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The child presenting with developmental delay 
 
When a child presents with developmental delay (DD), this is accompanied 
with many uncertainties. Foremost for the parents, who are confronted 
with drastically changing future aspects of the child and themselves. Also, 
it contains a challenge for the attending physicians, who are bound to play 
a role in the detection and confirmation of DD, it’s designation as 
pathological, the quest for an etiological diagnosis, and shaping medical 
treatment and follow up. 
 
The subject of this thesis is the diagnostic evaluation of DD, aiming to 
disclose the etiology of the DD. 
 
For many reasons it is important to establish an etiological diagnosis, e.g. 
starting causal treatment, genetic counselling, focussing prognosis, 
helping choose optimal education. This intrinsically means that diagnostic 
evaluation should be performed as soon as possible, and should be 
conducted at a reasonable speed. 
 
 
The need for guidelines for diagnostic evaluation of DD 
 
The etiology of DD is very heterogeneous. Individual disease entities, 
besides a few more prevalent conditions, have a very low incidence. Some 
of these diseases are easy to recognize. Others are more difficult to 
recognize and diagnose. Because of this, the diagnostic process is 
challenging. The need for guidelines in this complicated matter is self-
explanatory. 
 
Guidelines on the diagnostic evaluation of DD should be dynamic, because 
of the ongoing development of new diagnostic tests, the discovery of 
unknown diseases, and the development of new treatment possibilities.  
 
Guidelines, these days, are expected to be evidence based. In existing 
guidelines on the diagnostic evaluation of DD, this call for evidence is 
rephrased into the question how many patients we can accept to test, to 
diagnose one patient. However, this seems to be an ethical and political 
issue, rather than a call for evidence. Of course, the answer to this 
question is modulated by possibilities for treatment and genetic 
counselling in the patients to be diagnosed on the basis of the respective 
test. 
 
Guidelines also are expected to constrain financial expenses. Expenses of 
diagnostic investigations are a significant factor with respect to the 
question which investigations and clinical expertise should be done in all 
patients, only to diagnose a few patients. 
When figuring the financial costs and benefits of introducing a specific 
test, the cost of performing the test is only one of many factors, among 
which: costs of medical treatment associated with the diagnosis; possibly 
increased economic productivity due to better functional outcome; 
possibly avoidance of very costly institutionalisation; no costs of ongoing 
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diagnostic efforts as long as a diagnosis is lacking; financial rating of 
quality of life of both the patient and the family. 
 
Cohort studies based research, as well as case reports, are needed for 
new incarnations of guidelines for the diagnostic evaluation of DD. 
 
 
Guidelines at present 
 
At present, guidelines, as well as expert opinons, call for a stepwise 
approach of diagnostic evaluation of DD.3, 9-12 Typically, these guidelines 
primarily aim at general paediatric practice, also addressing neurologists 
and clinical geneticists. A thorough history, family history and physical 
examination are advised as a first step, followed by some basic laboratory 
investigations. Guidelines differ in the content of these investigations. 
Depending on the results, further expertise is advised or discommended. 
 
In 2003, The Dutch Paediatric Society (Nederlandse Vereniging voor 
Kindergeneeskunde), adopted the evidence based guideline for the initial 
diagnostic evaluation of children with DD.9 The core document of this 
guideline is applicable to patients without a specific clue for the diagnosis 
at the first visit: i.e. no dysmorphic features, normal neurological 
examination, normal biometry, etc. After documenting the DD with a 
validated test, and excluding hearing impairment, the guideline calls for 
first line investigations specified as: performing karyotype; checking for 
the recurrent FMR1 CGG repeat expansion (Fragile-X syndrome); some 
basic biochemical tests. When these are non-diagnostic, in the absence of 
specific features (which was already called a condition for entering the 
algorithm) the evaluation can be concluded. An array of 
recommendations, only on the basis of specific features is added, 
including further metabolic testing, and consulting diverse types of clinical 
expertise. 
 
