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REVIEW

INTRODUCTION
Developmental delay is a common problem in 
children, and often no specifi c cause is found. It 
is also not unusual for other neurological prob-
lems, such as epilepsy, to complicate the picture. 
The question is always whether the intellectual 
problems are due to a static defect, or are part of 
a progressive neurodegenerative disorder. Many 
conditions declare themselves with the passage 
of years. However, a small but signifi cant group 
of conditions are suffi ciently indolent in their 
progress to cause no obvious deterioration until 
late adolescence or adulthood. In this situation, 
a parent or carer may ask the adult neurologist 
to assess whether the perceived decline in func-
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tioning is real, and if so, what the cause is. This situation is often 
far from clear-cut, and so I will try and provide some guidance for 
when this diffi cult diagnostic problem arises.

THREE POSSIBLE CAUSES OF COGNITIVE DECLINE

Pseudo-regression 
A patient may have a ‘fi xed’ defi cit, such as cerebral palsy, and 
yet seems to decline. This may be because secondary education 
requires more in the way of executive functions, problem solving, 
attention, and learning speed, and as a result static cognitive defi -
cits become more apparent – the patient’s abilities seem to decline, 
but in truth they have not. In this situation it is necessary to locate 
previous neuropsychometric test results, which may have been 
performed following referral from previous physicians, or may 
have been school based. Repeat testing can be very useful to docu-
ment a real or pseudo decline in cognitive functioning, whereas 
a single measure is obviously not so useful. Another important 
cause of ‘pseudo-regression’ is depression. Just as depression can 
mimic Alzheimer’s disease in older people, so depression can 
mimic cognitive decline in the young adult with pre-existent 
developmental delay.

Secondary complications of known 
disease
Cognitive decline may be related to a reversible complication of 
the condition that had already been identifi ed. The complication 
can be structural, such as a tuber obstructing CSF fl ow in a pa-
tient with tuberous sclerosis and causing hydrocephalus. It can 
be metabolic, such as a patient with phenylketonuria not adher-
ing to their diet. Often it is related to coexistent epilepsy, with an 
exacerbation of seizures. Less commonly a patient presents not 
with a history of clinically apparent seizures, but an EEG reveals 
continuous spike-wave discharges in slow wave sleep, leading to 
decline in cognitive functioning during the day. The effect of cen-
trally acting medications such as antidepressant, antipsychotic 
and antiepileptic drugs can all contribute to intellectual decline, 
especially in multi-drug combinations.

‘Real’ cognitive decline
A patient may have a primary neurodegenerative disorder that 
causes both developmental delays from childhood and sub-
sequent cognitive decline. When neurodegenerative diseases 
progress quickly, the decline is evident. However, degeneration 
can be very gradual, or progress in a stepwise fashion, and the 
decline may then be diffi cult to recognize. Often the patient has 
made satisfactory progress as a child in primary school, but starts 
to slowly ‘slide’ during secondary school. Another scenario is that 
of slow progress being made, but the disparity between the patient 
and their peers slowly widening. If the patient has epilepsy as well, 
this, or the effect of anti-epileptic medications is often blamed for 
the deterioration. Evolving sensory defi cits such as blindness can 
also mask cognitive decline. Some neurodegenerative diseases 
present with psychiatric episodes, and these, together with the 
effects of antipsychotic medication, can obscure the worsening 
of cognitive diffi culties. Thus, to decide whether there has been 
an overall decline in functioning can be diffi cult.

Table 1.  Three general causes of cognitive decline

The effect of antidepressant, 

antipsychotic and antiepileptic 

drugs can all contribute to 

intellectual decline

CATEGORY COMMENT 

Pseudo-regression Increasing demands of school, employment

 Depression

 Medications

Secondary complications of a static condition Epilepsy, e.g. subclinical seizures

 Structural, e.g. tuber in tuberous sclerosis

 Metabolic, e.g. relaxation of diet in PKU

Real cognitive decline May be masked by sensory defecits, psychiatric   

 symptoms, medications or overall slow decline
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MAKING THE DIAGNOSIS

Medical and developmental 
history
A detailed history is important. Ideally this 
should be obtained from someone who has 
known the patient all their life, such as a parent. 
Unfortunately the patients can be brought to the 
consultation by carers who may have known the 
patient for only a short time. In this situation it is 
helpful to obtain old records for comparison, or 
to contact relatives and ask about early develop-
ment and schooling. Important points are the 
nature of the neurological and other symptoms, 
the sequence in which they appeared, and the 
relative severity of each problem. It is necessary 
to ask for specifi c examples of lost skills. Previ-
ous neuropsychometric testing can be very use-
ful, especially to compare with testing at the time 
of presentation (boxes 1 and 2).

A history of encephalopathic episodes, or 
episodes of neurological decline with intercur-
rent illness, may suggest a disorder of interme-
diary metabolism such as a urea cycle defect, 
or a problem with branched chain amino acid 
metabolism. Sensitivity to sodium valproate 
suggests a urea cycle defect. Evidence of disease 
in systems other than the nervous system can be 
helpful, such as adrenal, liver, bone marrow, skin 
or connective tissue (Table 2).

Family history
Most biochemical disorders encountered by 
neurologists are genetically determined, so a 
family history is very important. It is necessary 
to ask about every fi rst-degree family member, 
and construct a pedigree. Consanguinity must 
be considered, as well as any neonatal deaths. 
Although many inborn errors of metabolism 
are autosomal recessive and so there may be no 
family history, clues to mitochondrial inherit-
ance or autosomal dominant conditions with 
anticipation may be obtained (anticipation is 
the phenomenon of earlier disease onset in suc-
cessive generations, which indicates that the un-
derlying genetic mutation may be an unstable 
DNA triplet repeat expansion). The neurologist 
needs to have a working knowledge of the com-
mon modes of transmission – autosomal domi-
nant, autosomal recessive, X-linked recessive, 
and mitochondrial (matrilineal) inheritance.

