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Chapter I

GENERAL CONSIDERATIONS ON MENTAL RETARDATION

и
M. INTRODUCTION
Mental retardation is in terms of magnitude one of the major medical problems in
childhood, as about 3 % of newborn infants will at some time during their lives be
diagnosed as suffering from it In addition it is a topic with great emotional and
sociopolitical impact Both individual families and society as a whole ask physicians
and behavioral scientists to become involved more actively in early diagnosis,
optimal management and prevention There is a continuing demand for more and
better facilities for the training and care of the mentally handicapped
The medical profession has a well defined responsibility in the early diagnosis
and in the prevention of mental retardation and in the care for the retarded them
selves The identification and early diagnosis of mental retardation is one of the
most challenging problems confronting the primary physician, the pediatrician and
the childneurologist
Because normal psychomotor development and human behavior are the results
of an intensive and constant interaction between heredity and environment, psycho
motor retardation or mental deficiency are caused by either environmental or
hereditary factors or an interaction of both
In this study attention is drawn mainly to some forms of inherited mental retarda
tion, in particular to those with an X linked mode of inheritance Among the latter,
a small number of conditions, at present nosologically and genetically less well
defined, have been the specific object of a more intensive clinical and scientific
study
1.2 DEFINITION, CLASSIFICATION AND INCIDENCE
OF MENTAL RETARDATION
1.2 1 Definition
Defining mental retardation remains a challenge and a matter of controversy
(Verbraak 1978) More or less generally accepted is the definition, proposed by
Heber (1959,1961)
"Mental retardation refers to subaverage general intellectual functioning, which
originates during the developmental period and is associated with impairment in
adaptive behavior"
Adaptive behavior is usually evaluated by observing learning behavior and social
adjustment of an individual
Delay and Pichot (1967) in their "Abregé de Psychologie" have defined mental
retardation as "un deficit congenital des aptitudes intellectuelles, suffisament grave
pour entraîner un trouble pathologique de l'adaptation sociale" From the definitions
quoted, it is clear that mental retardation is related to the demands of the social
environment Some of the people with a mild degree of subaverage intellectual
functioning will be considered as mentally retarded in an industrialized society with
obligate highly sophisticated schoolprograms, but not in a more primitive one
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Although the development of factor analysis has led, at least operationally, to
a more precise description of human cognitive ability, controversy as to the nature
of intelligence has not yet been resolved. However a marked "rapprochement des
différences" has occurred between the single factor theory and the hypothesis that
intelligence is a composite of separate and independent elements. Despite some
residual disagreement on the true nature of intelligence, investigators have reached
almost complete agreement that whatever human feature(s) they measure as representing human intelligence, this attribute is largely genetically determined
(Blewett 1954, Eysenck 1979). A critical evaluation of measurement of intelligence
is provided by Eysenck (1979).
1.2.2. Classification
As mental retardation is a multifaceted problem in society, it has been studied and
approached from various vantage points : medical, educational, administrative,
social and legal (Craft 1979). Most often mental retardation can only be defined in
functional characteristics and impairments. The medical mind has designed several
schemes of classification not only for the purpose of systematization of theoretical
and practical knowledge, but also for preventive or therapeutic measures and most
importantly for reasons of management and guidance.
One rather practical mode of classification is given by the determination of the
degree of intellectual deficiency.
Intelligence in human behavior has been approached and evaluated since the early
years of this century by various psychological tests and the results were expressed
numerically in an intelligence quotient (IQ = Intellectual Age/Chronological Age).
IQ and cognitive ability are used as true synonyms in many studies, although everyone agrees that IQ is but one of many possible measures of intelligence. The IQ is
generally subdivided in verbal and performal tasks. It is generally accepted that
when an individual scores an IQ under 70 he or she is diagnosed as mentally retarded.
Classification of the retarded according to the degree of their impairment is often
useful irrespective of the limitations of measurement.
The terminology proposed at the 1968 Meeting of the World Health Organization
(WHO-Report, 1968) has been generally adopted adopted (Table I).
Table I
WHO-Classificatiom on the degree of mental retardation
1948 terminology

1968 terminology

idiot
high degree imbecile
low degree imbecile
feeble-minded/moron
borderline

profound
severe
moderate
mild
borderline

IQ
0-20
20-35
35-50
50-70
70-85
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Besides this classification by degree mental retardation has been the object of several
other ways of medical classification
Mental retardation syndromes may be differentiated according to criteria of
causation or etiologic factors, such as
congenital or acquired, hereditary or environmental, primary or secondary forms of
mental handicap A classification according to etiology seems most adequate for
purposes of prevention, research and causal treatment It should however be realized
that etiologic factors have been definitely identified for only about one third of
the patients with mental retardation (Opitz 1977)
The ninth revision of the International Classification of Diseases (ICD-9-CM, 1978)
recommended by the WHO contains ten etiologic categories for mental retardation
(Table II)
Table II
WHO list of causal factors of mental retardation
( 0) infections and intoxications
( 1) trauma or physical agents
( 2) disorders of metabolism, growth or nutrition
( 3) gross brain disease (postnatal)
( 4) diseases and conditions due to unknown prenatal influence
( 5) chromosomal abnormalities
( 6) prematurity
( 7) major psychiatric disorder
( 8) psycho-social (environmental) deprivation
( 9) other and unspecified
Patients with mental retardation can be grouped also by age, a criterium of importance in education and in longitudinal evaluation The severely retarded may be
identified between birth and one year of age, especially when delayed psychomotor
development is associated by well defined abnormal physical features, such as
Down syndrome, hydrocephaly and many other examples The mildly retarded
with IQ's between 50 and 70 will be recognized only from school age This brings
about changes in data on frequency of the mentally handicapped in the overall
population Moreover, the least affected may not always be identified as examples
of mental retardation as they pass beyond school age and may manage to enter into
normal society
On the other hand, patients with progressive neurodegenerative disorders are not
initially but only later during the natural course of the disease, listed among the
mentally retarded When this mental decline occurs very early in life differentiation
between dementia or mental retardation is very difficult
For purposes of management mainly, mental retardation can also be subdivided
according to biological syndrome as soon as it is recognizable In cases of mental
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retardation secondary to or associated with blindness, deafness or spina bifida, such
classification offers advantages for special schooling and training.
None of the criteria used for classification of mental retardation is completely
adequate, due mainly to human ignorance on the subject. However the many
attempts of classification are the natural consequence of both the multiple conceptual aspects in mental retardation, and the multidisciplinary approach by society.
One should keep in mind that the combined action of genetic and environmental
influences determines the mental and cognitive outcome of a developing child.
Already Plato (427437 a.C.) made a clear distinction between nature and nurture.
Although especially in borderline cases environmental impact on final outcome may
be important, frequently social and/or cultural deprivation are erroneously presumed to be the sole cause of the mental defect.
Supported by some agreement on definition and classification, attempts can
be made to determine the incidence of mental retardation in the population as a
whole.
1.2.3. Incidence
It is difficult to obtain true figures of the incidence of mental retardation because
severely affected patients with progressive and fatal course early in life as well as
the mildly affected without abnormal physical features readily reintegrated into
normal society, are not easily taken into account. In industrialized countries about
2 to 3 % of the general population is believed to be mentally retarded (Priest et al.
1961, Bundey and Carter 1974). In the Netherlands it has been estimated that 3 %
of children at school age are mentally retarded (Van Gelderen, Speijer and Staal,
1969 ;Verbraak 1978).
Table III
Numerical data on the mentally retarded in 60 institutions in the Netherlands*
Year
1970
1971
1972
1973
1974
1975
1976
1977
1978

Total
number
12.287
12.902
16.206
17.171
18.306
19.677
20.510
20.433
21.373

%
Males

%
Females

55,1
58,3
58,5
59,1
57,9
57,8
57,9
58,2

44,9
41,7
41,5
40,9
42,1
42,2
42,1
41,8

%
Borderline

%
Mild

0,6
0,5
0,5
0,5
0,6
0,5
0,5
0,7

10,9
10,9
10,2
10,0
10,3

9,8
9,4
9,1

% Low % High
%
grade
grade Profound
imbecile imbecile

%
Others

31,0
31,4
31,8
33,1
32,1
32,9
33,3
33,7

0,5
0,5
0,6
0,5
0,5
0,5
0,5
0,5

25,2
25,7
26,3
26,4
26,5
26,8
27,3
27,8

31,9
31,1
30,5
29.6
30,0
29,5
28,9
28,2

From : Centraal Bureau voor de Statistiek. Patiéntenregistratie ; Inrichtingen voor Zwakzinnigen.
Tabellen 1977. Staatstoezicht op de volksgezondheid. Den Haag, 1977.
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In 1966 the number of Dutch children attending special schools for retardates
was estimated at ± 45 000 (Van Gelderen et al 1969) According to the "Centraal
Bureau voor de Statistiek" (CBS, 1981) there were during 1979 in the Netherlands
24 854 boys and 16 002 girls (ratio male-female 15 1) in special schools for
retardates (MLK, ZMLK) Near 45 % of this group had an age between 6 and 11
years and near 30 % between 12 and 14 years Numerical data on institutionalized
individuals from the period 1970-1978 are summarized in Table III The 60 institutions featured m Table III represent 77,6% of all institutions for the mentally
retarded in the Netherlands
From these and other data (CBS 1977 and 1979) the excess of male retardates was
estimated to be of the order of 17 ± 2 %
1.3. X-LEVKED MENTAL RETARDATION · a review on the development of the
concept of X-linked mental retardation
It is obvious also from these Dutch data that there is a male excess among patients
with mental retardation Moreover in ¿ddition to the data collected from population
and institution surveys (see Table HI), studies of family pedigrees more specially
demonstrate that X-linked recessive disorders represent a substantial proportion of
mentally retarded males
Nearly one quarter of the 234 syndromes and disorders due to supposed or
confirmed X-hnked mutations (number provided at the Oslo Conference in 1981 by
McKusick) is or may be associated with mental retardation In this thesis an updated survey of these X-hnked mental retardation conditions is provided in the
format of a special supplement
A large proportion of retarded males with X-linked mental retardation lacks
major physical abnormalities These forms of "pure" mental retardation have
become much better understood as a result of scientific progress, which can be
viewed as consisting of three consecutive sets of observations
The first step was the recognition of a male excess in the total population of
patients with mental retardation, both institutionalized and noninstitutionahzed
(see also I 2 3 in this chapter) The observation of a male excess and the hypothesis
of the considerable importance of X linked inheritance in mental deficiency was
proposed for the first time by Rosanoff (1931)
In 1932, Luxenburger, who reanalysed the data of Lokay (1929) and Brugger
(1930), offered the following comments regardmg the problem of X-hnked mental
retardation
"bs mussten sowohl im X-chromosom wie in einem autosomalen Chromosom Gene hegen,
deren Abänderung im Phanotypus den Tatbestand der Intellektuellen Insuffizienz zur Folge
hat Leider haben wir noch keine Chromosomentopogiaphie des Menschen, die uns über die Art
dieser Gene Auskunft geben konnte
. bs empfiehlt sich, bei allen erbstatistischcn Untersuchungen die Frage der Geschlechtsgebun
denheit durch getrennte Bearbeitung der Geschlechter zu prüfen und zwar auch dort, wo die
nicht differenzierten Ziffern fur einen anderen Lrbgang sprechen
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... Die Feststellung, dass es einen vermutlich sehr häufig vorkommenden Erbtypus des Schwachsinns gibt, bei welchem ein geschlechtsgebundener Faktor eine Rolle spielt, ist von grosser
Bedeutung für die Eugenik" ...

Penrose noted a 25 % excess of males in his 1938 Colchester study of 1280 institutionalized patients, but he did not deduce any particular importance of X-linked
genes in the heredity of mental retardation. During several decades the surplus of
male mentally retarded patients was attributed to errors in ascertainment, such
as : the higher goals of expection set for males in society and the ensuing ease of
detecting mentally retarded males ; the increased incidence of antisocial behavior
in the retarded male making institutionalisation more likely (Anastasi 1972, Nance
and Engel 1972) ; the alleged higher susceptibility of males to environmental
hasards, such as birth trauma, birth hypoxia, immunization, or infections (Bundey
and Carter 1974). The most important contribution in this respect came from
Lehrke (1968, 1972a, b). He presented a survey of the various studies performed in
the United States, England, South Wales, Scotland and Australia and showed the
greater incidence of retardation among males, both in the community as a whole
and in institutions. His data demonstrated an even greater surplus of male retardates
in the community than in the institutions.
More than one explanation for this excess of males is available. According to
Lehrke (1968) the following genetic possibilities can be put forward : X-linkage ;
genetically determined hypersensitivity in males toward deleterious mutations ;
autosomal inheritance with male sex limitations ; Y-linkage ; and greater incidence
of gonosomal aneuploidy among males than among females.
A second step towards proving the existence of one or more X-linked "pure"
mental retardation syndromes was set by those authors, who have carefully studied
mental deficiency in pedigrees. In a study of probands from an institutionalized
population of mentally retarded patients, Priest et al. (1961) found that in sibships
where more than one person was retarded, those with only boys affected outnumbered those with only girls affected by 29 to 15. From an outpatient clinic of child
psychiatry Wortis et al. (1966) found in 30 families with more than one effected
child, a ratio of 52 males to 15 females. The study of Reed and Reed (1965)of a
large number of kindreds, comprising 82.217 individuals of which 2.156 persons
(2.6 %) were retarded, showed that retarded females (IQ below 69) had 18.4% of
their children retarded in comparison to only 7.3 % retarded children from retarded
males. A survey by Turner and Turner (1974) of all individuals with mental retardation born during a ten-year period not only demonstrated a male excess of 32 %,
but also that males with mental retardation were more likely to have affected male
relatives than affected females were to have affected female relatives.
During the same period half a dozen reports were published of large pedigrees with
mental retardation segregating clearly as an X-linked trait (Martin and Bell 1943,
Allan et al. 1944, Losowsky 1961, Renpenning et al. 1962, Dunn et al. 1963,
Opitz et al. 1965, Snijder and Robinson 1969). In none of these families mental
retardation was associated with major physical abnormalities. There are several

17
indications that not all these pedigrees represent a single entity of mental retarda
tion, but that instead several forms of X-linked mental retardation exist without
associated physical anomalies.
A third major development occurred in 1969 when Lubs described a family
with nonspecific mental retardation and found in each one of the affected males a
"marker" X-chromosome. Already in 1967 he had found in four males an unsual
C-group chromosome with a secondary constriction near the tip of the long arm. He
found the same chromosomal anomaly also in the mother of two retarded brothers
and in her sister. Initially the findings of Lubs were considered to be the result of
tissue culture artefacts (cited by Gerald 1981). However his discovery was later
confirmed by Giraud et al. (1976) and Harvey et al. (1977). Sutherland et al. (1979
a, b, с) described the exact tissue culture methods required to demonstrate more
consistently the X-chromosome abnormality, which appears as a terminal constric
tion in a specific region on the long arm (band Xq 27-28). The fragile site on the
X-chromosome is detectable when peripheral leukocytes are cultured in medium
deficient in folic acid and thymidine (e.g. medium 199) (Sutherland 1977, 1979
a, b, c). In a number of metaphases, the narrowed region can show breakage, which
has led to the designation of "fragile site" and of fragile X-chromosome. Henceforth
the associated disorder has been called the fragile X syndrome. Recently Richards
et al. (1981, 1982) have reexamined seven members of the original family of Xlinked mental retardation reported in 1943 by Martin and Bell. They could prove
the presence of a fragile X-chromosome in all seven patients and they proposed the
term "Martin-Bell syndrome" for the X-linked mental retardation with the fragile
X. Less known is that Escalante (1971) reported, in his Ph D thesis, the presence of
a marker C-chromosome with a subterminal constriction on its long arm in part of
the metaphases from three brothers with severe mental retardation and in two
sisters with mild or borderUne mental retardation. Therefore Vianna-Morgante,
who made the chromosome studies at that time, proposed the eponym "Escalante
syndrome" (Vianna-Morgante et al. 1982). Following the confirmation of Lubs'
discovery many reports and studies on the form of X-linked mental retardation
associated with the fragile X-chromosomal marker appeared in the literature. One
of the 1980 issues (Vol 7, 4, 1980) of the American Journal of Medical Genetics
was completely filled with reviews and original papers on this topic. Gustavson et
al. (1981) have provided an additional survey of the literature on the fra (X) (q2728) syndrome.
Very few studies have been performed to determine the number of fra(X) in
unselected mentally retarded populations. A frequency of 6 % must be considered
a minimal one (Jacobs et al. 1983).
Turner and Opitz (1980) have stated that "nonspecific" or "pure" X-linked mental
retardation is more common than Down syndrome and might even account for as
much as 25 % of the mentally retarded males. Revising the original study of Turner
and Turner (1974) on moderately retarded males (IQ 35-50) with a pure X-linked
mental retardation an overall frequency of 5.57/10.000 male births was calculated
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by Fishbum et al. (1983). The frequency of the X-linked mental retardationmacroorchidism syndrome with or without the fra (X) in this group was 2.8/10.000
male births. Corresponding heterozygote frequencies were 7.34 and 3.65/10.000
female births respectively.
Herbst and Miller (1980) have estimated that the fragile X syndrome in males is
about half as frequent as Down syndrome. In their Columbia study they calculated
a frequency of 1.83 per 1.000 males for all types of X-linked mental retardation
together and a carrier frequency of 2.44 per 1.000 females. Of this 1.83 %> males
with pure X-linked mental retardation 50 % carries a fragile X-chromosome (0.9 4a).
The prevalence rate of carrier females in the New South Wales study by Turner and
Turner (1974) was 0.74 &.
In a screening program for fra (X) among 242 institutionalized mentally retarded
males in Northern Germany Froster-Iskenius et al. (1983) detected in 6.2 % of the
patients severe mental retardation with fra(X). They suggested an overall frequency
of 1:2000 males.
The fact that Sutherland (1982), after examining one thousand normal neonates,
did not find the fragile X in any normal newborn, is not in contradiction with these
frequency numbers.
Finally it is of theoretical but of even greater practical interest that at least one
third (Fishburn et al. 1983) of the carrier females are also mildly to moderately
retarded.
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Chapter II

CATALOGUE OF X-LINKED SYNDROMES WITH
MENTAL RETARDATION
A classification according to major presenting clinical features
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The concept of X-linked syndromes with mental retardation, as described in the
previous chapter, has been the result of many reports, of which most have been
published in the last decades. From the literature a selection has been made of
disorders for which X-linkage is considered to be proved or very likely and which
are obligately or frequently associated with mental retardation or mental deteriora
tion. In the catalogue of McKusick (1978) 205 X-linked disorders are reported. In
approximately one fourth of them mental retardation has been observed. It is an
obligate feature in most of these entities. In only a few disorders (Albright osteo
dystrophy, congenital total cataract, nefrogenic and neurohypophyseal diabetes
insipidus, anhidrotic ectodermal dysplasia, Aarskog syndrome, progressive muscular
dystrophy of the Duchenne and of the Becker type, oto-palato-digital syndrome) it
is not a constant feature.
Many of these syndromes can be identified by physical examination, radiological
investigations, or biochemical testing. However there is an increasing number of
publications reporting patients and their families with a heritable obviously Xlinked type of mental retardation but without associated physical features.
Therefore X-linked mental retardation has been subdivided into two groups :
- X-linked mental retardation without specific physical characteristics, the so
called "pure" mental retardation (Opitz 1977), in our classification indicated as
the group I (GI), and
— X-linked mental retardation as a component of an X-linked syndrome, the
"syndromal" mental retardation (Turner and Opitz, 1980), indicated as the
group II (GII).
In contrast to nonspecific or "pure" X-linked mental retardation, most syndromes
with specific physical features and mental retardation due to a mutation on the
X-chromosome are rare. In some instances only one family is known.
A continuously updated catalogue of genetically determined syndromes is available
and moving on to its sixth edition (McKusick, 1982). As in the McKusick catalogue,
also in the books of Leiber and Olbrich (1973) and of Bergsma (1979) syndromes
are classified alphabetically. The classification of X-linked syndromes with mental
retardation proposed here, is based on the anato mo clinical features which are most
prominent in the nosological entity. When possible the number of the catalogue of
McKusick, Mendelian Inheritance in Man (1978), is mentioned. The following
symbols are used :
• X-linked recessive inheritance is proved or very likely.
о also autosomal recessive inheritance is possible.
? delineation of entity remains questionable.
(D) X-linked dominant inheritance, frequently lethal in males, is very likely or
possible
When a syndrome is not preceded by any symbol, it designates that the syndrome
has only been observed in a few in most cases male patients, and that X-linked
recessive inheritance is a possibility.
Detailed but succinct description of the syndromes listed here is provided in a
supplement.

26
From this survey six syndromes have been selected for more detailed study and
constitute Chapter III.
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CLASSIFICATION

Group 1 : "Pure" X-linked mental retardation
A.withfra(X)(q27-28)
B. without fra (X) (q27-28)

Group 2 : X-linked mental retardation as a component of
clinical syndromes
section
section
section
section
section
section
section

I.
II.
III.
IV.
V.
VI.
VII.

with
with
with
with
with
with
with

neurological signs
ocular signs
deafness
dermatological anomalies
genital anomalies
skeletal anomalies
metabolic disorders
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GROUP 1. : PURE X-LINKED MENTAL RETARDATION
A . · with fra (X) (q27-28)

30.950/30.957

1. without macroorchidism GII Al
2. with macro-orchidism
GI/A2

B. · without fra (X) (q27-28) 1. without macroorchidism GI/B1
2. with macroorchidism
GI/B2
3. the Renpenning syndrome GI/B3

GROUP 2 : X-LINKED MENTAL RETARDATION AS A COMPONENT OF
CLINICAL SYNDROMES
Section I : X-Unked mental retardation associated with CNS and/or neuro-muscular
diseases
A : With cerebral malformations
•
•

•
•
•

•

•

1. Hydrocephalus
2. Hydrocephalus and cerebellar hypoplasia.
3. Arrested hydrocephalus in Coffin-Lowry
syndrome : (see also section VI 12).
4. Acrocephaly with cerebral maldevelopment.
5. Megalencephaly and myopia.
6. The FG syndrome (large head, partial
agenesis of the corpus callosum, hypotonia,
epilepsy).
7. Partial agenesis of the corpus callosum with
epilepsy.
8. The MASA syndrome (mental retardation,
aphasia, shuffling, adducted thumbs).
9. Microcephaly (MC) :

- MC with spasticity, epilepsy and
deafness.
- MC with keratosis follicularis and
alopecia : (see also section IV 2).
— MC with dystrophia bullosa : (see also
section IV 3).
— MC with muscular atrophy : (see also
section I E4).

30.700 GII/I Al
GII/I A2

GII/I A4
GII/I AS
30.545 GII/I A6

30.410 GII/I A7
30.925 GII/I A8
30.840 GII/I A9
30.960
31.140

- MC with epiphyseal dysplasia : (see
also section VI 3).
- MC in Borjeson syndrome : (see also
section V2).
- MC in COD syndrome : (see also
section VI 14).
В : With seizures
1.
2.
3.

Infantile spasms.
the FG syndrome : (see also section I A6).
Partial agenesis of corpus callosum with
epilepsy : (see also section I A7).
4. Microcephaly, spasticity, epilepsy and
deafness : (see also section I A9).
5. Keratosis follicularis : (see also section
IV 2).
6. The Bòrjeson syndrome : (see also section

30.835 GII/I Bl

V2).
7.
8.

The W (Pallister) syndrome : (see also
section VI 2).
The Menkes syndrome : (see also section

VII 2).
С:

With disturbance of myelin formation

1. Pelizaeus-Merzbacher disease (with stridor)

31.160 GII/I CI
(30.885)
30.010 GII/I C2
30.270 GII/I C3

2.
3.

Adrenoleukodystrophy
Diffuse cerebral sclerosis (type Scholz).

D:

With movement disorders caused by system degeneration

1.
2.

Spinal paraplegia.
Spinal paraplegia with spinocerebellar
degeneration.
3. Spastic paraplegia with Leber's optic
atrophy.
4. Dystonia-deafness syndrome.
5. Cerebellar ataxia and hypogonadism.
6. Cerebellar atrophy with extrapyramidal
involvement.
7. Ataxia, muscular atrophy and deafness :
(see also section III 2).
8. Abducens paresis and skeletal dysplasia :
(see also section VI 1).

31.290 GII/I Dl
31.290 GII/I D2
31.110 GII/I D3
30.505 GII/I D4
30.740 GII/I D5
30.260 GII/I D6
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Choreo-athetosis in Lesh-Nyhan syndrome
(see also section VII 5)

E.

With neuro-muscularpathology

1. Progressive pseudo-hypertrophic muscular
dystrophy of Duchenne.
2. Progressive pseudo-hypertrophic muscular
dystrophy of Becker.
3. Tardive muscular dystrophy with contractures (Emery-Dreifuss type)
4. Muscular atrophy with microcephaly
5. Myotubular myopathy.
6. Muscular atrophy, ataxia and deafness
(see also section III 2).

31.020 GII/I El
31010 GII/I E2
31.030 GII/I E3
30.960 GII/I E4
31.040 GII/I E5

[I : X-linked mental retardation with ocular signs
1 Nome's disease oculo-acustico-cerebral
degeneration.
2. Microphthalmia and associated multiple
malformations.
3 Congenital total cataract.
4. Cataract, nystagmus, hydrophtalmia, in
the Lowe syndrome (see also section
Villi)
5. Cataract, in Albright osteodystrophy
(see also section VII 18)
6. Myopia, megalencephaly and mental
retardation (see also section I A5)
7. Myopia, nystagmus, choroideremia, in
Van den Bosch syndrome (see also
section IV 6).
8. Leber's optic atrophy and spastic
paraplegia : (see also section I D3).
9 Abducens paresis and skeletal dysplasia :
(see also section VI 1)
10 Vertical gaze paresis, in the Wdlvonseder
syndrome (see also section VII 3).
11. The N syndrome . (see also section VI 4)
12 Strabismus and nystagmus in familial
chondrodystrophy (see also section
VI 10)
13. The Aicardi syndrome.

31.060 GII/II 1
30.970 GII/II 2
30.980
30.220 GII/II 3

30.405 GII/II 13
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Section III : X-linked deafness
•
о
(D) ·
о
•

1. Congenital sensorineural loss.
2. Ataxia, deafness and muscular atrophy
3. Fronto-metaphyseal dysplasia
4. Broad terminal phalanges, abnormal fades
and sensorineural deafness
5. Oto-palato-digital syndrome
6. Microcephaly, spasticity, epilepsy and
deafness : (see also section I A9).
7. Diffuse cerebral sclerosis (type Scholz) :
(see also section I C3)
8. Norrie's disease : (see also section II1)
9. Deafness, microgenitalism, growth retartion and severe MR (see also section V3)
10. The N syndrome : (see also section VI 4)
11. The Hunter syndrome : (see also section
VII 1)
12. Hyperuricaemia, deafness and neurodevelopmental abnormalities : (see also
section VII 5)

30.450
20.885
13.647
25.598

GII/HI 1
GII/III 2
GII/III 3
GII/III 4

31.130 GII/III 5

Section IV : X-linked mental retardation associated with dermatological anomalies
•
•
•

•
•

•

(D)
(D)

1. Ichthyosis and male hypogonadism.
2. Keratosis follicularis, alopecia, micro
cephaly, dwarfism.
3. Dystrophia bullosa hereditaria, typus
maculatus : bullae, alopecia, MC, dwarfism.
4. Cutis verticis gyrata and thyroid aplasia.
5. Anhidrotic ectodermal dysplasia and
anodontia.
6. The van den Bosch syndrome : anhidrosis,
acrokeratosis, myopia, choro ideremia,
dwarfism.
7. Dyskeratosis congenita (Zinsser-ColeEngman syndrome).
8. Congenital ichthyosis in the Rud syn
drome : (see also section V 8).
9. Kinky-hair disease (Menkes syndrome) :
(see also section VII 2).
10. Focal dermal hypoplasia (Goltz syn
drome).
11. Incontinentia pigmenti. (Bloch-Sulzberger
syndrome).

30.820 GII/IV 1
30.883 GII/IV 2
30.200 GII/IV 3
30.420 GII/IV 4
30.510 GII/IV 5
31.450 GII/IV 6

30.500 GII/IV 7

30.560 GII/IV 10
30.830 GII/IV 11
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Section V : X-linked mental retardation with genital anomalies

•
•
•
(D)

(D)

?

о

1. Male hypogonadism, skeletal anomalies,
diabetes mellitus.
2. The Bórjeson syndrome : mental retardation, epilepsy, endocrine disorders.
3. Microgenitalism, growth retardation,
deafness and severe MR.
4. The Aarskog-Scott syndrome : facialdigital-genital syndrome.
5. The G-syndrome : hypospadias, hypertelorism, (swallow difficulty), multiple
congenital anomalies.
6. The BBB syndrome : hypospadias, telecanthus, urinary malformations.
7. The van Benthem syndrome.
8. The Rud syndrome : hypogonadotropic
hypogonadism, congenital ichthyosis,
epilepsy.
9. The Kallmann syndrome : hypogonado
tropic hypogonadism, and defective
olfaction.
10. Familiar cerebellar ataxia and hypo
gonadism : (see also section I D S).
11. The N syndrome : (see also section VI4).
12. Hypogonadism, short stature, obesity and
mental retardation : (see also section
VII 21).
13. Hypogonadism, gynecomastia, short
stature, obesity and mental retardation :
(see also section VII 22).

30.750 GII/V 1
30.190 GII/V 2
GII/V 3
30.540 GII/V 4
30.710 GII/V 5

31.360 GII/V 6
GII/V 7
GII/V 8

30.870 GII/V 9

Section VI : X-linked mental retardation with skeletal anomalies
1. Skeletal dysplasia and abducens paresis
(with diabetes).
2. The W syndrome (Pallister syndrome) :
multiple congenital anomalies/mental
retardation.
3. Epiphyseal dysplasia, short stature, micro
cephaly and nystagmus.
4. The N syndrome (Hess syndrome) : mul
tiple congenital anomalies/mental
retardation.
5. Facial dysmorphia.

