
ORIGINAL ARTICLE

Unexplained developmental delay/learning disability:
guidelines for best practice protocol for first line assessment
and genetic/metabolic/radiological investigations

J. J. O’Byrne1 • S. A. Lynch1 • E. P. Treacy2 • M. D. King3 •

D. R. Betts1 • P. D. Mayne4 • F. Sharif5

Received: 15 January 2015 / Accepted: 7 March 2015

� European Union 2015

Abstract

Background Investigation of patients, particularly chil-

dren, with unexplained global developmental delay (GDD)/

learning disability (LD) has been challenging due to a lack

of clear guidance from specialised centres. Limited

knowledge of rare diseases and a poor understanding of the

purpose or limitations of appropriate investigations have

been some of the principal reasons for this difficulty.

Aims A guideline development group was formed to

recommend on appropriate, first line metabolic, genetic and

radiological investigations for children and adults with

unexplained GDD/ID.

Methods and recommendations A comprehensive lit-

erature search was conducted, evaluated and reviewed by

the guideline committee and a best practice protocol for

first line assessment and genetic, metabolic and ra-

diological investigations was decided upon after consider-

ing diagnostic yield, practicality, treatability and costs.

Conclusion It is hoped that these recommendations will

become national guidelines for the first line metabolic,

genetic and radiological investigation of patients present-

ing with unexplained GDD/ID.
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Introduction

Global developmental delay (GDD) is defined as deficits in

performance of at least two standard deviations below age

appropriate mean development in at least two of the fol-

lowing areas: gross motor, fine motor/vision, speech and

language, cognition, personal/social activities of daily liv-

ing and applies to children under the age of five [1].

Learning disability (LD) is defined as limitations in intel-

lectual functioning (reasoning/learning/problem solving)

and in adaptive behaviour (conceptual/social/practical

skills) and applies to children over the age of five and

adults with onset before the age of eighteen [2]. The degree

of GDD/LD can be divided into mild, moderate, severe and

profound. LD is estimated to affect 57,000 people or 1.3 %

of the population in the Republic of Ireland which coin-

cides with the estimated affected worldwide prevalence of

1–3 % [3–6].

Unexplained or non-syndromic GDD/LD is defined as

GDD/LD without any other discernible clinical feature.

Achieving a diagnosis is important for (a) clarification of

aetiology, (b) prognosis, (c) discussion of genetic mechan-

isms and recurrence risks, (d) possible treatment options,

(e) avoidance of unnecessary diagnostic tests, (f) provision

of a link to condition specific family support groups or

(g) access to research treatment protocols [7]. Despite
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multiple recommendations and guidelines from both North

America and Europe, the approach to investigating patients

with unexplained GDD/LD remains very disparate across

regions and countries [1, 7–14] Geographic and ethnic var-

iation in the incidences of disorders, recent developments in

specialised technologies and a limited understanding of rare

diseases by health care staff have contributed to the wide

variation in first line investigations requested for adults and

children presenting with unexplained GDD/ID.

With these points in mind, a guideline development

group was formed to develop a standardised list of first line

genetic, metabolic and radiological investigations for un-

explained GDD/LD.

Methods

The guideline developmental group formed to develop the

first line investigations for unexplained GDD/LD included

both clinical and laboratory based specialists from clinical

genetics, metabolic medicine (both adult and paediatric),

neurology, chemical pathology and developmental paedi-

atrics, from The Department of Clinical Genetics, Our

Lady’s Children’s Hospital, Crumlin, Dublin, The National

Centre for Inherited Metabolic Disorders and The Depart-

ments of Neurology and Biochemistry, Temple Street

Children’s University Hospital, Dublin and The Depart-

ment of Paediatrics, Midland Regional Hospital, Mullingar,

County Westmeath.

A comprehensive literature search was conducted,

evaluated and reviewed by the committee during a number

of cycles. A best practice protocol and list of investigations

was decided upon after considering diagnostic yield,

treatability, practicality and costs. These were subsequently

presented to the Community Paediatric Sub-committee

Group. It is now in the process of submission to the Na-

tional Clinical Effectiveness Committee of Ireland. The

guidelines should be reviewed 3 years after publication to

incorporate appropriate new investigations.

Recommended protocol for first line assessment
and investigations

A stepwise protocol encompassing history, examination

and investigations should be applied to patients with GDD/

LD. For an overview of this protocol see Fig. 1.

