
 

 

 University of Groningen

Diagnostic evaluation of developmental delay
Verbruggen, Krijn Teunis

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2011

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Verbruggen, K. T. (2011). Diagnostic evaluation of developmental delay: A multidisciplinary approach. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/7b1e11e5-2e8e-494b-9fcc-f58ca416245c


 

 

5 
Clinical, biochemical and 

neuroradiological studies in a child with a 
treatable disorder of creatin biosynthesis 

 



 

 

Overview 
 
In the earlier years of the cohort, one patient was diagnosed with 
guanidinoacetate methyltransferase deficiency (GAMTD), at the age of 
three years. He had a relatively mild presentation. 
He was treated with dietary interventions, aiming to supplement the 
deficient cerebral creatin (Cr) pools, and to lower the toxic levels of Cr's 
precursor guanidinoacetate, with the ultimate goal to foster normal 
development as much as possible. Luckily, development accelerated 
remarkable, resulting in quotient scores in the lower normal range. 
Currently, we still strive to optimize treatment. 
 
The remarkable clinical history of this boy highligts the importance of 
diagnostic evaluation of developmental delay. More specifically, it outlines 
some necessary specificatons of this evaluation, in analogy with the 
conclusions in chapters two and six: 
 it should take place at the youngest possible age; 
 exposure to clinical expertise, enabling diagnosis of even very rare 

disorders, must be guaranteed; 
 screening for this inborn error of metabolism (as well as other entities 

that may easily go unnoted) should be incorporated in diagnostic 
alghorithms. 

 
In chapters 5a-c the clinical history, diagnosis and treatment results are 
described in detail. Chapter 5a focussus on the pathogenetic mechanisms 
and biochemical follow up. Chapter 5b gives a detailed overview of the 
developmental characteristics of the patient prior to, and after one year of 
treatment with Cr supplementation. Chapter 5c hightlights the 
neuroradiological diagnosis, mainly with proton magnetic resonance 
spectroscopy, of the patient's condition. 
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Abstract 
 
Biochemical and developmental results of treatment of a guanidinoacetate 
methyltransferase (GAMT) deficient patient with a mild clinical 
presentation and remarkable developmental improvement after treatment 
are presented. Treatment with creatine (Cr) supplementation resulted in 
partial normalization of cerebral (measured with magnetic resonance 
proton spectroscopy) and plasma levels of Cr and guanidinoacetate (GAA). 
Addition of high dose ornithine to the treatment led to further 
normalization of plasma GAA, while cerebral Cr and GAA did not improve 
further. 
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Introduction 
 
The clinical symptoms of guanidinoacetate methyltransferase deficiency 
(GAMTD) are variable, but a recent overview of 27 patients showed 
intellectual disability in all patients, epilepsy in all but 3, and significant 
movement disorder in half of the patients. Intellectual disability was 
severe (IQ 20–34) in 21, moderate (IQ 35–50) in 3 and mild (IQ 50–70) 
in 3 patients.74 We present the treatment results in a GAMT deficient 
patient, who was first supplemented with creatine (Cr) and later also with 
ornithine (Orn). The clinical outcome, formal IQ test results, metabolites 
and cerebral multivoxel magnetic resonance proton spectroscopy (1HRMS) 
findings are discussed in relationship to treatment, pathophysiology and 
monitoring of treatment. 
 
 
Materials and methods 
 
Patient 
The patient was previously reported because of 1HMRS findings and the 
discrepancy between clinical impression of intellectual capacities and 
results of formal IQ test results.18, 67 Motor performance was only a bit 
clumsy without clear neurological disturbances or epilepsy. Formal testing 
of intellectual and language abilities at 3 years and 8 months of age 
showed a rather harmonic delay with quotient scores of about 50.18 
GAMTD was proven by elevated GAA and decreases Cr concentrations 
plasma and urine, severely decreased GAMT activity of 1.3 (normal 60-
243) pmol/h mg protein in cultured fibroblasts, and the finding of a novel 
homozygous missense mutation in exon 5 (p.Leu166Pro, c.497T > C) of 
the GAMT gene.75-78 Treatment was started at age 3 years and 8 months 
with Cr monohydrate 375 mg/kg/day. After 14 months Orn was added: 
100 mg/kg/day for 2 months, 400 mg/kg/day for 4 months and 800 mg/ 
kg/day from then onward. 
 