30.962 GII/VI 1
31.145 GII/VI 2

22.696 GII/VI 3
25.597 GII/VI 4

GII/VI 5
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(D)
(D)
(D)
(D)
(D)
(D)
(D)

6. The FG syndrome : (see also section
I A 6).
7. Oto-palato-digital syndrome : (see also
section III 5).
8. Male hypogonadism, skeletal anomalies,
diabetes : (see also section V 1).
9. Short stature, growth retardation, deafness
and microgenitalism (see also section V 3).
10. Familial chondrodystrophy simulating
parastrummatic dwarfism.
11 The occipital horn syndrome.
12 Mental retardation with osteocartilaginous
anomalies (Coffin-Lowry syndrome).
13 Oro-facial-digital (OFD) syndrome, type I.
14 Cranio-oro-digital (COD) syndrome.
15
15. Frontometaphyseal dysplasia : (see also
section III 3).
16. Osteodystrophy in Albright's syndrome :
(see also section VII 18).
17. Hypogonadism, gynecomastia, short
stature, skeletal anomalies, obesity and
mental retardation : (see also section
VII 22).

GII/VI 6

GII/VI 10
31.095 GII/VI 11
30.360 GII/VI 12
31.120 GII/VI 13
30.412 GII/VI 14

Section VII : X-linked mental retardation with metabolic disorders
1. Mucopolysaccharidosis type II A + В
(Hunter syndrome).
2. Kinky hair disease (Menkes syndrome).
3. The Willvonseder syndrome.
4. The Lesh-Nyhan syndrome : HGPRT
deficiency.
5. Hyperuricaemia, deafness and neurodevelopmental abnormalities.
6. Adrenoleukodystrophy : (see also section
IC2).
7. Congenital adrenal hypoplasia, gonadotrophin deficiency, progressive muscular
dystrophy, severe mental retardation and
glycerol kinase deficiency.
8. Hyperammonemia type I : OTC deficiency.
9. Gangliosidosis GM 3.
10. Hyperphenylalanmemia-Methylmandelicaciduria.

30.990 GII/VII 1
30.940 GII/VII 2
31.465 GII/VII 3
30.800 GII/VII 4
GII/VII 5

GII/VII 7

31.125 GII/VII 8
30.565 GII/VII 9
30.705/ GII/VII 10
30.965

•
•
•

11. The Lowe syndrome : oculo-cerebro-renal
syndrome.
12. Nephrogenic diabetes insipidus.
13. Neurohypophyseal diabetes insipidus.
14. Hypogammaglobulinaemia and chronic
polio-encephalitis.
15. Thyroid aplasia and cutis verticis gyrata :
(see also section IV 4).
16. Diabetes mellitus, male hypogonadism,
skeletal anomalies : (see also section V 1).
17 Endocrine disorders, mental retardation,
epilepsy, in the Borjeson syndrome : (see
also section V 2).
18. Albright's hereditary osteodystrophy.
19. Ichthyosis and hypogonadism : (see also
section IV 1).
20. Diabetes in : skeletal dysplasia and
abducens paresis : (see also section VI 1).
21. Obesity, hypogonadism, short stature and
mental retardation.
22. Hypogonadism, gynecomastia, short
stature, obesity and mental retardation.

30.900 GII/VII 11
30.480 GII/VII 12
30.490 GII/VII 13
30.030/ GII/VII 14
30.823/
30.824

30.080 GII/VII 18

GII/VII 21
GII/VII 22

Chapter III

CLINICAL STUDIES OF SIX X-LINKED
SYNDROMES WITH MENTAL RETARDATION
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As stressed in the previous chapter mental disability can be the sole abnormal feature
in a patient and thus not be associated by any physical or functional anomaly. If
in addition the natural course is non-progressive and if there is no evidence either
of an underlying inborn error of metabolism or of any environmental cause, the
clinical abnormality is defined as "pure" mental retardation (Becker et al. 1977).
An own observation documenting the occunence of this syndrome in the Netherlands
is reported in this chapter : The Martin-Bell syndrome : a psychological, logopaedic
and cytogenetic study of two affected brothers (I1I.1.1.)
Hereditary mental retardation, irrespective of its mode of inheritance can
manifest itself also as one of several components in a clinical syndrome of multiple
malformations and is thus called "syndromal" mental retardation (Turner and
Opitz, 1980). Many examples of syndromal mental retardation due to mutations on
the X-chromosome are listed in chapter II and briefly described in the appendix.
Five families with different "syndromal" X-linked conditions have been selected
for more extensive study. Only mental retardation was the common feature in all
patients. In each separate pedigree different associated anomalies were encountered.
Important criteria for selecting these particular clinical conditions were : firstly,
that in the clinical phenotypes associations of symptoms were encountered until
then unrecorded in the literature, and secondly, that relatively few data had been
published on them, a third criterion in favour of selection was that at least in some
patients morphological examination of the cerebral cortex was possible.
The nosological "entities" chosen for more extensive study are :
X-linked congenital hydrocephalus (III.2.1.)
Cerebellar hypoplasia, communicating hydrocephalus and mental retardation in
two brothers and a maternal uncle (III.2.2.)
An X-linked syndrome with microcephaly, severe mental retardation, spasticity,
epilepsy and deafness (III .2.3.)
Connatal Pelizaeus-Merzbacher disease with congenital stridor in two maternal
cousins (III.2.4.)
Congenital adrenal hypoplasia, progressive muscular dystrophy, and severe mental
retardation, in association with glycerol kinase deficiency, in male sibs (III.2.5.)
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SUMMARY
In the present paper two brothers with the Martin-Bell syndrome are described.
A great difference between the two brothers in clinical, psychological, logopaedic
and cytogenetic expression of the syndrome is found and discussed.
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INTRODUCTION
Lubs (1969) was the first to detect a constriction in a specific region of the long arm
of the X-chromosome in a family with X-linked mental retardation. Giraud et al.
(1976), Harvey, Judge & Wiener (1977) and Sutherland (1979a) described the same
phenomenon in male members of other families with X-linked mental retardation.
Many data have been published since on this so called X-chromosome fragility
associated with mental retardation (for a review see Herbst, 1980).
Richards, Sylvester & Brooker (1981) re-examined the family originally reported
by Martin & Bell (1943) which was the first known example of X-linked mental
retardation. They identified the fragile X in the cultured lymphocytes of five
affected males. Therefore they proposed the term Martin-Bell syndrome for the
type of X-linked mental retardation, which is associated with a fragile site on the
long arm of the X chromosome, fra (X) (q28).
Recently we had the opportunity to observe two brothers with Martin-Bell
syndrome who had a different degree of mental retardation and verbal disabilities,
and who also showed a remarkably different expression of the X fragility. In this
paper we report and discuss our investigations.
CASE REPORTS
Case 1 : proband A.B.
He was the older son of non-consanguineous, healthy and intelligent parents. Pregnancy, delivery and early postnatal development were normal. After a period of
shuffling he was able to walk without support at 18 months. Between the age of
3 and 6 years he was treated for delayed speech. At the age of 7 years he was seen
in our outpatient clinic for children with learning disabilities. Examination revealed
a slightly asymmetrical head with a head circumference of 53.5 cm (P75), a height
of 136 cm (P97.5) and a weight of 29 kg (P97.5). The boy had brown hair, blue
eyes, normal ears and nose, and he often kept his mouth open. The flexion creases
on both palms were normal. He had a pectus excavatum and his testicles were not
enlarged for his age. His motor performance was clumsy. The audiogram and the
ophthalmological examination revealed no abnormalities. In addition to mental
and speech retardation and hyperkinetic behaviour, no other neurologic symptoms
could be detected.
The neuroradiological findings including computerized axial tomography
(CAT) of the brain were normal. The electroencephalogram (EEG) was diffusely
slow and immature, but without epileptic discharges. The electromyogram (EMG)
and neurography showed no myopathic or neuropathic features.
Laboratory investigations : Blood : normal findings were confirmed by a complete bloodcount, electrolyte analysis, glucose tolerance test, serum proteins and
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electrophoresis, cholesterol, liver, renal and thyroid function tests, uric add and lysosomal enzymes in lymphocytes. There were no antibodies against toxoplasma or syphilis. Urine analysis on glucose, proteins and sediment did not reveal abnormalities.
Psychometric tests confirmed a mild mental retardation with a marked verbal
deficit (see Tables 1-3). His social skills were relatively good.
Case 2 : M.B.
He is the younger brother of case 1. Pregnancy, delivery and postnatal development
were uneventful. He could walk without support at 24 months. Speech training was
started at the age of 3 years. At the age of 5 years, he was admitted to a special
kindergarten for retarded children.
Clinical examination at the age of 5 ¿ years revealed an occipito-frontal circumference of 52 cm (P75), a height of 121 cm (P95) and a weight of 23 kg (P90). The
boy had fair hair and blue eyes, poorly differentiated prominent ears and slent
palpebrae. He had a poor facial expression ad was still slavering. His motor performance was very clumsy. The flexion creases on the palms were normal. There was no
macroorchidism. The audiogram and the ophthalmological examination gave
normal results. Apart from marked mental and speech retardation and extreme
hyperkinetic behaviour, no neurologic symptoms could be detected.
CT-scan and biochemical investigations were not possible. His skeletal age was
according to his calendar age. The EEG was diffusely slow and immature without
epileptic discharges. Psychometric tests revealed a moderate degree of mental retardation with poor performance and verbal skills, the verbal abilities being somewhat
better than the performance ones (see Tables 1 -3).

Table 1
Scores on intelligence tests in the two patients
Case 1
At 7 yr

WPPSI total IQ : 84 (verbal 81, performance 85)
Terman Merrill : 84
Goodenough : 75

At 9 yr

WISC-R total IQ : 78 (verbal 72, performance 88)
Raven : 25th percentile (grade IV)

Case 2
At 7.5 yr

WISC-R total IQ : 50 (verbal 59, performance 48)
Raven : 5th percentile (grade V)
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Table 2
WISC-R test results and profile in the two patients

Total IQ
Verbal IQ
Verbal sub-test

Performance IQ
Performance sub-tests

Information
Similarities
Arithmetic
Vocabulary
Comprehension
Digit span
Picture completion
Picture arrangement
Block design
Object assembly
Coding
Mazes

Casel

Case 2

78
72
5
4
5
4
9
1
88
14
6
10
6
6
9

50
59
3
7
1
2
4
2
48
2
2
0
6
1
5

Table 3
Language and speech performances in the two patients

Cooperation
Spontaneous speech
Articulation

Case 1 (9 0 yr)

Case 2 (7 5 yr)

good
moderately intelligible
iterations, jerking
normal

extremely hyperkinetic
poorly intelligible
murmur, crying, jerking
poor, Sigmatismus lateralis

Speech comprehension
Peabody Picture Vocabulary test 8 5 y r
Reynell verbal comprehension
of sentences
7yr
Text comprehension
6 yr
Speech production
grammatics
semantics

4 yr
3 7yr
not possible

6 8yr
very prolixic, word finding
difficulties,
lack of logical sequences

3yr
2 3 word sentences (2 5-3 yr)

Reynell expressive language

-

3 4yr

Auditive memory test
for words
for sentences

6yr
7yr

not possible
3yr
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Family data
The mother, a healty woman with normal speech and intelligence, is the only child
of healthy parents. She was 27 and 28 years old when pregnant of case 1 and case
2, respectively. She has had no other children and no miscarriages. The father isa
healthy man with normal speech and intelligence. No other cases of mental retardation or neurological disorders could be traced in their families.
CYTOGENETIC STUDIES
Methods
Chromosomes were studied in cultured peripheral lymphocytes from the two patients
and their mother. The X-fragility can only be found if appropriate media are used,
and only a proportion of the cells is positive (Harvey et al, 1977 ; Sutherland,
1977 ; 1979b ; Turner, Gill & Daniel, 1978 ; Howard-Peebles & Pryor, 1981 ;
Hecht, Jacky & Sutherland, 1982). Therefore the lymphocytes were cultured in
various media, viz. : RPMI 1640 supplemented with 20 % fetal calf serum (FCS),
medium TCI99 + 20 % FCS, medium TCI99 + 5 % FCS and medium TCI 99 with
5 % FCS + fluorodeoxyuridine (0.2. juM FUdR which is added for the final 24 h
before harvesting). All media contained the antibiotics penicillin and streptomycin,
and phytohaemagglutinin as a lymphocyte stimulant.
For routine chromosome analysis 15 metaphases from the RPMI-cultures were
investigated with a trypsin-Giemsa banding method. The investigation of X fragility
was performed on unhanded Giemsa stained preparations, because banding causes
the chromosomes to swell and therefore makes the detection of the marker X more
difficult. When possible, at least 50 cells were scored in each culture. Each metaphase containing a fragile C-group chromosome was photographed, destained and
restained according to a trypsin-Giemsa technique for identification of the aberrant
chromosome. This was necessary because chromosome no. 6, which is of the same
size and form as the X-chromosome, incidentally may also show similar spontaneous
breaks at the end of its long arm (Jennings, Hall & Hoehn, 1980 ; Martin et al,
Leversha, Webb & Pavey, 1981 ; Soudek & McGregor, 1981).
RESULTS
Trypsin-Giemsa analysis did not reveal structural chromosome aberrations in the
patients and their mother. The fragile site in the long arm of the X chromosome
could be demonstrated in both patients (Tabel 4, Figure 1). However, there was a
remarkable difference between the two brothers with respect to the expression of
the X-fragility.
In patient M.B. the marker X could be observed in all media except RPMI, the
highest frequency being 32 % in the FUdR treated cells. In patient A.B. the marker
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X was only found in a very low frequency of the cells from the TCI 99 + 5 % FCS
culture ; all the other cultures were negative (Table 4). In the lymphocyte cultures
of the mother no metaphasis with a fragile X could be demonstrated.
Table 4
Frequencies of fragile X in lymphocyte cultures in various media
in the two patients and their mother
Age at
invest, (yr)

RPMI
20 % FCS

TCI 99
20 % FCS

TC199
5 % FCS

TCI 99, 5%
FCS+FUdR

Casel
(A.B.)

8

0/50
0%

—

4/274
1.5%

0/204
0%

Case 2
(M.B.)

7

0/41
0%

4/143
3%

67/292
23%

48/150
32%

Mother

35

0/50
0%

_

0/155
0%

0/51
0%

A.B.

M.B.

Figure 1 — Appearance of the fragile X with Giemsa staining in the two patients.
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DISCUSSION
It was relatively easy to establish the diagnosis Martin-Bell syndrome in patient
M.B., because fragility of the X chromosome was present in a high frequency of his
metaphases (Table 4). Contrary to this, the diagnosis has been very difficult and
was initially almost missed in patient A.B., as no fragile X chromosome could be
found after studying one hundred metaphases. Because the fragile X had meanwhile
been shown in the brother, the chromosome analysis of patient A.B. was extended
and finally, the first fragile X chromosome was observed in the 192nd cell. Eventually, we have detected four metaphases with a typically fragile X chromosome
among a total number of 274 cells examined from A.B. The occurrence of four
cells with the characteristic fragile X chromosome in this mildly mentally retarded
boy who has a brother with the Martin-Bell syndrome permits us to assume that he
also has the syndrome of Martin-Bell.
Although some variability in the expression of the X-chromosome fragility is
known, even within sibships (Harvey, 1977 ; Jacobs et al, 1980 ; Herbst et al,
1981 ; Mattei et al, 1981), such a discrepancy as found in the two brothers of our
family has only been described in a few families (Howard-Peebles, Stoddard &
Mims, 1979 , Sutherland, 1979a ; Proops & Webb, 1981 ; Richards et al, 1981 ;
Rhoads et al, 1982). However, a frequency of positive lymphocytes as low as in
our patient A.B. (1.5 %) has never been described before in a Martin-Bell syndrome
patient.
Our cytogenetic findings in these two brothers may have an important practical
consequence. The experience in patient A.B. illustrates, that the number of 50-100
cells, which is generally believed to be sufficient for cytogenetic examination of
X-chromosome fragility (Hecht et al, 1982), carries a definite risk of misdiagnosis
in patients with low frequencies of positive cells. One should be especially aware
of this risk of misdiagnosis in solitary cases, when the presence of only one affected
male in a family does not necessarily indicate an X-linked inheritance. Though the
mother of the two patients is an obligate carrier, no cells with fragility of the
X chromosome were found in her lymphocyte cultures. This is not exceptional in
the Martin-Bell syndrome, as the expression of the fragile X in carrier females seems
to reduce with increasing age. Further, in some families there is a strong correlation
between the mental status of heterozygotes and the frequency of cells positive for
the marker X : carrier females with mental retardation usually showing higher
frequencies than their heterozygous relatives with normal intelligence (Sutherland,
1979a ; Howard-Peebles, 1980 ; Jacobs et al, 1980 ; Turner, Daniela Frost, 1980 ;
Turner & Opitz, 1980 , Schmidt, 1982).
In addition to the remarkable cytogenetic difference between the two brothers,
we also noted differences with respect to their phenotypic logopaedic and psychological characteristics.
The physionomy of patients M.B. manifested the minor features described in
other patients with the Martin-Bell syndrome, but that of his brother A.B. was
unremarkable (Herbst, 1980 ; Turner & Opitz, 1980). However, the fairly normal
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phaenotype of A.B. does not conflict with the diagnosis, because the typical facial
features need not always be present (Herbst, 1980 ; Rhoads et al., 1982). The same
holds for macro-orchidism (Jacobs eia/., 1979 ; Jennings et al, 1980 ; Nielsen et
al, 1981a; Richards et al., 1981), which was not present in either of our patients.
The degree of mental retardation is also different in the two brothers. Mental
retardation, as evaluated by IQ tests, is known to be highly variable in cases with
Martin-Bell syndrome. It falls into a wide range from profound to borderline, and
even some males with fragility of the X-chromosome have been reported to be of
normal intelligence (Daker et al, 1981, 1982 ; Nielsen et al., 1981b ; Webb et al.,
1981). In most cases mental retardation is moderately severe (Herbst, 1980 ;
Gustavsonef a/., 1981 ; Mattei et al, 1981 ; Nielsen étal, 1981b).
It is interesting that in our family the patient with the more pronounced mental
retardation (case M.B.) also has a higher frequency of cells with the marker X.
However, in 19 patients recently studied by Mattei et al. (1981) there was no
correlation between the IQ and the frequency of the fragile X in their lymphocytes.
Speech and language abnormalities are very common in mental retardation
syndromes. As far as we know, thourough studies on the possible existence of
specific speech and language characteristics of the Martin-Bell syndrome have not
been performed as yet. Delayed speech development, perseverative speech, articulation errors, difficulty in conversing on suggested topics or in the use of abstract
thoughts and little evidence of vocabulary improvement with age have been described in affected males with a marker X (Howard-Peebles et al, 1979 ; Jacobs
et al, 1980 , Turner et al, 1980 ; Gustavson et al, 1981 ; Herbst et al, 1981 ;
Carpenter, Leichtman & Say, 1982 ; Rhoads et al, 1982). A number of these
symptoms were also present in our two patients : they both showed delayed
speech development and poorly articulated jerking speech (Table 3). Language
comprehension was somewhat better than language production. Speech content and
quality seemed correlated to the mental abilities. In the mildly affected boy (A.B.)
a discrepancy between verbal and performance IQ was found but such a discrepancy
did not exist in his mentally more affected brother (M.B.). We were not able to
exame the capacity of our patients to converse about suggested topics or to utter
abstract thoughts, because they were still too young for these tests.
It is clear that larger and detailed studies are needed in order to find out which
speech and language abnormalities might be typical for the Martin-Bell syndrome.
In conclusion our cases illustrate the variability in the clinical, psychological
and logopaedic expression of the Martin-Bell syndrome within one family.
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SUMMARY
In this report we describe a Dutch family with ten cases of X-linked recessive congenital hydrocephalus with a high perinatal mortality. In three cases necropsy has
confirmed the diagnosis. In the best documented case the most striking features are
abscence of obstruction or stenosis of the aqueduct and congenital malformation of
the cerebral cortex. On the basis of our findings and on reviewing the literature, the
hypothesis is put forward that the defective gene on the X-chromosome is responsible
for a pathological influence on cerebral cortex development and extraventricular
CSF pathways. The expressivity of the genetic defect may be variable, causing
extreme phenotypic variants (CHC and/or MR) under the influence of the different
modifying genetic or environmental factors. Genetic counseling is difficult in
families with no X-linked CHC precedent, since the mutant gene rather produces a
communicating HC, secundarily complicated by nanowing of the aqueduct, and as
at present there is no way of detecting beforehand heterozygote carriers.
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INTRODUCTION
The incidence of congenital hydrocephalus (CHC) not associated with meningomyelocele is estimated at 0.22-0.60 per thousand live births to 0.30-1.80 per
thousand total births (Shannon and Nadler, 1968). A genetic basis for CHC appears
to be uncommon as the incidence in siblings bom after the propositus is estimated
at 0.5 % (Edwards et al., 1961)to 1.4 % (Burton, 1979). In the total population of
CHC studied by Burton (1979) affected males predominate over females by a ratio
of 1.4 to 1, mainly due to a predominance of 1.8 to 1 in the groups of patients with
aqueductal stenosis as well as in those with communicating hydrocephalus. A leading
article in the British Medical Journal (Editorial, 1962) has considered that X-linked
hydrocephalus with severe mental defects could account for perhaps 2 % of all
cases of uncomplicated hydrocephalus. This estimate, unfortunately not specified,
may indicate that X-linked inheritance only accounts for a part of the male excess
in the total number of hydrocephalic patients. A marked increase in risk of CHC
has been noted with primogeniture, with older maternal age and with reduced social
class of the father (Edwards et al., 1961).
Aqueductal obstruction, supposed to be the most common etiology in hydrocephalus, is present in only one third to one half of all cases of CHC (Salam, 1977 ;
Burton, 1979). The same percentage (30%) was found by Elvidge (1966) in 44
necropsied cases of infantile noncongenital hydrocephalus.
From 1949 to 1979, 29 families have been described with X-linked recessive
CHC and aqueductal stenosis. In most families the diagnosis was confirmed by
contrast air studies (Needleman and Root, 1963 ; Shannon and Nadler, 1968 ;
Sajid and Coppie, 1968 ; Martin et al, 1971 ; Viseskul et al., 1975 ; Holtzman et
al., 1976 ; Faivre et ai, 1976 ; Cassie and Boon, 1977). Ncuropathologically well
documented cases were only present in fourteen cases from nine families (Bickers
and Adams, 1949 ; Edwardsei al, 1961 ; Warren et al., 1963 -Hohnes et al., 1973 ;
Viseskul et al, 1975 ; Jansen, 1975 ; Stfvik et al., 1977 ; Hanau et al., 1978 ;
Landrieu et al., 1979 ; Habib, 1979).
The purpose of the present report is to describe a Dutch family, with Yougoslavian ancestors, in which ten cases of X-linked CHC have occurred. In three cases
autopsy reports, confirming the diagnosis, were available. In the most extensively
studied case the most prominent features associated with the severe hydrocephalus
were malformation of the cortex and absence of aqueductal stenosis.

MATERIAL AND METHODS
The pedigree of the family is shown in Fig. 1. The initial information was obtained
from several females (IV6, IV10, V10, VI3) asking for genetic counseling and
verified by further interviews, medical records and death certificates. The information concerning case IVI and VI was obtained from IV2 and that concerning
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Figure 1

cases IV4 and IV7 from IV5 and VIO. The persons from the generations I, II and
III were born in an area nowadays belonging to Yougoslavia , all other persons are
born in The Netherlands.
Case 1 (VI. 13, M D. 18.1.79) : This male infant was bom as the second child of
nonconsanguineous parents after an uneventful and fullterm pregnancy. The
diagnosis of a hydrocephalic child was made before delivery. Aspiration of 1000 cc
of ventricular cerebrospinal fluid (CSF) from the advancing head was required to
terminate delivery. The amnion fluid contained meconium. The APGAR score was
3 and 5, birth weight 3780 g and length 59 cm. Postnatal examinations revealed a
collapsed head with overriding sutures, positive grasp and sucking reflexes and a
progressive hypotonia with normal tendon reflexes. There was protrusion of the
eyes with sunset phenomenon, hypertelorism and low set ears Neither palatoschisis
nor clasped thumbs were present Some hair was noted on the sacral region but
there was no spina bifida aperta. Ortolam's sign was negative Ophthalmological
examination did not reveal optic atrophy or macular anomalies. Laboratory investigations of blood and CSF showed normal values Antibodies against toxoplasma,
cytomegalia and rubella were absent. The infant was transferred to a neurosurgical
department for a ventnculopentoneal shunt Three months later the infant died
after an abdominal wall perforation of the drain and infection
Postmortem examination revealed an infected hydrocephalus, a nghtsided
retroperitoneal abscess and hepatomegaly. The cerebral cortex showed micro- and
polygyri with lissencephalic parts, sulci were irregular There were no signs of
increased intracranial pressure. The vessels at the base of the brain were normal.
Basal ganglia, fornix, mesencephalon, pons, medulla and cerebellum were normal.

55
The aqueduct was partly filled with pus but was not stenosed. On histologic examination no cortical layers could be distinguished. The white matter was very thin.
The diagnosis of CHC with cerebral malformation and absence of aqueductal
stenosis was made. There was a secundary purulent meningoencephalitis with
ependymitis.
Case 2 (VI.12, X.D. 5.6.77) : Enlargement of the fetal head was detected ante partum
at the end of an uneventful pregnancy. Birth was only possible after aspiration of
800 cc of CSF by a trocar puncture of the lateral ventricle of the advancing head.
This male hydrocephalic infant of 2780 g was in poor general condition (APGAR 3)
and lived only one day. No antibodies against toxoplasma, cytomegalia and rubella
were detected.
On postmortem examination an extreme hydrocephalus was found. The brain
had the aspect of a great cyst covered with a thin cerebral mantel of 5 mm. Grey
and white matter were reduced and the different layers were not discernable.
Cerebellum and fourth ventricle were normal. No information about the aqueduct
was available. Microscopic examination of the brain did not reveal inflammatory
signs.
Case 3 (VI.6, Sch. 5.10.72) : This male infant weighing 3260 g and 51 ^ cm long had
an occipitofrontal circumference (OFC) of 43^ cm at birth. Fontanelles were
widened. There was a slight contracture of the index finger. After 4 days he developed
an ileus and died 3 days later. His chromosomes in fibroblasts were normal.
Postmortem examination revealed massively enlarged lateral and third ventricles ; the lateral ventricles together contained 450 cc clear CSF. Mesencephalon,
pons, fourth ventricle, cerebellum and medulla oblongata were normal. No other
cerebral malformative anomalies were detected. Information about the aqueduct
was lacking.
Case 4 (IV4, N. 14.4.30) and Case 5 (IV7, N. 14.9.33) : These male infants were
hydrocephalic and died after birth. No other information was available.
Case 6 (VI, K. 1932) : He was a male infant of an unmarried 16 years-old girl.
Both mother and child died shortly after delivery. According to the information
from IV2 the baby was a hydrocephalic.
Case 7 (V16, D. W. 5.4.63) : This male infant was the result of his mother's fourth
pregnancy. She was admitted to a gynaecological department for a nonprogressing
delivery. Roentgenography of the maternal abdomen revealed an enlarged head.
The amnion fluid contained meconium. A ventriculostomy was necessary. Birth
weight of the infant was 3090 g. The baby died after a few minutes.
Case 8 (VI9, P. W. 17.9.64) : The mother, a primipara à terme woman, was admitted
to a gynaecological department for nonprogressing breech delivery. The mother's
pelvis was normal. Only after an occipital punction of 500 cc CSF from the hydro-
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cephalic head was dehvery achieved. The male infant of 3580 g succumbed durante
partu.
Case 9 (VI3, Sch. 7 11 65) and Case 10 (VI7, Lam 20 9.79) These were hydrocephalic males who died shortly after birth. No other information was available.
DISCUSSION
In the family described ten male patients with CHC occurred The pedigree pattern
is consistent with an X-lmked recessive inheritance In our case 1 we had the
opportunity of observing that the aqueduct was not stenosed nor obstructed. This
case confirms that aqueductal stenosis is not a consistent feature of CHC. Critical
narrowing of the aqueduct of Sylvius leading to a dynamic block of the CSF, as
stated by Bickers and Adams (1949) in their original report, is not an adequate
explanation of CHC. From the literature (Table 1) it can be concluded that in none
of the cases has a complete stenosis been described Hydrocephalus (HC) seems to
be a primary defect. HC is one of the frequent results of any experimental teratogenesis of the nervous system (Gardner et al., 1975). The primary cause of HC is
blockage of the extra ventricular CSF pathways (Masters, 1977)
Distention of the lateral and third ventricles may cause narrowing and shortening
of the aqueduct by compression and rotation of the midbrain, and m severe instances convert partial aqueductal obstruction into a complete dynamic block
(Jakubowski and Jefferson, 1972 ; Williams, 1973 ; Emery, 1974). A gradually
progressive decompensation of CSF dynamics may be further accelerated when
uncal and tonsillar herniation, obliteration of the pontine cistern and cerebral
infection occur Such an aqueductal obstruction secondary to progressive communicating HC has experimentally been produced in animals (Johnson and Johnson,
1968 , Bont, 1976 , Masters, 1977) and is postulated in human pathology (Foltz
and Shurtleff, 1966 , Williams 1973 ; Emery, 1974 ; Masters, 1977 , Hanau et ai,
1978 , Landrieu et al, 1979) The point at which a narrow aqueduct can be called
stenotic has been proved indefinable (Williams, 1973) and there is a wide range in
measurements of the normal width of the aqueduct (Emery and Staschack, 1972)
In contrast studies with a water soluble medium arrest is very uncommon in cases
with a socalled aqueductal stenosis (McMillan and Williams, 1977) Nevertheless it
has been accepted that aqueductal stenosis can play a mechanical role in HC as the
cross-section at the point of maximal constriction is less than 0 2 mm2 (Edwards
et al, 1961). However aqueductal stenosis can not explain why normal adults may
have apparently equally narrow aqueducts without HC (Holmes et al, 1973) For
all these reasons we propose to avoid the terminology of X-lmked aqueductal stenosis
and to use the more appropnate X-lmked CHC.
From Table 1 it appears that the possibly identical X-lmked mutation may
produce a more extensive malformation involving not only the mesencephalon but
also the diencephalon and even the telencephalon Deformities of the tectum, fusion
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in the midline brain regions and absence of the corpus callosum have frequently
been observed. In contrast to the extensive studies of the aqueduct and the midline
structures, little interest has been devoted to the morphology of the cerebral cortex
in cases of X-linked CHC.
Cortical malformation (cases IVI 2 and VII 1 and cases of the family В studied
by Holmes et al, 1973 and Viseskul et al., 1975) and poor differentiation and
maturation of cortical neurons (Edwards et al, 1961 and Jansen, 1975) refer to a
pathological influence on the ontogenesis of the cerebral cortex.
CHC in the family we have studied is a serious malformation which seems in
compatible with prolonged life. The increased fetal and infantile mortality in
families with X-linked CHC is also evident from previous reports (Table 2). It is
possible that severe cases of aqueductal stenosis lead to antenatal death or that the
genetic defect that causes the IIC is also responsible for other brain defects that
account for this low survival rate (Warren et al, 1963). In the few patients who
survive, mental retardation (MR) and spasticity are present in moderate to severe
degrees (Needleman and Root, 1963 ; Holmes et al, 1973 ¡Jansen, 1975). Shunting
of CSF produces no significant improvement and seems of little value even when
performed in early infancy in this genetically-determined congenital syndrome
(Faivreeia/., 1976).
Although in general one can state that the more severe the hydrocephalus, the
more marked are the motor disabilities and MR, there are interesting exceptions to
this relationship (Laurence, 1969). The brain damage or the cytoarchitectonic
developmental defects of the neocortex are more important factors in explaining
MR.
Many of the symptoms in the X-linked HC syndrome described by Edwards
(1961) such as stubby fingers, coarse face, irregular enlarged head, squint, lob ears,
clumsiness, spasticity, epilepsy and MR are also mentioned in other syndromes such
as for instance in X-linked MR (Turner et al, 1971) and in X-linked microcephaly
(Renier et al, 1982). In the family with X-linked CHC reported by Fried (1972)
even one case of microcephaly was mentioned and in the family quoted by Faivre
et al (1976) his case 3 had a normal OFC.
The sunset phenomenon of the eyes, roving eye movements and nystagmus
(Table 2) can be considered as ocular manifestations of periaqueductal dysfunction.
This dysfunction syndrome, commonly found in noncommunicating HC, has been
considered by Swash (1974) to be caused by dilatation of the aqueduct and/or by
compression on the tegmentum mesencephali. It may disappear after shunt operation.
The association of clasped thumbs, found in about 25 % of the reported cases
of X-linked CHC (Table 2) was lacking in our cases. In two studies (Holtzmann
et al, 1976 ; Landrieu et al, 1979) localized agenesis or atrophy of the abductor
and extensor muscles of the thumbs was mentioned as being the cause of this phenomenon. This feature is also known to be an isolated X-linked sign (Weckesser
et al, 1968).
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Table 1
Authors

Bickers
and Adams,
1949

Holmes et
al.1973
fam A.

