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Case Report

Background

Isolated failure to thrive (FTT) is often not genetic in origin; 
however, there are scenarios that should raise a clinician’s 
suspicion for a possible genetic condition. These include 
cases of FTT that are congenital, persistent, severe, require 
hospital admission, and/or occur in combination with other 
clinical features. Additional features particularly suggestive 
of a genetic cause include developmental delays, seizures, 
abnormal fat distribution, dysmorphic features, and abnor-
malities on chemistry studies. Obtaining a detailed family 
history can also be helpful to determine if a Mendelian (e.g., 
autosomal dominant, autosomal recessive, or X-linked) or 
mitochondrial inheritance pattern is present.

Genetic conditions associated with FTT can be divided 
into 2 categories: (1) inherited metabolic disorders (IMDs; 
also known as inborn errors of metabolism) and (2) non-met-
abolic genetic conditions. Many IMDs can be treated with 
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Abstract
Cerebral creatine deficiency syndromes (CCDS) are a rare group of inherited metabolic disorders (IMDs) that often present 
with nonspecific findings including global developmental delay (GDD), intellectual disability (ID), seizures, hypotonia, and 
behavioral differences. Creatine transporter (CRTR) deficiency is the most common CCDS, exhibiting X-linked inheritance 
and an estimated prevalence as high as 2.6% in individuals with neurodevelopmental disorders. Here, we present a 20-month-
old boy with worsening failure to thrive (FTT) and GDD admitted for evaluation. He was found to have persistently low 
serum creatinine levels and a family history notable for a mother with learning disabilities and a maternal male cousin with 
GDD. Urine analyses revealed a marked elevation of creatine and elevated creatine:creatinine ratio suggestive of CRTR 
deficiency. Molecular genetic testing of SLC6A8 identified a maternally inherited hemizygous variant and brain magnetic 
resonance spectroscopy (MRS) showed diffusely diminished creatine peaks, further supporting the diagnosis of CRTR 
deficiency. The proband was started on creatine, arginine, and glycine supplementation and has demonstrated improved 
development. This case highlights that CRTR deficiency should be considered in all patients presenting with FTT and 
abnormal neurodevelopmental features, particularly if creatinine levels are low on serum chemistry studies. The nonspecific 
presentation of this condition in males and females likely has resulted in CRTR deficiency being underdiagnosed. There 
are existing therapies for individuals affected with CRTR deficiency and other CCDS, highlighting the importance of early 
diagnosis and intervention for affected individuals.
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dietary modification and/or metabolic supplementation, 
highlighting the importance of a timely and accurate diagno-
sis. While state newborn screening (NBS) evaluates for sev-
eral IMDs, most IMDs are not included in NBS, including 
cerebral creatine deficiency syndromes (CCDS) such as cre-
atine transporter (CRTR) deficiency.1,2

Cerebral creatine deficiency syndromes are a rare group 
of IMDs which include X-linked CRTR deficiency and 2 
autosomal recessive creatine biosynthesis disorders: guanid-
inoacetate methyltransferase (GAMT) deficiency and 
L-arginine:glycine amidinotransferase (AGAT) deficiency. 
These disorders often present with nonspecific features 
including global developmental delay (GDD), intellectual 
disability (ID), seizures, hypotonia, and behavioral differ-
ences.3,4 Self-injurious behavior can be a feature in either 
CRTR or GAMT deficiency, whereas pyramidal and extra-
pyramidal findings are most associated with GAMT defi-
ciency.4 Abnormal values for urine guanidinoacetate, 
creatine, and creatinine are common among all 3 conditions; 
however, the pattern varies for each specific disorder. 
Elevations in urine creatine and creatine:creatinine are spe-
cific to CRTR deficiency, while marked elevation and reduc-
tion of guanidinoacetate are most consistent with GAMT 
deficiency and AGAT deficiency, respectively (Table 1).4,5

Creatine transporter deficiency is the most common of the 
3 CCDS, exhibiting X-linked inheritance and accounting for 
approximately 64% to 72% of CCDS.3 Hemizygous males 
are typically more severely affected, whereas heterozygous 
females typically present with a variable phenotype ranging 
from asymptomatic to mild ID; however, females can be as 
severely affected as males, a phenomenon that appears unre-
lated to X-inactivation.6 The prevalence of CRTR deficiency 
among males with ID is estimated to be between 0.4% and 

1.4%,7 with one study reporting a prevalence of 2.64% within 
a cohort of males and females with neurodevelopmental dis-
orders who underwent screening for a CCDS.8 Developmental 
delay is the most common feature in males with CRTR defi-
ciency, present in 80% of males at the time of initial presen-
tation, with 8% of males presenting with FTT.7