Developmental testing 
Language comprehension was measured with the Comprehension scales of 
the Reynell Developmental Language scales.79 Language production was 
measured with various appropriate tests, and non-verbal intelligence with 
the Snijders-Omen Non-verbal intelligence test (SON).18, 80 All tests yield 
quotient scores with means of 100 and standard deviations of 15 points. 
 
Metabolite analysis 
GAA and Cr concentrations in plasma and urine were measured with GC–
MS.75  
 
1HMRS 
2D-chemical shift imaging PRESS with TR = 1500 ms and TE = 135 ms53, 
was performed under anesthesia using a 1.5T Magnetom Sonata system 
(Siemens AG, Erlangen, Germany). A 8x8x2 cm supraventricular volume 
of interest, containing 36 voxels analyzed as white matter (24) and gray 
matter (12), was reproduced in subsequent MRS examinations. 
Automated peak fitting included the (ppm) chemical shift ranges restricted 
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to 3.7–3.9 for GAA, 3.1–3.3 for Choline, 2.9–3.1 for Cr and 1.9–2.1 for N-
acetylaspartate, allowing for operator-independent quantifications.54 
Published metabolite concentrations from 6 adults of 36 ± 6 years served 
as reference. This was considered reasonable since from age three to 
adulthood the levels of 1HMRS detectable brain metabolites show no 
significant change with aging.60 White matter N-acetylaspartate served as 
internal control and the relaxation properties of GAA and Cr were assumed 
equal.54 
 
 
Results 
 
Table 5a.1 shows results of developmental testing, metabolite 
concentrations in plasma and urine, and 1HRMS. Cr supplementation 
resulted in a rise of cerebral Cr, a drop of cerebral GAA and partial 
normalization of plasma and urine GAA concentrations. Subsequent 
addition of Orn did not result in further normalization of cerebral Cr and 
GAA, but a further sharp drop of plasma GAA was achieved. Non-verbal IQ 
gradually improved from 50 to 76. Language expression increased from 
incomplete monsyllabic utterances to sentences up to five words, mostly 
sufficiently articulate. 
 
 
Discussion 
 
Clinical improvements after the start of treatment at the age of 3 years 
and 8 months in this GAMTD patient exceeded those observed in most 
previously treated patients.74 
The question is whether this improvement is caused by aspects of the 
individual patient or by the treatment strategy. 
A relation with the genotype or enzymatic phenotype remains speculative, 
as the cerebral Cr content and plasma levels of Cr and GAA seem 
comparable to patients with a severe clinical phenotype.74, 78, 81 
More likely, the favorable results may reflect the start of treatment at 
relatively young age, as may be concluded from the normal development 
of a patient treated from the first week of life.82 
The improvement of development in our patient began as soon as Cr was 
started. Whether the continuing improvement is due to the Cr itself or to 
an additional effect of Orn remains unclear. 
The sharp drop of plasma, urine and cerebral GAA caused by Cr 
supplementation alone contrasts with the further decrease of plasma and 
urine GAA without further decrease of cerebral GAA after additional Orn 
supplementation. We cannot exclude a further drop of cerebral GAA after 
a longer time of treatment, while it is known that cerebral Cr also only 
increases gradually over at least 6 months after start of Cr. The difference 
between plasma measurements and cerebral 1HMRS measurements 
indicate the importance of directly monitoring the organ of interest. 
Treatment of GAMTD not only focuses on normalization of cerebral Cr, but 
also on decreasing the turnover of metabolites in the AGAT reaction. The 
second aim may be achieved by supplementation with high dose Orn, 
limiting substrate availability of Arg (by dietary Arg restriction) and 
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Glycine (by treatment with Sodium Benzoate). A combination of these 
treatments may result in normalization of plasma GAA, however not 
knowing the response of cerebral GAA.82, 83 
As Arg restriction and Benzoate treatment considerably burden the patient 
and Orn supplementation is relatively uncomplicated, in our opinion high 
dose Orn supplementation is a first choice as adjuvant to Cr monohydrate 
supplementation. 
In summary, we presented a GAMT deficient patient with a relatively 
favorable clinical outcome. The results gave rise to the following 
conclusions: 
 Early start of treatment is important; 
 Measurement of Cr and GAA in the brain (by 1HMRS) apart from 

plasma (and other body fluids) measurements is essential to monitor 
treatment results on the biochemical level; 

 treatment should aim at complete GAA normalization both in plasma 
and in the brain; 

 Initial treatment of GAMTD may consist of Cr and additional high dose 
Orn supplementation. 