Edwards et
al., 1961

Warren et
al., 1963

Holmes et
al., 1973
fam. В

Viseskul et
al., 1975

Age at necropsy
Brain weight (g)
Ventricles CSF (cc)
lateral
lllth
IVth
ependym. lining
Cerebral mantle (mm)
Cortex mantle (mm)

neonatal

neonatal
300

neonatal

18 d

neonatal
375

++
++
N

++
++
N

++
+ + m f.
Ν

2000
++
++
Ν

8wk
490
2200
++
++
N

lacking
5-10

5

3

flat
l.polymicrogyri

5
l.polygyn

0,5-7 (base)
paperlhin
abn. gyn

cells
laminae
white matter
Aqueduct diameter
form anomalies
ependym. lining
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The transmission pattern in our pedigree is in agreement with an X-linked
recessive inheritance. The females (IUI, IVI, IV2, IV5, IV6, IV10, V3, V10, VI3)
should be heterozygotes. As far as we have been informed, they all were intellec
tually normal. In families with an X-linked CHC the risk of children inheriting the
pathologic gene is 50 % ; in the case of boys they will be patients, in the case of girls
they will be carriers. At present is no way of detecting beforehand heterozygote
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carriers. In sporadic cases of CHC or when a woman is not proven to be a carrier,
genetic counseling can be very difficult. There are points of similarity to the genetics
of the progressive muscular dystrophy of the Duchenne type, where fertility is
also zero and a minority of the cases are due to new mutations, but most mutations
occurred one or several generations before. The most striking difference however is
that X-linked HC is more or less nonspecific and it is not possible to identify
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unknown
normal OFC, not walking, severe mental retardation, PEG HC
OFC occipitofrontal circumference

clinically the individual boy with a genetically determined HC, whereas the spo
radic case of Duchenne's dystrophy can be recognized on the basis of clinical
history, EMG, CPK and muscle biopsy The statement of Stevenson et al, (1980)
that a notorious sporadic male patient with CHC and aqueduct stenosis should be
counselled on a lethal X-hnked recessive basis is too pessimistic Burton (1979)
found 6 9 % recurrence rate for male siblings of affected boys if no other family
members were affected The study by Howard et al (1981) from the UK in con
junction with this study by Burton (1979) from the USA, suggests that the empirical
risk of recurrence is about 4 5 % If however the family history reveals other
affected males (maternal uncle(s) and/or grandmaternal uncle(s)), the recurrence
risk for further children must be considered as being as high as 25 % while other
female family members can run a risk for their children Because of the high fre
quency of stillbirth and perinatal mortality special attention has to be drawn to
this period in the family history when genetic counselling is urgent As most cases
of HC can be detected in the second trimester of pregnancy (Hobbins et al., 1980),
regular fetal examination by ultrasound must be performed m pregnant women at
risk for CHC in order to make an early diagnosis
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SUMMARY
A family is described with two brothers and a maternal uncle, having mild cerebellar
pathology, disturbances of gaze movements and mental retardation. Radiological
investigations revealed a cerebellar hypoplasia and a communicating hydrocephalus.
Besides these features the two brothers, but also their otherwise normal cousins,
manifested branchial sinuses of the second cleft. The clinical data and the genetic
implications are discussed.
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INTRODUCTION
The association of a cerebellar hypo- or agenesis with a communicating hydrocephalus
was till now scarcely reported in the literature (1,2). In this report we describe two
brothers and a maternal uncle with a cerebellar hypoplasia, a communicating hydrocephalus and mental retardation. The family is also interesting because of the cooccurrence of these anomalies with familial branchial fistulas.
CASE REPORTS
Case 1
This boy was the first child of healthy nonconsanguineous parents. Pre-, peri- and
neonatal development was uneventful. At the age of 6 weeks second branchial cleft
fistulas have been surgically treated. He could walk at 19 months, but his speech
development was much delayed. His hearing was normal. At the age of 4 and
6 years he underwent a surgical intervention for strabismus. When he was 8, he was
admitted to a school for speech retarded children. Because his communication with
other children remained difficult, he was sent to an institute for autistic children.
On medical examination at the age of 15 years a clumsy leptosome boy was seen
with a height of 167 cm (P 50), a weight of 48 kg (P 25) and a head circumference
(OFC) of 53.5 cm (P 50). His walk was characterized by a flexed gait and poor
associated arm movements. There was a dysdiadochokinesia and a mild general
hypotonia. No involuntary movements were observed. The reflexes were brisk and
more pronounced at the left side, but no pathological reflexes could be elicited.
Ophthalmological examination revealed a divergent strabismus with occasional
downward movement of the left eye (OS). The abduction of the right eye (OD) was
limited. There were saccadic nystagmoid eye movements in all directions especially
when looking toward the left side. With correction the visus of OD and OS was
1.0 and 0.5, respectively. The aspect of the fundi was normal. The hearing examination did not reveal abnormalities. His speech was scanned and dysarthric. Mental
shifting was very difficult. He could only handle instructions when they were short
and simple. Psychometric tests showed a total WISC-R IQ of 78 with poor verbal
abilities.
X-ray examination of the skull at 15 years revealed a decrease of the posterior
fossa volume.
CT-scanning in the axial and sagittal plane (Fig 1 a, b and c) showed a hypoplasia of the cerebellum with an enlarged cisterna magna, more on the left than on
the right side, extending asymmetrically behind the occipital lobes through a defect
of the tentorium. The fourth and third ventricles were normal and the lateral
ventricles were moderately enlarged. There was no vermis agenesis.
Normal blood values included a complete blood count, electrolyte levels and
lysosomal enzyme activities. Liver, renal and thyroid function tests were within
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Fig. 1 a, b, с - CT-scanning in the axial (la and b) and sagittal (le) plane of case 1.
Cerebellar hypoplasia and megacisterna magna, extending asymmetrically behind
the occipital lobes through a defect of the tentorium, and mild dilatation of the
lateral ventricles without enlargement of the third and fourth ventricles.
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normal limits. Urinary examination on glucose and proteins was negative. The
patient's chromosomes were normal (G-banding). The electro-encephalogram (EEC)
manifested too much theta activities for his age but there were no epileptic discharges.
Case 2
He was the younger brother of case 1. Pregnancy, delivery and neonatal period were
uneventful. In the first year 2nd branchial cleft fistulas were surgically removed. He
could walk at 17 months. At the age of 3 years he was admitted to a special school
for speech retarded children. On medical examination at the age of 13 years a
clumsy and stiffy functioning boy was seen with a height of 157 cm (P 50), a weight
of 40 kg (P 50) and an OFC of 53 cm (P 50). His walk was characterized by a
flexed gait, rigidity and a slight unsteadiness. At rest there was a general hypotonia.
When grasping a slight intentional tremor and a dysdiadochokinesia became evident.
The reflexes were brisk but no pathological reflexes could be elicited. His eye movements were coordinated but there was a latent convergent squint. Gaze movements
started slowly and were saccadic in all directions especially to the right. The abduction of the eyes was limited. The visus was normal. No hearing deficits were found.
His speech was slightly scanned and dysarthric. He understood instructions better
than his brother. Psychometric tests revealed a total WISC-R IQ of 75 with a
harmonic profile.
Radiological investigations (Fig 2a, b and c) revealed the same malformations
as in case 1 but to a lesser degree. The extension of the cisterna magna through a
defect in the tentorium and between the occipital lobes was symmetrical. There was
no vermis agenesis. Laboratory investigations were not done.
The EEG showed an immature aspect for his age without epileptic discharges.
Case3
He was the maternal uncle of cases 1 and 2. Pregnancy and birth were uneventful.
He walked at the age of 5 years and remained very clumsy. He was mentally retarded
and had poor verbal abilities. Hearing and visus were normal.
At the age of 36 years a melanosarcoma was detected below the right angle of
the mandible. This tumor has been extirpated. Three years later a cerebral metastasis was diagnosed. Neurological examination then revealed a slight hypertonia and
hyperreflexia of the legs, a bilateral abducens paresis and papilledema. No signs of
cerebellar pathology could be detected. One year later he died from this cerebral
metastasis. Permission for necropsy was not obtained.
CT-scanning showed a great left frontal tumor and a preexisting hydrocephalus
of moderate degree. There was a hypoplasia of the cerebellum and an enlargement
of the cisterna magna and fourth ventricle. Normal blood values included a complete blood count, glucose and electrolyte levels. Liver and renal function tests were
normal. Urinary examination on glucose, proteins and melanine was negative.
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Fig. 2 a, b, с - CT-scanning in the axial (2a and b) and sagittal (2c) plane of case 2.
Cerebellar hypoplasia and megacisterna magna, extending symmetrically behind
the occipital lobes through a defect of the tentorium, and mild dilatation of the
lateral ventricles without enlargement of the third and fourth ventricles.

71
Family Data (Fig. 3)
The parents and the sister of cases 1 and 2 were healthy and mentally normal. Their
CT-scans revealed no abnormalities The maternal grandparents of the proband were
second cousins. Branchial fistulas of the second cleft were also mentioned in three
cousins of the proband (III-9,111-10,111-11) ; they were mentally and neurologically
normal.
DISCUSSION
In the reported family three male patients (cases 1, 2 and 3) showed mild cerebellar
pathology, disturbances of gaze movements and mental retardation The radiological
investigations revealed a cerebellar hypoplasia and a communicating hydrocephalus
(CHC) Besides these features, cases 1 and 2 but also three cousins manifested
branchial sinuses
The possibility of a cerebellar hypoplasia has been presumed because of the
occurrence of the combination of a motor retardation, speech retardation and eye
movement disturbances (3) By CT-scannmg this presumption was confirmed but
also a CHC was found. A Dandy-Walker malformation, other malformations of the
posterior fossa frequently associated with a hydrocephalus (4) and a Joubert
syndrome (5) could be excluded When a cerebellar malformation is complicated
by other cerebral defects, mental retardation is often an accompanying symptom
(3, 6, 7). An isolated cerebellar hypoplasia usually manifests itself as a pure devel
opmental delay (3)
The CT-scannmg pictures of our cases have some resemblance with those of the
cases from a family published by Nova (2) but ours lack the agenesis of the posterior
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vermis. Nova's patients also showed port-wine naevi, but no mental retardation. His
cases 1 and 3 were mentally slow however and his case 3 had bilateral deafness.
There are two other studies concerning patients with neurological symptomatology comparable to those in our patients. Riccardi and Marcus (1) described two
brothers and a maternal great-uncle with a complete cerebellar agenesis in combination with a CHC, a dilatation of the aqueduct and the fourth ventricle and absence
of the foramina of Luschka and Magendie. Hammer and Hohenauer (8) reported
on an isolated male case with cerebellar hypoplasia, vermis hypoplasia, congenital
hydrocephalus but a normal fourth ventricle. His parents and two sisters were
normal.
Branchial cysts and fistulas of the second arch sinuses occurred only in males of
the third generation of our family. Nobody of the second generation hasbeen found
to have branchial cysts or sinuses. However the melanosarcoma of case 3 might have
originated in remnants of a branchiogenic cyst. In a nosoembryologic community
of branchial arch syndromes six types of such syndromes are placed and in all
autosomal dominant inheritance is supposed (9). In one of these types, namely
type II, incomplete obliteration of the second branchial cleft is found without
other associated anomalies. Clinically three of our five cases with branchial fistulas
match perfectly to this type II. It is possible that the co-occurrence of branchial
fístulas and neurological pathology in our proband and his brother is a coincidence.
If so, we can postulate also autosomal dominant inheritance of the branchial fistula
gene in our family the father-to-son transmission in one person of our family
(III-l 1) precludes an X-linked recessive inheritance — having a reduced penetrance
and possibly a preference for males. Our family data on the neurological disease
alone are compatible with an X-linked recessive inheritance pattern, but dominant
inheritance (autosomal or X-linked) with reduced penetrance is not completely
excluded. In the published clinically comparable cases (1, 2) X-Hnked recessive
inheritance is also only one of the possible modes of inheritance. Clinically different
X-linked recessive cerebellar pathology has been described in the literature (10,11).
It is also possible that the cerebellar hypoplasia and CHC in our pedigree are an
effect of the same autosomal dominant gene which has led to the branchial sinuses.
The association of the branchial sinus disease and the cerebellar pathology has then
to be considered as a new syndrome, a 7th syndrome in the series of branchial arch
syndromes as reported by Melnick et al. (9). However, as three of our five patients
with the branchial arch sinuses have no neurological abnormalities we prefer the
hypothesis of a coincidental association of the two diseases.
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SUMMARY
A case of X-linked microcephaly with severe mental retardation, spasticity, epilepsy
and deafness was presented, in which a right frontal brain biopsy was performed.
Quantitative morphological analysis confirmed a deficient development and maturation most of all in the supragranular cortical layers.
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INTRODUCTION
Microcephaly (MC) is an abnormally small skull. It is the result of a wide range of
environmental and hereditary factors which influence the development of the head
and therefore cannot be considered as a nosologic entity (Cowie, 1960). It may
occur either as an isolated malformation or as one of the features in a multiple
malformation syndrome.
Among the genetically determined microcephalies, primary microcephaly (PMC)
or microcephalia vera is considered to be a distinct type (Ross & Frias, 1977). In
this disorder the small size of the brain is caused by disturbances of induction and
cell migration during the first or second trimester of pregnancy (Menkes, 1980 ;
Swaiman & Wright, 1975). The majority of the genetic cases shows an autosomal
recessive inheritance (Kloepfer, Platou & Hansche, 1964). However, X-linked
recessive PMC has been reported in six famiUes (Deshaies et al., 1979 ; Juberg &
Marsidi, 1980). Since this is a rather rare and probably often misdiagnosed disorder
we want to present a Dutch family with an X-linked syndrome of microcephaly,
severe mental retardation, spasticity, epilepsy and deafness. In addition quantitative
morphology and biochemical analysis of a brain biopsy from one of the patients
will be reported.
CLINICAL INVESTIGATIONS
Case report
The propositus (A: 18.11.72), a boy, was born at term after an uneventful pregnancy
and delivery to a mentally subnormal 20-year-old woman, who had had a normal
girl 9 months before. The parents were not consanguineous. The birthweight of the
boy was 2830 g (P50) and the length 49 cm (PIO). At 6 weeks, he suffered from
dyspepsia in association with a urinary infection and a vesico-urethral reflux. At
that time the occipito-frontal circumference (OFC) was 37 cm (PIO), the fontanelles
were open and the refiexes were described as normal. An electroencephalogram at
3 months of age showed no abnormalities.
At the age of 12 months he was hypotonic and only able to stand with much
support. He had an ataxic grasp and could not speak. The first clinical grand mal
seizures appeared. High doses of pyridoxine had no effect on the convulsions, but
they could successfully be treated with phénobarbital and diphantoin.
At the age of 17 months the child was admitted to our department. He had an
OFC of 43 cm (< P3) and had large ears. He still could not walk without support
and his movements were spastic-ataxic. His vision seemed normal. He did not react
to sound. At that time a cortical biopsy was performed to exclude a leucodystrophy.
After this clinical evaluation the patient was institutionalized.
At the age of 8 years it was not possible to make contact with him. His OFC
was 45.5 cm (< P3), his weight 21 kg (PIO) and his length 123 cm (PIO). There
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were no simian creases, no stubby extremities and there was no macro-orchidism
He was attracted to glittering objects He did not consistently react to bell, rattle
or clap Audiological examination had been refused by the mother He walked
without support, but fine motor co-ordination was impaired Epilepsy was under
control now with phénobarbital, diphantoin and valproic acid
Laboratory investigations
Blood Normal findings were confirmed by a complete blood count, electrolyte
analysis, glucose and galactose tolerance tests, serum proteins and electrophoresis,
hpidogram, liver and renal function tests and folic acid, magnesium, amino acids,
unc acid and vitamin B12 values
Antibodies against toxoplasma and lues were negative Urine analysis on
glucose, fructose, lactose, proteins and sediment did not reveal abnormalities
Urinary excretion of vamllyl acid (VMA), homo-vamlhc acid (HVA), 5 hydroxy
indole acetic acid (5HIAA), 17 ketosteroids and 17 hydroxycorticoids andammoacids were normal Cerebrospinal fluid (CSF) examination revealed no abnormality
in cell number, electrolytes, glucose, lactate, pyruvate, proteins and electrophoresis,
immunoglobuhnes, HVA, 5HIAA and citric acid The patient's chromosomes were
normal (G-bandmg)
Radiological investigations
X-ray examination of the skull at 17 months confirmed the presence of microcephaly, but did not reveal any other anomalies Sutures were not closed prematurely
The skeletal age was 1 year at that time The pneumo encephalogram showed a
moderate dilatation of both lateral ventricles, but the temporal horns and the
fourth ventricle appeared normal
Family data (see Figure 1 )
I 1,2,3,4,5 All had reached an old age
II 1
Alcoholic, died at the age of 42 years from a heart attack
2
Mentally normal, death occurred at the age of 51 years of unknown cause
III 2,3
Mentally subnormal dizygotic twins
1,4,7
All three sisters have subnormal intelligence
9
(W 8 5 58), microcephalic boy with severe mental retardation,
spasticity, deafness and epilepsy who was never able to walk and
died at 4 years-of-age (10 7 62)
10
Premature girl, birthweight 1500 g, spina bifida , death occurred
at 5 months of unknown cause
11
(Jo 25 3 62), microcephalic boy with severe mental retardation
and deafness At 6 months of age, a dystrophic development
was noted with an OFC of 40 cm (P3) , at that time he could
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Fig. 1 - The pedigree of the cases with PMC.

IV: 1

raise his head. CSF was normal ; amino acids in urine were
normal ; lues and toxoplasma tests were negative. At 2 years, he
could suck but not chew ; the EEG at that time showed no
epileptiform discharges. X-rays of the skull showed microcephaly,
but no other anomalies. Epilepsy appeared at the age of 3 years.
At 4 years OFC was 43.5 cm (< P3) ; he was spastic but not
confined to a wheelchair.
Death occurred at 9 years of age (7.10.71).
(Ha : 18.12.69), at age of eleven years this girl had an OFC of
48 cm (< P3) and a height of 150 cm (P75). She wasmoderately
mentally retarded ; her motor development, vision and hearing
were normal. There were no epileptic manifestations.
(Ho : 22.11.70), at the age of 9 months there were microcephaly
(OFC : 39 cm, < P3), congenital deafness, motor delay and
open fontanelles ; he could turn on his back but not sit. X-ray
of the skull was normal except for microcephaly ; skeletal age
was normal. EEC showed epileptiform features. His chromosomes
were normal. Amino-acids in serum were normal. At the age of
10 years he could not walk, he had spastic reflexes and slight
flexion contractures. OFC was 48 cm (< P3) and length 133 cm
(PIO). There were no micrognathia nor low set ears. Epilepsy
was under control with anti-epileptics.
(Pa : 27.6.73), at the age of 8.7 years this girl with an OFC of
51 cm (P25) and a height of 126 cm (P25) had subnormal
intelligence. Her motor development, vision and hearing were
normal. There were no epileptic manifestations.
(J : 5.4.69), at 15 months a microcephaly (OFC 42 cm, < P3)
with closed fontanelles and congenital deafness were noted.
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5
6
7

8
9

There was a dystrophic development with severe mental and
motor retardation ; he could stand at the age of 13.5 months.
X-ray of the skull showed microcephaly ; his skeletal age was
normal. EEG at that time showed epileptic features. His chromo
somes were normal. Amino-acids were normal. At the age of
11 years OFC was48 cm (< P2) and length 138 cm (PIO).
(E : 1.2.71), mentally normal girl with an OFC of 52 cm (P50).
(A: 18.11.72), proband.
(I : 12.11.75), according to information from his mother this
boy was phenotypically normal. Death occurred at 13 months
of age (14.12.76). No information was available about death
cause.
(N : 11.1.78, female), at the age of 3 years she was functioning
normally for that age ; OFC was 46 cm (PIO).
(Female), no information available.

A summary of the available clinical data in the patients and possible carriers is
given in Table 1.
MORPHOLOGICAL STUDIES ON BRAIN BIOPSY
Material and methods
At the age of 17 months, a piece of brain tissue, measuring 1.0 cm 3 , was removed
from the middle of the right second frontal gyrus.
Paraffin-embedded material was used for histological examination and cryostate
sections were made for enzyme histochemical studies. Golgi-Сох preparations were
used for quantitative investigations of the cortex (Van der Loos, 1956 ; Schade &
van Groenigen, 1961 ; modified by one of the authors, HJLJ J.). For electronmicroscopic examination, small blocks of tissue were fixed in glutaraldehyde (2 %) in
phosphate buffer and embedded in Epon 812 ; thin sections of the grey and white
matter were stained with uranyl acetate and lead citrate.
RESULTS
Light microscopical findings
Qualitative investigations. In the cerebral cortex a distinct second layer is present
in contrast to poorly differentiated third and fourth layers. Areas with a rippled
aspect are scattered in the deeper strata of the cortex. In the supragranular layers,
neurones frequently have an immature underdeveloped aspect (round cellshape
with high nucleus-plasma ratio) and the associative cells in these regions are small ;
however they show no regression signs. The cortical axonal plexus seems normal.
The AcP activity in the perinuclear region and in the apical dendrites is normal for

Table 1. Survey of clinical data in our patients, their mothers and other female relatives
Patients
Sex
MR
Speech
Deafness
Spasticity
Epilepsy
MC
Length

III.
M
+++
—
+
+
+
<P3
η

т.,
M
+++
—
+

+

ЗУ
<P3
η

IV,
M
+++
—
+
+
iy
<P3
PIO

Women carrier stateunknown

Women presumed
heterozygous

iv4

M
+++
—
+

+
ley

<P3
PIO

IV,
M
+++
—

+

+
iy
<P3
PIO

II,
F
Ν?
Ν
—
?
Ν

m.
F

m«
F

ΙΙΙ7
F

+
Ν
—
—
Ρ50
Ν

+
Ν
—
Ρ2,5
Ν

Ν
—
?
Ν

Η

IV,
F
++
Ν
<Ρ3
Ν

IV,
F
+
Ν
<Ρ25
Ν

IV,
F
Ν
Ν
Ρ50
Ν

IV,
F
Ν?
Ν
ΡΙΟ
Ν

- absent; + present, + + mild, + + + severe; N normal; M male, F female; MR mental retardation; MC microcephaly; η nanism.
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a developing brain There is a good myelinization without evidence of demyelination Astroglia and microglia have a normal size and are not activated No infiltrates,
vascular changes, degeneration of cells, necrosis, spongiosis, inclusion bodies or
hpofuscine pigment are seen, either in the grey or in the white matter
Quantitative investigations The cortical width is 2180 μιτι (corrected for shrinking
of ± 1 6 % 2530 μτη, η 2900 ± 100 μιη) The number of neurones in a column
perpendicular to the cortical surface with a base of 1 mm 2 is 64 400 (expected
number 62 680, Colon, 1971) The cortex profile (Figure 2) demonstrates pro
nounced zones 1 and 2 (layer II), but zones 3-6 (layer III) and certainly zones 7 8
(layer IV) are underdeveloped
Layer IV merely consists of associative cells (spine-cells) Zones 9-11 (layers V
and VI) show a normal development
In the Golgi-Cox preparations, the intersection number of dendritic arboration
per neurone is normal in layer V, but that of layer III is slightly reduced (Figure 3)
The dendritic length is withm the normal range (75-225 m) The apical and basal
dendritic pattern of the pyramidal cells in both layers reveals a variable hairy aspect,
varying from normal (60-80 per 100 μιη) to underdeveloped (2040 per 100 μιη)
(Figure 4) Except for pyramidal cells many associative neurones of the stellate
type are seen But there is a distinct discrepancy in degree of cell maturation
between the layers II and III, and V and VI The layers II and III are also charac
terized by many small associative cells with poor dendntic arboration m contrast to
these cells in the layers V and VI Some of the most representative examples are
reproduced in Figure 5 Martinotti's cells are not found
Electron microscopical findings
The cortical neurones, astrocytes and blood vessels did not show any abnormalities
In particular, the synapses were abundant and had a normal structure The white
matter contained numerous closely packed myehnated axons which did not reveal
any ultrastructural defects
DISCUSSION
Microcephaly (MC), severe mental retardation (MR), spasticity, epilepsy and deafmutism are the main features in three boys and in two of their maternal uncles
Their verbal abilities seem in accordance with their performance levels The striking
simildnty of the clinical symptomatology m these patients and the pedigree pattern
are indicative of an X-hnked recessive syndrome in this family Hence we assume
that three women in this family (II 2 , ІІІ!, ІІЦ) are or have been heterozygous for
the disease and that five other females (III?, IV,, IV 3 , IVS, І 8 ) have had a 50 %
chance of heterozygosity These two groups of females consist of two cases (III4,
IV,) with a MC, two (І э, IV 8 ) with a small head, two (HI,, IVj) with a normal
OFC and two cases in whom the OFC was not measured The intelhgende was normal
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84

Fifth layer of acontrol child of 17years
Fifthlayerof a patient with PMC 16years
i 12

Thirdlayerofa control child of 17years
Third layer of a patient with PMC
a normal pyramidal cells
b abnormal small pyramidal cells
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Fig. 3 - Graphic presentation from Golgi-Сох impregnation of basal dendritic
spread in pyramidal neurones of layer III and V. The points indicate the mean
number from 10 cell counts of intersections of basal dendrites with concentric
circles drawn at multiples of 25 μτη from the perikaryon.

in only one girl (IVj, not certain in two cases (II2, IV 8 ) and subnormal to moder
ately retarded in the remaining cases. In none of the females were signs o f spasticity,
epilepsy and deaf-mutism. The question therefore arises whether the mental retarda
tion and the microcephaly occurring in some of these females can be considered as
a mild and somewhat variable expression of their presumed or possible heterozygous
state.
The most relevant clinical data in published families with X-linked MC and
those of our own proband are summarized in Table 2. We have not included one
family which has been mentioned in the 1979 review of Deshaies et al., on account
of X-linked MC, namely the family published by Oka & Mandai (1967). These
authors had described a consanguineous couple with two microcephalic sons ; in
this family an autosomal recessive gene seems more probably than an X-linked
recessive one.
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Apart from MC, MR and epilepsy the cases of Paine (1960) and of Seemanová
et al, (1973) showed optic atrophy, nystagmus and spasticity ;the last mentioned
features are also characteristic for the X-linked congenital type of Pelizaeus-Merzbacher disease (PMD) (Renier et al, 1981). However PMD can be excluded in these
cases as the autopsy findings in the patient of Paine (1960) and in the cousins in
the cases of Seemanová et al, (1973) did not reveal typical hypomyelination.
Warkany, Monroe & Sutherland (1961) described a family which, within three
consecutive generations, had four growth-retarded microcephalic boys without
speech difficulties, spasticity and epilepsy. These children had also a low birth
weight and birth length. A carrier daughter in this family also had a low birth
weight and birth length which, however, did not interfere with normal development.
Association of X-linked deafness, MR and MC is only found in the patients of
Juberg & Marsidi (1980) and in those of the present study. Congenital X-linked
sensory neural hearing loss is described in the literature (Konigsmark & Gorlin,
1976), but mostly without MR. In the cases of X-linked deafness of Fraser (1965),
of McRea.Uchida & Lewis (1969) and of Richards (1963) MR is mentioned, but no
MC.
In conclusion, the clinical signs of the patients in the families with X-linked
recessive MC show, apart from the MC, inter-familial variability. This might be the
consequence of genetic heterogeneity. Detailed information on the possible expression of the pathological gene in the presumed heterozygotes from earlier studies is
lacking. Our family seems to be the only one thus far which is suggestive for such
an expression.
In spite of attempts at a clinical classification (Dekaban, 1954 ; Koch, 1974)
there are no clinical characteristics discriminating between primary and secondary
MC (Qazi & Reed, 1973) nor between autosomal (Van den Bosch, 195.9) and
X-linked recessive MC. The most frequently accompanying clinical signs in nonselected cases with MC, are severe MR, poor recognition of their environment, small
stature, clumsy gait and speech difficulties. When poor language development, a
frequent sign in X-linked mental retardation with fragile X-chromosome (Martin-Bell
syndrome) (Deroover, Frijns & Van den Berghe, 1977) is present, one should bear
in mind that this can be the consequence of cortical dysplasia in the area of Broca
(Jensen-Jazbutis, 1971).
Although there are numerous clinical and some neuropathological descriptions
of MC cases (Jensen-Jazbutis, 1971 ; Robain & Lyon, 1972), quantitative morphological studies are rare. Our quantitative study shows that layers III-IV are characterized by reduced cell number and insufficient maturation. Quantitative abnormalities have been found in other cases of MR. In the study of Huttenlocher (1974)
on young children with profound MR and hypsarhythmia cortical stratification was
normal, but the dendritic arboration of the pyramidal cells in layers III and V was
subnormal. We have not found the ultrastructural axonic and synaptic changes
which are described by Gonatas, Evangelista & Walsh (1967) in a boy with psycho-
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Fig. 4 - Two examples of dendritic spine variation in pyramidal neurones from
layer III. Golgi-Сох impregnations, 80 Mm, (a) χ 235 (above), (b) χ 185 (onopposite
page).

motor retardation and disturbed EEG. Our EM findings are more in agreement with
those of Cragg (1975), who found that profound MR can exist with normal synaptic
development in the frontal or temporal neocortex. However, in the brain biopsy of
our proband, a variable spine distribution pattern on the dendritic branches is
present.
From our study it can be concluded that the abnormal gene on the X-chromosome may disturb stratification and differentiation of the cerebral neocortex. It
may be expected that in the future MR will be better understood by quantitative
investigations of the brain and, in particular, of the cerebral cortex.
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Fig. 5 - Camera obscura drawings of a selection oftypical examples of the immature
neurones from the supragranular (II-III) and infragranular (V-VI) layers. The
pathology is most expressed in the upper layers. The differentiation between
pyramidal cells (p) and associated cells (a) is not always possible (a?, p?). GolgiCox impregnations, 80 μτη, χ 400.

