
 

 

 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


 

 

2 
The ABC of diagnosing the etiology 

of developmental disability: 
a cohort-based algorithm 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Krijn T. Verbruggen (a), Irene Stolte-Dijkstra (b), Roelineke J. Lunsing 
(c), G. Peter A. Smit (a), Tom F.H. Scheers (d), Roel Hordijk (b), Antonie 
J. van Essen (b), Maartje Boon (c), Jan Willem R. Pott (e), Pieter J.J. 
Sauer (a), Oebele F. Brouwer (c), Francjan J. van Spronsen (a) 
 
Beatrix Children's Hospital (a), Department of Genetics (b), Department of 
Neurology (c), Department of Ophthalmology (e), University Medical 
Centre Groningen, University of Groningen, Groningen, The Netherlands 
Accare University Centre for Child and Adolescent Psychiatry, Groningen, 
the Netherlands (d) 
 
 
 
 
 
 
 
 
 
 
Submitted 
 



 

 

Abstract 
 
Background and aim: Developmental delay, as a harbinger of 
intellectual disability, is a prevalent condition. Early diagnosis is warranted 
because of treatment options and genetic counseling. A timely diagnosis 
asks for adequate clinical awareness and a thorough and efficient 
diagnostic process. The question how to shape this process has not been 
definitely answered. Therefore, we assessed the role of several aspects of 
such a diagnostic workup in a cohort of patients referred for diagnostic 
evaluation of developmental delay. What is the role of clinical experts, and 
which investigations should be done on a screening basis? 
Methods: The data of 639 patients, who were referred to our mixed 
secondary/tertiary centre for diagnostic evaluation of developmental 
delay, were analysed. The patients were offered a structured evaluation in 
three consecutive steps: A) examination by an interdisciplinary trained 
physician, if possible followed by confirmation of the most probable 
diagnosis; B) screening investigations (high resolution array CGH, DNA-
analysis of CGG repeat length in the FMR1 gene, and an array of 
biochemical/metabolic investigations); C) multidisciplinary evaluation by 
clinical geneticist, paediatrician for metabolic diseases, child neurologist, 
child psychiatrist and ophthalmologist, followed by targeted investigations. 
Results: An etiological diagnosis could be established in 172 (26.9%) 
patients. The diagnosis originated from step A in 55 (32.0%), step B in 92 
(53.5%), and step C in 25 (14.5%) patients. Most prevalent diagnoses 
were chromosomal aberrations (50.6%), inborn errors of metabolism 
(17.4%) and other monogenic conditions (11,0%). 
Conclusion: In the diagnostic evaluation of developmental delay both a 
wide array of screening investigations and, in case this fails to establish a 
diagnosis, multidisciplinary clinical expertise are relevant. 
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Introduction 
 
Developmental delay (DD), as a harbinger of intellectual disability, is 
frequently encountered in paediatric practice. The prevalence of 
intellectual disability in the general population is estimated up to three 
percent.1, 2 
The establishment of an etiological diagnosis is of utmost importance, 
because it informs the patient’s family, and healthcare professionals about 
possibilities of medical treatment, secondary prevention, prognosis, and it 
enables accurate genetic counselling.6 The diagnostic evaluation of DD is 
challenging, due to the plethora of possible causes, each with a (very) low 
prevalence. Existing guidelines give suggestions for the initial workup of 
patients presenting with developmental delay.9-12 
After execution of the suggested program without finding an etiology, 
several questions often remain: could the condition of the patient have 
been missed caused by a too narrow array of additional investigations; 
could special features of the patient be missed due to relative 
inexperience or focus of the attending clinician? Also, these guidelines 
need continuous updating because of technical advances in various 
modalities of additional investigations, and discovery of until recently 
unknown (treatable) diseases. 
 
Here, we present the results of a structured multidisciplinary evaluation 
including additional investigations in a mixed secondary and tertiary 
cohort of 639 children with DD. Primary questions concerned the 
diagnostic yield of a fixed set of screening investigations (table 2.1), and 
the diagnostic yield of multiple clinical expertise and targeted 
investigations, conducted as a team effort. The ultimate goal of the 
present work was to propose an up to date rationale for the diagnostic 
evaluation of a child presenting with DD, highlighting the proper function 
and extent of screening investigations, and the usefulness of 
multidisciplinary clinical expertise. 
 
 
Materials and methods 
 
Patients 
Patients were referred to the multidisciplinary outpatient clinic for etiologic 
diagnostic evaluation of DD at the University Medical Centre Groningen, 
which serves as a secondary and tertiary referral centre, serving a region 
with approximately three million inhabitants. Six hundred and thirty nine 
patients (426 males and 213 females) made their first visit between 
October 2002 and September 2009. Referral to this team had been 
accepted in case of significant global DD (e.g. IQ < 70 or developmental 
abilities persistently more than two standard deviations below the mean). 
Also, patients with an IQ above 70 were accepted if additonal features, 
suggesting that a diagnosis could be made on the basis of the team's 
expertise were present. Examples of such features were: developmental 
quotients more than two standard deviations below those of the parents 
and siblings; dysmorphic features; extreme behavioural disturbances; 
neurologic signs and symptoms. 
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Median age was 5.2 years, interquartile range 2.9 – 8.3 years. Of the 639 
patiens, 87 had an IQ above 70, 294 had a mild delay, defined as quotiënt 
scores in the range 50-70, or 2-3 SD below the mean, and 258 had a 
more severe delay. Four hundred and seventy one patients had been seen 
previously by a paediatrician, neurologist or clinical geneticist, because of 
DD. The other 168 patients were predominantly referred by child 
psychiatrists or primary care physicians. 
 