 
The Groningen experience 
 
At the Groningen University Medical Centre, at the start of the millenium, 
it was documented, that the diagnostic evaluation in children with DD was 
done far from optimal in several aspects.107 The diagnostic traject was 
very stretched in time, especially due to a chain of serial referrals. 
Investigations were apparently randomly done or omitted. Multiple 
specialists often communicated divergent messages and advices to the 
parents, leading to unnecessary uncertainties for parents. 
To eliminate these problems, in 2002, a multidisciplinary Team for 
Diagnostic evaluation of DD (Team Diagnostiek Ontwikkelingsachterstand) 
was initiated with the following core features: 
 an interdisciplinary trained coördinating physician, leading the 

diagnostic process, calling together relevant expertise, and 
communicating the results with the parents during the traject; 
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 a circumscript, but relatively broad package of laboratory 
investigations, to be conducted in all patients who could not be 
diagnosed immediately at the first visit; 

 consultation of all the members of the team – clinical geneticist, 
paediatric neurologist, paediatrician for metabolic diseases, child 
psychiatrist, ophthalmologist – on a single day, in case a diagnosis 
could not be made in the preceding steps; 

 frequent meetings of the team to discuss patients, each patient being 
discussed at least once; 

 simple and relatively minor patient burden: basically one outpatient 
clinic visit with the interdisciplinary trained physician, including 
venapuncture and urine collection, and a single day hospital admission 
for multidisciplinary evaluation. Further testing, especially when 
invasive and requiring sedation, were done on a separate occasion. 

 
The abovementioned goals for improving the diagnostic process were 
accomplished. 
 
Apart from delivery of high quality patient care, this constellation gave the 
oppurtunity to formulate and answer several research questions. The 
results hereof are gathered in this thesis. 
 
 
Core research question in the thesis 
 
The central goal of the research presented here was to contribute to the 
knowledge regarding the diagnostic evaluation of DD. 
We hypothesized that both a relatively broad package of screening 
investigations, and multidisciplinary clinical expertise would prove 
indispensible in the diagnostic process 
 
 
The significance of laboratory (and other) investigations 
 
Various modalities of investigations were done on a regular basis in 
patients evaluated in our team: investigation of genomic copy number 
variations, mutation analysis of specific genes, metabolic investigations on 
the metabolite level; cerebral magnetic resonance imaging and 
spectroscopy. An overview of these tests, and the changes in time, is 
given in table 2.1. 
 
Investigation of chromosomal aberrations 
The resolution of cytogenetic techniques has increased tremendously since 
the team started in 2002. Initially, cytogenetic evaluation was done by 
karyotyping with Giemsa staining, at the 550 bands level. This has an 
average resolution of five million basepairs (5Mb). FISH 22q11.21 for 
detection of the recurrent submicrosopic deletion in this region was added 
from the beginning, because of the often aspecific clinical presentation of 
this microdeletion. 
FISH of the subtelomeric regions was available at that time, but was 
reserved for patients with a very high suspicion for a chromosome 
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abnormality that could not be specifically recognized. The FISH technique 
for examination of the subtelomeric regions was replaced bij array 
Comparative Genome Hybridization (aCGH) and Multiplex Ligation-
dependent Probe Amplification (MLPA) techniques, and was done routinely 
in our patients since 2005. Meanwhile, whole genome array CGH was 
developed, initially with a resolution of 1Mb, increasing to 150kb in 2008, 
in which year it was added to the screening investigations. 
Each introduction of a new technique gave an increase in the number of 
diagnoses. As can be expected with increasing resolution, the size of 
diagnosed deletions and duplications decreased, and the diagnosed 
patients exhibited increasingly less clinical features that are classically 
regarded as indications of chromosomal imbalance; e.g. more and more 
widespread dysmorphic features, malformations of the brain, genitals and 
other organs, growth retardation.108 The other side of theis coin was the 
documentation of many small variations that are not necessarily 
pathogenic.109 
Since 2009, karyotyping has been abandoned as a first screening test. 
An overview of patients diagnosed with genomic copy number aberrations 
can be found in chapter 2. 
 
Mutation analysis of specific genes 
Fragile-X syndrome due to the recurrent CGG repeat expansion in the 
FMRI gene is a common cause of DD. Testing for this mutation was done 
in all patients, when no other cause could be easily recognized. This is in 
accordance with most guidelines on diagnostic evaluation of DD. In the 
past, checklists have been developed to select patients for molecular 
genetic testing.34, 35 However, these do no translate to young children, 
and are not applicable in girls. Four of the five patients (among whom two 
girls) with Fragile-X syndrome in the cohort would not have been 
diagnosed, using such criteria. 
Other molecular genetic investigations were done on the basis of suspicion 
for specific diseases. This suspicion could be purely clinically based, or 
could arise because of laboratory, or neuroimaging findings. 
An overview of patients diagnosed by mutation analysis of specific genes 
is found in chapter 2. 
 