Psychiatric history
A history of psychiatric problems may not be 
forthcoming unless specifi cally asked about. In 

BOX 1

A 19-year-old man presented with a history of slow intellectual decline from 
the age of 11 or 12 years, prior to which he had achieved well at school. He 
left school at the age of 15 and worked as a shop assistant, but had recently 
been having problems coping. Serial IQ tests had shown a quotient of 90 at 
the age of 11, 84 at 14, 75 at 19, and 64 at 21 years of age. At presentation he 
had almost complete paralysis of vertical saccades, particularly downward. 
Horizontal saccades were incomplete. The tone in his limbs was mildly in-
creased in an extrapyramidal fashion, with some dyspraxia. His gait was 
slightly wide-based and ataxic. Niemann-Pick type C was suspected, and 
fi broblasts cultured from a skin biopsy showed a marked reduction in their 
ability to esterify cholesterol, and marked perinuclear accumulation of cho-
lesterol when stained with fi lipin, thus confi rming the diagnosis.

His older sister had apparently been well until the age of 16 years when she 
had a tonic-clonic seizure, followed by some complex partial seizures. She 
remained seizure-free for the next 6 years both on and then off medication. 
At the age of 22 she had a psychotic episode, which responded to antipsy-
chotic medication. At the age of 24 she was found to have mild tremulous-
ness of the head and outstretched arms, limb ataxia, and diffi culty with 
planning tasks. However, this was felt to be due to her medication. She 
went on to have signifi cant psychiatric problems and the diagnosis of Nie-
mann-Pick type C was not made until the time her brother was diagnosed, 
when she was 28 years old. Interestingly, her vertical saccades were still 
full, although slightly slow. They have since become restricted.

Previous measures of IQ are particularly 

valuable in assessing cognitive decline
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ORGAN PATHOLOGY DISEASE
Eye Cataract Cerebrotendinous xanthomatosis
 Ectopia lentis Homocystinuria
 Cherry red spot in macula Mucolipidosis type I
  Niemann-Pick type C
 Pigmentary retinopathy Mitochondrial cytopathy
  Neuronal ceroid lipofuscinosis type 3
  Neurodegeneration with brain iron accumulation
 Retinal degeneration Neuronal ceroid lipofuscinosis type 3
  Neurogenic muscle weakness, ataxia and retinitis
  pigmentosa (NARP)
  Krabbe’s disease
  GM1 gangliosidosis type III
  Canavan’s disease
 Kayser-Fleisher rings Wilson’s disease
 Optic atrophy Pelizeus-Merzbacher disease
Abnormal head size Macrocephaly Canavan’s disease
  Tay-Sachs
  Cerebrotendinous xanthomatosis
  Alexander disease
Liver and spleen Hepatosplenomegaly Gaucher’s type 3
  Neimann-Pick type C
  Mucopolysaccaridosis type III-B
 Hepatomegaly Urea cycle defect – citrullinemia
 Liver damage/cirrhosis Wilson’s disease
Gut Constipation Mitochondrial cytopathy
 Non-functional gallbladder Metachromatic leukodystrophy
Connective tissue Thickened/coarse skin Mucopolysaccaridosis type III-B
  GM1 gangliosidosis type III
 Xanthomas, xanthelasma Cerebrotendinous xanthomatosis
 Thickened Achilles tendon Cerebrotendinous xanthomatosis
 Angiokeratoma GM1 gangliosidosis type III
  Mucolipidosis type I
 Skin hyperpigmentation Adrenoleukodystrophy
 Ichthyosis vulgaris Neuronal ceroid lipofuscinosis type 4
 Brittle hair Urea cycle defect – argininaemia
 Hypopigmented, coarse hair Homocystinuria
Bones Dysostosis multiplex Mucopolysaccaridosis type III-B
 Flattened vertebral bodies GM1 gangliosidosis type III
 Bone erosion Gaucher’s disease type?1
 Osteoporosis Homocystinuria
Psychiatric disturbance Psychosis/personality change Neimann-Pick type C
  Neuronal ceroid lipofuscinosis type 3
  Adrenoleukodystrophy
  Wilson’s disease
  Metachromatic leukodystrophy
  Mucopolysaccaridosis type III-B
  GM2 gangliosidosis adult type
 Cataplexy Niemann-Pick type C
Endocrine Addison’s disease Adrenoleukodystrophy/adrenomyeloneuropathy
 Diabetes mellitus Mitochondrial cytopathies
Cardiac Cardiomyopathy GM1 gangliosidosis type III
Growth Short stature Mitochondrial cytopathy
  Mucopolysaccaridosis type III-B
  Mucolipidosis type I
 Marfi noid habitus Homocystinuria

Table 2.  Non-neurological features associated with various neurodegenerative diseases
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Niemann-Pick type C, a schizophreniform illness 
may predate all other symptoms by several years 
(Turpin et al. 1991; Shulman et al. 1995). This 
is also true of Wilson’s disease (Takeshita et al. 
2002). In the adult form of metachromatic leu-
kodystrophy, initial symptoms may be psychiat-
ric, leading to a diagnosis of schizophrenia, with 
disorders of movement and posture appearing 
only later (Waltz et al. 1987). Behavioural chang-
es can be the only feature apart from dementia 
in young adults with mucopolysaccaridosis type 
IIIB (Sanfi lippo disease type B). Other examples 
include neuronal ceroid lipofuscinosis type 3, 
and GM2 gangliosidosis adult type.

Table 3.  Neurological signs and symptoms that may give a clue to the cause of cognitive decline

NEUROLOGICAL ABNORMALITY DISEASE COMMENT
Ataxia/cerebellar syndrome Mitochondrial cytopathy Neurogenic muscle weakness, ataxia and retinitis
  pigmentosa (NARP),
  Myoclonic epilepsy with ragged red fi bres (MERRF)
 Niemann-Pick type C
 GM1 gangliosidosis type III Can mimic a spinocerebellar degeneration
 Krabbe’s disease
 Neuronal ceroid lipofuscinosis 
 types 3 and 4
 GM2 gangliosidosis May mimic Friedreich’s ataxia
 Branched chain amino acid  Precipitated by intercurrent illness or disorders,
  excess protein intake
 Cerebrotendinous xanthomatosis
Tremor Wilson’s disease
 Neurodegeneration with brain 
 iron accumulation
 Pelizaeus-Merzbacher Titubation or rotatory movements of head
Spasticity of limbs Krabbe’s disease
 Canavan’s disease
 Metachromatic leukodystrophy
 Adrenoleukodystrophy/
 adrenomyeloneuropathy
 GM2 gangliosidosis – adult type
 Urea cycle defects Spastic diplegia – argininemia
 Cerebrotendinous xanthomatosis Spastic diplegia or quadriplegia
 Pelizeus-Merzbacher disease Spastic diplegia
 Alexander disease
 Wilson’s disease
 Neurodegeneration with brain 
 iron accumulation
Neuropathy Mitochondrial cytopathy Neurogenic muscle weakness, ataxia and retinitis 
  pigmentosa (NARP)

