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Clinical metabolic expertise, rather than 

metabolic screening, is required to 
diagnose most inborn errors of 
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Abstract 
 
Objective: To determine the efficacy of screening investigations for 
inborn errors of metabolism in blood and urine, compared to targeted 
metabolic investigations after a multidisciplinary clinical evaluation, in 
children presenting with developmental delay. 
Methods: Analysis of the results of a consecutive series of patients with 
developmental delay evaluated by a multidisciplinary team, including both 
a fixed set of screening metabolic investigations and targeted metabolic 
investigation after a clinical multidisciplinary examination. 
Results: 16 (4.3%) of 372 patients were diagnosed with an inborn error 
of metabolism. The metabolic screening program resulted in the diagnosis 
in two patients, with cerebral creatine deficiency and thyroid hormone 
transport defect. Based on clinical suspicion for an inborn error of 
metabolism, more specific investigations were done in 39 patients, leading 
to the diagnosis in the other 14 patients, with neuronal ceroid 
lipofuscinosis, glucose transporter defect, and disorders of oxidative 
phosphorylation (n=12). Of the 16 diagnosed patients, nine patients had 
epilepsy, and four had ataxia. 
Conclusions: The diagnostic yield of targeted metabolic investigations 
after clinical multidisciplinary expertise greatly exceeded the diagnostic 
yield of screening metabolic investigations. Clinical expertise regarding 
inborn errors of metabolism is warranted in all undiagnosed patients with 
a developmental delay, also in those whose screening laboratory 
investigations are non-diagnostic. The presence of certain neurological 
features incresases the chance of diagnosing an IEM. 
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Introduction 
 
Developmental delay (DD), frequently resulting in mental retardation, is a 
common and serious problem in paediatrics. The prevalence of mental 
retardation on a population basis is estimated 0.6-3%.1, 2 
Establishing an etiological diagnosis in patients with DD is very important.6 
This particularly applies to inborn errors of metabolism (IEM). IEM have a 
high risk of accompanying morbidity, including DD, and mortality, and can 
have a high recurrence risk. In addition, a (still) increasing number of IEM 
can - to some extent - be treated, improving clinical outcome. 
 
Whilst the importance of diagnosing IEM in children with DD, at the 
youngest possible age, is obvious, attending physicians currently are left 
without clear advice from the literature, which steps to take to diagnose 
these diseases. The difficulty with IEM is, that each entity has a low 
prevalence, and that many IEM, primarily presenting with DD, lack easily 
discernable pathognomonic features.36 
 
In the past decade, three major systematic reviews on the diagnostic 
evaluation of DD were published.10-12 These reviews do not clearly advise 
what tests should be performed to diagnose an IEM in patients presenting 
with DD, and state that the yield of metabolic investigations in DD is low. 
However, the reader is left in doubt what kind of metabolic investigations 
is referred to. Most studies included in these reviews assessed the yield of 
a relatively limited number of tests, typically of amino acids and organic 
acids analysis.3, 32, 99-101 Many IEM are not covered by these tests, e.g. 
mucopolysaccharidoses and other lysosomal storage diseases, creatine 
deficiency syndromes, disorders of glycosylation, and disorders in energy 
metabolism (mitochondrial oxidative phosphorylation, OXPHOS). At the 
same time, these IEM often have an insidious presentation, without 
evident metabolic crises or recognisable dysmorphic features. Hence, the 
attending physician may not be easily tempted to consider these 
diagnoses, and to initiate the relevant investigations. 
A further difficulty is the impossibility to compose a panel of laboratory 
investigations, covering 'all' IEM. Many IEM require recognition and 
appraisal of specific symptoms followed by specific and sometimes 
invasive tests in order to be diagnosed. 
 
In a large cohort of children with DD, we investigated the diagnostic yield 
of a fixed set of screening metabolic investigations. These investigations, 
listed in table 6.1, included basic biochemistry, and several metabolites 
associated with various groups of IEM. We compared the outcome of this 
screening with the outcome of specific metabolic investigations performed 
after an expert multidisciplinary clinical review by clinical geneticist, 
metabolic paediatrician, paediatric neurologist, child psychiatrist and 
ophthalmologist. 
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Materials and methods 
 
