Large Electroencephalographic Responses
and Their Relationship to Cleido-Cranial Dysplasia

ADRIAN UPTON*, SARAH BUNDEY** and SUSAN SANDERS

SUMMARY: We have reported six indi-
viduals (five certain heterozygotes for
cleido-cranial-dysostosis and one pos-
sible heterozygote) who have unusual
EEG findings, consisting of very large
responses to photic flash stimulation at
very low stimulus rates.

Such visual responses are extremely
rare and have not been seen before in
the experience of an EEG department
over 12 years and they were not seen
in 98 control subjects. It is likely that
these responses are an irregular mani-

RESUME: Nous avons rapporté six
sujets (5 sont hétérozygotes certains
pour la dysostose cléido-crinienne et |
est possiblement hétérozygote) qui ont
des EEG peu communs, consistant en
des réponses massives a la stimulation
photolumineuse a des degrés de stimulus
tres bas.

De telles réponses visuelles sont ex-
trémement rares et n'ont pas été vues
auparavant dans un département
d’EEG de 12 ans d’existence, et sont
absentes chez les 98 sujets contrdles.
Il est vraisemblable que ces réponses
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festation of the gene for cleido-cranial-
dysplasia, and that the responses are
independent of skull deformity. One im-
portance of these responses is their
demonstration in neurologically normal
individuals for previously such large
responses have only been reported in
association with neurolipidosis. They
may have neurophysiological signifi-
cance in that they may reflect an un-
usual balance between inhibitory and
excitatory mechanisms in the nervous
system.

soient une manifestation irréguliere du
gene de la dysostose cléido-cranienne et

que les réponses soient indépendantes
de la difformité du crdne. L’importance
de ces réponses est leur démonstration
chez des individus neurologiquement
normaux. Auparavant de telles réponses
n‘ont été rapporté qu’'en association
avec la neurolipidose. Elles peuvent
avoir une signification neurophysiolog-
ique pouvant réfléter une balance peu
commune entre les mécanismes inhibi-
teurs et excitateurs dans le systéeme
nerveux.
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The EEG responses to rhythmic
photic stimulation were first investi-
gated in 1934 (Adrian and Matthews,
1934). Now photic flash stimuli are
usually administered as part of a
routine EEG recording. With single
stimuli, or at low rates of stimula-
tion, the main component of the
EEG response is an electropositive
wave over the occipital region at a
latency of 70-90 msec after each
flash stimulus (Cobb and Dawson,
1960). With the eyes open the amp-
litude of the responses is usually
maximal at a stimulus rate of 8-13
c/sec (Kiloh and Osselton, 1966) and
a weak correlation between the amp-
litudes of alpha wave and visual
evoked potentials has been reported
(Kooi and Bagchi, 1964; Weinman,
Creutzfeldt and Heyde, 1964; Fen-
wick and Dollimore, 1969). Walter
(1951) noted that visual evoked re-
sponses may be large at low stimula-
tion frequencies, but very large re-
sponses (10 to 30 times normal) at
low stimulus rates have been re-
ported as diagnostic of neuronal
lipidosis (Pampiglione and
Lehovsky, 1968).

We have observed unusuaily large
visually evoked potentials, particu-
larly at low flicker frequencies, in a
boy of 18 who had idiopathic
epilepsy and cleido-cranial dysp-
lasia. Because of this chance finding
we investigated his relatives, a sec-
ond family with cleido-cranial dysp-
lasia and three sporadic cases of the
same disorder. Besides the first pa-
tient, five further individuals without
neurological symptoms or signs,
were found to possess similarly large
photic responses. This is the first
time such electroencephalographic
phenomena have been reported in
neurologically normal people, and
these unusual neurophysiological re-
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Figure 1—Families with both cleido-cranial dysplasia and large photic responses.

sults were seen in association with a
condition which is not generally as-
. sociated with any neurological prob-
lems (Penrose, 1963; Richards,
1969). Interest in these findings led
us to chart the normal range of size
of visual responses at different
flicker frequencies in a series of
policemen under the same condi-
tions as the patients,

RESULTS

a) Clinical and Genetic Findings in
Patients
Family 1

Family (Figure 1) was ascertained
through Illsé (E.M. b. 3.4.52) who
first sought attention after one noc-
tural grand-mal attack. Apart from a
head injury with brief unconscious-
ness at the age of four, there was
nothing relevant in his past history.

