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Preface

Many years ago an up-to-date version of my textbook ‘Das menschliche Auge und
seine Erbanlagen’ was planned by professor Franceschetti and me. As the material
to be dealt with had shown a tremendous increase since 1932 we agreed to divide
the subjects in two approximately equal parts. We could not then foresee that my
collaborator, though extending our knowledge in this field by private reseatch and by
theses achieved under his supervision, would not find the time required for the
systematic composition of a work such as we had in mind. Thus I had to take over
several more chapters, and automatically the editorship devolved on me. After the
co-optation of professor Klein the work went forward. I am happy to be able to say
that besides the valuable contributions to this volume, my collaborators will cope in
a third volumte with important chapters, dealing with stationary functional defects of
the retina, progressive neuro-retinal abiotrophies and a number of neuro-ophthal-
mological disorders or syndromes. -

An attempt has been made to divide the subject matter into purely ophthalmological
and neuro-ophthalmological parts. This could however not be consistently maintained,
if by the latter we mean affections of primarily neurogenic origin and by the former any
defect originating in the peripheral organ. For one thing one is not always sure (e.g.
in congenital alacrimia) and then again there is good reason not to separate the groups
too strictly. It is expedient to deal with neurogenous heterochromia in Vol. I, because
in this way the various types can immediately be compared. Recent data make it
probable that they have a similar origin and should therefore be moved to Vol. Il in a
second edition. This difficulty also applies to some hereditary affections of the
conjunctiva (as in the Holthuis - Biemond - Van Bolhuis Syndrome) to types of cataract
or microphthalmia in so far as they are associated with neurological defects. There is
often a strong case for assuming a primary ectodermal correlation instead of a primary
neurogenic origin for the various symptoms. Regarding muscular deviations the
separation is as far as possible maintained, but it would not be surprising if my classi-
fication of complicated retractio bulbi in Vol. I would in future prove to be untenable.
Everything in the way of classification and grouping is bound to be more or less
artificial, because the living organism continually breaks through the boundaries
imposed by didactic considerations. General albinism and ocular albinism have been
included in the chapter on Membrana Uvea, this being the first tissue of the eye in
which the characteristic pigmentation defect becomes conspicuous. Thus ‘the usual
classification of the hereditary affections of the eye into those of the separate tissues and
those of the eye as a whole has been relinquished, except for Total Refraction in which
axis-length and lens play an important part, and in which various tissues are involved.
Hydrophthalmia and glaucoma have been dealt with in a separate chapter on the
Anterior Chamber. The one on Eye, Orbital Region and Face contains several new
syndromes.



Chapter I begins with some notes of historical interest winding up with the mentioning
of the work of the pioneers who in the frame of their time and with the limited means
at their disposal laid the foundations on which posterity could build. At the request
of many colleagues then follows a brief summary of general genetic problems elucidated
as far as possible by examples from ophthalmology, and the latest discoveries about
chromosomes, genes, mutations and chemisms; also some elementary statistical and
biometrical notions, indispensable for population genetics and the ascertainment of
conclusions in general. It winds up with an extensive survey of non-hereditary causes
of embryopathias and phenocopies in the field of ophthalmology and of the extent and
importance of twin research, the results of which have been put at the end of each
paragraph throughout the book. It is clear that in most cases the recorded numbers
are as yet much too small to draw statistically valid conclusions.

Data and literature on occasion go far back into the nineteenth century, to a period
prior to the development of modern genetics. That is because it has been found, that
even at that early time many accurate observations were made that fit into present-day
schemata. Moreover a good deal of attention is given to embryology, comparative
teratology, hereditary affections of the eye in animals, and to racial differences in modern
and prehistoric man. Furthermore the pathological and also the anthropological
characteristics of the eye are dealt with, knowledge of which matters may be valuable
in paternity questions. The reader will find besides the pedigrees a selection of family
histories to enable him to criticize or corroborate our provisional conclusions. Our
statistical data require completion or revision.

For students desiring to work in the field of human genetics I might recommend
the examination of descendants of well-documented affected families, in order to find
_ out whether the disorder has died out or is still transmitted. Our knowledge of the
mutation rate can be improved by looking for genetic relationship between similarly
affected families spread over the country.

