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challenges to the paediatric neurologist. While the potential causes are individually quite rare,
collectively neurodegenerative disorders are quite common with an incidence of approxi-
mately 0.5/1000 live births.! Faced with an individual child, it is easy to feel daunted by
textbooks®’ that tend to be organised according to pathology, rather than presentation, and which
emphasise that many of these conditions have “variants” that can present at widely differing ages.
Confusing terminologies, and non-specific presentations, tend to add to a sense of despair at ever
getting to grips with the field.
Confining the scope of this paper to conditions presenting in adolescence limits the number of
conditions under discussion, simplifying matters considerably. However, considerations pertinent
to the evaluation of progressive disease across the paediatric age range still arise.

The evaluation of progressive neurological and/or cognitive decline poses one of the greatest
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In young children, the interplay of physiological developmental progress (even at a reduced rate)
and a neurodegenerative condition can result in surprising difficulty in establishing whether signs
and symptoms are truly progressive. The progressive nature of a new onset disease in a previously
healthy adolescent will clearly be much more obvious, but such clear cut situations are quite rare.
Quite frequently, new concerns are raised about an adolescent child with pre-existing neurological
signs and symptoms, especially the child with longstanding “learning difficulties” or “cerebral
palsy” (CP). Jean-Pierre Lin and Chris Rittey discuss the differential diagnoses of these entities
elsewhere (see pages i23 and i30). Such labels may have been assigned after only a limited aetio-
logical work up and mask a slowly progressive primary diagnosis. A diagnosis of severe quadriplegic
or dyskinetic CP ideally requires an unambiguous history of severe hypoxic ischaemic encephalopa-
thy (HIE) in a term infant. A diagnosis of diplegic CP is most secure in a child born prematurely with
demonstration by computed tomography (CT) or magnetic resonance imaging (MRI) of relatively
symmetrical periventricular white matter loss in the occipital horns and ischaemic signal change.
Normal MRI appearances in brain and cord in a child with “diplegic CP” would raise the possibility
of a slowly progressive hereditary spastic paraplegia or even dopa responsive dystonia.

Diagnosis of this condition—whose importance, as is often the case in paediatric neurology, lies
not in its prevalence but its potential treatability—in a child previously labelled as having “severe
CP” is a truly momentous event. Diagnosis of “dyskinetic” and particularly “ataxic” cerebral palsy
diagnoses must only be made after adequate evaluation, and promptly revisited if any progression
of symptoms or signs is observed (table 1). Characteristically, dyskinetic CP caused by severe term
HIE gives rise to hyperintensity in the putamen and/or thalamus on T2 weighted MRI. Other sig-
nal abnormalities, or atrophy, of the putamen, or involvement of the globus pallidus or caudate,
should raise suspicion of missed metabolic disease.*

While progression of signs is inconsistent with a diagnosis of CP, evolution is not, and this again can
pose diagnostic challenges. The manifestations of a non-progressive insult evolve with the chang-
ing developmental stage of the central nervous system around it. One well described and important
example is the evolution of dystonic and/or choreic features in the upper limbs during the second
decade of life of a child with previously purely spastic diplegic CP. Measures of functional perform-
ance of children with CP (such as walking distance or speed) may also deteriorate in adolescence
for more prosaic reasons such increasing weight and height, or preventable complications such as
the development of contractures. In these circumstances, detailed examination will confirm that
formal neurological signs have not altered (assuming these have been previously well
documented).

PSEUDO-REGRESSION

While there is a tendency to equate progressive neurological and/or cognitive decline with primary
neurodegenerative diseases, it is vital to consider causes of reversible, “pseudo-" regression. Cogni-
tive decline in adolescence is most likely to manifest as underachievement or failure at school.
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Table 1 Diagnostic possibilities in children with
longstanding diagnoses of “ataxic” or “dyskinetic”
cerebral palsy (CP) showing slow progression in
second decade of life

» “Ataxic CP” Slowly growing posterior fossa
lesions

Ataxia telangectasia
Metachromatic leukodystrophy
G, gangliosidosis

Salla disease

» “Dystonic CP” (unusual for Sandifer syndrome (dystonic
other potential differential movements of head and neck
diagnoses not to have declared related to gastro-oesphageal
in the first decade of life) reflux)

Late variants of Leigh disease

Although some neurodegenerative diseases can have predomi-
nantly cognitive or psychiatric initial presentations, this is
rare, and a number of much more likely considerations apply
to the situation where new academic concerns arise in the
absence of neurological signs. Over the last two decades the con-
ventional wisdom that depression was not common in adoles-
cence has been overturned; this is now rightly recognised as

an important differential in the evaluation of school failure.
Comparable, reversible “regression” of cognitive skills can be
seen in children with learning difficulties who endure a period
of emotional deprivation—for example, arising from pro-
longed hospitalisation.

