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AWA R D S A N D A P P O I N T M E N T S

The Life After Stroke Awards - Nominations are open now
until 26 February 2010. For more information 
E. helen.chapman@stroke.org.uk or see www.stroke.org.uk

Nominations for 
�Life After Stroke� Award

Earl Howe has championed
the cause of people with
epilepsy for 25 years and
recently his work for the
National Society for Epilepsy
(NSE), was recognised with a
top award. Westminster
played host to the 7th DODS
Charity Champion Awards in
which Members of Parliament
are voted for by other
Parliamentarians in
recognition of their consistent
hard work, commitment and achievement of behalf of
voluntary causes and issues.  Earl Howe, the President of NSE
was nominated by the charity in the health champion
category and was delighted to win the award. He also chairs
the All Party Parliamentary Group on Epilepsy.

He said, �I�m very proud of my involvement with NSE. It�s a
wonderful organisation. For many years epilepsy was an
unsung condition but it has recently come out of the
shadows, not least thanks to NSE�s work in pioneering
diagnostic techniques and its state-of-the-art research.�

Bridget Gardiner, NSE�s director of fundraising and
marketing, said, �Earl Howe is a deserved winner of this award.
We are privileged to have him as our President and thank him
for his loyal support and hard work during the last 25 years.�

Epilepsy charity delights in
top award for Earl Howe

At the recent World Congress the WFN
awarded two new medals for the first time.
One was for Achievement in Neurology and
the other for Services to International
Neurology. The former was presented to
Professor Roger Rosenberg of the
Southwestern Medical School, University of
Texas Medical Center in Dallas, US; the latter
to Professor Noshir H Wadia from India. Also
during the World Congress the WFN held the
Annual General Meeting of its Council of
Delegates. One item of business on the agenda
was the election of new officers and a Trustee.

Professor Vladimir Hachinski from London,
Ontario in Canada was chosen to be the new
President of the WFN for a 4-year term from
1st January 2010, succeeding Dr Johan Aarli;
Professor Werner Hacke from Heidelberg,
Germany was elected as First Vice-President;
Dr Raad Shakir, Consultant Neurologist from
Charing Cross Hospital, London was re-elected
unopposed as Secretary-Treasurer General for
a further 4 years from 1st January 2011; and
Professor Wolfgang Grisold from Vienna,
Austria became an Elected Trustee to serve for
a 3-year period.

Professors Chris and Uta Frith of UCL (University
College London), UK and Aarhus University,
Denmark have been awarded the European Latsis
Prize for their contribution to understanding the
human mind and brain. 

The European Latsis Prize is valued at 100,000
Swiss francs (�66,000). The prize is funded by the
Geneva-based Latsis Foundation and awarded by
the European Science Foundation to an individual
or a research group who, in the opinion of their
peers, has made the greatest contribution to a
particular field of European research.

�It�s exciting to be awarded this prize and
particularly to receive it together, recognising our
work individually and as a team� said Chris Frith.
�Our collaboration shows that not only is it
valuable to cross disciplines, but it is also valuable
to cross national boundaries. Europe is uniquely
rich in the variation you can find in expertise and

approaches. In every country there is something
worth borrowing or learning about in relation to
knowledge and skills.�

The work of Chris and Uta Frith has shaped the
way researchers and clinicians think about mind
and brain and various socio-cognitive deficits.  The
prize is awarded to them as a couple and they

were nominated as such. Both Uta and Chris Frith
see their marital and academic partnership as the
strongest formative influence on their careers. 

Uta Frith comments �I think we are a prime
example of the benefits of the kind of
interpersonal and cross-cultural cooperation that
we are now studying explicitly with our Danish
colleagues at Aarhus University. We have always
discussed each other�s research and more recently
our constant hidden collaboration has become
visible to others as we now tend to publish
together. �

Chris Frith continues, �If I had not met Uta my
research career would have been very different. It
has been important to us that, until very recently,
we have always worked in different institutions
and in different topics. As a result my research has
been fertilised by the different approaches and
topics that engaged Uta.�

Professors Chris and Uta Frith win the European Latsis Prize 2009 for 
The Human Brain � The Human Mind

The Association of British Neurologists was
recently awarded the 2009 "Corporate Heraldry
Award" by the UK Heraldry Society. This award is
made annually to a corporate body which makes
best use of its armorial bearings in the opinion of a
panel of judges. The ABN beat several other
entrants for the award, and was commended for
the widespread use made of its relatively new arms
which were granted during 2007. Dr Colin
Mumford, Consultant Neurologist in Edinburgh,
and Dr Chris Butler, Lecturer in Neurology at the
University of Oxford, received the illuminated
certificate on behalf of the ABN at a formal dinner
held in The Apothecaries’ Hall in London.

Heraldry Award for the Association of
British Neurologists

Consultant Neurosurgeon Mr Charles Davis
(Lancashire Teaching Hospitals NHS
Foundation Trust, UK) is the newly-elected
President of the British Neuro-Oncology
Society (BNOS) and will continue in this role
for the next two years. Charles assisted in the

preparation of the IBTA’s recent booklet on
"The First Documented, Modern-Day Brain
Tumour Surgery for a Glioma" by kindly
allowing them to reprint his own article on the
subject (co-written with Mr Robert Bradford,
also a British neurosurgeon) in the booklet.

New President for the British 
Neuro-Oncology Society

New Medals awarded at the World
Congress of Neurology

Colin Mumford and Chris Butler with the award.

Chris Frith Uta Frith
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IIn his article, Marios Hadjivassiliou introduces us to the idea of Primary
Autoimuune Cerebellar Ataxia (PACA) – a disorder characterised by a
slowly progressive cerebellar syndrome, typically beginning later in life

often in association with other autoimmune disorders. He brings the evi-
dence together in favour of this theory from a range of sources.

Jacqui Calvin and Sarah Hogg in the second of our review articles
detail the investigations that may help in cases of suspected inborn errors
of metabolism. Often such cases are stumbled across by me by accident,
but Jacqui and Sarah give us a fantastically useful schema by which to
approach such problems, with some impressive Tables to digest.