When the Harvard System was adopted all the self-made abbreviations of the literature
had to be brought into line, which turned out to be a most time-consuming item.

Dutch family names like Van der Hoeve, Van Dijk, De Groot can be found under
H, D and G. )

Double names are registered under either the first or the second name.

The Japanese authors who are not mentioned in the bibliography can be found in
Taku Komai (1934): Pedigrees of hereditary diseases and abnormalities found in the
Japanese race, Kyoto (Japan). I could not mention the authors of the pedigrees taken

from Komai’s Report No. II (1934-1943), Hokuryokan, as their names were printed
in Japanese.
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Anthropological variations: Position of the tarsal fold (243); The median marginal
mongol fold (244); Epicanthus (246); Wrinkles of old age (249); Pathological variations:
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VI. VARIATIONS IN THE DIRECTION AND SIZE OF THE LID FISSURES

Direction of the lid fissure (251); Length of the lid fissure (Anthropological data) (25 1)
(Pathological data (253); Euryblepharon - Blepharophimosis).
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(272); Epitarsus (274); Conjunctiva laxa (275); Conjunctival pigmentation and naevus
pigmentosus (275); Chalaziosis (275); Pinguecula and Pterygium, Symmetric pterygoid
symblepharon (276); Benign intraepithelial dyskeratosis (277); Pseudomembraneous
conjunctivitis, phlyctenular conjunctivitis, conjunctivitis vernalis (277); Kerato-
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conjunctiva and epidermolysis bullosa (278); Essential shrinking of the conjunctiva,
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(Nonne-Milroy-Meige disease) (279); Psoriasis vulgaris (279); Porphyria cutanea connata
and Hydroa aestivale (279); Ichthyosis (280) ; Morbus telangiectaticus Rendu-Osler (280);
Ectasia and tortuositas of vessels of the conjunctiva bulbi, in association with infantile
ataxia and chronic bronchitis (280); Sickle-cell disease and vascular anomalies of the
conjunctiva (282); Diabetes and conjunctival aneurisms (282); Ochronosis (282); Lipoma
conjunctivae (282); Epibulbar Dermoids and Lipodermoids (282); The oculo-auricular
syndrome of epibulbar dermoids, auricular appendices and connatal fistula auris (283).

LACRIMAL APPARATUS, by P.J. Waardenburg

Ptosis of the lacrimal gland (291); Congenital absence of tear secretion (Alacrimia) (292);
Lacrimal hypersecretion (293) ; Congenital absence of the puncta lacrimalia, the canaliculi
lacrimales and other anomalies (293); Dislocation of lacrimal points (294); Non-perfo-
ration of the fetal closure membrane and congenital atresia of the nasolacrimal canal
with epiphora and dacryocystitis of the newborn (295); Dacryocystitis in adults (296).

ORBITAL AND INTER-ORBITAL REGION, by P. J. Waardenburg .

1. Anthropological data (301).

11. Pathological data: Dyscranias and craniofacial dysostoses. Microcephalia (309);
Macrocephalia (310); Craniostenoses. Introductory remarks on terminology (310); Acro-
cephalo-syndactylia (311); Various dyscranias in the same family (315); Acrocephalic
malformations difficult to classify (316); Acrocephalia media (oxycephalia) (321); Acro-
cephalia media, combined with other anomalies (324); Acrocephalia media in animals
(326); Acrocephalia posterior (clinocephalia) (326); Sphenocephalia (Scaphocephalia)
(326); Cranio-genial dysostosis (326); Craniofacial dysostosis (326); Hypertelorism (332);
Hypotelorism (334); Cleidocranial dysostosis (335); Osteopetrosis (Marble-bone disease)
(337); Osteodystrophia deformans (Osteitis fibrosa, Paget’s disease) (337); Osteomas,
enchondromas, exostoses and supraorbital malformation in the A.C.L. syndrome (339);
Hypoplasia of the orbital margin with secondary anomalies (340); Exophthalmia:
Exophthalmia in Hand-Schiiller Christian disease (340); Exophthalmia in Graves’ or
Basedow’s disease (340), Spontaneous Exophthalmia pulsans (340); Congenital enlarged
foramina of the skull and disorders of the eye and the central nervous system (340);
Metopism (341); Orbital dermoid cysts (341); Varicocele of the orbit (341); The paranasal
sinuses (341).