Diagnostic workup 
The primary aim of the diagnostic evaluation by the multidisciplinary team 
was to establish an etiological diagnosis. Other (para)medical issues were 
frequently encountered, but these were not the subject of this study. 
The diagnostic workup in our centre was performed with a stepwise 
approach. 
The first step (A) 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. 
In the second step (B), performed if the first one had been non-
diagnostic, screening laboratory investigations, as listed in table 2.1, were 
done. These included cytogenetic evaluation, DNA analysis for fragile X 
syndrome, basic biochemistry, and screening for various groups of inborn 
errors of metabolism (IEM). 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 third step (C) of the workup was undertaken, when no diagnosis could 
be made in the first two steps. This consisted of 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 venipunctures 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. 
 
 
Results 
 
An etiological diagnosis was established in 172 (26.9%) patients, listed in 
supplemental table 2.1. 
 
An overview of how diagnoses were reached in different diagnostic 
categories is given in table 2.2. The diagnostic path was categorized in 
analogy with the three-steps (A-B-C) design of the diagnostic workup, and 
labeled A, B or C. 
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A: In 55 patients (32.0%) the diagnosis had been specifically mentioned 
after the first visit to the interdisciplinary trained physician. In 15 (8.7%) 
of these patients (labeled A1) confirmation of the most probable diagnosis 
was done by the interdisciplinary physician alone. In 40 (23.3%) patients 
(labeled A2) it was judged worthwile to involve other members of the 
team – especially when invasive procedures were required, or expert 
guidance of testing was needed to confirm clinical diagnosis. 
Children diagnosed with chromosomal imbalance were only placed in this 
category when the specific deletion or duplication had been specified 
before cytogenetic testing (e.g. by stating ‘deletion 22q11.2’, rather than 
‘chromosomal’), though chromosomal imbalance without further 
specification was regarded clinically probable in many more patients. 
B: In 92 (53.5 %) patients, the diagnosis could be made on the basis of 
the screening investigations. Most of these patients were diagnosed with 
genomic copy number aberrations, being the most prevalent cause of 
DD.13 
C: In 25 (14.5 %) patients, the diagnosis originated only from the specific 
expertise of one or more team members. 
 
We shortly describe the diagnoses in different diagnostic categories. 
 
Non-inborn disorders, n=16 
Non-inborn causes of DD were suspected from the clinical history and the 
findings at neurological examination, and could be sustained by cerebral 
imaging. These diagnoses can never be based on screening investigations 
alone, because they need careful consideration of alternative diagnoses. 
Acquired diagnoses were fetal alcohol syndrome (n=1), complicated 
monozygotic twin pregnancy (transfuseur) (n=1), congenital infection 
(n=3), perinatal asphyxia (n=7), postnatal infections and/or circulatory 
events (n=4), and cervical myelopathy probably due to a trauma at 
delivery in a patient with predominant motor disturbance in whom the IQ 
turned out to be within the normal range (n=1). 
 
Chromosomal, n=87 
All diagnoses of chromosomal aberrations can be established by the 
screening investigations as listed in table 2.1 . The most sensitive 
technique – array comparative genomic hybridization of the whole 
genome – was incorporated in the screening investigation program in 
2008. The present list of screening investigations developed during the 
years of this study. Therefore, 27 of the 87 patients were diagnosed in a 
later phase of our program after consultation of the clinical geneticist. 
 
Mutations of specific genes, n=19 
Fragile-X syndrome (n=5) was clinically suspected and subsequently 
confirmed in two boys and one girl, and was diagnosed by screening 
investigations in one boy and one girl. M. Duchenne (n=1) presenting with 
predominant mental deficiency, was diagnosed after a routinely measured 
elevated CK activity in blood at the age of four years. Most molecular 
genetic diagnoses could be established after recognition of specific 
features either in step A or C: Angelman syndrome (UBE3A mutation) 
(n=1: two additional cases of Angelman syndrome due to 15q12 deletions 
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in the category genomic copy number variations), ARX mutation (n=1), 
Cohen syndrome (n=1), neurofibromatosis type 1 (n=1), Opitz-Kaveggia 
syndrome (n=2)14, Norrie syndrome (n=1), Rett syndrome (n=2), Sotos 
syndrome (n=2), myotonic dystrophy (n=1), and trichothiodystrophy 
(n=1). 
 