Combined upper and lower  Krabbe’s disease
motor neuron signs Metachromatic leukodystrophy
 Adrenoleukodystrophy/
 adrenomyeloneuropathy
 GM2 gangliosidosis

Examination
Start with a general physical examination, look-
ing for organomegaly, skin or connective tissue 
changes, ophthalmological abnormalities, and 
assessing growth – a ‘blinkered’ examination of 
just the nervous system will miss valuable clues. 
Table 2 outlines the clinical fi ndings outside the 
nervous system that may give clues to the cause 
of the underlying problem. A full neurological 
examination should then be performed. It is 
unusual in the adolescent and young adult age 
groups for cognitive decline to be present for any 
period of time without the development of at 
least subtle neurological defi cits. An exception 
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Table 3 (contd).

NEUROLOGICAL ABNORMALITY DISEASE COMMENT

Parkinsonian syndrome Pelizeus × Merzbacher disease
 Wilson’s disease

Dystonia Krabbe’s disease
 Niemann-Pick type C
 Metachromatic leukodystrophy
 GM1 gangliosidosis type III
 Canavan’s disease Mimics ‘extrapyramidal’ cerebral palsy
 Mitochondrial cytopathy Associated with Leber’s hereditary optic neuropathy
 GM2 gangliosidosis adult type
 Gaucher’s type 3
 Neurodegeneration with brain 
 iron accumulation
 Wilson’s disease

Deafness Mitochondrial cytopathy Mitochondrial encephalomyopathy, lactic acidosis
  and stroke-like episodes (MELAS)

Choreoathetosis Metachromatic leukodystrophy
 Neurodegeneration with brain iron accumulation
 Wilson’s disease
 Niemann-Pick type C
 Mitochondrial cytopathy
 Branched chain amino acid disorders Precipitated by intercurrent illness or excess protein 
 Gaucher’s type 3 intake

Epileptic seizures Niemann-Pick type C
 Mucopolysaccaridosis type III-B
 Canavan’s disease
 Neuronal ceroid lipofuscinosis types 3 and 4
 Mitochondrial cytopathy Mitochondrial encephalomyopathy, lactic acidosis
  and stroke-like episodes (MELAS),
  Myoclonic epilepsy with ragged red fi bres (MERRF),
  Neurogenic muscle weakness, ataxia
  and retinitis pigmentosa (NARP)
 Unverricht-Lundborg disease
 Lafora body disease

Myoclonus GM1 gangliosidosis type III
 Mucolipidosis type I
 Unverricht-Lundborg disease
 Lafora body disease
 Neuronal ceroid lipofuscinosis types 3 and 4
 Mitochondrial cytopathy Myoclonic epilepsy with ragged red fi bres (MERRF)
 Cerebrotendinous xanthomatosis Myoclonus of soft palate

Abnormal eye movements Neimann-Pick type C Vertical supranuclear gaze palsy – especially downgaze
 Mitochondrial cytopathy External ophthalmoplgia
 Gaucher’s type 3 Horizontal supranuclear gaze palsy
 Pelizeus-Merzbacher disease Pendular nystagmus, roving eye movements
 Glutaric aciduria type I Horizontal nystagmus, loss of upgaze,
  paralysis of convergence

Strokes Mitochondrial cytopathy Mitochondrial encephalomyopathy, lactic acidosis
  and stroke-like episodes (MELAS)
 Homocystinuria Both venous and arterial thrombosis

Deafness Mitochondrial cytopathy Mitochondrial encephalomyopathy, lactic acidosis
  and stroke-like episodes (MELAS)

Bulbar or pseudobulbar palsy Alexander disease
 Wilson’s disease
 Neurodegeneration with brain iron accumulation
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BOX 2

This 21-year-old woman presented with cognitive diffi cul-
ties. She had performed well at primary school and had 
been assessed as having average intelligence in year 7 (age 
12). However, she began to have diffi culties with attention 
and concentration in secondary school, leaving at the age 
of 16 years and then attending business college where she 
obtained her secretarial certifi cate. Problems with memory, 
organization and planning had led to six job changes in the 
two years before presentation. Examination at that time re-
vealed mild clumsiness of the non-dominant hand. IQ test-
ing at the age of 19 gave a score of 91, and at repeat testing at 
21 had fallen to 84. She was lost to follow-up for 8 years, and 
on representation was found to have hypometria of horizon-
tal and vertical saccades, pallor of both optic discs, increase 
in tone of all limbs, hyperrefl exia and bilateral extensor 
plantar responses with bilateral dysdiadokokinesia. Her 
visual acuity was 6/18, and her colour vision was defective. 
Repeat IQ testing gave a quotient of 70. The MRI of her brain 
showed reduced signal intensity within the globus pallidus 
and substantia nigra, consistent with neurodegeneration 
with brain iron accumulation.

is mucopolysaccaridosis type IIIB, where the 
diagnosis can be diffi cult initially because of a 
lack of neurological signs (Aicardi 1998). The 
neurodegenerative diseases suggested by spe-
cifi c neurological signs are listed in Table 3.

First-line investigations
There are far too many metabolic and neuro-
degenerative conditions to be able to send off 
a blood sample and ask for a metabolic ‘screen’ 
that will detect every problem. Laboratory tests 
can be divided into fi rst-line investigations, 
which are relatively inexpensive (Table 4), and 
targeted second-line investigations which tend 
to be expensive, invasive, or both. General bio-
chemical investigations should include thyroid 
function, creatine kinase and liver function. 
Chromatography of amino acids in blood and 
urine, and organic acids in urine, can give clues 
to problems of intermediary metabolism such 
as urea cycle defects, amino acid metabolism 
defects, Canavan’s disease and homocystinuria. 
Urinary glycosaminoglycans will detect the 
mucopolysaccaridoses, such as mucopolysac-
caridosis type III-B (Sanfi lippo disease), where 
there may be very few signs other than intellec-

Chromatography of amino acids in blood 

and urine, and organic acids in urine, can 

give clues to problems of intermediary 

metabolism

tual decline. Blood lactate can give clues to the 
presence of a defect of intermediary metabolism 
or mitochondrial dysfunction. Plasma ammo-
nia is particularly useful in detecting disorders 
of amino acid metabolism, especially if the 
patient is having a metabolic decompensation. 
Electron microscopic examination of periph-
eral lymphocytes can show inclusions typical of 
neuronal ceroid lipofuscinosis, especially after 
the disease has been present for several years 
(box 3).

