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a b s t r a c t 

Creatine transporter deficiency is an X-linked genetic disorder caused by a variant in the 

SLC6A8 gene located on the X chromosome (Xq28). This condition varies in severity with fea- 

tures often including intellectual disabilities, speech delay, autistic features, attention deficit 

hyperactivity and gastrointestinal issues. While creatine transporter deficiency primarily af- 

fects males, females may also demonstrate severe phenotypes. However, screening of crea- 

tine transporter deficiency in females can be especially difficult as urine creatine/creatinine 

screenings often have values falling within normative ranges. Also, females may not demon- 

strate the characteristic reduction of creatine concentrations in the brain visualized with in 

vivo proton magnetic resonance spectroscopy. Identification typically results from exome 

sequencing. In this report, we present the clinical, imaging, and spectroscopy features of a 

heterozygous female with a severe presentation of creatine transporter deficiency. 

© 2022 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 
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Introduction 

The first male patient with creatine transporter deficiency
(CTD) was identified from a dramatic reduction of the cre-
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atine observed throughout his brain upon acquiring pro-
ton magnetic resonance spectroscopy (MRS) [7] . Subsequent
DNA sequencing led to the discovery of CTD arising from
variants in the SLC6A8 gene located on the X chromosome
(Xq28) [19] . The creatine transporter protein is responsible for
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transporting creatine from the blood to the brain. This syn-
drome often produces seizures, intellectual disabilities, autis-
tic features, speech and language disorders manifesting early
in life for homozygous males. As an X-linked intellectual dis-
ability, heterozygous females may present with a broad phe-
notype spanning from asymptomatic carrier to severely af-
fected with features resembling the male presentation. Fe-
males with severe presentations of CTD often have a diffi-
cult path to diagnosis as noninvasive urine screening and MRS
are not as distinct compared with males. We present the fea-
tures of a heterozygous female without a familial history of
neurodevelopmental disorders who was ultimately identified
upon exome sequencing with a de novo pathogenic variant of
the SLC6A8 gene consistent with CTD. 

Case description 

A female patient first presented at 22 months with new onset
of febrile seizure and a history of global developmental delay.
There was no known family history of seizures or other cen-
tral nervous system disorders. She was born via Caesarean
section at 38 weeks, sat independently at 9 months, walked
at 16 months, and used single words at 18 months. By age
3 years, she demonstrated significant impairment in verbal
and nonverbal communication, difficulty initiating and sus-
taining social interactions. At age 4, she formally received the
diagnosis of autism spectrum disorder after assessment with
the Autism Diagnostic Observation, Second edition. Using the
Wechsler Preschool and Primary Scale of Intelligence, her Full-
Scale IQ was assessed in the extremely low range with a score
of 59. Testing with the Clinical Evaluation of Language Funda-
mentals Preschool (CELF Preschool 2) indicated auditory com-
prehension and total language skills in the lowest first per-
centile rank (age equivalence at 1.1 and 2.1 years, respectively)
with expressive communication at the lowest third percentile
rank (age equivalence 2.6 years). At 7 years, she was admin-
istered the Early Years – Upper Level version of the Differ-
ential Ability Scales, Second Edition assessment, since she
was unable to complete any tasks on the School-Age version.
Her overall cognitive abilities were measured in the very low
range. Her General Conceptual Ability T-score of 40 ranked as
< 0.1 percentile, with similar rankings for the majority of ver-
bal, nonverbal and spatial subtests. Her Naming Vocabulary
subtest T-score was 31, which ranked third percentile at an
age level of 4 years, 10 months. 

At age 8, she continued to exhibit severely disordered re-
ceptive, expressive, supralinguistic and pragmatic language
skills with moderately disordered receptive and expressive vo-
cabulary skills. 