Creatine supplementation with oral creatine-monohydrate 
is a shared therapy among all the CCDS in addition to sup-
portive therapy of associated features. Creatine transporter 
deficiency therapy includes high-dose oral creatine supple-
mentation (400 mg/kg/day) in an effort to use any residual 
transporter activity with the goal of increasing cerebral cre-
atine. In addition, large doses of creatine precursors, 
L-arginine (400 mg/kg/day) and/or glycine (150 mg/kg/day), 
can be given orally to promote creatine synthesis.4,9 Response 
to combined supplementation of creatine, arginine, and gly-
cine varies among individuals but has been shown to improve 
clinical outcomes (e.g. seizure frequency, psychiatric and 
behavioral features, cognition).10 In some cases, increases in 
cerebral creatine on magnetic resonance spectroscopy (MRS) 
have been observed after starting combined supplementa-
tion,10 whereas high-dose creatine alone does not appear to 
have the same clinical or radiological effects.11 Clinical 
improvement with combined supplementation appears to be 
high in women and men with milder features, most likely due 
to residual CRTR function that results in a milder phenotype 
as well as increased response to therapy.10,12

Here we describe a 20-month-old boy found to have 
CRTR deficiency who presented with GDD and worsening 
FTT requiring hospital admission and was found to have per-
sistently low serum creatinine levels. He was ultimately 
diagnosed with CRTR deficiency and started on creatine, 
arginine, and glycine supplementation with demonstrated 

Table 1. Features of Cerebral Creatine Deficiency Syndromes (CCDS).

Disorder Gene (inheritance) Clinical features
Urine 

guanidinoacetate
Urine 

creatine
Urine creatine: 

creatinine

L-arginine:glycine 
amidinotransferase 
(AGAT) deficiency

GATM (AR) Onset 3 weeks to 25 years; speech-
predominant global developmental 
delay, intellectual disability, 
autistic behavior, hypotonia, and 
myopathy

Decreased Decreased Normal

Guanidinoacetate 
methyltransferase 
(GAMT) deficiency

GAMT (AR) Onset 3 months to 3 years; speech-
predominant global developmental 
delay, intellectual disability, autistic 
behavior, aggression, self-injurious 
behavior, seizures, movement 
disorders, and basal ganglia 
findings

Increased Decreased Normal

Creatine transporter 
(CRTR) deficiency

SLC6A8 (XLR); 
findings may be less 
severe or absent in 
heterozygous females

Onset <3 years; speech-
predominant global developmental 
delay, intellectual disability, autistic 
behavior, seizures, and hypotonia

Normal Increased Increased

Abbreviations: AGAT, L-arginine:glycine amidinotransferase; GATM, glycine amidinotransferase, mitochondrial; GAMT, guanidinoacetate methyltransfer-
ase; CRTR, creatine transporter; AR, autosomal recessive; XLR, X-linked recessive.
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developmental improvement. This case illustrates a common 
but nonspecific presentation of CRTR deficiency, demon-
strating the importance of including disorders of creatine 
metabolism on the differential diagnosis in patients present-
ing with FTT and neurodevelopmental features.

Case Presentation

A 20-month-old boy with GDD was transferred for worsen-
ing FTT after inability to demonstrate adequate caloric intake 
and weight gain during a 3-day admission at an outside hos-
pital. Perinatal history was notable for being small for gesta-
tional age at 39 weeks’ gestation (birth weight 2.33 kg, 
second percentile, Z = −2.2; birth length 49.5 cm, 32nd per-
centile, Z = −0.5; head circumference unavailable). He was 
born to a gravida 1, para 0, woman, and NBS at birth was 
unremarkable. Developmental history was significant for sit-
ting at 6 months and cruising at 12 months, and at 20-months 
of age, he was unable to walk independently or use spoken 
words to communicate. There was no history of diarrhea, 
constipation, recurrent emesis, or seizures. Physical exam 
was notable for weight 7.4 kg (<third percentile, Z-score = 
−3.8), height 66 cm (<third percentile, Z-score = −6.5), 
head circumference 45 cm (<third percentile, Z-score = 
−2.3), and nondysmorphic features.

Prior imaging studies included a normal renal ultrasound 
and echocardiogram; a bone-age study at 20 months of age 
revealed a bone-age of 14 months. Laboratory studies at 18 
months of age included normal thyroid-stimulating hormone 
(TSH) 1.4 µIU/mL (0.2-5.0), free T4 1.27 ng/dL (0.5-1.76), 
random cortisol 7.6 µg/dL (>2), insulin-like growth factor 1 
(IGF-1) 38 ng/mL (30-167), and lead <2 µg/dL (<5). 
Previous genetic testing included a normal karyotype and 

chromosomal microarray. On admission, a comprehensive 
metabolic panel was normal except for a low creatinine of 
<0.06 mg/dL (0.18-0.35) and elevated blood urea nitrogen 
of 26 mg/dL (5–18). A nasal-gastric tube was placed to 
increase caloric intake and Medical Genetics was consulted 
due to concern for an underlying genetic condition.