Chapter 5a 

 70 

Table 5a.1 Biochemical and developmental results. Treatment, plasma, 
urine, 1HMRS and developmental test results in the course of two years of 
treatment of a GAMT deficient patient.  

Time in months from diagnosis, which was at age 3 years and 7 months. 
Metabolites GC-MS: – indicating very high Cr levels in urine and plasma 
due to supplementation; † µmol/l; ‡ mmol/mol Creatinine. 1HMRS: semi 
quantitative, mean values and standard deviations from controls between 
brackets; # mmol/l; GM gray matter, WM white matter. Developmental 
testing: Non-verbal intelligence using the SON test79; Language 
comprehension using Reynell test80; language production using various 
tests.79  incomplete monosyllabic utterances,  sentences up to 5 words, 
mostly sufficiently articulated. 
 

Months after diagnosis 0 1 7 9 14 15 18 21 23 25 27 29 
Supplementation             
Creatine *  375 375 375 375 375 375 375 375 375 375 375 
Ornithine *  0 0 0 0 100 400 400 800 800 800 800 
Metabolites GC-MS             

Plasma GAA (0,35-1,8)† 31   6,62  8,99  4,99  4,23  4,33 
Plasma Cr (17-109)† 11   -  -  -  -  - 
Urine GAA (4-220)‡ 798   357  376 322 203  114  156 
Urine Cr (6-1208)‡ 10   -  - - -  -  - 

Metabolites 1HMRS             
GM GAA (0,1 ± 0,1)# 2,2  0,7       0,9   
GM Cr (6,2 ± 0,3)# 1,6  3,7       3,5   
WM GAA (0,1 ± 0,1)# 1,7  1,0       1,2   

WM Cr (5,6 ± 0,3)# 2,2  3,2       2,6   
Developmental tests             
Non-verbal Intelligence  50  58 68   68   76  
Language 
Comprehension 

 55  67 69        

Expressive Language    55 59        
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Abstract 
 
Guanidinoacetate N-methyltransferase (GAMT) deficiency is a defect in the 
biosynthesis of creatine (Cr). So far, reports have not focused on the 
description of developmental abilities in this disorder. Here, we present 
the result of formal testing of developmental abilities in a GAMT-deficient 
patient. Our patient, a 3-year-old boy with GAMT deficiency, presented 
clinically with a severe language production delay and nearly normal 
nonverbal development. Treatment with oral Cr supplementation led to 
partial restoration of the cerebral Cr concentration and a clinically 
remarkable acceleration of language production development. In contrast 
to clinical observation, formal testing showed a rather harmonic 
developmental delay before therapy and a general improvement, but no 
specific acceleration of language development after therapy. From our 
case, we conclude that in GAMT deficiency language delay is not always 
more prominent than delays in other developmental areas. The 
discrepancy between the clinical impression and formal testing 
underscores the importance of applying standardized tests in children with 
developmental delays. Screening for Cr deficiency by metabolite analysis 
of body fluids or proton magnetic resonance spectroscopy of the brain 
deficiency should be considered in any child with global developmental 
delay/mental retardation lacking clues for an alternative etiology. 
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Introduction 
 