Second-line investigations
Other investigations, such as electroencepha-
lography (EEG), brainstem-evoked responses, 
visual-evoked responses, electroretinography 
and electromyography, should be performed as 
indicated by the clinical presentation.
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An ophthalmic examination by slit lamp 
through dilated pupils can be extremely useful, 
especially if there is visual loss, or one of the eye 
abnormalities outlined in Table 2 (see boxes 2, 
4 and 5).

Second line investigations need to be focused 
on the clinical presentation and fi ndings on 
examination. They may include assay of white 
blood cell lysosomal enzyme activities, or the 
level of very long chain fatty acids in plasma. 
Skin or muscle biopsies are invasive but, if used 
in the right clinical situation such as Niemann-
Pick type C or mitochondrial cytopathies, can 
provide the answer (boxes 1 and 6). DNA-based 
tests are less invasive because they use peripheral 
white cell DNA mainly, but of course rely on the 
genetic defect underlying a disease being known 
and the gene amenable to routine diagnostic 
testing. The specifi c diagnostic tests are summa-
rized in the section dealing with the individual 
neurodegenerative conditions below.

TEST SPECIMEN REQUIRED

General tests: including thyroid function, 

creatine kinase, liver function Serum

Amino acids Blood and urine

Organic acids Urine

Glycosaminoglycans Urine

Lactate Blood

Ammonia Plasma

Peripheral white blood cells Buffy coat of blood,

 EM examination looking

 for fi ngerprint inclusions

MRI Brain

Table 4.  ‘First-line’ investigations

BOX 3

A pair of identical twins both started to get visual problems 
when they were 10 years old, progressing to blindness by 
the age of 16. One twin developed tonic-clonic seizures, 
and then they both developed myoclonus. Despite this, 
they both participated in competitive handicapped sports, 
particularly cycling. However, by 18 years of age they were 
unable to keep their balance on a bike, even with the help 
of their riding partners. Although their mother denied there 
was a problem, their medical attendants felt that both girls 
were losing skills. Electron microscopy of lymphocytes 
revealed fi ngerprint inclusions, which are a variety of cyto-
some found in neuronal ceroid lipofuscinosis (NCL), both 
type 3 and 4. They resemble the deposits seen in the neu-
rons, but are easier to examine than skin or rectal mucosa. 
The girls were found to be compound heterozygotes for 
mutations in their CLN3 gene – they had NCL type 3.

Brain MRI is a particularly valuable 

screening test
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Neuroimaging
Neuroimaging is one of the most useful in-
vestigations, especially brain MRI. Figures for 
fi nding an abnormality range from 9% in totally 
unselected populations to 80% in populations 
selected as having additional features such as 
abnormal neurological signs, abnormal head 
size or seizures (Stoodley 2002).

One of the conceptual frameworks for clas-
sifying progressive neurological disorders is to 
defi ne them as either predominantly affecting 
white matter or grey matter (Surtees 2002). 
The white matter diseases, or leukodystrophies, 
present with ataxia or spasticity, with dementia 
occurring later. Disorders of grey matter, or po-
liodystrophies, present with dementia, seizures 
or movement disorders such as dystonia or 
choreoathetosis. If spasticity develops, it is usu-
ally later. In reality, there is overlap, but with the 

BOX 4

This 24-year-old man was brought by a carer 
with a history of increasing diffi culty coping 
with his activities of daily living. He had al-
ways been a ‘clumsy child’, and at the age 
of 10 years was diagnosed with ‘macular 
degeneration’. During secondary school 
he started to have trouble with schoolwork, 
and was diagnosed with moderate learning 
diffi culties at age 15 years. He was declared 
legally blind by 18 years of age. On examina-
tion at 24 years, he had visual perception of 
light and dark only, saccadic interruption of 
smooth pursuit eye movements, mild slur-
ring dysarthria, intention tremor, pes cavus, 
distal muscle wasting and weakness, and 
loss of deep tendon refl exes. Fundoscopy 
showed a pigmentary macular degenera-
tion. Testing for the nt8993 mutation in 
mitochondrial DNA was positive, making 
the diagnosis of NARP – neurogenic muscle 
weakness, ataxia and retinitis pigmentosa. 
Later it was discovered that his mother 
and maternal grandmother had developed 
‘macular degeneration’ in their fi fth and 
sixth decades, respectively.

advent of MRI imaging and the excellent resolu-
tion of grey and white matter it offers, this clas-
sifi cation is still helpful. MR spectroscopy can 
be used to assess metabolites such as lactate, or 
N-acetyl-aspartate (where a huge peak is seen in 
Canavan’s disease), but the full potential of this 
investigation has yet to be realized.

The distribution of changes on MRI can 
give valuable clues. If the changes are confi ned 
to the white matter and are anterior, then 
metachromatic leukodystrophy and Alexander 
disease should be considered. If the white mat-
ter changes are mainly posterior then X-linked 
adrenoleukodystrophy (box 7) and Krabbe’s 
disease are more likely. Subcortical white mat-
ter involvement is more commonly seen in 
conditions such as Canavan’s, Kearns-Sayre and 
glutaric aciduria. Diffuse white matter changes 
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BOX 5

This 32-year-old immigrant was admit-
ted to the acute psychiatric ward with an 
episode of mania. On examination he had 
a wide-based gait, some dystonic posturing 
of his feet and hands, tremor and Kaiser-
Fleischer rings. His liver  function tests were 
abnormal. He had worked as an engineer 
in the army before emigrating, but had 
been unable to learn the language of his 
adopted country or to retrain since arrival, 
which had puzzled his family. His brain MRI 
shows symmetrical abnormalities of the 
central grey matter, and cerebral atrophy. 
Demonstrating low serum ceruloplasmin, 
low serum copper and high urinary copper 
made the diagnosis of Wilson’s disease.

are seen in Pelizaeus-Merzbacher where there 
appears to be dysmyelination. Predominant 
involvement in the posterior fossa suggests 
adrenomyeloneuropathy or cerebrotendinous 
xanthomatosis. In Pelizaeus-Merzbacher dis-
ease, preserved islands of myelin, especially 
around blood vessels, give a ‘tigroid’ appearance 
(Aicardi 1998).