Table 2. Survey of data in previously reported patients with X-linked microcephaly and one of our patients (proband) in relation to our proband
Porne (/960)

5еетаіиліа(І973)
case I
case 2

Warfeonjim;)
ca%e I
case 2

Deshaus (¡979)
proband

Renier (198/)
proband

case 1

Jubfrg (1980)
case 2

case 3

1730
41

2440
46

2495
46

2830
49
37 (at 6 wks)

¿J

U

U

32 mo.
<P3
<P3
<P3
Small fissures

4*yr.
<P5
<P3
<P3
Light retinal
pigmentation

10 mo.
<P3
<P3
<P3

17 mo.
<P3

Severe
Severe

Mild
Severe

Severe
Severe

++

+

+

+

-

-

-

-

Severe
Severe,
no interest
++
+ +
12 mo.

BIBTH

weight (g)
length (cm)
O F C (cm)
PM development
NEUROLOGICAL

310U

и

1615

1640

4200

4120

3480
45
32

/

/

//

//

/

3yr
<P3

8 mo.
<P3

3 mo.
<P3
<P3
<P10

?

Optic atrophy
nystagmus

N

Severe,
no interest
+ +
2i mo.

Severe,
no interest

Severe

•

//

EXAMINATION

Age
OFC
Length
Weight
Eyes
Hearing
impairment
MR
Spasticity
Epilepsy since
Other stigmata

13 mo.
<P3
<P3
<P3
Optic atrophy,
rolled up eyes

14 yr.
<P3
<P3
<P3

13 mo.
<P3
<P3
<P3

9 yr.
<P3
<P3
<P3

12 yr.
< P3
< P3
< P3

Ä

Severe,
no interest
+ +
14 mo.

IQ±50
IQ±50
Good contact -vocabulary

-,

-

LPEO/ECHO

Skeletal age
Amino acids
Chromosomes
NEUROPATHOLOGY

Cortical
atrophy

-

+ , later Conical neurons
hypoplasia
ohvopontocerebellaris

J

7 mo.

Hydrocephalus
communicans

N
+ , secondary to dystrophy

10 mo.
<P3
P97
P97

—

Dilatation III
ventricle
Few months ¿
N
N

Dimples, clubfoot, hypoplast.
fingers

Microgenitalism,
prominent ears,
high forehead

/

/

N
N

"Cortical atrophy, microgyms gliosis,
no atrophy of brainstem
or cerebellum

OFC occipitofrontal circumference; PM psychomotor; MR mental retardation; + present, - absent; /diminished;

|

Dimples

L hemiatrophy

N
N

8 yr.
<P3
<P10
<P10
N

/

N
N

Dilatation
ventricles
N
N
N
Subdevelopment
of upper cortical
layers

N normal.

In two maternal cousins.
OO
ЧО
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SUMMARY
Two maternal cousins are described with the connatal form of Pelizaeus-Merzbacher
Disease (PMD) and congenital stridor. Study of brain biopsy material confirms the
diagnosis of PMD. The neuropathological findings are suggestive for the transitional
form of this disease. Quantitative morphology gives support to the hypothesis that
PMD is a disturbance in maturation of neurones and in myelin formation rather than
an active degenerative process. The hereditary transmission is most consistent with
a sex-linked recessive pattern. Different X-linked signs seem combined in the
presented cases.
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INTRODUCTION
Pelizaeus-Merzbacher Disease (PMD), in typical cases a sex-linked recessive disorder
(Zeman et al 1964 , Mc Kusick 1978) affecting the myelination of the central
nervous system (CNS) in children, can be subdivided into three groups
I The classical type, with onset in the infantile or late infantile period and
death in late adolescence or young adulthood, is characterized by initial signs of
nystagmoid eye movements and jerking and rolling head movements or head
tremor Nystagmus disappears and, as the patient matures, ataxia and spasticity
and several types of involuntary movements become manifest Furthermore optic
atrophy, microcephaly and subnormal somatic development are present After the
age of 5 or 6 years a very slow progression of the neurological signs and a decline
of the mental level can be noted (Merzbacher 1910 , Forster et al 1971 , Seitelberger 1954) The seventy of mental deficiency varies in different patients (Merzbacher 1910 , Forster et al 1971) A tigroid hypomyelmation pattern and a lack
of demyelmation products are typical (Merzbacher 1910, 1923 , Seitelberger
1954)
II The connatal type with postnatal onset shows a rather rapid progression and
is fatal in infancy or childhood Nystagmoid eye movements, headlag, grey discoloration ot the optic discs and ataxia are consistent features Microcephaly, mental
retardation, growth retardation, epilepsy and severe spasticity develop in the
following years In this type there is an almost complete deficiency of myelin
(Seitelberger 1954 , Watanabe et al 1969, 1973 , Ulricht and Herschkowitz 1977)
III The transitional form between the classical and connatal type shows resemblance to the connatal type but its course is not so rapid Neuropathologically these
cases have certain features of both groups (Jellmger and Seitelberger 1969)
Stridor in the first year of life can be a symptom of partial respiratory obstruction, but it can also be a sign of a cerebral dysfunction or damage, producing stridor
inter aha (Apley 1953) One of the causes of such cerebral dysfunction can be
PMD However, association of a hereditary congenital stridor and connatal PMD is
not exphcitely mentioned in the literature Data on brain biopsy specimens in PMD
are scanty (Adachi et al 1970 , Forster et al 1971 , Watanabe et al 1969,1973 ,
De Weerdt and Hooghwinkel 1979) We had the opportunity to examine connatal
PMD with stridor m two cousins and to perform (quantitative) morphological and
biochemical studies in brain biopsy material from one of them
CASE REPORTS
Case 1
In 1977 a male infant was born to a 27 years old, Gravida 1, para 0, woman after an
uneventful pregnancy His father was 30 years old The parents were not consanguineous The infant was dehvered after a labor of 6 h and its birthweight was
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3300 g. After 3 weeks an inspiratory stridor appeared which increased when the
child was crying. At the age of 4 5 weeks he was admitted to a pediatric service with
stridor, frequently vomiting, poorly sucking and intercostal indrawings. Endotracheal
intubation and assisted respiration was necessary for a few hours ; a complicating
aspiration - pneumonia necessitated oxygen supply during 2 weeks. The history
showed that the baby had smiled, turned his head and fixed objects at 4 weeks.
However at 8 weeks of age the psychomotor development appeared to be delayed
and when he reached 3 months nystagmoid eye movements and headlag were noted.
At 6 months of age his weight was 4170 g (P < 3), his length 60 cm (P < 3) and his
head circumference 38 cm ( P < 3 ) . The stridor had become less pronounced and
the swallowing had improved. The facial expression was poor and motor retardation
was striking then. After the first year increasing spasticity was noted.
At the age of 16 months the child was admitted to our Department of Child
Neurology. Head circumference was 45 cm (P < 3), weight 11 kg (P50) and length
81 cm (P50). His hands and feet were stubby, the penis was rather long. A slight
inspiratory stridor was present when the boy was disturbed ; the stridor diminished
when he was put in the upright position. Direct laryngoscopy did reveal neither an
anomaly of larynx, epiglottis or subglottis, nor paralysis of the vocal cord muscles.
Fixation and movements of the eyes were disturbed by oscillatory nystagmus
(dance-nystagmus) of low amplitude (micro-nystagmus), and by strabismus convergens alternans. The optic discs were greyish. The child blinked at sound and reacted
to the presence of people in the room. Audiologic examination confirmed a normal
auditory pattern. There was opisthotonus. Pyramidal signs were found in the four
limbs with bilateral Babinski signs and the grip was atactic. The mental level was
about 3 months.
Laboratory Investigations. Blood. Normal values included a complete blood count,
serum proteins and electrophoresis, immunoglobulins, total lipids, cholesterol,
triglycerides, calcium, phosphorus, electrolytes, uric acid, aminoacids, organic
acids, T4, TSH, Cortisol, ureum, creatinine, creatinine-phosphokinase (CPK),
glutamine oxal-acetic transaminase, glutamine pyruvic transaminase, lactic dehydro
genase (LDH), γ-glutamyl transpeptidase, alkaline phosphatase, glucose, pyruvate,
lactate, aceto-acelate, (3-hydroxybutyrate and lysosomal enzymes.
There were no antibodies against toxoplasma, lues, rubella and cytomegalia.
Urine-analysis on glucose, fructose, lactose, proteins, sediment, acid mucopoly
saccharides did not reveal abnormalities. Urinary excretion of vanillyl mandelic
acid (VMA), homovallinic acid (HVA), 5 hydroxyindoleacetic acid (5HIAA),
17-ketosteroids and 17 hydroxy-corticoids and aminoacids was normal. Cerebral
spinal fluid (CSF) examination showed no abnormality of cells, electrolytes,
LDH, CPK, proteins and electrophoresis, immunoglobulins, glucose, lactate, pyru
vate, HVA and 5HIAA.
Electroneurophysiological Investigations. The electroencephalogram at 7 and 19
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months was normal for these ages. The electromyography of m. extensor digitorum
brevis and m. tibialis anterior gave normal results. The motor conduction velocity
of the right peroneal nerve and the distal sensible nerve conduction of the median
nerve and sural nerve were normal.
The somatosensory evoked response was extremely delayed ; an unsharp reaction was measured with a latency of 120-150 ms (normal 18-30 ms).
Radiological Investigations. X-ray examination of the skull, chest, hips, total
vertebral column, trachea and oesophagus were normal at 16 months. Hand films
showed a skeletal age of 1 year. CT-scanning showed normal densities for white and
grey matter and normal size and position of the ventricles.
Cytogenetic Studies. Studies of the chromosomes were done on peripheral lymphocytes cultured in a medium containing RPMI 1640 (G-banding) and on peripheral
lymphocytes cultured in medium containing medium 199 (conventional staining).
His karyotype was normal and there were no signs of chromosome instability.

Case 2
This male infant, a 3 months older cousin of case 1 (Fig. 1), had the same symptoms
of stridor, pyramidal signs and mental retardation. This boy was the second child of
healthy nonconsanguineous parents. His mother and his father were respectively
33 and 34 years old when he was born. His father was not related to the father of
case 1. Except for fluxus at 3 months, the pregnancy was uneventful. After a labor
of 4 h duration the infant was delivered in chin presentation ; his birthweight was
3400 g (P50) and his length 47 cm (P3). Though he had not been cyanotic, some
extra oxygen has been administered because of high squeaking respiratory noises
and intercostal indrawings. He had been transmitted to a service of neonatology.
The infant failed to thrive and had tremors of the hands. After 2 weeks a "dance"nystagmus was noted, which diminished after 6 months. The head circumference
was 35 cm at 1 month (P < 3). At the age of 1 year he began to crow. His length
was 71 cm (P < 5), his weight 6.2 kg (P < 3) and his head circumference 445 cm
(P < 3). At 18 months he was able to tum on his side.
When 26 months old the child was examined at our outpatient service. Head
circumference was 47 cm (P < 3), weight 8 kg (P < 3) and length 81 cm (P < 3).
The hands and feet were stubby, the penis was rather long. In rest he took the frog
position and grasped objects in an atactic manner. On distress he became hypertonic
(opisthotonus) and stridulous. The boy reacted to auditive and sometimes to visual
stimuli. He was sensitive to his mother's presence. Fixation of the eyes was disturbed
by oscillatory movements. Optic discs were greyish. Pyramidal signs in the four
limbs with bilateral ankle clonus and Babinski's sign were present. His mental level
was about 4 months.
Laboratory Investigations. Screening tests of blood, urine and CSF were normal.
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Electroneurophysiological Investigations. The electroencephalogram at 1£ and
5^ months was normal.
The somatosensory evoked response was extremely delayed ; an unsharp reaction was measured with a latency of 160-190 ms (normal 18-30 ms).
Cytogenetic Studies. The chromosomes were not studied.
Family Data

Exploration of the pedigree (Fig. 1) has not revealed another patient with a symptomatology as seen in cases 1 and 2.
1.1 was one of a sibship of 6 healthy children and 1.2 was an only child.
II. 1 died at an age of 43 years ; he has been institutionalized because he was
mentally subnormal ; he should have had rachitis and convulsions in infancy ;
unfortunately the medical records were lost in a fire.
II.6 died at the age of 17 years of glomerulonephritis.
III.5 succumbed 10 days old after an icterus gravis neonatorum.
II.7, III.13 and III.16 are clinically normal.
Brain Biopsy
In order to have a definitive diagnosis for prognosis and genetic counseling, a right
frontal brain biopsy was taken from case 1.
Material and Methods. Paraffine embedded material was used for routine histology
and cryostate preparations were made for enzymehistochemical studies. Golgi-Cox
preparations were used for quantitative studies of the cortex (method of Van der
loos (1956) and Colon (1971) modified by one of the authors (H.HJJ.). For
E.M. examination small blocks of tissue were fixed in glutaraldehyde (2%) in
phosphate buffer and embedded in Epon 812.
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Biochemical analysis on brain biopsies were performed by methods developed
by Willems (1978) and by Veerkamp (to be pubi.).
Morphological Studies
/. Light Microscopic Findings
I. a) Qualitative Investigations. In the grey matter histological and enzymehistochemical methods do not reveal abnormalities. There is a good lamination of the
cortex. In the white matter there is obvious hypomyelination, without signs of
active demyelination. The myelin of the deeper parts seems more normal. It is
conspicious that very few myelinated U-fibers are present, although axons are
abundant and of normal morphology. Some islets of unmyelinated axons are dis
tinguishable. The oligodendrocytes, astroglia and microglia have a normal size and
are not activated enzymehistochemically. The fibrillar astrocytes do not show
abnormalities.
/. b) Quantitative Investigations. The thickness of the cortex ± 2900 μπι. Counting
neurones in a column perpendicular to the surface of the cortex with a surface
area of 1 mm 2 , gives a total number of 28 500 neurones (expected number : 32 500,
according to the counting method as described by Colon (1971) and modified by
Jaspar). The cortex profile (Fig. 2) can be described as normal in the layers II-IV,
but as poorly developed in the infragranular layers V-VI. This is confirmed in the
Golgi-Сох preparation : the pyramidal cells of the fifth layer are small (mean size
17 д т ) in contrast to those of the third layer (mean size 20 д т ) , what is the inverted
situation of the normal cortex. However the ratio perikaryon : nucleus remains
normal (1:8). Also the basic dendritic pattern of the pyramidal cells of the fifth
layer is underdeveloped (Fig. 3). The dendritic spines of these cells are normal in
number (mean number 85/100 μτη, normal values 60-90/100 μπι) but many of
them have a "hairy" aspect. With a point-sampling method, the volume proportion
of myelinated fibres in the white matter amount to 30 % (normally 50-60 % after
the first year). Astroglia-oligodendroglia ratio is normal.
II. Electronmicroscopic Findings
The examined myelin shows no structural abnormalities. The numerous oligoden
drocytes have a normal aspect ; however some of these show very dense intracytoplasmic structures with irregular outline (Fig. 4). A few fibrillary astrocytes
were noted. A striking feature in the white matter is the presence of large cells with
several broad cytoplasmic processes (Figs. 5 and 6). The pale cytoplasm contains
relatively few organelles, but there are numerous polymorphic inclusions (Fig. 5).
Some are very dense, while others have a myelin-like structure. Most of the inclusions
have a stellate shape and contain lipid-like material (Fig. 6). The major part of the
nuclear chromatin is arranged ato ng the nuclear membrane, although some chromât in
condensation occurs in the central parts of the nucleus. The exact classification of
this celltype remains difficult. They probably represent phagocytozing cells of
astrocytic or microglial origin.
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Fig. 2 Cortex profile of the second frontal gyrus. The cortical layers II to VI have
been divided in 14 equidistant layers (ordinate). The number of nucleoli of the
neurones per class is expressed in percentage of the total number (abscissae). Dotted
line indicates the hypothetical profile if neurones were uniformly distributed. The
cortex profile is normal except for the compact layer V. Celloidine, 40 μτη, cresylviolet. χ 35
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number of basal dendrites
of pyramidal cells

distance in μ from centre of pyramidal cell
fifth layer of the PMD patient ( 1 ;6years)
third layer of the PMD patient ( 1 ;6years)
fifth layer of a control child of 1 ;7 years
third layer of a control child of 1 ;7years

Fig. 3 - (See photograph)

Biochemical Studies. Biochemical investigations give normal values of pyruvate
oxidation, cytochrome с oxidase and keto-oxidation in the grey and white matter.
DISCUSSION
Fot the clinical evaluation of congenital stridor, we refer to the excellent papers of
Pracy (1965) and Quinn-Bogard and Potsic (1977). Most studies of congenital
stridor however do not give special attention to CNS disorders in children. McSwiney
et al. (1977) did not find a higher incidence of disorders of the CNS in children
with laryngomalacia. In contrast Benians et al. (1964) found 29 % in cases with
congenital stridor, regardless of cause. Apley (1953) in his survey reported two
children with spasticity and mental retardation ; one was also blind and the other
was considered to have a CNS-disorder leading to an infolding of the epiglottis in
the first 6 months of life. The clinical data in these two cases suggest but do not
prove a diagnosis of PMD.
A preponderance of boys in children with stridor was mentioned by Pracy
(1965) and by Apley (1953). The existence of an X-linked recessive type of congen
ital laryngeal abductor paralysis, is first suggested by Plott (1964), who described
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Fig. 4 - Electronmicrograph of an oligodendrocyte with its characteristic dense
cytoplasm. Note the very dense structure in the cytoplasm (arrow). Nc nucleus,
M mitochondrion, χ 17 995

a family with four boys having a combination of congenital stridor, psychomotor
delay and subnormal intelligence. With reference to Plott (1964), Watters and
Fitsch (1973) reported another family with three affected boys. In their cases 1 and
3 oscillatory nystagmus was observed. Their case 1 had also optic atrophy and
opisthotonus and their case 2 had a stridor when disturbed. These three cases could
fit with the clinical picture of connatal PMD.
In the literature on connatal PMD Watanabe et. al. (1973) and Ulrich and
Herschkowitz (1977) have noted a stridor. The connatal stridor, a transient and
perhaps X-linked sign, seems to us to be a part of the cbnical picture of connatal
PMD.
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Fig. 5 - Electronmicrography of part of a cell with irregular outlines. The cytoplasm
has a low density and contains mitochondria (M), Golgi-apparatus (G), some rough
endoplasmatic reticulum (RER) and polyribosomes (P). Note the numerous mem
brane bound polymorphous inclusions. Some of them resemble myelin (arrow),
whereas others appear to contain lipid (arrow-head), χ 21 700

Other stigmata, as stubby fingers and feet and hypergenitalism, which we
found in our cases, are also described in other genetic diseases, among others the
X-linked mental retardation (Renpenning-syndrome).
The morphological picture of a hypomyelination in our case resembles the
transitional type of PMD, while the clinical data fit better with the connatal type of
PMD. The subcortical arcuate U-fibers were also involved, but deeper sited myelin
seems to be more intact.
Oligodendrocytes are normal in size, what suggests they are at the stage of
myelin maintenance (Menkes et al. 1966).
In a 6 months old PMD infant with complete lack of myelin Watanabe et al.
(1969) found that the number of oligodendrocytes was decreased, and ina 3 months
old further case of PMD, which they described in 1973, almost all oligodendrocytes
were abnormal (special laminated vacuoles, hypertrophy, myelin balls).
A non-specified metabolic disturbance of Oligodendroglia! cells was suggested
by Schneck etal. (1971), elaborating the case of Adachi et al. (1970), and by
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Fig. 6 - Electronmicrograph of the same celltype as in Fig. 5. In this cell a large
number of inclusions is present, which predominantly appear to contain lipid
material, χ 9475

Ulrich and Herschkowitz (1977) from tissue culture models. Seitelberger (1970)
supposes a structural decomposition of the myelin sheaths with normal degradation
of the various chemical myelin components ; the disappearance of myelin sheaths
should then be most complete in the longest living cases. However, the possibility
of an earlier developing demyelinating process is not probable because there is a
lack of commensurate gliosis and a lack of digestion products of myelin sheaths
(Watanabe et al. 1973). The fact that no activated microglia and astrocytes, lipid
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deposits or macrophages with lipopigment granules have been encountered in our
case and in other published PMD cases (Watanabe et al. 1969,1973 ; Adachi et al.
1970 ; De Weerdt and Hooghwinkel 1979) indicates that there cannot be a rapid
breakdown of the myelin sheath.
In the mouse mutant jimpy, with an X-linked myelin deficiency of the CNS,
fewer oligodendrocytes than normal are found some days before the myelin forma
tion begins while also pathological forms develop with neutral fats (lipid inclusions)
and special membrane figures (multimembranous tubules). Axons and astroglia are
normal but later in the course of the disease they can phagocyte debris of necrotising
abnormal Oligodendroglia! cells (Meier 1977). Lipid bodies inclusions in glial cells
may reflect some breakdown product of myelin sheaths or pathological cytoplasmic
inclusions related to a metabolic disturbance of the glial cells (Adachi et al. 1970).
The fact however that such inclusions were also observed in healthy animals
casts doubt on their pathological significance (Ulrich and Herschkowitz 1977). In
addition accumulation of lipid aggregates in the cytoplasm of premyelination glial
cells has been seen before myelination (Mickel and Gilles 1970). The nonspecified
cells with lipid droplets and laminated structures with a myelin-like architecture
which we found, can be in accordance with these reports.
A rather atypical finding in our case were a few fibrillary astrocytes. Other
authors, as Ulrich and Herschkowitz (1977), found this celltype more frequently.
Gliosis, if present, can be interpreted as a reaction to myelin breakdown or as a
pathological differentiation of most glial cells into fibrillary astrocytes (Ulrich and
Herschkowitz 1977). It can be also a parallel rather than a reactive phenomenon in
dysmyelination, or an abnormal gliogenic response to the disturbance of ganglioside
metabolism (Poser 1978). Hypertrophied astrocytes with abundant glial fibrils were
also mentioned by Watanabe et al. (1973). Perhaps this phenomenon parallels the
degree of hypomyelination, because in the cited cases the myelin lack was more
pronounced than in our case.
The underdevelopment of dendritic arboration of the neurones, as seen in the
Golgi-Сох preparations, also parallels the hypomyelination. The obligatory role of
the neuron and axon in myelin formation and maintenance is advanced by Poser
(1978).
An other argument, favouring a hypomyelination hypothesis, is the analysis for
lipid and ganglioside pattern from a brain biopsy, taken at the age of 4 months in
a patient of De Weerdt and Hoogwinkel(1979).Noprogressofmyelinisationbeyond
the stage of a normal fetal development of 6 months and no changes in the lyso
somal enzyme activity were ascertained. Identical morphological and biochemical
data, have been found by us in a not yet published other PMD case.
Our finding of an extreme delay in obtaining an evoked response can be
explained by the hypomyelination or by a degeneration of the nude axon for lack
of myelin sheaths.
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About a dozen cases of the classical and of the connata! type of PMD are
reported (Seitelberger 1970). Both types are regarded as X-linked recessive diseases.
Occasionally the disease should have come to expression in heterozygous females
(Zeman et al. 1964 ; Stark 1972). There are also publications on girls with a presumed
connatal PMD (Nisenbaum et al. 1965 ; Neuhauser et al. 1977). However this
diagnosis in these girls is in our opinion not quite convincing as not all other etiological disturbances affecting myelinogenesis have been explored.
Our two patients are first cousins and they have the same maternal grandparents.
No other patients with the same disease were detected in the family. The remarkable
similarity of the clinical symptomatology in the two patients and the pedigree
pattern favour the hypothesis that the disease is an inherited entity with an X-linked
recessive transmission pattern. Male limited autosomal dominant inheritance cannot
be excluded, however. If the disease in our patients is an X-linked one, then their
mothers and maternal grandmother should be heterozygotes for the disease ; their
grandmother is then possibly the First heterozygote in the family.
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SUMMARY
A family is described with three male sibs suffering from congenital adrenal hypo
plasia (САН). In the two surviving brothers the disease is clinically further charac
terized by a Duchenne type muscular dystrophy, growth failure and severe mental
retardation. Laboratory investigations revealed deficient activities of gonadotrophin
and glycerol kinase. The clinical, biochemical and genetic findings in this exceptional
family are reported and discussed.