A 3-generation pedigree was suggestive of maternal 
inheritance of an X-linked or mitochondrial disorder, notable 
for a family history of learning disabilities in the proband’s 
mother and a maternal male first cousin with GDD; there 
was no family history of seizures. Given the finding of per-
sistently low serum creatinine, a urine creatine disorder panel 
was ordered and revealed mild elevation of guanidinoacetate 
(254 mmol/mol cr; reference 0-162 mmol/mol cr), marked 
elevation of creatine (6022 mmol/mol cr; reference 0-1706 
mmol/mol cr), low-normal creatinine (546 nmol/mL; refer-
ence 0-14 833 nmol/mL), and elevated creatine: creatinine 
ratio (11, reference <2.5). These biochemical laboratory 
results were highly suggestive of CRTR deficiency (Table 1), 
an X-linked condition, and supported a focused genetic test-
ing strategy as opposed to a broader testing approach (e.g. 
large gene panel or exome sequencing). Full-gene sequenc-
ing with deletion/duplication analysis of SLC6A8, the gene 
associated with CRTR deficiency, identified a novel, mater-
nally inherited hemizygous variant of uncertain significance 
(VUS; NM_005629.4: c.191_193del (p. Ser64del)). Brain 
MRS showed diffusely diminished creatine peaks across the 
sampled regions, further supporting the diagnosis of CRTR 
deficiency (Figure 1). The patient was started on creatine, 
arginine, and glycine supplementation, and maternal rela-
tives were referred to Biochemical Genetics for outpatient 
evaluation and treatment. At 40 months of age and approxi-
mately a year after placement of a gastric tube and initiation 
of creatine, arginine, and glycine supplementation, there is 
documented evidence of improved development and weight 
gain (weight 13.3 kg, 14th percentile). He is an active and 
playful 3-year-old, currently no longer requiring or receiving 
physical or occupational therapy. His verbal communication 
is limited to 5 to 10 words, though he is able sign and express 
his wants/needs with demonstrated receptive language and 
comprehension as he awaits speech therapy placement. 
Notably, he follows with neurology biannually and there 
continues to be no evidence of seizure-like activity; no elec-
troencephalogram or repeat MRS has been performed to 
date. The proband’s affected mother and presumably affected 
maternal relatives have not presented to care for further 
evaluation.

Discussion and Conclusions

It is important to consider genetic conditions and IMDs in 
patients presenting with FTT to provide patients and families 
appropriate diagnostic, prognostic, therapeutic, and recur-
rence risk counseling. If possible, early consultation with a 
medical geneticist is warranted to guide further evaluation 

Figure 1. Magnetic resonance spectroscopy (MRS) of white 
matter in an individual with creatine transporter (CRTR) 
deficiency prior to starting creatine supplementation. Creatine 
peak at 3.0 ppm is severely reduced from normal (typically larger 
than choline peak at 3.2 ppm in unaffected individuals).
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and recommend treatment when available. Nonmetabolic 
genetic conditions on the differential diagnosis for FTT 
include Russell-Silver syndrome (the most common genetic 
cause of FTT after trisomy 21 and notable for relative mac-
rocephaly and triangular facial appearance), Prader-Willi 
syndrome (poor feeding until 18–36 months with subsequent 
paradoxical hyperphagia), chromosome abnormalities, and 
monogenic ID disorders with FTT secondary to behavioral 
features.13 Teratogen exposures such as congenital infec-
tions14,15 and in utero ethanol exposure,16 while not genetic in 
nature, should also be considered.

In a child with FTT, additional features particularly sug-
gestive of an IMD include abnormalities on chemistry panels 
that are long-term or worsen in times of stress (e.g., elevated 
anion gap, hypoglycemia, hyperammonemia, elevated lac-
tate, and low creatinine), seizures, developmental delay 
(often secondary to a prior metabolic insult), and abnormal 
fat distribution. The IMD differential diagnosis is broad and 
includes disorders of amino acid metabolism, fatty acid oxi-
dation disorders, organic acidurias, urea cycle disorders, and 
mitochondrial disorders. Disorders of creatinine metabolism 
and congenital disorders of glycosylation should also be con-
sidered as clinical features associated with these IMDs are 
often nonspecific and demonstrate significant interindividual 
variability. Biochemical laboratory studies are useful to eval-
uate for an IMD in a patient with FTT with or without addi-
tional features; they can also be of particular value in 
interpreting the clinical significance of a VUS identified by 
molecular genetic testing by providing functional evidence 
for or against pathogenicity. For this reason, biochemical 
laboratory testing in consultation with a medical geneticist 
can help ensure correct interpretation of test results and 
appropriate recommendations for further evaluation.