EYE, ORBITAL REGION AND FACE, by P. ]. Waardenburg

Progeria with orbital and eye symptoms (355); Congenital facial asymmetry and scoliosis
of the skull (357); Acquired hemiatrophia faciei et corporis affecting the eye and the adnexa
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(359); Abnormal proportions of the inter-orbital region (Interoculo-irido-dermato-
auditive syndrome) (359); Gross dysraphic disturbance: The orbits and eyes in anen-

cephalia (366); Teratological conception of the origin of some important malformations

of the eye and face (367); Disturbance of the prosencephalic organisation centre and its
sequels: Cyclopia and arhinencephalia (368); Disturbance of the rhombencephalic
organisation centre and its sequels: Introduction, previous and recent clinical entities
(370); Dysostosis mandibulo-facialis (372); Dysplasia oculo-vertebralis (oculo-vertebral
syndrome (379); Congenital microgenia, associated with peromelia (386); Congenital
temporary microgenia, glossoptosis and cleft palate (Pierre Robin syndrome) (386);
Mandibular dysostosis, Otomandibular dysostosis (387); Acrofacial dysostosis with
anomalies of the extremities (387); Microgenia-otocephalia (388); Unilateral (rarely
bilateral) microphthalmia or coloboma and facial clefts or their remnants (389); Dysce-
phalia oculo-mandibulo-facialis (391); Dysplasia oculo-dento-digitalis with microph-
thalmia (398), Dyscrania-pygo-phalangia with microphthalmia (400).

ANOMALIES OF PRESUMABLY PERIPHERAL ORIGIN OF THE
EXTRA-OCULAR MUSCLES, by P. ]. Waardenburg

I. CONGENITAL DISTURBANCES OF EYE-MUSCLE FUNCTION

Ptosis with blepharophimosis, often restricted epicanthus (epicanthus inversus) and
dystopia lateroversa punctorum lacrimalium (415); Peripheral findings in congenital
motility abnormalities of the eye (419); Inheritance of some atypical congenital peri-
pheral muscle dysplasias (421); Retractio bulbi, two syndromes which are probably one
(cervico-oculo-acusticus syndrome) (421); Congenital Myopathia, Aplasia or Dysplasia
of muscles, innervated by the facialis nerve (433); Congenital Myotonia (Thomsen’s
disease), Myasthenia gravis (434).

2. ACQUIRED DISTURBANCES OF EYE-MUSCLE FUNCTION .

Progressive ptosis arising after birth (435); Progressive external ophthalmoplegia arising
after birth (436); Progressive external ophthalmoplegia with atypical peripheral tape-
to-retinal dystrophy (437); Acquired isolated disturbance of facialis (439).

CORNEA, by A. Franceschetti and D. Klein

ABNORMALITIES OF SIZE, SHAPE AND CURVE!

Microcornea (447); Cornea plana (447); Megalocornea (450), Keratoconus (452)
Astigmatism (456). /

THE HEREDO-FAMILIAL DYSTROPHIES OF THE CORNEA :

Congenital forms (recessive and dominant) (457); Classical non-congenital form: (ptogtessxvely
dominant and recessive) (462); Granular dystrophy (463); Lattice-like dystrophy (463);
Macular dystrophy (465); Diverse forms: crystalline, fatty, calcareous and other paren-
chymatous dystrophies (central cloudy and diffuse spotty type) (467); Predescemetic
dystrophies(472); Cornea farinata (472); Dystrophia filiformis profunda (473); Dystrophia
punctiformis profunda (473).

DYSTROPHIES OF THE LIMITING MEMBRANE

Abnterior Limiting Membrane (476); Recurrent erosions (476); ]uvemle eplthehal dystrophy
(Meesmann) (476); Dystrophy of Bowman’s membrane with epithelial changes
(Dystrophia annularis Reis-Biicklers) (479); Whorl-shaped opacities (483); Mosaic-like
dystrophy (483); Band-shaped dystrophy (primary and secondary forms) (485); Marginal
dystrophies (488).

Posterior Limiting Membrane (490); Cornea guttata (490) ; Polymorphous dystrophy (491);
Diverse forms (deep crocodile-shagreen, marginal dysplasia posterior) (492).