Charlie Stagg gives us a fascinating account on the possible role of tran-
scranial stimulation for recovery in patients with CNS damage. This
approach involves both Transcranial Magnetic Stimulation (TMS) as well
as transcranial Direct Current Stimulation (tDCS) which has the advan-
tage of being easier to use and administer.  The way these two approach-
es differ is clearly delineated along with how they may be useful in the
acute and chronic setting of stroke, when “inter-hemispheric balance” is
abnormal. However, which hemisphere should be in receipt of the stimu-
lation is not clear nor how long the effects last after its administration. All
in all, though, this article is very stimulating!! 

Single fibre EMG (sfEMG) is a technique often used in the investigation
of neuromuscular disorders. We are therefore fortunate to have one of the
pioneers of this technique, Erik Stalberg to take us through the history of
its development and use and the wider applications of this technique.
This is another excellent contribution to our Neurophysiology series edit-
ed by Andy Michell.

In the research series edited by Boyd Ghosh, the National Institute for
Health Research (NIHR) and the Wellcome Trust become the topics for
discussion especially with respect to individual researchers in Neurology.
Dr John Williams, in his section, lays out how the Wellcome Trust supports
research throughout the career of clinical scientists, which is both helpful
and encouraging. Dr David Cox, in his excellent review of this area, high-
lights the different levels of faculty membership and the way in which the
NIHR can support research positions. As he concludes “it is a key part of
NIHR’s remit to embed research as part of the NHS culture and ethos”,
which is reassuring given how much more we hear about audit trails,
lengths of stay and waiting list times! 

Jonathan Pollock discusses the investigation, presentation and treat-
ment of lesions arising in and around the pituitary.  This lavishly illustrat-
ed account is a very helpful distillation of clinical wisdom and highlights
the usefulness of multi-disciplinary teams to manage these types of
lesions.

We have our usual conference, book and journal reviews – with the lat-
ter being bigger and better than before courtesy of Mike Zandi and his
energetic efforts! 

Finally we have an excellent, extensive MS supplement edited by our
very own Alasdair Coles, which seeks to summarise the major papers of
the year in this field as well as award ACNR prizes to articles and findings
that he feels merit them!

So Happy New Year and we hope you continue to enjoy ACNR.  l

Roger Barker,  Co-Editor,  
Email. Rachael@acnr.co.uk

F RO M T H E E D I TO R . . .

Roger Barker,  Co-Editor.  
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Unlike autoimmune diseases that have a clear
target organ or clear target cell specificity
(e.g. pancreatic islet cells in type 1 diabetes,

thyroid in Hashimotos thyroiditis, melanocytes in
vitiligo), in autoimmune diseases affecting the CNS
the concept of target specificity is perhaps less well
appreciated because the brain is often viewed
(mainly by non-neurologists) as one “organ”. The
brain however, is made up by such a diverse collec-
tion of cells and systems that it is probably more
appropriate to think of it as a collection of well inte-
grated but nonetheless multiple “organs”.

The cerebellum, in particular, is one of the largest,
oldest and most structurally conserved structures in
the vertebrate nervous system with a remarkable
homogeneity across species.1 Despite its name
(cerebellum – Latin for little brain), its structure and
complexity suggest that its role within the central
nervous system matches in importance, that of the
cerebral cortex. It has a limited number of morpho-
logically well-defined classes of cells with Purkinje
cells perhaps being the most important of all.  They
certainly constitute the most important efferent ele-
ment of the cerebellum, reflected by the fact that
each can accommodate up to 160,000 synapses.
This is the largest number of synapses seen in any
neuron of the mammalian brain. Purkinje cells are
often the target of immune mediated insults such as
those seen in the context of paraneoplastic cerebel-
lar degeneration. This disease is characterised diag-
nostically by a number of specific antibodies against
different Purkinje cell antigens, pathologically by
loss of Purkinje cells, and clinically by a rapidly pro-
gressive ataxia.2 The cerebellum can also be an
immune target in the context of other diseases such
as post infectious cerebellitis3 and gluten sensitivity
(gluten ataxia).4

In addition to these specific entities where
autoimmunity is triggered by another disease (can-
cer, infection, gluten ingestion) there is evidence to
suggest that the cerebellum can be an organ specif-
ic autoimmune disease,5 hence the proposed term of
Primary Autoimmune Cerebellar Ataxia (PACA). This
term implies no obvious trigger factor for the devel-
opment of immune mediated damage to the cere-
bellum. The evidence in support of PACA comes
from a number of observations: 

Firstly, the Human Lymphocyte Antigen (HLA)
type DQ2 is significantly overrepresented in patients
with idiopathic sporadic ataxia (74% vs 35% in the
healthy population). The prevalence of this HLA type
in patients with genetically characterised ataxias is
no different to the one found in the healthy popula-
tion.5 The HLA DQ2 has been shown to have a strong

association with autoimmune diseases, such as coeli-
ac disease, gluten ataxia, type 1 diabetes mellitus,
Stiff-Person syndrome (SPS), autoimmune thyroid
disease and autoimmune polyendocrine syn-
dromes.6 10 One interpretation of this observation is
that at least some cases of idiopathic sporadic ataxi-
as have an autoimmune basis. 

Secondly, it has been shown that there is a signifi-
cantly higher prevalence of one or more autoim-
mune diseases in patients with idiopathic sporadic
ataxia when compared to the general population
and to patients with genetic ataxias (47%, 3% and 5%
respectively).5 Other autoimmune diseases encoun-
tered in the context of idiopathic sporadic ataxia
include thyroid (usually Hashimoto’s disease but
also thyrotoxicosis), type 1 diabetes, primary biliary
cirrhosis, vitiligo, pernicious anaemia, Sjogren’s syn-
drome, alopecia, but also autoimmune diseases
involving the nervous system and muscle such as
Isaac’s syndrome, polymyositis and SPS (unpub-
lished observation).

Thirdly,  it has been shown that cerebellar antibod-
ies can be present in at least 60% of patients with
idiopathic sporadic ataxia in contrast to 5% in
patients with genetic ataxias.5 Four different staining
patterns were observed in this study, three of which
resembled those seen in patients with gluten ataxia
(cytoplasmic with processes, cytoplasmic alone,
nuclear) and the fourth showing staining of the gran-
ular layer of the cerebellum. Further characterisation
of such antibodies may prove to be helpful in the
diagnosis of PACA. This is very important because
PACA may well account for a substantial number of
patients with idiopathic sporadic ataxia. Idiopathic
sporadic ataxia accounts for 24% of all ataxias
attending a specialised ataxia clinic run by the
author at the Royal Hallamshire Hospital, Sheffield
UK (see Table 1).

