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Neurophysiological findings in the hereditary
presenile dementia characterised by polycystic
lipomembranous osteodysplasia and sclerosing

leukoencephalopathy
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SUMMARY 17 patients suffering from the presenile dementia characterised by polycystic lipomen-
branous osteodysplasia and sclerosing leukoencephalopathy were studied neurophysiologically.
Noteworthy findings were diffuse slowing, the accentuation of 6-8 Hz parasagittal activity, slow-
ing of the dominant occipital rhythm and, in the late phase when 13 of patients got epileptic
seizures, there was paroxysmal activity in the EEG.

Polycystic lipomembranous osteodysplasia with
sclerosing leukoencephalopathy is a rare hereditary
form of presenile dementia with changes both in
brain and bones.!™* It is caused by an autosomal
recessive gene.* Eighty patients have. been
documented: 20 in Finland, 46 in Japan, nine in
Sweden and five in USA.5~® The majority of Finnish
patients are inhabitants of the middle-eastern part
of the country.?

Childhood is mostly symptomless (the latent
phase). Around the age of 20 years patients suffer
from pains and tenderness in the ankles and wrists
and later from fractures (the phase of skeletal symp-
toms). The radiographic appearance is diagnos-
tic.2?1° Cystic rarefactions are situated in the bones
of the extremities symmetrically. The cysts are filled
with partly necrotic fat tissue containing peculiar
ultrastructurally  characteristic  autofluorescent
membranes. Histochemically, fatty acids and their
polymerisation products seem to be an essential
component of these membranes.!!! Neuro-
psychiatric symptoms appear insidiously during the
fourth decade of life and gradually form a disease
picture, which consists of dementia with prefrontal
syndrome, signs of upper motor neuron involve-
ment, apractic-aphasic symptoms and myoclonic
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twitches (the early phase of neuropsychiatric symp-
toms).?* These symptoms progress steadily and are
later accompanied with other symptoms, especially
epileptic seizures (the late phase). Death follows
around the age of 40 years.> Air encephalography
and CT scan have revealed diffuse generalised brain
atrophy.'?"?

Macroscopic examination of the brains of six
Finnish cases revealed more or less marked atrophy
and greyish discoloration of the central parts of the
hemispheric white matter, particularly of the frontal
and temporal but to some extent also of the parietal
lobes. The cortex of these regions was generally
much better preserved than the white matter. A var-
iable degree of atrophy was noticed in the caudate
nuclei of all but one case who died accidentally at an
early stage of the disease. Light microscopic studies
on the affected white matter showed pronounced
degeneration and loss of myelin, a variable degree of
axonal degeneration with formation of spheroids,
increase in number of astrocytes and fibrillary
gliosis.'4~1¢

In a series of eight typical patients a symmetrical,
synchronous and episodic 6-8 Hz activity was
described by Hakola as a characteristic EEG
finding.? Increased amount of diffuse theta and delta
activity was also observed. This general disturbance
has also been noted in case reports by other
authors.s'2!7~!8 Reports about the irritative EEG
activity are scanty. EMG, evoked potential and
nerve conduction studies have not previously been
reported in the literature.
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Table 1 The typical neuropsychiatric symptoms and epileptic seizures of 17 patients at the last EEG recording.

Case* Sex Age Prefrontal Memory Agnostic- Signs of Myoclonic Epileptic
(yrs) syndrome defect apractic- upper motor twitches seizures
aphasic neuron
symptoms involvement

1 M 45 + + + + + +
2 F 35 + + + + + +
3 M 39 + + + + + +
4 F 40 + + + + ? +
5 M 41 + + + + + +
6 M 35 + + + + + -
7 F 35 + + + + + +
8 F 42 + + + + + +
9 F 38 + + + ? ? ?
10 F 37 + + + + + +
12 F 45 + + + + ? +
14 F 45 + + + + + +
15 F 34 + + + + - +
17 F 34 + + + + ? -
18 M 34 + + + + + +
19 F 38 + + + + - +
20 M 34 + + - + - -

*The cases are numbered as in Jarvi, Hakola and Sourander, in preparation.