Healthcare providers should be aware of FTT as an early 
diagnostic clue for CRTR deficiency, and our proband’s clin-
ical presentation provides support for this consideration in 
the work-up of this chief complaint. In a study of 101 males 
with CRTR deficiency, gastrointestinal problems were a pre-
senting feature in 16% with 8% presenting with FTT.7 Miller 
et al17 evaluated 20 boys with molecularly confirmed CRTR 
deficiency (genotypes not available) and found parents 
reported vomiting or a significant feeding issue prior to 12 
months of age in over half of cases.

While the SLC6A8 variant identified in our proband and 
his mother (NM_005629.4: c.191_193del (p. Ser64del)) was 
classified as a VUS, several other disease-causing single 
amino acid (3 bp) deletions have been reported in this 
gene.11,18,19 The serine residue at amino acid position 64 is 
located within the first of 12 SLC6A8 transmembrane (TM) 
helices, specifically localized within the ligand-binding 
site.19,20 The TM1 helix, together with TM2, 6, and 7, consti-
tute the dynamic bundle domain, allowing creatine to enter 
the transporter and to be released.20 Similarly to missense 
variants in SLC6A8 that confer residual transporter activity 
and possibly a milder phenotype,7 this variant may 

also represent a hypomorphic allele that results in a milder 
phenotype and possible increased response to therapy. 
Despite the current classification of the variant identified in 
our proband, the diagnosis of CRTR deficiency was made 
based on the constellation of clinical, laboratory, radiologi-
cal, and family history findings supporting a diagnosis of 
CRTR deficiency, as well as response to therapeutic 
intervention.

Given that CRTR deficiency and other CCDS produce a 
relatively nonspecific phenotype and require nonroutine yet 
specific biochemical evaluation to diagnose, it is likely 
CCDS are underdiagnosed, particularly CRTR deficiency 
which is more common.21 The concept of treatable IMDs 
presenting with seemingly nonspecific clinical features has 
been recognized, prompting development of clinical proto-
cols such as the Treatable Intellectual Disability Endeavor 
(TIDE) in British Columbia.22 With a shortage of medical 
geneticists in an era of increased access to genetic testing, 
general pediatricians and other providers need to be provided 
tools and resources to systematically broaden their differen-
tial for indications such as FTT, GDD, ID, hypotonia, and 
seizures. It is important to note that CCDS are treatable9 and 
thus, early diagnosis is of significant clinical value as it 
allows for timely therapeutic intervention which can result in 
improved clinical outcomes, particularly in symptomatic 
females.23,24 In addition, there is meaningful benefit to pro-
viding families of children with an IMD a diagnosis and 
prognosis, as well as comprehensive genetic counseling as 
early as possible.

Newborn screening programs in the United States cur-
rently evaluate newborns for several IMDs; however, the 
screening varies by state and furthermore, most IMDs are not 
included in NBS.1,2 Thus a history of a negative NBS does 
not eliminate the possibility of an IMD in any child. With 
therapy available for CCDS, these disorders have been nomi-
nated for inclusion on the NBS Recommended Uniform 
Screening Panel24,25; however, currently, only Utah, 
Michigan, and New York include screening for GAMT defi-
ciency.24 Newborn screening for GAMT deficiency in these 
states has identified affected newborns, allowing initiation of 
therapy by 2 weeks of age with subsequent report of normal 
growth and development.23 In New York, the identification 
of a newborn affected with GAMT deficiency not only 
enabled timely diagnosis and therapeutic intervention for the 
infant proband, but also lead to the diagnosis and initiation of 
therapy in the proband’s 6-year-old sibling who had develop-
mental delay, absent speech, and hypotonia of previously 
unknown cause.23 As broad molecular genetic testing 
becomes more accessible, it is likely more individuals with 
CRTR deficiency and other CCDS will be diagnosed; how-
ever, diagnoses made through this approach will likely occur 
after the onset of clinical manifestations.

In conclusion, CRTR deficiency should be considered 
in all individuals presenting with FTT and abnormal neu-
rodevelopmental features, particularly if creatinine level is 
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low. If seizures are present, the suspicion for an IMD, 
including CRTR deficiency, should be further heightened, 
but a lack of seizures should not exclude this disorder from 
one’s differential diagnosis. Laboratory evaluation for 
CRTR deficiency and other CCDS includes the measure-
ment and calculated ratios of urine guanidinoacetate, cre-
atine, and creatinine; if obtaining brain imaging, consider 
including brain MRS for measurement of creatine and 
other metabolites. The immense value and benefit of pro-
viding families of children with an IMD, such as CRTR 
deficiency, a diagnosis, prognosis, therapeutic options, and 
comprehensive genetic counseling as early as possible is 
immeasurable.
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