Finally, studies have shown that idiopathic spo-
radic cerebellar ataxia is consistently associated
with a high prevalence of glutamic acid decarboxy-
lase antibodies (anti-GAD).11 These antibodies are a
marker of multiple autoimmunity. They were first
identified in type 1 diabetes,12 and subsequently
found in patients with SPS.13 Evidence for anti-GAD
antibodies being a marker of multiple autoimmunity
comes from the observation that one or more addi-
tional autoimmune disorders are present in 60% of
anti-GAD positive patients with SPS versus 6% in anti-
GAD negative patients.14 Similarly, patients with anti-
GAD antibodies and IDDM have a higher prevalence
of autoimmune thyroiditis than anti-GAD negative
ones.15 Thus the findings of a high prevalence of anti-
GAD antibodies in patients with idiopathic sporadic

Primary Autoimmune
Cerebellar Ataxia
(PACA)

Dr Marios
Hadjivassiliou  
is a Consultant Neurologist and
Honorary Reader in Neurology
(University of Sheffield) at the
Department of Neurology, Royal
Hallamshire Hospital, Sheffield.
His main research interests are
the neurological manifestations
of gluten sensitivity, the ataxias,
axonal neuropathies and neuro-
logical vasculitis. He has been
running the Sheffield ataxia clinic
for 13 years.

Correspondence to:
Email: m.hadjivassiliou@
sheffield.ac.uk

R E V I E W A RT I C L E
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ataxia who often have an additional autoimmune
disease may signify that the ataxia in these cases
is due to autoimmunity.

The autoimmune mechanism by which the
cerebellum is damaged in the context of autoim-
munity remains unclear. In paraneoplastic cere-
bellar degeneration, a number of well charac-
terised antibodies (e.g. anti-Yo in association with
ovarian cancer) appear to be reactive with both
tumour and Purkinje cell antigens ultimately
resulting in the loss of Purkinje cells and the
development of ataxia. Nobody has so far been
able to convincingly induce ataxia in an animal
model, using serum from patients with paraneo-
plastic cerebellar degeneration. Thus a pathogen-
ic role of such antibodies in the paraneoplastic
cerebellar degeneration remains doubtful. In the
case of gluten ataxia, antigliadin antibodies have
been shown to cross react with Purkinje cell epi-
topes. Sera from patients with gluten ataxia have
been shown to possess additional antibodies
(e.g. transglutaminase antibodies) that react with
cerebellar tissue.16 Support for an antibody medi-
ated pathogenesis in this type of immune mediat-
ed ataxia comes from work demonstrating induc-
tion of ataxia in a mouse model using serum
from patients with gluten ataxia.17  Another study
has demonstrated that ataxia associated with
anti-GAD antibodies may be the direct conse-
quence of antibody-mediated neuronal dysfunc-
tion, but the precise characterisation of the anti-
body involved is lacking.18 This antibody(s) may
be unrelated to GAD antibodies.  All the evidence
however, suggests that the cerebellum and
Purkinje cells in particular, are good immunolog-
ical targets.

The next step in unravelling and consolidating
PACA as a disease entity is a trial of immunosu-
pression as a means of treatment. Assessment of
the value of immunosuppression in these
patients will be challenging.  Monitoring of treat-
ment response may prove very difficult because
of the variable and mostly slowly progressive
nature of the disorder and the crude nature of
ataxia rating scales. There is emerging evidence
however, that MR spectroscopy of the cerebellum
may well be an important and accurate tool in
monitoring disease.19 Whilst the final common
pathological outcome in PACA, as in other cere-
bellar ataxias, is the irreversible loss of Purkinje
cells, evidence derived from treatment of other
immune mediated ataxias suggests that early
intervention may not only stabilise the ataxia but
could also salvage malfunctioning cells as evi-
dent by the demonstration of improvement of the
ataxia.20

Case identification in PACA is also problemat-
ic.  As the HLA DQ 2 is found in up to 35% of
healthy individuals, this test alone cannot serve as
the only marker of patients with autoimmune
ataxia. Indeed out of the 154 patients with idio-
pathic sporadic ataxia (Table 1) 54 would have
had the HLA DQ2 by chance. The presence of
additional autoimmune diseases in either the
patient or their first degree relatives may be
another helpful pointer. Ultimately characterisa-
tion of the cerebellar antibodies in patients with
idiopathic sporadic ataxia may prove to be a very
useful marker for those cases that may be

R E V I E W A RT I C L E

Table 1: Cause of ataxia in 640 patients with progressive ataxia attending the 
ataxia clinic, Royal Hallamshire Hospital, Sheffield, UK.

Total number of patients assessed 640

familial ataxia 124/640 (19%)

autosomal dominant inheritance 90/124 (73%)

autosomal recessive inheritance 34/124 (20%)

genetic characterisation 49/124 (40%)

(15 SCA6, 13 EA2, 8 FA, 4 SCA2, 2 SCA8, 1 SCA3, 1 SCA1, 1 SCA7, 1 SCA28, 1FAP, 1FBD, 1GSS)

sporadic ataxia 516/640 (81%)

idiopathic sporadic 154/516 (30%)

gluten ataxia 113/516 (22%)

clinically probable MSA-C 87/516 (17%)

genetic diagnosis 76/516 (15%)

(28 FA, 12 mitochondrial cytopathy, 8 SCA6, 7 EA2, 7 cerebellar dysgenesis/congenital, 
3 Cockaynes syndrome, 2 SCA 2, 2 CTX, 1 SCA7, 1 Tay-Sachs, 1 Krabbe�s,1 AOA 2, 1 XP, 1 AHGH, 1 FX)

alcohol related 65/516 (13%)

paraneoplastic ataxia 18/516 (3%)

anti-GAD associated ataxia 8/516 (2%)

opsoclonus-myoclonus 8/516 (2%)

idiopathic sporadic out of total 154/640 (24%)

total presumed genetic (124+76) 200/640 (31%)

SCA=spinocerebellar ataxia, FA=Friedreich�s ataxia, EA=episodic ataxia,  
FAP=familial amyloid polyneuropathy, FBD=familial british dementia, MSA-C=cerebellar variant of
Multiple System Atrophy, CTX=Cerebrotendinous xanthomatosis, AOA=ataxia occulomotor
apraxia, XP=xeroderma pigmentosum, AHGH=ataxia with hypogonadotrophic hypogonadism,
GSS=Gerstmann-Straussler-Scheinker syndrome, FX=Fragile X syndrome.