Patients 
Patients were referred to the multidisciplinary outpatient clinic for etiologic 
diagnostic evaluation of DD at the Groningen University Medical Centre, 
which serves as a secondary and tertiary referral centre, serving a region 
with approximately three million inhabitants. Three hundred and seventy 
two patients (249 males and 123 females) made their first visit between 
October 2002 and September 2007, and had a documented significant 
global DD, i.e. IQ < 70 on non-verbal or fullscale intelligence test, or 
developmental abilities persistently more than two standard deviations 
below the mean, confirmed by appropriate standardized developmental 
tests). Median age was four years and eleven monts and (interquartile 
range two years and eight monts – eight years and two months). Of the 
372 children, 198 had a mild delay, defined as quotient scores in the 
range 50 - 70, or 2 - 3 SD below the mean, and 174 patients had a more 
severe delay. Two hundred seventy three patients (73,4%) had been seen 
previously by a specialist (paediatrician, neurologist or clinical geneticist) 
because of DD. The other 99 patients were predominantly referred by 
child psychiatrists or primary care physicians. 
 
Diagnostic workup 
The diagnostic workup in our centre was divided in two phases (figure 
6.1). 
The first tier in the workup consisted of examination by an 
interdisciplinary trained coordinating physician (KTV). In case of a 
probable clinical diagnosis, targeted diagnostic procedures were 
performed to confirm the diagnosis. Otherwise, screening laboratory 
investigations were done. These included cytogenetic evaluation, fragile X 
analysis, basic biochemistry, and screening for various groups of IEM 
(table 6.1). Neuroimaging was done in case of clear neurological signs and 
symptoms in addition to the DD including abnormal head growth. If items 
of the screening laboratory workup had been done before referral, these 
were not repeated. 
The second tier of the workup, when no diagnosis could be made in the 
first tier, was a one-day multidisciplinary evaluation by a paediatrician for 
metabolic diseases, clinical geneticist, child neurologist, ophthalmologist 
and (in selected cases) child psychiatrist. Further additional investigations 
were done according to differential diagnostic considerations. 
 
We aimed for a patient-friendly diagnostic process, minimizing the number 
of vena punctures and sedation sessions, sometimes at the cost of (in 
retrospect) unnecessary investigations. 
 
Study design 
The present study was fully observational, and did not interfere with the 
diagnostic process in the studied patients. The local Medical Ethics 
Committee judged the study exempt from full review. 
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Results 
 
Three hundred and seventy two patients entered the first tier of diagnostic 
evaluation. In 120 of them, limited screening for IEM had been done 
before referral to our team. Most often this comprised a combination of 
plasma amino acids and urine amino acids, organic acids, purines, 
mucopolysaccharides and oligosaccharides. No abnormalities were found 
in these 120 patients. 
 
Screening metabolic investigations (table 6.1) were capable to indicate 
the origin of DD in two patients with cerebral creatine deficiency and 
thyroid hormone transport defect, respectively (table 6.2, #1 and #2). 
These patients essentially lacked pathognomonic clinical features, 
indicating their disease. 
 
Targeted metabolic investigations (beyond those listed in table 6.1), 
performed because of suspicion of an IEM after clinical multidisciplinary 
review, were done in 39 patients, and yielded the diagnosis in 14 (36%) 
of these patients (table 6.2, #3-16). The targeted investigations were: 
determination of the CSF-blood glucose ratio (#3); electron microscopical 
investigations of deposits pathognomonic for neuronal ceroid lipofuscinosis 
related deposits in lymfocytes and subsequent DNA analysis (#4); lactate 
measurement in CSF by clinical chemical methods, cerebral lactate 
determination by proton spectroscopy (along with other magnetic 
resonance modalities), and enzymatic analysis of OXPHOS in various 
tissues (#5-16). 
 
Overall, a diagnosis of an IEM was made in 16 patients, 4.3% of the whole 
cohort. Key clinical features, and diagnostic tests of these 16 patients are 
summarized in table 6.2. They all had been evaluated previously because 
of DD, by at least one paediatrician, neurologist or clinical geneticist, but 
no diagnosis was made at that time. 
Most, but not all, of the 16 patients diagnosed with an IEM had one or 
more (intrinsically aspecific) neurological symptoms: epilepsy in nine, 
ataxia in four. Furthermore, cerebral MRI/MRS abnormalities of any kind 
were present in 12 of the 16 patients, being important in the diagnostic 
process in three patients. 
 
 
Discussion 
 
We assessed the diagnostic yield of screening metabolic investigations in 
DD, as well as the diagnostic yield of targeted metabolic investigation, 
performed after clinical multidisciplinary expertise. Screening metabolic 
investigations (table 6.1) were diagnostic in two (0.5%) of the 372 
patients. Targeted metabolic investigations, performed because of clinical 
suspicion of an IEM, done in 39 patients, confirmed the diagnosis in 14 
patients (36%, or 3.8% of the total group of 372 patients). 
 