Ill
INTRODUCTION
Congenital hypoplasia of the adrenal glands (САН) has been described as an auto
somal recessive and as an X-linked recessive disease. The former is frequently
associated with cerebral malformations and dysfunction of several endocrine
organs (Golden et al. 1977). The latter, histologically indicated as САН of the
cytomegalic type, has generally been considered as an isolated endocrine deficiency.
Since the study of Prader et al. (1975), it is known that this type of САН is fre
quently associated with hypogonadotrophic hypogonadism. In a few cases seizures,
borderline intelligence and sensorineural deafness in conjunction with САН have
been mentioned (Zachmann et al. 1980, Hay étal. 1981). However, muscular
dystrophy or mental retardation were not noted in these cases.
Toyofuku et al. (1981) reported briefly on the association of a cytomegalic
type of САН with a Duchenne type muscular dystrophy in two brothers. Guggenheim
et al (1980) described another interesting combination, viz. muscular dystrophy,
skeletal and adrenal abnormalities associated with a glycerol kinase deficiency.
Bartley et al. (1982) presented two families with an X-linked САН and glycerol
kinase deficiency but they did not mention muscular dystrophy in their patients.
In the present paper we would like to report the clinical, biochemical and
genetic findings in a Dutch family with male sibs manifesting a cytomegalic type of
САН, a Duchenne type muscular dystrophy, growth failure and severe mental retar
dation. Biochemical investigations revealed a gonadotrophin (Gn) and a glycerol
kinase (GK) deficiency.
CASE RETORTS (Fig. 1)
Case 1. (The proband)
Clinical data
During pregnancy the mother had a slight toxicosis. Maternal urinary oestriol values at
the end of gestation were very low (18 and 12 дто1/24 h, Ν : > 100 дто1/24 h).
As a solutio placentae was suspected, a caesarian section was performed. A male
infant of 3450 g was bom in good general condition. At the age of 11 days, vomit
ing and dehydration occurred with severe hyponatremia (Na* 125 mmol/1, N : 138144) and hyperkalemia (K+ 9.9 mmol/1, N : 3.84.8). In spite of sodiumchloride
(NaCl) supply the infant did not thrive. At the age of 5 weeks he contracted a
bronchopneumonia with delayed recovery. At the age of 11 weeks the infant died
in a toxic shock ; he then weighed only 4250 g (< Ρ 3).
Necropsy findings
The adrenal glands had a greyish-purple aspect and were very small (1.5 χ 1 χ 0.3 cm).
Their total combined weight was < 1 g. Macroscopically it was not possible to
identify the zona glomerulosa, fasciculata and reticularis. Microscopic examination
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Fig. 1 - The pedigree of our family.

showed a desorganisation of the adrenal cortical structure. There were irregular
noduli of large eosinophilic cells having a typical large nucleus and the cytoplasm
was often vacuolated. In the presumed zona fasciculata lipid containing cells were
found. The histological picture of the adrenal glands was consistent with the diag
nosis of САН of the cytomegalic type. Examination of other endocrine organs
muscles and brain was not done.
Case 2
Clinical data
During pregnancy the mother had taken a salt free diet. Oestriol excretion was
low (13 and 30 μηιο1/24 h) at the end of gestation. Delivery was achieved without
complications by vacuumextraction. The infant, a boy of 3200 g and 51 cm, was
cyanotic at birth. He had a slight hypotonia and manifested poor sucking. At the
end of the first day Na+ was 136 mmol/1, and K+ 8 3 mmol/1. Substitution therapy
with desoxycorticosteron (DOC) and hydrocortison was started on the second day
of life. After half a year the mineralocorticoid therapy was omitted without clinical
problems. NaCl supply and Cortison therapy were continued. The adrenocortical
sensitivity test (AST) (Landon et al. 1967) did not result in a rise of plasma-11hydroxycorticosteroids (11-OHCS).
At the age of 2.5 years he could not walk without support. Slight hypotonia,
hyporeflexia and slight hypertrophic calves were found. The serum value of CPK
was 5300 U/l (N : < 150) of GPT 97 U/l (N : < 14), of GOT 122 U/l (N : < 11)
and of LDH 1185 U/l (Ν : < 250). The electromyogram (EMG) showed a myopathic
pattern but the electrocardiogram (ECG) was normal. He was said to walk at 3
years of age. At the age of 6 years he was referred to our department for a severe
psychomotor and mental retardation. The headcircumference (OFC) (49.5 cm),
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height (106 cm) and weight (17 kg) were under the 10th percentile. No dysmorphic
features were present. The flexion creases of his hands did not show abnormal
pigmentation. The right testicle was not completely descended and the left one was
not palpable. He uttered a few words with garbled pronounciation. In comparison
with earlier examinations there was a slight progressive proximal muscle weakness
with some atrophy. The pseudohypertrophy of the calves was more pronounced
now. He showed also a progressive lordosis with scoliosis. At the age of 9 years he
manifested twice a primary generalized seizure. His OFC (50 cm), height (121.5 cm)
and weight (22.5 kg) at that time were still under the 10th percentile. There was no
speech development. The electroencephalogram (EEG) showed an immature
aspect and epileptiform features. The somatosensory evoked response (SSER) was
within the normal range. CT-scanning did not reveal abnormalities. Ròntgenograms
for skeletal age were conform to his calendar age but showed some osteoporosis.
Muscle biopsy
In a biopsy from the soleus muscle taken at the age of 2.5 years rounded fibres of
rather varying diameter were seen. Between these fibres much connective tissue and
many fat cells were present. Isolated and grouped basophilic fibres, hyaline fibres as
well as phagocytosis of some fibres were observed. These histological abnormalities
were indicative for a Duchenne type muscular dystrophy.
Case3
Clinical data
The pregnancy was uneventful. The maternal oestriol excretion at the end of the
gestation was low (21 and 35 μπιο1/24 h). The delivery occurred spontaneously
without complications at 40 weeks. The infant, a boy of 3440 g and 51 cm, suffered
+
+
from a slight hypotonia and manifested poor sucking. Postpartum Na and K were
144 mmol/l, and 8.2 mmol/1 and at three weeks 125 mmol/1 and 8.6 mmol/1, re
spectively. A therapy consisting of DOC and NaCl resulted in normalization of the
minerals, in amelioration of the clinical state and in weightgain. At the age of
10 weeks also hydrocortison had to be given. At 9 months of age omission of DOC
did not lead to clinical problems. Corticoid and NaCl supply were continued. The
AST-test did not result in rise of plasma-11-0 HCS.
At the age of 1.6 years obvious proximal muscle weakness with slight atrophy,
hypotonia, hyporeflexia and pseudohypertrophic calves were observed. The serum
level of CPK was 4300 U/1, LDH 1170 U/I, GOT 73.6 U/L and GPT 91 U/L. The
EMG revealed a myopathic pattern, but the ECG was normal. He was said to walk
at 3 years of age. At the age of 4 years he uttered some words and his mental level
was estimated to be that of a child of 15 years. At the age of 6.5 years his height
(105 cm), weight (16.5 kg) and OFC (49 cm) were under the 10th percentile. No
dysmorphic features nor Addisonian pigmentation were present. Myopathic signs
were evident. His testicles were not palpable. He only could utter a few words. The
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EEG had an immature aspect without epileptiform features The SSER was within
the normal range His skeletal age was according to his calendar age Some osteoporosis was noted
Family data
The available information on the pedigree is summari7ed in Fig 1
The patients' parents had no greatgrandparents in common
The patients' mother was a physically normal woman with an OFC of 54 5 cm
(P 50) Her EMG and her ECG were normal Her WAIS-total IQ was 80 The serum
CPK was normal
The patients' father was a physically and mentally normal person His OFC was
54 cm (P 50) and his serum CPK were normal
Two years after the birth of case 3 a fourth pregnancy of the mother (III 9,1978)
was ended at 2 3 months by an induced abortion The adrenal glands of the male
foetus weighed about 1 g and they showed a normal histological cyto-architecture
Unfortunately his muscles were not examined microscopically The mother's fifth
pregnancy (III 10, 1979) was a missed abortion No information was available on
the foetus
Three brothers of the mother died before or shortly after birth (II 5, II 7 and II 8)
No detailed medical information was available on these children The family of the
patients' father was unremarkable

CLINICAL LABORATORY STUDIES
Endocrinological studies (Table 1)
Extensive endocrinological investigations have been made at the age of 8 years in
case 2 and at 6 years m case 3
In both cases values of T4 and basal TSH were normal and there was a normal
response of TSH and prolactme after TRH stimulation Growth hormone had a
normal increase after stimulation with L Dopa
ACTH was elevated in both patients (in case 2 705, in case 3 461 pg/ml ,
N 10-80) despite sufficient Cortisol substition as suggested by serum Cortisol
values This finding is in accordance with a long persisting adrenal insufficiency
Adrenal stimulation with ACTH did not result in a response of Cortisol
Both children exhibited signs of salt-loosing but in different degrees Case 3
manifested regularly overt symptoms of a salt-loosing necessitating clinical admittance and treatment His basal plasma renin activity (PRA) of 31 0 ng/ml/hr (N <
18) increased after salt restriction to 119 ng/ml/hr Case 2 did not show such clinical
manifestations His basal PRA was 4 3 but after salt restriction it increased to a
supranormal value of 19 ng/ml/hr
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Table 1
Endocrinological studies on gonadostat
Endocrinological tests

Case 2

Case3

FSH

<1.6
1.2
3.7
43
0.34
9

1.5
1.6
3.4
3.2
036
13

basal value
60' after LHRH*
LH
basal value
60' after LHRH*
Testosteron basal value
after HCG**

Normal values
4.2IU/1(SD0.8)
normal increase χ 3
3.4IU/1(SD0.6)
normal increase χ 3.5
0.35 (0.1 -1.3nMol/l)
normal increase
more than χ 2

* LHRH : 2.5 Mg/kg/IV
** Pregnyl : 4000 U during 4 days

On stimulation with LHRH no response was seen of LH nor of FSH in both
patients. Stimulation with HCG however gave a normal increase of testosterone.
Endocrinological studies of the adrenal function in the mother were normal.
They included serum levels of ACTH, of basal and ACTH stimulated Cortisol and
aldosteron.of PRA at rest and after physical activity.
Cytogenetic studies
Peripheral blood cells of cases 2 and 3 and their parents were cultured in RPMI
1640 plus 20 % fetal calf serum for G banding studies of the chromosomes and in
medium 199 plus 5 % fetal calf serum for investigation of the possible occurrence
ofafra(X)(q27-28).
The G banding did not reveal a numerical or structural chromosomal abnor
mality. No fragile site was found in the metaphases of cells grown in the medium
199 containing culture fluid (100 metaphases of each of the parents and 200 and
15 metaphases of the cases of 2 and 3, respectively). In addition, no anomaly was
detected in the X chromosome of cases 2 and 3 using a prometaphase banding
technique with basic fuchsin (Scheres et al. 1982), in particular the bands Χ ρ 21.1,
ρ 22.2 and ρ 22.3 could be resolved.
Biochemical studies on glycerol kinase
Methods
Glycerol was assayed after treatment of serum or urine with 1 M perchloric acid,
followed by neutralization with 1 M KOH/1 MK2HPO4 solution and centrifugation. A Boehringer (Mannheim) test-combination was applied for the determi-
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nation. Triglycerides were determined with an Abbott (nr. 6097 South Pasadena)
reagent list. No correction was made for the amount of free glycerol, so the
"triglyceride" values given represent the sum of triglycerides and glycerol. The
procedure described by McCabe et al. (1977) was modified for the glycerol kinase
assay. Leucocytes (0.2-0.9 mg protein) were sonified in 100 mM Tris-HCL(pH 8.5),
3 mM ATP, 4 mM MgCb, 1 mM EDTA, 6 mM NaF, 1 mM dithiothreitol and
46 μΜ13- 1 4 0 glycerol (sp. act 29.5 mC/mmol). After incubation for 60 min at
37 0 C reaction was terminated by cooling and addition of 100 μΐ 15 % (ν/ν)glycerol.
The reaction mixture was put on a small DEAE cellulose column. Unreacted
substrate was eluted by successive washes with water, 10% glycerol and water.
The final eluate with 0.1 M HCL was applied for liquid scintillation counting. The
procedure was checked with a sample of glycerolkinase.
Results (Table 2)
In the two patients serum triglycerides were consistently elevated. These high values
appeared to be artificial due to the assay procedure since their serum and urine
showed a considerable increase of glycerol with a specific assay. Biochemical
investigations of their leucocytes revealed a severe glycerol kinase (GK) deficiency.
Serum and urine of the parents contained a normal content of triglycerides and of
glycerol. Their leucocytes showed a relatively low GK activity.
DISCUSSION
Three brothers are described in whom the first detected clinical feature was a
congenital adrenal insufficiency. This diagnosis could already be suspected before
birth because of the low oestriol excretion in the urine of our patients' mother at
the end of her first three pregnancies (Uttley 1968, Pakravan et al. 1974, Hensleigh
et al. 1978). The distinction between the cytomegalic type and the miniature type
of congenital adrenal hypoplasia (САН) can only be made by histological examina
tion of the small adrenal glands. Case 1, who died soon after birth, was autopsied
and the САН was proved to be of the cytomegalic type. In the two surviving
patients a progressive Duchenne muscular dystrophy (DMD) and a profound mental
retardation (MR) with language impairment became evident in their further devel
opment and in case 2 seizures appeared in childhood. Biochemical investigations
revealed a gonadotrophin (Gn) and a glycerol kinase (GK) deficiency.
Although САН is a congenital anomaly not all patients with this disorder have
symptoms at birth (Golden et al. 1977, Hensleigh et al. 1978). From the reports
of Pakravan et al. (1974) and of Mamelle eia/. (1975) on САН of the cytomegalic
type it appears that 70 %-80 % of the children had their first signs of adrenal
insufficiency in the first three weeks of life and 75 % even in their first postnatal
days. Our three cases also manifested their first САН signs very soon after birth.
Until the description of Prader et al. in 1975, it was thought that the cyto
megalic type of САН was not associated with other endocrine deficiencies. Since
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Table 2
Glycerol kinase investigations
A. "Triglycerides"* in serum (in mMol/1)
Subjects

Without fasting

After fasting

Normal values

Case 2
Case 3
Mother
Father

6.97
6.08

3.58
3.14
0.95
1.00

0.52-1.33 (child)
0.54-2.00 (adult)

B. Glycerol content of urine and serum
after 36 h fasting (in mMol/1)
Subjects

Serum

Urine

Subjects

Serum

Urine

Case 2
Case3

4.82
5.68

258
300

Mother
Father

0.06
0.03

0.08
0.05

Controls
Child A
Child В

0.19
0.15

0.02
0.04

Controls
Adult E
Adult F

0.08
_

—
0.02

С Glycerol kinase (GK) activity in sonicated leucocytes
(in pmol/min per mg protein)
Subjects
Case 2
Case3
Controls
Child С
Child D

GK activity

Subjects

GK activity

1.9
0.4

Mother
Father

17.8
16.7

Contro L·
Adult E

29.4

33.2
30.8

* no correction was made for free glycerol

then, 21 male adolescents have been reported with САН and Gn deficiency (Zachmann et al. 1980, Hay et al. 1981). Thus the Gn deficiency seems to be a more
constant part of the САН syndrome. Also in our two very young cases stimulation
with luteinizing hormone releasing hormone (LHRH) did not result in any response
of LH or FSH, which makes a Gn deficiency in them highly probable.
Guggenheim et al. (1980) and Bartley et al. (1982) reported growth disturbance
in their children with an X-linked glycerol kinase deficiency and Guggenheim et al.
(1980) also mentioned osteoporosis. In our cases 2 and 3, growth failure and osteo-
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porosis too were observed while thyroid parameters and growth hormone values
were within normal limits. As our family has many signs and symptoms in common
with the families of Guggenheim et al. (1980) and of Hartley et al. (1982), we
assume that the subnormal growth and the osteoporosis may be part of the syn
drome, although a nonoptimal corticoid therapy as another possible explanation
for these phenomena can not be excluded.
The absence of severe congenital hypotonia, the clearly progressive muscular
weakness and the very high CPK values in case 2 and case 3 are arguments against
a congenital muscular dystrophy (CMD) (Kamoshita et al. 1975) and their normal
pictures on CT-scanning are in discordance with a Fukuyama type of CMD (Fuku
yama etat. 1981). Clinical, biochemical and histochemical investigations of the
progressive muscular dystrophy in our case 2 fit rather well with the diagnosis of
a DMD. We assume that the myopathy in our case 3 is of the same type. A compar
able association of САН of the cytomegalic type with a DMD was very briefly
described by Toyofuku et al. (1981) in two Japanese brothers. Unfortunately their
mental capacities and their Gn or GK were not mentioned.
Mental retardation is profound in our cases and the verbal abilities are more
impaired than the performal ones. The MR can not sufficiently be explained by
the САН and Gn deficiency because in such cases intelligence is usually normal
(Zachmann et al. 1980). MR and a discrepancy in cognitive abilities has been
described in DMD (Dubowitz 1977) and in X-linked MR (Lehrke 1968, Deroover et
al. 1978). Comparing two groups of DMD boys, one with severe MR and one with
normal intelligence, Emery et al. (1979) suggested that DMD may not be a single
disease entity. In DMD mental impairment is not a constant feature since it occurs
only in about 30% of the children with DMD (Rowland and Layzer 1979).Rosman
and Kakulas (1966) have shown that when MR is present in DMD it coincides with
microscopic abnormalities of the cerebral cortex. CT-scanning and SSER in our
cases have not revealed gross morphological or neurophysiological cerebral anomalies.
Histological examination of the cerebral cortex in case 1 has not been done.
Epileptic seizures, which appeared sporadically in case 2, were not frequently
observed in studies on САН with Gn deficiency (Zachmann et al. 1980, Hay étal.
1981) nor in those on X-linked GK deficiency (Guggenheim et al. 1980, Hartley
et al. 1982). It is possible that both MR and epilepsy may be originated by the same
cyto-architectonic abnormalities of the cerebral cortex.
The glycerol kinase (GK) deficiency in our patients was a striking feature.
Adrenal insufficiency and X-linked САН are not necessarily associated with hyperglycerolaemia (Hartley et al. 1982). The relation between X-linked САН, DMD,
MR, developmental delay and GK deficiency is not fully clear and has to be further
investigated. A possible role of GK on membrane synthesis and/or intracellular
energy metabolism in different organs has been suggested (Guggenheim et al. 1980,
Hartley et al. 1982).
The routine G banding of the chromosomes has not revealed abnormalities. As
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the main clinical compounds of our patients' disease are known as separate Xlinked diseases, special attention has been given to the X-chromosomes of the
patients and their parents. Their X-chromosomes were unremarkable with the
prometaphase banding technique used : a structural abnormality was not found, in
particular not in band p21 where the locus of DMD is mapped (McKusick 1982),
and no fragility was seen.
The elucidation of the inheritance pattern of our patients' disease is hampered
by the inadequacy of the medical information on the perinatally deceased children
of foregoing generations (Fig. 1 ). Both an autosomal recessive and an X-linked
recessive mode of inheritance have to be taken into consideration. The absence of
parental consanguinity and the fact that our patients are boys are in favour of an
X-linked inheritance pattern. If so, our patients' mother and not their father is
heterozygous for the complex clinical abnormalities. The relatively low IQ might be
the consequence of the presumed heterozygous status. The results of the biochemi
cal and endocrinological investigations in this woman however were within normal
limits.
Definite clarification of the underlying cause (the presence of a submicroscopic
chromosomal anomaly, a hitherto unknown gene defect or the occurrence of a
genetic variant of САН or DMD) and of the Physiopathologie mechanisms will
require further research.
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Chapter IV

DISCUSSION AND FINAL REMARKS
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One of the major aims of this study has been to draw attention to some forms of
inherited mental retardation in particular to those in which mental retardation is
determined by a mutation on the X-chromosome.
IV. 1. REMARKS ON DEFINITION, CLASSIFICATION AND IMPORTANCE OF
X-LINKED MENTAL RETARDATION
A reasonable understanding of the concept of mental retardation is a prerequisite
before the relevance and the importance of X-linked mental retardation can be
pointed out. Therefore problems concerning definition and classification of mental
retardation have been presented in the introduction to this study {Chapter Γ).
We have used the generally accepted definition of Heber (1959, 1961), because it
takes into account different aspects of mental retardation and it also fits in with
our medical model (Renier 1982) for the approach of mentally handicapped persons.
The discussion on classification exposes the ignorance of the underlying
mechanisms in most forms of mental retardation and of what fundamentally
happens during cognitive processes. It properly weighs the various practical aspects
for clinical and multidisciplinary management.
The data of the "Centraal Bureau voor de Statistiek" in the Netherlands
confirm the observations in the international literature on a male excess among
patients with mental retardation. Detailed reports from the Netherlands on this
very topic are scarce. Except for Duchenne muscular dystrophy syndromal Xlinked mental retardation is rarely recognized even in neurological and neuropediatric
practice. The same holds true for all types of non-specific X-linked mental retarda
tion. On the one hand, the clinician seems not always aware of the genetic syndromes
with mental retardation and on the other hand, he may be insufficiently convinced
that mental retardation is at times an independent and solely occurring feature.
Because the concept of non-specific or pure X-linked mental retardation is relatively
new in medical thinking, special attention has been given in the introduction to the
most important steps in the "historical" development of the concept of pure
X-linked mental retardation. It illustrates how careful clinical observation can lead
to new insights in a general problem with great socio-economic impact. In this
historical survey we have briefly stressed the importance of earlier publications, in
particular that of Luxenburger in Germany who already in 1939 and without the
help of present-day cytogenetic technology has pointed to "the heart of the matter"
in the field of pure X-linked mental retardation. His insights have been confirmed
in the last decade and also our study underlines his conclusions.
In chapter II a catalog based on leading clinical signs is offered in order to facilitate
a quick orientation into proved and possibly X-linked syndromes. It is designed to
be of practical use to the physician who is involved in the clinical investigation of
mentally retarded patients. A precise family history and a careful clinical examina
tion of the central nervous system, the eyes, the ears, the skin and the genitals
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combined with skeletal radiographs and biochemical screening all are prerequisites
for the diagnosis also of X-hnked syndromes A short description of the essential
features in each of these syndromes is appended in the format of a supplement For
each of the syndromes listed, a set of relevant references is provided
IV. 2. DIFFERENT LEVELS OF KNOWLEDGE
In order to provide a more general and abstract evaluation of the observations made
and the conclusions drawn in the various case reports which constitute the body of
Chapter III, the different levels of sophistication discernable in the understanding
of any hereditary disease (O'Brien 1969, Leroy 1970) will be considered
The very important first step of knowledge is set by defining the clinical
phenotype as carefully as possible In mental retardation also minor physical signs
and symptoms should be noted During our literature survey on X-bnked clinical
conditions associated with mental retardation, it became soon apparent that in
these malformation syndromes neurological signs are often poorly and inconsistently recorded and that the various aspects of the mental handicap are seldom studied
in detail in patients with either one of those many syndromes or a form of "pure"
mental retardation Formulating a robust hypothesis on the mode of inheritance is
also inherent to this first clinical orphenotypic level of sophistication, provided all
environmental causes have been ruled out
One of the aims of the papers in Chapter III consists of contributing toward
either the improvement of the clinical phenotypes of some of the syndromes, or of
demonstrating heterogeneity within syndromes hitherto still somehow considered
to be homogeneous entities The better a nosological entity is delineated, the better
its signs and symptoms at the time of onset and its natural course are known, the
earlier it can be diagnosed and the sooner preventive measures can be recommended,
provided solid conclusions have been reached about the mode of inheritance
A second level of understanding mental retardation is reached once its physiopathologic basis is understood or the chemical structure of the accumulated substrate
is identified The study of the neuropathology in mental retardation can give the
first indices for the Physiopathologie mechanism In the literature neuro morphologic
descriptions on mental retardation are in most cases restricted to gross pathology
More detailed and quantitative studies are necessary to delineate the possibly
anomalous early development of the central nervous system brought about by the
mutant gene We fully agree with Yakovlev (1960) when he stated that "The
first approximation to a logically valid correlation of mental retardation as a
behavioral category should be sought not in the correlation with the gross lesions
that may be found in the brain, but in the comparison of the structural organization
of the "eumorphic" cerebra of the known mentally retarded individuals which
show no gross deviations from the cerebral norm with the "eumorphic" cerebra
of the individuals known to have been competent agents of independent existence
in a comparable ecologie environment"
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In two of our case reports (chapter III 2 3 , III 2 4 ) we have made an attempt to
utihze quantitative morphologic methods to examine the nature of the disturbing
influence by the responsible genetic defect on neuronal maturation and differentia
tion Purkinje cells are particularly favorable structural indices of such an influence
Normal development of the cortex requires that neurones in sufficient numbers be
generated at the right time, assume proper positions into the cortex, acquire type
specific geometries and establish appropiate functional synaptic relations (Purpura
1974)
In neither example a selective, specific or time-limited influence of the responsible
X-hnked mutant gene on cortex ontogenesis could be found in the patients so
examined The influence has resulted in a rather diffuse abnormality of neuronal
maturation and differentiation The neuronal and dendritic spine abnormalities
detected show that integrity of cortical cyto-architecture is an anatomical necessity
for normal intellectual functioning
Any individual contribution of a neuropathological nature is coping with difficulties
of interpretation because of its limited scope, the lack of proper control data and
the limited knowledge of normal neurodifferentiation Therefore more extended
and comparative studies on neurodevelopment pathology are needed Monogenic
disorders affecting the central nervous system are interesting, because they can be
viewed as nature's way of dissecting out individual geme contributions to the
enormously complex process of normal neural development
A third level of sophistication in our knowledge about any genetic disorder is
reached when the responsible enzyme defect is identified The elucidation of "inborn
errors" underlying intellectual handicaps has been increasingly rapid in the last
decades (Stanbury et al 1978 , Galjaard 1980) The glycerol kinase deficiency in
the patients described in chapter III 2 5 is possibly a key to the primary defect
responsible for their disorder
The fourth level of insight about a hereditary disease concerns detailed knowl
edge on the molecular aspects of the mutant gene product, ι e the abnormal or
variant enzyme molecule itself and the aminoacid substitution contained therein
This may soon imply knowledge also on the nucleotide sequence in the gene itself,
and on the alteration of one nucleotide through techniques of "genetic engineering"
This final goal has only been reached for some of the hereditary hemoglobinopathies
It is not considered feasible in the near future even for well defined monogenic
disorders with mental retardation Recent results obtained in the field of recombi
nant DNA genetics are promosing even to the extend that soon fundamental
knowledge on genes will be available for which the corresponding enzyme product
remains unknown
IV.3. CLINICAL RELEVANCE OF THE SEPARATE CASE REPORTS
After these more general considerations of the different levels of sophistication
discernable in the understanding of hereditary diseases and their application to the
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different clinical disorders described m our study, the clinical relevance of the
separate contributions, another aim of this study, should be considered
An important reason for drawing attention to X-lmked mental retardation has
been the relative preponderance of males among the mentally retarded From the
"grey area" of so-called socio-cultural forms of mental retardation, a still increasing
number of retarded individuals emerge who can be diagnosed as having a non-specific
or pure form of X-lmked mental retardation Besides Down syndrome the pure
form of X-lmked mental retardation is one of the most important causes of mental
retardation (Turner and Turner 1974, Herbst and Miller 1980, Turner and Opitz
1980, Fishbum et al 1983) Making this diagnosis is of considerable value not only
for the prognosis and the care of the individual patient but also for the process of
acceptance by the family and for genetic counseling
Cytogenetic investigations should be done in the individuals with pure Xhnked mental retardation in order to differentiate between pure-X-linked mental
retardation with and pure X-lmked mental retardation without X-fragihty As
indicated earlier (see chapter I and III 1 1 ) the discovery of X-fragility m a group
of patients with nonspecific X linked mental retardation has been a major step
forward in our diagnostic possibilities
Psychological and logopaedic studies as reported on in chapter III 1 1 may
valuably contribute to our knowledge in the fragile X or Martin Bell syndrome
and may be of help in the clinical selection for cytogenetic investigation Many
questions on the Martin-Bell syndrome remain what is the basis of the clinical
variability in affected males and females 7 to what extent can the variability of the
syndrome in females be explained by assuming differences in X-inactivation ^ what
is the relation between the cytogenetic marker and the neurodevelopmental abnormality resulting in deficient mental function ' why is the disease so frequent '7
which therapeutic measures can be considered ' Concerning the latter question, the
administration of folic acid to the patients (Lejeune, 1981 and 1982) has till now
not led to an accepted and succesfull instrument in the care of the patients with the
Martin-Bell syndrome
The five X-linked neurological syndromes associated with mental retardation
studied by us have been described in detail in chapter III In each of these disorders
interesting new clinical, morphological or biochemical findmgs could be recorded
The absence of obstruction or stenosis of the aqueduct in the patient with
X-lmked congenital hydrocephalus (chapter III 2 1 ) supports the hypothesis of
Williams that aqueductal stenosis may not be the primary cause of the hydrocephalus
Hydrocephalus may be the residual expression of defective development of the
whole central nervous system and particularly of the cortex On the basis of our
observation and on reviewing findings reported in the literature we hypothesized
that a mutant gene located on the X-chromosome is directly responsible for some
type of maldevelopment of the cerebrum and secundanly for the disturbance of the
dynamics of cerebrospinal fluid at some tune during embryonic or foetal life The
expressivity of the genetic defect may be variable, being extreme in some pheno-
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types and mild in others possibly depending on the influence of different modifying
genetic or environmental factors.
The same remarks can be made in connection with the family where a syndrome
of cerebellar hypoplasia and hydrocephalus is segregating (chapter III 2.2.). The
branchial sinuses in some family members could be a coincidental hereditary
phenomenon, but - less probably — a reflection of variable expression of the major
gene involved. The family data on the neurological disease alone are compatible *
with an X-linked recessive inheritance, but dominant inheritance with reduced
penetrance is not completely ruled out.
In the study of a family with an X-linked recessive microcephaly syndrome
(chapter III 23.) we have tried to understand the possible influence of this mutation of the X-chromosome on morphogenesis of the cortex cerebri. It was concluded
that the presence of the abnormal gene leads to a disturbance of cell stratification
and differentiation of the cerebral neocortex. Especially the layers III and IV
proved to be insufficiently developed. This defect is likely to be responsible for the
patients' extreme deficiency in assimilating any type of cognitive information.
The microcephaly here is associated with severe mental retardation, spasticity,
epilepsy, and deafness. Each of these signs has been described separately as the sole
expression of X-linked genes in various pedigrees. The clinical signs of our patients
and of patients with X-linked microcephaly from the literature show interfamilial
variability. This might be the consequence of genetic heterogeneity. Our family
seems to be the only one thus far which is suggestive for an expression of the microcephaly gene in the presumed heterozygotic women.
Special attention has been given to the remarkable sign of congenital stridor in
the study on Congenital Pelizaeus-Merzbacher Disease (PMD) (chapter III 2.4.). In
our opinion this sign is inherent to the congenital form of PMD disease. In contrast
to some assertions in the literature we are convinced that at least the presumptive
diagnosis of congenital PMD rests on the clinical signs and symptoms present. In
addition the finding of X-linked recessive inheritance is essential. The morphological
findings cannot replace the value of the clinical features in arriving at the diagnosis
of PMD. In one of our patients the anatomopathological study of the cortex biopsy
has confirmed the clinical diagnosis. Our extensive quantitative analysis has demonstrated that in PMD not only the myelin formation, but also the cellular elements
of the cortex are affected. Till now only oligodendrocytes were thought to be involved in the pathological process (Watanabe et al. 1969). In addition it has been
shown, that the disorder of myelin formation is a form of hypomyelination rather
than a demyelination process as was supposed by Seitelberger (1970).
In the family with congenital adrenal hypoplasia, progressive muscular dystrophy, and severe mental retardation (chapter III 2.5.) also a deficiency of glycerol
kinase has been detected. This finding offers an important clue to the physiopathological relation between the various phenotypic expressions in the patients of this
family. The glycerol kinase deficiency might represent a possible tool for prenatal
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diagnosis in the future Determination of serum triglycerides can serve as a screening
method for the detection of glycerol kinase deficiency
Considering all types of pure and syndromal X linked mental retardation
together we must conclude that numerous X-hnked genes contribute to normal
brain development In total many hundreds of genes autosomal and heterosomal
must be responsible for proper development, structure and functions of man's
most complicated organ
IV.4. SOME GENERAL CONSIDERATIONS CONCERNING TREATMENT AND
GENETIC COUNSELING IN X-LINKED MENTAL RETARDATIONS
The clinical experience obtained through this study allows to offer some more
general considerations about X-hnked mental retardation
The frequency of mental retardation among children at school age in the
Netherlands is estimated to be approximately 3 % Apart from the enormous load
in terms of stress on individual families who have to live with a retarded child, there
is also a large load on the community which has to provide special medical and
educational facilities Intellectual and moral support and also genetic counseling are
very important and should be offered to the patient's normal family members as
soon as possible Therefore medical investigations of the patients with mental retardation should not only be done to obtain a diagnosis of the patient's syndrome but
also to contribute to a realistic approach of the problem as a whole
Effective curative treatment is unavailable at present for any one of the genetic
conditions studied here in particular and for the large majority of nosological
entities associated with mental retardation in general Obviously secondary or
complicating phenomena m patients can be more or less successfully treated taking
advantage of the recent progress in medicine, pharmacology and surgery Fortunately, constantly improving programs of psychological evaluation, special schooling
and multidisciplmary physiotherapeutic, logopaedic, and educational care become
also more and more available
Since curative medicine can offer no solution m most instances of mental
retardation, efforts should be focused on measures of preventive medicine The
preventive measures taken today ought to reduce the incidence of severe mental
retardation and consist mainly of population screening procedures, early diagnosis
in the proband, genetic counseling and prenatal diagnosis
IV.4.1 Population screening procedures
Screening procedures have not been performed in our cbnical studies In most of
the syndromal types of X-hnked mental retardation such screening is of lesi importance because many of these syndromes are rather infrequent In contrast to these
syndromal types, there is an explicite need for answering the important question on
the frequency of the fragile X-syndrome in the total population Sutherland (1982)
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did not find the fragile X in any of one thousant normal neonates. Large epidemi
ological studies on this topic are urgently needed. As the economic recession limits
such large studies screening mentally retardates for the fragile X should be a first
priority. The detection of a patient with the Martin-Bell syndrome should lead to
further chromosome studies of carefully selected members of his family in order
to detect other patients and the relatives at risk of having a mentally handicapped
child. It is also a good procedure to study possible intra- and interfamilial variability
of the clinical picture.