The cerebral Cr deficiency syndromes consist of three disorders in the 
biosynthesis and transport of Cr (Fig. 1), all resulting in absent or severely 
decreased Cr concentrations in the brain, relatively severe language 
developmental delay and a variable degree of general delay in mental 
development.66, 84 The patient we report here suffers from 
guanidinoacetate N-methyltransferase deficiency (GAMTD), an autosomal 
recessive defect of creatine (Cr) biosynthesis (Fig. 1). 
GAMTD is considered especially to cause severe defects in speech 
development.66 The clinical spectrum of GAMTD probably is still not 
entirely known, but the ends of the spectrum may be described as 
follows.66, 74, 77, 81, 85-91: At the mild end of the spectrum, patients have 
(severe) language developmental delay, mild mental retardation, 
occasional febrile seizures, behavioral problems and no significant motor 
disturbances. At the severe end, patients have severe mental retardation, 
absence of speech, intractable epilepsy, severe spastic and dystonic motor 
problems and severe behavioral disturbances. 
Biochemically, GAMTD is characterized (unlike the other defects in Cr 
metabolism) by increased levels of guanidinoacetic acid (GAA; the 
precursor of Cr) in all body fluids as well as in the brain. 
The mainstay of therapy is supplementation of Crmonohydrate. Treatment 
is very effective, especially with respect to epilepsy, but also language 
capabilities, behavior and motor performance tend to improve.74, 86, 87 
Arginine restriction and ornithine supplementation may prove an effective 
additional strategy.88 Complete normalization of developmental abilities 
does not occur. 
The cases described in the literature frequently are reported to have a 
dysharmonic developmental delay with relatively severe language 
expression impairment when compared to other aspects of their 
development. Exact data on formal psychodiagnostic testing, however, are 
lacking.85-87, 89-92 
Here, we present a 3-year-old boy with a discrepancy between clinical 
evaluation showing mainly severe speech developmental delay and formal 
testing showing a rather harmonic profile of developmental delay. 
 
 
Case report 
 
The second son of healthy Dutch parents, consanguineous in the sixth 
grade, was born after an unremarkable pregnancy and delivery. His 
parents started worrying about his psychomotor development at the end 
of the 2nd year, as he did not develop expressive speech. At the end of 
the 1st year, he had repeatedly failed to pass a hearing test performed on 
a screening basis in the Dutch child health program. Nevertheless, his 
parents regarded his hearing as normal. He was referred to an 
otorhinolaryngology department at age 2 years and 7 months. Routine 
otorhinolaryngologic physical examination revealed no abnormalities. 
Otoacoustic emissions were present. Hearing was concluded to be normal, 
and no further action was undertaken. 
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Speech therapy was started, but after 2 months no progress was noted. 
At that time, expressive language consisted of only a few simple 
utterances indicating ‘there,’ ‘ball’, ‘car’ (tata) and ‘dad’. His language 
comprehension was examined with the Reynell test for language 
comprehension, a standardized Dutch version of the comprehension scale 
of the Reynell Developmental Language Scales, but he did not seem to 
understand what he should do (Table 5b.1).79, 93 
From age 3 years and 3 months, further tests were done in order to get a 
view of the different domains of language development and non-verbal 
abilities (Table 5b.1). He was admitted to a program for intensive 
stimulation of development with a focus on language abilities. He was also 
referred to our multidisciplinary team for etiologic evaluation in 
developmental delay. 
At the age of 3 years and 5 months, the parents stated that his expressive 
speech consisted of very few monosyllabic words. They considered his 
language comprehension to be much better, at least enabling him to 
understand daily life sentences. Assisted with gestures, he was able to 
make himself clear. Social interaction was described as essentially normal, 
though he was somewhat shy. His behavior was similar to other toddlers. 
His motor development was described as possibly somewhat slower and 
motor performance as somewhat clumsier than those of most children. 
Unsupported walking had been attained at 18 months of age. There was 
no doubt about his hearing and vision. Epileptic phenomena had never 
been observed. 
Family history, including that of the older brother, was negative for 
developmental disabilities. 
Physical examination showed a boy with normal nonverbal personal 
interaction, but rudimentary verbal communication. He understood simple 
sentences and followed simple sequential verbal instructions, i.e., pointing 
at his mother or father, kicking or throwing the ball with one hand 
followed by throwing with the other hand. Biometry and routine pediatric 
examinations were normal. Thorough examination showed no 
morphological alterations or neurological disturbances, though he 
appeared somewhat clumsy. 
We decided to test for cerebral Cr deficiency, because of the clinically 
impressive language expression impairment, the milder delay in language 
comprehension and cognitive function at physical examination, and the 
absence of any hint of a syndromal or acquired etiology. Cerebral proton 
magnetic resonance spectroscopy (1HMRS) revealed the absence of the Cr 
peak (Fig. 2) as described previously.67 Elevated urine GAA of 798 (normal 
4–200) mmol/ mol creatinine, a rather low Cr excretion of 10 (normal 6– 
1,208) mmol/mol creatinine and decreased fibroblast GAMT activitity of 
1.3 (normal 60–243) pmol/h*mg protein proved GAMTD.76 
Cr supplementation (375 mg/kg/day in three doses) was started at age 3 
years and 8 months directly after performance of formal psychological 
tests, indicating a severe delay in non-verbal functioning that was even 
more impressive than the language production delay (Table 5b.1). Motor 
development was not quantitatively assessed. 
In the 6 following months, his parents noted a large improvement of 
especially language development. He used 45 words and was more 
attentive. At age 4 years and 4 months, language and non-verbal 
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development was examined again, showing less positive improvement 
compared to the changes sensed by the parents and various experienced 
clinicians (Table 5b.1). Repeated cerebral 1HMRS showed the Cr peak to 
be 2/3 of normal and a decrease (of about 50%) of GAA. 
Further clinical improvement was noted at school and by the parents. 
Tests were repeated at age 4 years and 9 months (5b.1). From these 
tests, it was concluded that his nonverbal development and language 
comprehension improved significantly (his quotient scores changed from 
50 to 68 and from 55 to 69, respectively), while his language production 
development did not show acceleration with stable quotient scores in this 
domain. 
 