Metabolic investigations 
Standard investigations included biochemical screening of the function of 
most organs and cell organelles. This was done to generate additonal 
clues, as well as proving or excluding specific groups of disorders, 
especially various groups of inborn errors of metabolism (IEM). 
We choose to conduct these investigations in all patients, provided that 
another condition could not be recognized at the first visit. Clearly, this 
deviated from existing guidelines that are discussed above. We did so, 
because we were convinced that several disorders, covered by these tests, 
could present aspecific. Also, in our team, we shared the opinion that 
missing these disorders would be unacceptable. Another core notion in 
this matter has been that many IEM not only have a classical or severe 
presentation, but usually have milder variants. The patient with GAMT 
deficiency is an example (chapter 5). Additionally, many IEM need many 
years to develop their pathognomonic features, e.g. Sanfilippo syndrome. 
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The use of these screening investigations, in the context of the diagnostic 
workup by our team, was assessed in chapter 2 and chapter 6. The use of 
almost all screening metabolic investigations could be illustrated directly 
from our cohort. 
 
Creatine biosynthesis and transport 
Cerebral deficiency of Creatine (Cr) was first described in 1996, due to the 
application of proton magnetic resonance spectroscopy.90 Meanwhile two 
disorders of biosynthesis, and one disorder of transport have been 
delineated.66 The disorders of Cr biosynthesis can be treated. An early 
timing of treatment has proven to be of utmost importance for success.110 
These disorders may lack pathognomonic features, and it is certainly not 
possible to exclude cerebral Cr deficiency on the basis of clinical features. 
One patient from our cohort had an exceptionally mild presentation of 
guanidinoacetate methyltransferase deficiency, and responded remarkably 
well to treatment with Cr supplementation, with developmental quotient 
scores improving with three standard deviations. Clinical, biochemical and 
neuroradiological studies in this patient are described in chapter 5. 
Screening for treatable disorders unquestionable must be done at the very 
beginning of diagnostic evaluation of DD. 
 
Lysosomal disorders 
Typically, lysosomal storage diseases can be recognized on the basis of 
progressive neurological features and regression, often (but not always) 
accompanied by coarsening, dysmorphic features, and organomegaly. The 
presentation of these diseases may be very insidious, sometimes taking 
years to reach the fullblown clinical picture. Major changes in therapeutic 
possibilities have changed the outcome, urging for a timely diagnosis.111 
Therefore, screening for these disorders is warranted. 
It must be taken into account that such a screening is not easy and 
cannot be complete. Screening for these diseases by measuring 
metabolites in urine is restricted to those in which water soluble 
substances are accumulated and excreted. 
In cases where a lysosomal storage disease could be clinically suspected, 
therefore, it is not sufficient to do screening investigations in urine alone. 
 
Investigations in the cerebrospinal fluid 
Most guidelines recommend some form of screening for IEM on the 
metabolite level in blood and urine. However, some IEM can only be 
diagnosed by measuring metabolites in the cerebrospinal fluid (CSF). In 
our cohort we obtained and investigated the CSF in selected cases. By 
now, we are aware of the fact that this restrictive selection might have 
prevented some patients from being diagnosed. This should be further 
explored in the future. Several (groups of) diseases must be taken into 
account: 
 Glucose Transporter defect (GLUT1 deficiency): this disorder has a 

very wide clinical spectrum, as clearly described in the literature.24 We 
diagnosed two patients (one patient reported inchapters 2 and 5, and 
one more recently) with only very mild features; 

 Serine synthesis defects: these disorders have only scarcely been 
described, and the clinical spectrum already starts widening;112 
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 Cerebral folate deficiency: several causes of cerebral folate deficiency 
exist, both on the basis of mutations in the folate recepter gene 
(FOLR1), and due to autoimmune activity against this receptor. These 
disorders can be treated with oral folinic acid. The clinical spectrum of 
these disorders again is very wide, with sometimes a very mild 
presentation;27, 28, 113, 114 

 Biogenic amine metabolisme defects: these diseases usually have a 
presentation with severe neurological signs in addition to DD as 
such.115 However, the clinical spectrum probably is not fully 
crystallised yet. 

The use of performing these investigations in CSFshould be explored in 
the future. The advent of whole genome sequencing probably will facilitate 
the diagnosis of some (but not all) of the conditions mentioned here. 
 
