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abstRaCt
Cerebral creatine deficiency syndrome is a collective term 
including different types of disease, all characterised by 
abnormal creatine level in central nervous system. One of the 
types, creatine transporter deficiency, is a common cause of 
X-linked intellectual disability. Typically, it is fully expressed 
in male patients, however females can also present some 
symptoms, such as mild intellectual disability, learning 
difficulties and behavioural problems. 
The patient presented in this case report is a 4-year-old 
girl,  diagnosed by genetic testing with creatine transporter 
deficiency showing a novel mutation in SCL6A8 gene, and 
by proton magnetic resonance spectroscopy in which she 
presented a typical abnormality in creatine level in central 
nervous system. The patient presented speech and motor 
delay, with mild intellectual disability, behavioural problems and 
seizures well-controlled by valproic acid. 
The prognosis and therapeutic plan in a female patient with 
CRTR is a big clinical challenge, as there is few data about this 
mutation being fully expressed in women. The novel therapy 
methods may be a promising change in further development 
and symptoms control in patients with CRTR of both sexes.
Keywords: SCL6A8, creatine transporter deficiency, creatine, 
cerebral creatine deficiency syndrome, intellectual disability, 
epilepsy, female

stReszCzenie 
Zespół mózgowego deficytu kreatyny jest zbiorczym terminem 
dla określenia różnych podtypów choroby, charakteryzującej się 
nieprawidłowym poziomem kreatyny w ośrodkowym układzie 
nerwowym. Jeden z nich, deficyt transportera kreatyny zwią-
zany z mutacją w genie SCL6A8, jest częstą przyczyną nie-
pełnosprawności intelektualnej związanej z chromosomem  X. 
Typowo mutacja ta ulega pełnej ekspresji u pacjentów płci 
męskiej, jednakże kobiety również mogą prezentować niektóre 
z objawów, takie jak niepełnosprawność intelektualna w stop-
niu lekkim, problemy z uczeniem się i zaburzenia zachowania. 
Pacjent przedstawiony w poniższym opisie przypadku to 4-letnia 
dziewczynka ze zdiagnozowanym deficytem transportera kreatyny. 
U dziewczynki przeprowadzono diagnostykę genetyczną, w któ-
rej zaobserwowano nieopisaną dotychczas w literaturze mutację 
w genie SCL6A8, oraz wykonano spektroskopię rezonansu ma-
gnetycznego, która wykazała typowy, nieprawidłowy poziom kre-
atyny w centralnym ukladzie nerwowym. Pacjentka prezentowała 
opóźnienie rozwoju mowy oraz rozwoju ruchowego, łagodną nie-
pełnosprawność intelektualną, zaburzenia zachowania oraz napady 
padaczkowe dobrze kontrolowane kwasem walproinowym. 
Rokowanie i stworzenie planu diagnostycznego u pacjent-
ki z deficytem transportera kreatyny stanowi duże wyzwanie 
kliniczne z uwagi na niewielką ilość danych literaturowych do-
tyczących pełnej ekspresji tej mutacji u kobiet. Nowe metody 
terapeutyczne mogą przynieść obiecującą zmianę dotyczącą 
prognozy dalszego rozwoju i kontroli napadów u osób z deficy-
tem transportera kreatyny obojga płci. 
Słowa kluczowe: SCL6A8, deficyt transportera kreatyny, kre-
atyna, mózgowy deficyt kreatyny, niepełnosprawność intelek-
tualna, padaczka, kobiety

intRoduCtion
The inborn cerebral creatine deficiency syndrome is 
a wide term describing different types of disease which 
have a common point in abnormalities in creatine level in 
central nervous system [1]. Creatine and phosphocreatine, 
its phosphorylated form, is crucial in increasing adeno-
sine triphosphate (ATP) via the creatine kinase reaction [2]. 
ATP is essential in high levels for muscles, heart and brain 
to function properly, especially developing ones. In the 

central nervous system (CNS), the creatine is responsible 
for many important homeostatic functions, such as control-
ling calcium ions level and ion gradient restoration, neuro-
transmitters release and membrane potential maintenance  
[3–4]. It is possible to define three types of cerebral creatine 
deficiency syndrome:  guanidinoacetate methyltransferase 
deficiency (GAMT, OMIM #612736), arginine: glycine ami-
dinotransferase deficiency (AGAT, OMIM #612718) and 
creatine transporter deficiency (CRTR, OMIM #300036) [5]. 
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in children aged 0–4 years, between 0.017 and 0.72 for 
children aged 4–12 years and between 0.011 and 0.24 for 
older patients. This marker is, however, affected by diet 
and other individual factors [18–20]. 