Step 1: history and examination

A comprehensive medical history, including a three gen-

eration family tree and examination is necessary prior to

considering any investigations. On the basis of history and

examination, the aetiology of DD can be established in up

to 17.2–34.2 % of cases, while clues to the diagnosis may

be elucidated in 62–79 % of cases [15–17].

In the history, establishing age of onset of development/

learning problems, the presence/absence of regression and

distinguishing between congenital and acquired mi-

cro/macrocephaly may indicate different diagnostic paths.

Evidence of a possible hereditary component may be gleaned

from the family tree if recurrent miscarriages, stillbirths,

neonatal or childhood deaths are noted or if other live born

children with DD/LD exist amongst first and second degree

relatives. In males with GDD/LD, male relatives on the ma-

ternal side with learning or developmental difficulties should

be noted which may indicate an X-linked cause of GDD/LD.

Ethnicity is important as specific, very rare recessive disorders

cluster in endogamous populations, e.g. Irish Traveller or

Roma populations and tailoring of investigations in such

consanguineous populations may result in a more prompt di-

agnosis. The Irish Traveller population has a high incidence of

galactosaemia, mucopolysaccharidosis type I, I cell disease,

glutaric aciduria type I and Cohen syndrome, which result in

GDD/LD with sometimes only subtle features [18–20].

A detailed history will also indicate a patient who has

not undergone sufficient neonatal metabolic screening, i.e.

a patient born in Republic of Ireland before the imple-

mentation of the newborn screening program or an immi-

grant from a country with an inadequate new-born

screening protocol. Conditions such as phenylketonuria,

homocystinuria, galactosaemia, congenital hypothyroidism

and a mild form of maple syrup disease can cause GDD/

LD, sometimes without features, and should be considered

in patients whose histories are consistent with either of the

above scenarios, particularly as treatments are available for

these disorders. Of note, *20 % of patients with homo-

cystinuria will not be detected by the standard analysis

carried out on days 3–4 of life due to insufficient exposure

to protein.

A thorough examination of all systems, an up-to-date

developmental, functional or cognitive skills assessment

should be conducted with noting of any abnormal centile

measurements, dysmorphic features or congenital abnor-

malities which may be indicative of a syndromic aetiology.

Neuro-cutaneous stigmata may indicate a phakomatoses

such as neurofibromatosis type 1, tuberous sclerosis or

Sturge–Weber syndrome. Spinal dysraphism which may be

subtle is often associated with developmental abnor-

malities. Hepatosplenomegaly or cardiomyopathy may

indicate an inborn error of metabolism.

Step 2: first line investigations and interpretation

If, after a comprehensive history and detailed systemic

examination, no diagnosis is under consideration, the
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guideline committee recommends the following first line

metabolic, genetic and neurological investigations.

Genetic investigations

Note: Under The Disability Act (2005, Part IV), the clin-

ician requesting the genetic test is required to obtain con-

sent and give information on the implications of the test to

the parent/guardian (http://www.irishstatutebook.ie/2005/

en/act/pub/0014/).

(i) Array comparative genomic hybridisation (Array

CGH), often referred to as microarray*, is now the

gold standard first line genetic investigation for

unexplained GDD/LD, replacing chromosomal

G-banded analysis, often referred to as karyotyp-

ing*. Array CGH offers a much higher diagnostic

yield primarily because of higher sensitivity for

submicroscopic deletions and duplications, iden-

tification of specific genes included in the deletion

or gain and the definition of breakpoints and exact

sizes of imbalances [7, 21, 22]. (*Both array CGH

and G-banded analysis generate a form of kary-

otype; G-banding generates a karyotype from

metaphase chromosome spreads while array CGH

could be termed as molecular karyotyping).

Three possible results may be attained from array

CGH; (a) a normal result with no clinically

significant variation, (b) a definitely abnormal

result with a known pathological variation and

(c) a variation of unknown significance (VUS).

VUS are often copy number variations (CNVs)

that are variations in the expected number of

copies of DNA in certain segments of the genome.

Every person has approximately 100 CNVs which

can affect numerous genes but are only sometimes

pathogenic. It may be difficult to establish the

significance of some CNVs and targeted parental

array CGHs are usually recommended in the first

instance to help with the interpretation.