Figure 1: MR imaging demonstrating cerebellar atrophy in a patient with slowly progressive ataxia due to PACA. This patient pre-
sented in 1999 at the age of 51. She has the HLA DQ2 and at presentation apart from the ataxia she was positive for thyroid per-
oxidase antibodies but had normal TSH. She developed hypothyroidism 2 years later. She developed insulin dependent diabetes
mellitus 5 years after the onset of the ataxia. Finally she was recently found to have low vitamin B12 with positive parietal anti-
bodies in keeping with pernicious anaemia.
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amenable to immunomodulatory therapy. 
The clinical characteristics of such patients may also assist in case iden-

tification and in some cases distinguish them from other causes of ataxia.
Patients with PACA tend to develop ataxia in their early 50s. The ataxia in
general tends to be slowly progressive but in a few cases there may be a
rather acute onset (a picture not dissimilar to that often seen at presenta-
tion in paraneoplastic cerebellar degeneration). Subsequently, however
such patients follow a much more  benign course. In fact some of these
patients may have originally been diagnosed as having post infectious cere-
bellitis, the difference being that they continue to progress rather than
improve, in contrast to patients with post-infectious cerebellitis.21 Additional
autoimmune diseases may be already present or may manifest subsequent
to the development of the ataxia (Figure 1). Patients with PACA almost
always have cerebellar atrophy on MRI but the severity of atrophy depends
on disease duration.5 These patients are also easily distinguished from
patients with cerebellar variant of Multiple Aystem Atrophy (MSA) by the
absence of autonomic involvement and the slower progression.  

The next logical step in consolidating this disease entity is an adequate-
ly-powered study comparing immunosupressive treatment with placebo.
The results of such a study will not only clarify and consolidate the concept
of PACA but will hopefully offer hope for a substantial number of patients
with progressive sporadic “idiopathic” ataxia.  l
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Inborn errors of metabolism (IEM) constitute a
diverse group of genetic disorders characterised by
defects in biochemical pathways. Many have a pre-

dominantly neurological phenotype reflecting accu-
mulation of neurotoxic metabolites and/or a deficien-
cy of substrates critical for normal neurological devel-
opment and function. Whilst classically presenting in
childhood, late onset variants of these disorders are
increasingly recognised in adults, either as a true mild
phenotype which presents in later life or because the
symptoms in childhood were not sufficiently severe
to merit investigation. Accurate diagnosis of these dis-
orders is of particular importance given the expand-
ing therapeutic options available1 and the inherent
genetic implications for the patient and their family.
Whilst an in depth review of specific disorders is
beyond the scope of this article, we aim to provide an
overview of IEM presenting with adult-onset neurolog-
ical disease, focussing upon a practical approach to
biochemical investigation and diagnosis. 

Adult-onset IEM
Adult-onset IEM together with the broad neurological
phenotypes are detailed in Table 1. In reviewing the lit-
erature we have excluded metabolic myopathies and
reports where neurological disease developed during
childhood or where the age of onset is not clear.  We
have listed the different neurological features reported
in each disorder, although many patients will not have
a “full house”, particularly where the disorder is mild.
Further information on the individual disorders is
available via the website ‘Online Mendelian
Inheritance in Man’ (www.ncbi.nlm.nih.gov/).  

When to consider an IEM
Many of the biochemical tests for these disorders are
complex and expensive and so extensive biochemi-
cal screening is not practical.  It can be difficult to
identify which patients with neurological disease
need investigation; we list below some features which
may be suggestive of an IEM.
• Progressive neurological disease and/or disparate

neurological signs; e.g. psychiatric and cerebellar
disease with cognitive decline in metachromatic
leukodystrophy.

• Neurological disease together with systemic fea-
tures: e.g. hepatosplenomegaly in storage disor-
ders, disordered liver function tests in Wilson dis-
ease, adrenal insufficiency in X-linked
adrenoleukodystrophy.

• Combinations of various movement disorders 
• Abnormal fundus examination; e.g. cherry red spot
• Episodic illness or fluctuating symptoms; particu-

larly where it is out of proportion to the insult

and/or precipitated by intercurrent illness, protein
load, or occurring post partum.

• Aberrant response to drugs; valproate may exacer-
bate urea cycle disorders and multiple drugs pre-
cipitate attacks in the acute porphyrias.

The history can provide important evidence; with
hindsight there may have been subtle problems in
childhood and elucidating the developmental and
schooling history of the patient can be fruitful.  As with
all genetic conditions, the family history may provide
important information, although the majority of IEM
are autosomal recessive and often present as sporadic
cases. Evidence of familial consanguinity should be
sought.  X-linked conditions in which females may be
affected due to skewed X-linked inactivation (lyonisa-
tion) can cause diagnostic difficulty, and are discussed
in more detail below. 

In addition, brain imaging and neurophysiological
studies may provide useful information, but are
beyond the scope of this review.

Biochemical Tests
Routine biochemistry and haematology tests may pro-
vide clues (e.g. creatine kinase in mitochondrial disor-
ders) but must be interpreted in conjunction with the
clinical picture as these tests are non-specific. 

Table 2 lists the first-line biochemical tests useful in
the investigation of suspected IEM. These include
markers of intermediary metabolism (e.g organic and
amino acids, orotate and acylcarnitines), peroxisomal
function (very long chain fatty acids, pristanate and
phytanate), bile acid biosynthesis (cholestanol) and
lysosomal function (enzymes and storage com-
pounds). Further information on the clinical and tech-
nical aspects of these tests is available in biochemical
textbooks.2,3 It is recommended that clinicians con-
tact their local specialist metabolic laboratory for
advice on appropriate tests, sample type and timing,
pitfalls and interpretation of results. Further confirma-
tory tests will usually be required, such as fibroblast
enzyme measurement or mutation analysis.