Upton et al

He was an intelligent boy and there
were no abnormal neurological
signs. He had, however, the clinical
appearance of cleido-cranial-
dysplasia. His skull was wide, with
flattening of the vertex and occiput,
marked frontal bossing, and wide
open anterior fontanelles. The clavi-
cles appeared clinically absent but
radiography revealed that a small
part of the right was present.
Radiography of the skull showed
thickening of the vault with many
wormian bones and abnormal su-
tures, an abnormally shaped skull
base owing to relative smallness of
the bones of the base, and a mal-
formed maxilla and mandible with
some malocclusion. Further radiol-
ogy showed other features of
cleido-cranial dysplasia, namely
wedging of some vertebrae with a
dorsal scoliosis, incomplete forma-
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tion of pubic and ischio-pubic rami;
delayed epiphyseal fusion in the
hands with short poorly tufted ter-
minal phalanges. Electroence-
phalogram showed no focal or
epileptic activity. In view of the his-
tory and negative neurological find-
ings the diagnosis was made of
idiopathic epilepsy. The EEG did
show, however, some unusual
changes which will be discussed
later.

The patient, IIls, was put on a
phenobarbitone and had only one
further nocturnal epileptic attack
during the next year. One morning
he was found dead in bed, and was
thought to have asphyxiated during a
third epileptic attack. A coroner’s
post-mortem revealed no specific
brain pathology but did show a
marked ‘‘hot-cross bun’’ effect of
the brain, as described in other pa-
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Figure 2—Photic flash responses in father (W.M.) and son (E.M.) at various flash frequencies showing high voltage
responses at low rates of stimulation.

tients with cleido-cranial dysplasia.

His older brother, IIIs, (P.M. b.
21.4.49) also shows signs of cleido-
cranial-dysostosis with obvious skull
deformity. He is an intelligent heal-
thy, young man, whose main symp-
toms in the past were related to
severe bilateral coxa vara which had
necessitated in-patient treatment.
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The young brother, IIl7, (D.M. b.
11.12.53) has no skeletal abnormal-
ity and radiography of his skull and
clavicles is normal. He is, however,
educationally sub-normal, this mild
degree of mental retardation being
attributed to hypoxia at birth. The
mother, IIs, (J.M. b. 14.4.23) is heal-
thy. The father, II3, (Fig. 3) (W.M.
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b. 24.1.23) has cleido-cranial-
dysplasia with skull and’ clavicular
abnormalities. His main symptoms
have been related to the presence of
supernumary and malplaced teeth,
most of which have been removed.
The paternal grandmother, I, (b.
31.13.1894) also has cleido-cranial-
dysplasia.
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Figure 3—Father and son (Family 1). Physical features with absence of clavicles.

Family 2

Family 2 (Figure 1) was ascer-
tained through IV, (S.P. b. 24.1.52)
who attended a pediatric clinic in
infancy because of failure to thrive.
Skull and clavicular changes of
cleido-cranial-dysostosis  were
noted, as were the signs of a patent
ductus arteriosus which was suc-
cessfully ligated. However, growth
remained retarded and her short sta-
ture is her main disability in addition
to some malerupted teeth. At 19 she
is an intelligent girl only 4’9" tall: she
has absent clavicles; her skull shape
is normal although radiology reveals
a wide anterior fontanelle and
numerous wormian bones. Her two
sibs are clinically normal, and her
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sister’s x-rays of skull and clavicles
show a normal appearance. Her
mother, IIT;, (M.P. b. 17.8.26) only
complained of sloping shoulders and
delayed appearance of her teeth.
She, too, is short, measuring 4'11” in
height, and has no clavicles. Her
skull is widened transversely and
there is a little frontal bossing. She
has two normal brothers, and an
affected brother and father. Her
brother 1114, (P.P. b. 9.4.46) has no
symptoms. He is 5’4" in height. His
skull shows no increase in trans-
verse diameter, but there is a mild
frontal bossing and radiology reveals
mulitiple wormian bones, narrow
maxillae and malaligned teeth. The
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lateral halves of both clavicles are
absent: he has a marked thoracic
scoliosis; and radiology of his pelvis
shows unusually narrow iliac bones.
The father of IIl1 and 114, I11, (W.P.
b. 8.3.01) is a short fit man whose
main complaints in the past have
been related to his spine. In 1953 he
was found to have an L4.5 spon-
dylolisthesis, and susequently a
lumbar bone graft was carried out.
He has absent clavicles, marked
frontal bossing and brachycephaly of
his skull but no increase in its trans-
verse diameter.