The aim of this study was (a) to analyse EEG
alterations in this disease, especially the EEG
dynamics at different stages of the disease during
follow-up of considerable length, and (b) to search
for possible signs of dysfunction in the peripheral
nerves and muscles with other neurophysiological
techniques.

Material and methods

The material consists of 17 patients, 11 women and six
men with typical polycystic lipomembranous osteodyspla-
sia with sclerosing leukoencephalopathy. All patients had
characteristic cystic changes in bones on radiological
examination. EEG recording was performed on all patients
at least once and was in most of the cases repeated. At the
first recording seven patients were in the early phase of

No of
patients
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Fig. 1 The cumulative graph of the beginning of the
epileptic seizures. (From the total material of 17 patients
four do not have seizures. Three of them have died at ages of
36, 38 and 39 years. One patient is alive, age 34 years.)

neuropsychiatric symptoms and 10 patients in the late
phase. At the last recording figures were respectively two
and 15 and with few exceptions patients showed all typical
neuropsychiatric symptoms of the disease (table 1). The
frequency of epilepsy on patients increased progressively
after the age of 25 years. All patients who had reached the
age of 40 years, had suffered from epileptic seizures before
their death (fig 1). Seizures were observed on 13 patients.
These were of grand mal type in all patients.

Twelve of our patients died and six of them have had
necropsies. Results of neuropathological examinations as
well as details of neurological and psychiatric findings will
be published separately in a monograph (Jarvi, Hakola and
Sourander, in preparation).

EEG recordings were performed in three different hospi-
tals over 25 years, mostly with the international 10-20
system. Photostimulation was included in the studies. All
37 EEG recordings were analysed by the authors. The
dominant occipital thythm was determined. The abun-
dance of rhythmic parasagittal 6-8 Hz activity was
observed (— = no, * = doubtful finding, + = slight, ++ =
moderate, +++ = marked) as well as the amount of dif-
fuse slow activity. The occurrence of paroxysmal activity
and asymmetric findings was noted. In four patients tremor
of the upper extremity was recorded during the EEG
examination.

In six patients an EMG study of the anterior tibial,
extensor digitorum brevis and other muscles was per-
formed with DISA 1500 EMG equipment and concentric
needle electrodes (diameter 0-45 or 0-30 mm). The
occurrence of spontaneous activity as well as the duration,
amplitude and polyphasy of the motor unit potentials was
observed audiovisually. In some patients the accurate
analysis of motor unit potentials was difficult because of
poor co-operation.

Sensory conduction velocity (SCV) of the radial, median
and superficial peroneal nerve was measured with an anti-
dromic technique using surface electrodes. In some cases
SCV of the ulnar and sural nerves was included. Motor
conduction velocity (MCV) of the median, ulnar and deep
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peroneal nerves was measured with surface electrodes. The
F-response latency of these nerves was also determined. In
three patients we measured the H-reflex latency in the
posterior tibial nerve.

In two patients (numbers 8 and 20) a somatosensory
evoked potential study was performed. The left median
nerve was stimulated at the wrist with 5 Hz rectangular
pulses (0-3 ms 5-0 nA) so that small twitches of the thenar
muscles were observed. The somatosensory evoked poten-
tials were recorded at the elbow, Erb’s point, 2nd cervical
vertebra and contralateral somatosensory cortex. The cor-
tical potentials were recorded with small platinum needle
electrodes (DISA 25 C 04), other potentials with surface
plate electrodes (DISA 13 K 60). The potentials were
averaged 200 times with Tracor Northern TN 1710 mul-
tichannel analyzer after amplification with DISA 1500
EMG amplifiers.