Syndromal diagnoses that could not be confirmed by mutation analysis, 
n=7 
Syndromal diagnoses, in which DNA confirmation was not possible, were 
based on the combination of characteristic features: Bardet Biedl 
syndrome (n=2), Cornelia de Lange syndrome (n=1), Joubert syndrome 
(n=1), Lenz microphthalmia (n=1), MPPH (Megalencephaly + perisylvian 
Polymicrogyria + postaxial Polydactyly + Hydrocephalus) (n=1), 
Nicolaides Baraitser syndrome (n=1).15-17 
 
Inborn errors of metabolism, n=29 
A minority of the patients with an inborn error of metabolism were 
diagnosed as a result of screening investigations, as listed in table 2.1: 
guanidinoacetate methyltransferase deficiency (n=1)18, a very mild 
presentation of M. Canavan (n=1), thyroid hormone resistance syndrome 
(n=1), thyroid hormone transporter defect (n=1)19, 20, congenital defects 
of glycosylation types Ic (n=2) and Ih (n=1). 
The majority of the diagnoses was based on specific investigations, 
initiated because of recognition and interpretation of clinical features of 
the patients: glucose transporter defect (n=1), neuronal ceroid 
lipofuscinoses of the infantile (n=1) and late infantile type (n=1), 
subacute Tay-Sachs disease (n=1), disorders of oxidative phosphorylation 
(n=14). 
A few patients had metabolite aberrations or laboratory diagnoses that 
were regarded crucial for the diagnosis, while the pathogenesis was not 
fully understood: congenital defects of glycosylation type Ib (n=2, evident 
from screening investigations), cerebral folate deficiency (n=1), isolated 
intracellular vitamin E deficiency (n=1). 
 
Miscellaneous, n=13 
Thirteen patients were diagnosed with conditions outside the 
abovementioned categories: a specific pattern of cerebral dysgenesis 
(n=2) was recognized in patients whose ancestors descended from the 
same geographic region, in whom consanguinity (both intra- and 
interfamilial) could be proven; cerebellar dysgenesis (n=1); congenital 
white matter hypoplasia (n=1); specific pattern of cerebral and cerebellar 
dysgenesis in a patient (n=1) and his mildly affected mother; pachygyria 
(n=3) (two sisters, one isolated case), pontocerebellar hypoplasia plus 
several aspecific cerebral malformations in siblings (n=2) with 
consanguineous parents. The results of cerebral MRI were essential for 
these diagnoses. 
A few patients (n=3) were diagnosed with 'pure familial' developmental 
disability, combined with mild perinatal complications. The phrase ‘pure 
familial developmental disability’ is used when a multifactorial or 
multigenic cause can be suspected, because of widespread intellectual 
disability in the family, and that the child’s development does not really 
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deviate from the parent’s development and a monogenic cause was not 
evident. 
 
 
Discussion 
 
In our cohort of children evaluated because of DD, an etiological diagnosis 
could be established in 172 (26.9%) of 639 patients. Investigations based 
on clinical judgement by the interdisciplinary trained physician in step A, 
led to 32.0% of diagnoses. Screening investigations (table 2.1) performed 
in step B led to 53.5% of diagnoses. Targeted investigations based on 
clinical suspicion, first raised by multidisciplinary evaluation in step C, 
resulted in 14.5% of diagnoses. 
 
Roughly three quarters of referred patients in our cohort had been 
evaluated because of DD by at least one paediatrician, neurologist or 
clinical geneticist, which had not resulted in a diagnosis, defining our team 
as a predominantly tertiary expertise centre. Also, our team operated as a 
collective, with an equal contribution of all team members, and without a 
focus on a special category of disorders, preventing the enrichment of this 
cohort with specific disorders. 
A methodological issue to be addressed is how the data from the present 
cohort can be translated to any specialist's everyday's practice. The 
common attribute of the patients was the fact that they were referred to 
our team. Several categories of patients with DD are not seen in our 
team: patients whose condition was diagnosed perinatally; patients 
diagnosed in one specialist's personal practice; patients diagnosed on the 
basis of investigation recommended in existing guidelines9-12; patients in 
whom an etiological diagnosis is not wanted; patients in whom the non-
referring physician judges referral not worthwhile. Therefore, the results 
of our cohort best translate to the practice of specialists who are expected 
to conduct in depth evaluation of DD, but the results also contain valuable 
information for physicians who may consider referral to these specialists. 
 
The diagnostic evaluation of DD should be shaped individually, but 
common considerations can be made. For example, it does not make 
sense to perform extensive additional investigations in a patient with a 
recognizable syndrome or disease, that cannot be diagnosed by these 
investigations. On the other hand, standard investigations may 
unexpectedly yield diagnostic results, that could not reasonably be 
foreseen. 
In daily practice, the dilemma becomes clear from several possibilities 
that the attending clinician may contemplate after initial evaluation that 
yielded no clues: failure to recognize the patient's condition by 
overlooking or misappraisal of any symptom; omission of investigations 
covering treatable and/or genetic conditions that may present in an 
aspecific way; possible benefit from evaluation by one or more colleagues 
who have done more specific training in examining this group of patients? 
 