If mainly grey matter is involved, the distri-
bution of changes can once again be helpful. 
Cortical defects in a ‘nonvascular’ distribution 
suggest MELAS (box 6). Basal ganglia changes 
are seen in adult Leigh’s syndrome, and amino 
and organic acidurias. Basal ganglia calcifi ca-
tion, which may only be visible on CT, suggests 

mitochondrial disorders. The MRI changes 
in Neurodegeneration with Brain Iron Accu-
mulation (NBIA, formerly known as Haller-
vorden-Spatz disease) are striking in advanced 
disease, with bilateral pallidal hypointensity on 
T2-weighted images, consistent with iron accu-
mulation (box 2). Bilateral symmetrical high-
intensity lesions in the putamen and pallidum 
have been described in GM1 gangliosidosis type 
III (Uyama et al. 1992). In Wilson’s disease the 
most striking abnormalities are symmetrical 
signal change in the central grey matter, asym-
metrical and scattered white matter lesions, and 
generalized cerebral atrophy (box 5) (van Was-
senaer-van Hall et al. 1995).
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SOME SPECIFIC NEUROLOGICAL 
CONDITIONS
This section is not meant to be an exhaustive de-
scription of all the individual conditions in pae-
diatric neurology texts (I recommend Aicardi 
1998 and Lyon et al. 1996). However, with adult 
onset, some conditions present differently when 
compared to the childhood forms. The purpose 
of this section is to highlight these differences. 
Conditions that have their onset primarily in 
adulthood, and therefore most adult neurolo-
gists are familiar with them, are not described 
here – Huntington’s disease, Creutzfeldt-Jakob 
disease, the spinocerebellar atrophies, etc.

I have divided the conditions into disorders 
primarily affecting white matter, disorders 
primarily affecting grey matter, and disorders 
of intermediary metabolism where both white 
and grey matter may be affected. This is arbi-
trary – there is overlap between all three groups 
– but does at least place the conditions within a 
useful conceptual framework.

Disorders primarily affecting 
grey matter

Neuronal ceroid lipofuscinosis (NCL)
NCL type 3 (juvenile or Batten-Spielmeyer-
Vogt-Sjogren disease) frequently presents with 
slowly deteriorating vision, and a characteristic 
retinitis pigmentosa (Spalton et al. 1980). The 
cognitive deterioration may present initially 
as severe behavioural problems, which at fi rst 
are mistakenly thought to be a response to the 
visual problems. Neurological signs develop 
later – a characteristic stammer and compulsive 
speaking, extrapyramidal manifestations, slight 
cerebellar and pyramidal signs, and dementia 
(Taschner et al. 1995). Myoclonus is common 
but generalized seizures can also occur. The 
onset can be as late as 10 years of age, and the 
slow development of cognitive problems may 
be obscured by the visual failure (box 3). An 
electroretinogram is a useful early test because 
it may be attenuated or even extinguished well 
before the characteristic pigmentary retinopa-
thy is seen.

NCL type 4 (Kuf ’s disease) is divided into two 
clinical phenotypes: type A begins with progres-
sive myoclonic epilepsy, with later development 
of dementia and ataxia, while type B is char-
acterized by dementia with cerebellar and/or 
extrapyramidal features (Berkovic et al. 1988). 
Unlike type 3, there is no retinal degeneration or 
blindness. The onset is around 30 years of age.

BOX 6

This 18-year-old girl had been admitted to hospital with 
several seizures, and complaining of ‘tunnel vision’ for 
which no cause had been found, although it had been 
suspected to be non-organic. She returned to university 
but started to fail subjects, whereas previously she had 
been a good student. She went to a loud music concert and 
afterwards complained of persistent hearing diffi culty. She 
had several more seizures over the next few days, and on 
admission was disorientated and drowsy. Her brain MRI 
(FLAIR sequences) showed areas resembling infarction, 
but not in a typical vascular distribution. Muscle biopsy 
showed ragged red fi bres and CSF lactate was 3.4. She was 
positive for the nt3243 mutation, making the diagnosis of 
MELAS.
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Electron microscopic examination of 
lymphocytes (so-called ‘buffy coat’ examina-
tion) can show characteristic ultrastructural 
fi ngerprint inclusions within vacuolated lym-
phocytes in both type 3 and 4 NCL, particularly 
if the disease has been symptomatic for several 
years (Box 3). Defi nitive diagnosis is made by 
demonstrating autofl uorescent pigment within 
neurons, usually in either skin or rectal biopsy, 
in both types 3 and 4. Some centres are able to 
look for mutations in the CLN3 gene in cases of 
NCL type 3.

Niemann-Pick type C (NP-C)
Niemann-Pick types A and B are neurovisceral 
and visceral in distribution, respectively, and 
both start in infancy. NP-C can start anywhere 
between 3 months and the fourth decade of life 
(Shulman 1995). Psychosis may precede the de-
velopment of neurological signs by up to 8 years, 
with the longstanding psychiatric diagnosis and 
the administration of neuroleptic agents ob-
scuring the emerging picture of cognitive de-
cline (box 1, case 2) (Shulman 1995). The major 
clinical features of NP-C are dementia, dysarthia, 
ataxia, vertical supranuclear ophthalmoplegia 
(box 1, case 1), and hepatosplenomegaly (Turpin 
1991). Extrapyramidal signs are frequent and 
include dystonia and choreoathetosis. Seizures 
may appear with disease progression, but are not 
usually prominent. A review of 16 case reports of 
adult-onset NP-C recorded all patients as having 
dementia, with it being the initial symptom in 
two, and three patients had ‘mental retardation 
with progression of dementia in adulthood’ 
(Shulman 1995). Diagnosis is made on fi brob-
last culture, usually harvested from a skin biopsy. 
There is an increase of non-esterifi ed cholesterol 
storage, and reduced cholesterol esterifi cation in 
the cultured fi broblasts.