Isolated Cases

Three further cases of cleido-
cranial-dysostosis were found after a
search through the records of a pedi-
atric hospital, an orthopedic hospi-
tal, and several dental departments.
I.V. (b. 30.7.44) attended a pediatric
clinic at the age of 10 on account of
her short stature. From the age of 15
she has attended a dental clinic with
unerupted teeth. She has no other
symptoms. She is 4'4” in height. Her
skull is normal but her clavicles are
absent. Radiology of her pelvis
shows an open pubic symphysis and
abnormally shaped and underde-
veloped ischia rami. Both her par-
ents and two sisters are normal.

L.T., (b. 7.8.56), has no symp-
toms of cleido-cranial-dysplasia. His
condition was recognized during
hospital admission for poliomyelitis
at the age of four. At 14 years he is
4'7" in height; his skull is wide and
bossed with a large anterior fon-
tanelle; his clavicles are absent.
Radiology also shows changes in the
pelvis of cleido-cranial-dysplasia.
His parents were aged 40 and 43 at
the time of his birth. His mother has
no signs of cleido-cranial-dysostosis,
but his father and three older sibs,
though said to be normal, could not
be examined. Two sibs died in in-
fancy of unrelated causes.

The skeletal abnormality in the
third patient, C.N. (b. 24.7.39), was
recognized soon after birth, for he
came under medical attention on ac-
count of cerebral palsy. His is of
normal intelligence, is 5’7" in height,
and his neurological abnormalities
are confined to his left leg, which
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is short and spastic. In addition, he
has a wide, bossed skull, no clavi-
cles, and is attending a dental de-
partment on account of malerupted
teeth. His parents and one older
brother are normal.

METHODS

As the laboratory conditions such
as positioning of electrodes, photic
stimulator characteristics and amp-
lification factors may influence the
amplitude of evoked responses, it is
important to compare patients and
controls with the same equipment.
Surface silver chloride button elec-
trodes were applied with collodion
in the 10-20 international configura-
tion and these were connected to an
Elema Schonander Mingograph 16
channel EEG machine. Flashes were
delivered by a gas discharge tube SU
401 (P.T.W. Wiesbaden) at a max-
imum power of 4 watts with an
energy of 0.29 joules per flash (380
volts 4 uV) The reflector was placed
about 24 inches in front of the sub-

180+

jects and stimuli were delivered at
rates of one every 5 seconds to 30
per second.

A comparable study using flash
stimuli at intervals of 768 msec.
(Reiger, Lesevre, Rémond and Lairy,
1970) reported that the largest aver-
age component of the V.E.R. was 9
uV at a latency of about 110 msec in
normal children. They found that the
responses were half as large with the
eyes open as with the eyes closed.
Closure of the eyes inserts a red
filter (eyelids) between the light
source and the retina and this at-
tenuates and scatters the light from a
blue-white xenon source. However,
there will be many central neurolog-
ical changes associated with eye
closure and we therefore compared
the results in patients and controls
under the same conditions.

Neurophysiological Results

The results of the 10 patients with
cleido-cranial dysplasia, an unaf-
fected parent and one sibling were

compared with the records of the 98
consecutive policemen (controls age
range 39-30 No. 18, 49-40, No. 32,
504, No. 48) and 12 patients
selected for the size of their photic
responses over the last ten years at
the National Hospital for Nervous
Diseases. It can be seen from Fig. 4
and Fig. 5 that the amplitude of the
photic responses of 5 of the patients
with cleido-cranial dysplasia are
large at all frequencies, but they are
particularly large at stimulus fre-
quencies below 8 c/s. (Fig. 5). Five
cases, three of them sporadic, and
the 98 policemen do not show these
features. Only one of the patients
selected for the amplitude of their
photic responses overlaps the group
of familial cases with C.C.D. at
stimulus rates of 6 c/s, but none of
the patients show responses to
match the patients at stimulus rates
below 4 c/s. The difference in the
amplitudes of the photic responses
between the C.C.D. patients and the
others is greatest when stimuli were