The patient exhibits self-injurious behaviors and is emo-
tionally labile. She has repetitive behaviors, complex man-
nerisms or stereotyped behavior including scratching her-
self, hand flapping, echolalia, and twirling her hair. By age 7
years, she persisted with outbursts of screaming and crying
when told “no”. The patient’s mother completed the Vineland
Adaptive Behavior Scales, Third edition, assessment. The pa-
tient’s adaptive behavior composite, communication, daily
living scale and socialization scores were in the lowest < 1
percentile. The patient’s mother also completed the Behav-
ior Rating Inventory of Executive Function, 2nd edition, to
yield significantly elevated behavioral and emotional regula-
tion indices for the patient exceeding the 96th percentile with
Metacognitive Index at the 87th percentile and the Global Ex-
ecutive Composite at the 93rd percentile. 

At the age of 3 years, she began having unprovoked
seizures described as seconds-long episodes of unresponsive-
ness with dystonic movements of the extremities. Multiple
seizures were captured on a 24-hour electroencephalography
(EEG), described as a change in facial expression with choreoa-
thetoid movements of the extremities. On EEG, these were ac-
companied by bifrontal fast waves followed by rhythmic delta
activity. The interictal EEG showed intermittent 1-4 second
bursts of generalized fast activity intermixed with polyspikes
during sleep. She was started on Trileptal with no effect, then
transitioned to Depakote for a presumed generalized epilepsy.
By 4 years of age, parents reported that seizures were occur-
ring up to 40 times a day. Subsequent EEG monitoring revealed
that many of the events described (breath-holding, head shak-
ing, staring) were not seizures, however, seconds-long tonic
seizures (leg stiffening) persisted. Depakote was thought to
cause developmental regression and eventually discontinued.
Seizures became infrequent and very brief. Ultimately, her
parents elected to discontinue all anticonvulsants at 5 years
and seizures stopped by age 7 years. 

She was toilet trained by the age of 5 years. She began at-
tending public school in first grade with an individualized ed-
ucational plan in a classroom for children with complex medi-
cal needs and was receiving speech and occupational therapy.
At 7 years of age, she exhibited premature pubarche and the-
larche. She was not able to dress herself, brush her teeth or
care for herself independently. 

From 5 years of age, the patient exceeded the 97th per-
centile for weight and body mass index. The patient was also
diagnosed severe obstructive sleep apnea, adenotonsillar hy-
pertrophy, which prompted tonsillectomy and adenoidectomy
at 10 years of age. These procedures significantly improved her
sleep quality which previously characterized as restless and
included snoring and somniloquy. 

The unknown causes of developmental delay and seizures
in the patient prompted a microarray panel at the age of 4
years, and a Fragile X panel at 5 years, both of which were
found to be normal. With persistent developmental delays at
age 8 years, further testing of the patient and her parents
was conducted with a GeneDx Autism/ID Xpanded panel. The
patient was found to have an X-linked heterozygous de novo
pathogenic p.R514X variant (c.1540 C > T) in the SLC6A8 gene.
A previous magnetic resonance imaging (MRI) examination of
the brain at age 6 years was interpreted as normal. However,
upon recognition of the SLC6A8 variant, a repeat MRI of the
brain was performed which included MRS within the basal
ganglia. Both MRI examinations showed a normal appearance
of the brain. The MRI and MRS protocols were acquired on
a Philips 3 Tesla MRI scanner with sequential short (34 mil-
liseconds) and long (288 milliseconds) echo acquisitions us-
ing a repetition time of 2000 milliseconds, 8 cubic centime-
ter (2 centimeters per side) single-voxel, point resolved spec-
troscopy (PRESS) localization, and positioned within the basal
ganglia ( Figs. 1 A-E ). Using MRI scanner vendor supplied soft-
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Fig. 1 – A) Axial T2-weighted, B) oblique coronal T2 FLAIR and C) sagittal T1-weighted magnetic resonance imaging obtained 

in an 8-year-old female heterozygote for creatine transporter deficiency syndrome with N-acetyl aspartate, creatine and 

choline resonances noted on the D) short echo (34 millisecond) spectrum and the E) long echo (288 millisecond) spectrum 

acquired from the left hemisphere basal ganglia. The linewidth of the creatine resonance at 3 parts per million (ppm) on the 
long echo spectrum is much narrower than the adjacent resonances and combined with reduced height indicate a reduction 