Gaucher’s type 3
This juvenile form of Gaucher’s disease has quite 
variable features, usually becoming apparent in 
the fi rst decade of life. A very useful sign is a su-
pranuclear horizontal ophthalmoplegia, which 
can appear in the fi rst decade, while intellect is 
maintained until adulthood (Lyon 1996). How-
ever, intellectual deterioration progresses as the 
hepatosplenomegaly progresses, and the spleen 
in particular can become massive. Cerebellar 
ataxia and extrapyramidal signs frequently de-
velop. This disease is confi rmed by assaying the 
activity of the lysosomal enzyme β-glucocer-
ebrosidase in white blood cells.

BOX 7

This 32-year-old male geologist was brought by his mother 
because he was not caring for himself properly, and she 
felt his personality had changed. On examination he had 
tangential speech, grandiose ideation, was unkempt and 
tanned. He had a stiff circumducting gait with sustained 
clonus at both ankles, and hyperrefl exia in all four limbs, 
legs more than arms. Further inquiry revealed that his sister 
had a son with Addison’s disease. A presumptive diagnosis 
of adrenoleukodystrophy was made, and proven by fi nding 
raised very long-chain fatty acids in plasma. Although his 
nephew was neurologically normal when examined at age 
15 years, his MRI showed obvious white matter changes in 
the parieto-occipital lobes bilaterally, extending into the 
corpus callosum and posterior limb of the internal capsule 
(MRI of sister’s son shown).
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GM1 gangliosidosis type III
Types 1 and 2 present in infancy and cause death 
in the fi rst decade of life. Type III is uncommon 
and has a variable clinical presentation, includ-
ing spinocerebellar degeneration or dystonia. 
Intellectual deterioration can be late and mild 
(Goldman et al. 1981; Uyama 1992). The diag-
nosis is made by fi nding low or no activity of 
the lysosomal enzyme β-galactosidase in white 
blood cells.

GM2 gangliosidosis adult type (adult 
Tay-Sachs disease, hexosaminidase 
A defi ciency)
Classic Tay-Sachs disease starts in infancy and 
the patients die in the second or third year of 
life. Uncommonly, it can have later onset, where 
the clinical picture often resembles an anterior 
horn cell disease, either spinal muscular atrophy 
or motor neuron disease, but with atypical fea-
tures such as action tremor, recurrent psychosis 
and limitation of eye movements (Navon et al. 
1986). It can also mimic Friedreich’s ataxia or 
other spinocerebellar degenerations (Willner 
et al. 1981). This condition is diagnosed by 
assaying the activity of the lysosomal enzyme 
hexosaminidase A in white blood cells.

Mucopolysaccaridosis (MPS) type 
III-B (Sanfi lippo disease type B)
MPS III-A causes progressive deterioration 
beginning between 2 and 6 years of age. How-
ever, late variants have been described and are 
designated type B. MPS III-B is one of the few 
neurodegenerative conditions that may have no 
abnormal neurological symptoms, presenting 
solely as mental retardation with deteriora-
tion and/or behavioural disturbances for many 
years (Van Schronjenstein-de Valk & van de 
Kamp 1987). The facial features and hair are 
not as coarse as in other forms of mucopolysac-
charidoses, and can be overlooked. Thus, urine 
screening for excretion of glycosaminoglycan 
is routinely indicated for patients with unex-
plained regression in intellectual functioning, 
especially with pre-existent mental retarda-
tion. There is reduced activity of four different 
enzymes in white blood cells, corresponding to 
the four subtypes.

Wilson’s disease
The presentation of Wilson’s disease can be 
either hepatic, with cirrhosis or fulminant fail-
ure, or neurological, or both. The neurological 
features are variable and include dystonia, a 

parkinsonian syndrome, chorea, myoclonus, 
dyskinesia, tremor and spasticity (Takeshita 
et al. 2002). Psychiatric manifestations can be 
prominent and early, as can the dementia. 
Onset can be anywhere between infancy and the 
fi fth decade. Kaiser-Fleischer rings are usually 
seen on either routine or slit-lamp examination 
once neurological symptoms are established 
(box 5). MRI of the brain shows symmetri-
cal abnormalities of the central grey matter, 
asymmetrical white matter abnormalities, and 
cerebral atrophy later on. Finding a low serum 
ceruloplasmin, low serum copper and high 
urinary copper makes the diagnosis. However, 
these tests can all be normal in the presence of 
the disease, so it may be necessary to do a liver 
biopsy and measure the copper content if the 
diagnosis is likely.

Neurodegeneration with brain iron 
accumulation (NBIA)
This condition usually starts in childhood or 
adolescence, but later onset has been described 
(Jankovic et al. 1985). There are extrapyramidal 
and corticospinal tract features, sometimes 
initially only in the legs or bulbar muscles. Cog-
nitive decline is slow, and may lag behind the 
motor manifestations by many years, although 
not always. The MRI can be striking with bilat-
eral pallidal hypointensity on T2-weighted im-
ages, consistent with iron accumulation (box 2). 
There are small medial zones of hyperintensity, 
corresponding with cavities pathologically, and 
giving the ‘eye of the tiger’ sign (Savoiardo et al. 
1993). However, the MRI can be normal at onset, 
and later the small zones of hyperintensity dis-
appear (Savoiardo et al. 1993). Approximately 
half the patients have identifi able mutations in 
the PANK2 gene.

Classic Tay-Sachs disease starts in infancy 

and the patients die in the second or third 

year of life
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Progressive myoclonic epilepsies
This group of conditions shares the clinical 
picture of myoclonus, other seizure types, and 
neurodegeneration (Berkovic 1993). One of the 
most common causes is NCL, which has been 
discussed above. Another cause is mucolipidosis 
type I (sialidosis III), a rare disorder with short 
stature and developmental delay. Acceleration of 
cognitive diffi culties can occur in adolescence. 
Other features include a cherry red spot at the 
macula, blindness and angiokeratoma. The di-
agnosis is made by measuring urinary oligosac-
charides, and demonstrating reduced activity of 
α neuraminidase in cultured fi broblasts.

Unverricht-Lundborg disease (Baltic myo-
clonus) presents in adolescence with prominent 
stimulus-sensitive myoclonus, other seizure 
types, progressive ataxia, and gradual cognitive 
decline. The EEG may show paroxysms of gen-
eralized spike and wave activity, with progres-
sive deterioration of the background activity. 
The diagnosis is made defi nitively by fi nding 
an unstable minisatellite expansion in the pro-
moter region of the cystatin B gene (Virtaneva 
et al. 1997).