IV .4.2. Early diagnosis
One has to aim at careful investigation of the young patients in order to elucidate
the etiology of the mental retardation at the earliest possible age, because a precise
and early diagnosis in the proband is a basic requirement if a recommendation of
preventive measures is to be made. Even in the event of "simplex occurrence" of a
mentally retarded patient, establishment of an early diagnosis is necessary as it can
entail a conclusion about heredity and recurrence risk in the family. Early diagnosis
necessitates a thorough knowledge of and experience with the disorder, in particular
with its natural course, mean age of onset, earliest signs and concomittant symptoms
япН

ЯГІЯЫР НІПІСЯІ exnression.

Examples of possibly diagnostically valuable concomittant signs in the syndromes
described in this thesis are a disproportionate verbal disability in an otherwise
normally looking infant without pertinent physical anomalies in the Martin-Bell
syndrome (chapter III 1.1.), the occurrence of motor retardation, speech retarda
tion and eye movement disturbances in cerebellar hypoplasia (chapter III 2.2.), and
the appearance of congenital stridor in connatal Pelizaeus-Merzbacher disease
(chapter HI 2.4.).
It is hoped that in the future with the improvement of techniques also earlier
confirmation of a clinically suspected diagnosis can be reached.
IV.4.3. Genetic counseling
Our interest in X-linked mental retardation was not only stimulated by its high
population frequency but equally much by the consideration οι a priori recurrence
risks for obligate heterozygous females irrespective of whom they are married to.
We were surprised that none of the families studied by us was aware of a genetic
disorder. In these particular cases the following genetic guide-lines were used.
Males, hemizygous for an X-linked disease, will have normal sons and only
heterozygous daughters. In X-linked diseases hemizygous males ought to be patients
for the disease. However in several families with pure X-linked mental retardation
hemizygous fathers have been described with a "normal" phenotype who have
transmitted the fragile X (Martin and Bell 1943, Nielsen et al. 1981, Webb et al.
1981, Hustinx 1983).

130
Heterozygous women have a one in two chance of having affected sons and a one
in two chance of having heterozygous daughters.
Unfortunately, it is in most cases hard to prove or to exclude heterozygosity.
Exceptions are the Hunter syndrome and the Lesh-Nyhan syndrome, in which
difficult but reliable tests are available for detection of the heterozygotes (Galjaard
1980). In some cases pedigree analysis can help to elucidate the genetic constitution
of a patient, in other cases heterozygous women can manifest the disease to a mild
degree, probably due to unfavorable X-chromosome inactivation (Lyon hypothesis).
Families where females are exclusively or mainly affected may be examples of
the segregation of an X-linked "dominant" mutation with lethal or near lethal
effect in males. An example of such an inheritance is presented by the Aicardi
syndrome (Renier et al. 1973).
In the event of an isolated male patient the hypothesis of an X-linked recessive
condition is often hard to discard. Parents of such a child should also be informed
of the possible risk of recurrence.
Г .4.4. Prenatal diagnosis
In conditions with unknown metabolic defect prenatal diagnosis is not feasible.
Except for some prospects in the glycerol kinase deficiency, none of the conditions,
which we have studied in this thesis, can be diagnosed in utero through study
of cultured amniotic fluid cells obtained by amniocentesis during the early part of
the second trimester of pregnancy. This is strictly also still true today for the fragile
X-syndrome, although the first successful prenatal investigations in pregnancies at
risk have been reported recently (Jenkins et al. 1981 ; Schmidt et al. 1982 ; Shapiro
et al. 1982). It is hoped that soon techniques will became routinely available for
reliable investigation of cultured amniotic cells for the presence of X-fragility.
Nonetheless, it will not be easy to handle the knowledge that a male or female
fetus carries a fragile X chromosome, as several males with a fragile X chromosome
have apparently escaped from being manifestly mentally retarded (Daker et al.
1981, Nielsen et al. 1981, Webb étal. 1981) and some 30% of the heterozygous
carriers are (more or less) mentally handicapped (Fishbum et al. 1983).
Valuable information about gross morphological fetal anomalies, as e.g. congenital hydrocephalus or microcephaly can be obtained during a pregnancy at risk
by regular fetal examination with ultrasound. For minor malformations or pathology of the structural organization of the brain, as is frequently the case in mental
retardation, this technique is of no value.

IV.5. EPILOGUE
We have chosen on purpose X-linked conditions with mental retardation for which
only partial clinical information was hitherto available. So far their Physiopathologie
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elucidation remains elusive. They are still in need of careful clinical study. Basic
research remains of paramount importance. The clinician usually is asked to make
the first contribution by recognition and adequate attention to the problems and
challenges of mental retardation. Every mentally retarded child or adult has the
right to an extensive clinical examination at least once in his lifetime by a multidisciplinary team of clinical experts in order to arrive at as complete as possible an
outline of his problems and needs and preferably at a diagnosis. Such knowledge
leads to the recognition of prognostic as well as genetic implications. In retarded
boys, who represent more than half the total number of retardates, X-linked mental
retardation should be seriously considered in the differential diagnosis. Even regular
reinvestigations of patients without a diagnosis, sometimes institutionalized since
many years, may lead to progress in understanding the cause of their disorder and
to more adequate management.
Cost benefit analysis is but one important component of the decision making
process in all areas of general health care today. Human and family happiness is
equally important. In the field of mental retardation a realistic approach to the
provision of care and help is only possible when based on adequate knowledge of
this multifaceted problem. For more effective planning of services for the mentally
retarded still better information is needed on the number of children concerned and
on their special requirements at different ages. If this study may have contributed
to a better knowledge and understanding of mental retardation in general and of
some special forms in particular, and if it has helped to point out principles for a
better health care in this field, one of my personal aims for this study has been
accomplished. If it might also be of help to patients and families confronted with
this very emotional problem, I should feel much rewarded for these investigations.
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SUMMARY
This thesis is based on six reports of which the main and common theme is mental
retardation linked to the X-chromosome.
The premise of this study has been the fact that there is a male excess in retardates and that this male preponderance is due in part on mutations of the Xchromosome. Data from the Netherlands of the Centraal Bureau voor de Statistiek
illustrate this in chapter I. In this chapter the problem of definition and classification
of mental retardation is briefly discussed. A review of the history of the concept of
X-linked mental retardation concludes this chapter.
Chapter II contains a clinical classification of the till now in the literature
described X-linked syndromes which are always or frequently associated with
mental retardation. A clear distinction is made between the pure and the syndromal
types of X-linked mental retardation. In the cases of the syndromal types seven
clinical keywords have been used as aid in diagnostic orientation.
Our contribution consists of six clinical studies, one study about a pure type and
five others about syndromal types of X-linked mental retardation. They are collected
in chapter III.
The family with the fragile X or Martin-Bell syndrome (chapter III.1.1.) is
exceptional in that there is a pronounced discrepancy between two brothers as well
for the clinical picture, the degree of mental retardation and the degree of speech
retardation as for the frequency of the fragile X in their lymphocytes. This report
illustrates the great variability of the clinical expression of this syndrome.
The study on congenital hydrocephalus (chapter III.2.1.) indicates that developmental abnormalities of the cortex and the median cerebral structures give a better
explanation for the disturbance in the dynamics of the cerebrospinal fluid and for
the genesis of hydrocephalus than the eventual aqueduct stenosis. This study underlines the importance of proving an X-linked recessive inheritance for the genetic
counseling. In our family congenital hydrocephalus was complicated by a great
perinatal mortality.
The association of a cerebellar hypoplasia and a communicating hydrocephalus
(chapter III.2.2.) is till now rarely mentioned in the literature. The neurological
pathology seems to have an X-linked inheritance. Branchial sinuses are found in the
patients but also in normal family members. The clinical and genetic data are
discussed.
X-linked microcephaly associated with severe mental retardation, spasticity,
epilepsy and deafness (chapter III.2.3.) is till now not described in the literature.
A quantitative morphological analysis of a right frontal brain biopsy could not
demonstrate a time limited specific influence of the X chromosome on the ontogenesis of the cerebral cortex, but showed a rather diffuse effect on maturation and
differentiation of neurons. Reviewing the literature on X-linked microcephaly one
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must conclude that this entity is to be considered as a heterogeneous group of disorders.
The study on connatal Pelizaeus-Merzbacher disease (PMD) (chapter III.2.4.)
shows that the diagnosis of PMD is primarily based on clinical grounds. X-linked
recessive inheritance is an essential feature. The congenital stridor is considered as
part of the PMD. A quantitative neuromorphological study of a brain biopsy not
only has confirmed the diagnosis but also support the hypothesis that PMD is a
disturbance in myelin formation rather than a demyelinating process and that
besides oligodendrocytes neurons also are involved in the pathological process.
In the last report an X-linked disorder is described with a biochemical defect :
congenital adrenal hypoplasia, progressive muscular dystrophy, and severe mental
retardation are associated with a glycerol kinase deficiency (chapter III.2.5.). The
deficiency of gonadotrophins, which was also found, is a known part of the congenital adrenal hypoplasia of the cytomegalic type.
Some final remarks and considerations on X-linked mental retardation (chapter
IV) conclude this thesis. The clinical relevance of the reported cases of chapter III is
stressed and their scientific contribution is evaluated in accordance to the different
levels of sophistication of knowledge discernable in the understanding of hereditary
diseases.
Because no etiological treatment of X-linked mental retardations is available
and these disorders are relatively frequent advises for genetic counseling are given.
A supplement with proved or supposed X-linked syndromes associated with
mental retardation is provided at the end of this thesis. The syndromes are listed
according to criteria of classification used in chapter II. A succinct description
of the most representative features and symptoms is offered for each syndrome.
Key references of the relevant literature are provided in each instance.
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SAMENVATTING
Dit proefschrift is gebaseerd op een aantal studies met mentale retardatie gebonden
aan het X-chromosoom als gemeenschappelijk thema.
Het onderzoek is er van uitgegaan dat er meer geretardeerde mannen/jongens
dan vrouwen/meisjes zijn en dat dit overschot voor een deel berust op mutaties van
het X-chromosoom. Dit wordt geïllustreerd aan de hand van CBS cijfers van Nederland in hoofdstuk I.
In dit hoofdstuk wordt ook kort ingegaan op het probleem van de definitie en
classificatie van mentale retardatie. Een samenvattend overzicht van de ontwikkeling
van het begrip van de X-gebonden mentale retardatie sluit dit hoofdstuk af.
Hoofdstuk II geeft een klinische indeling van de tot op heden beschreven Xgebonden syndromen welke hetzij obligaat, hetzij vaak geassocieerd zijn met mentale retardatie. Het duidelijke onderscheid tussen de zuivere vormen en de syndromale vormen van X-gebonden mentale retardatie wordt expliciet beschreven. Bij
de syndromale vormen werden een zevental klinische items als diagnostisch ingangskanaal gebruikt.
Het eigen onderzoek beschrijft zes verschillende families, namelijk één met een
zuivere en vijf met een syndromale vorm van X-gebonden mentale retardatie (hoofdstuk III).
De studie over de zuivere vorm betreft een familie met hetfragieleX of MartinBell syndroom (hoofdstuk III.l.l.). Deze familie is uitzonderlijk door de sterke
discrepantie die bestaat tussen twee broers zowel wat betreft het klinische beeld,
de ernst van de mentale retardatie en de taalontwikkelingsachterstand als wat
betreft de respectievelijke frequentie van de fragiele X in de lymfocyten. Dit artikel
illustreert de grote variabiliteit van de klinische expressie van dit syndroom.
De studie van de congenitale hydrocephalus (hoofdstuk III.2.1.) geeft aanwijzingen dat de aanlegstoomis van cortex en mediane hersenstructuren belangrijker
is als verklaring voor het ontstaan van de liquordynamiek verstoring en dus van de
hydrocephalus dan een eventuele aquaductstenose. Het onderzoek benadrukt het
belang van het aantonen van een X-gebonden erfgang voor de genetische advisering.
In onze familie bestond er een grote perinatale mortaliteit.
De combinatie van cerebellaire Hypoplasie en hydrocephalus (hoofdstukIII.
2.2.) is zeer zelden beschreven. Deze neurologische pathologie lijkt X-gebonden.
Daarnaast komen bij de patiënten maar ook bij normale familieleden branchiale
sinussen voor. De klinische en genetische implicaties worden bediscussieerd.
X-gebonden microcefalie geassocieerd aan epilepsie, spasticiteit, doofheid en
ernstige mentale retardatie (hoofdstuk III.23.) was in de literatuur nog niet beschreven. Een poging de invloed van het X-chromosoom op de cortexontogenese bij
deze microcefalie vorm nader te specificeren gaf geen tijdsgebonden effect te zien
maar eerder een diffuse invloed op de cortex differentiatie. Vergelijkende litteratuurstudie over X-gebonden microcefalie toonde aan dat microcefalie als een
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heterogene groep van ziektebeelden moet worden beschouwd.
De studie van de congenitale Pelizaeus-Merzbacher (PMD) ziekte (hoofdstuk
III.2.4.) toont dat deze diagnose primair een klinische is. Ook het aantonen van
de X-gebonden overerving is diagnostisch van belang. De gevonden congenitale
stridor achten wij deel uitmaken van het klinische beeld. Het kwantitatief neuromorfologisch onderzoek gaf een bevestiging van de gestelde diagnose maar leerde
tevens dat bij de PMD niet enkel sprake is van hypomyelinisatie in tegenstelling tot
vroegere opvattingen van een demyelinisatie, maar dat ook de cellulaire elementen
van de cortex in het ziekteproces betrokken zijn met name ook de neuronen naast
de oligodendrocyten.
Het laatste artikel beschrijft het onderzoek bij een X-gebonden aandoening met
biochemische pathologie : congenitale bijnierschorshypoplasie, met progressieve
spierdystrofie en mentale retardatie met bovendien een glycerolkinase deficiëntie
(hoofdstuk III.2.5.). De gonadotrofinen deficiëntie die ook werd vastgesteld is een
inmiddels bekend onderdeel van de congenitale bijnierschorshypoplasie van het
cytomegale type.
Het proefschrift wordt afgesloten met enkele opmerkingen en nabeschouwingen
over X-gebonden mentale retardatie (hoofdstuk IV). De klinische relevantie van de
diverse studies uit hoofdstuk III wordt nogmaals benadrukt. Ook worden ze afgezet
tegen filosofisch te onderscheiden niveau's van medisch wetenschappelijk onderzoek. Daar nog geen oorzakelijke behandeling bekend is van X-gebonden mentale
retardaties wordt tenslotte ingegaan op de genetische advisering bij deze frequente
ziektebeelden.
Een supplement met de tot op heden bewezen of vermoedelijk X-gebonden syndromen met mentale retardatie besluit het proefschrift. Deze syndromen zijn kort
samengevat en voorzien van de voornaamste litteratuurreferenties.
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RESUME
Cette thèse constitue la synthèse de six travaux effectués autour d'un thème central,
l'arriération mentale liée à ΓΧ.
La principale motivation de cette étude provient du fait qu'il existe une prédominance du sexe masculin parmi les personnes atteintes d'arriération mentale
et que cette prépondérance est due au moins partiellement à une mutation du
chromosome X. Les statistiques éditées par le Bureau Central de Statistique des
Pays-Bas illustrent ce fait (chapitre I). Dans ce chapitre, le problème de la définition
et de la classification de l'arriération mentale est brièvement exposé. Un résumé de
l'historique du concept d'arriération mentale liée à ΓΧ termine ce premier chapitre.
Le deuxième chapitre fournit une classification clinique des syndromes autosomiques récessifs liés à FX décrits jusqu'à présent et qui comportent toujours ou
habituellement un retard mental. Une distinction nette est faite entre la forme dite
pure et les formes d'arriération mentale liée à ΓΧ intégrées dans des syndromes
spécifiques. Dans le second groupe, sept signes cliniques sont proposés pour servir
de guides à l'orientation diagnostique.
Notre contribution personnelle consiste en six études cliniques sur l'arriération
mentale liée à ΓΧ : une étude est consacrée à la forme pure et cinq autres concernent
des syndromes comportant de l'arriération mentale et des signes associés.
Notre étude d'une famille avec X fragile ou syndrome de Martin-Bell (chapitre
III.l.l.) rapporte des faits exceptionnels en raison des fortes différences entre les
deux frères atteints tant en ce qui concerne les signes cliniques que le degré de
retard mental, le retard du langage et la fréquence de ΓΧ fragile dans les lympho
cytes. Nos observations illustrent très bien la grande variabilité de l'expression
clinique de ce syndrome.
Notre travail sur l'hydrocéphalie congénitale (chapitre III.2.1.) montre que les
anomalies du développement du néocortex et des structures cérébrales médianes
plaident pour des perturbations portant initialement sur la circulation extraventriculaire du liquide céphalorachidien plutôt que pour une sténose primaire de l'aqueduc
de Sylvius. Cette étude montre aussi l'importance, pour le conseil génétique, de la
mise en évidence du type de transmission. Dans la famille étudiée, existait une
mortalité périnatale élevée.
L'association d'une hypoplasie cérébelleuse et d'une hydrocéphalie communicante (chapitre III.2.2.) est très rare. Cette affection neurologique semble avoir une
transmission récessive liée à ΓΧ. Des restes de sinus branchiaux sont présents chez
les patients et chez des membres de la famille par ailleurs normaux. Leur signification clinique et génétique est discutée.
Nous rapportons ensuite un syndrome nouveau, lié au sexe, comportant une
microcephalic associée à une arriération mentale sévère, â une spasticité, à une
épilepsie et à une surdité (chapitre III.2.3.). L'analyse morphologique quantitative
d'une biopsie cérébrale n'a pas démontré d'effet spécifique du chromosome X sur
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une étape précise de l'ontogenèse du cortex cérébral, mais démontre plutôt une
influence diffuse de l'anomalie genique sur la maturation et la differentiation des
neurones L'étude de la littérature sur la microcéphahe liée à ΓΧ fait conclure à
l'hétérogénéité de cette entité.
Notre article sur la maladie de Pelizaeuset Merzbacher (PMD)(chapitre III 2 4.)
souligne le fait que le diagnostic doit se faire sur les signes cliniques, dont fait partie
la transmission recessive liée a ΓΧ et le stridor congenital. L'analyse morphologique
quantitative d'une biopsie cérébrale de PMD a confirmé le diagnostic et, en outre,
nous a fourni les arguments en faveur d'une hypomyélimsation plutôt que d'une
demyéhmsation Notre travail a également montré que le processus pathologique
ne se limite pas aux obgodendrocytes mais atteint aussi les neurones eux-mêmes
Dans le dernier rapport, une déficience biochimique liée au sexe est décrite
il s'agit d'une hypoplasie surrenalienne congénitale avec dystrophic musculaire
progressive, arriération mentale profonde et déficience de l'enzyme glycerolkinase
(chapitre III.2.5 ). La déficience en gonadotrophines que nous avons trouvée est
un élément déjà connu dans l'hypoplasie surrenalienne congénitale de type cytomégahque
Quelques remarques finales et quelques considérations sur le retard mental
hé au sexe (chapitre Г ) terminent cette thèse. L'importance clinique des diverses
observations rapportées au chapitre III est encore une fois soulignée Les six études
sont aussi évaluées quant à la contribution scientifique qu'elles apportent et comme
paradigmes des divers niveaux d'exploration atteints dans l'étude et la compréhension des maladies héréditaires. Il n'y a pas de traitement étiologique contre l'arriération mentale liée à ΓΧ , l'étude approfondie du conseil génétique à laquelle nous
avons procédée est d'autant plus importante que sa fréquence est assez élevée.
Enfin, un supplément, contenant tous les syndromes avec retard mental hé à
ΓΧ démontré ou supposé est melu à la fin de cette thèse Les syndromes ont été
classés selon les critères exposés dans le deuxième chapitre. Une description succinte
des symptômes typiques est donnée pour chacun de ces syndromes Les références
bibliographiques les plus pertinentes ont été fournies pour chaque syndrome
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SUPPLEMENT
The Syndromes aie listed according to entena of classification used in Chapter II. A succinct
descnption of the most representative features and symptoms is offered for each syndrome
Key references to the relevant literature are provided in each instance.

•

PURE X-LINKED RECESSIVE MENTAL RETARDATION

30 950/30.957
GI/A1,A2, 8 1 , 8 2 , 8 3

A nonprogressive form of X-Unked MR not associated with typical physical anomalies or other
neurological dysfunctions was described for the first time by Martin and Bell in 1943. MR was
severe to profound and verbal skills were very poorly developed. Other families with the same
features have smce been published and minor characteristics were added to the syndrome
(Losowsta 1961, Renpennmg et al. 1962, Dunn et al. 1963, Opitz et al 1965, Lehrke 1968,
Snijder and Robinson 1969, Lubs 1969, Steele and Chorazy 1974, Schonenberg et al. 1974,
Yarbrough et al. 1976, Deroover et al 1977).
Minor facial signs (including prominent supraorbital ridges, imdfacial hypoplasia, progna
thism and large ears), sturdy build and macrogenitahsm become m most patients only evident
after puberty Hydrocephalus, hypotonia, poor coordination and cerebral palsy are sporadic
associations.
The discovery of a marker X-chromosome by Lubs m 1969 and by Escalante in 1971 m
patients with a pure X-lmked MR and m some of the carrier women has lead to the clinical
concept of a fragile X-syndrome or fra (X) (q27-28) MR. In 1981 Richards et al. reinvestigated
the Martin-Bell family. They could prove that the affected males had the fra (X) (q27-28)and
proposed the term of Martin-Bell syndrome. The frequency of the fragile X m both affected
males and female carriers is variable. MR is in most of the reported patients of moderate to
severe degree. A survey of the bterature with progress reports was collected m a special volume
(Vol. 7, no. 4) of the American Journal of Medical Genetics (1980) X-lmked inheritance can
account for 30 % to 50 % of male subjects with nonspecific MR (Turner and Turner 1974)
Families without the fra (X) (q27-28) represent other forms of the pure X-hnked MR.
The family described by Renpennmg et al. (1962) has no fragile X and was characterized
by a small head and somatic growth Herbst and Miller (1980) came to the conclusion that
there are 7 - 19 X-lmked genes, each of which can cause nonspecific MR. So pure X-lmked MR
must be considered as a heterogeneous group of disorders
American Journal of Medical Genetics 1980, vol 7, no. 4.
Deroover J., Fnjns J.P., Parloir С, Van den Berghe H X-hnked recessively inherited non
specific mental retardation. Report of a large family -Ann Genei 1977,20, 263-268.
Dunn H.G., Renpennmg H , Gerrard J W., Miller J.R., Tabata T., Federoff S Mental retarda
tion as a scx^inked defect - Am J. ment. Defìc. 1963, 67, 827-848.
Escalante J.Α. Estudo genético da deficiencia mental. Ph. D. thesis presented to the University
of Sâo Paulo, Brésil, 1971.
Escalante J.A , Grunspun H., Frota-Pessoa O. Severe sex-linked mental retardation - ƒ. Génët.
hum. 1914,19, 137-140.
Herbst D S., Miller J R. Non-specific X-lmked mental retardation. II The frequency m British
Columbia./Im. J. Med Genet. 1980, 7,461-469.
Lehrke R G. Sex-linked mental retardation and verbal disability. - Report to the Minnesota
Association for Retarded Children, Minneapolis, 1968 and The National Foundation,
March of Dimes Original Article Series, Vol X, no. 1, 1974, Symposia Specialists, Miami,
Florida.
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Losowski M.S. Hereditary mental defect showing the pattern of sex influence - J. ment.
Défiches. 1961,5,60-62
Lubs H A. A marker X-chromosome - Am. J. hum. Genet 1969,21, 231-244.
Martin J Ρ , Bell J. A pedigree of mental defect showing sex-linkage - J. Neurol Psychiatry
1943,6,154-157
Opitz J.M., Segal AT., Klove Η, Mathews С, Lehrke RL. X-linked mental retardation.
Study of a large kindred with 20 affected members (Abstract) /. Pedmt 1965, 67, 713714.
Renpenning H., Gerrard J.W., Zaleski W.A., Tabata T. . Familial sex-linked mental retardation
- Canad. Med. Assoc. J. 1962,87, 954-956
Richards B.W , Sylvester P.E , Brooker C. Fragile X-Unked mental retardation · the Martin-Bell
syndrome-/ ment. Defic Res. 1981,25,253-256.
Schonenberg Η., Böttcher В. Geschlechtsgebunden rezessiv vererbte Oligophrenie - Med.
Kim 1974, 69,1814-1816.
Snijder R D., Robinson A. Recessive sex-ünked mental retardation m the absence of other
recognizable abnormalities. Report of a family. Clin. Pediat. 1969,8, 669-674
Steele M.W., Chorazy A.L. Renpenning's syndrome - Lancet 1974, i, 752-753.
Turner G., Turner B. X-linked mental retardation -J. Med. Genet 1974,11,109-113.
Turner G., Daniel Α., Frost M. X-linked mental retardation, macro-orchidism, and the Xq 27
fragüe site - J. Pediat. 1980, 96, 837-841.
Yarbrough Κ M., Howard-Peebles P.N. X-hnked nonspecific mental retardation. Report of a
large kindred - am. Genet. 1976, 9,125-130.
•

HYDROCEPHALUS

30.700
GII/I Al
Congenital hydrocephalus is frequently due to aqueduc tal stenosis (Bickers and Adams 1949),
but a communicating type is also possible and perhaps pnmary (Renier et al 1982) Hypoplasia
and contracture of the muscles of the thumbs, an X-linked sign (Weckesser 1968), is frequently
associated. Spastic paraplegia may be present. A high mortality rate is mentioned in some
families. An adult form is desenbed by Sajid and Coppie (1968) The cooccunence of a non
specific X-lmked mental retardation in the same family is possible (fried 1972). The association
with a cerebellar hypoplasia has recently been described (Renier et al 1983). Therefore Xlinked hydrocephalus should be considered as a heterogeneous group of disorders.
Bickers D S., Adams R.D. Hereditary stenosis of the aqueduct of Sylvius as a cause of congeni
tal hydrocephalus - Bram 1949, 72, 246-262.
Fried K. X-linked mental retardation and/or hydrocephalus - Gm Genet 1912,3, 258-263
Renier W О , Ter Haar В G.A , Slooff J L , Hustinx Τ W J , Cabreéis U M . X-hnked congenital hydrocephalus - Gin. Neurol Neurosurg. 1982, 84,113-123.
Renier W O., Cabreéis F J M , Hustinx Τ W J., Thijssen H O.M , Ter Haar B.G.A , Kroll Ь W ,
Beckers Η. Cerebellar hypoplasia, communicating hydrocephalus and mental retardation in
two brothers and a maternal uncle Brain andDev 1983,5,41-45
Sajid M H., Coppie P.J. Familial aqueductal stenosis and basilar impression - Neurology 1968,
18, 260-262
Weckesser Ь С , Reed J R., Heiple K.G. Congenital clasped thumbs (congenital flexion-adduc
tion deformity of the thumbs) A syndrome, not a specific entity./ Bone Joint Surg. 1968,
50/4, 1417-1428
•

(MILD) HYDROCEPHALUS AND CEREBELLAR HYPO/AGENESIS

GII/I A2

Riccardi and Marcus (1978) desenbed three male patients in a family with congenital hydro-
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cephalus, cerebellar agenesis, enlarged fourth ventricle and agenesis of the foramina of Luschka
and Magendie. A milder form, associated with mental retardation and branchial fistulas, has
been reported by Renier et al. (1983). It may be considered as a subgroup of X-linked hydrocephalus.
Renier W.O., Cabreéis F.J.M., Hustinx T.WJ., Thijssen H.O.M., Ter Haar B.G.A., Kroll E.W.,
Beckers H. : Cerebellar hypoplasia, communicating hydrocephalus and mental retardation in
two brothers and a maternal uncle - Brain andDev. 1983,5,41-45.
Riccardi V.M., Marcus E.S. : Congenital hydrocephalus and cerebellar agenesis - Clin. Genet.
1978,75,443-447.

•

ACROCEPHALY WITH CEREBRAL MALDEVELOPMENT

GH/I A4

Thurmon and Santos (1975) reported on a family in which two brothers and their maternal
uncle had slow development, normal skeletal growth, large head, hypotonia and severe mental
retardation, and in one case ptosis. The oldest brother had a cardiac murmur and bilateral inferior
coloboma iridis. The uncle deteriorated mentally after the age of 24 years. Pathological examination revealed a great vertebrobasilar aneurysm and cerebral maldevelopment.
Thurmon Th.F., Santos C.L. : New syndromes of mental retardation. Birth defects : Original
Article Series 1975,2, 264-268.

•

MEGALENCEPHALY AND MYOPIA

GII/IA5

A boy, two maternal uncles and a maternal great aunt suffering from retardation and severe
myopia, Crouzonlike features and a disproportionate large head (P 90) were reported by
Walker (1973). More details were lacking.
Walker F.A. : Renpenning's syndrome revisited. (Three new apparent X-linked entities) Genetics syppl. 1973, 74, 288-289.

•

THE FG SYNDROME

30.545
GII/I A6

This syndrome is characterized by short stature, fifth finger clinodactyly, vertebral anomalies,
disproportionately large head, mental retardation, congenital hypotonia and partial agenesis of
the corpus callo sum. Anterior displacement or nonperforation of the anus, gastro-intestinal
anomalies and congenital heart defects were additional features (Opitz and Kaveggia, 1974,
Keller et al. 1976, Riccardi et al. 1977).
Keller M.A., Jones K.L., Nyhan W.L., Francke U., Dixson B. : A new syndrome of mental
deficiency with craniofacial, limb, and anal abnormalities - J. Pediat. 1976, 88, 589-591.
Opitz J.M., Kaveggia E.G. : The FG syndrome. An X-linked recessive syndrome of multiple
congenital anomalies and mental retardation - Z. Kinderheilk. 1974,117,1-18.
Riccardi V.M., Hassler E., Lubinsky M.S. : The FG syndrome : further characterization, report
of a third family, and of a sporadic case -Am.J.Med.
Genet. 1977,1,47-58.