(ii) Chromosomal G-banded analysis is recommended

to be added to the first line genetic investigations

if, (a) a chromosomal syndrome is recognised in

the neonatal/infant period that will result in DD or

LD such as an aneuploidy (e.g. trisomy 13, 18 or

21), (b) a family history of chromosomal rear-

rangement is present, (c) a maternal or paternal

history of multiple miscarriages exists or d) low

level mosaicism (\20 %) is suspected. Although

chromosomal G-banded analysis has some advan-

tages over array CGH, neither this nor array CGH

Fig. 1 Overview of protocol

for first line assessment and

investigations
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will detect point mutations or epigenetic abnor-

malities, which would require more tailored tests

(see paragraph ‘‘Step 2 Genetic Investigations

iv’’).

(iii) Fragile X syndrome (FXS) analysis is recom-

mended to be added to the first line genetic

investigation list in (a) males with moderate-

severe GDD/LD and (b) females with mild/mod-

erate/severe GDD/LD without profound physical

handicap necessitating total care.

Although widely reported in medical literature as

the most common inherited single gene disorder

causing LD, a recent meta-analysis and all-Ireland

study estimates the frequency of FXS to be

significantly lower than previously reported [7,

23–25, unpublished data by O’Byrne et al]. How-

ever, the variable phenotype can make the diag-

nosis of FXS difficult and clinicians are urged

to refer to the guidance notes, offered by the

United Kingdom Genetic Testing Network for

FXS testing, as clinical pre-selection can increase

the efficiency of molecular testing by up to tenfold

without loss of newly diagnosed cases [26–28].

(iv) Additional tailored genetic analysis may be

required when investigating genomic imprinting

disorders such as Prader–Willi syndrome, Angel-

man syndrome, Beckwith–Wiedemann syndrome

and Silver–Russell syndrome. These conditions

may be the result of chromosomal deletions/

rearrangements or epigenetic abnormalities such

as methylation defects. Array CGH will identify

the former but a disease specific molecular test is

required for the latter.

Metabolic investigations

Note: the metabolic laboratory will place a levy (€25) on
requests for metabolic tests that are not accompanied by

relevant clinical information and/or request reason; see

‘‘Appendix’’ for list of relevant clinical details. An addi-

tional levy will be placed on the referring hospital for each

additional request received outside the agreed service level

agreement.

(i) Qualitative urinary organic acids (UOA) includ-

ing urine orotic acid are diagnostic in organic

acidaemias, e.g. methylmalonic (MMA) or pro-

pionic aciduria and indicative of some pyrim-

idine, mitochondrial, biotin responsive and

ketogenic and ketolytic disorders. Interpretation

of UOA, in particular, the significance of pres-

ence/absence of ketones, is greatly aided if a

glucose measurement is completed

simultaneously to the collection of urine even

in the absence of hypoglycaemia.

(ii) Plasma amino acids (AA) (60 min pre-prandial)

are diagnostic in aminoacidopathies and helpful

in identifying some mitochondrial disorders and

urea cycle defects (UCDs). Samples for plasma

AA should be separated promptly to avoid in vitro

conversion of some AA which may make inter-

pretation more difficult.

(iii) Plasma lactate (60 min post-prandial) may be

elevated in mitochondrial, biotin responsive,

some glycogen storage (GSDs), metabolism of

pyruvate (some), gluconeogenic, organic acid,

fatty acid oxidation (FAODs) and amino acid

metabolic disorders. For accurate results, lactate

should be taken without a tourniquet and trans-

ported on ice.

(iv) Venous blood gas with anion gap calculation may

indicate a metabolic disorder, usually in asso-

ciation with other biochemical abnormalities. A

low pH may indicate metabolic acidosis due to

an organic acidaemia or lactic acidosis, a high pH

may indicate respiratory alkalosis due to a UCD

and a low bicarbonate level may indicate an

organic acidaemia.

(v) Plasma creatine phosphokinase (CPK) may be

elevated in muscular dystrophies, even without

overt muscle weakness, mitochondrial disease

and FAODs.

(vi) Plasma glucose may be reduced in FAODs,

mitochondrial disorders and organic acidaemias.

Post-prandial elevations in glucose are present in

glycogen synthase deficiency (GSD0), which

presents with recurrent hypoglycaemia and

ketosis.

(vii) Full blood count and blood film may be abnormal

in metabolic disorders. Macrocytic anaemia may

be present in organic acidaemias especially

MMA, hereditary orotic aciduria or in homo-

cystinuria. Normocytic anaemia may be present

in organic acidaemias or erythropoietic glycolyt-

ic enzyme deficiency. Predominant/isolated neu-

tropaenia may be present inorganic acidaemias,

GSDs or Barth syndrome. Predominant throm-

bocytopaenia may be present in organic aci-

daemias and lysosomal storage disorders (LSDs).