On the basis of the results and the experience in this study, we propose a 
simple flowchart, as depicted in figure 2.1, to be applied in every patient 



Chapter 2 

 22 

with DD. Of course, individual aspects and circumstances of the patient 
and the family may modulate the actual timing of respective elements. We 
now discuss the evidence for each of the three respective parts of the 
flowchart. 
 
First (A): examine the patient, formulate differential diagnostic 
considerations, check most probable diagnosis 
Obviously, examining the patient, and generating a differential diagnosis, 
is a corner stone of medical practice. In DD, clinical history stretches from 
conception to present, and must be explored actively. Specific features 
can focus the differential diagnosis in a very early phase. Family history, 
specifically regarding developmental disorders, congenital malformations 
and possible consanguinity, can put genetic disorders on the forefront. 
Physical examination aims to identify other symptoms that can be part of 
the condition that causes the DD. 
In this phase, investigation of auditory and visual acuity, if not already 
done, should be considered, not only to rule out dysfunctions hereof as a 
cause of DD, but also to acquire additional clues for a diagnosis.  
The importance of this first phase looks self evident, and its significance is 
quantified by the 32.0% diagnoses suggested by the interdisciplinary 
trained physician on the basis of a first clinical examination. A further 
14.5% of diagnoses were based on clinical expertise in step C. 
Additionally, in most of the patients with cytogenetic copy number 
aberrations, this diagnostic option had been suspected, however without 
specification of the chromosomal location involved. 
 
Second (B): screening investigations as listed in table 2.1. 
Selective confirmation of the most probable diagnosis is a very efficient 
way to establish a diagnosis. Which number of patients can be diagnosed 
this way depends on the skills, training and experience of the attending 
physician. In the remaining patients, the next step is performing screening 
investigations. These investigations aim to provide further diagnostic 
clues, or to diagnose or exclude specific (categories of) disorders. 
Debate is ongoing which screening investigations should be done, when a 
diagnosis is not evident from the first phase of diagnostic evaluation. This 
question can be rephrased more positively as: which disorders can present 
with DD, and might lack easily recognizable characteristic features at the 
child's present age. With this in mind, in table 2.3 we further explain the 
rationale for the investigations we routinely performed. 
In our cohort, 53.5% of diagnoses were made in the phase of screening 
investigations. However, it should be noted that many diagnoses of 
genomic copy number variations, but lacking a more specific suspicion for 
the region involved, had been clinically suspected. 
 
Third (C): arrange consultations of clinical geneticist, paediatrician for 
metabolic diseases and paediatric neurologist, aiming for a joint effort of 
these specialists. 
In 14.5% of diagnosed patients, the basis for the diagnosis was first 
generated in the step of multidisciplinary evaluation. These numbers 
clearly indicate the use of arranging multiple clinical expertise. 
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It cannot be proven from the data itself, that the multidisciplinary effort is 
superior over sequential expertise of the respective specialists. However, 
it was observed, that a considerable number of diagnoses made in this 
step turned out to have a completely different background than first 
thought by the referring specialist or interdisciplinary trained physician. 
Also, the synergistic effect of examining children in one place on a single 
day, followed by an interdisciplinary discussion of the case, helped focus 
the diagnostic workup. 
 
Finally, we shortly discuss some additional diagnostic modalities that are 
frequently used in the evaluation of DD. 
 
Child psychiatry 
Evaluation by the child psychiatrist of the team, though rarely yielding 
very specific symptoms with regard to the etiology, was frequently very 
important for proper understanding of the developmental profile and 
course of the patient. 
 
Ophthalmological and auditory evaluation 
Most guidelines for the evaluation of DD advise auditory and 
ophthalmological examination for three reasons. First, receptive 
dysfunction may be the primary cause of DD. Second, it is well known that 
hearing and visual impairments are highly prevalent amongst patients 
with DD. Third, the finding of ophthalmologic or auditory abnormalities, 
may give a valuable diagnostic clue for the etiology.21, 22 
Ophthalmological examination was routinely done in patients entering the 
third step of the algorithm, in case that full ophthalmologic examination, 
including inspection of the media and fundi, had not been done before. 
However, ophthalmological examination could be repeated in children 
suspected of progressive disorders, and children suspected of conditions 
associated with ophthalmological aberrations (e.g. neurofibromatosis, 
Bardet-Biedl syndrome, neuronal ceroid lipofuscinosis, intracellular 
vitamin E deficiency, congenital infections, etc.), and children with 
apparent visual dysfunction. Dozens of patients received prescription 
glasses, frequently associated with improvement of development. Apart 
from that, in dozens of patients the opthalmological findings helped 
sorting out diagnostic possibilities, or were indispensible in confirming the 
diagnosis. Therefore, we recommend ophthalmological examination at 
least once in all children presenting with DD. 
Auditory deficits were encountered frequently, most often due to middle 
ear dysfunction, enabling treatment, associated with improving (language) 
development. In most patients, auditory evaluation had been done before 
referral, reflecting common practice to refer children for auditory 
evaluation as one of the first steps when a child is suspected of 
developmental delay. 
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Electroencephalography 
EEG was sometimes done to rule out epileptic encephalopathy, but was 
never diagnostic with regard to underlying etiology in our cohort. We 
obtained several abnormal EEG's in patients with Angelman syndrome, but 
this diagnosis had already been suggested on the basis of clinical features 
and relevant additional investigations before.23 Likewise, epileptic seizures 
and abnormal EEG's were documented in patients from all diagnostic 
categories, as well as in undiagnosed patients. 
 