•

PARTIAL AGENESIS OF THE CORPUS CALLOSUM

30.410
GII/I A7

The disease, reported by Menkes et al. (1964), manifested itself by seizures, starting within a
few hours after birth, and by severe developmental retardation. In some patients the optic discs
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were pale Neuropathological changes included a virtually complete absence of the corpus
callo sum and the presence of polymicrogyna and heterotopias of gray matter, but no signs of
active degeneration or gliosis The disease has to be differentiated from the Aicardi syndrome
and the FG syndrome
Menkes J H , Philhppart M , Clark D В
Arch Neurol 1964,77,198-208

Hereditary partial agenesis of corpus callosum -

THE MASA SYNDROME

30 925
GII/I A8

The syndrome consists of mental retardation (IQ 35-55), aphasia, shuffling gait, adducted
thumbs, exaggerated lumbar lordosis and short stature A Mexican-American family was reported
by Bianchine and Lewis (1974) in which six males and one female showed this association The
expression of the disorder m the girl was explained as possibly due to unfavorable Lyomzation
Bianchine J W , Lewis R С Jr The MASA syndrome
syndrome -Clin Genet 1974,5,298-306

•

MICROCEPHALY

A new hentable mental retardation

30 840/30 960/31 140
GII/I A9

Only a few reports described X-hnked microcephaly families (for a review see Renier et al
1982) The clinical picture does not differ from other causes of microcephaly In the patients
described by Paine (1960) and by Seemanova et al (1973) also optic atrophy, nystagmus and
spasticity were present, aminoaciduna was a nonspecific secondary phenomenon Warkany et
al (1961) mentioned a family with low birth weight and low birth length In the patients
reported by Renier et al (1982) there was also deafness, spasticity and epilepsy Allan et al
(1943-1944) desenbed a family with mental retardation, muscular atrophy and microcephaly
Therefore the syndrome of X-hnked microcephaly should be considered as a heterogeneous one
Allan W , Hemdon С N , Dudley F С Some examples of the inheritance of mental deficiency
apparently sex-linked idiocy and microcephaly - Am J ment Defic 1943-1944,45,325334
Paine R S Evaluation of familial biochemically determined mental retardation m children,
with special reference to aminoaciduria -New Engl J Med 1960,262,658-665
Renier W О , Cabreéis F J M , Jaspar Η Η J , Hustinx Τ W J , Geelen J A G , van Haelst U J G
An X-hnked syndrome with microcephaly, severe mental retardation, spasticity, epilepsy
and deafness - J ment Defic Res 1982, 26, 2 7 4 0
Seemanova Ь , Lesny I, Hyanek J , Brachfeld К , Rossler M , Proskova M X-chromosomal
recessive microcephaly with epilepsy, spastic tetraplegia and absent abdominal reflex New
vanety of "Pame syndrome" ' Humangenetik 1973, 20, 113-117
Warkany } , Monroe Β Β , Sutherland В S Intrauterine growth retardation Am J Dis Child
1961,702,249-279

•

INFANTILE SPASMS

30 835
GII/I Bl

Feinberg and Leahy (1977) reported on five male patients in three generations with this form
of epilepsy The acute onset of the seizures was at 3-4 months and dead occurred between 9
months and 6 years One boy was blind and deaf CT-scanning revealed only a minimal enlarge-
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ment of the ventncles and m one case a fiontal porencephalic cyst. These seizures have to be
differentiated from other causes of infantile spasms and from the Ai cardi syndrome.
Feinberg A.P., Leahy W R Infantile spasms case report of sex-linked inheritance
Med Child Neurol 1977,79,524-526.
•

PELIZAEUS-MERZBACHER DISEASE

-Develop

31 160
GII/I CI

In typical cases Pelizaeus-Merzbacher disease (PMD) is an X-lmked disorder affecting the myehnation of the central nervous system in children (Zeman et al 1964). A connatal type with
complete deficiency of myelin has been isolated by Seitelberger (1954) and a transitional form
by Jcllmger and Seitelberger (1969). Nystagmus, ataxia and spasticity, involuntary movements,
grey discoloration of the optic discs, microcephaly, subnormal somatic growth and mental
retardation are typical features. A congenital and transient stridor can be part of the clinical
picture (Renier et al 1981). The patients desenbed by Plott (1964) and by Walters and Fitsch
(1973) (30 885) with congenital laryngeal abductor paralysis and MR are probably cases of
PMD (Renier et al. 1981).
Jellinger К., Seitelberger F. . Pelizaeus-Merzbacher disease Transitional form between classical
and co-natal (Seitelberger) type - Acta Neuropathol. (Beri)
1969,14,108-117.
Plott D. Congenital laryngeal abductor paralysis due to nucleus ambiguus dysgenesis in three
brothers - New Engl. J. Med. 1964, 271,593-597
Renier W.O., Cabreéis F.J.M , Hustinx Τ W J., Jaspar H H J., Geelen J.A.G , van Haelst U.J.G.,
Lommen E.J.P., Ter Haar B G A . Connatal Pelizaeus-Merzbacher disease with congenital
stndor in two maternal cousins - Acta Neuropathol (Beri) 1981,54,11-17.
Seitelberger F. Die Pelizaeus-Merzbacher Krankheit. Klinisch-anatomische Untersuchungen
zum Problem ihrer Stellung unter den diffusen Sklerosen. Wien Ζ Nervenheilk. 1954, 10,
397405
Watters G V., Fitsch N. Familial laryngeal abductor paralysis and psychomotor retardation
Clm.Genet. 1973,4,429-433.
Zeman W , De Mijer W., Falls H.F. Pelizaeus-Merzbacher disease. A study in nosology — /.
Neuropathol. Exp. Neurol. 1964, 23, 334-354.
•

ADRENOLEUKODYSTROPHY

30.010
GII/I C2

This X-linked disease is an association of diffuse cerebral demyelination and cerebral sclerosis
(Schilder disease) and atrophy of the adrenal cortex (Addison disease). It is characterized by a
subacute, progressive mental and neurologic deterioration. Behavioral disturbance, decrease of
visual and auditory acuity, stiffness and hypenefiexia, and dysarthria may precede or follow
the adrenal insufficiency. The onset of the illness is between three and ten years Morphologic
anomalies in fibroblasts of patients and of a heterozygous woman have been described by
Ropers et al. (1977) An accumulation of fatty acids havmg chain lengths of C22 to Cje w a s
demonstrated in the cholesterol ester fraction of the white matter from two patients by Menkes
and Corbo (1977).
Menkes J.H , Corbo L.M : Adrenoleukodystrophy . Accumulation of cholesterol esters with
very long chain fatty acids - Neurology 1977,27, 928-932.
Ropers H.H., Zimmermann J., Wienker Τ
Adrenoleukodystrophy (Siemerlmg-Creutzfeldt
disease) Heterozygote with clonal fibroblast populations - Gin. Genet. 1977,11,114-117.
Schaumberg Η Η., Powers J.M , Raine CS , Suzuki К., Richardson L P. Adrenoleukodystrophy
a clinical and pathological study of 17 cases - Arch. Neurol. 1975,32, 577-591
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DIFFUSE CEREBRAL SCLEROSIS (TYPE SCHOLZ)

30 270
GII/IC3

This leucodystrophy begins with cortical deafness and receptive aphasia between the age of
eight and ten years, later on cortical blindness and spasticity appear
As description of this disease dated from the penod that biochemically defined leucodystrophies were unknown, this disease is perhaps the same as the disease now described as
metachromatic leucodystrophy of the juvenile type Although this disorder has repeatedly been
described in the literature, it is perhaps not an entity
Scholz W Klinische, pathologisch-anatomische und erbbiologische Untersuchungen bei familiärer, diffuser Hirnsklerose im Kmdcsalter - Ζ Ges Neurol Psychiat 1925,9,651-717

?

·

SPINAL PARAPLEGIA

31290
GII/I Dl

Baar and Gabriel (1966) described five generations m a family with 13 male cases who showed
cerebral palsy consisting of a spastic tetraparesis, muscle atrophy and contractures, athetoid
arm movements, dysarthnc articulomotor movements and nystagmus IQ ranged from 20 to 40
Mortahty in the first year was high In one case a very small skull was mentioned Primary
microcephaly or Pelizaeus-Merzbacher disease were not excluded
Baar H S , Gabriel A M

">

·

Sex-hnked spastic paraplegia - Am J ment Defìc 1966, 71,13-18

SPINAL PARAPLEGIA WITH SPINOCEREBELLAR DFGENERATION

31290
GII/I D2

The family reported by Johnston and McKusick (1962) showed an early onset of spinal paraplegia with progressive wasting of the muscles and decreased sensibility of the legs There were
slow progression and long survival with involvement of the cerebellum, cerebral cortex and
optic nerves Neuropathological studies confirmed corticospmal and spinocerebellar degeneration Delineation of this syndrome as an entity is not based on solid grounds
Johnston A W , McKusick V A
A sex-hnked recessive inheritance of spastic paraplegia
J hum Genet 1962,14, 83-94

SPASTIC PARAPLEGIA WITH LEBER'S OPTIC ATROPHY

-Am

31110
GII/I D3

fi-uyn and Went (1964) reported on a neurodegenerative disorder associated with optic atrophy
The neurological disorder consisted of elements of a spastic paraplegia and of Hallervorden
Spatz disease
Bruyn G W , Went L N
A sex-linked heredo-degenerative neurological disorder, assoaated
with Leber's optic atrophy I Clinical studies -J Neurol Sci 1964,7,59-80

DYSTONIA-DEAFNESS SYNDROME

30 505
GII/I IM

Scnbanu and Kennedy (1977) described three males m three generations with neural deafness
in infancy or childhood, followed years later by dystonia and possible intellectual impairment
Neuropathological examinations revealed neuronal loss m the basal ganglia
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Sen banu Ν , Kennedy С
intellectual impairment
235-243

о

Familial syndrome with dystonia, neural deafness, and possible
clinical course and pathological findings - Adv Neurol 1977,14,

CEREBELLAR ATAXIA AND HYPOGONADISM

30 740
GII/I D5

Volpe et al (1963) described a hypogonadotrophic hypogonadism in two brothers, the cerebellar
signs were relatively mild Matthews and Run die (1964) reported on two brothers with the
same association , the proband slowly deteriorated and developed dementia Autosomal recessive
inhentante was not excluded and was present in the family pubhshed by Neuhauser and Opitz
(1975), pointing to genetic heterogeneity within this clinical entity
Matthews W В , Rundle A Τ Tamihal cerebellar ataxia and hypogonadism - Brain 1964,87,
463-468
Neuhauser G , Opitz J M Autosomal recessive syndrome of cerebellar ataxia and hypogona
dotrophic hypogonadism - От Genet 1975,7,426-434
Volpe R , Metzlcr W S , Johnston M W Familial hypogonadotrophic eunuchoidism with cere
bellar ataxia - / Clin Endocrm 1963,25,107-115

•

CEREBELLAR ATROPHY WITH EXTRAPYRAMIDAL INVOLVEMENT

30 260
GII/I D6

Malamud and Cohen (1958) described a family with an X linked unusual form of cerebellar
ataxia, with slowly progressive deterioration of motor and mental abilities and later on progress
ive extrapyramidal signs
Lateral and third ventricles were normal Anatomical changes involved the cerebellar and
extrapyramidal systems
Malamud N , Cohen Ρ Unusual form of cerebellar ataxia with sex linked inheritance - Neur
ο/θ£>Ί958,5,261-266

•

PROGRESSIVE PSEUDOHYPERTROPHIC MUSCULAR DYSTROPHY
OF DUCHENNE

Duchenne muscular dystrophy is a primary myopathy
a concomitant reduction m intellectual functionmg
progressive, not correlated with the stage of seventy
effect of the same mutant gene MR seems related
(Rosman and Kakulas 1966)

31 020
GII/I El

associated m 30 % of the patients with
The impairment of intelligence is not
of the disease, and likely to be another
to central nervous system involvement

Rosman Ν Ρ , Kakulas В A Mental defiaency associated with muscular dystrophy
pathological study - Bram 1966,89, 769-788

A neuro

•

31010
GII/I E2

PROGRESSIVE PSEUDOHYPERTROPHIC MUSCULAR DYSTROPHY
OF BECKER

This more tardive muscular dystrophy showed the same histopathological features as the
Duchenne muscular dystrophy In 20 % of the patients intelligence is reduced
Ringel S Ρ , Carroll J E , Schold S С The spectrum of mild X-lmked recessive muscular
dystrophy -Arch Neurol 1977,34, 408416
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•

TARDIVE MUSCULAR DYSTROPHY WITH CONTRACTURES
(Emery-Dteifuss type)

31.030
GII/I E3

This X-linked recessive benign muscular dystrophy is characterized by a proximal muscle weakness, early contractures and cardiac arrhythmia. The muscle histopathology of this syndrome is
this of a nonspecific myopathy. MR is possible.
Emery A.E.H., Dreifuss F.E. : Unusual type of benign X-linked muscular dystrophy -J. Neurol.
Neurosurg. Psychiat. 1966,29, 338-342.

•

MUSCULAR ATROPHY, MICROCEPHALY, MENTAL RETARDATION

30.960
GII/I E4

Allan et al. described an X-linked recessive MR associated with general muscular atrophy and
microcephaly. Muscular weakness became evident at the age of six months. The affected males
never walked and speech was inarticulate.
Allan W., Hemdon C.N., Dudley F.C. : Some examples of the inheritance of mental deficiency :
apparently sex-linked idiocy and microcephaly - Am. J. ment. Defic. 1943-1944,45,325334.

•

MYOTUBULAR MYOPATHY

31.040
GII/I E5

An X-linked recessive myopathy has been described in a Dutch family in which 21 male infants
from four generations were affected by an idiopathic generalized congenital neuromuscular
disorder characterized by small muscle fibers with central nuclei. Neonatal death occurred in
all affected infants. Nothing is known about mental development. No MR was noted in the
family (Barth 1982).
Barth P.G., Wijngaarden van G.K., Bethlem J. : X-linked myotubular myopathy with fatal
neonatal asphyxia -Neurology 1975,25,531-536.
Barth P.G. : Personal communication (1982).

•

NORRIE 'S DISEASE (ATROPHIA BULBORUM HEREDITARIA ;
PSEUDOGLIOMA)

31.060
GII/II1

This disease is characterized by a congenital progressive oculo-acustico-cerebral degeneration.
Involvement of both eyes must take place in as early as the fifth or sixth embryonic week. The
cerebral disorder is not evident until several years after birth and the sensory hearing loss even
later. Ocular pathology induced congenital retinal pseudoglioma, irisatrophy, cataract and band
keratopathy.
Warburg M. : Norrie 's disease - Birth Defects : Original Article Series 1971, 7,117-124.

•

MICROPHTHALMIA ASSOCIATED WITH
MULTIPLE MALFORMATIONS

30.980/30.970
GII/II 2

A type of microphthalmia described by Lenz (1955) in association with multiple congenital
malformations : eye anomalies, narrow shoulders, vertebral, digital and dental anomalies,
short stature, urogenital and cardiovascular malformations. Microcephaly and MR have also
been reported. Eye anomalies consist of uni- or bilateral microphthalmos, microcornea and
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colobomas. X-linked bilateral anophthalmia was described by Hoefnagel et al. (1963). Microphthalmia with corneal changes was also reported by Roberts (1937) andby Stephens (1947). In
some patients MR was described (Roberts 1937). However the possibility of Norrie disease
cannot be ruled out in these families.
Hoefnagel D., Keenan M.E., Allen F.H. : Heredofamilial bilateral anophthalmia -Arch. Ophthal.
1963,69,760-764.
Lenz W. : Rezessiv-geschlechtsgebundene Mikrophthalmie mit multiplen Missbildungen Ztschr. Kinderheilk. 1955, 77, 384-390.
Roberts J.A.F. : Sex-linked microphtalmia sometimes associated with mental defect — Brit.
Med. J. 1937,2,1213-1216.
Stephens F.E. : A case of sex-linked microphthalmia - / . Hered. 1947,38, 307-310.

•

CONGENITAL TOTAL CATARACT

30.220
GII/II 3

Affected males have nuclear cataract and the heterozygous females have posterior sutural
opacities. In some cases MR has been mentioned (Krill et al. 1969). This disorder must be
differentiated from the family with congenital cataract and microcornea or slight microphthalmia
described by Waardenburg (1961) and from the Lenz syndrome (1955) with microphthalmia
andmultiple malformations (see GII/II 2,30.970).
Krill A.E., Woodbury G., Bowman J.E. : X-chromosomal-linked sutural cataracts - Am. J.
Ophthal. 1969.65,867-872.

(D) AICARDI SYNDROME

30.405
GII/II 13

Infantile spasms, (pseudo)toxoplasmosis-ljke chorioretinal abnormality, corpus callosum
agenesis, and skeletal anomalies (ribs, vertebrae) are the typical features of this syndrome.
Inheritance seems X-linked dominant with lethality in males.
Aicardi J., Chevric J.J., Rousselie F. : Le syndrome spasmes en flexion, agénésie calleuse,
anomalies chorio-rétiniennes - Arch. Franc. Pédiat. 1969,26, 1103-1120.
Renier W., Cabreéis F., Mol L., Korten J. : Agenesis of the corpus callosum, chorioretinopathy
and infantile spasms (Aicardi syndrome) - Psychiat. Neurol. Neurochir. 1973, 76, 39-45.

•

CONGENITAL SENSORINEURAL HEARING LOSS

30.450
GII/III 1

In the congenital type of this form of deafness, mental retardation has been described in some
cases (Parker 1955, Deraemaeker 1958, McRae et al. 1969). A sensorineural hearing loss of 70 to
100 dB involves all frequencies. In the patients with an early onset and moderate type of Xlinked sensorineural hearing loss intelligence is normal.
Deraemaeker R. : Sex-linked congenital deafness - Acta Genet. Statist. Med. (Basel) 1958, 8,
228-231.
McRae K.N., Uchida I.A., Lewis M. : Sex-linked congenital deafness - Am. J. hum. Genet.
1969,27,415422.
Parker N. : Congenital deafness due to a sex-linked hereditary deafness - Am. J. hum. Genet.
1955,7,201-203.
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о

ATAXIA, DEAFNESS AND RETARDATION (ADR) SYNDROME

20 885
GII/III 2

Berman et al (1973) described three negro brothers with infantile onset of a progressive truncal
ataxia, horizontal nystagmus and dysarthria, signs of both upper and lower motor neuron
disease and muscular atrophy of the lower extremities, and hearing loss Mental retardation
(IQ 50-60) was also mildly progressive Autosomal recessive inheritance was not excluded
Berman W , Haslem R H , Komngsmark В W , Capute A J , Migeon С J Anew familial syndrome
with ataxia, hearing loss, mental retardation Arch Neurol 1973,29,258-261

(D) ·

FRONTOMETAPHYSEAL DYSPLASIA

13 674
GII/III 3

Patients show a characteristic facies marked by pronounced supra-orbital ridge, frontal hyper
ostosis, and a pomted chin Wasting of the arms and legs muscles with flexion deformity of
joints, cryptorchidism, a wide range of skeletal changes and mixed but mostly conductive
deafness are other clinical findings The disorder may be genetically heterogeneous Autosomal
dominant inheritance is possible in some instances X-lmked recessive inheritance has been
documented These patients had severe mental retardation (Jarvis and Jenkins 1975)
Gorlin R J , Cohen M M Ir
Fronto-metaphyseal dysplasia A new syndrome - Am
Child 1969,118, 487-494
Jarvis G A , Jenkins E С SyndromeIden
1975, J (1), 18-19

о

BROAD TERMINAL PHALANGES, ABNORMAL FACIES AND
SENSORINEURAL DEAFNESS

J Dis

25 598
GII/III 4

Syndrome characterized by broad terminal phalanges except for those of the fifth fingers,
which showed clinodactyly , an unusual facies marked by ocular hypertelorism , a large nose
with a high bridge and prominent nasal alae , protruding upper lip Head circumference was
large The younger sibs may have ptosis of the eyelids and mild hydrocephalus There is uni- or
bilateral sensorineural hearing loss One sib was severely mentally retarded Inheritance can be
X-lmked or autosomal recessive
Keipert J A , Fitzgerald M G , Danks KM
A new syndrome of broad terminal phalanges and
facial abnormalities - Austr Paediatr J 1973,9,10 13

•

ОТО PALATO-DIGITAL (OPD) SYNDROME

31130
GII/III 5

Characteristic of this syndrome are pugilistic facies, broad nasal root, hypertelorism, frontal
and occipital bossing, small mandible, cleft palate, growth retardation, widely spaced first and
second digits and shortened halluces, a wide variety of skeletal abnormalities, moderate con
ductive hearing loss and mild mental retardation The syndrome is transmitted in an X linked
recessive manner Female heterozygotes exhibit prominent supra-orbital ndges and minor
skeletal abnormalities
Dudding В A , Gorhn R J , Langer L О The oto-palato-digital syndrome -Am J Dis Child
1967,113, 214-221
Gorlm R J , Poznanski А К , Hendon I The oto-palato-digital syndrome (OPD syndrome) in
females Heterozygotic expression of an X linked trait Oral Surg 1973,35,218
224
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Langet L O The roentgenographic features of the oto-palato-digital (OPD) syndrome
J Roentgenol 1967,700,63-70

•

ICHTHYOSIS AND HYPOGONADISM

-Am

30 820
GII/IV 1

The male patients have congenital ichthyosis over the scalp and the extensor surfaces of the
extremities, bilateral cryptorchidism, hypogonadism and MR In addition they may have a
short stature, and endocrine secretory disorders concerning insuline, ACTHand growth hormone
(Abe et al 1976), or gonadotrophic hormones (Lynch et al 1960) In the family reported by
Bardm (1971) and by Perrin et al (1976) most patients showed anosmia (Kallmann syndrome
or De Morsier syndrome 30 870) X-hnked ichthyosis is most likely a heterogeneous condition
Abe К , Matsuura M N , Murayama Τ , Uzuki К , Endo M , Miyakoshi M , Okuno A X-hnked
ichthyosis, bilateral cryptorchidism, hypogenitalism and mental retardation in two siblings
-Chn Genet 1976,9,341-345
Bardin С W Hypogonadotrophic hypogonadism in patients with multiple congenital defects
Birth Defects Original Article Series 1971, 7,175-178
Lynch Η Τ , Ozer l· L , McNutt С W, Johnson J E , Jampolsky N A
Secondary male hypo
gonadism and congenital ichthyosis Association of two rare genetic diseases -Am J hum
Genet 1 9 6 0 , 7 2 , 4 4 0 ^ 4 7
Perrin J С S , Idemoto J Y , Sotos J Ρ , Maurer W F., Steinberg A G X-hnked syndrome of
congenital ichthyosis, hypogonadism, mental retardation and anosmia - Birth Defects
Original Article Series 1976,12, 267-274

•

KERATOSIS FOLLICULARIS, ALOPECIA, DWARFISM,
CEREBRAL ATROPHY

30 883
GII/IV 2

A distinct aggregate of multiple anomahes m four male children and three of their maternal
uncles were described by Cantu et al (1974) The disorder consists of generahzed keratosis
follicularis with alopecia generahsata, microcephaly and micrognathy, severe cortical and
subcortical cerebral atrophy, epilepsy and dwarfism
Cantu J M , Hernandez A , Larracilla J , Terejo A , Macotela-Ruiz E A new X-linked recessive
disorder with dwarfism, cerebral atrophy, and generahzed keratosis follicularis - / Pediat
1974,84, 564-570

•

DYSTROPHIA BULLOSA HEREDITARIA (TYPUS MACULATUS)

30 200
GII/IV 3

This rare disease is described in only one family from Amsterdam The clinical features are,
after a normal b u t h , spontaneous bullae formation during 2-3 years, alopecia, hyper- and
depigmentation, acrocyanosis, dwarfism, cryptorchidism with small testes, microcephaly and MR,
short tapering fingers and sometimes nail dystrophy and aorta angusta Gonadotrophm excretion
was low in two patients There is cerebral atrophy
Woerdeman M J.
702,111-116

Dystrophia bullosa hereditaria, typus maculatus - Ned

Τ Geneesk

1958,
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CUTIS VERTICIS GYRATA, THYROID APLASIA AND MENTAL RETARDATION

30.4 20
GII/IV 4

Âkesson (1965) reported on five males, one of whom in detail, in a Swedish family. MR was
severe. Cretinism was associated with a normal head circumference, normal genitals and normal
reflexes. Total gonadotrophins were low. At autopsy there was an aplasia of the thyroid gland,
generalized arteriosclerosis and no gross brain lesions.
Âkesson H.D. : Cutis verticis gyrata, thyroaplasia and mental deficiency - Acta Genet. Med.
Gemellol. 1965,14, 200-204.

•

ANHIDROTIC ECTODERMAL DYSPLASIA AND ANODONTIA

30.510
GII/IV 5
The patients suffer from a lack of sweat and mucous glands. They have intolerance for heat.
Oral mucosa and skin are thin. There is a hypotrichosis. Anodontia or hypodontia is present.
Ten percent of the carrier women show some expression of the disorder. MR is variable between
the described families.
Halperin S.L., Curtis G.M. : Anhidrotic ectodermal dysplasia associated with mental deficiency
-Am. J. ment. Deflc. 1942,46,459-463.

•

THE VAN DEN BOSCH SYNDROME

31.450
GII/IV 6
This syndrome was described in 1959 in a single Dutch family. The clinical features are MR,
acrokeratosis verruciformis, anhidrosis, intolerance to heat, choroideremia, myopia and
nystagmus, and retarded somatic growth.
Van den Bosch J. : A new syndrome in three generations of a Dutch family - Ophthalmologica
1959,757,422^23.

•

DYSKERATOSIS CONGENITA (ZINSSER-COLE-ENGMAN SYNDROME)

30.500
GII/IV 7
This syndrome is a rare genodermatosis. The manifestations of the disease are multisystemic.
Mainly the ectoderm is involved with recticulated hyperpigmentation of the skin, nail dystrophy,
and leukoplakia of the mucous membranes. Pancytopenia and malignancy are serious and fatal
complications. Also MR is described in 42 % of the cases (IQ 55-93) and in a few cases hypogonadism is present. The disease has occurred almost exclusively in males.
Sirinavin C, Trowbridge A.A. : Dyskeratosis congenita : clinical features and genetic aspects.
Report on a family and review of the literature - J. Med. Genet. 1975,12, 339-354.

(D) FOCAL DERMAL HYPOPLASIA (GOLTZ SYNDROME)

30.560
GII/IV 10
Goltz et al. (1962) described this syndrome characterized by focal dermal hypoplasia with fat
herniations, digital anomalies, and hypoplastic teeth. In some cases microphthalmos and coloboma of the iris can be present. MR in most cases is severe. Inheritance is X-linked dominant
or multifactorial (Toro-Sola et al. 1975).
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Goltz R.N., Henderson R.R., Hitch J.M., Ott J.E. : Focal dermal hypoplasia syndrome. A
review of the literature and report of two cases —Arch. Derm. 1970,101,1-11.
Toro-Sola Μ.Α., Kistenmacher M.L., Punnett H.H., Digeorge A.M. : Focal dermal hypoplasia
syndrome in a male - Clin. Genet. 1975, 7, 325-327.

(D) INCONTINENTIA PIGMENTI (BLOCH-SULZBERGER SYNDROME)

30.830
GII/IVll

This dermatologica! abnormality is inconsistently associated with malformations of other
organs. The condition is inherited as X-linked dominant with lethality in males. Mosaicism has
been suggested in some male patients.
Carney R.G., Carney R.G. Jr. : Incontinentia pigmenti -Arch. Derm. 1970,102,157-162.

HYPOGONADISM, SKELETAL ANOMALIES, DIABETES MELLITUS

30.750
GII/V 1

Sohval and Soffer (1953) described two brothers with hypogonadism and testicular insuf
ficiency, MR and multiple osseous anomalies (cervical vertebral anomalies, atlanto-occipital
fusion of spinous processes, hypertrophic ribs, cubitus valgus). Endocrine anomalies included
androgen deficiency, aspermatogenesis, gynecomastia, feminine type pubic hair, increased
urinary gonadotropins due to germinal aplasia and tubulae fibrosis, and diabetes mellitus. (This
syndrome is also called : the male counterpart of Turner's syndrome). X-linked inheritance is
suggested but not proved.
Sohval A.R., Soffer L.J. : Congenital familial testicular deficiency - Am. J. Med. 1953, 14,
328-348.

•

THE BORJESON-FORSSMAN-LEHMANN SYNDROME : IDIOCY, EPILEPSY, 30.190
ENDOCRINE DISORDER
GII/V 2

All patients are male and have a severe MR, microcephaly with grotesque full-moon face and
large ears, general obesity and hypometabolism, hypogonadotrophic hypogonadism and dwar
fism. Pathological changes included cerebral anomalies fin distinct cortical lamination with
neuronal cell loss, demyelination, frontal ventricle dilatation, hypophyseal hypoplasia) and
genital hypoplasia with aplasia of germinal cells and Ley dig cell hyperplasia. The patients of
Baar and Galindo (1965) had some similarity but cerebral changes were more severe.
Baar H.S., Galindo J. : The Börjeson - Forssmann - Lehmann syndrome - J. ment. Defìc. Res.
1965,9,125-130.
Börjeson M., Forssmann H., Lehmann О. : An X-linked recessive inherited syndrome charac
terized by grave mental deficiency, epilepsy, and endocrine disorder -Acta Med. Scand.
1962,171, 13-21.