Before we further discuss the results, some methodological issues must be 
addressed. Quantitative results must always be judged against the 
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background of the studied population. Notably, our clinical cohort is a non-
random selection of all patients with DD in our region. The unifying 
feature of our patients was that they had been referred to our special 
team for (further) investigation. This excludes patients in whom referral to 
our team was not considered, or was considered unnecessary, for instance 
as patients were diagnosed otherwise. 
Clinical features, classically associated with IEM (e.g. progressive disease, 
crises, organomegaly, coarse facial features etc) were not a criterium for 
referral. This sets our cohort apart from studies specifically reporting 
about the etiology of progressive intellectual and neurological 
deterioration.102, 103 
In 73% of the cohort, and in all 16 patients with an IEM, previous 
attempts to establish an etiological diagnosis had been made. 
 
We chose for a rather extensive metabolic screening program (table 6.1) 
to be performed in all referred patients without apparent clinical diagnosis, 
regardless of absence of specific signs and symptoms thought to be 
indicative for a metabolic disease.36, 104, 105 By doing so we aimed not to 
miss IEM that may present without their presumed classical features at 
the initial presentation with DD. This also precludes missing treatable 
diseases due to insufficient recognition and/or appraisal of mild 
symptoms. 
When performing metabolic screening by analytical chemical methods, 
only those diseases will be diagnosed, which show a characteristic 
metabolite pattern in the sampled body fluid. The 14 patients with an IEM 
diagnosed in the second tier, failed to meet these conditions. In glucose 
transporter defect, cerebrospinal fluid glucose measurement is needed to 
trace this condition. Cerebrospinal fluid, however, is not routinely 
obtained. In the neuronal ceroid lipofuscinoses, an easily accessible 
biomarker is lacking. These diagnoses depend on enzyme assays, DNA 
studies, possibly guided by electron microscopy results. OXPHOS disorders 
do not show pathognomonic metabolites except hyperlactacidaemia in 
some cases. The etiology of this biochemical abnormality is, however, 
multifactorial. In our cohort we analysed a fresh muscle biopsy in cases 
suspected of OXPHOS disease because of clinical symptoms, neuroimaging 
abnormalities and/or biochemical abnormalities. We performed a muscle 
biopsy in 22 patients, and made a diagnosis of OXPHOS disease in 12 
patients (#5-16). 
 
Our question concerned the diagnostic yield of screening metabolic 
investigations (table 6.1) and targeted metabolic investigation after a 
specialist clinical evaluation respectively, in children presenting with DD.  
 
The usefulness of a screening metabolic workup can hardly be proven in a 
clinical cohort of the size presented. The prevalence of IEM and of 
diagnostic findings in metabolic screening in our cohort (4.3% and 0.5% 
respectively), is comparable to figures found in the literature.11 These 
appear to be low, but on the other hand the implications for treatment 
and genetic counselling of these diagnoses are substantial.  
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Our results indicate that in children with DD in whom screening metabolic 
investigations do not provide a diagnosis, targeted metabolic 
investigations after an expert clinical evaluation may reveal a considerable 
number of IEM. Recognition and appraisal of, sometimes subtle, signs 
from clinical history and physical examination, in conjunction with a 
thorough and up-to-date knowledge and experience of IEM are the key to 
these diagnoses. The presence of clear neurological symptoms increased 
the chance of diagnosing an IEM, but is should be noted that absence of 
these features far from excludes an IEM (table 6.2). 
 
The results not only substantiate the data of Engbers et al. that showed a 
2.8% diagnostic yield of screening metabolic investigations when 
performed under supervision of clinical metabolic expertise, but also 
indicate that even more diagnoses of IEM can be established on the basis 
of specific expertise, even in case of completely normal screening 
results.33 
 
In recent years, three literature reviews on the diagnostic evaluation of 
DD, and two reviews specifically addressing the investigation of IEM in 
DD, were published.10-12, 36, 105 The literature reviews did not recommend 
metabolic screening in general in patients with DD.10-12 On the other hand, 
the reviews on diagnosing IEM clearly indicated the importance of a 
metabolic screening program. They stressed the potential relevance of 
expert recognition of subtle features of IEM, simultaneously stressing the 
lack of these features in several IEM.36, 105 
 
In our cohort, the patients with cerebral creatine deficiency (#2) and 
glucose transporter defect (#3) could be treated rather effectively, with 
clearly improving development. One patient (#15) with OXPHOS disease 
experienced improved wellbeing and exercise tolerance after carnitine 
supplementation. In addition to treatment, several diagnoses were crucial 
for genetic counseling, which had been requested by several families.  
Therefore, because of the options for treatment and possibilities of genetic 
counselling, effort should be made to diagnose IEM at the youngest 
possible age.  
 