Vacuolated lymphocytes present on peripheral

blood film are suggestive of some LSDs such as

classical juvenile neuronal ceroid lipofuscinoses;

however, detection will require an experienced

scientist.

(viii) Plasma liver function tests may be abnormal in

tyrosinaemia, UCDs, FAODs, mitochondrial
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disorders, galactosaemia, peroxisomal disorders

and congenital disorders of glycosylation.

(ix) Plasma urea and electrolytes may be abnormal in

renal tubular dysfunction and dehydration. Urea

is frequently low in UCDs and creatinine may be

low in creatine synthesis disorders.

(x) Plasma bone profile is necessary to calculate

total resorption of phosphate which is reduced in

mitochondrial disorders and renal tubular defects,

e.g. cystinosis.

(xi) Plasma thyroid function tests can detect hy-

pothyroidism which may result in DD/LD. Rare

causes of GDD/LD such as Allan–Herndon–

Dudley syndrome may not be detected without

checking a triiodothyronine level.

(xii) Paired plasma urate and urine urate/creatinine

(U/CR) ratio: low plasma urate and low urine

U/CR ratio indicates a defect in purine metabo-

lism, molybdenum cofactor deficiency or sulphite

oxidase deficiency. High plasma urate and high

urine U/CR ratio indicates Lesch–Nyhan disor-

der, phosphoribosyl pyrophosphate synthetase

superactivity or GSDs. High plasma urate and

low urine U/CR ratio may indicate renal dys-

function. Low plasma urate and high urine U/CR

ratio may indicate renal tubular losses.

(xiii) Total urine glycosaminoglycans (GAGs) is a

screening test for mucopolysaccharidoses (MPS)

and some other LSDs. Biochemical or genetic

confirmation is required. False positive results

are commonly observed on samples analysed

from urine collection bags. False negative results

occur particularly in patients with Sanfilippo

(MPSIII) and Morquio (MPS IV) diseases.

A number of investigations were considered but

not included in the first line metabolic investiga-

tions including plasma total homocysteine, am-

monia and acylcarnitine profiling. Total plasma

homocysteine should only be requested if

(a) plasma methionine is elevated, to investigate

for classical homocystinuria or remethylation

disorders of homocysteine, (b) plasma methion-

ine is decreased, to investigate for methionine

synthase deficiency or methylenetetrahydrofolate

reductase deficiency or (c) MMA is elevated on

UOA analysis, to exclude severe vitamin B12/fo-

late deficiency and cobalamin defects. Plasma

ammonia analysis is not recommended as a first

line investigation for unexplained or non-syn-

dromic GDD/LD in peripheral hospitals due to

the high number of false positive results, largely

the result of technical difficulties. Plasma AA

and UOA analyses are adequate to detect most of

the conditions causing developmental problems

that also result in raised plasma ammonia.

Plasma acylcarnitine profiling is also omitted

from the first line work up, however, should be

included to screen for FAODs if there is a history

of hypoglycaemia, prolonged failure to thrive,

hypotonia, cardiomyopathy, an elevated CPK

level or any obvious abnormality associated with

energy metabolism.

Radiological investigations

(i) MRI brain is recommended if GDD/LD exists with

one of the following: (a) severe/profound learning

difficulties or (b) early onset epileptic seizures or

(c) moderate or severe motor delay or (d) spasticity,

ataxia or movement disorder or (e) asymmetric

motor features or (f) abnormal head size. Compared

to computed tomography (CT), MRI is more sensi-

tive at detecting specific cerebral abnormalities. CT

contributes to the aetiological diagnosis of GDD in

approximately 30 % of cases and may have advan-

tages over MRI in certain circumstances such as

congenital infections [29].

First line investigations: practicality, diagnostic yield,

treatability and costs

Practicality, diagnostic yield, treatability and costs were

four main considerations taken into account when devel-

oping these best practice guidelines.

The investigations are highly practical as they are

minimally invasive; blood and urine tests and MRI Brain

can be undertaken as an in-patient or out-patient. In the in-

patient setting, two time points are preferable (plasma AA

and plasma lactate levels are preferable at 60 min pre-

prandial and post-prandial, respectively) while if used in an

out-patient setting, one time point is advised but to fa-

cilitate correct interpretation samples should be accompa-

nied by information of the sampling time in relation to the

last meal.

