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PREFACE

A second edition of this book has been made worth while by the steady in-
crease of interest in genetic disorders of connective tissue, as well as in all diseases
of connective tissue and in the entire field of medical genetics. Furthermore, clinical
experience and investigations in the hereditary disorders of connective tissue have
been considerably extended. The first edition was a limited publication based on a
series of articles which appeared in the Jowrnal of Chronic Diseases. In this second
edition over eighty illustrations have been added to round out the clinical and patho-
logic descriptions, the text has been expanded by about one hundred thirty pages,
and the literature since the preparation of the first edition has been surveyed.

It 1s especially the generalist—the general practitioner and the nternist and
pediatrician without particular subspecialization—to whom the problems related to
the several syndromes discussed here are of importance and to whom this book 1s
addressed. He is in the best position to size up the total situation in the case of the
individual patient and to size it up with reference to the family background, with
which he is most likely to have first-hand familiarity. He can best evaluate what
may be excessive loose-jointedness and “ganglingness,” mild pectus excavatum,
pigeon breast, kyphoscoliosis, flat feet. In the light of the general manifestations and
the family background he can best appraise the significance of internal medical
manifestations which may be integral parts of a generalized syndrome.

Asboe-Hansen* has made the following cogent comment :

Connective tissue connects the numerous branches of medical science.
Without connective tissue, medicine would come to pieces, even non-viable
pieces, just like the cells of the human body.

The ubiquity of connective tissue is responsible for its unifying influence on
medicine, referred to in the statement quoted above. Furthermore, its ubiquity is
responsible for the fact that concern with the problems of generalized and hereditary
disorders of connective tissue extends also to many divisions of medical science and
practice.

*Ashoe-Hansen, G. (editor) : Connective Tissue in Health and Disease, Copenhagen, 1954,
Ejnar Munksgaard.
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8 Preface

The ophthalmologist sees grave changes in the eyes in pseudoxanthoma elas-
ticum and in the Marfan syndrome and less serious, yet significant, alterations in
osteogenesis imperfecta, the Ehlers-Danlos syndrome, and the Hurler syndrome.

The otologist sees the patients with the Hurler syndrome, those with osteo-
genesis imperfecta, and rarely those with the Marfan syndrome.

The orthopedist is concerned with the cases of osteogenesis imperfecta, the
Ehlers-Danlos syndrome, the Hurler syndrome, and sometimes the Marfan syn-
drome. Cases of fibrodysplasia ossificans progressiva are frequently seen by him.

The general surgeon repairs the hernias of the patient with the Marfan
syndrome, the Ehlers-Danlos syndrome, osteogenesis imperfecta, or the Hurler
syndrome.

The hematologist is consulted for the bruisability in the Ehlers-Danlos syn-
drome and for the tendency to multiple hemorrhages in patients with pseudo-
xanthoma elasticum.

The gastroenterologist is likely to encounter a case of pseudoxanthoma elas-
ticum if he treats a sizable group of patients with gastrointestinal hemorrhage.

Increasingly the cardiologist 1s hnding the Marfan syndrome of greater im-
portance among the “causes” of aortic regurgitation and of dissecting aneurysm of
the aorta than he had previously realized. In the Hurler syndrome the cardiac in-
volvement may bring the patient to medical attention and is frequently the cause
of death at an early age. Among cases of peripheral vascular disease, pseudo-
xanthoma elasticum occasionally figures as a predominant etiologic factor.

Aside from the cardiovascular manifestations, the chest physician will be in-
terested in the occurrence of cystic disease of the lung in the Marfan syndrome
and of rupture of the lung with pneumothorax or mediastinal emphysema in the
Marfan syndrome and in the Ehlers-Danlos syndrome.

The dermatologist treats patients with pseudoxanthoma elasticum and the
Ehlers-Danlos syndrome.

Even the plastic surgeon is called in to provide cosmetic relief for the un-
sightly changes in the skin of the neck in pseudoxanthoma elasticum.

The dentist sees abnormalities, especially in osteogenesis imperfecta and the
Hurler syndrome.

The rhewmatologist, interested in connective tissues in general, is likely to see
in these heritable disorders of connective tissue derangements in purer culture and
more easily analyzed form than in the acquired disorders of connective tissue such as
the arthritides. Specifically, the rheumatologist may be consulted for the repeated
hydrarthroses which may accompany the loose-jointedness of the Ehlers-Danlos
syndrome and for the stiff joints of the Hurler syndrome.