In conclusion, to diagnose IEM in children with DD, it is important to keep 
following core notions in mind. First, screening metabolic investigations 
have a very low diagnostic yield, which however is of crucial importance 
for the few patients involved. Second, the diagnostic yield of specific 
investigations after multidisciplinary expertise regarding IEM is 
substantial, independent of normal results of screening metabolic 
investigations, justifying referral of patients with DD to a centre offering 
this expertise. The presence of certain neurological symptoms, such as 
epilepsy and ataxia, increases the chance of diagnosing an IEM. 
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Table 6.1 Overview of diagnostic tests incorporated in the diagnostic 
algoritm for developmental delay. 
Investigations in the laboratory for metabolic diseases 
Sample Investigation Disorders (of) Pitfalls 
Plasma + urine Amino acids Intermediary 

metabolism 
glutaric aciduria 

Urine Organic acids 
Urine Purines, pyrimidines Purine metabolism mild Lesch Nyhan 

disease 
Urine Mucopolysaccharides Lysosomal 

disosorders (with 
accumulation of 
water soluble 
metabolites) 

(sphingo)lipidoses, 
neuronal ceroid 
lipofuscinoses, 
metachromatic 
leukodystrophy 
(and many others) 
don't give 
abnormal 
screening results 

Urine Oligosaccharides, B-
mannose 

Urine Sialic acid containing 
oligosaccharides 

Plasma Phytanic acid, pipecolic 
acid, very long chain 
fatty acid ratio’s 
(C26/C22, C25/C22, 
C24/C22) 

Peroxisomal 
disorders 

 

Plasma 7-dehydrocholesterol Smith Lemli Opitz Other sterol 
synthesis defects 

Plasma Lactate, pyruvate 
(random sample) 

Mitochondrial 
disorders 

Very low 
sensitivity in 
presentations with 
DD 

Plasma and 
urine 

Guanidinoacetic acid, 
creatine 

Cerebral Cr 
deficiency* 

Screening for X 
linked Creatine 
Transporter defect 
not 100% 
sensitive, 
especially in 
females 

Plasma Sialylation profile of 
transferrin and** Apo 
CIII 

Disorders of N- 
and** O-
glycosylation 

 

Plasma Thyroid stimulating 
hormone, free tetraiodo 
thyroxine and*** free 
triiodo thyroxine 

Thyroid function Scope must be 
broader than 
vigilance for 
(congenital) 
hypothyroidism, 
e.g. MCT8 
deficiency and 
thyroid hormone 
resistancy 
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Table 6.1, continued  
Routine biochemistry 
Sample Investigation 
Blood Full blood count, hemoglobin 
Plasma Sodium, potassium, chloride, urea, creatinine, urate, aspartate 

aminotransferase, alanine aminotransferase, creatine 
phosphokinase, lactate dehydrogenase, calcium, phosphate, 
albumin, glucose, pH 

Urine Qualitative: Protein, glucose, pH, ketones 
Genetic Studies 
Sample Investigation 
Cultured 
lymfocytes 

Karyotype 

DNA 
(leukocytes) 

High resolution whole genome array Comparative Genome 
Hybridisation (aCGH)**** 
Testing for Fragile-X syndrome (CGG repeat number FMR1 gene) 

Sample: investigated body fluid / material. Screening for disorders in: 
types of metabolic disturbance screened for. Pitfalls: diagnoses that may 
be missed in the screening procedure and other reasons for cautious 
interpretation of lab results. *since 2004. **since 2008. ***since 2007. 
****since 2008 (before: Fluorescent In Situ Hybridization (FISH) 22q11.2 
added to karyotype; array Comparative Genome Hybridisation (aCGH) or 
Multiplex Ligation-dependent Probe Amplification (MLPA) screening for 
subtelomeric deletion/duplications since 2004). 
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Table 6.2 Patients diagnosed with an IEM 
# Diagnosis  Key features                      Noted at 

referral 
Screening 

1 Thyroid Hormone Transporter 
(MCT8) defect 

 pyramidal involvement; selective 
determination T3 (patient 
presenting before incorporation of 
T3 in the screening program) 

