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Introduction 
 
 
The prevalence of developmental delay (DD) is estimated to be up to 3% 
of all children.1, 2 In 20-40% of infants the DD is part of a syndrome that 
can be diagnosed before the DD becomes apparent.3 This for instance is 
the case in infants with Down syndrome, infants that were born extremely 
preterm and suffered from severe complications, infants with birth 
asphyxia, infants with cerebral malformation suspected from prenatal 
ultrasound or at neonatal presentation, and infants with other causes of 
cerebral damage in early life. However, in the majority of infants with DD 
the delay is the first presenting symptom, after which medical attention is 
sought to confirm the delay and to establish a diagnosis. 
 
In this thesis, the diagnostic evaluation of infants with DD is discussed, 
and guidelines for a diagnostic work-up schedule are proposed. 
 
In this introduction a few issues concerning the diagnostic evaluation of 
infants with DD are addressed: 
 Terminology of DD; 
 The importance of establishing an etiologic diagnosis; 
 How to determine the etiology of DD; 
 The outline of the thesis. 
 
 
Terminology of developmental delay 
The term developmental delay is used for a number of different 
conditions. Also, it can have a different meaning for parents, social 
workers, educational personel, and physicians. Even various medical 
specialists may use the term in different ways. 
The domain of development can be somatic growth or psychomotor skills. 
The latter may be divided in gross and fine motor function, receptive and 
expressive language skills, cognitive abilities, and adaptive behaviour. 
The word delay in DD includes the possibility that the delay in 
development is temporary, e.g. due to receptive deficits, an intercurrent 
disease, or understimulation, or as a transient sequel of premature birth. 
However, it also carries the possibility of a permanent delay, affecting 
functional outcome at adult age. As a rule, this holds true in case of DD as 
a result of an untreated or untreatable inborn or non-inborn disorder. In 
these cases, as soon as intelligence can be measured (at about six years), 
the labelling switches to terms like mental retardation or intellectual 
disability. The most used definition of intellectual disability, from the 
American Association on Intellectual and Developmental Disabilities, reads 
‘Intellectual disability is characterized by significant limitations both in 
intellectual functioning and adaptive behaviour as expressed in 
conceptual, social and practical skills. This disability originates before age 
18.’ 4 
 
In this thesis, DD refers to a delay in psychomotor development. This 
delay may be caused by an underlying condition, which, however, can not 
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always be determined. Potentially DD results in limitations in functioning 
in everyday life. 
 
 
The importance of establishing an etiological diagnosis in children 
with developmental delay 
 
In every child with DD, an attempt to establish an etiological diagnosis 
should be made.5, 6 It is important to conduct this diagnostic evaluation as 
soon as possible after the presence of DD becomes clear. Establishing an 
etiological diagnosis at a young age brings potential benefit. 
One reason is that several causes of DD are treatable, in the sense that it 
is possible to intervene in the pathogenic process that leads to DD. Earlier 
treatment gives the patient more ‘healthy’ time within the timeframe set 
for psychomotor development, which results in a better outcome 
compared to a diagnosis at a later time point when the developmental 
outcome has been fixed for a larger part. 
Apart from treatment of the underlying disorder, an etiological diagnosis 
also helps o shape daily medical care, anticipating for medical issues 
associated with the condition. 
How difficult it might be for parents to realise that their child will not have 
a normal development, the presence of a diagnosis can make the situation 
more acceptable.7 Moreover, the parents can focus on what can be done 
for their child instead of using their energy in search of a diagnosis. 
Finally, establishing a diagnosis is important for genetic counselling of the 
parents (and other relatives) regarding further offspring. 
 
 
How to determine the etiology of developmental delay 
 
The causes of DD are very heterogeneous. Literature reports use different 
classifications of the etiology of DD. These classifications are based on 
timing (prenatal, perinatal, postnatal), presence or absence of structural 
aberrations of the central nervous system, pathophysiology (chromosomal 
imbalance, monogenic syndromes, inborn errors of metabolism versus 
non-inborn conditions), or a mix of these elements.8 These classifications 
also change over time, due to introducton of new techniques. One 
example of a classification of etiology, with estimated prevalences of the 
respective categories, is given in table 1.1.3  
The causes of DD range from relatively mild temporary problems, like 
hearing impairment due to fluid buildup in the middle ear, to non-
treatable inborn errors of metabolism. Therefore it is not possible to 
establish simple guidelines how to approach the diagnostic process of an 
infant with DD. 
Before starting extensive diagnostic steps, the presence of a stationary 
DD must at least be very likely. 
 