Results

EEG (table 2)

The earliest alteration in EEG was a slight accentua-
tion of diffuse slow activity and mild to moderate
accentuation of 6-8 Hz rhythmic parasagittal activ-
ity. When the disease progressed, the amount of dif-
fuse slow activity increased. Also the amount of 6-8
parasagittal activity increased at first, but in the late
phase of the disease it tended to diminish again. The
dominant occipital rhythm slowed gradually down
(table 2). When the frequency of dominant occipital
rhythm in the first recording at an age below 35
years was compared to the last recording at an age of
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Table 2 EEG dynamics in two patients (general
disturbance)
Age in Dominant occipital 68 Hz Diffuse slow
recording  rhythm (Hz) activity activity
Patient 1
31 10-11 + +
35 9-11 + +
38 9-10 + +4+
42 6-8 - +++
45 5-6 + +++
Patient 2
31 8-9 + +
32 7-5-8:5 + +
36 6-8 ++ ++
38 6-8 ++ +++
41 6-7 + +++
42 5-7 - +++

more than 35 years, a significant decrease of the
mean frequency was observed (mean frequency 9-0
Hz SD 1-0 in the first recording and 7-2 ¢/s SD 1-6 in
the last recording (p < 0-01), number of recordings
was 10 in both groups).

Paroxysmal activity was usually not present
before an advanced stage of the disease (table 3). In
five of 17 patients we observed paroxysmal slow
activity and in four either multifocal spike and wave
complexes or generalised spike and wave paroxysms
(fig 2). Asymmetric findings were rare. In two
patients occasional asymmetric slow activity was
observed in the right hemisphere and in two patients
there was a predominance of slow waves in the left

Table 3 The most marked EEG findings at the last EEG recording. The age of patients at the recording and at first seizure

is also represented.

Patient Age at Age at Dominant 6-8 Hz Diffuse Paroxysmal activity,
number* recording first seizure occipital rhythm slow activity spike and wave
(yr) (yr) rhythm Hz complexes
1 45 41 5-6 + +++ -
2 35 33 5-7 + ++ -
3 39 41 8-9 + + -
4 40 42 4-8 + + slow wave
paroxysms
5 41 41 5-8 ++ ++ slow wave
paroxysms
6 35 — 9-10 +++ ++ frontal spike-wave
paroxysm
7 35 42 8:5-10 + + -
8 42 37 5-7 - +++ -
9 38 — 10-11 +* + —

10 37 38 8-5-10 + + theta paroxysms

12 45 46 7-9 + ++ -

14 45 35 8-9 + ++ slow wave and spike-
wave paroxysm

15 34 33 8-9 ++ ++ multifocal spike-wave
complexes

17 34 - 8-10 + + -

18 34 29 7-8 +++ +++ multifocal spike-wave
complexes and slow
paroxysms

19 38 27 6-8 ++ ++ -

20 34 - 9-10 +++ + -

*Numbering according to Jarvi, Hakola and Sourander (in preparation)
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Fig. 2 General disturbance and multifocal spike and wave activity in the EEG of a patient (number 18).
hemisphere. In seven recordings where EEG played increased incidence of polyphasic motor unit

analysis of sleep was possible, distinct alterations
were observed: the sleep EEG patterns (vertex-
potentials, K-complexes and sigma activity) tended
to be reduced or absent. In tremor recordings we
observed 6-8 Hz tremor in four patients. Evident
myoclonic twitches did not appear during record-
ings.

EMG and nerve conduction studies

In needle EMG three of six patients showed-a nor-:

mal EMG in the anterior tibial muscle, two dis-

potentials and one denervation activity and
polyphasic potentials. In other muscles increased
incidence of polyphasic motor unit potentials was a
common finding but denervation activity was pres-
ent in only two patients in the terminal stage of the
disease.

In nerve conduction studies only occasional
slightly slow MCV values or increased F-response
latencies were observed in two patients. SCV values

- were -pormal.