It is estimated that the diagnostic yield of the investi-

gation list in non-specialist centres is *20 %. High

resolution array CGH has a diagnostic yield of *15 %

while FXS analysis and chromosomal G-banded analysis

(in the presence of a normal array CGH) are estimated to

return yields of *1 % and far less than 1 %, respectively

[22, 30]. The metabolic investigations are estimated to

have a diagnostic yield of *1 % but treatability is high in

this group, with treatments available for *50 % of these

conditions [15–17, 30]. The diagnostic yield of neurora-

diological studies in isolation is 1.3 % [31].
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The estimated cumulative costs of the investigations

proposed in these guidelines is approximately €1335 ex-

cluding the MRI brain interpretation (see Table 1). How-

ever, as chromosomal G-banded analysis is not indicated in

most cases, the more frequently encountered cost will be

*€1100. As the diagnostic yield is *20 % the cost of

each diagnosis would be up to €5500. With 1–2 % of all

births in the Republic of Ireland expected to meet the

criteria for these investigations, the total investigative cost

would be *€0.5–1 million/year (assuming 70,000 live

births per year).

Although the cost effectiveness of array CGH has pre-

viously been confirmed in several studies, a comprehensive

cost benefit analysis of these investigations, which is not

within the scope of this project, would be beneficial [22,

32]. It is important to note that in achieving a diagnosis,

multiple hidden cost benefits are realised including avoid-

ance of further tests, such as serial MRI brain scans and

invasive skin/muscle biopsies, facilitation of accurate ge-

netic counselling and potential avoidance of recurrence in

high risk families.

Conclusion

GDD/LD is estimated to affect 1–3 % of the world’s

population and the lifetime medical care costs are esti-

mated in the United States of America to be on average

$0.5–$1 million dollars per patient [33]. Determining the

aetiology of non-syndromic or unexplained GDD/LD re-

mains a challenge for both paediatricians and adult physi-

cians. Accurate aetiological diagnosis, however, can have

specific implications for treatment, prognosis, ongoing

medical management of associated conditions, assessment

of recurrence risk, counselling of families and

implementation of prevention programs. A large number of

cases of GDD/LD can be attributed to genetic (25–50 %)

and metabolic (1–5 %) disorders [30, 34]. Indeed to date,

450 genes have been implicated in LD, with 400 attributed

to syndromic and 50 to unexplained or non-syndromic LD

[21]. Also *50 % of the 600 known inborn errors of

metabolism may result in developmental problems and an

important subset is those that are amenable to treatment

[21, 35–37]. While neuroradiological investigations may

identify a specific cause in isolated learning disability, in

the absence of abnormal head size, epilepsy or motor signs,

the yield is low [7]. Therefore, genetic, metabolic and ra-

diological investigations have become routine first line

tests when investigating a patient with unexplained GDD/

LD. Despite this a wide variation of practice continues

which often results in under- or over-investigation of pa-

tients with GDD/LD. The guideline committee has pro-

duced this evidence based document to clarify the

recommended best practice protocol and first line genetic,

metabolic and radiological investigations of children and

adults with unexplained GDD/LD and is hoped that it will

be accepted as a national guideline.
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Appendix

If any of the following are present, they should be included

in clinical details to accompany request for metabolic

investigations:

(i) GDD/LD (state domains and degree of delay)

(ii) Family history of metabolic disease

(iii) Consanguinity

(iv) Membership to an ethnic group

(v) Dysmorphic features

(vi) Hypoglycaemia (state glucose requirements)

(vii) Seizures

(viii) Microcephaly/macrocephaly

(ix) Hypotonia

(x) Hepatomegaly

Table 1 Cost of investigations

Investigations Cost

Genetic

Array CGH €350

Fragile X Syndrome €200

Chromosomal G-banding €200

Metabolic

Plasma AA €50

Urine OA/GAGS €95

Haematology €10

Biochemistry €180

Radiological

MRI brain €250

Total cost €1335
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(xi) Eye abnormalities

(xii) Hearing abnormalities

(xiii) Vomiting

(xiv) Sepsis

(xv) Mechanical ventilation

(xvi) Intravenous (IV) fluids e.g. dextrose

(xvii) Medications (IV/oral) e.g. dopamine,

antiepileptics

(xviii) Failure to thrive (state if on feed containing

medium chain triglyceride (MCT) oil or

carnitine)

(xix) Time of sampling in relation to last meal

(xx) Lethargy

(xxi) Metabolic acidosis

(xxii) Raised plasma lactate

(xxiii) Raised plasma ammonia

(xxiv) Raised plasma CPK
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