The brain level of creatine is highly reduced in H-MRS 
testing. Guanidinoacetate (GUAC) in urine and plasma 
are normal,  which helps with differential diagnosis with 
GAMT  [2].  The female carriers do not present unequivo-
cally lower total creatine signal in H-MRS, elevated cre-
atine to creatinine ratio in urine or impaired creatine up-
take in fibroblasts, all typical for affected males. H-MRS 
in female patients show a creatine peak reduced by 13% 
to 50%, what sometimes can place them within the range 
normal in unaffected group. Taking that into consideration, 
the genetic testing is the primary diagnostic tool for female 
patients [21–22]. 

Case RepoRt
A 4-year-old girl was admitted to Department of Develop-
mental Neurology  for a confirmation of diagnostics of cer-
ebral creatine deficiency syndrome, in a diagnostic process 
of speech and motor delay. 

She is a child from the third pregnancy, first labour. Two 
previous pregnancies ended  in miscarriage, respectively 
in 7 and 11 weeks of gestational age, due to coagulopathy 
presented by the mother, diagnosed with MTHFR gene 
mutation. The patient was born in 39. week of gestation, 
with Apgar score 10/10 and birthweight 3025 grams. No 
complications occurred during pregnancy or labour. Both 
of her parents are healthy and unrelated. Her 16-year-old 
half-sister from paternal side is also healthy. Her mother’s 
brother has hypoacusia, amblyopia and presents speech 
delay.

She started sitting at 7 months of age and began to make 
first steps at 16 months. She spoke first words (“mom”, 
“dad”) at 1 year of age.

 At 20 months of age she received the vaccination con-
taining vaccine against Haemofilus influenzae type b, po-
liomyelitis, chickenpox and DPT, she developed high fever 
up to 39 degrees Celcius and presented tonic-clonic febrile 
seizure. The seizure lasted about 1,5 minute, with subse-
quent loss of consciousness lasting 1,5 hour. 

After two months she presented similar tonic-clonic 
seizure without fever or symptoms of infection. The sei-
zure occurred in a stressful situation. She was admitted to 
the local hospital to perform EEG and head CT scan which  
showed no abnormalities. The third seizure was observed 
after head injury when the patient fell from a couch and 
had a morphology similar to previous episodes.

During her neurological examination at 2 years of age, 
she mainly tiptoed. Her head’s circumference was normal 
(48 cm) and her weigh was10 kilograms. She still spoke 
only two basic words, but in her parents’ opinion she 
seemed to understand the verbal commands. She started to 
take valproic acid (300 mg per day). On a check-up after 
three months the parents did not report any seizures, even 
during tonsilitis (without a fever).

The parents did not report any tonic-clonic seizure for 
a year, despite her having undergone an infection with 

GAMT deficiency is mostly characterised by develop-
mental delay with speech delay and epilepsy, appearing be-
tween 3 months and 3 years of age. The patients sometimes 
also present behavioural problems, such as hyperactivity 
and autism, or motor disturbances, such as chorea, dysto-
nia or ataxia. In literature, only 110 cases of patients with 
GAMT are described, while the estimation of occurrence 
among newborns is 1:250,000 [6–7]. 

In patients with AGAT deficiency, the epilepsy is not 
a typical symptom. Most patients present intellectual dis-
ability, low muscle strength, hypotonia and behavioural 
problems. There are only 14 cases of AGAT deficiency re-
ported in literature [6, 8]. 

Creatine transporter deficiency is the most common 
among the types, with prevalence from 0.3% to 3.5% [9].  It 
is connected to the mutation of SCL6A8 gene (geneID 6535), 
a member of solute carrier family 6, mapped to Xq28, which 
is encoding sodium- and chloride-dependent creatine trans-
porter 1. The mutation can occur de novo (30%) or be inher-
ited from maternal side (70%) [10]. SCL6A8 is expressed in 
such tissues as skeletal muscles, heart and CNS, however 
in creatine deficiency syndromes only the CNS seems to be 
highly affected. The gene normally has a high expression in 
neurons and oligodendrocytes. It is also expressed in micro-
capillary endothelial cells, forming the blood-brain-barrier, 
but not in astrocytes [11–12]. 