+ triiodo 
thyroxine 
elevated 

2 Guanidinoacetate 
Methyltransferase (GAMT) 
deficiency 

 severe expressive language delay; 
suspicion cerebral Cr deficiency: 
selective cerebral 1HMRS (patient 
presenting before incorporation of 
Cr screening in screening program) 

+ guanidino 
acetic acid 
elevated in 
plasma and 
urine 

3 Glucose Transporter Protein 
(GLUT1) deficiency 

 fluctuating, feeding/fasting related, 
cerebellar symtoms 

- normal 

4 Late Infantile Ceroid 
Lipofuscinosis (CLN2) 

 regression, epilepsy, progressive 
cerebral atrophy  

- normal 

 Mitochondrial diagnoses MDC    
 ATP  

M 
Ox  
M 

Enz 
M 

Enz 
F 

DNA     

5 14.1 1-6 I - - 7-7 intractable epilepsy; myoclonia; 
absent psychomotor development; 
abnormal white matter signal 
intensity on MRI; lactate on 1HMRS 
(simultaneous with muscle biopsy) 

+ normal 

6 21,4 1,3,4
,6 

I I,IV - 7-7 epilepsy; severe; hypoventilation 
during sleep 

+ normal 

7 35,5 1,3,6 I I - 4-6 regression; epilepsy; brother of #8 + normal 
8 40,6 1 - - - 4-5 regression, epilepsy; brother of #7 + normal 
9 23 1,3,4

,5,6 
I,II I - 2-3 drop attacks; ataxia; family history 

possibly indicating maternal 
inheritance 

+ normal 

10 24,9 1,2  - I,II - 5-5 recurrent febrile myoclonic status 
epilepticus 

+ ala and lact 
slightly 
elevated 

11 10,6 1  I,II, 
II+III
, V 

- - 5-5 recurrent status epilepticus; 
pyramidal symptoms; abnormal 
aspect WM on MRI; 1HRMS brain 
lactate 

+ normal. 
crisis urine: 
lact  and 
pyruvate 

12 16,5 1-4,6 - - POLG  
mt 

6-6 severe hypotonia, intractable 
epilepsy, abnormal signal intensity 
brainstem 

+ normal 

13 16,4 1-6 - - - 3-3 ataxia, hypotonia; atrophy pons + 
cerebellum 

- normal 

14 25.4 1-3,6 - - - 3-3 microcephaly, elevated CSF lactate + 1x lact 
elevated, 
but OGGT 
normal 

15 27,4 1,3 - - - 3-3 severe exercise induced muscle 
complaints, abnormal exercise test 

- normal 

16 21,1 1-5 
(6 
not 
done) 

- - - 3-3 emerging ataxia; organic acid 
profile in the past 

- organic 
acids: 
ethylmaloni
c acid 

Key features: overview of the clinical features and other findings leading 
to the relevant investigations. 
Noted at referral: noted before referral: + if the clinical features leading to 
the diagnosis had been documented at time of referral. 
Standard lab: see table 6.1.  
MDC: Mitochondrial Diagnostic Criteria score (Wolf 2002, Morava 2006), 
prior to biopsy - post biopsy.61, 106 
ATP Musc: rate of production of ATP+CrP from pyruvate in a fresh muscle 
biopsy (nmol/h.mU Citrate Synthase), normal range 42-81.  
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Ox Musc: decreased substrate oxidation rates in fresh muscle biopsy 
(nmol/CO2/h.mU Citrate Synthase). Reactions: 1)[1-14C]pyruvate + 
malate; 2)[1-14C]pyruvate+carnitine; 3)[U-
14C]malate+pyruvate+malonate; 4)[U-
14C]malate+acetylcarnitine+malonate; 5)[U-
14C]malate+acetylcarnitine+arsenite; 6)[1,4-
14C]succinate+acetylcarnitine. 
Enz Musc: decreased enzyme (PDHc, complexes of the mitochondrial 
respiratory chain (complexes I-IV), ATPase (complex V)) activities in 
muscle.  
Enz Fibro: decreased enzyme (PDHc, complexes of the mitochondrial 
respiratory chain (complexes I-IV), ATPase (complex V)) activities in 
cultured fibrolasts. 
DNA: mutations found in the mitochondrial and nuclear DNA. 
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Routine laboratory investigations, as listed in Table 1
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+

+
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Figure 6.1 Outline of the diagnostic workup of the 372 patients. 




