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So-called neuronal ceroid lipofuscinosis
Neurophysiological studies in 60 children

G. PAMPIGLIONE AND A. HARDEN

From the Department ofNeurophysiology, The Hospitalfor Sick Children, Great Ormond Street, London

S UMM A RY Combined EEG, ERG, and VEP studies were carried out in 60 children with verified
neuronal storage of ceroid/lipofuscin-like material. Comparing and contrasting the EEG/ERG/VER
features of each child during the symptomatic phase of the disease, three distinct main groups could
be recognised: (1) Progressive diminution in amplitude of the EEG and VEP beginning about the age
of 2 years was seen in seven children, and all phasic cerebral activity was unrecordable at 3-4 years of
age; the clinical onset with regression in skills began at 1-2 years of age; (2) Large amplitude irregular
slow activity and polyphasic spikes appeared in 27 children in whom characteristic discharges were
elicited at low rates of photic stimulation (grossly enlarged VEP); the clinical onset was around 3
years of age with an occasional seizure and some clumsiness; (3) Runs of slow wave and spike com-
plexes were seen in the EEG of 10 children with a small or absent VEP; the clinical onset with visual
failure began around 5-7 years of age. In the remaining 16 children, the EEG and the clinical features
fell into much smaller groups, possibly of rarer type. The ERG became unrecordable at an early
symptomatic phase in all 60 children. The present findings suggest that such umbrella terms as
neuronal ceroid lipofuscinosis or Batten's disease, which imply a single disease entity, are misleading.
Neurophysiological investigations can help in an early identification of these separate conditions.
When the biochemical basis of these disorders becomes fully understood a more rational nomen-
clature will be possible.

At the turn of the century, the syndrome of amaurotic
family idiocy included inherited, progressive, neuro-
logical disorders with some clinical features in com-
mon (intellectual deterioration, seizures, visual
failure, and fatal outcome). Histological studies
showed extensive cellular lesions in the central ner-
vous system with intracellular accumulation of
material recognisable by appropriate staining tech-
niques. The term cerebral or neuronal lipidosis was
loosely applied by pathologists to include the groups
of disorders that were known to clinicians as amau-
rotic family idiocy. These were classified according to
age of onset and given a variety of eponymous labels
as shown in the Table.

Since the chemical nature of the stored material in
Tay-Sachs disease was identified as ganglioside
(Klenk, 1942), this infantile form became recognised
as a separate entity, different from the other groups
of amaurotic family idiocy in which the biochemistry
of the underlying defect has not yet been elucidated.
However, the intracellular stored material in all the
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Table Old classification ofamaurotic family idiocy
in childhood

Infantile form Tay (1881)
Sachs (1887)

Late infantile form Jansky (1908)
Bielschowsky (1913)
F. E. Batten (1914)

Juvenileform R. D. Batten (1897)
F. E. Batten (1903)
Mayou (1904)
Vogt (1905)
Spielmeyer (1905)
Sjogren (193 1)

other groups has fairly uniform staining reactions
similar to ceroid and/or lipofuscin, a 'wear and tear'
pigment that is a normal accompaniment of aging.
For this reason, the term neuronal ceroid lipo-
fuscinosis was introduced by Zeman and Dyken in
1969 to include all forms of amaurotic family idiocy
except Tay-Sachs disease. The term neuronal ceroid
lipofuscinosis has also been used for a new infantile
form of storage disease with similar histochemical
features first described in Finland by Haltia et al.
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(1973) and Santavuori et al. (1973). In England the
term Batten's disease and neuronal ceroid lipofuscin-
osis are both often used to include all these various
forms of storage disease with intracellular accumula-
tion of ceroid/lipofuscin-like material.
As the electrical activity of the brain recorded in the

electroencephalogram (EEG) is a sensitive indicator
of cerebral metabolism, it is not surprising that EEG
abnormalities accompany the accumulation of
neuronal metabolites. In addition, as the visual
system is commonly involved in these conditions, it
might be expected that the electroretinogram (ERG),
and the cortical visual evoked potentials (VEP),
would also be altered.
At this hospital since 1968 some 3000 children with

a variety of suspected cerebral and/or visual disorders
have been studied, using a combined EEG, ERG, and
VEP procedure. In some groups of patients with
histologically proven neuronal ceroid lipofuscinosis,
characteristic combinations of EEG/ERG/VEP fea-
tures have been considered to be of diagnostic im-
portance (Harden et al., 1973; Pampiglione and
Harden, 1973, 1974). In the present paper the EEG,
ERG, and VEP findings in all cases of histochemically
proven neuronal ceroid lipofuscinosis seen over the
last eight years are compared and contrasted in order
to establish some differential neurophysiological
criteria.