It should be noted that in patients with episodic ill-
ness it is crucial to obtain samples for metabolic
investigations during an acute attack as the biochem-
istry may be normal when they are asymptomatic. A
negative result during an acute attack makes a diag-
nosis of an underlying IEM unlikely.  

Investigation of specific disorders

Lysosomal storage diseases
In patients with suspected mucopolysaccharidoses
urine glycosaminoglycans (GAGs) provide a simple
first-line investigation. It is important to examine the
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pattern of GAGs in the urine (GAG typing) rather
than relying on quantitative screening tests. Apart
from urine GAGS there are few simple biochem-
ical tests available for the diagnosis of lysosomal
storage diseases. Urine oligosaccharide screen-
ing lacks sensitivity in detection of mild late
onset forms so for the majority of lysosomal stor-
age diseases white cell enzymes are indicated. In
most circumstances normal enzyme activities
reliably exclude storage disease. One notable
exception is the identification of females with (X-
linked) Fabry disease, as normal enzyme activity
does not exclude the diagnosis. Measurement of
the storage compound (globotriaosylceramide)
in urine also lacks sensitivity (noted particularly
in the cardiac variant),4 making diagnosis diffi-
cult where no family mutation has been identi-
fied. ‘Pseudodeficiency’ of several lysosomal
enzymes complicates interpretation of low
results. There is a high frequency of arylsul-
phatase A pseudodeficiency in most ethnic
groups (carrier rate ~1 in 7)5 complicating the
diagnosis of metachromatic leukodystrophy and
necessitating confirmatory mutation analysis in
patients with deficient enzyme activities. 

Peroxisomal disorders
The most common adult-onset peroxisomal dis-
orders are Refsum disease and X-linked
adrenoleukodystrophy, identified biochemically
by raised phytanate and very long chain fatty
acids respectively. However, only ~85% of female
carriers of adrenoleukodystrophy have abnor-
mal plasma concentrations. It should be borne in
mind that markedly different phenotypes of
adrenoleukodystrophy can occur in one family.6

2-methyl-CoA racemase deficiency provides an
example of a recently described adult-onset
IEM.7 The clinical features are similar to Refsum
disease and characterised biochemically by
high concentrations of plasma pristanate.
Clinical features reported included peripheral
neuropathy, pigmentary retinopathy and
seizures. Acute and subacute presentations
occur precipitated by rapid weight loss, pregnan-
cy or fever. 

Mitochondrial disorders
Mitochondrial diseases are notoriously difficult
to diagnose given the large number of disorders
described; they are multi-system disorders pre-
senting at any age, with any mode of inheritance.
Simple biochemical tests for mitochondrial dis-
ease are limited; the measurement of lactate in
plasma and CSF is useful but normal results do
not exclude mitochondrial disease, although a
normal CSF result in a fitting patient is reassur-
ing. Biochemistry may reveal renal tubular dys-
function, muscle disease and/or endocrine
abnormalities. However, diagnosis usually relies
on muscle biopsy (histology and respiratory
chain enzymes) and genetic studies.8

Urea cycle disorders
Urea cycle disorders may present with acute
episodic illness, the diagnosis of which may be
overlooked if samples (ammonia, plasma amino
acids, and urine orotate) are not collected dur-
ing an attack. This group of disorders highlights

the need for ammonia estimation in any adult
with unexplained encephalopathy. 

Organic acidurias
Organic acidurias typically present in childhood,
however some disorders may not be diagnosed
until adulthood, including glutaric aciduria type
1, propionic aciduria, L-2-hydroxyglutaric
aciduria and 4-hydroxybutyric aciduria.
Although there are reports of adult diagnoses of
the latter two conditions, presentation was in
childhood with symptoms including learning dif-
ficulties and ataxia. A limited number of true
adult-onset organic acidurias have been report-
ed. A recent example is 3-methylglutaconic
aciduria type 1, previously described in a small
number of children with a variety of phenotypes.
The adult patients described presented with a
cerebellar syndrome and cognitive decline,9,10

which may prove to represent the true pheno-
type. Investigation is straightforward requiring
urine organic acids as the first-line test; acylcar-
nitines may be useful in certain conditions.

Cerebral glucose transport
Recently, adult-onset cases of GLUT1 deficiency
have been reported, presenting with paroxysmal
exercise-induced dyskinesia with and without
epilepsy. The fasting CSF/plasma glucose ratio is
subnormal but not to the extent seen in the early
onset disorder.11

IEM presenting in childhood with abnor-
mal adult neurology
Although we have concentrated on disorders
presenting in adults there are a number of early
presenting disorders with long term survival.
These may have eluded diagnosis because the
patient was not investigated, the tests were not
readily available or the condition has been
described relatively recently. Two examples are
the cerebral creatine deficiency syndromes
(CCDS) and congenital disorders of glycosyla-
tion (CDG). 

CCDS comprise guanidinoacetate methyl-
transferase (GAMT) deficiency, X-linked creatine
transporter defect and arginine:glycine amidino-
transferase (AGAT) deficiency, all resulting in
cerebral creatine deficiency. AGAT and GAMT
deficiencies may respond to treatment with cre-
atine. The common features are mental retarda-
tion, speech delay and epilepsy which usually
begin in infancy, although the condition may not
be diagnosed until much later.12,13 Measurement
of creatine and guanidinoacetate in urine and
plasma aids diagnosis of these conditions with-
out resort to magnetic resonance spectroscopy.14

CDG disorders result in multi-systemic disease
and should be considered in adults with a long-
standing history of retinitis pigmentosa, seizures,
stable ataxia and kyphoscoliosis.15 The diagnosis
may be made by analysis of transferrin glyco-
forms. 

