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abstract

Rett Syndrome-Pathophysiological significance of age dependent

changes of behavior, motor and EEG abnormalities

Yoshiko Nomura, Mariko Soda and Masaya Segawa

Rett syndrome is a progressive CNS disease
with autistic tendency and characteristic stereo-
typed hand movement occurring only in female.
The etiology is unknown. By analyzing the cli-
nical characteristics and all night polysomnography
(PSG), we had speculated the pathophysiology of
Rett syndrome as an early deficiency of the mo-
noaminergic system in the CNS.

In this report, the age dependent appearances
of characteristic symptoms, findings of PSG and

of routine EEG are discussed in relation to its
pathophysiology. The characteristics of autistic
tendency seen in Rett syndrome are also discussed.
Furthermore, based on our hypothesis, the
therapeutic trials were performed.
Material and Method
Fourteen cases of Rett syndrome who have
been followed in our clinic were subjected to this
study. Clinical characteristics, total 14 PSGs exa-
mined on 9 patients, and total 88 routine EEGs
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on 12 patients were analyzed. The PSG was
recorded by Segawa’s method. Two types of body
movements were assessed; gross movement is the
generalized sequential movement including axial
muscle and lasts more than two seconds, twitch
movement is the short movement localized to one
muscle and lasts less than 0.5 seconds.

Results

The clinical characteristics of Rett syndrome
consist of the initial symptoms of autistic tendency
(4.6 m+6.6m) which is followed by the patho-
gnomonic stereotyped movements of hands (1y
5m=+4.2m), mental retardation and convulsion
(3y 5m+10.5m). The muscle tone revealed
hypotonia in infancy and early childhood which
gradually increased there-after (4y 6 m+2y 4m).
[( ) shows the mean+SD of 11 cases]. Thus
each characteristic symptom develops sequentially
at a specific age. The increase of head circum-
ference begins to stagnate in late infancy and
becomes microcephalic in early childhood.

The autistic tendency of Rett syndrome con-
sists of increased daytime sleep and indifference
to.environment, i.e. symptoms which are promi-
nent in early infantile autism patients younger than
1 year old.

Day by day plot of sleep-wakefulness rhythm
of Rett syndrome showed irregular sleep onset time
and increased day sleep with persistence of day
time sleep even after 4-5 years old when physio-
logical nap disappear.

PSG of Rett syndrome revealed the following.
The REM-NREM cycle was present, but it was
irregular in some cases. The components of REM,
such as atonia of mentalis muscle, desynchroniza-
tion of EEG and the presence of rapid eye move-
ments, were preserved, however, in NREM sleep
atonia of mentalis muscle as well as rapid eye
movements were present abnormally. Percentage
of sleep stages showed increased REM stage in ol-
der patients which are opposite to normal develop-
mental change. Gross movements revealed almost
normal pattern in younger patients, however, its
frequency in REM stage in older patients dec-
reased as the disease advanced. Twitch move-
ments revealed different patterns between the
mentalis and extremity muscles, i.e., the frequency
of twitch movements in the mentalis muscle in-
creased with age, but decreased in the extremity
muscles, The pattern of the twitch movements
against the sleep stages, however, revealed to be
normal. The ratio of twitch movements of men-
talis muscles against the number of rapid eye
movements of REM stage showed variable results,
but it was normal in younger patients and in-
creased abnormally in older patients.

The total of 88 routine EEGs were recorded
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in 12 cases, their ages ranged between 10 months
and 14 years 11 months. The age dependent
changes of awake EEG revealed the appearance
of alpha wave at about four years old which per-
sisted up to 12-13 years old, however the fre-
quency of alpha wave was slow with 8-9c¢/s in ol-
der patients and dysrhythmic. Sleep records were
analyzed for the occurrence of sleep spindles, which
revealed the abnormal decrease around 3 years
old, reappearance at 5-8 years old and again the
decrease after 9 years old. The abnormal paro-
xysmal discharges were not observed in the two
patients’ records taken at 10 months and 1 year
3 months old, both before the appearance of the
characteristic pathognomonic hand movements,
however the records of the rest of the patients
taken between 1 and 2 years old revealed focal
spike discharges. The generalization of paroxysmal
discharges appeared in 7 out of 12 patients, and
their ages at onset ranged between 2 years 7
months and 3 years 11 months with mean of 3
years 4 months. The generalization was observed
in high frequency with the records taken between
3 and 5 years old, which showed gradual decrease
after 10 years old and none after 13 years old.