Highly specific sodium- and chloride-dependent crea-
tine transporter 1 consists of 635 amino acids with 12 
transmembrane domains. It enables the creatine transport 
against its concentration gradient, using secondary active 
transport, via sodium ions gradient [2, 13]. It is responsi-
ble for transporting the creatine produced by kidney and 
liver and taken  from the diet to the CNS and the muscles 
[14]. A mutation of this transporter can be a common cause 
of X-linked intellectual disability. Typically, the affected 
hemizygous males present the symptoms, including devel-
opmental delay, especially expressive language delay, epi-
lepsy and autistic behaviour [15]. Some symptoms, such 
as mild cognitive impairment with learning difficulties and 
behaviour disorders, were also observed in female carri-
ers, who comprise 0,024% in the general population. Oc-
casionally, the female carriers also present late onset, spo-
radic epileptic seizures [16]. 

The overall image of CRTR in some male adult patients 
resembled more a progressive disorder. The symptoms 
included cerebral atrophy or corticobasal dementia com-
bined with gastrointenstinal abnormalities, such as gastric 
and duodenal ulceration, chronic constipation, ileus, mega-
colon and intestine perforation, which could indicate vis-
ceral and muscular abnormalities [17–18]. 

Apart from genetic testing, elevated creatine/creatinine 
urine ratio and low creatine levels in central nervous sys-
tems measured by the quantitative proton magnetic reso-
nance spectroscopy (H-MRS) are helpful in diagnosis of 
CRTR [13]. The creatine uptake can be also measured in 
fibroblasts and lymphoblasts because of their expression of 
SLC6A8 gene [2, 18]. 

A diagnostic marker for CRTR is the urinary creatine/
creatinine ratio, with normal levels between 0.006 and 1.2 
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a high fever (39.5  degrees Celsius). They observed, how-
ever, short absence episodes lasting up to few seconds. 
During a follow-up EEG examination the bioelectrical ac-
tivity was within normal range, with bilateral theta slow 
waves (single and in series) and delta waves with ampli-
tude slightly higher than the background activity.

She  had  not improved her gait up until 3 years of age 
when she started to walk both tiptoeing and heel-to-toe. 
In an orthopaedic consultation she was diagnosed with re-
stricted  mobility in her ankle joints. She also started to 
present  auto aggression and aggression towards guardians: 
she  bit them  when she got angry.

In a genetic testing performed in 2018, she was diag-
nosed with methylenetetrahydrofolate reductase (MTHFR) 
heterozygotic mutation (MTHFT_C77CT) and plasmino-
gen activator inhibitor 1 (PAI-1) homozygotic mutation 
(PAI-1 4G). As it did not explain her symptoms, she un-
derwent further genetic testing, with excluded amino acids 
and organic acids metabolic disorders, fatty acid oxidation 
disorders, carbohydrates metabolic disorders, storage dis-
eases, immune deficiencies and lipid disorders.

During psychological assessment she was diagnosed 
with mild intellectual disability. She used only single, 
shortened or misinterpreted words, with abnormal articu-
lation. She also had difficulties in understanding verbal 
commands or terms connected with space. She could not 
understand logic tasks based on finding an object similar to 
a group or alternating series. The girl also presented small 
range of transient memory. She had problems with coordi-
nation and balance, and needed help with getting dressed. 
She was impulsive, reacting inadequately with tantrums.

During her check-up in an outpatient clinic she pre-
sented elevated creatine kinase level (239 U/l) in her 
laboratory results. She was then referred for further ge-
netic testing, concentrated on SLC6A8 mutation. In 
Next Generation Sequencing (NGS) from saliva sam-
ple, a heterozygotic mutation in SCL6A8 gene, variant 
c.1016_1016+8delAGTAAGCAC was observed. This 
variant was assessed as potentially patogenic. After obtain-
ing the results, both parents underwent NGS testing from 
blood samples, which turned out negative.

On admission, she presented mixed gait with more 
tiptoeing than heel-to-toe walking. She started using the 
endings of words to communicate and, what is more, she 
used non-verbal communication. She seemed sociable and 
gladly interacted with both adults and children, but accord-
ing to the mother’s account, she often  did not cooperate 
with teachers and peer group in kindergarten. She  had not 
presented any tonic-clonic seizures nor absence episodes, 
however she remained treated with valproic acid. 