Summary
The possibility of an underlying IEM should be
considered in any patient with unexplained neu-
rological disease. A wide range of biochemical
tests are available with the aim of reaching a

working diagnosis. Confirmation usually requires
fibroblasts and/or genetic testing. Given the rari-
ty of individual IEM, the many disorders
described and the difficulties of identifying mild
cases it is likely that late-onset forms are under-
diagnosed. In theory mild cases of any IEM could
present at a late stage and the list of adult-onset
diseases will undoubtedly grow.  l
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Lysosomal Disorders

Fab y disease X X X Angiokeratomas, cardiomyopathy, renal disease. X-linked: females affected. Stroke may be the presenting featu e

Galactosialidosis X X X X Cherry ed spot may be present, corneal clouding, angiokeratomas, short statu e

Gaucher disease (type III) X X X X Horizontal supranuclear ophthalmoplegia, hepatosplenomegaly, bone pain, thrombocytopenia, anaemia

GM1 Gangliosidosis X X X X X Cherry ed spot may be present

GM2 Gangliosidoses (Tay Sachs & Sandhoff)X X X X X X Cherry ed spot may be present. May mimic motor neurone disease

Krabbe disease X X X X X

�-Mannosidosis X X X Angiokeratomas, deafness, dysmorphic featu es

Metachromatic leukodystrophy X X X X X X X X Optic atrophy

Neuronal ceroid lipofuscinosis type 1 X X X X Progress to cerebral ataxia, visual loss. Other types described, but not diagnosed biochemically

Niemann-Pick type C X X X X X Vertical supranuclear ophthalmoplegia, hepatosplenomegaly

Sanfillipo syndrome (mucopolysaccharidosis type III) X X Mild dysmorphic features (facial coarsening)

Sialidosis type I X X X Cherry ed spot, visual loss

Peroxisomal disorders

Ad enoleukodystrophy / Adrenomyeloneu opathyX X X X X X X-linked. Adults mostly present w th ad enomyeloneuropathy. Males may have ad enal insufficiency

2-Methyl-CoA racemase deficiency X X X X X X Retinitis pigmentosa

Refsum disease X X X Retinitis pigmentosa

Ste ol carrier protein X deficiency X X Phenotype uncertain (n = 1)

Mitochondrial disorders

Mitochondrial diso ders X X X X X X Variable phenotypes, often multi-system disease, e g. sensorineural hearing loss, optic atrophy, etinitis pigmentosa, myopathy

Coenzyme Q10 deficiency X Phenotype in adult-onset unclear

Pyruvate dehydrogenase deficiency X X X Phenotype in adult-onset unclear

Amino Acid Disorders

Cobalamin C defect X X X X Combined degeneration of spinal cord, retinitis pigmentosa, optic atrophy, thromboembolic events

Classica  homocystinuria X X X X Osteoporosis, thromboembolic events, lens dislocation, marfanoid habitus

Hartnup disorder X X Pellagra-like photosensitive dermatosis

Maple syrup urine disease X X Episodic attacks precipitated by metabolic stress eg catabolism (fasting, inte current illness)

Methylene tetrahyd ofolate eductase deficiencyX X X X X X X Subacute degeneration of spinal co d, thromboembolic events

Urea cycle disorders: OTC, citrullinaemia I & II, NAGS, CPS, LPI, HHH X X X X Acute attacks triggered by protein load eg catabolism (intercurrent illness), diet. OTC is X-linked

Urea cycle disorders: arginase deficiency X X X X Often diagnosed with cerebral palsy

Organic Acid Disorders

Glutaric aciduria type 1 X X X X X Macrocephaly, subdural haematomas

3-Methylglutaconic aciduria type 1 X X

Multiple acyl-CoA dehydrogenase deficiency X Episodic attacks precipitated by metabolic stress eg catabolism (fasting, inte current illness), myopathy

Fatty Acid Oxidation Disorders

Medium chain acyl-CoA dehydrogenase deficiency X Hypoketotic hypoglycaemia. Episodic attacks precipitated by metabolic stress eg catabolism (fasting, intercurrent illness)

Carbohydrate Disorders

GLUT1 X X Confusion/lethargy triggered by fasting

Purine Disorders

Lesch-Nyhan neu ologic variant X X X-linked, gout and/or renal calculi, attention deficit, variable mental etardation

Lipid Disorders

Ataxia with vitamin E deficiency X X Retinitis pigmentosa

Ce ebrotendinous xanthomatosis X X X X X X X Juvenile cataracts, xanthomata, diarrhoea, mental etardation

Neurotransmitter defects

GTP cyclohydrolase deficiency X Autosomal dominant dopamine- esponsive dystonia with diurnal fluctuations in symptoms

Porphyria

Acute intermittent porphyria X X X X Abdominal pain, dysautonomia, hyponatraemia

Metal Disorders

Haemoch omatosis X X X Hepatic & endocrine disease, arthritis

Neuroferritinopathy X X X

Wilson disease X X X X X X Kayser-Fleischer rings, hepatic disease
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Table 1: Neurological features in adult onset IEM. 

Abb eviations: CPS – carbamoylphosphate synthetase, HHH - hype ornithinaemia-hyperammonaemia-homocitrullinuria syndrome, LPI – lysinuric p otein intolerance, NAGS – N-acetylglutamate synthetase, OTC – orn thine transcarbamoylase
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Abbreviations: AMN - adrenomyeloneu opathy, CblC - cobalamin C, CPS – carbamoylphosphate synthetase, HHH - hyperornithinaemia-hyperammonaemia-homocitrullinuria syndrome, HPRT - hypoxanthine guanine phosphoribosyl 
transferase, LPI – lysinuric p otein intolerance, MPS - mucopolysaccharidosis MTHFR - methylene tetrahydrofolate reductase, NAGS – N-acetylglutamate synthetase, OTC – ornithine transcarbamoylase, 
X-ALD - X-linked adrenoleukodystrophy, VLCFA – very long chain fatty acids.