Therapeuic trial consisted of 5-HTP, 1-Dopa,
DOPS and catecholamine blockers. 1-Dopa caused
increased screaming in one case and DOPS resulted
in the improvement of crawling in one.
Discussion

In regard to the pathophysiology of Rett
syndrome it is important to note that the chara-
cteristic and pathognomonic symptoms of Rett
syndrome appear sequentially at certain ages,
which reflect the developmental changes of the
responsible neuronal system. When a certain
system is injured and manifest itself as a clinical
symptom, the system has to be matured to a
certain level. Thus for the characteristic and dia-
gnostic symptoms to appear from early infancy,
the main locus of this syndrome should be attri-
buted to the system which has completed its ma-
turation by early infancy, ie., the lower CNS,
The age dependent and sequential appearance of
certain symptoms suggest the responsible system
to lie in the caudalo-rostrally and each component
of this system should innervate each other, and
at the same time they should be influenced by a
certain system parallelly. The serotonergic and
noradrenergic systems located in the midline in
the brain stem and midbrain are important stru-
ctures which complete their own maturation early
in development and act as an important modula-
tor for higher centers. Dopaminergic system has a
similar role, though it has a more limited domain
of projection. Thus the initial main locus of Rett
syndrome is speculated to be in the brain stem



and midbrain.

On the other hand the neuronal function of
these brain stem and midbrain structures are re-
flected in each parameter of sleep, i.e. the mea-
surable component of sleep is controlled by each
specific neuronal system to appear in certain fre-
quency in certain sleep stage.

The sleep and wakefulness rhythm of Rett
syndrome implies the abnormality of the circadian
thythm and the sleep onset deep sleep system,
which suggest the abnormalities of raphe and locus
coeruleus nuclei. The lesion of these nuclei in
early developmental stages cause the long lasting
entrainment disturbance of endogenous circadian
rhythm to 24 hours. Furthermore early lesion of
locus coeruleus cause the impaired development
of the cerebral cortex ending in microcephalus.

It is known that the system responsible for
the PGO spikes which are related to rapid eye
movements of REM sleep receive inhibitory in-
nervation from the locus ceruleus and raphe nuclei.
If the function of the locus coeruleus and raphe
nuclei are hypoactive in Rett syndrome, the PGO
executive system disinhibited and become overac-
tive causing the leak out of rapid eye movements
in NREM sleep. Similarly, the atonia executive
neurons are disinhibited and atonia apppears in
NREM stage.

Our previous studies showed the importance
of dopamine system in body movements during
sleep. The results of body movements of Rett
syndrome suggest the post synaptic supersensitivity
of the dopamine system. Their age dependent
changes are similar to the results obtained in the
animal experiments of the early lesions of the
dopamine system. The age dependent increase

of REM stage can also be explained by this pro-
cess.

The characteristic changes of routine EEG
also reflect the age dependent changes of the
pathology of Rett syndrome. The disappearnce
of sleep spindle and appearance of generalization
of paroxysmal discharges are both around 3 years
old and reflect the underlying pathophysiology.

Thus the findings of PSG and routine EEG
reveal the characteristic age dependent changes
and relate to clinical symptoms. The lesion of the
locus ceruleus of brain stem and midbrain occur
in early infancy associated with the lesion of raphe
nuclei cause the abnormalities of sleep wakefulness
cycle, indifference to the environment, hypotonia
and difficulty in crawling. As the age develops
the basal ganglia, thalamus are involved causing
the stereotyped movement and tremulous move-
ment. Furthermore, the limbic system and cerebral
cortex are involved causing the microcephalus and
abnormal functional lateralization, i.e., delayed
and abnormal hand dominancy and Gegenhalten-
like increase of muscle tone, and finally severe
mental retardation.

Thus the pathophysiology of Rett syndrome
can be speculated to be early monoaminergic de-
ficient state. This hypothesis has to be discussed
further with the accumulation of evidences. The
importance of the role of the lower CNS in the
maturation of function of higher CNS is stressed.
Especially the midline structures of the lower
system play important roles in early developmental
stages. As for the treatment the pathological state
occurs in the early developmental stages could be
corrected only by early initiation of adequate
regimen.
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