 
Cerebrospinal fluid analysis 
Disorders of glucose transport, serine synthesis, neurotransmitter 
metabolism, and cerebral folate can be diagnosed in CSF, when sampled 
correctly.24-28 The clinical spectrum of several of these disorders is very 
broad. Therefore, when these investigations are only done in patients 
presenting with the classical symptoms of these diseases, milder 
presentations will escape from being diagnosed. This issue should be 
further explored in the future. 
 
Future aspects 
Exome sequencing will begin to come available in clinical practice within 
the next years. This technique will certainly help with the diagnostic 
evaluation in a fraction of the patients presenting with DD, given the large 
number of publications describing pathogenic mutations in many different 
genes in patients with (aspecific) DD.29, 30 The main challenge will be to 
confirm or reject pathogenicity of the many private mutations that will be 
found. Definite proof of pathogenicity must come from finding such 
mutations in other patients. However, this requires very large numbers of 
patients. Many variations will remain of unknown clinical significance. Most 
certainly, it will remain very difficult to diagnose multigenic disorders. 
Whole genome sequencing should become available in all patients with DD 
at a relatively early stage, probably best in the second step (B) of the 
diagnostic algorithm presented here (figure 2.1), along with, or 
immediately after detection of copy number aberrations. However, the 
elaboration of whole exome sequencing should not delay the diagnostic 
process, and should not prevent the patient from exposition to relevant 
clinical expertise (step C) except in case of very bold diagnostic results.  
 
Comparison with other centers 
The approach as followed in our centre seems rather unique in several 
aspects:31-33 
 the expertise and effort of an interdisciplinary trained coordinating 

physician, aiming for a truly synergistic result of the various clinical 
expertise. To our knowledge, very few centres have a group of experts 
collaborating on a regular basis, specifically in the diagnostic 
evaluation of DD; 

 the extent of the screening investigations. We are not aware of 
cohorts of patients receiving a comparable set of investigations. 

Comparison with other published cohorts of patients evaluated because of 
DD is difficult, mostly because of referral bias. For example, some centres 
implement more strict conditions before referral, requiring screening 
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investigation much like in table 2.1.33 Other cohorts differ from the 
present cohort in that the investigated patients all are the clientele of a 
single subspecialist.31, 32 
 
 
In conclusion, on the basis of the this study, we advise a simple approach 
in three consecutive steps (figure 2.1): 
A) Examine the patient, formulate differential diagnostic considerations, 
check most probable diagnosis; 
B) Conduct screening investigations as listed in table 2.1; 
C) Arrange consultations of clinical geneticist, paediatrician for metabolic 
diseases and paediatric neurologist, aiming for a joint effort of these 
specialists. Perform further additional investigations, depending on 
differential diagnostic considerations by this team. 
 
 

 
Figure 2.1 Proposal for the diagnostic evaluation of developmental delay 
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Table 2.1 Investigations routinely performed in patients with DD, lacking 
a probable diagnosis after first clinical examination. 
Investigation 
Genetics 
Karyotype 
Moleculary cytogenetic investigation, e.g. whole genome aCGH 
DNA screening Fragile-X syndrome 
 
'Basic' lab 
BL: full blood count, hemoglobin, sodium, potassium, chloride, urea, 
creatinine, urate, aspartate aminotransferase, alanine aminotransferase, 
creatine phosphokinase, lactate dehydrogenase, calcium, phosphate, 
albumin, glucose, pH 
U: protein, glucose, pH, ketones 
 
Metabolic 
Intermediary metabolism 
BL: amino acids 
U: amino acids, organic acids, purines and pyrimidines 
Lysosomal metabolism (with water soluble metabolites) 
U: mucopolysaccharides, oligosaccharides, B-mannose, sialic acid 
containing oligosaccahrides 
Peroxisomal metabolism 
BL: pristanic acid, phytanic acid, pipecolic acid, very long chain fatty acid 
ratio's 
Cholesterol biosynthesis 
BL: cholesterol, 7-dehydrocholesterol 
Mitochondrial metabolism 
BL lactate, pyruvate 
Creatine metabolism 
BL & U: creatine and guanidinoacetate 
Congenital defects of glycosylaton 
BL: sialylation profile of transferrin 
Thyroid metabolism 
BL: thyroid stimulating hormone, free tetraiodo thyroxine and free triiodo 
thyroxine 
 