In the somatosensory evoked potential study of
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one patient (number 20) the latencies of the
responses at elbow, Erb’s point, 2nd cervical ver-
tebra and somatosensory cortex were within normal
limits. However, in another patient (number 8) in
the late phase of the disease an increase of the laten-
cies of cortical somatosensory potential peaks N 19
and P 22 was observed, when the potentials were
compared either with those of a female control per-
son of similar age and height or with our female
control material (n = 33), where the influence of
height on the latency values could be eliminated.

Discussion

The most marked EEG characteristics of polycystic
lipomembranous osteodystrophy with sclerosing
leukoencephalopathy are the accentuation of diffuse
slow activity, accentuation of 6-8 Hz activity in the
parasagittal areas but often also spreading to the
anterior-lateral areas of the brain, slowing of the
dominant occipital rhythm and in late stages parox-
ysmal slow activity and multifocal or generalised
spike and wave activity. The general slowing resem-
bles that in the dementia of the Alzheimer type.!®
The accentuation of 6-8 Hz parasagittal activity may
be more marked in polycystic lipomembranous
osteodysplasia ~ with  sclerosing  leukoence-
phalopathy. It is interesting, that this kind of altera-
tion has been detected also in some children of such
patients.®> Rhythmic 6-8 activity may reflect a dis-
turbance in subcortical brain structures. Gloor et al.
have claimed that the accentuation of diffuse slow
activity correlates with lesions of the white matter of
the brain.?° Our findings support this concept.

Paroxysmal activity, especially multifocal or
generalised spike and wave activity, reflects epilep-
togenic cortical foci and may be correlated with
epileptic seizures of the polycystic lipomembranous
osteodysplasia ~ with  sclerosing  leukoence-
phalopathy patients. However, the lack of parox-
ysmal activity did not exclude the occurrence of
epileptic seizures. Thus there may also be subcorti-
cal irritative foci which may not be seen in the con-
ventional scalp EEG recording.! The irritative
EEG alterations were most marked in advanced
cases of the disease associated with demonstrable
cortical lesions. The paroxysms are of the secondar-
ily generalised type. We think that this disease may
serve as a suitable natural model for the studies of
secondarily generalised epilepsy. In the late phase,
the seizure activity in this disease is one of the high-
est among brain diseases.

No signs of peripheral polyneuropathy or
myopathy was observed on EMG studies. The
increased incidence of polyphasic motor unit poten-
tials and denervation activity in some muscles of the
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patients may indicate a slight involvement of the
anterior horn motoneurons. The observations on
somatosensory evoked potentials in two patients
suggests that the latencies of the cortical responses
may be normal in an early stage of the disease, but
that delay may occur in the advanced stage of the
disease. This finding is compatible with a
demyelinating process affecting the upper brain
stem and thalamocortical projections.??

This disease should be considered in the differen-
tial diagnosis of epilepsy in middle age, especially if
epilepsy is connected with dementia. For differential
diagnosis the EEG findings alone are not conclusive.
The diagnosis can be made easily on the basis of
radiological examination of bones.

As for the pathogenesis of polycystic lipomem-
branous osteodystrophy with sclerosing leukoence-
phalopathy three working hypotheses have been
advanced. Jarvi has detected vascular degeneration
in bones and also in internal organs.''! Similar
changes have been found in vessels of brain by
Sourander.!! !5 These authors consider that secon-
dary oedema and nutritional disturbances lead to
slowly developing fat necrosis in the bones with
membrane condensations and gliosis associated with
slight to moderate myelin degeneration of the white
matter of the brain.!'!* Nasu and other Japanese
investigators have found membranous necrosis also
in fat tissue of other organs. They suggest that the
primary defect is in the metabolism of lipids.®* How-
ever, chemical studies on lipids and fatty acids in the
Finnish cases performed by Svennerholm (personal
communication) have produced negative results.
Matsushita et al., who recently reported one female
case with typical brain changes but without bone
lesions, suggested that axonal degeneration is the
key phenomenon of the pathogenesis of the dis-
ease.'® Our results indicate, that axonal degenera-
tion in the peripheral nervous system is not obvious.
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