 
Discussion 
 
Clinically, our patient exhibited only relatively mild features of GAMTD. 
During the etiologic work-up, we were not aware of the test results on 
developmental abilities before age 3 years and 8 months. Clinically, the 
developmental profile was interpreted as mainly an expressive speech 
problem with only slight receptive language and non-verbal involvement. 
Half a year after treatment, clinical observations suggested a clear 
acceleration of especially expressive speech development. This analysis of 
the clinical observers and the parents was very different to the formal test 
results before and after the start of treatment. Although there was a 
significant improvement in verbal and non-verbal development, test 
results still indicated a moreor- less harmonic delay, while non-verbal 
development and language comprehension had benefited relatively more 
from treatment than the productive language development. 
In treated GAMTD patients, (language) development improves, but does 
not become normal. This may be due to (1) the incomplete biochemical 
normalization, (2) the fact that the brain facilitates language development 
most easily in a time window in the early years, and (3) the fact that 
GAMT may play an essential role already in embryonic and fetal brain 
development.94, 95 
In conclusion, this case emphasizes two important aspects in 
developmental delay. 
First, the discrepancies between clinical observation and formal testing 
emphasize the importance of standardized examination of all 
developmental fields in children with a perceived speech delay. The clinical 
impression is not always sufficient to estimate the developmental abilities 
of a child. Language developmental delay frequently is the symptom 
bringing the child with a global developmental delay to medical attention. 
Though language delay may be the most impressive symptom, the non-
verbal developmental abilities may be relatively even lower. Abilities may 
also be at a relatively lower level than perceived by the parents and 
caregivers. 
Second, this case underscores the importance of evaluation of defects in 
the Cr biosynthesis at an early age, not only in children with a specific 
delay in expressive language, but also in children in whom formal tests 
suggest a rather harmonic developmental delay. 
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Therefore, screening for cerebral Cr deficiency by metabolite analysis or 
1HMRS should be incorporated in diagnostic algorithms in children with 
both specific speech and non-specific global developmental delay. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5b.1 Creatine (Cr) biosynthesis and transport. Cr is synthesized 
mainly in the liver and pancreas in two steps from arginine (Arg). The first 
step catalyzed by arginine:glycine amidinotransferase (AGAT) produces 
guanidinoacetate (GAA). The second step catalyzed by guanidinoacetate 
N-methyltransferase produces Cr. Cr is transported into the brain and 
muscle through the creatine transporter (CRTR). In the neuron, Cr serves 
as a substrate for energy transport through the creatine phosphokinase 
(CK) reaction in which adenosine triphosphate (ATP) passes a phosphate 
group, resulting in the formation of Cr phosphate (CrP) and adenosine 
diphosphate (ADP). Cr undergoes nonenzymatic conversion to creatinine 
(creat) at a rate of 3% per 24 h. Creat is excreted by the kidneys.98 

 
 

Arg GAA Cr CrP Cr 
AGAT GAMT CRTR CK 

ATP ADP 
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Figure 5b.2 Brain 1HMRS of the patient. Normally the Cr peak at 3 ppm 
is as high as the Cho peak. No significant Cr peak can be detected in the 
spectrum before therapy (left). Six months after therapy, the Cr is present 
present at about 2/3 of the normal height (right). With 1HMRS, 
biochemical substances prevalent in a very much lower concentration than 
water can be studied. 
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Table 5b.1 Results of developmental testing 
 