During hospitalisation,  the changes in performed EEG 
were described as slightly abnormal, with theta waves in 
groups and series located bilaterally, with a voltage higher 
than background signaling. 

As a confirmation of the diagnosis, the girl was referred 
for the magnetic resonance (MR) with spectroscopy (H-
MRS). In the MR it was observed that the triangular central 
body and posterior horn of left lateral ventricle was mod-
erately dilated and posterior part of stem of right lateral 

ventricle body was slightly dilated. The frontal horns were 
rounded. The subarachnoid space on frontal and parietal 
lobes convexity was segmentally moderately dilated, with 
the predominance of left hemisphere. The splenium and the 
posterior part of trunk of corpus callosum were hypoplastic. 
The H-MRS showed that in the white matter of both hemi-
spheres, the level of creatine in comparison to choline is low 
and stands at 1:3 for both short and long echo time. [Fig. 
1–5] The proportion between creatine and choline is also 
low (1:2) in the right central part of lentiform nucleus. The 
distribution of metabolites in the white matter confirmed the 
pathological mutation in SCL6A8 gene, leading to a diagno-
sis of CRTR. However, due to the lack of seizure combined 
with no causative therapy being available, no changes were 
made in medications, with the emphasis on speech therapy.

All figures were prepared via MRI Magnetom Scyra 
3 Tesle system, using matrix coil HeadNeck 20ch. Crea-
tine (Cr) signal normally is stable and higher than choline 
(Cho) signal, however in this case it is 2 to 3 times lower 
than choline signal. We could not obtain referential elec-
tromagnetic spectrum, because in the whole cerebrum the 
creatine metabolite (Cr) signal was very low, departing 
from normal values.

disCussion

The mutation in SCL6A8 in females is still not a well in-
vestigated problem. We base our knowledge mostly on sin-
gle case reports which cannot take into account differences 
between families, such as other genetic predisposition or 
therapy methods. While CRTR in males is considered one 
of the most common etiology of X-linked intellectual dis-
ability [23], females are rarely tested for SCL6A8 mutation 
as they are thought to be non-symptomatic or at least show-
ing only mild symptoms. 

Another problem, particularly seen in this case, is the 
fact that the number of potentially patogenic mutation in 
one gene is huge and we can always observe novel mu-
tations, with unknown influence on clinical status of the 
patient. In our case, the mutation was not previously de-
scribed, despite the fact that the Ensembl data includes 
9367 variation in gene, 71 of which are described as con-
nected to X-linked creatine deficiency [24]. Comparing 
the symptoms of CRTR previously described in literature, 
such as mild cognitive impairment, learning difficulties 
and behaviour disorders, with the symptoms presented 
by our patient, we could have suspected this diagnosis in 
the girl. However, in a comprehensive view, we encoun-
tered also the history of epileptic seizures, which are not 
presenting symptoms in CRTR in females, and motor de-
lay, which cannot be explained by this mutation. Only af-
ter performing H-MRS we could confirm the diagnosis. 
This imaging, very specific for diagnosing CRTR, proved 
that the heterozygotic mutation in SCL6A8 gene, variant 
c.1016_1016+8delAGTAAGCAC, observed in our patient 
is in fact pathogenic and can be linked with CRTR, also 
expressed in female patients. 

The only bigger paper on female SCL6A8 mutation 
is based on a German family with  CRTR diagnosed in 
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Fig. 1. Magnetic resonance spectroscopy – electromagnetic spectrum: Sequence SVS 90: TR 1570, TE 135ms, NA192
Left hemisphere.
From right to left: N-acetyl-aspartate (NAA) metabolite signal normal, creatine metabolite (Cr) signal very low, choline (Cho) 
signal normal, creatine metabolite 2 (Cr2) signal relatively low.

Ryc. 1. Spektroskopia rezonansu magnetycznego – widmo: sekwencja SVS 90: TR 1570, TE 135ms, NA192
Lewa półkula mózgu.
Od prawej do lewej: sygnał metabolitu N-acetyloasparaginianu (NAA) prawidłowy, sygnał metabolitu kreatyny (Cr) znacznie 
obniżony, sygnał choliny (Cho) prawidłowy, sygnał metabolitu kreatyny 2 (Cr2) stosunkowo niski.