Patients and methods

Out of a large number of children examined, there
were 60 patients in whom the presence of neuronal
storage of ceroid/lipofuscin-like material had been
verified from biopsy material taken from the rectum
(Brett and Lake, 1975). In most of these children
neurophysiological investigations had been carried
out before the diagnosis was verified histochemically.
Most of them had been referred to our Department
because of somewhat unspecific symptoms, such as
developmental delay, clumsiness, occasional seizures,
or visual difficulties. All the patients had been ad-
mitted to the Hospital for Sick Children. The EEGs
were carried out with a uniform technique, and the
silver-silver chloride electrodes were attached to the
scalp with collodion according to measurements from
bony landmarks (Pampiglione, 1956). The combined
techniques of EEG, ERG, and VEP were carried out
according to methods previously described (Harden
and Pampiglione, 1970).
The age of onset of the main clinical symptoms and

the course of the disease were noted in all the patients,
most of whom had repeated neurophysiological in-
vestigations at intervals ranging from a few months to
several years. A total of 165 EEGs were taken on these
patients. and 125 combined ERG/VEP studies were

also made. The occurrence of seizures or behavioural
changes of other kinds during these tests was also
noted, as well as the clinical condition of the child at
the time ofeach test. Particular attention was devoted
to the evolution of the neurophysiological features
during the follow-up period in the various age groups.

Results

The onset of insidious symptoms such as 'failure to
thrive', 'behaviour problem', or 'delayed milestones'
was difficult to establish despite their probable im-
portance in the early stages of any illness. For this
reason the more definite loss of skills, the first
seizure, or obvious visual difficulties were considered
in reckoning the age of onset of the clinical illness in
our 60 patients (Fig. 1).
When the EEGs taken during the symptomatic

phase were studied, the patients could be divided into
distinct groups showing the following features:

1. DECREASE IN AMPLITUDE OF EEG ACTIVITY
There were seven children in whom the phasic EEG
activity gradually diminished in amplitude to the
extent of electrocerebral silence in those tested over
the age of 4 years. The ERG and VEP also gradually
disappeared over the same time. The age of onset of
the illness was between I and 2 years, the presenting
features being in all cases a loss of skills. The clinical
symptoms progressed rapidly over a period of two to
three years so that the patients were reduced to a
vegetative state, although survival could be prolonged
for several years up to the age of 8-10 years. These
features are similar to those described in Finland by
Santavuori et al. (1974).

2. LARGE AMPLITUDE EEG ACTIVITY WITH DISCHARGES
ELICITED BY LOW RATES OF PHOTIC STIMULATION
In 27 children showing these EEG features there were
also irregular slow waves and polyphasic spikes in the
resting record, and the first seizure (taken as the onset
of illness) was at around 3 years of age. The ERG
rapidly disappeared although it was still present in
some cases for a short time at the onset of clinical
symptoms. The large spikes seen in the EEG during
photic stimulation were in fact the grossly enlarged
early components of the VEP. The EEG features in-
cluding the large abnormal discharges in response to
low rates of photic stimulation persisted throughout
the course of the illness. Seizures became increasingly
frequent and myoclonic jerks, clumsiness, mental and
motor retardation became more obvious (as clinically
described in one case by Jansky (1908) and in a family
by Bielschowsky in 1913). Death usually occurred at
the age of 6-7 years.
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1 1I 2 24 3 34 4 44 5 6 7 8 years

Age

3. RUNS OF LARGE AMPLITUDE SLOW WAVE AND SPIKE

COMPLEXES IN THE EEG

There were 10 children who showed these EEG
features. The main symptom of deterioration of
vision had been noticed around 4j-7 years ofage in all
of them. The ERG was not recordable from an early
stage while the VEP gradually became of low ampli-
tude, particularly in its early components, and in some
cases was unrecordable. Clinically these children
became blind with slow but progressive mental
deterioration and infrequent seizures, although not
all these 10 children had yet had seizures. Death did
not occur for a number of years, the patient usually
surviving into the third decade. The clinical course of
these patients was similar to that described by
Spielmeyer (1905) and Vogt (1905).

4. OTHER TYPES OF EEG FEATURES WITH SYMPTOMS

OF THE SPIELMEYER TYPE

In seven children with age of onset and symptom-
atology similar to the Spielmeyer cases of group 3 as
above, the EEG did not show the distinctive runs of
slow wave and spike complexes even after a long-term
follow-up. Seizures had also occurred in some of these
patients, and the EEGs all showed definite abnormal-
ities but with somewhat variable morphological

features. The ERG and VEP findings were similar to
the other Spielmeyer type patients.

5. A MISCELLANY OF EEG/ERG/VEP COMBINATIONS AND

CLINICAL SYMPTOMS

There were eight children in whom the age of onset
and clinical course were variable. In all these patients,
however, there wereEEG and VEPabnormalities, and
the ERG was unrecognisable from an early phase of
the symptomatic illness. There was also another
child, seen only once at the time of her first seizure
(age 21 years), and probably too early in the course of
the disease to have developed the discharges at low
rates of photic stimulation which were clearly seen in
the EEG of her older sibling with the Bielschowsky
form of the disease. The ERG was still present in this
one young sibling who has not had follow-up studies.