Test 

 
age 

before 
Cr suppl 

 
age 

6 months 
Cr suppl 

 
age 

1 yr 
Cr suppl 

Language comprehension       
NNST; receptive scale 3;4 AE = 1;0 4;1 AE = 1;9   
Reynell; language 
comprehension 

3;8 LCQ =55 4;2 LCQ = 67 4;7 LCQ = 69 

       
Language production       
NNST; expressive scale 3;4 AE = 1;3 4;1 AE = 1;9   
Schlichtingtest, Lexicon list 3;4 AE = 1;3 4;1 AE = 1;7   
Schlichtingtest, Word   4;1 WQ = 55 4;8 WQ = 57 
Schlichtingtest, Sentence    SQ = 56 4;8 SQ = 62 
       
Non-verbal development       
BDSI-II-NL 3;3 mental delay?    
SON 2½ - 7 3;8 IQ = 50 4;4 IQ = 58 4;9 IQ = 68 
AE: age equivalent; quotient: normal distributed standardized score with 
an average of 100 and a standard deviation of 15; IQ = intelligence 
quotient; LCQ = language comprehension quotient; WQ = word 
development quotient; SQ = sentence development quotient; Reynell: 
comprehension scales of the Reynell Developmental Language Scales79; 
NNST = Dutch Non-Speech Test96; BDSI-II-NL: Bayley Scales of Infant 
Development II, Dutch version; SON = Snijders-Omen Non-Verbal 
Intelligence Test.80 
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Abstract 
 
MR spectroscopy results in a mild case of guanidinoacetate 
methyltransferase (GAMT) deficiency are presented. The approach differs 
from previous MRS studies in the acquisition of a chemical shift imaging 
spectral map showing gray and white matter with the corresponding 
spectra in one overview. MR spectroscopy revealed guanidinoacetate 
(GAA) in the absence of creatine. New is that GAA signals are more 
prominent in gray matter than in white. In the prevailing view, that 
enzyme deficiency is localized in liver and pancreas and that all GAA is 
transported into the brain from the blood and the cerebrospinal fluid, this 
would be compatible with a more limited uptake and/or better clearance 
of GAA from the white matter compared to the grey matter. 
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Introduction 
 
Creatine deficiency syndrome was first defined in 1994 on the basis of a 
complete lack of brain creatine and phosphocreatine signals as detected 
by magnetic resonance spectroscopy.90 It can be caused by inborn defects 
of creatine biosynthesis in the liver and pancreas (guanidinoacetate 
methyltransferase deficiency (GAMT deficiency, McKusick 601240), or 
arginine:glycine amidinotransferase deficiency (AGAT deficiency, McKusick 
602360), or by X-linked creatine transporter defect (CRTR,  McKusick 
300036).92 The 1H MR spectra of the brain in GAMT deficiency are 
characterized by a lack of creatine signal86, 89-91, 97 and by the presence of 
signal of the precursor of creatine, guanidineacetiate (GAA).89, 90 
Reported here is a result of MRS and MRI in a patient suffering from GAMT 
deficiency. The MRS approach is new in that multiple voxel chemical shift 
imaging is applied resulting in the display of a spectral map superimposed 
on a MRI scan showing gray and white matter with the corresponding 
spectra in one overview. 
 
 
Subject and methods 
 
Clinical history 
M.T., the son of healthy, non-consanguineous parents, was referred to our 
outpatient clinic for diagnostic evaluation of developmental delay at age 
41 months. Pregnancy, delivery and neonatal history were uneventful. The 
parents’ concern about his development was raised from 18 months 
onward because he did not start to speak. At age 41 months language 
development was severely retarded, manifest by the use of a few single 
words pronounced incompletely and sometimes reversed. Receptive 
language seemed relatively good. Eye contact, interaction and hearing 
were normal. There were no paroxysmal events. Family history was 
unremarkable. Physical examination revealed no dysmorphic features. 
Head circumference, height and weight curves were normal. Neurological 
examination revealed no neurological signs, though he showed 
clumsiness. 
Cerebral creatine deficiency was suspected because of the strong 
emphasis on language delay and the lack of clues for any other metabolic 
diagnosis (pre- or perinatal, chromosomal, syndromal). Besides MRI–MRS, 
the following tests (used in our clinic in cases with developmental delay 
without a specific clue for diagnosis) were performed: karyotype, Fragile-X 
analysis and biochemical analysis. 
 