COMBINED FORMS (PARENCHYMA AND LIMITING MEMBRANES)

Diverse forms (493); Oedematous dystrophies: Intermittant primary essential oedema
(494); Epithelial dystrophy (Fuchs) (496).
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DYSGENESIS MEDODERMALIS CORNEAE ET IRIDIS (RIEGER)
Slitlike Pupils (576); Congenital ectopia pupillae (corectopia) (578).

HYDROPHTHALMIA (INFANTILE GLAUCOMA)
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appearance (587); Dominant hydrophthalmia? (589); Hydrophthalmia and refraction
(591); Hydrophthalmia and primary hypoplasia of the iris (591); Endogenous and
exogenous hydrophthalmia (592).

2. Hydrophthalmia with a Shallow Anterior Chamber, as a complication of malformations of
the eye (593).

3. Other eye anomalies sometimes followed by hydrophthalmia (594). Aniridia and hydroph-
thalmia (595); Microphthalmia and hydrophthalmia (595); Iris coloboma and hydroph-
thalmia (596); Macrocornea or megalocornea and hydrophthalmia (596); Microcornea,
cornea plana and hydrophthalmia (597); Phacomatoses and hydrophthalmia (597); Eye
tumours (retinoblastoma) and hydrophthalmia (598); Hydrophthalmia and extraocular
disorders (598); Hydrophthalmia in the syndrome of Lowe-Terrey-Mac Lachlan (598);
Twin data on infantile glaucoma (660); Exogenous secondary hydrophthalmia (600).

GLAUCOMA

Introductory historical notes (6c1); Non-infantile forms (602); Glaucoma and heredity
(603); Recessive glaucoma (604); Dominant glaucoma, two chief types (605); Dominant
latent liability to glaucoma (607); X-linked and autosomal hypoplasia of the iris and
glaucoma (608) ; Cases, difficult to classify (609); Incidence of heredity, found in presenile
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Chapter I - Genetics and the Human Eyé

by P. . WAARDENBURG

I. HISTORICAL INTRODUCTION
1. The earliest conceptions of heredity of eyetraits and some other characters
Eyetraits

We owe a great deal of our knowledge regarding the history of ophthalmology to
HirsCHBERG (1899).

Ophthalmology had a curiously slow development. Except for a temporary
flourishing among the Arabs, it was more or less dormant until the 19th century. It
is therefore one of the younger branches of medical science. In the present century
however, it has not only caught up with other branches, but as a result of HELMHOLTZ’S
discovery of the ophthalmoscope (1850) it has surpassed them in accuracy of diagnosis.
It has also helped internal medicine and neurology to make a correct diagnosis at an
earlier moment. Most important of all, i# is the first branch of medical science which has
contributed on a large scale to human genetics.

On looking backwards we find that the Ancient Greeks and Romans already had some
knowledge of the heredity of eyetraits, in contrast to the Hammurabian Code in
Mesopotamia. The following quotation from the corpus Hippocrateum is conclusive
(Hippocrates lived from 460-377 B.C.): if bald people are descended from bald people,
people with blue eyes from people with blue eyes, squinting persons from squinting
persons, at least in the majority of cases, what is to prevent macrocephalics being born
of macrocephalics’? (by macrocephalics who were regarded as superior people he
probably meant what we now call dolichocephalics). Hippocrates obviously lived
among a mixed population where blue-eyed offspring came not only from blue-eyed
parents but also from blue-eyed and brown-eyed or from two brown-eyed hybrid parents.

Homer knew the great similarity between parents and children (see his identification
of Telemachus as the son of Odysseus).

Congenital nystagmus — then called ‘hippus’ — was also known to the Hippocratean
school, but heredity of this trait or of myopia is not mentioned.

Mpyopia has been described by ARisTOTLE (384-322 B.C.) who did not mention its
heredity either. He knew that it was accompanied by elongation of the axis of the eye.
He thought the colour of the eyes to be normally black, while blue eyes represent a
kind of deficiency in the shade (now known to be recessive). ARISTOTLE argued that
parents and children not only show likeness concerning congenital disorders but also as
regards some disorders acquired during lifetime. He states that b/indness and lameness
are transmitted by the parent to the offspring (MAYER 1953). Moreover he gives an
instance of heredity from grandfather to grandson by the unaffected mother (GEURTS
l.c. p. 112), so skipping a generation (X-chromosomal heredity?).