A more subtle situation concerns the child with pre-
existing, static, cognitive impairments who begins to fail as
academic demands increase through adolescence. The adoles-
cent survivor of traumatic brain injury (TBI) earlier in
childhood is an excellent example. Children often make
remarkably good motor recoveries after TBI at a young age, but
are left with largely cognitive deficits. These can initially be
accommodated in the highly structured primary school
setting and are thus effectively “latent”. Upon transition to the
much more demanding environment of secondary education
these children’s executive, problem solving, attentional, and
learning speed difficulties become apparent. Unfortunately
failure to understand the notion of latent deficits may result in
failure to ascribe the newly manifesting problems to the past
TBI.

Exacerbation of a severe seizure disorder is another impor-
tant cause of pseudo-regression requiring EEG evaluation for
the possibility of non-convulsive (“subclinical”) status epilep-
ticus. It would be unusual for such acquired cognitive

Table 2 Useful findings to consider in light of specific clinical findings

Useful clinical findings for this Useful investigations for this
presenting syndrome

presenting syndrome
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» Paraparesis/pyramidal signs

» Ataxia

» Myoclonus, seizures

» Extrapyramidal

» Peripheral polyneuropathy

» Visual loss/symptoms

» Fundoscopic abnormalities

» Eye movement abnormalities

» Stroke-like episodes

» Episodic encephalopathy

» Personality/behavioural/dementia

Peripheral neuropathy? Eye
findings? Rate of progression?
Family history?

Areflexia? Dorsal column
involvement? Seizures?
Extrapyramidal? Eye
movements? Head tremor?
Conjunctivae? FHx?

Age onset, rate of progression;
eye movements; hearing;
seizures

Dysarthria? Learning
difficulties? Slit lamp exam?
Consider frial levodopa

Retinae? FHx?

Fundi; FHx “mitochondrial”
symptoms*

FHx “mitochondrial” symptoms
FHx “mitochondrial” symptoms?
Paternal FHx of “neurological
disease”? Tremor?
Organomegally?

Fundi; FHx “mitochondrial”
symptoms

Fundi; FHx “mitochondrial”
symptoms

Eye findings? Pre-existing
“epilepsy”? Paternal FHx?
Tendon xanthoma?

MRI, NCV, CSF protein, VLCFA,
WCE

Cardiac function, NCV, CSF profein,
lactate, cholesterol, lipoproteins,
vitamin E, acanthocytes, MRI, WCE

EEG, ERG, BAEP, MRI, CSF lactate,
skin/muscle biopsy

MRI, ERG, copper studies,
acanthocytes
NCV, CSF protein, phytanic acid

MRI, ERG, CSF lactate, muscle
biopsy

MRI, CSF lactate

MRI, ERG, CSF lactate, muscle
biopsy

MRI, ERG, CSF lactate, muscle
biopsy

Copper studies, slit lamp, MRI,
EEGT

*FHx “mitochondrial” symptoms refers to family histories of deafness, diabetes, epilepsy or neurological

disease.

tIf variant CJD is suspected full infection control measures must accompany EEG, lumbar puncture, and
intubation/general anaesthesia for any procedure such as MRI. Seek local advice.

BAEP, brainstem auditory evoked potential; CSF, cerebrospinal fluid; EEG, electroencephalogram; ERG,
electroretinogram; MRI, magnetic resonance imaging; NCV, nerve conduction velocity; VLCFA, very long
chain fatty acids; WCE, “white cell” (lysosomal) enzyme screen.
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Effects of Bayes’ theorem on the interpretation of the

results of tests with imperfect sensitivity and
specificity

> This sort of discussion tends to bring some people out in a
rash. Unfortunately it is of fundamental importance in an
area of medicine where we are looking for rare diseases
with tests of imperfect sensitivity and specificity.

> A test's sensitivity is the probability that the test will be posi-
tive when the disease is there—that is, imagining the fest
being administered to a group of people all of whom actu-
ally have the disease, how likely the test is to “pick it up”. A
test’s specificity is the probability that the test will be nega-
tive when the disease is indeed not there—that is, imagining
the test being administered to a group of people none of
whom actually have the disease, how likely the test is not to
mistakenly show up positive. (The fact that specificity is a
probability of not misleading can cause some confusion: it is
expressed that way so that both sensitivity and specificity are
desirable things. If they are both 100% the test will never
miss a true case and never mislead you into thinking a case
is there when it is not.)

> The positive predictive value is the probability of the disease
truly being present if the test is positive. While this may
sound very much like sensitivity, it is not. It is “turned round”:
the probability, given that an animal is a cat, of it having
four legs is greater than the probability, given that an animal
has four legs, of it being a cat. Think of positive predictive
value as answering the question “just how useful/
meaningful is a positive test result?”