MRI and MR spectroscopy 
At the age of 43 months the patient was examined by MRI and 1H MRS at 
1.5 T using the standard head coil of a Magnetom Sonata system 
(Siemens, Erlangen, Germany). An MRI protocol designed for 
neuropediatric patients with a developmental delay without a specific clue 
for diagnosis, was applied under general anesthesia and consisted of T2 
weighted fast spin echo (TR/TE 4460/105 ms), fluid attenuated inversion 
recovery (TR/TE/TI 8500:119:2500), inversion recovery (TR/TE/TI 
7000:40:350) in the axial plane, coronal T2 weighted FSE (TR/TE 
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4460:105), sagittal T1 SE (TR/TE 691:15), and axial diffusion weighted 
images with B=0, 500 and 1000 s/mm2 with an ADC map. The plane of 
the diffusion weighted images was slightly steeper than that of the 
conventional sequences in order to minimize susceptibility artefacts from 
the paranasal sinuses. 1H MRS: 2D chemical shift imaging (CSI) 
measurements with a repetition time (TR) of 1,500 ms and an echo time 
of 135 ms were performed. Hybrid CSI includes preselection of a volume 
of interest (VOI) that is located within the brain to prevent the strong 
interference from subcutaneous fat and is smaller than the phase-encode 
field of view (FOV) that must be large enough to prevent wraparound 
artefacts.53 The axial T2-weighted FSE series was used as guidance for 
defining a volume of interest located cranial to the ventricles, a 2 cm 
thickness slice in that part of the brain where the white matter is most 
abundant, for MRS. The CSI sequence produced a 16×16 transversely 
oriented matrix that was defined by phase encoding with a volume of 
interest of 8×8 cm2. 
Automated localized multiple angle projection (MAP) shimming resulted in 
a water peak line width of 5 Hz in the VOI. Excitation with 2.56 ms sinc-
Hanning shaped RF pulses preceded by 25.6 ms Gaussian shaped RF 
pulses for chemical shift selective excitation (CHESS) and subsequent 
spoiling of the resultant water signal, was followed by selection of he 
second spin echo using 1024 data points and a spectral width of 500 Hz. 
All 16×16 2D CSI measurements were one acquisition per phase encoded 
step with four pre-scans and TRs of 1500 ms (acquisition time 7 min). 
Time domain data were multiplied with a Gaussian function (center 0 ms, 
half width 256 ms), 2D Fourier transformed, phase and baseline corrected 
and quantified by means of frequency domain curve fitting with the 
assumption of Gaussian line shapes, using the standard “Numaris-3” 
software package provided with the MR system. Sixth-order polynomial 
lines with a 0- to 4.3-ppm calculation range were used for baseline 
correction. In the curve fitting the number of peaks fitted included the 
chemical shift ranges restricted to 3.7–3.9 for GAA, 3.1–3.3 ppm for 
choline (Cho), 2.9–3.1 for creatine (Cr), 2.2–2.4 for glutamate (Glx m3), 
1.9–2.1 for N-acetylaspartate (NAA), and their line widths and peak 
intensities unrestricted. Using standard postprocessing protocols the raw 
data are thus processed automatically, allowing for operator independent 
quantifications. 
 