Cerebral imaging* 
MRI of the brain including: transversal inversion recovery (IR), T2 
weighted, fluid attenuated inversion recovery (FLAIR), sagittal T1, coronal 
T2 weighted series, diffusion weighted images; proton spectroscopy, e.g. 
cranial to the lateral ventricle with voxels in grey matter and white matter 
*Indication for cerebral imaging is stronger in case of clear neurological 
signs and symptoms, abnormal head circumference, and in case of severe 
DD. BL=blood, U=urine 
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Table 2.2 Step of the algorithm wherein the diagnosis was established in 
172 patients 
 Timing diagnosis in traject 
Diagnostic category A A1 A2 B C 
Non-inborn 15 - 15 - 1 
Chromosomal 3 3 - 84 - 
Molecular genetic 7 7 - 3 9 
Syndromes 2 - 2 - 5 
IEM 15 4 11 5 10 
Miscellaneous 13 1 12 - - 
 (32.0%) 55 15 40 (53.5%) 92 (14.5%) 25 
A, B and C: see figure 2.1 
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Table 2.3 Relevance of screening investigations 
Screening investigations: evidence and illustrations of 
significance 
Cytogenetic aberrations 
Chromosomal imbalance is a major cause of DD, with prevalence 
estimates growing with introduction of newly available tests. Classically, 
chromosomal imbalance, apart from DD, is characterized by the presence 
of congenital malformations and dysmorphic features. Now that the 
resolution of molecular cytogenetic techniques increases to only 150.000 
base pairs, as opposed to about 5.000.000 base pairs with 550 band 
karyotype, this statement does not hold true anymore. 
 
Fragile-X syndrome (recurrent CGG repeat expansion FMR1) 
Fragile-X syndrome has a relatively high prevalence in all parts of the 
world. Checklists intending to select male patients for testing do not 
translate to paediatric practice.34, 35 Furthermore, girls with Fragile-X 
syndrome present with even broader clinical spectrum. 
 
Inborn errors of metabolism 
Inborn errors of metabolism that may have an aspecific presentation, 
were previously discussed in the review bij García-Cazorlas et al.36 
Creatine biosynthesis and transport. 
These genetic diseases may present very aspecific, as illustrated by the 
patient with guanidinoacetate deficiency from our cohort. This is a 
treatable disease, with a recurrence risk of 25%.37 
Intermediate metabolism. 
Most disorders of small molecules present with a clear clinical picture, 
often with metabolic crises, and thus do not present primarily with DD. 
Patients with these disorders, presenting with DD, thus suffer from mild 
variants of these diseases. These variants often can be treated more 
effectively, indicating the significance of screening for these disorders. 
Lysosomal metabolism.  
Typically, lysosomal storage diseases, have a progressive clinical course, 
often with organomegaly and nearly pathognomonic dysmorphic 
appearance. The importance of screening for these disorders lies in the 
notion that DD or behavioural disturbances may be the first symptom, 
before the specific features come clear. Sanfilippo disease and alpha-
mannosidosis are examples. It should be kept in mind, however, that it is 
impossible to screen for all lysosomal diseases. Urine screening is only 
possible for those diseases in which water-soluble metabolites 
accumulate. 
 
Thyroid metabolism 
Thyroid function has long been recognized as an important condition for 
normal development, leading to screening for congenital hypothyroidism 
in newborn screening programs. Therefore, in western countries, 
congenital hypothyroidism in children presenting with DD is very unlikely. 
However, there are several entities of thyroid hormone dysfunction left, 
that can lead to DD, e.g. thyroid hormone resistance and thyroid 
hormone transport dysfunction, both present in our cohort. 
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Table 2.3 (continued) Relevance of screening investigations 
Routine biochemistry 
Results hereof seldomly present a direct diagnosis, but can add 
biochemical features of the disease that has to be looked for. E.g. 
neutropenia in Cohen syndrome, low calcium in Albright hereditary 
osteodystrophy, high levels of CK in neuromuscular disorders (especially 
Duchenne muscular dystrophy). 
 
Cerebral imaging 
Cerebral imaging was very important in the diagnosis of several patients. 
The chance of finding diagnostically important abnormalities was virtually 
restricted to patients with specific signs and symptoms, leading to 
neuroimaging following our own guidelines.38 
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Supplemental table 2.1 Diagnosed patients, n=168 
Diagnosis Classification 
Non-inborn disorders, n=16  
Cervical myelopathy 4.2 II 
Circulatory failure/hypoxia, complications cardiac surgery 4.3 I 
Circulatory failure/sepsis at 4 yr 4.3 I 
Complicated twin pregnancy, transfuseur 4.1 I 
Congenital CMV infection 4.1 I 
Congenital CMV infection 4.1 II 
Congenital infection, unspecified 4.1 I 
Foetal alcohol syndrome 4.1 I 
Neonatal encephalitis, possibly HSV 4.3 I 
Perinatal asphyxia 4.2 I 
Perinatal asphyxia 4.2 I 
Perinatal asphyxia 4.2 I 
Perinatal asphyxia 4.2 I 
Perinatal asphyxia 4.2 I 
Perinatal asphyxia 4.2 I 
Perinatal infection, silent asphyxia 4.2 I 
  