of the creatine concentration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ware, semi-quantitative metabolite ratios to creatine signal
were determined for each spectrum. The initial qualitative ap-
pearance of the short echo MRS acquisition is relatively nor-
mal. However, the linewidth of the creatine resonance at 3
parts per million (ppm) on the long echo spectrum was vis-
ibly narrower than the adjacent resonances and combined
with reduced height indicated a reduction of the creatine con-
centration. The ratios of N-acetylaspartate and cholines rela-
tive to creatine signal levels for the patient were compared
to MRI scanner vendor, MRS protocol and age-specific norma-
tive data within our institution. Metabolite ratios acquired at
both echo times revealed elevated N-acetylasparate/creatine
and choline/creatine values, which suggested reduced crea-
tine levels. We also quantitatively analyzed the spectra with
LCModel software [18] , adjusting for metabolite and water re-
laxation rate constants and voxel tissue components (53%
gray matter, 46% white matter and 1% cerebrospinal fluid),
confirming reduced total creatine concentrations for the spec-
tra upon comparison with normative data. The adjusted short
echo basal ganglia creatine concentration was 4.8 mM, which
was approximately 40% lower than the normative institu-
tional mean concentration data. 

At 10 years of age, creatine supplementation of 300
mg/kg/day was attempted with a regimen of 4 doses dis-
tributed throughout the day. The patient did not like tak-
ing creatine. The patient’s mother and teachers reported an
exacerbation of behavioral changes within the first week.
Supplementation was discontinued within 1 month due to
an increase in self-injurious and violent behaviors. No post-
supplementation laboratory testing or further MRS were ac-
quired due to the short duration of usage. 

Discussion 

Historically, the diagnostic algorithm for confirming X-linked
CTD in males typically began with the noninvasive measure-
ment of creatine and creatinine in urine [ 1 ,3 ,10 ,13 ,17 ,20 ,22 ].
The low expense and non-invasive nature made this a suit-
able first-tier screening evaluation for patients with global de-
velopmental delay [ 3 ,17 ]. High creatine/creatine ratio in the
urine would subsequently prompt additional testing including
molecular genetic testing of SLC6A8 to search for a pathogenic
variant and/or proton MRS of the brain to show that the vari-
ant is disease causing and not a polymorphism [8] . Phenotypic
confirmation of CTD by demonstrating the absence of creatine
transport from fibroblast was also beneficial, however, it his-
torically had been costly, labor intensive and time-consuming.

Urine creatine/creatinine screening for a female with intel-
lectual disability is likely not to be very productive as norma-
tive data obtained for a French population illustrated that for
females, the ratio of creatine/creatinine is higher compared
with males [12] . Bahl et al. found that urine creatine levels
were significantly different between females and males for
the age range of 0-60 months, with no sex difference for other
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ages up to 18 years [3] . As the urine creatine to creatinine ra-
tio is influenced by age [1] , dietary factors, as well as the com-
position of the local reference dataset for various laboratory
settings, this screening typically fails to identify appropriate
candidates for CTD diagnosis [ 1 ,3 ,16 ]. The six genetically con-
firmed CTD heterozygous females in DeGrauw et al., demon-
strated urine creatine to creatinine ratio all within the insti-
tutional normal range [9] . Van de Kamp et al., found an ele-
vated urine creatine/creatinine ratio in only 3 of 8 heterozy-
gous mothers aged 32-77 (mean age 47 years) [23] . Mercimek-
Mahmutoglu and Salomons also reported that females with a
heterozygous likely pathogenic variant in SLC6A8 could report
normal urine creatine concentrations [15] . Valayannopoulos
et al., described normal urine creatine in two severely affected
females confirmed with SLC6A8 variants with clinical features
including intellectual disabilities, autistic features, epilepsy
and psychosis [21] . 