 
Results 
 
There were no structural abnormalities on MRI. The white matter had a 
normal appearance on all sequences and the stage of myelination was 
consistent with the age of the patient. Furthermore, development of the 
brain structures was normal. The upper row in Fig. 1 shows the MR 
spectrum of one of the 64 voxels together with the 8×8×2 cm3 VOI 
spectral map projected on an axial T2-weighted FSE image. Cr, normally 
equally intense as the Cho peak, is virtually absent. Depicted in Fig. 2 is 
one of the spectra showing a distinct GAA peak and the spectral map 
showing all 64 spectra for the 3.7- to 3.9-ppm region containing the GAA 
peak. In the gray matter near the interhemispheric fissure, i.e. the 
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separation between both hemispheres, the GAA signals are more 
prominent than in the surrounding white matter (Fig. 2). 
At the time of MRI and MRS, the standard screen (Subject and methods) 
had proven normal, except for a slightly increased excretion of 
mucopolysacharides, expressed as mg/mmol creatinine. Further 
biochemical analysis re- vealed an increased urinary GAA excretion of 798 
mmol/ mol creatinine (normal value range, according to Almeida et al.75: 
4–220) increased plasma GAA 30.5 μmol/l (normal range75: 0.35–1.8) 
and low plasma Cr 11 μmol/l (normal range75: 17–109), consistent with 
GAMT deficiency. Enzyme analysis revealed a strongly 
reducedGAMTactivity of 1.30 pmol/h mg protein (controls 60–243). 
 
 
Discussion 
 
This is the first demonstration of the distribution of brain metabolites in a 
creatine deficiency patient both in gray and white matter voxels. GAA, the 
precursor of creatine in the guanidinemethyltransferase reaction, was 
detected byMRS. This is compatible with GAMT deficiency rather than the 
alternative defects in creatine metabolism known. (GAA, to our 
knowledge, has not been observed in healthy persons or in any known 
pathology other than GAMT deficiency, but spectral resolution and signal-
to-noise ratio have to be good in order to be able to resolve a small 3.8 
ppm GAA peak from an intense 3.9 ppm CH2 creatine peak) This 
diagnosis by MRS was soon afterwards confirmed by the results of 
biochemical analysis revealing a highly increased GAA excretion and a 
plasma creatine level at the bottom of the normal range, conform the 
findings of Almeida et al. in case of a strongly reduced GAMT activity.75 
Our patient’s most remarkable symptom was a severe speech delay. Other 
reported signs were mild (mental retardation) or absent (epilepsy, 
extrapyramidal signs and autistic behaviour). 
That GAA signals were more prominent in gray matter than in white 
matter contrasts with a single observation by Stöckler et al.90 that the 
levels of GAAwere similar in two voxels containing parietal white and gray 
matter, respectively. Other MRS studies published to date did either not 
detect GAA in GAMT86, 91, 97 or not offer a comparison between gray and 
white matter.89 
It would be tempting to attribute the presence of GAA in gray matter 
rather than white matter of GAMT deficient patients to the fact that the 
PCr and total Cr concentrations as well as the flux through the creatine 
kinase reaction are significantly higher in gray than in white matter of the 
human brain.98 These findings would be corroborated by the higher rate of 
ATP turnover in cerebral gray compared with white matter. However, the 
prevailing view is that enzyme deficiency is localized in liver and pancreas 
and that all GAA is transported into the brain from the blood and the 
cerebrospinal fluid.98 In view of this, the higher level of GAA in gray 
matter compared to white matter could indicate that: 
(1) The uptake of GAA from blood and CSF into the gray matter is higher; 
(2) The creatine synthesis system is partially localized in the gray matter. 

The GAMT deficiency, however, would prevent creatine synthesis in 
brain as well (which is confirmed by the lack of Cr signal in the gray 
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matter) and not necessarily lead to elevated GAA levels in 
preferentially gray matter; 

(3) A better clearance of GAA from the white matter if 1 or 2 are valid and 
also if 1 and 2 are the same in gray and white matter. 

 
 
Conclusion 
 
In a mild case of GAMT deficiency we demonstrated that GAA signals are 
more prominent in gray matter than in white matter, compatible with a 
more limited uptake and/or better clearance of GAA from the white matter 
compared with the grey matter. 
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Figure 5c.1 1H magnetic resonance spectroscopy of a case of GAMT 
deficiency. CSI performed at TR/ TE=1500/135 ms yields a map of 64 
spectra, showing normal peak intensities for Cho, glutamate (Glx m3) and 
NAA. Creatine (3.0 ppm) is virtually absent. Top: spectrum plus spectral 
map. Bottom: MRI cross-sections showing the localisation of the VOI in 
the brain. 
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Figure 5c.2 Gray matter spectrum showing a clear GAA peak at 3.8 ppm 
and the spectral map of Fig. 1 after focussing on the 3.7 to 3.9 ppm 
region. GAA is most evident in the gray matter tissue near the 
interhemispheric fissure. 