IEM Biochemical Investigations Notes

Lysosomal Disorders

Fabry disease,  GM1 gangliosidosis, Krabbe disease, 
�-mannosidosis, metachromatic leukodystrophy, neuronal
ceroid lipofuscinosis type 1, Sandhoff, Tay Sachs

Lysosomal enzymes
Usually requires white cells (whole blood), some available on 
plasma/dried blood spots. Check wi h local laboratory for details

Galactosialidosis White cell enzyme & urine sialic acid

Gaucher disease Chitotriosidase & white cell enzyme
Chitotriosidase markedly elevated (benign chitotriosidase deficiency
occurs in ~6%)

Niemann-Pick type C Chitotriosidase & fibroblast studies
Fibroblast filipin staining & cholesterol esterification. Chitotriosidase
mildly elevated

Sanfillipo syndrome (MPS III) Urine glycosaminoglycans (including typing) Enzyme analysis requi ed to distinguish subtypes

Sialidosis type 1 Urine sialic acid

Peroxisomal disorders 

X-ALD, AMN, 2-methyl-CoA racemase deficiency, Refsum 
disease, sterol carrier protein X deficiency

Plasma VLCFA, phytanate and pristanate ~15% female carriers of X-ALD have normal VLCFA

Mitochondrial disorders

Mitochondrial diso ders
CSF & plasma lactate, respiratory chain enzyme 

activities in muscle
Lactate & respiratory chain enzymes may be normal

MERRF, MELAS, NARP Common mitochondrial point mutations

Pyruvate dehydrogenase deficiency Enzyme in muscle / fibroblasts

Coenzyme Q10 deficiency White cell coenzyme Q10 Consider if abnormal espiratory chain enzymes

Amino Acid Disorders

U ea cycle diso ders (OTC, citrullinaemia I & II, NAGS, CPS,
LPI, a ginase, HHH)

Plasma ammonia & amino acids, urine amino acids & orotate
Allopurinol loading tests to identify carriers of OTC are not particularly
sensitive or specific.16

Hartnup diso der Urine amino acids

Homocysteine defects (CblC defect, classical homocystinuria,
MTHFR deficiency)

Plasma total homocysteine & amino acids (me hionine), & urine
methylmalonate

MTHFR thermolabile variant is not a cause. B12 & folate usually normal
in classical homocystinuria & CblC defect

Maple syrup urine disease Plasma amino acids & urine o ganic acids May be normal between acute attacks 

Organic Acid Disorders

Glutaric aciduria type 1 Urine o ganic acids & acylcarnitines
Normal  results described in he literature – consider fibroblast enzyme
assay

Multiple acyl-CoA dehydrogenase deficiency Urine o ganic acids & acylcarnitines Results may be normal between attacks

3-Methylglutaconic aciduria type 1 Urine o ganic acids Beware various subtypes of 3-methylglutaconic aciduria

Fatty Acid Oxidation Disorders

Medium chain acyl-CoA dehydrogenase deficiency Acylcarnitines & urine o ganic acids Positive dipstick for ketones does not exclude

Carbohydrate Disorders

GLUT1 Paired fasting CSF & plasma glucose
Collect blood prior to lumbar puncture. In adult onset cases ratio may
not be <0.4

Purine Disorders

Lesch-Nyhan neurologic variant Serum & urine urate, red cell / fibroblast HPRTHPRT activity very variable (0-50%)

Lipid Disorders

Cerebrotendinous xan homatosis Plasma cholestanol Serum cholesterol may be normal

Ataxia with vitamin E deficiency Plasma vitamin E Protect sample from light

Neurotransmitter defects

GTP cyclohydrolase deficiency CSF neurotransmitters Special collection tubes and snap freeze

Porphyria

Acute intermittent porphyria Urine porphobilinogen Protect sample from light. To exclude collect urine during an acute attack

Metal Disorders

Haemochromatosis Transferrin saturation C282Y common mutation, low penetrance

Neuroferritinopa hy Serum ferritin Increased by acute phase response

Wilson disease 24 h urine copper Consider penicillamine challenge

Table 2: Metabolic biochemical investigation for IEM. 
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History
In the late 1950s, conventional EMG had been
proven to be a useful complement in the evalua-
tion of patients with neuromuscular disorders. The
method had then been tested in some laborato-
ries for a decade. At this time Dr Jan Ekstedt and
myself were introduced to research in the Dept of
Pharmacology, Uppsala. Our mentor, Prof Bárány,
suggested to us to study fatigue of skeletal muscle.
Could this be reduced pharmacologically in the
same way as the heart muscle can be strength-
ened? For that we needed techniques to measure
fatigue. Trials with mechanical force measure-
ments with strain gauges in combination with var-
ious recordings of electrical muscle activity, elec-
tromyography (EMG), were the basic methods to
be used. With insufficient information from these
routine methods, we concentrated on the
improvements of the EMG methods and tried sur-
face EMG, wire electrodes and conventional con-
centric needle EMG. Inspired by multielectrode
studies by Buchthal and collaborators,1 we started
to construct multielectrodes, but smaller and
more selective than those previously used. This
ended with various multielectrodes with the
recording wires sized 25µm in diameter, that is
smaller than a normal muscle fibre, exposed in a
side-port close to the tip of a small cannula. We
recorded brief signals, the nature of which finally,
after experiments with ischaemia, curare, simula-
tions, special electrode configurations, were
proven to represent activity from single muscle
fibers. This resulted in two PhD theses, one on the
recording method itself  and the description of
the jitter phenomenon2 and one the measure-
ments of propagation velocity and “fatigue” in sin-
gle muscle fibres.3Without substantial work on the
original project on fatigue we left the institution
and moved to the clinical side, Ekstedt to neurolo-
gy, and I to clinical neurophysiology.  I now had the
chance to test this new method in patients, and
successively implement it for routine use.

What do we measure
The method of single fibre EMG is much more
selective than conventional EMG. There are two
parameters that have a clinical application. One is
the assessment of fibre concentration within a
motor unit, a parameter called Fibre Density (FD).
The background is that muscle fibres, innervated
by the same neuron with connected axon, are ran-
domly distributed within an area of 5-15 mm, and
separated from each other by about 200µm. In
cases of reinnervation the surviving motor unit
will innervate denervated neighboring muscle
fibres. This so called collateral reinnervation

results in a change in organisation of the muscle
fibres that now occur in small or large groups
together. On biopsies this is observed as so called
fibre type grouping. Also in myopathies, the organ-
isation is different from normal due to splitting,
degeneration-regeneration. This parameter is a
good complement to the conventional EMG when
the picture is difficult to interpret.

The other parameter is the neuromuscular jit-
ter. This is, in the individual motor end-pate, the
variability of the trans-synaptic time for a nerve
pulse to activate a muscle fibre. This particular
parameter is the most important contribution
from SFEMG. 