In Fig. 2 the distinctive EEG features of 1, 2, and 3
above are compared at a fairly advanced stage of the
clinical illness. The EEG findings did not depend on
the age at which the EEG was taken during the course
of each illness. Figure 3 shows three other children
with the distinctive EEG features of each group 1, 2,
and 3 above, but all taken at the same age (7 years)
though at different phases of clinical evolution. Again
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Fig. 1 Age oj onset ofdefinite
clinical symptoms in 60 children
(1968-1975)
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Fig. 2 EEG, ERG, and VEPfeatures during advanced symptomatology of three main types ofso-called neuronal
ceroid lipofuscinosis (see 1, 2, and 3 in results section). In EEG ofmiddle tracing note different gain used and marker
for each flash ofphotic stimulation on bottom line. Time scale in seconds is indicated underneath EEG ofleft hand
tracing, and is the same for all three samples
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Fig. 3 EEG, ERG, and VEPfeatures in three main types ofso-called neuronal ceroid lipofuscinosis in three patients
all aged 7 years.

the EEG features remained typical of each type, and cases not easily classifiable and the younger sibling
never evolved from one to another in any patient seen only once at the onset of symptoms.
followed over several years. The EEG and VEP
findings are indicated in Figs. 2 and 3, while in Fig. 4 Discussion

they are contrasted with those of a normal child.
The EEG/ERG/VEP findings and the clinical course
were always identical in affected siblings. Many children are referred for neurophysiological

Figure 5 summarises the main groups of clinical studies with a history of fits and retardation, a sug-
conditions in relation to the age of clinical onset and gestion of some regression in skills, or a possible
the main EEG features, after exclusion of the eight visual loss, but only very few of these have a degenera-
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Fig. 4 ERG and VEPfindings in
a normal child (top tracings) for
comparison with findings in three
main types ofso-called neuronal
ceroid lipofuscinosis (see 1, 2 and
3 in results section). Both eyes are
stimulated simultaneously while
open; the ERG is recordedfrom a
non-corneal electrode placed on
the bridge of the nose and the
VEPfrom a mid-occipital
electrode on the scalp. Negativity
is recorded as an upward
deflection. Analysis time for
ERG is 200 ms and VEP is 250
ms. (25 ms interval time scale
shown under tracings ofnormal
control.) Flash stimulus occurs 25
ins after onset ofanalysis and is
indicated by arrow. Calibration
signal 10 u V; note different sizes
of calibration signals (especially
the attenuation for the VEP of the
Bielschowsky type patient). The
deflections seen around 50 ms in
the ERG of the Bielschowsky
type patient are of cerebral rather
than retinal origin.
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tive disorder. The diagnosis of neuronal ceroid
lipofuscinosis can only be made from histochemical
studies on biopsy material, and this procedure can be
properly carried out in only a few centres. On clinical
grounds alone, a decision for biopsy may not be
reached for a long time after the onset of symptoms.
The EEG, supplemented by ERG/VEP studies, can
play a very important role in suggesting such disease
processes at a relatively early symptomatic phase.
Although there is no known cure for these autosomal,
recessive, genetically determined, neurometabolic
disorders, an early diagnosis is of the utmost im-
portance in relation to genetic counselling and the
prevention of further family tragedies. In our series
there were nine families with more than one affected
child. It is likely that histochemical changes precede
any of the characteristic clinical and neurophysiologi-
cal features but our experience is not yet large enough
to assess the predictive value of the EEG findings in
the presymptomatic phases.
Green (1971) reported the neurophysiological

findings in 20 patients aged 2-23 years of age with so-
called Batten's disease, and considered the differing
EEG and clinical patterns as part of a continuum in
the progression of the same process. In contrast, we
have found that the combinations ofEEG/ERG/VEP
findings are of diagnostic importance in distinguishing
at least three different conditions with apparently
similar storage of neuronal ceroid material. In the
early stages of the illness, regular follow-up is very
important, especially in the Santavuori type when the
progressively decreasing amplitude of the EEG be-
comes apparent (Santavuori, 1973; Pampiglione and
Harden, 1974). All the 60 children examined in our
series showed EEG patterns quite different from those
seen in other neurometabolic storage disorders such
as Tay-Sachs disease (Pampiglione et al., 1974),
Krabbe's leucodystrophy (Kliemann et al., 1969), or
metachromatic leucodystrophy (Mastropaolo et al.,
1971).