Lafora body disease also presents in adoles-
cence or early adulthood with myoclonus and 
other seizures, but the intellectual deterioration 
is more rapid than in Unverricht-Lundborg 
disease. Diagnosis is made by demonstrat-
ing Lafora (amyloid) bodies in neurons, liver, 
muscle or sweat glands in the skin on biopsy, or 
by genetic diagnostic screening of the EPM2A 
gene (Minassian et al. 2000). However, there is 
genetic heterogeneity.

Disorders primarily affecting 
white matter

Adrenoleukodystrophy/
adrenomyeloneuropathy
This X-linked disease affects the central nervous 
system, peripheral nerves, adrenal cortex and 
testes. Seven phenotypes have been described 
– childhood cerebral form, adrenomyeloneu-

ropathy, adult cerebral, adolescent, adrenal 
insuffi ciency without neurological disease, 
asymptomatic and heterozygotes (Moser et al. 
2000). It is not possible to predict the pheno-
type in an unaffected male who carries a muta-
tion. The adult form of adrenoleukodystrophy 
(ALD) is characterized by a slowly progressive 
spastic paraparesis, dementia and/or psychosis 
(box 7). An important clue is the X-linked fam-
ily history and the presence of adrenal insuffi -
ciency, which may be subclinical. MRI is often 
very suggestive, and the diagnosis is made by 
fi nding a raised level of very long-chain fatty 
acids in plasma.

Metachromatic leukodystrophy
In the adult form of metachromatic leukodys-
trophy, initial symptoms begin after the age of 
16 years and are usually psychiatric, leading to a 
diagnosis of schizophrenia (Waltz 1987). Move-
ment disorders, such as dystonia and chore-
oathetosis have been variably observed late in 
the disease course (Yatziv & Russell 1981). The 
MRI shows signal change in the periventricular 
white matter, initially frontal in distribution, 
becoming generalized and leading to brain atro-
phy with progression of the disease. White blood 
cell lysosomal enzyme analysis shows reduced 
arylsulphatase A activity.

Krabbe’s disease (globoid cell 
leukodystrophy)
This usually presents in infancy. However, there 
is a later onset form, with symptoms beginning 
in childhood and slow progression into adoles-
cence and adulthood. Clinically there is spastici-
ty and pyramidal weakness of the limbs, variably 
combined with a peripheral neuropathy, which 
can cause sensory ataxia (Crome et al. 1973; 
Phelps et al. 1991). Dementia is invariable. The 
periventricular white matter is abnormal on 
MRI, often initially in a posterior distribution. 
White blood cell lysosomal enzyme analysis 
shows reduced galactocerebroside β-galactosi-
dase activity.

Canavan’s disease
This usually presents in infancy with death in 
the fi rst decade. However, rare cases have been 
described with a static picture resembling ex-
trapyramidal cerebral palsy, with prolonged 
survival and late deterioration of cognition 
(Feigelman et al. 1991). Brain MRI shows dif-
fuse white matter degeneration particularly 
affecting the cerebral hemispheres with less 

Long term follow-up is important because 

diagnostic signs can emerge with disease 

progression 
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involvement of the cerebellum and brain stem. 
Advanced cases have marked cerebral atrophy. 
The level of N-acetylaspartic acid is raised in the 
urine and blood. Some laboratories are able to 
assay aspartylacylase activity in cultured fi brob-
lasts or fi nd mutations in the ASPA gene.

Pelizaeus-Merzbacher disease 
(PMD)
This X-linked condition generally begins in 
infancy with rotatory movements of the head 
and eyes, which may be initially diagnosed 
as athetoid cerebral palsy. These movements 
often disappear with time. The condition is very 
slowly progressive, compatible with survival 
into the fi fth decade of life. Spasticity particu-
larly of the legs, cerebellar ataxia, dementia and 
parkinsonian features develop after the fi rst or 
second decades. Heterozygous females can have 
mild signs (Johnson et al. 1991). The brain MRI 
shows a ‘tigroid’ pattern, which is suggestive but 
not diagnostic of the condition (Aicardi 1998). 
PMD can be very variable in the rate of progres-
sion, and both early onset and later-onset forms 

BOX 8

A carer brought this 22-year-old woman to the neu-
rology outpatient clinic after her fi rst generalized 
tonic-clonic seizure. She had been diagnosed as 
having mental retardation of unknown cause when 
a child of eight years, but staff who had known her 
for the last fi ve years felt she had lost skills. Exami-
nation revealed thickening and nodularity of both 
Achilles tendons, as well as fi rm deposits in the 
extensor tendons of her fi ngers. Brain MRI showed 
symmetrical cystic changes in the deep white mat-
ter of the cerebellar hemispheres. A diagnosis of 
cerebrotendinous xanthomatosis was made. Her 
serum cholestanol was raised and cholesterol 
slightly low.
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can coexist within a family. In its mildest form 
it can present as X-linked hereditary spastic 
paraparesis.

Alexander disease
There are three types – infantile, juvenile, and adult 
– all caused by mutations in the same gene. The 
adult form is the least common. Megalencephaly 
is more common in the infantile form, with older 
patients presenting with bulbar or pseudobulbar 
features. These are frequently accompanied by 
spasticity of the limbs and dementia (Gorospe 
et al. 2002). Unlike motor neuron disease, there 
are no tongue fasiculations or lower motor neu-
ron signs (Namekawa et al. 2002). Most patients 
progress over 10 years to death. On MRI of the 
brain, the white matter changes are less promi-
nent than in childhood-onset Alexander disease, 
but there is severe atrophy of the medulla and 
cervical spinal cord, with an intact pons. EEG can 
show spikes or sharp waves of frontocentral loca-
tion. Pathological proof can only be obtained by 
brain biopsy, showing Rosenthal fi bres.

Disorders of intermediary 
metabolism

Mitochondrial cytopathies
Although over 100 different mutations of mito-
chondrial DNA (mtDNA) have been described, 
most mutations have been identifi ed just in 
single families only (Servidei 2003; Chinnery 
2003). The ‘common’ mutations, seen relatively 
often in the general population, are large-scale 
rearrangements, plus point mutations at 
nt3243, nt8344, to a lesser extent nt8993, and 
the Leber’s hereditary optic neuropathy point 
mutations. Of these, the point mutations at 
nt3243, nt8344 and nt8993 can cause cognitive 
decline in young adults.