No statement comparable to that in the Greek world is found in the Old Testament
about the Hebrews. No special comment is made about the fact that Jacob (Gen. 48 : 10)
became blind in old age as did his father Isaac (Gen. 27 : 1). We know neither what kind
of blindness this was, nor whether it was inherited. In 1937 I put forward the suggestion
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that a fair complexion in Jews can partly be traced back to the Palestine Hebrews. On Egyptian
monuments, the Mitanni (1700-1500 B.C.) and the Amurru (Amorites) both in Palestine
and the Near East (1400-1300 B.C.) are represented as having fair hair and blue eyes.
Intermarriage with the Jews may have taken place on quite a large scale and may
account e.g. for the fair complexion and high stature of King David.

In the New Testament congenital blindness is mentioned, but only in isolated cases.
Printus (23-79 A.D.) records the family of Lepidé, characterized by an eye anomaly
noticeable hrough several generations, but with some interruption (discontinuous heredity).

PrurarcHos (50-125 A.D.) described homochronous leredity of blindness in old age
as in the case of Isaac and Jacob, and in a greater number of descendants (the Timoleon
family in Corinth).

AEeT1Us (540 A.D.) distinguished between myopia with and without enlargement of she eyeball, and he was
the first to describe the appearance of congenital ocular dermoids.
PauLus of AEGINA (607-690 A.D.) erronecusly mentions strabism and myopia as congenital anomalies.
AristorLE and GALENUS (130-210) both knew of preshyopia. DonpERs however was the first to explain
hypermetropia, differentiating it from presbyopia. The hereditary anomalies of colour vision were not mentioned
before the end of the 18th century.

Heredity in general in Antiquity

GEURTS (1941) quotes a passage from the Corpus Hippocraticum, which proves that mental/ characters and
physical diseases may also be hereditary.

The-assumption of some modern geneticists that even fathers may contribute to the conception of twins, is
supported by the history of Jacob who was one of binovular twins (Gen. 25 : 24-26) and of his son Juda, who
begot twins by Thamar (Gen. 38 : 27). Decreased fertility was the fate of Sarah, Rebecca and Rachel who were
related to each other. The book of Chronicles gives an account of the inheritance of giantism (1 Chron. 20 : 4-8)
in Philistean kindreds (father and 4 sons, one with polydactylism; Goliath and his brother Lachme (2 Sam.
21 : 19-22). There are reports of the great stature of the Enakites (Num. 13 : 28, 33), Amorites (Amos 2 : 9)
and Sabeans (Jes. 45 : 14), and it is well known that the Philistines and Acthiopians, in contrast to the average
Jew, were tall.

The belief in the great influence of circumstances and in the inheritance of
individually acquired characters

The story of Jacob, who outwitted Laban by succeeding in having his sheep conceived while they were looking
at mottled reeds, so that they brought forth ring-streaked, speckled and spotted offspring, suggests a vague
allusion to some sort &f fantastic exogenous influence during the time of conception (force of maternal
impressions?).

Both the Hebrews and the Greeks believed in the inheritance of individually acquired characters. In the
Old Testament it is however twice noted — Ezech. 18 : 1, 2 (7th century B.C.) and Jerem. 31 : 29 (6th century
B.C.) - that, contrary to the usual hereditary interpretation of the second commandment of the law of Moses,
mentioning that the sins of the fathers will be visited even upon the third and fourth generation (Ex. 34 : 7),
only the trespassers themselves and not their children would incur divine punishment and that the actual
situation was not as expressed in the proverb: ‘the fathers ate sour grapes and the children’s teeth are on edge.’
This was obviously the general opinion in the ancient Orient, for Hippocrats assumed that if the parent had
undergone an operation the offspring would inherit the resulting condition. Thisidea persisted and was elaborated
in a theory by de Lamarck (1809). DONDERs, one of the greatest pioncers of ophthalmology, though un-
acquainted with de Lamarck’s doctrine,! declared in 1848, in his otherwise magisterial opening lecture:
‘We saw that each trait acquired by the individual is transmitted to the offspring.” (The Harmony of Animal Life,