Many case reports and case series that employ proton MRS
of the brain for evaluation of maternal carriers and affected
females report observing normal or slight decreases in crea-
tine concentrations [ 2–4 ,11 ,12 ,14 ]. However, technical features
detailing the MRS acquisition parameters and quantification
approach are often absent in these reports. This may be due
in part to the absence of a stable reference metabolite in the
quantification approach and/or normative control data. The
dramatic decrease or complete absence of creatine upon pro-
ton MRS obtained in males does not require rigorous quan-
tification. Many imaging centers employ proton MRS clinically
for lesion evaluation that rely on significant concentration de-
viations from the typical appearing brain. In these instances,
sampling normal appearing brain with MRS in an unaffected
brain region serves as an internal control while accounting
for the effects of technical parameters, age, voxel composi-
tion, etc. Diffuse disorders pose a problem for MRS diagnosis
in the clinical setting. Most clinical imaging centers struggle
to acquire appropriate control data from healthy, age-matched
persons unless they have a research team actively acquiring
normative data while matching the clinical MRS acquisition
protocol. Van de Kamp et al., reported that comparison of
quantitated metabolite concentrations from short echo pro-
ton MRS sampling of the cortex, white matter and cerebel-
lum in heterozygous females found significant decreases in
creatine concentrations with healthy control data averaging
between 13% and 35% [23] . Mercimek-Mahmutoglu report the
partial reduction of creatine concentration for a female with
intractable epilepsy confirmed with CTD [ 5 ,14 ]. Proton MRS ac-
quired within the basal ganglia of a heterozygous female, in-
cidentally with the same pathogenic variant as our patient,
at 9 days of age revealed a 63% decline of creatine concentra-
tion [6] . Valayannopoulos et al., reported reductions of 50 to
60% for two severely affected females with CTD, respectively
[21] . Without rigorous quantification, it is difficult to qualita-
tively recognize a creatine decrement unless the neuroradiol-
ogist interpreting the spectra has significant experience and
sensitivity toward perturbation of standard metabolite ratios
compared to creatine. This also requires standardization of
the MRS voxel location and protocol including short and long
echo acquisitions. For our patient, the MRS was performed as
a confirmatory test following notification of the results from
the GeneDx Autism/ID Xpanded panel. The semiquantitative
ratios for metabolite to creatine signals were dramatically el-
evated for the long echo spectrum and modestly elevated for
the short echo spectrum. Had the MRS been performed at the
time of the initial MRI at age 6, these metabolite ratio pertur-
bations may have suggested genetic testing focused on a cre-
atine disorder, but could have also been easily overlooked. For
this evaluation performed post-exome sequencing, rigorous
quantification of the short echo spectrum revealed the cre-
atine decrement upon accounting for the T2 relaxation rate.
The T2 relaxation rate for creatine is the shortest relative
to the other typically observed MRS brain metabolites of N-
acetylaspartate, choline and myo-inositol. Lower creatine lev-
els on long echo MRS with a reduction in linewidth and height
on the spectral plot made the ratio to creatine levels qualita-
tively distinct. Short echo spectra were more difficult to qual-
itatively recognize the creatine decrement. The signal at 3.0
parts per million (ppm) is the location where the primary crea-
tine methylene resonance appears. It is confounded by macro-
molecule, γ -aminobutyric acid (GABA) and glutathione signals
co-resonating at that location. 

The key to diagnosing CTD in our female patient was the
performance of the exome sequencing. While historically this
was an expensive exploration, it has now become cost effec-
tive. Epilepsy panels, as well as autism and intellectual dis-
ability panels include the SLC6A8 gene. Proton MRS can be em-
ployed for evaluating pathogenicity of a variant of uncertain
significance, though the determination of creatine concentra-
tion is more difficult in females than in males with CTD as
described in our patient. 

Our experience confirms that sequence analysis is the best
diagnostic tool for symptomatic females with quantitative
MRS employed as a confirmatory assessment [21] . Clinicians
evaluating females presenting with unexplained intellectual
delay, seizures, and language impairment should consider ex-
ome sequencing screening for conditions such as creatine
transporter deficiency. 

Patient consent 

This study protocol was approved by and carried out in accor-
dance with the Cincinnati Children’s Hospital Medical Center
Institutional Review Board. The patient’s parent provided con-
sent for publication. 
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