinine excreted in urine, with daily turnover 
of 1.5% of body creatine (20–25 mg/kg/24 h).[6] The absence 
of creatine peak on proton MRS is a diagnostic hallmark. 
Urinary guanidinoacetate and the creatine-to-creatinine ratio 
is an important screening test for all CDSs. Increased levels 
of guanidinoacetate in body fluids are pathognomonic for 
GAMT deficiency.[7]

The GAMT gene (NM_138924.2) maps to chromosome 
19p13.3 coding 236 amino acids and is found in the cytosol 
of the liver, pancreas, and kidney cells. At least 50 different 
pathogenic GAMT variants have been reported, and the 
most common are c.327G>A (p.K109K) and c.59G>C 
(p.W20S).[8]

The estimated incidence of GAMT deficiency is 1:250,000 
newborns.[9] GAMT deficiency is the second most common 
CDS disorder, with approximately 110 patients reported 
worldwide.[8]

The prevalence of CDS in patients with neurological disease 
of unknown origin is 0.25%, and the prevalence of GAMT 
deficiency is 0.09%.[10] The prevalence of CDS among the 
children with autism is less than 7 per 1000.[11]

In 2014, Stockler-Ipsiroglu et al. studied 48 patients with GAMT 
deficiency. About 92% had global developmental delay, 73% 
patients had epilepsy, and 66% of whom had well-controlled 
occasional seizures, similar to patient C. The movement 
disorders reported in 27.5% comprising dystonia, chorea, 
hemiballism, ataxia, and spasticity. Behavioral problems 
reported in them included hyperactivity, aggressiveness, or 

Figure 2: Happy affect phenotype in patients B and C
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autistic features. The patients in the current study had happy 
demeanor, sleep disturbances, and hyperactivity.

In the study by Stockler-Ipsiroglu et al., the treatment with 
creatine monohydrate resulted in improvement in 21% of 
individuals with developmental delay and improvement of 
movement disorder in 60% of patients. The seizures were 
eliminated in 18% and decreased in frequency of seizures in 
49% patients.[8] All three patients in the current study benefitted 
from treatment. The variant, c.506G>A, has previously been 
reported in three patients, whose comparative features have 
been listed in Table 1.[4,8,12]

Stockler-Ipsiroglu et al. found that 47% (18/38) had T2 signal 
hyperintensities of the globus pallidus in a brain MRI/MRS 
done at the time of diagnosis with reversal in 89% (16/18) on 
treatment. The brain creatine levels were considerably higher 
compared to baseline levels in 79% (30/38) who had follow-up 
MRS upon treatment.[8] Neither the levels of creatine peak 
on MRS nor the guanidinoacetate acetate in blood predicts 
severity of the disease phenotype, as even absent levels 
have been found in patients with mild, moderate, and severe 
phenotype at diagnosis.[12]

Annual assessment of glomerular filtration rate for assessment 
of kidney function while on creatine supplementation therapy 
is essential.[13]

GAMT deficiency is a candidate disorder for newborn 
screening because elevated guanidinoacetate can be picked 
up on dried blood spot with no false-positive results using 
liquid GC-MS.[14] The targeted early intervention of metabolic 
pathophysiology provides for the opportunity to significantly 
impact the outcome and prognosis of an otherwise severe 
intellectual disability.[15]

In conclusion, there is no established genotype–phenotype 
correlation in GAMT gene. The understanding of the phenotypic 
spectrum has expanded with addition of “happy demeanor” 
feature from these three cases. A higher index of suspicion is 
required to diagnose this potentially treatable condition. Every 
child with nonsyndromic intellectual disability, especially 
with a happy disposition and a low serum creatinine, should 
be evaluated for CDS. MRS is virtually diagnostic of CDS. 
The study of larger cohorts of CDS in the Indian subcontinent 
is essential to lay a groundwork for establishment of newborn 
screening for a potentially treatable disorder with intellectual 
disability.

Table 1: Clinical characteristics of patients with c.506G>A pathogenic variant in guanidinoacetate methyltransferase gene

Clinical features Patient B Patient C Caldeira et al., 2005 Stockler et al., 
2014

Mahmutoglu 
et al., 2014

Age/origin 10 years (Indian) 8 years (Indian) 19 years (Portugal) 4 years 8 years
Age onset/diagnosis (years) 1/10 1/8 2/19 -/4 1/4
Sex Female Female Female Male Male
Intellectual disability Severe Severe Severe Mild Mild
Movement disorder Truncal ataxia Truncal ataxia Present No Extrapyramidal 

and pyramidal
Epilepsy No Myoclonic 

seizures twice
Head drop seizures on 
sodium valproate

No No

Behavioral problems Happy demeanor, 
hyperactivity

Happy demeanor, 
hyperactivity

Autism, disruptive 
aggressive

Autism, disruptive 
aggressive

Attention deficit 
hyperactivity

Tone (limbs, trunk) Normal Normal Generalized hypertonia 
and rigidity

NA Normal

Plasma creatinine (mmol/l) 0.015 0.017 0.034 NA NA
Normal range 0.048-0.114 0.048-0.114 0.035-0.122
Plasma uric acid/creatinine ratio (control 
<0.65)

2.7 2.25 0.88 NA NA

GAA level (mmol/l) (Controls 1.33–3.33) Not done Not done 27 NA Elevated
Urine creatinine (mmol/l) 0.17 (2.02 mg/dl) 0.19 (2.18 mg/dl) 3.15 (normal - 2.48-22.9) NA NA
GAMT enzyme assay in fibroblast Not done Not done Deficient level NA Absent activity
MRI brain Normal Normal Normal Normal Mild cortical 

atrophy
MRS brain Absent creatine 

peak
Absent creatine 
peak

Not done NA Absent creatine 
peak

Treatment
Oral creatine monohydrate (mg/kg/day) 400 400 No 300-800 NA
L-ornithine (mg/kg/day) 400 400 200-800

Treatment duration (months) 6 6 - 45 -
Follow-up and outcome Stabilization Stabilization - Speech delay -
GAMT=Guanidinoacetate methyltransferase, NA=Not available, GAA=Guanidinoacetic acid, MRI=Magnetic resonance imaging, MRS=Magnetic 
resonance spectroscopy
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