Fig. 2. Magnetic resonance spectroscopy – electromagnetic spectrum: sequence SVS 90: TR 1570, TE 135ms, NA192
Right hemisphere.
From right to left: N-acetyl-aspartate (NAA) metabolite signal normal, creatine metabolite (Cr) signal very low, choline (Cho) 
signal normal, creatine metabolite 2 (Cr2) signal relatively low.

Ryc. 2. Spektroskopia rezonansu magnetycznego – widmo: sekwencja SVS 90: TR 1570, TE 135ms, NA192
Prawa półkula mózgu.
Od prawej do lewej: sygnał metabolitu N-acetyloasparaginianu (NAA) prawidłowy, sygnał metabolitu kreatyny (Cr) znacznie 
obniżony, sygnał choliny (Cho) prawidłowy, sygnał metabolitu kreatyny 2 (Cr2) stosunkowo niski. 
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Fig. 3. Magnetic resonance spectroscopy – electromagnetic spectrum: sequence SVS 90: TR 1570, TE 135ms, NA192
Right hemisphere.
From right to left: N-acetyl-aspartate (NAA) metabolite signal normal, creatine metabolite (Cr) signal very low, choline (Cho) signal 
normal, creatine metabolite 2 (Cr2) signal relatively low.
Ryc. 3. Spektroskopia rezonansu magnetycznego – widmo: sekwencja SVS 90: TR 1570, TE 135ms, NA192
Prawa półkula mózgu.
Od prawej do lewej: sygnał metabolitu N-acetyloasparaginianu (NAA) prawidłowy, sygnał metabolitu kreatyny (Cr) znacznie obni-
żony, sygnał choliny (Cho) prawidłowy, sygnał metabolitu kreatyny 2 (Cr2) stosunkowo niski.

Fig. 4. Magnetic resonance spectroscopy – electromagnetic spectrum: sequence SVS 90: TR 1500, TE 30ms, NA128
Right hemisphere.
From right to left: N-acetyl-aspartate (NAA) metabolite signal normal, creatine metabolite (Cr) signal very low, choline (Cho) 
signal normal, myoinositol (Ins) signal normal, creatine metabolite 2 (Cr2) signal relatively low.
Ryc. 4. Spektroskopia rezonansu magnetycznego – widmo: sekwencja SVS 90: TR 1500, TE 30ms, NA128
Prawa półkula mózgu.
Od prawej do lewej: sygnał metabolitu N-acetyloasparaginianu (NAA) prawidłowy, sygnał metabolitu kreatyny (Cr) znacznie obni-
żony, sygnał choliny (Cho) prawidłowy, sygnał mioinozytolu (Ins) prawidłowy, sygnał metabolitu kreatyny 2 (Cr2) stosunkowo niski.
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five members, including four women. Among them, one 
woman presented epilepsy with seizures from 6 to 16 
years of life, treated with valproic acid with good results. 
This woman, along with another one, also presented mo-
tor and speech delay. Three women needed special educa-
tion, while all of them had mild intellectual disability (IQ 
50–69). One woman also presented behavioural problems, 
such as aggression and hyperactivity [21]. This remains 
consistent with the symptoms presented by the reported 
patient. The responsiveness to valproic acid was also ob-
served in the reported girl, with a full reduction of epi-
leptic seizures and improvement in EEG after prolonged 
treatment with valproic acid. What is especially interest-
ing, motor delay is not typically described as a symptom 
of CRTR, however in this family motor abnormalities were 
also observed. This may suggest existence of a subtype of 
CRTR, which is not only connected with speech, but also 
motor delay. On the other hand, neither of the women pre-
sented full spectrum of symptoms of CRTR, which is dif-
ferent to the clinical picture of our patient. The mutation in 
the family is however different, with missense mutation in 
SCL6A8 gene (g.G>A, chrX:152959802–152959802, UC-
SC, hg19, p.Gly351Arg, NP_001136278; p.Gly456Arg, 
NP_001136277, p.Gly466Arg, NP_005620) rather than 
deletion, which was described in the reported patient. 
Among the mutations, previously reported as pathogenic, 
only two out of seventy one are deletions, none of which 
was similar to the deletion in our patient. 