JL EYES OPEN
160-Jr' + NORMAL
+ O PATIENTS
140+ THE NUMBER OF OBSERVATIONS
* IS IN PARENTHESIS.
2 i
& 120¢
w
- 4 4
a
¥ 100¢
o y
o r
pr 80+ ®
g
d + ® o @ © <
&
o 60+ © © ® °
@
g 4 ® o © © &
g a0+t ® I l ® o o ©
= +
o
+ + @ (2) ®
2 1[(2)llljr‘ 1 1“[][% °
207 (24) IR N A EITT T (;)J[ t ]L ° + e e
(5(13)(8) (81 (6) (14) ) (15) 7 + 4 k3 (2) + 1
. @ @4 () (s (2) 3, + (4) + 1
0 {10} (N M ()
— 5 - + ——t—t p- e o
T FLASHES/SECOND
1

Figure 4 — Mean amplitude of flash evoked response of normal group + confidence interval P=0.05
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Figure 5 — Mean amplitude of flash evoked response of normal group + confidence interval at P=0.05

presented with the eyes shut. At
stimulus rates of 1 flash/second with
the eyes closed the C.C.D. patients
show responses which are 40%
(P.M.) to 320% (E.M.) larger than
the largest responses of the controls.
A C.C.D. patient from a second fam-
ily (S.P.) shows responses 100%
larger than the controls.

The responses in Family 1 were
very different when the massive
flash stimulus was replaced with the
reversible chequerboard pattern.
The responses to reversal of the
chequerboard were large, but they
were not outside the normal limits
for this laboratory. It is clear that
accommodation was not the impor-
tant difference as the flashes evoked
the very large responses even when
the patients were asked to focus on
the lamp.

DISCUSSION
These EEG findings are so un-
usual that their occurrence in five

Upton et al

individuals with overt cleido-
cranial-dysplasia must be more than
a coincidence. Symptoms in this
condition are uncommon; hence the
difficulty in finding patients through
hospital records unless they have a
coincidental medical disorder, as
with the propositus in Family 1.
When symptoms occur in cleido-
cranial-dysplasia, they are likely to
be secondary to skeletal or dental
abnormalities. The commonest
complaint is failure of eruption or
maleruption of teeth; otherwise a
patient may present with short sta-
ture, kyphosis or scoliosis, coxa
vara or coxa valga. Apart from occa-
sional deafness, symptoms related to
the skull deformity are not found and
there is no increased incidence of
neurological problems. It is a do-
minantly inherited condition where
sometimes manifestation of the gene
is so mild that the disorder is not
detected clinically. However, in
such cases, there are usually
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radiological abnormalities. The sub-
ject is reviewed by Forland (1962),
Levin and Sonnenschein (1963) and
Warkany and Kirkpatrick (1969)..

The EEG findings reported above
in five certain heterozygotes for
cleido-cranial-dysplasia are not,
however, a constant feature of this
condition, for there are two mem-
bers in Family 2 (III1 and IIIs) who
have normal visual responses; and
also normal responses were found in
three sporadic cases. Moreover,
III7, in Family 1 has these large
photic responses in the absence of
clinical and radiological changes of
cleido-cranial-dysostosis. The most
likely explanation is that the large
photic responses are an irregular
manifestation of cleido-cranial-
dysplasia, and that III7 in Family 1 is
a symptomless heterozygote.

The cortical origin of the early
responses recorded from the scalp
over the striate and Rolandic areas
has been confirmed by a comparison
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of the scalp record with records ob-
tained directly from the cortex dur-
ing neurosurgery (Jasper et al, 1960;
Hirsch et al, 1961; Katzman, 1964),
the difference being mainly in the
amplitude of the response (Giblin,
1964).

In a skeletal disorder the impor-
tance of skull thickness must be con-
sidered in the interpretation of a
scalp potential particularly as a 20 to
70% difference in the amplitude of
visual evoked responses has been
attributed to differences in skull
thickness (Leissner, Lindholm and
Petersen, 1970). It is unlikely that
the large photic responses (over
320%) are a direct result of skull
thickness or an anatomical rear-
rangement of the occipital lobes sec-
ondary to brachycephaly and trans-
verse widening of the skull. For III7
in Family 1 and IV1in Family 2 with
normally shaped skulls have a large
visual response; and IIl4 in Family 2
and two sporadic cases (L.T. and
C.N.) have abnormally shaped
skulls but normal visual responses.
In other dysostoses where
brachycephaly occurs, such unusual
EEG findings have not been re-
ported and it is unlikely that
brachycephaly or skull thickness
could account for the influence of
frequency on response.