1 Fiscuier and TEN DOESSCHATE (1958) in their biography of F. C. Donders p. 100 report his saying:

‘although the communications of Lamarck were as unknown to me as to almost everyone in that period,’
and so they assume his statement of 1848 to have been his own opinion.
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Revelation of Laws p. 19.) HirscHBERG (1899) refuted this idea because he had seen from experience that
patients successfully operated on for squinting, had had children who started squinting at the same age as they
had done themselves. He also mentions that the practice of circumcision for generations did not change the
sexual organ of the offspring. The theory of de LAMARCK is completely refuted by modern geneticists — except
for a time by Lysenko in Soviet Russia — both by logical argument and owing to the fact that the results of all
experiments are negative.

2. Eungenical proposals and practical measures

Most of the measures proposed or taken in the course of centuries lacked a sound basis
because there was no knowledge of the laws of heredity (e.g. Linnaeus’ difficulty to fit
the ‘Homo monstruosus’ into his system).

The custom of the Spartans (Lykurgos) of getting rid of children with inborn
malformations by throwing them into a cleft near the Taigetos, will doubtlessly have
rooted out some hereditary disorders, e.g. anophthalmia.

Speculation and intuition, more than exact observations have more than once led to utopies concerning ideal
states e.g. those of PraTo (428-347 B.C.), THOMAS MORE (1478-1535), the Italian monk THomAs CAMPANELLA
(1568-1629) who published his book ‘Civitas solis’ in 1620, or to other projects, like those of Louts BONAPARTE
for the Netherlands.

The proposals were often too rationalistic and too harsh for those who were born with unfavourable
qualities. They made little allowance for ethics and the need of personal freedom.

In later years PLATO took back many of the radical ideas uttered in his youth.

Desipertus Erasmus of Rotterdam (1466-1536) in his ‘Dialogues on the Perfect and the Unequal Marriage’
advocated the dissolution of a marriage if defects had been kept secret. MORE’s proposal (1516) to examine the
physical condition of engaged couples was more practical.

Among the Jews marriage with an epileptic woman was forbidden and according to MAIMONIDES (1135-
1204) a Jewish bride and bridegroom were examined by relatives before marriage. In Sweden in 1734 and in
1757 the marriage of epileptics was prohibited by law; this law was valid till 1915. The famous hygienist and
founder of population politics Jonann PETER FRANK (1745-1821) who lectured in Germany, Austria, Italy
and Russia and published his ‘System eciner vollstindigen medizinischen Polizey’ was the first medical scientist
who propagated that marriage between very degenerated, dwarfish and very crippled people should be prohibited!
Louis Bonaparte during his short government of the Netherlands (1806-1810) planned the prohibition of
marriages of malformed persons and proposed — very curiously — to facilitate their emigration to the colonies
and on the other hand to forbid immigration or even a lengthy residence of such people in the country.

So the famous anthropologist FrRancrs GALTON (1822-1911) who in 1883 introduced the term ‘eugenics,’
in correspondence with Homer and Sophocles who used the word “eugenes”, was not the first to propagate
legal measures. '

3. Attitudes concerning consanguineous marriages during the past centuries (eugenically non-
intentional and intentional measures)

Legal limitation and prohibition of consanguineous marriages — in the light of our
present knowledge — are also means of prevention of hereditary blindness and other
disorders. We do, however, not know which laws were based upon this consideration,
because law like religion has its roots in the distant past. The public opinion of various
peoples in different ages condemned these marriages.

It is not at all evident, as has often been supposed, that the Old Testament prohibitive laws and penalties for
trespassers (Levit. 18 and 20, Deuteron. 18, 23 : 20) refer to marriage. Contemporary theologians interpret the
Hebraic text as meant for sexual intercourse and also for the sake of decency. Union or unchastity between the
following near relatives was forbidden: son and mother, grandfather and granddaughter, full and half brother
and sister, nephew and aunt from father’s and mother’s side, nephew and uncle’s wife (aunt related by marriage),
father and daughter-in-law, brother and sister-in-law (brother’s wife) and in addition a polygamous relation of a
man with two sisters or with a mother and her daughter or granddaughter. We wonder why sexual intercourse
or marriage between grandmother and grandson, uncle and niece or between cousins are missing in this list.