Fig. 5. Magnetic resonance spectroscopy – electromagnetic spectrum: sequence SVS 90: TR 1500, TE 30ms, NA128
Left hemisphere
From right to left: N-acetyl-aspartate (NAA) metabolite signal normal, creatine metabolite (Cr) signal very low, choline (Cho) 
signal normal, myoinositol (Ins) signal normal, creatine metabolite 2 (Cr2) signal relatively low.
Ryc. 5. Spektroskopia rezonansu magnetycznego – widmo: sekwencja SVS 90: TR 1500, TE 30ms, NA128
Lewa półkula mózgu.
Od prawej do lewej: sygnał metabolitu N-acetyloasparaginianu (NAA) prawidłowy, sygnał metabolitu kreatyny (Cr) znacznie obni-
żony, sygnał choliny (Cho) prawidłowy, sygnał mioinozytolu (Ins) prawidłowy, sygnał metabolitu kreatyny 2 (Cr2) stosunkowo niski.

In comparison to females, a male patient from the Ger-
man family presented the lowest IQ score, being diag-
nosed with the moderate intellectual disability, alongside 
with motor and speech developmental problems and ag-
gression. The level of creatine was reduced in all patients 
in both  gray and white matter, however the reduction was 
pronounced the most in the affected man, while female pa-
tients presented a slighter reduction and their unaffected, 
heterozygous mother presented a decrease in  gray matter, 
but not in white matter. The researchers observed the corre-
lation between creatine levels in CNS and urinary creatine/
creatinine ratio, but there was no visible correlation be-
tween biochemical or spectroscopy results and the degree 
of intellectual disability [21]. The results in our patient also 
seem to indicate that there is no direct correlation between 
the severity or variety of symptoms and the creatine lev-
els in CNS in spectroscopy, as the level was significantly 
lowered in the white matter of patient’s CNS. However, in 
an animal model of CRTR, it was observed that cognitive 
defects in mice are connected with lower levels of creatine 
in hippocampus and cerebral cortex, and the changes could 
not be prevented or reversed by supplementing creatine in 
the diet [25–26]. 

The mutation in SLC6A8 gene can also affect individu-
als by altered expression of genes responsible for extra-
cellular matrix or cell structure, what can lead to seizure 
activity, cognitive problems and neurodegeneration  [27]. 

Seizures are not the presenting symptoms in CRTR, 
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Some behavioural improvement was also observed in 
a small group of patients treated with the arginine in mon-
otherapy. Arginine can be transported into the brain cells 
by the cationic amino acid transporters CAT1 (SLC7A1) 
and CAT2(B) (SLC7A2) and in this way it should theoreti-
cally increase the synthesis of creatine, however the crea-
tine transporter seems to be inevitable for some final parts 
of synthesis, when it allows intermediate guanidinoacetate 
metabolite enter the cells [31]. 

The other suggested pharmacotherapy idea  that seems 
to be effective on rodent model is cyclocreatine, with mice 
having cognitive defects reversed after 9 weeks of treat-
ment. Cyclocreatine is a creatine analog with a very similar 
maximum kinetic velocity to creatine,  which helps in pas-
sive transmembrane transport. It is also susceptible to phos-
phorylation and desphosphorylation via creatine kinase in 
mitochondrium and cytosol [32]. In previous research cy-
clocreatine functioned as a phosphagen in a rodent model. 
The substance also has an investigated toxicology data in 
humans due to its usage in a phase I safety study for a new 
chemotherapeutic drug, where it served as an adjunct [33–
34]. In rodent model, the mice with knocked out Scl6a8 
gene improved cognitively and behaviorally after the cy-
clocreatine treatment. The cyclocreatine normalised their 
spatial memory and learning, as well as motor functions 
and the ability to recognise novel objects after 9 weeks of 
treatment [12]. 

A novel idea for CRTR treatment involves the therapy 
with dodecyl creatine ester, a lipophilic creatine derivative. 
The substance in in vitro testing on rat cells model pen-
etrated BBB and diffused into neurons. The dodecyl crea-
tine increased also creatine in fibroblasts. On rodent model 
with mice with knocked-out SCL6A8 gene, the intranasal 
or intracerebroventricular administration of dodecyl crea-
tine in microemulsion, which prevented degradation of the 
substance by esterases, led to improvement in novel object 
recognition [35–36]. 