A number of existing guidelines how to conduct a diagnostic process in DD 
suggest the following steps:9-12 
 Clinical history, family history and physical examination; 
 Laboratory investigations; 
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 In case no diagnosis can be made after the first steps, to consider 
additional investigations and referral to other specialists. 

 
Neither of these guidelines indicates in more detail which studies should 
be performed. Presenting clear and simple guidelines that apply to all 
patients with DD for several reasons appears to be very difficult. The 
diagnostic process ideally should be tailored individually for each patient. 
Also, it is important not to miss a diagnosis which might not be – easily – 
recognizable, especially when this is a treatable disease. This indicates the 
need for screening tests. Moreover, techniques to detect diseases causing 
DD are improving continuously and rapidly. Massaspectroscopy techniques 
can diagnose many abnormal metabolites in extremely small samples. 
Methods to detect mutations in genes are developing at very high speed. 
The whole human genome can now be sequenced for a reasonable price. 
These developments continuously modulate the landscape of diagnostic 
evaluation of DD. 
 
The work presented in this thesis intends to contribute to the knowledge 
regarding the diagnostic evaluation of DD. 
 
Table 1.1 Causes of DD and their prevalence 
Diagnostic category Prevalence 

(%) 
Chromosome abnormalities 4-28 
Recognizable syndromes 3-7 
Known monogenic conditions 3-9 
Structural central nervous system abnormalities 7-17 
Complications of prematurity 2-10 
Environmental/teratogenic causes 5-13 
‘Cultural-familial’ mental retaration 3-12 
Provisionally unique, monogenic syndromes 1-5 
Metabolic/endocrine causes 1-5 
Unknown 30-50 
From: Curry et al. 1997.3 
 
 
Outline of the thesis 
 
The work presented in this thesis is based on the results of the diagnostic 
evaluation of a cohort of infants (N=639) referred to the outpatient clinic 
for infants with DD of the Beatrix Children’s Hospital/University Medical 
Centre Groningen. Infants are first seen by a coordinating interdisciplinary 
trained physician, followed by a standardized screening program. In case 
no diagnosis can be made after the initial visit and the screening program, 
the infant is seen by an interdisciplinary team, existing of a clinical 
geneticist, a paediatrician for metabolic disease, a paediatric neurologist 
and a child psychiatrist. Also, the expertise of the ophthalmologist, the 
neuroradiologist and a clinical molecular biochemist is brought in on a 
regular basis. 
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Chapter 2 
In this chapter the results of the diagnostic evaluation of the cohort of 639 
patients are given. Based on the results of this evaluation, general 
guidelines how to approach a child presenting with DD are formulated. 
 
Chapter 3 
In this chapter the role of cerebral magnetic resonance techniques in the 
process of establishing an etiological diagnosis in children presenting with 
DD is defined. What is the diagnostic yield of in vivo structural MRI and 
proton magnetic resonance spectroscopy (1HMRS)? Is it possible to select 
those patients who will probably benefit from this modality of 
investigation? 
 
Chapter 4 
Previous studies suggested that cerebral 1HMRS spectra obtained from 
infants with DD differ from controls, but results are diverging. Also normal 
values have not been established. In this chapter cerebral 1HMRS spectra 
from grey matter and white matter of patients with DD are compared with 
those obtained from neurodevelopmentally normal controls, in five 
different age groups, the largest cohort so far. Research questions were 
whether spectra differ between patients and controls. If spectra differ, 
what can be learnt about the pathogenesis of DD? 
 
Chapter 5 
This chapter is dedicated to clinical, radiological and biochemical 
investigations in a patient with guanidinoacetate methyltransferase 
deficiency – a treatable IEM, in which DD is caused by cerebral deficiency 
of creatine and accumulation of guanidinoacetate. The results of these 
investigations are illustrative of all other chapters of the thesis. 
 
Chapter 6 
The subject of this chapter is the diagnosis of inborn errors of metabolism 
(IEM) in children with DD. What is the diagnostic yield of metabolic 
screening investigations, and what is the yield of specific metabolic 
investigations that could be initiated after expert clinical review? 
 
Chapter 7 
In the general discussion the results of the presented work are reviewed, 
and suggestions for future guidelines for diagnostic evaluations of 
developmental delay are given. 