Mitochondrial encephalomyopathy, lactic 
acidosis and stroke-like episodes (MELAS) is 
most commonly caused by the nt3243 muta-
tion. It presents in many ways, but in young 
adults as a stroke-like episode, often preceded 
by a focal seizure (Ciafaloni et al. 1992). The 
patient can remain quite encephalopathic fol-
lowing these episodes, and this slowly settles as 
the stroke defi cits recover (box 6). However, the 
patient often does not fully regain their premor-
bid level of cognitive function. With further epi-
sodes, this defi cit increases, leading to dementia. 
A maternal history of diabetes, deafness, young 
onset stroke, seizures and deaths in infancy are 
all very suggestive.

Myoclonic epilepsy with ragged red fi bres 
(MERRF) is most commonly caused by the 
point mutation at nt8344, and as well as myo-
clonic epilepsy, dementia commonly develops 
(Berkovic et al. 1989). Again, anti-epileptic 
medication can complicate the picture.

Neurogenic muscle weakness, ataxia, and 
retinitis pigmentosa (NARP), caused by a point 
mutation at nt8993 is less common than the 
previous two conditions. The picture is usually 
dominated by early onset visual failure, which 
can initially present as night blindness under the 
age of 10 years, with the other manifestations of 
ataxia, seizures, neuropathy and dementia not 
coming on until years later (Fryer et al. 1994) 
(box 4).

The brain MRI in MELAS can be very sug-
gestive. Blood lactate and pyruvate are often 
raised, although repeat testing may need to be 
done to detect this. CSF lactate is more reliably 
raised in cases of mitochondrial cytopathy than 
the blood lactate. If a mtDNA point mutation is 
in a tRNA coding gene, as the common MELAS 
and MERRF mutations are, then muscle biopsy 
will show ragged red fi bres (box 6). The NARP 
mutations are in protein coding genes, so there 
are no ragged red fi bres.

Homocystinuria
Two thirds of patients with homocystinuria 
have mild mental retardation. This is especially 
so if they are not vitamin B6 responsive (Yap 
et al. 2001). Other major clinical abnormalities 
include dislocation of the lens and thromboem-
bolic events, both arterial and venous. There are 
skeletal abnormalities including a Marfi noid 
habitus and osteoporosis. Diagnosis is by 
plasma and urinary chromatography showing 
homocysteine, excess methionine and reduced 
cysteine.

Cerebrotendinous xanthomatosis
This disease starts in the fi rst decade of life. The 
fi rst manifestations are thickening and xan-
thomata in tendons due to deposits of cholesta-
nol, and cataracts (box 8). Mental retardation is 
variable from mild to moderate, and develops 
slowly. Neurological features are often late and 
are cerebellar, pyramidal, and myoclonus of 
the soft palate (Menkes et al. 1968). Increased 
serum cholestanol is characteristic, with normal 
or low cholesterol. There are high signal lesions 
on T2 MRI, distributed throughout the brain, 
plus symmetrical cystic changes in the deep 
white matter of the cerebellar hemispheres (box 
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8). The high signal lesions appear to be xan-
thomata on pathological examination (Dotti 
et al. 1994).

Branched chain amino acid 
metabolism defects
These include maple syrup urine disease, 
 methy lmalonic aciduria and propionic aci-
duria. They can present as severe neonatal, 
intermittent late-onset or chronic progressive 
forms. The latter two can present for the fi rst 
time in adolescence or adulthood. Recurrent 
coma or bouts of lethargy with ataxia and cho-
rea is the most common clinical picture, pre-
cipitated by intercurrent infections or excessive 
protein intake. Chronic accumulation of toxic 
metabolites is thought to interfere with cerebral 
metabolism, leading to mental deterioration 
(Sethi & Roessel et al. 1989; Surtees et al. 1992). 
The clue is an abnormal amino acid profi le on 
chromatography of plasma and urine, especially 
during an attack.

Urea cycle defects
Most patients with these defects present in the 
neonatal period. However, some defects, such 
as citrullinemia and argininemia, can produce 
milder symptoms. Argininemia can lead to early 
spastic diplegia, misdiagnosed as cerebral palsy 
until there is intellectual deterioration in the 
late teens (Scheuerle et al. 1993). Citrullinemia 
may cause episodes of encephalopathy due to 
hyperammonaemia, frequently misdiagnosed 
as encephalitis or stroke (Yasuda et al. 2000). An 
early clue can be brittle hair and hepatomegaly. 
Sodium valproate sensitivity is seen in both ar-
gininemia and citrullinemia. The diagnosis is 
made by fi nding hyperammonemia, an abnor-
mal amino acid profi le in plasma and urine, 
and oroticuria, especially during episodes of 
decompensation.

Glutaric aciduria type I
This is an autosomal recessive disorder of lysine 
and tryptophan catabolism, leading to abnor-
malities of neurotransmitter metabolism. There 
are several reports of glutaric aciduria type I 
presenting in adults with oculomotor problems 
(upgaze palsy, convergence paralysis), hyper-
efl exia and mild dementia (Bahr et al. 2002). In-
creased urinary concentrations of glutaric and 
3-hydroxyglutaric acids are diagnostic. There 
may be white matter abnormalities on MRI.
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CONCLUSIONS
• Cognitive regression can be mimicked 

in young adults with intellectual disa-
bility by the increasing demands placed 
on them as they approach adulthood, 
or by intercurrent depression.

• Complications of known static condi-
tions can cause regression, such as 
obstructive hydrocephalus secondary 
to a tuber in tuberous sclerosis.

• Many factors can mask the emergence 
of real cognitive decline, such as sei-
zures, medication or psychiatric com-
plications.

• A targeted history and examination, 
taking into account the signs outlined 
in Tables 2 and 3, can give valuable 
clues to the underlying disease proc-
ess. Previous measures of IQ can be 
particularly valuable.

• There is no screening test that will pro-
vide a diagnosis for all conditions, but 
brain MRI is very helpful.

• Although the diagnosis may not be im-
mediately apparent, long-term follow-
up is important because diagnostic 
signs can emerge with progression of 
the disease.

• Diagnosis is becoming more important 
than ever because there are effective 
treatments emerging, such as bone 
marrow transplantation (Krivit et al. 
1999), specifi c enzyme replacement, 
and stem cell therapy (Krivit 2002).

• Neurologists must ‘think metabolic’ 
when evaluating young adults with 
cognitive decline in the setting of other 
neurological or systemic problems.
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