Cerebral imaging and spectroscopy 
Looking for structural abnormalities of the brain, at first sight, seems very 
important in the diagnostic evaluation of DD. Structural abnormalities 
indeed are frequently seen in children and adults with DD. However, the 
finding of these abnormalities attributes to an etiological diagnosis in a far 
lesser number of patients. In chapter 4, we describe the diagnostic yield 
of cerebral MRI and proton magnetic resonance spectroscopy (1HMRS) in 
109 patients. Abnormalities were documented in over 80% of scanned 
patiënts. These finding helped with establishing a diagnosis in 9%, but 
were not intrinsically diagnostic. Neurological features, that were regarded 
fortifying the indication for cerebral imaging, had been present in these 
9% of scanned patients. This, again, underlines the importance of clinical 
expertise, to recognise these features. On the basis of our cohort, it 
cannot be concluded that absence of neurological symptoms excludes MRI 
results that lead to a diagnosis. 
 
 
The significance of multiple clinical expertise 
 
Existing guidelines advise various kinds of further expertise, depending on 
specific features of the patients. 
In our team, all patients were seen first by the interdisciplinary trained 
coordinating physician. Later in the diagnostic traject, provided no 
diagnosis was recognized or was made due to screening investigations, we 
chose patients to be seen by all team members: clinical geneticist, 
paediatrician for metabolic diseases, child neurologist, child psychiatrist 
(selected cases) and ophthalmologist. 
Both stages of application of clinical expertise had a considerable 
diagnostic yield. This is described in chapter 2, describing the diagnostic 
yield of the respective elements of diagnostic investigations. In 172 
(26.9%) of 639 patients, a diagnosis could be made. In 32.0% of these 
172 patients, the diagnosis was recognised at the first visit. In 14.5%, 
clinical suspicion first arose in the phase of multidisciplinary evaluation. 
Sometimes a diagnosis was recognized by another specialist than the 
interdisciplinary trained physician would have suspected. An example is 
the diagnosis of dystrophia myotonica in a boy with global DD, in whome 
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a syndromal condition was suspected beforehand, but in whom the 
stigmata of his condition were recognised by the child neurologist. 
These observations show the importance of performing a multidisciplinary 
evaluation in patients with DD in whom a diagnosis cannot be made by a 
single physician. 
 
 
The future of diagnostic evaluation: fast forward, but do not omit 
to see a doctor first 
 
In forthcoming years a number of developments can be expected, which 
we will shortly discuss: 
 technical advances, most notably whole genome sequencing; 
 the application of investigations in the cerebrospinal fluid; 
 the development of algorithms to diagnose complex, multigenic 

disorders, most notably disorders of energy synthesis 
 the way in which the process of diagnostic evaluation will be shaped in 

The Netherlands and other parts of the world. 
 
Technical advances – whole genome sequencing 
Whole genome (exome) sequencing is now both technically and financially 
feasible. Interpretation of results is the main hazard to overcome in 
forthcoming years. 
Certainly, this technique will enable to diagnose a larger part of the 
patients presenting with DD. Several publications have shown 
examples.29, 30, 116-118 The importance of this technique can also be 
deduced from the many papers, reporting pathogenic mutations in genes, 
in patients with DD lacking very specific features. 
Also, this technique will ease the molecular genetic diagnosis of several 
categories of clinically recognizable disorders and clusters of symptoms, in 
which at present sequential analysis of a package of multiple genes is 
needed. Examples are Bardet-Biedl syndrome, diseases of oxidative 
phosphorylation, and aspecific X-linked mental retardation.119, 120 
Despite these expected benefits, some problems probably will prove hard 
to solve, in analogy with tests for assessment of copy number 
variations.121 Many variations will be found that are not necessarily 
pathogenic. Confirmation of pathogenicity of mutations will be particularly 
troublesome in families in which a multifactorial cause of DD seems 
obvious. 
Therefore, careful clinical examination before embarking on whole genome 
sequencing will remain of utmost importance. No time should be lost to 
diagnose treatable diseases, as well as conditions that cannot be detected 
by whole genome sequencing. Having said this, whole genome sequencing 
should be made available to all patients presenting with DD, most sensibly 
in an early phase of diagnostic evaluation. 
 