Chromosomal aberrations, n=87  
46,X,idic(Y)(q11) 1.1 II 
46,X,t(X;11)(q13.3;p13) 1.1 II 
46,XX,r(22) 1.1 I 
46,XX,t(2;10)(p15;p14) 1.1 II 
46,XX,t(6q;3p) subtelomere - del 6q, dup 3p 1.1 I 
46,XY,der(12)t(9;12)(q34.13;p13.32) - del 12p, dup 9q 1.1 I 
47,XX,+der(15)t(3;15)(127;q13) 1.1 I 
47,XX,+r(15)(q11.2q13.1) 1.1 I 
47,XXY 1.1 I 
47,XXY 1.1 I 
Mos 47,XX,+der(22p) 1.1 II 
Mos 47,XX,+r(14)(q11.2->q21.3) 1.1 I 
Inversion dup del 8p 1.1 I 
Del 01p36.22 1.1 I 
Del 01q43q44 1.1 I 
Del 01q44q44 1.1 I 
Del 02p13.6, del 14q13.1 (incl resp NRXN1 and NRXN3) 1.1 I 
Del 02q23.1 (incl MDB5) 1.1 I 
Del 02q37.3 1.1 I 
Del 02q37.3 1.1 I 
Del 02q37.3 1.1 I 
Del 02q37.3 1.1 I 
Del 03q13.32q13.3 1.1 II 
Del 03q14.4q21.1 1.1 I 
Del 03q22 1.1 II 
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Supplemental table 2.1 (continued) Diagnosed patients, n=168 
Diagnosis Classification 
Chromosomal aberratons (continued)  
Del 04p (WHSCR not included) 1.1 I 
Del 04p15.31p15.2 1.1 II 
Del 05q subtelomere 1.1 I 
Del 06p24.3p24.2 (incl TFAP2A) 1.1 I 
Del 06q25.3 1.1 II 
Del 07p22.3 1.1 II 
Del 07q11.23 / Williams S 1.1 I 
Del 07q31.2q31.32 1.1 I 
Del 08q24.12 1.1 I 
Del 09q34.3qter (incl EMTH1) 1.1 II 
Del 11q11q12.1 1.1 II 
Del 14q11.2q12 1.1 I 
Del 15q11.2 1.1 II 
Del 15q11-13 / Angelman S 1.1 I 
Del 15q12 / Angelman S 1.1 I 
Del 18q11.2q12.2 1.1 I 
Del 18q subtelomere 1.1 I 
Del 16p11.13 1.1 II 
Del 16p11.13 1.1 II 
Del 16p11.2 1.1 II 
Del 16p11.2 1.1 I 
Del 16p13.11, dup 15q11.2 1.1 I 
Del 17p11.2 / Smith Magenis S 1.1 I 
Del 17q11.2 1.1 I 
Del 17q12 (incl HNF1B) 1.1 I 
Del 19p13.2 1.1 I 
Del 19q13.1q13.2 1.1 I 
Del 22q11.21 1.1 I 
Del 22q11.21 1.1 I 
Del 22q11.21 1.1 I 
Del 22q11.21 1.1 I 
Del 22q11.21 (atypical) 1.1 I 
Dup 02q33.2q34 1.1 I 
Dup 03p12.3p12.1 1.1 I 
Dup 05q15 1.1 I 
Dup 06p22.2 1.1 I 
Dup 06q26q27 1.1 I 
Dup 07q11.23 1.1 I 
Dup 07q11.23 1.1 I 
Dup 08q subtelomere 1.1 II 
Dup 09p24.3 1.1 II 
Dup 09q21.13q21.33 1.1 I 
Dup 11q12.3 1.1 I 
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Supplemental table 2.1 (continued) Diagnosed patients, n=168 
Diagnosis Classification 
Dup 13q21.32q22.3 1.1 I 
Dup 15q11.2q12 1.2 I 
Dup 15q11.2q12 1.1 I 
Dup 15q11.2q12 1.1 I 
Dup 15q11.2q13.1 1.1 I 
Dup 15q13.3 1.1 I 
Dup 16p11.2 1.1 I 
Dup 16p11.2, also perinatal asphyxia 1.1 II 
Dup 16q23.1, del 20q13.3 1.1 I 
Dup 17p13.3 1.1 I 
Dup 19p13.3 1.1 I 
Dup 22q11.21 1.1 I 
Dup 22q11.21 1.1 I 
Dup 22q11.21 1.1 I 
Dup 22q11.21 1.1 I 
Dup Xp 21.1 - 46,XY,der(X)ins(X;X)(q26.3;p21.1p21.1) 1.1 I 
Dup Xp subtelomere 1.1 I 
Dup Xp11.22 1.1 I 
Dup Xq28 - breakpoint through NEMO 1.1 I 
  