> The vital factor to grasp about positive (and negative)
predictive values is that they depend on the prevalence of
the condition in the population—that is, how likely it was that
the disease was present even before you applied the test.
This is also known as the “prior odds”. If you apply a fest
with a less-than-perfect sensitivity indiscriminately to look for
a condition that is unlikely in the clinical context (low prior
odds), then false positives are quite likely and in extreme
situations could even outnumber true positives, making the
usefulness of a positive test result (the positive predictive
value) low. If investigations are tailored so that, on the basis
of clinical assessment, your prior expectation of a positive
diagnosis is reasonable, then the chances of being misled
by a false positive result are much lower.

problems to predate the recognition of a seizure disorder for
very long, although this can happen in absence epilepsies
(some of which present in adolescence). Landau-Kleffner
syndrome (LKS) is an acquired receptive aphasia (“auditory
agnosia”—the child behaves “as if deaf”) with seizures.
Although presentation is usually in the first decade of life, a
related syndrome, confusingly labouring under two inter-
changeable acronyms—ESES (electrical status epilepticus in
sleep) and CSWS (continuous spike wave discharges in slow
wave sleep)—can present later. Its nosological relation to LKS
is controversial: LKS is probably best regarded as a subtype of
CSWS/ESES with language specific cognitive effects. The cog-
nitive effects of ESES/CSWS are much less specific. There is
active controversy regarding the suggestion that these can
include autistic features, raising the possibility of ESES as a
probably rare, but potentially reversible, cause of such a
picture. The important feature to be aware is the restriction of
severe EEG abnormalities to slow wave sleep, necessitating
full sleep EEG studies if this condition is suspected, with the
consequent logistical challenges.

It is not uncommon to be faced with the challenge of
distinguishing an intrinsic epileptic encephalopathy causing

temporary academic difficulty from the less likely possibility
that the regression and epilepsy are both symptoms of the
same primary neurodegenerative process. It is important to
revisit this issue periodically in “intractable” epilepsy, particu-
larly with myoclonus (see below).

CLINICAL EVALUATION

From the above it will be seen that detailed history taking is
probably the single most important component of a successful
diagnostic conclusion. What is the objective evidence for pro-
gression of symptoms or signs? Were there pre-existing
concerns? If so, is this progression, or evolution?

From now on we will confine ourselves to the relatively
uncommon situation of unambiguously progressive neuro-
logical signs and symptoms in a previously neurologically
normal adolescent. Progressive disease with manifestations
confined to the peripheral nervous system (for example,
primary hereditary neuropathies and acute intermittent
porphyria) and structural brain disease (for example,
cerebrovascular disease and hydrocephalus) will also not be
considered further.

Having a clear age at onset in the second decade of life is an
extremely useful “handle” in approaching the potential
differential diagnostic list and has been used here to limit the
number of disorders discussed. In starting to synthesise find-
ings, general questions should be asked about sites of general
system involvement. Evidence of manifestations outside the
central nervous system— such as (hepato-) splenomegally,
bone marrow, skin, muscle or connective tissue
involvement—is of great diagnostic value, although rare in
this age group. On the basis of history and examination find-
ings attempts should also be made to decide between
predominant involvement of either grey or white matter
(reflected by predominance of seizures or cognitive features
versus pyramidal tract signs respectively), and if white matter
disease is present, whether this includes a peripheral
neuropathy.” In practice many adolescent onset neurodegen-
erative processes show multi-system involvement. The pres-
ence of one or more clinical features as listed in table 2 in con-
junction with the age at onset begins to narrow the
differential.

INVESTIGATION

Consideration of tables 2 and 3 will start to suggest a number
of possible differential diagnoses and investigations to
consider. Searching for very rare conditions with tests of
imperfect specificity and sensitivity throws one up against the
very real phenomenon of Bayes’ theorem and the dangers of
blindly performing batteries of tests looking on the off-chance
for conditions that are improbable in the clinical context (see
box). Investigation must be tailored and based on reasonable
prior expectations of the disease’s presence in light of the
clinical findings. It is vital to try to form an impression of prior
likelihoods of conditions based on what is known of
population prevalences, bearing in mind that rare or variant
presentations of common diseases may be more common than
common presentations of rare diseases. Some of the condi-
tions in table 3 are orders of magnitude more prevalent than
others: some represent a handful of known cases worldwide.
On-line diagnostic support systems (for example, Simulcon-
sult: www.simulconsult.com) are available to guide investiga-
tion selection based on Bayesian principles. Such projects are,
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Abbreviations