Investigations in the cerebrospinal fluid 
As indicated above, the role of biochemical investigation in CSF must be 
investigated further. These investigations are targeted at medical 
conditions that cannot be diagnosed by investigation of blood and/or 
urine. 
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From the literature, it is already evident that part of these conditions have 
a rather unspecific presentation. Furthermore, several of these conditions 
can be treated, improving prognosis. 
Though these benefits are clear, further research should point out the 
prevalence of these conditons in DD, and whether it is possible to select 
patients in whom such a condition can be fully excluded on clinical 
grounds. 
The main barrier for introducing CSF investigations in a screening fashion 
in algorithms for diagnostic evaluation of DD is the need for sedation in at 
least some of the patients.  
 
Rationale for the diagnostic approach of diseases of oxidative 
phosphorylation 
Mitochondrial diseases deserve furher attention in the future. In our 
cohort, a considerable number of patients were diagnosed with a defect of 
oxidative phosphorylation. In this matter, our cohort contrasts with other 
reported cohorts. This difference probably reflects our vigilance for these 
entities, and the fact that we were prepared to really dig into these 
disorders, rather than a difference in prevalence. Given the complexity of 
the mitochondrial biochemical apparatus, with more than 100 nuclear 
bound genes, a relatively high prevalence of these this orders can be 
expected. Possibly, many of these disorders are caused by compound 
heterozygosity of multiple mutations, each not being pathogenic on it’s 
own. 
Up to now, it is possible to diagnose these disorders on the molecular 
genetic level in only a minority of the patients. This is illustrated in 
chapter 6. Future research must induce a rationale for approaching 
diagnostics in this matter. Probably, whole genome sequencing will be of 
help in diagnosing these IEM.122 
 
Shaping the diagnostic evaluation of DD 
When discussing the future of diagnostic evaluation of DD, the easiest 
portion is the advent of new diagnostic techniques as such. However, the 
application of these techniques necessitate the development of true 
synergy and exchange between clinical and technical expertise. The 
plethora of possible causes of DD at present is often felt as deterrent by 
clinicians, not specifically dealing with DD. The introduction of new 
techniques will help to diagnose some more patients relatively easily, but 
does not make the field more clear. 
These developments urge for specialised centres. The expertise of these 
centres should be available for all patients with DD – in analogy to the 
flowchart for the diagnostic evaluation of DD, as proposed here (figure 
7.1) and in chapter 2. The intensity of attention from such a centre should 
be individually tailored. Different models can be thought of to facilitate 
this: regular case discussions with a delegation from the centre, possibly 
supported by photo or video material of the patient; visits of the 
specialized team in the local hospital, enabling both case discussions and 
examining the patient in vivo. These formats of collaboration also will help 
to maintain and strengthen the diagnostic power of the referring 
physicians. 
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Further research on the use of a specialised centre for diagnostic 
evaluation of DD is needed to quantify the diagnostic yield of the expertise 
in such a centre. An example of a study to be designed could be to 
compare the diagnostic results in two groups of children presenting with 
DD from two comparable regions: in one region the diagnostic 
infrastructure remains unchanged; in the other region, all patients 
presenting with DD are referred to the centre in case a diagnosis cannot 
be made. 
 
 
Concluding 
 
Determining the etiology of DD is very important. This should be done as 
early as possible, because of repercussions for treatment and genetic 
counselling. 
 
The etiology of DD is very diverse, and it's diagnostic evalutation might 
look complicated due to this. Guidelines help physicians to conduct 
diagnostic evaluation in a rational way. On the basis of the research 
presented in this thesis, we propose following specifications for future 
guidelines: 
 the diagnostic evaluation of DD is a multidisciplinary effort. A truly 

synergistic effect of multidisciplinary expertise is needed, which can be 
reached when the diagnostic process is actively overseen by a 
physician leading the diagnostic process; 

 investigations, as listed in table 2.1, are done in all patients in whom a 
diagnosis cannot be made otherwise. 

These elements are included in the simple flowchart in Figure 8.1. 
 
Future developments concern the emergence of new techniques, 
improvement of the use of already existing techniques, development of 
algorithms for the diagnosis of prevalent complex diseases, and 
embedding diagnostic evaluation of DD in the medical field. 
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Figure 8.1 Flowchart for the diagnostic evaluation of developmental 
delay. Patients enter the algorithm in case of documented or 
unquestionable developmental delay, in whom the cause of the delay is 
not allready evident. 
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