Molecular genetic, n=19  
ARX 1.2 I 
COH1, Cohen 1.2 I 
DMD, Duchenne 1.2 I 
DMPK, congenital Steinert 1.2 I 
FMR1, Fragile X 1.2 I 
FMR1, Fragile X 1.2 I 
FMR1, Fragile X 1.2 I 
FMR1, Fragile X 1.2 I 
FMR1, Fragile X 1.2 I 
MECP2, Rett 1.2 I 
MECP2, Rett 1.2 I 
MED12, Opitz-Kaveggia 1.2 I 
MED12, Opitz-Kaveggia 1.2 I 
NDP, Norrie 1.2 I 
NF1, Neurofibromatosis type 1 1.2 I 
NSD1, Sotos 1.2 I 
NSD1, Sotos 1.2 I 
TTDN1, Trichothiodystrophy 1.2 I 
UBE3A, Angelman 1.2 II 
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Supplemental table 2.1 (continued) Diagnosed patients, n=168 
Diagnosis Classification 
Syndromes (molecular diagnostics not available), n=7  
Bardet Biedl 1.3 I 
Bardet Biedl 1.3 I 
Cornelia de Lange 1.3 I 
Joubert 1.3 I 
Lenz microphthalmia 1.3 I 
MPPH (Megalencephaly, perisylvian Polymicrogyria, postaxial 
Polydactyly, Hydrocephalus) 

2.2 II 

Nicolaides-Baraitser 1.3 I 
  
Inborn errors of metabolism, n=30  
Aspartoacylase - 'M Canavan' form fruste 1.2 I 
CDG 1b 1.2 II 
CDG 1b 1.2 II 
CDG 1c 1.2 I 
CDG 1c 1.2 I 
CDG 1h 1.2 I 
Cerebral 5-methytetrahydrofolate deficiency 1.2 II 
Ceroid Lipofuscinosis, CLN1 / Santavuori-Haltia 1.2 I 
Ceroid Lipofuscinosis, CLN2 / Jansky-Bielschowsky 1.2 I 
Ganidinoacetate methyltransferase, GAMT 1.2 I 
Glucosetransporter 1, GLUT1 1.2 I 
Hexosaminidase A, HeXA / subacute Tay-Sachs 1.2 I 
Monocarboxylate transp 8, MCT8 / Allan-Herndon-Dudley 1.2 I 
OXPHOS 1.2 II 
OXPHOS 1.2 II 
OXPHOS 1.2 II 
OXPHOS 1.2 II 
OXPHOS 1.2 II 
OXPHOS 1.2 II 
OXPHOS 1.2 II 
OXPHOS 1.2 II 
OXPHOS, Complex I 1.2 II 
OXPHOS, Complex I 1.2 II 
OXPHOS, Complex I 1.2 II 
OXPHOS, Complex I, II 1.2 II 
OXPHOS, Complex I, II, II+III, IV 1.2 II 
OXPHOS, Complex II 1.2 II 
OXPHOS; mut POLG1, mut mtDNA 1.2 II 
Thyroid hormone resistance 1.2 II 
Vitamin E intracellular deficiency 1.2 II 
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Supplemental table 2.1 (continued) Diagnosed patients, n=168 
Diagnosis Classification 
Miscellaneous, n=13  
Multifactorial 1.4 I 
Multifactorial 1.4 I 
Multifactorial 1.4 I 
Cerebellar dysgenesia 2.1 II 
Cerebral dysgenesia + dysmorphism, dominant inheritance 2.2 II 
Cerebral dysgenesia, recessive, recurrent in geographic 
region 

2.1 II 

Cerebral dysgenesia, recessive, recurrent in geographic 
region 

2.1 II 

Pachygyria 2.1 II 
Pachygyria 2.1 II 
Pachygyria 2.1 II 
Pontocerebellar hypoplasia + other cerebral malformations 2.1 II 
Pontocerebellar hypoplasia + other cerebral malformations, 2.1 II 
White matter hypoplasia 2.1 II 
Classification: adapted from Moog 2005.8 Microdeletion syndromes were, 
in contrast to the convention in Moog 2005, classified 1.1 (chromosomal) 
instead of 1.2 (molecular genetic). Original description of the respective 
categories: 1.1 CH, chromosomal disorders; 1.2 MG, monogenic disorders, 
including nonsyndromic XLMR; 1.3 KS, known syndromes, including 
microdeletion syndromes; 1.4 MF, multifactorial, including cultural-familial 
MR; 2.1 CNS malf., CNS malformations of unknown origin; 2.2 CNS+MCA, 
CNS malformation and multiple congenital anomalies; 2.3 MR/MCA, 
MR/multiple congenital anomalies and/or dysmorphism; 3.2 
MR+micro/macro, MR+microcephaly or macrocephaly; 3.3MR+N, 
MR+neurological symptoms; 3.4 MR+P/B, MR + psychiatric illness and/or 
serious behavioral problems; 3.5 NC, unclassified/untraceable; 4.1 
acquired prenatal; 4.2 acquired perinatal; 4.3 acquired postnatal. I 
definite diagnosis; II provisional diagnosis (more than 50% probability of 
correct diagnosis). 
 
 