There is no consensus on therapy method or prognosis for 
patients with CRTR. Creating a therapeutic plan is especial-
ly hard for female patients with SCL6A8 mutation, as they 
may present different symptoms with various intensity. What 
is more, there are few cases reported in literature of female 
patients presenting fully expressed CRTR. In the case of our 
patient, we achieved a good control of epileptic seizures with 
traditional treatment (valproic acid). The speech and behav-
ioural therapy led to improvement in clinical status of the girl. 
The creatine, arginine or glicyne results in literature did not 
show effectiveness we would like to achieve in this child, 
who is slightly improving without such treatment. The novel 
treatment possibilities are still not introduced in humans and 
the animal results should be first reproduced on bigger group. 
None of these treatment methods seem to influence the pa-
tients’  motor skills, which is also a visible problem in our 
patient. The girl  does not seem to improve significantly from 
physiotherapy as her gait is still mainly based on tiptoeing, 
however there is no other possible therapy measures for motor 
delay in children with CRTR. The question is whether her gait 
is now more connected with some neuromuscular abnormali-
ties, limiting her ability to walk heel-to-toe, or it is more ha-

however the patients often present some form of them, 
such as myoclonic seizures, partial seizures with second-
ary generalization, generalized tonic–clonic seizures and 
convulsive status epilepticus. In most cases they are mild 
and conventional therapy limits or eliminate them. The first 
epileptiform activity is observed between 16 months and 12 
years of age. EEG can show different abnormalities, such 
as diffuse slowing, aspecific sharp abnormalities, and focal/
generalized paroxysmal or slow abnormalities, with or with-
out sleep activation, or can be completely normal [18]. This 
is consistent with the time of appearance and morphology of 
the seizures in our patient. The girl is also highly responsive 
to valproic acid, with no seizures presented since the drug 
was introduced. The EEG, however, was normal at the be-
ginning, and during the therapy presented diffuse slowing, 
despite neurological improvement of the child.

 It is often observed in CT and MR that affected patients 
present signs of perinatal ischemic insult. It is consistent 
with the hypothesis of creatine being protective against 
ischemic episodes [28–29]. There is, however, no sign of 
ischemic insult in the girl’s MR. The major morphological 
changes observed was hypoplasia of the splenium and the 
posterior part of trunk of corpus callosum, alongside with 
dilated ventricular system. 

The epileptogenesis can be also connected with the fact 
that creatine serves also as a neuromodulator. In this situa-
tion, the clinical response to treatment does not have to be 
directly correlated with visible creatine levels upswing in 
CNS [5, 7]. 

In H-MRS, the most visible changes in brain crea-
tine levels (83% in gray and 79% in white matter of age-
matched normal controls) and creatine/creatinine ratio in 
urine are observed in the most severe patients. The females 
show more subtle differences in urine and brain creatinine 
(50% to 33% in gray and 45% to none in white matter) 
[21–22]. The H-MRS in our patient showed more visible 
changes in white matter, however the creatine level was 
also lowered in a part of  gray matter, namely lentiform 
nucleus. Despite different pattern, the changes were still 
characteristic enough to confirm the diagnosis of CRTR, 
however we have no information about what could cause 
this slightly stronger lowering in white matter.

The role of creatine supplementation in CRTR remains 
unclear, but the majority of patients did not seem to ben-
efit from it. In H-MRS, creatine levels in CNS were not 
improved in patients with high dosage supplementation in 
comparison to untreated patients. The neuropsychological 
status in one female case report has been improved after 
12 months of treatment with creatine-monohydrate and 
creatine precursors, L-arginine and L-glycine, with vis-
ible increase in H-MRS. Another single female case report 
showed the limitation of seizures in a girl with CTRT with 
refractory seizures. Adding L-arginine or L-glicyne to the 
creatine supplementation seemed to have  beneficial effect 
on the male therapy as well, with one male patient pre-
senting behavioural improvement after L-arginine co-sup-
plementation. However, the remaining cases showed mild 
to non-existent clinical improvement and H-MRS did not 
show improvement in the creatine levels [30]. 
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bitual tiptoeing. This is why our patient remains treated only 
with valproic acid and behavioural and speech therapy with 
a good control of seizures and slight improvement in speech 
and behaviour. The physiotherapy should be also continued 
because of her slight progress and due to possibility of wors-
ening the gait after discontinuation of the therapy. 

A bigger study analysing differences in further develop-
ment, epilepsy control and reaction to different treatment 
methods in female patients would be beneficial and could 
encourage physicians to consider testing for CRTR diagno-
sis not only male, but also female patients with intellectual 
disability.
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