The amplitude of visual evoked
responses is known to vary with
alertness (Donchin and Lindsley,
1966) blood sugar level and fatigue
(Walter, 1950) but we have no
reason to think that these factors
differed for our patients and con-

trols.
It has been claimed that the late

components of the usual evoked re-
sponses are larger in bright children
than in dull children (Rhodes, Dust-
man and Beck, 1969). However, in
our results, large responses were
seen in III7 (D.M. b. 11.12.53) who
was educationally subnormal. The
responses were larger in Ill¢ than in
IIIs even though IIIs had a better
academic record so we are unable to
correlate our results with 1.Q. esti-
mates. Dustman and Beck (1963)
found a correlation between the am-
plitude of the visual evoked re-
sponse and age but we were unable
to demonstrate this.
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Large responses may result from
eye movements after a flash (Ala-
jouanine, Nehlil and Gabersek,
1959) but in our patients the amp-
litude of the responses was largest
over the occipital regions and the
frontal leads showed little response.
Since lambda waves can be evoked
by scanning an evenly lit text, and
since the responses produced are as
large as those resulting from the
largest and brightest flashes
(Rémond, Lesevre and Torres, 1965)
this possibility had to be considered.
In Family 1, the responses to rever-
sal of a chequerboard pattern were
large but were not outside the nor-
mal limits for this laboratory. Ac-
commodation and convergence of
the eyes were unlikely to be the
cause of the difference between the
responses to massive flash and pat-
tern reversal, contrary to the results
of Russel, Harter and Salmon, (1971)
because the flash evoked responses
were unaffected when the patient
focused on the lamp.

Since a large flash is likely to
produce about as much inhibition as
excitation (Hubel and Wiesel, 1962)
it is possible that our results could be
explained by an altered balance bet-
ween inhibitory and excitatory
mechanisms, particularly as the ab-
normal responses diminished with
increasing frequency of stimulation.
The optimal ‘“‘driving”’ frequency in
man shifts from 3 c/sec in the new-
born to 8-10 c¢/sec by the age of 1-2
years (Vitova and Hrbek, 1970) but in
our patients the maximal amplitudes
of the responses to flash stimuli oc-
curred at stimulation rates of less
than 3c/sec. The number of spikes
per stimulus decreases in retinal
ganglion cells at higher flash rates
(Grusser and Rabelo, 1959) and the
number of discharges per second in
afferent fibers of the optic radiation
is highest at 10-15 flashes per second
(Grusser and Creutzfeldt, 1971).
Kuhnt and Creutzfeldt (1971) re-
corded from cortical neurons of
area 17 of the cat and found an
excitatory post synaptic potential
(E.P.S.P.) followed by an inhibitory
post synaptic potential (I.P.S.P.) at
rates of flash stimulation below 2 per
second. Above flash rates of 2 to
4/sec the amplitude of the I.P.S.P.
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diminished and it disappeared com-
pletely above stimulus frequencies
of 10-15/sec even at the highest
stimulus intensities. The E.P.S.P. is
unmasked as the I.P.S.P. di-
minishes, but the amplitude of the
E.P.S.P. decreased above stimulus
frequencies of 10-12/sec, which
Kuhnt and Creutzfeldt (1971) attri-
bute to the decreased spike
rate/flash in the afferent fibers of the
optic radiation. Clearly our results
could be explained by a diminished
I.P.S.P. or an unusually large
E.P.S.P. at low stimulus rates. As
the patient [IIs in Family 1 died in his
third epileptic attack it is interesting
to speculate about a disturbance of
inhibitory mechanisms which may
be important in the genesis of
epilepsy (Jung and Tonnies, 1950;
Eccles, 1969). :

The patient with the largest photic
responses (E.M. Ill¢) in Family 1
was the only epileptic in our series,
but visual evoked potentials have
been reported to be diminished in
amplitude in epileptics (Cernaceck
and Ciganek, 1964). Jonkmann
(1967) found no difference between
normals and epileptics. An increase
in normal evoked potentials in
photogenic epileptics and other
epileptic groups has been described
(Halliday, 1967). Creutzfeldt and
Heinemann (1970) found that differ-
ent types of epilepsy could not be
distinguished by the visual evoked
responses at low rates of stimulation
and they also found visual evoked
responses in two patients suffering
from photogenic epilepsy. There is
no evidence that any of our patients
suffered from photogenic epilepsy
and no myoclonic jerks or spikes and
waves were seen in the EEG’s of
any of the patients during photic
stimulation. Such responses would
be unusual at the low rates of stimu-
lation which produced the large re-
sponses in our group.
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