Focal spikes and multifocal discharges in the EEG
are commonly seen in a wide variety of patients with
seizures. Abnormal discharges in response to photic
stimulation are not uncommon (Jeavons and
Harding, 1975), but these are usually elicited at flash
rate frequencies around 12-24 per sec, and not as a
response to a single flash as seen in the Bielschowsky
type of patient. None of the 60 children of our present
series had EEGs that could be confused with the EEG
features of hypsarrhythmia. In other children with
seizures, spike and wave phenomena in various forms
may be seen but these discharges are of somewhat
different configuration from those of the Spielmeyer
group even in the so-called Lennox syndrome. Runs
of slow wave and spike have been described pre-
viously in other patients belonging to the Spielmeyer

group (Pampiglione and Lehovsky, 1968; Ellingson
and Schain, 1969). It is also interesting to note that the
children with runs of slow wave and spike complexes
with neuronal ceroid lipofuscinosis were referred
because of failing vision; some had not yet developed
seizures, and certainly none had ever had clinical
petit mal epilepsy. This emphasises the importance of
combined EEG/ERG/VEP studies on young patinets
even if only a primary visual problem is suspected.
The conditions we have described are rare, the

Bielschowsky type being the most common in our
series, and probably also the easiest to recognise on
the basis of the primary EEG traces. The very charac-
teristic response to low rates of photic stimulation
in these patients can only be elicited if appropriate
techniques are employed taking care that the patient
actually looks at each flash of the lamp. Since the
diagnostic importance of the unusual response to
photic stimulation in the Bielschowsky type patients
was originally suggested (Pampiglione, 1961; Pam-
piglione and Lehovsky, 1968), there have been a few
reports from other centres confirming the diagnostic
value of theseEEG features (Lehovsky, 1971; Gordon
et al., 1972; Lopez Martin et al., 1974). It seems likely
that more patients with the Bielschowsky type of dis-
order will be identified on EEG findings when a
greater awareness of the problem develops, as oc-
curred after the description of specific EEG features
in subacute sclerosing panencephalitis. It may be
interesting to note that in this hospital over the period
of the present study (1968-1975), there has been a
higher incidence of Bielschowsky type patients than
patients with SSPE.
The only neurophysiological finding common to all

the 60 patients of the present study was the early loss
of the ERG. It is believed that the outer receptor
layers of the retina (rods and cones) contain storage
material in all cases of so-called neuronal ceroid
lipofuscinosis. This is in marked contrast to patients
with Tay-Sachs disease where only the ganglion cell
layer of the retina is affected, and the ERG is pre-
served throughout the whole of the illness (Copen-
haver and Goodman, 1960; Pampiglione et al., 1974).
Pigmentary changes in the retina and optic atrophy
were reported at some stage in many of our 60
patients, but no systematic ophthalmological study
has been carried out, and there have been very few
reports on the eye histopathology of these patients.
An absent ERG does not necessarily imply total loss
of retinal function, and may be found with preserva-
tion of some cortical VEP in a variety of conditions.
However a grossly enlarged VEP, as seen in the
Bielschowsky type, together with the early loss of
ERG, is not seen in other conditions, and appears to
be of considerable theoretical importance although
the underlying mechanism is not yet understood. It is
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perhaps interesting in this context that visual loss 'was
not clinically obvious in these children until they were
grossly demented at an advanced stage of the disease.

There has been much confusion in the nomen-
clature and classification of disorders with storage of
ceroid/lipofuscin-like material, and a mixture of
eponymous and neuropathological labels has been
used. It is obvious that the term amaurotic family
idiocy is now outdated (Lancet, 1973), and that these
disorders may not be labelled confidently as
lipidoses as the biochemical nature of the stored
material is still unknown. The use of umbrella terms
such as neuronal ceroid lipofuscinosis and Batten's
disease gives the impression of a single nosological
entity. However, from our studies it seems apparent
that there are at least three distinct types, each with
its own characteristic clinical course and neuro-
physiological findings, and each presumably has
different enzyme defects. The fact that some children
with apparently typical clinical course of Spielmeyer
type showed different EEG patterns from those of the
main larger group, would lead us to suspect that there
may be more than one variety of Spielmeyer type
patients with somewhat differing biochemical dys-
functions. The eight cases with very mixed clinical
courses and neurophysiological findings also seem
likely to be made up of rarer groups. Only when the
biochemical basis of these disorders is fully under-
stood can a rational nomenclature be properly
introduced. In the meantime, the separation of
different types on neurophysiological grounds should
help not only in the identification of these disorders
but also in classifying them into a number of separate
disease entities.

It is a pleasure to thank our colleagues who referred
the patients for neurophysiological investigations, in
particular Dr E. M. Brett, Dr Rosemary Stephens,
and Dr John Wilson, as well as Dr Brian Lake, who
carried out the histochemical studies, and the Depart-
ment of Medical Illustration. We are grateful to Dr
Etta Friedman and Sir Charles Symonds for their
comments.
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