ALD: adrenoleukodystrophy

CP: cerebral palsy

CT: computed tomography

CSWS: continuous spike wave discharges in slow wave sleep
DIDMOAD: diabetes insipidus, diabetes mellitus, optic
atrophy, and deafness

ERG: electroretinogram

ESES: electrical status epilepticus in sleep

HIE: hypoxic ischaemic encephalopathy

LKS: Landau-Kleffner syndrome

MERRF: myoclonic epilepsy with ragged red fibres

MRI: magnetic resonance imaging

OMIM: Online Mendelian Inheritance in Man

PIND: progressive intellectual and neurological deterioration
SSPE: subacute sclerosing panencephalitis

TBI: traumatic brain injury

vCJD: variant Creutzfeld-Jakob disease

VLCFA: very long chain fatty acids

Adrenoleukodystrophy

An X linked recessive condition, adrenoleukodystrophy (ALD)
has two distinct presentations: a cerebral presentation with
cognitive features; and a myelopathic form with slowly progres-
sive spastic paraparesis and dorsal column sensory distur-
bance. The latter (comprising 25% of all presentations) is seen
more frequently in adult onset ALD. The more common
cerebral form comprises a relatively rapid onset of cognitive
disturbance (slowed thinking, lack of interest, hyperactivity)
with central sensory disturbances (visual field cuts and hear-
ing loss) and possible hemiparesis. Adrenal insufficiency is
biochemically demonstrable in nearly all, but is rarely the pre-
senting feature. About 10% of female heterozygotes will dem-
onstrate features of the myelopathy. MRI appearances are very
characteristic with widespread increased T2 signal particu-
larly in the occipital white matter, often involving the
splenium of the corpus callosum, with involvement of the
descending corticospinal tracts also often evident. Diagnosis is

Table 4  Current (2002) diagnostic criteria for
variant Creutzfeld-Jakob disease (vCJD)

Group 1 features
(a) Progressive neuropsychiatric disorder (depression,
anxiety, withdrawal, delusions)
(b) Duration of illness > 6 months
(c) Routine investigations do not suggest an alternative
diagnosis
(d) No history of potential iatrogenic exposure
Group 2 features
(a) Early psychiatric symptoms (depression, anxiety, apathy,
withdrawal, delusions)
(b) Persistent painful sensory symptoms (includes frank pain
and/or unpleasant dysaesthesia)
(c) Ataxia
(d) Myoclonus or chorea or dystonia
(e) Dementia
Group 3
(a) EEG does not show the typical appearance of sporadic
CJD (or no EEG performed)
(b) Bilateral pulvinar high signal on MRI scan
Group 4
(a) Positive tonsil biopsy

Definite: 1A (progressive neuropsychiatric disorder) and
neuropathological confirmation of vCJD.

Probable: All group 1 items and four or five from group 2 and 3a
and 3b (or all group 1 items and group 4a).
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confirmed by measurement of high levels of saturated very
long chain fatty acids (VLCFA).

Progressive myoclonic epilepsy

As mentioned above, the regressing child with epilepsy poses
a particular diagnostic challenge. The large majority of these
children have primary epilepsy with pseudo-regression, but
underlying causes of progressive epilepsy should be consid-
ered, particularly when regression is accompanied by myoclonic
seizures. The main causes in the adolescent age group are
Unverricht-Lundborg disease (where the cognitive involve-
ment is modest and slowly progressive), Lafora body disease
(rapid dementia), and myoclonic epilepsy with ragged red
fibres (MERRF). Batten disease certainly is accompanied by a
progressive myoclonic epilepsy but this is predated by other
features (see above).

Sialidosis type 1 has the more helpfully memorable
synonym “Cherry red spot myoclonus syndrome”; the charac-
teristic fundal changes can be late, however. Other lysosomal
storage disorders (for example, juvenile G,, gangliosidosis)
are rare causes.

M2

Variant Creutzfeld-Jakob disease (vCID)

This has been the subject of several recent reviews.®” First
presentation of vCJD has been noted at as young as 12 years of
age.® The current (2002) diagnostic criteria are given in table
4. There is no evidence to date that the presentation of vCJD in
adolescents differs significantly from that seen in young
adults.

CONCLUSION

Neurological and/or cognitive decline in adolescence is an
alarming presentation. In many cases the regression is appar-
ent rather than real, and reassurance can be given. A number
of relatively common conditions account for many of those
with true adolescent onset regression. Prompt diagnosis helps
families come to terms with what is often devastating news by
connecting them with condition specific support groups.
Occasionally, even at this age, diagnosis will permit families to
make informed decisions about future pregnancies. Ulti-
mately diagnoses are not reached in a significant proportion of
children with neurodegenerative disease.
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