Screening the usefulness of SFEMG in 
various neurological disorders
The early steps in the development were to test
the method in a variety of nerve and muscle dis-
orders. It was clear that the jitter parameter was
directly applicable in the diagnosis of myasthenia
gravis, MG, and other disorders with disturbed
neuromuscular transmission. It also contributed
to the understanding of reinnervation dynamics
and has found a place in the neurogenic dis-
eases. In myopathies, special new aspects have
evolved particularly in the field of chan-
nelopathies (myotonic disorders). The results
have been published in a large number of publi-
cations.4,5 The interested reader is referred to a
monograph on SFEMG6 with a new edition under
preparation (Stålberg, Trontelj, Sanders, 2010).

Technical improvements
The jitter is based on measuring time variability of
the order of four to a few hundred µsec, normally
below 50µsec. Initially, the electrodes and ampli-
fiers were home built, and the measuring devices
were dependent on separate timers for short time
intervals (Figure 1).  Since the wide testing of the
SFEMG in various pathological conditions succes-
sively showed the clinical usefulness, commercial
electrodes became available and all high level
EMG equipment now have inbuilt software for jit-
ter analysis and other software based on the
results from SFEMG studies (Figure 2). The tech-
nique to obtain single fibre potentials takes some
training and manual skill. It has therefore been of
utmost importance that the online signal analysis
can be made with user friendly software. 

Applications and Present indications
The jitter parameter is the most sensitive physio-
logical test of neuromuscular transmission.4 It is
possible to detect even subclinical disturbance,
i.e. before the patient has symptoms in that mus-
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cle. The method has therefore become a rou-
tine method in many laboratories all over the
world, and is recommended to be used when
the repetitive nerve stimulation (RNS) test is
negative. It should be stated that increased jitter
is not equal to MG, but indicates disturbed neu-
romuscular transmission. One such situation is
during ongoing reinnervation. The sensitivity in
MG has been tested by many authors. The
largest study is published by Sanders and col-
laborators.7 They find a correlation to severity
of the MG. In 503 MG patients, the sensitivity of
SFEMG was 97% in ocular MG if two muscles
are studied and 99% in generalised. They have
also shown that the degree of jitter follows the
clinical situation and that the method can be
used in monitoring over time.

Usually SFEMG recording is performed
under slight voluntary activation of the mus-
cle. Some investigators prefer to use stimula-
tion SFEMG. Here a monopolar electrode is
inserted in the muscle as stimulating cathode
and the individual endplates are studied.8 The
advantage is that no patient cooperation is
necessary (small children, unconscious
patients, patients with movement disorders). In
addition, the neuromuscular junction can be
studied during different stimulation frequen-
cies, one way to differentiate presynaptic from
postsynaptic defects. Stimulation SFEMG has
been used in the study of congenital myas-
thenic syndromes.9 Stimulation is performed
with a small needle electrode near the facial
nerve, and recording is performed in the
frontalis or orbicularis oculi muscle.

The fibre density, FD, parameter is used to
evaluate the organisation of the motor unit, as
a sensitive indicator of abnormality, neurogenic
or myogenic. No special measuring software is
necessary. FD measurements can be performed
in all EMG equipment where the sweep can be
triggered. This is often a parameter that is
included in the complete SFEMG study.
The SFEMG indications can be briefly sum-
marised as follows:
Jitter
Neuromuscular transmission disorders

diagnosis, 
distribution between muscles,
monitoring.

Reinnervation dynamics (larger jitter in the
phase of ongoing reinnervation, larger jitter in
active than in chronic myositis).
FD
Reinnervation 

Degree of involvement.
Complement to EMG when results are
uncertain.

Myopathy
When conventional EMG is uncertain.

Special indications
For spike triggering (motor unit counting,
Macro EMG, Scanning EMG), Firing rate of
individual motor units.

New developments
Over the last 10 years, the use of re-sterilised
products has been discouraged or abandoned
due to potential risk of prion infections. The
SFEMG electrodes can be used for hundreds
of investigations if properly maintained, but
are too expensive for single use. Therefore
there has been a great interest in alternatives
with disposable electrodes. One such alterna-
tive is the  conventional concentric electrode
used with special filter settings on the ampli-
fiers. A small facial needle electrode seems to
be a reasonable replacement.10 Reference val-
ues have been established in a few individual
laboratories (for summary see reference 11)
indicating that the jitter values for concentric
recordings are about 3-5µsec lower than those
published from a multicenter study with regu-
lar SFEMG.12  This new possibility is therefore
accessible for all electromyographers, since
the electrode has the same low price as other
disposable electrodes. Great care should be
taken during recording and interpretation, and
some more work is necessary to define some
details of the technique. 

Summary
• The principles of SFEMG should be known

by all electromyographers, since the single
fibre action potentials are the basic compo-
nents of the motor unit potentials. The jitter
seen in SFEMG can also be observed in the
motor unit potentials as variability in its
shape at consecutive discharges. Thus, this
should be interpreted as an indicator of dis-
turbed neuromuscular transmission, a use-
ful observation from conventional EMG.

• SFEMG should be applied in patients with
suspicion of neuromuscular disturbance,
particularly when RNS has been negative.

• SFEMG can be used to assess the dynamics
of neurogenic and myogenic disease. An
increased jitter indicates active reinnerva-
tion after denervation that has taken place
during the last 3-6 months.

• The electromyographer may also use
SFEMG in situations when conventional
EMG has given uncertain results. The addi-
tional information may then help under-
stand the condition better.

• SFEMG can be performed in all muscles
where conventional EMG can be per-
formed.

• Small children, unconscious patients can
be studied by using stimulation SFEMG. 
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N E U RO P H YS I O LO GY A RT I C L E

Figure 1: The author and his engineer (1977) in front of their
assembled EMG recording system. Large, multi-knobbed and
very flexible equipment connected to a separate computer.

Figure 2: The author and an
engineer (2009) from the
Dept of Clinical
Neurophysiology using
modern EMG equipment,
developed in the
Department (by S Stålberg
and the staff, and by Dantek
A/S, Copenhagen,
Denmark). Note the size
reduction of this compact,
multi purpose EMG equip-
ment for routine use with
inbuilt computer connected
to a laboratory network.
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