•

X-LINKED MR WITH GROWTH RETARDATION, DEAFNESS AND
MICROGEN ITALISM

GII/V 3

Juberg and Marsidi (1980) described a boy and two maternal uncles with severe MR, growth
less than the third percentile, and significantly delayed bone age. They manifested lop ears and
deafness, several ocular abnormalities (small fissures, light retinal pigmentation) and a micro
geni talism. A second report was published by Mattel et al. (1983).
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Juberg R С , Marsidi I A new form of X Linked mental retardation with growth retardation,
deafness,andmicrogenitahsm -Am J hum Genet 1980,52,714-722
Mattel J Γ , CoUignon Ρ , Aymé S , Giraud l· X Linked mental retardation, growth retardation,
deafness and microgenitahsm A second familial report Clin Genet 1983, 23, 70-74

•

THE AARSKOG-SCOTT SYNDROME (FACIAL-DIGITAL-GENITAL
SYNDROME)

30 540
GII/V 4

The syndrome is characterized by short stature and long trunk, peculiar facies (resembling the
G-syndrome) with hypertelorism, broad and short nose, broad upper lip and peculiar curved
linear dimple inferior to the lower lip, abnormalities of the hands and feet, joint laxity, and
saddle anomaly of the scrotum with cryptorchidism Cervical vertebral hypoplasia with spina
bifida occulta was also desenbed MR was only mild Affected men have reproduced Heterozygote female earners may show partial expression of the syndrome Aarskog (1970), Scott
(1971) and Berman et al (1974) suggested an X-lmked recessive mode of inheritance, while
Sugerman et al (1973) favored a sex-influenced autosomal dominant one
Aarskog D
A familial syndrome of short stature associated with facial dysplasia and genital
anomahes - / Pediat 1970, 77, 856 861
Berman Ρ , Desjardins С , Fraser F С Inheritance of the Aarskog syndrome Birth Defects
Original Article Senes 1974,10, 151-159
Scott С I Jr Unusual facies, joint hypermobihty, genital anomaly and short stature a new
dysmorphic syndrome The Clinical Delineation of Birth Defects X The Endocrine System
Birth Defects Original Article Series 1911,7, 240-246
Sugarman G I, Rimom D L, Lachman R S The facial-digital-gemtal (Aarskog) syndrome Am J Dis Child 1973,126, 248-252

(D) THE G-SYNDROME . HYPOSPADIAS, HYPERTELORISM, DYSPHAGIA

30 710
GII/V 5

Opitz et al (1969) reported on four brothers with a syndrome consistmg of typical facies with
hypertelorism, hypospadias sometimes associated with cryptorchidism and bifid scrotum MR
is not a constant feature and motor development is normal Minor ear anomalies and m one
case an imperforate anus were mentioned A neuromuscular defect of the oesophagus causes
swallowing difficulties In a follow up study stndorous respiration seems an important feature
The females have minor stigmata and stridor An autosomal dominant inheritance with incom
plete penetrance, and predommantly expressed in the male sex and minimal or no manifestations
in the "transmitters" of the gene have been postulated (Little and Opitz 1971)
Little J R , Opitz J M The G-syndrome - Am J Dis Child 1971,121, 505-507
Opitz J M , Prias J L , Gutenberger J E, Pellett J R The G-syndrome of multiple congenital
anomalies Birth Defects Ongmul Article Series 1969,5, 95-101

(D) THE В В SYNDROME : HYPOSPADIAS, TELECANTHUS

31 360
GII/V 6

Telecanthus or dystopia canthorum was associated in male patients with hypospadias of variable
degree, hypogonadism, cryptorchidism and urinary malformations In some cases there was
also cleft palate and lip, and coarctation of the aortic arch or ASD In three of eight patients
there was MR The syndrome seems to be caused by an autosomal dominant mutation with
male limitation It is transmitted by females with hypertelorism
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Opitz J M , Sumimtt R L , Smith D W The BBB syndrome famibal telecanthus with associ
ated congenital anomalies Birth Defects Original Article Senes 1969,5, 86-94

THE VAN BENTHEM SYNDROME

GII/V 7

Van Benthem et al (1970) desenbed a family m which all male offspring displayed identical
clinical features including testes agenesis, serious chest deformities with pulmonary disorders,
poor weight gain, hypoplasia of the musculature and knee contracture, absence of subcutaneous
fatty tissue, severe MR and dohchocephaly In one case hypospadias was present The disorder
can be X linked or autosomal recessive, but no girls were affected
Van Benthem L H В M , Onessen О , Haneveld G Τ , Rietema Η Ρ Qyptorchidism, chest
deformities, and other congenital anomahes in three brothers -Arch Dis Child 1910,45,
590-592

•>

THE RUD SYNDROME

GH/V 8

The Rud syndrome is the eponyrmc designation for the constellation of mental deficiency,
epilepsy, dwarfism, hypogonadism and congenital ichthyosis In addition to these cardinal
features, patients with this disorder may also have macrocytic anemia, polyneuritis, partial
gigantism or retinitis pigmentosa X-linked inheritance is one possibility, but the clinical and
genetic features of Rud's and related syndromes are still in doubt (Wells and Kerr 1965)
Mac Gillivray R С The syndrome of Rud - Am J ment Defic 1954 1955, 59, 67
Rud E Et Tilfacde af infantilisme med tetani, epelepsi, polyneuritis, ichthyosis eg anaemi af
permets type - Hospitalstidende 1927, 70, 525
Wells R S , Kerr С В Genetic classification of ichthyosis - Arch Derm 1965, 92,1-6
York-Moore M Ь , Rundle Α Τ Rud's Syndrome - / ment Dcfic Res 1962, 6, 108

THE KALLMANN SYNDROME (DYSPLASIA OLFACTOGENITALIS
OFDEMORSIER)

30 870
GII/V 9

Affected males have anosmia due to agenesis of the olfactory lobes and hypogonadism secondary
to low gonadotrophin secretion Hypothalamic involvement is suggested Anosmia however can
be an X-linked dominant trait (30 170) A low normal IQ or a mild degree of MR can be present
(Wegenkeet al 1975)
De Morsier G Etudes sur les dystrophies cranio-encephaliques I Agenesie des lobes olfactifs
(telencephaloschizis lateral) et des commissures calleuse et antérieure (telencephaloschizis
median) la dysplasie olfactogénitale Schweiz Arch Neurol Psychiat 1954,74,309-361
Kallmann F J , Schoenfeld W A , Barrera S E The genetic aspects of primary eunuchoidism Am J mentDefic 1944,4*, 203-236
Wegcnkc J D , Vehling D Τ , Wear J В Jr, Gordon Ь S , Bargman J G , Deacon J S R , Herr
mann J Ρ R , Opitz J M Familial Kallmann syndrome with unilateral renal aplasia - От
Genet 1975,7,368-381

SKELETAL DYSPLASIA AND ABDUCENS PARESIS (WITH DIABFTES)

30 962
GII/VI 1

Christian et al (1977) described in four male cousins of three sibships a syndrome consisting
of skeletal anomalies, including short stature, ridging of the metopic suture, broad nasal bridge,
vertebral anomahes and short middle phalanges with chnodactyly of the fifth finger In addition
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the male patients had moderate MR (IQ 50-68) and palsy of the abducens nerve. Three patients
had diabetes. One had an imperforate anus. Genitals were normal. Minor manifestations were
present in carrier females.
Christian J.C., De Myer W., Franken E.A., Huff J.S., Khairi S., Reed T. : X-linked skeletal
dysplasia with mental retardation - Clin. Genet. 1977,11,128-136.

THE W SYNDROME (PALLISTER SYNDROME)

31.145
GII/VI 2

The syndrome is characterized by prematurity, MR, seizures, slight spasticity and tremor, a
boxer's face, cleft palate and lip, short mandible, cubitus valgus, lateral bowing of radii and
camptodactyly. Heterozygous females were mildly affected.
Pallister P.D., Herrmann J., Spranger J.W., Gorlin R.J..Langer L.OJr., Opitz J.M. : The W
syndrome. Birth Defects : Original Article Series 1974,10,51-60.

о

EPIPHYSEAL DYSPLASIA, SHORT STATURE, MICROCEPHALY AND
NYSTAGMUS

22.696
GII/VI3

Lowry and Wood (1975) described two brothers with this condition. They showed multiple
epiphyseal dysplasia, dwarfism, microcephaly, MR, horizontal nystagmus associated with
normal vision. The syndrome is an X-linked or autosomal recessive trait.
Lowry R.B., Wood B.J. : Syndrome of epiphyseal dysplasia, short stature, microcephaly and
nystagmus - Qin. Genet. 1975,«, 269-274.

о

THE N SYNDROME (HESS SYNDROME)

25.597
GII/VI 4

Hess et al. (1974) described this multiple congenital anomaly-mental retardation (MCA/MR)
syndrome in two brothers. They described a complex of features as hypotelorism, spastic
quadriplegia, overtubulation of long bones, hypospadias, hypoplastic scrotum, broad cervical
spinal canal, nystagmus, deafness, laterally overlapping upper eyelids, large corneas and abnor
mal auricles. At autopsy there were striking cortical cytoarchitectural changes. Autosomal
recessive inheritance remains possible.
Hess R.O., Kaveggia E.G., Opitz J.M. : The N syndrome, a "new" multiple congenital anomalymental retardation syndrome - Clin. Genet. 1974, 6, 237-246.

о

FACIAL DYSMORPHIA

GII/VI 5

Morillo-Cucci et al. (1975) described a new syndrome of facial dysmorphia in two brothers,
associated with growth retardation and MR. Facial dysmorphia consisted of temporal bossing,
hypertelorism and low set ears. There was also hyperextensibility of the joints and bilateral
clinodactyly of the fifth finger. Autosomal recessive inheritance is not excluded.
Morillo-Cucci G., Passarge E., Simpson J.L., Chaganti R.S.K., German J. : Two male sibs with
a previously unrecognized syndrome : facial dysmorphia, hyperextensibility of joints,
clinodactyly, growth retardation and mental retardation - Birth Defects : Original Article
Series 1915,17,380-383.
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(D) FAMILIAL CHONDRODYSTROPHY SIMULATING PARASTREMMATIC
DWARFISM
(SPONDYLOMETAPHYSEAL DYSPLASIA, Richmond type).

31.342
GII/VI10

This form of chondrodystrophy is clinically characterized by coarse fades, strabismus and
searching nystagmus, marked contractures of the knees and hips, hyperextensible fingers,
kypho-scoliosis, protruding sternum and enlarged joints. There is also ataxia of the trunc and
upper extremities in addition to paresis of the lower cranial nerves suggesting herniation of the
medulla oblongata due to subluxation of the dens. There is mild psychomotor retardation with
disproportionately severe speech impairment. X-ray findings include universal platyspondylia
without anterior beaking, lace-like ossification of the end plates, metaphyses of the femora,
tibiae and iliac bones, marked flaring of the metaphyses of the long bones and sclerosis of the
base of the skull. Carrier females had mild facial and bone abnormalities.
Golden W.L., Mamunes P., Kodroff M.B. : A new familial chondrodystrophy simulating parastremmatic dwarfism (abstract) -Am. J. hum. Genet. 1977,29,49A.

(D) THE OCCIPITAL HORN SYNDROME

31.095
GII/VI 11

Occipital bony horns, skeletal dysplasia, intestinal malabsorption and obstructive uropathy
form the elements of this syndrome described in one family. Autosomal dominant inheritance
is not excluded.
Lazoff S.G., Rybak J.J., Parker B.R., Luzzatti L. : Skeletal dysplasia, occipital horns, intestinal
malabsorption, and obstructive uropathy - a new hereditary syndrome. Birth Defects :
Original Article Series 1975,5, 71-74.

(D) MR WITH OSTEOCARTILAGINOUS ANOMALIES (COFFIN-LOWRY
SYNDROME)

30.360
GII/VI 12

Coffin et al. (1966) reported on two unrelated boys with small stature and MR. They had also
very large soft hands, pectus carinatum, lax ligaments, anomalies of vertebrae and other bones,
and a peculiar facies (frontal bossing, hypertelorism, downward slant of the palpebral fissures,
prognathism of the mandible, crowded teeth, thick nasal septum, large ears). Lowry et al. (1971)
described a similar phenotype and proposed X-linked dominant inheritance. In his patients
hydrocephalus was possibly present. In a skin biopsy in a case of Coffin et al. there was almost
complete lack of elastic fibers. Biopsy of the iliac crest showed immaturity and lack of normal
hypertrophy of chondrocytes.
Coffin G.S., Siris E., Wegienka L.C. : Mental retardation with osteocartilaginous anomalies Am. J. Dis. Child. 1966,112, 205-213.
Lowry R.B., Miller J.R., Fraser F.C. : A new dominant gene mental retardation syndrome :
associated with small stature, tapering fingers, characteristic fades, and possible hydrocephalus -Am. J. Dis. Child. 1971, 727,496-500.

(D) ORAL-FACIAL-DIGITAL (OFD) SYNDROME (TYPE I)

31.120
GII/VI 13

Cleft jaw, malformations of the face and skull, syndactyly, tremor and MR are the most important features. Inheritance is X-linked dominant with lethality in males.
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Gorlin R J , Psaume J
520 530

Orodigitofacial dysostosis - a new syndrome

(D) CRANIO ORO-DIGITAL (COD) SYNDROME

/ Pediat 1962, 61,

30 412
GII/VI 14

Microcephaly, small mouth, cleft palate, flexed overlapping fingers and syndactyly were found
in the affected Minor expression was present in the mother X-lmked dominant inheritance
with variable expressivity was assumed
FitschN , Jequier S , Papageorgiou A A familial syndrome of cranial, facial, oral and limb
anomalies - Clm Genet 1976,10, 226-231

• o MUCOPOLYSACCHARIDOSIS TYPE II (HUNTER DISEASE)

30 990/25 285
GII/VH 1

Uke MPS-I (Hurler disease), this slowly progressive disorder is charactenzed by macrocephaly,
coarse facies, moderate to severe MR, frequent upper respiratory infections, hepatosplenomegaly,
limitation of joint mobility and generalized skeletal abnormalities of the dysostosis multiplex
type Unlike MPS-I the affected boys have no clouding of the comea (Leroy et al 1966) It is
likely that a juvenile form (type II A) with more severe MR and fatal outcome before puberty
is to be differentiated from a more slowly evolving form (II B) in patients who survive well into
adulthood In any one family only one type of patients is observed The disorder is due to the
deficiency of the enzyme sulfoiduronate sulfatase Scrum beta-galactosidase is high m MPSIIA and low in MPS-IIB (McKusick 1972) Neufeld et al (1977) desenbed two famiües with an
autosomal recessive form
Leroy J G , Crocker А С Clinical definition of the Hurler-Hunter phenotypes A review of 50
patients -Am J Dis Child 1966,112,516 530
McKusick V A Heritable Disorders of Connective Tissue (4th ed ) С V Mosby Co , St Louis,
1972
Neufeld l· F , Liebaers I , Epstein С J , Yatsiu S , Milunsky A , Migeon В R The Hunter
syndrome in females is there an autosomal recessive lorm of iduronate sulfatase deficiency '
Am J hum Genet , 1 9 7 7 , 2 9 , 4 5 5 4 6 1

•

KINKY HAIR DISEASE (MENKES DISEASE)

30 940
GII/VII 2

This progressive disease is characterized by its early onset during the first months of life, with
failure to thrive, almost complete lack of psychomotor development and severe neurological
deficits Hypothermia, hypotonia, epilepsy and later on decerebrate rigidity are the expression
of focal cerebral and cerebellar cortical degeneration and demyelination (Purpura 1976) A
typical feature is the presence of kinky hair (pili torti) Changes m the metaphyses of the long
bones and tortuosity of cerebral arteries have been described Serum copper and ceruloplasmin
values are diminished probably related to a defect in the mtestmal absorption of copper
Glutamic acid may be increased (Danks et al 1972)
Danks D M , Campbell Ρ I , Stevens В J , Mayne V , Cartwnght F Menkes' kinky hair syn
drome An inherited defect m copper absorption with widespread effects - Pediatrics 1972,
50,188 201
Menkes J H , Alter M , Steigleder G К , Weakley D R , Sung J Η A sex linked recessive disorder
with retardation of growth, peculiar hair and focal cerebral and cerebellar degeneration -
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Pediatrics 1962,29, 764-779.
Purpura D.P., Hirano Α., French J.H. : Polydendritic Purkinje cells in X-chromosome linked
copper malabsorption : a Golgi study -Brain Res. 1976,117,125-129.

WILLVONSEDER SYNDROME

31.465
GII/VII 3

Willvonseder et al. (1973) described in three brothers a hereditary disorder with dementia,
spastic dysarthria, vertical eye movement paresis, gait disturbance, splenomegaly and abnormal
copper metabolism, distinct from Wilson's disease. The onset was prepubertal and progression
was slow.
Willvonseder R., Goldstein N.P., McCall J.T., Voss R.E., Tauxe W.N. : A hereditary disorder
with dementia, spastic dysarthria, vertical eye movement paresis, gait disturbance, spleno
megaly, and abnormal copper metabolism - Neurology 1973,23,1039-1049.

•

LESH-NYHAN SYNDROME

30.800
GII/VII 4

The Lesh-Nyhan syndrome is due to deficiency of hypoxanthine-guanine-phosphoribosyltransferase (HGPRT) associated with hyperuricemia. The disorder has its onset at about the age
of six months, when psychomotor retardation becomes evident. Cerebral palsy and choreoathetosis become progressively evident. The rather typical phenomenon of automutilation can
be evident from childhood on. Uric acid stones are also a wellknown feature.
Nyhan W.L., Olivier W.J., Lesh M. : A familial disorder of uric acid metabolism and central
nervous system function - /. Pediat. 1965, 67, 257-263.

•

HYPERURICAEMIA, DEAFNESS, AND NEURODEVELOPMENT AL
ABNORMALITIES

GII/VII 5

High-tone hearing deficit and hypotonia associated with a hyperuricaemia have been described
by Becker et al. (1980) and by Simmonds et al. (1982). Biochemically this syndrome differs
from the Lesh-Nyhan syndrome because APRT and HGPRT are normal. An association of a
superactive PP-ribose-P synthetase and an uric-acid overproduction have been suggested as a
possible biochemical explanation.
Becker M.A., Raivio K.O., Bakay В., Adams W.B. : Variant human phosphorisyl-pyrophosphate
synthetase altered in regulatory and catalytic functions - / . Gin. Invest. 1980, 65,109-120.
Simmonds H.A., Webster D.R., Wilson J., Ungham S. : An X-linked syndrome characterized by
hyperuricaemia, deafness, and neurodevelopmental abnormalities - Lancet 1982, ft
68-70.

•

GLYCEROL KINASE DEFICIENCY

GII/VII 7

A generalized deficiency in glycerol kinase has been described in two brothers by Guggenheim
et al. (1980). Clinical features are moderate psychomotor retardation, spasticity, growth failure,
a Duchenne-like nonspecific myopathy, osteoporosis and adrenal insufficiency. The pedigree
was consistent with either autosomal recessive or X-linked inheritance. Two other families with
X-linked glycerol kinase deficiency and X-linked congenital adrenal hypoplasia with psycho
motor retardation were reported by Baitley et al. (1982). An other family has been described
by Renier et al. (1983).
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Hartley J.A., Miller D.K., Hayford J.T. : Concordance of X-linked glycerol kinase deficiency
with X-linked congenital adrenal hypoplasia
Lancet 1982,2, 733-736.
Guggenheim M.A., McCabe E.R.B., Roig M., Goodman S.I., Lum G.M., Bullen W.W., Ringel
S.P. : Glycerol kinase deficiency with neuromuscular, skeletal, and adrenal abnormalities Ann. Neurol. 1980, 7,441-449.
Renier W.O., Nabben F.A.E., Hustinx T.W.J., Veerkamp J.H., Otten B.J., Ter Laak H.J., Тег
Haar В.G.Α., Cabreéis F.J.M. : Congenital adrenal hypoplasia, progressive muscular dystrophy, and severe mental retardation, in association with glycerol kinase deficiency, in male
sibs. α/η Genet. 1983,24, 449457.

•

HYPERAMMONEMIA, TYPE I

31.125
GII/VII 8

Patients with hyperammonemia type I have a deficiency of omithinetranscarbamylase (OTC).
Persisting vomiting in the neonate and proteine intolerance with postprandial vomiting, lethargy
and occasional changes in muscle tone must lead to suspect the diagnosis.
Campbell A.G.M., Rosenberg L.E., Snodgrass P.J., Nuzum C.T. : Ornithine transcarbamylase
deficiency : a cause of lethal neonatal hyperammonemia in males - New. Engl. J. Med.
1973,2«*,l-6.

GANGLIOSIDOSIS GM 3

30.565
GII/VII 9

The clinical features are failure to thrive, coarse facies, micrognathia, macroglossia, hepatosplcno-megaly, stubby hands and feet and inguinal hemia. This disorder is thought to be due to
a disorder of biosynthesis of gangliosides.
Max S.R., Maclaren N.K., Brady R.O., Bradley R.M., Rennels M.B., Tanaka J., Garcia J.H.,
Comblath M. . Gm (3) Hematoside sphingolipodystrophy - New Engl. J. Med. 1914,291,
929-931.

HYPERPHENYLALANINEMIA/METHYLMANDELICACIDURIA

30.705/30.965
GII/VH 10

Renncrt et al. (1971) described in abstract two brothers with increased phenylalanine and
tyrosine in the plasma. In the urine excessive amounts of phenylalanine but also of mandelic
acid and p-hydroxy-mandelic acid were detected. The patients showed progressive ataxia,
convulsions and retardation evident from the second year of life. A protein-rich diet caused
exacerbation.
Rennert O., Julius R., Aylsworth Α., Williams C , Greer M. ' A new disorder of phenylalanine
metabolism associated with ataxia, convulsions and retardation : methylmalonic aciduria (Abstract) Soc. Pediat. Res. 1971.

•

OCULO-CEREBRO-RENAL SYNDROME (LOWE SYNDROME)

30.900
GII/VH 11

This syndrome is characterized by a trias of clinical features : ocular signs (cortical cataract,
buphthalmos, nystagmus), cerebral signs (severe MR, cortical dysgenesis, hypotonia, areflexia,
abnormal EEG), renal signs (tubular dysfunction and underdevelopment of glomeruli, cryptor-
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chism). Renal dysfunction is apparent through aminoaciduria, reduced ammonia production
and osteoporosis. Carrier females can demonstrate cataract and aminoaciduria after ornithine
loading.
Lowe C.V., Terrey M., Maclachlan E.A. : Organic-aciduria, decreased renal ammonia production,
hydrophthalmos, and mental retardation -Am. J. Dis. Child. 1952,83,164-184.

•

NEPHROGENIC DIABETES INSIPIDUS

30.480
GII/VII 12

In this, also called vasopressin resistent diabetes insipidus the abnormal renal tubuli are inable
to respond to antidiuretic hormone. MR seems to be related to the often occurring state of
dehydration. The carrier females show partial expression of the mutant gene effects. In some
families autosomal dominant inheritance has been demonstrated indicating the heterogeneous
nature of the underlying genetic defects.
Andreoli Т.Е., Schäfer J.A. : Nephrogenic diabetes insipidus. In : Stanbury J.В., Wijngaarden
J.В., Fredrickson D.S. (cds.) : Metabolic Basis of Inherited Diseases - New York, McGraw
Hill, 1978, pp 1634-1659.

(D) ·

NEUROHYPOPHYSEAL DIABETES INSIPIDUS

30.490
GII/VII 13

Forssman has described three X-linked families with a diabetes insipidus ; one was pitressinresistant and two were pitressin-susceptible, the latter representing the neurohypophyseal type.
Forssman H. : Two different mutations of the X-chromosome causing diabetes insipidus - Am.
J. hum. Genet. 1955, 7, 21-27.

•

HYPO-GAMMAGLOBULINAEMIA

30.030/30.823/30.824
GII/VII 14

Although an X-linked syndrome with variable degree of immunodeficiency (Duncan disease,
30.824) has been described and another type of immunodeficiency disorder with increased
IgM (30.823) has been delineated, Bruton type agammaglobulinaemia (30.030) is the longest
known entity. X-linked agammaglobulinaemia is an uncommon disorder, characterized by a
congenital absence of serum immunoglobulins with intact cell-mediated immunity. There is a
good possibility that MR and neurological disease seen in patients with immunodeficiency
disorder are secundar у features.
In recent years increasing attention has been focused upon patients with acute or chronic
encephalitis of proved or suspected viral etiology. Such patient with progressive encephalopathy
of unknown origin and progressive intellectual deterioration associated with cerebellar and
pyramidal signs, seizures and action myoclonus was described by Sacquegna et al. (1982). CTscan showed cerebral atrophy and hydrocephalus. The development of chronic polio-encephalitis
was reported in a patient with infantile X-linked hypogammaglobulinaemia (IgA, IgM, IgG) by
Liwnicz and Marinkovich (1979). In early childhood, the patient had multiple episodes of
purulent infections involving the meninges and the respiratory tract. With continuous admini
stration of gammaglobulin and intermittant use of antibiotics, he survived for 21 years. Neuropathological examination revealed severe cerebral atrophy with neuronal depletion, especially
in the superficial cortical layers, vascular cuffing and moderate gliosis. No intranuclear or intracytoplasmatic inclusions were seen in the CNS.
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bwnicz Β H , Mannkovich V A Chrome polio-encephalitis with cerebral atrophy in infantile
X linked hypogammaglobulmaemia -J Neurol Neurosurg Psychiat 1979,42,357-362
Sacquegna Τ , Pazzaglia Ρ , Baldrati A , D'Allessandro R , De Carolis Ρ , Мая M , Fantini Μ Ρ ,
Paolucci Ρ Progressive encephalopathy assoaated with X-linked agammaglobulinaemia
Eur Neurol 1982,21, 107 111

(D) ALBRIGHT'S HEREDITARY OSTEODYSTROPHY OR PSEUDO-AND
PSEUDO- PSEUDOHYPOPARATHYROIDISM

30 080
GII/VII 18

Pseudo- and pseudo-pseudohypoparathyroidism with small stature, osteodystrophy and extraskeletal calcifications have been described even within the same family The disorder seems to
be X-linked dominant or sex-influenced autosomal dominant Mild to moderate MR is a fre
quently associated feature
Mann J В , Alternan S , Hill A G Albright's hereditary osteodystrophy comprising pseudo
hypoparathyroidism and pseudo pseudohypoparathyroidism, with a report of two cases
representing the complete syndrome occurring in successive generations - Ann Intern
Med 1962,56,315 342
•

SHORT STATURE, OBESITY, HYPOGONADISM AND
MENTAL RETARDATION

GII/VII 21

Young and Hughes (1982) desenbed a sex-lmked disorder with severe mental retardation, short
stature, obesity and hypogonadism Convulsions were mentioned in infancy and childhood
Endocrme studies show high gonadotrophin and low testosterone levels consistent with primary
testicular failure The patients had different and unusual skin diseases ichthyosis vulgaris
without steroid sulphatase deficiency in fibroblasts, atopic dermatitis, or sun-sensitive skin with
numerous freckles
Young I D , Hughes H E Sex-lmked mental retardation, short stature, obesity and hypo
gonadism report of a family - J ment Deftc Res 1982,26,153-162
•

HYPOGONADISM, GYNECOMASTIA, SHORT STATURE, OBESITY AND
MENTAL RETARDATION

GII/VH 22

Five male members in four generations had short stature, obesity and MR Hypogonadism with
micropenis and gynecomastia were associated with partial hypogonadotropic hypogonadism ,
primary testicular failure was excluded The patients had also a small head and narrow forehead
The size of their hands and feet was normal but they had structural abnormalities of hands and
other minor skeletal defects
Vasqucz S В , Hurst D L , Sotos J F X-ünked hypogonadism, gynecomastia, mental retardation short stature, and obesity - a new syndrome - J Peduit 1979, 94, 56-60
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Vanitas vanitatum,
et omnia vanitas.
Coh. 1:2

IJdelheid der ijdelheden,
en alles is ijdelheid.
Pr. 1:2

None melius est comedere et bibere.
Niets is er dus beter dan eten en drinken,
et ostendere animae suae bona de laborious suis ?
en zelf genieten van zijn werk.
Coh. 2:24
Pr. 2:24
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STELLINGEN
1. Elke patient met een onbegrepen mentale retardatie verdient een uitvoerig onderzoek.
2. In a very real sense intelligence may be defined as that which is measured by IQ
tests.
Eysenck H.J. : The Structure and Measurement of Intelligence. Springer-Verlag, 1979, p. 78.
3. In het kader van de preventie van aangeboren afwijkingen is het aan te raden
aan mannen zowel als aan vrouwen om kinderen te krijgen voor de leeftijd van
35 à 40 jaar.
Friedman J.M. : Obstet, ά Gynec. 1981,57, 745-749.
4. De grootte van een niet-progressieve communicerende hydrocephalus correleert
niet met de intelligentie van de patiënt.
5. De indicatie voor een suralisbiopt bij kinderen met een progressieve cerebrale
degeneratieve aandoening bestaat slechts wanneer andere niet-invasieve technieken niet tot een diagnose hebben geleid en wanneer bovendien nog een perifere neuropathie aanwezig is.
6. De kriteria van Schumacher voor de diagnose van multipele sclerose dienen te
worden herzien in verband met de mogelijkheid van vroegtijdige immunosuppressieve behandeling van deze ziekte.
7. Wanneer men bij kinderen met dyslexieklachten geen neurologische afwijkingen vindt, betekent dit nog niet dat dan de problematiek psychogeen moet
worden verklaard.
8. Having obtained an appropriate family history and physical examination there
is no single laboratory study that is indicated for all patients with evidence of
mental deficiency.
Smith D. : Recognizable Patterns of Human Malformation.
W.B. Saunders Company. Third edition, 1982,
p. 530.
9. Bij het behandelen van kinderen is het van groot belang voldoende kennis te
hebben van psychologie en psychopathologie van de ouders. Daarom is een
training in de kinderpsychiatrie ook voor de toekomstige kinderarts ten zeerste
gewenst.
10. Een geïsoleerde verhoging van lactaat en pyruvaat in de liquor kan wijzen op
een stoornis in de energiehuishouding binnen het centrale zenuwstelsel compartiment.
11. Bij het bestuderen van de werking van de antiepileptica zou meer aandacht
moeten worden besteed aan de neuropsychologische effecten van deze geneesmiddelen.

12. De Glasgow coma-schaal is een uitstekende klinische methode voor de bepaling
van de ernst, de evolutie en de prognose van de patiënt met een ernstig schedelhersentrauma. Het verdient aanbeveling om deze methode op grote schaal te
gebruiken.
13. Bijscholing van artsen zou gepaard moeten gaan met bijscholing van paramedisch personeel.
14. De beste artsen zijn de goedkoopste.
Afscheidsrede van Prof. Dr. P.J. Donker, Leiden 1979.
15. Bedevaarten moeten tot de alternatieve geneeswijzen worden gerekend.