The endocrinologist is frequently consulted by the parents of the child with the
Marfan syndrome or the Hurler syndrome and by the patient with osteogenesis
imperfecta or fibrodysplasia ossificans progressiva, the incorrect supposition being
that an endocrinopathy is present.

By reason of their hereditary nature, all these conditions are of interest to
the medical geneticist.




Preface 9

The pathelogist, of course, must be familiar with them, and the radiologist will
find in every one of these syndromes diagnostic features which can be revealed by his
Tays.

Obviously, one ohjective of this book and of the clinical investigations on
which it is based is a synthesis of the scattered information about several conditions
which have in common the facts that they are generalized disorders of connective
tissue and are heritable even if not inherited in the individual instance. To my
knowledge, only Bauer and Bode have previously attempted such a synthesis.*

A second objective has been to see what justification could be found for a
favorite, although far from original (witness the following quotation from Harvey
as well as the dedication ), notion of mine: that clinical investigation of pathologic
states is as legitimate a method for studying biology as any other; specifically, that
the hereditary syndromes are tools for study of the normal situation, in this case
for the elucidation of connective tissue. When he compares his methods as biologic
tools with the electron microscope, analytical chemistry, tissue culture, and others,
the clinician tends to get an inferiority complex. I will leave it to the reader to
judge whether the clinical researches, which are reported here but which are in
only small part my own, demonstrate that the clinician can take his place with the
so-called “pure scientists” in the group which is trving to fit together the wvari-
shaped pieces of the intricate jigsaw puzzle that is connective tissue.

Nature is nowhere accustomed more openly to display her secret
mysteries than in cases where she shows traces of her workings apart from
the beaten path; nor is there any better way to advance the proper prac-
tice of medicine than to give our minds to the discovery of the usual law of
Nature by careful investigation of cases of rarer forms of disease. For it
has been found, in almost all things, that what they contain of useful
or applicable nature is hardly perceived unless we are deprived of them, or
they become deranged in some way."

The Johns Hoplkins Hospital VICTOR A. McKUSICK

*Erbpathologie der Stiitgewebe beim Menschen, in Handbuch der Erbbiologie, vol. 3, 1940,

_ YFrom letter written by William Harvey in 1657, six weeks before his death. Quoted by
Sir Archibald Garrod in The Lessons of Rare Maladies. Lancet 1:1055. 1928,
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We must analvze, and seck to interprel
partnerships in disease *
—JSonathan Hulchinson

1. THE CLINICAL BEHAVIOR OF HEREDITARY
SYNDROMES+

BE{:&USE of the light they shed on normal mechanisms, many of the inherited
ailments of man have importance far out of proportion to their numerical sig-
nificance. Such is the case, at least potentially, with the hereditary disorders of
connective tissue. This consideration, together with the increasing recognition of in-
ternal medical ramifications of these diseases, prompted this survey.

To be discussed are generalized hereditary disorders of connective tissue.
- Many local hereditary malformations and anomalies can be construed as heritable
disorders of connective tissue. These will not be discussed, but rather attention
will be concentrated on those heritable diseases which seem to represent abnor-
mality of a single element or biochemical mechanism of connective tissue wherever it
is found throughout the body. These include the Marian syndrome, the Ehlers-
Danlos syndrome, osteogenesis imperfecta, the Hurler syndrome, and pseudo-
xanthoma elasticum. On the basis of the information available, the nature of
certain conditions—Paget’s disease of bone, the Brailsford-Morquio syndrome, the
Werner syndrome, osteodermatopoikilosis, achondroplasia (chondrodystrophia fe-
talis ), fibrositis (myositis) ossificans progressiva, Léri’s pleonostosis, and others—
as possible generalized heritable disorders of connective tissue can only be speculated.

Heritable disorders of connective tissue will be discussed in the following order :

1. The Clinical Behavior of Hereditary Syndromes
The Biology of Normal Connective Tissue

The Marfan Syndrome

The Ehlers-Danlos Syndrome

Osteogenesis Imperfecta

Pseudoxanthoma Elasticum

The Hurler Syndrome

Concluding Comments

0N D R

In Table 1 is presented the connective tissue areas in which clinically evident
abnormalities occur in five of these syndromes. The italicized items indicate the

*From Hutchinson, Jonathan: Arch. Surg. 4:361, 1893, ks =
F1t is claimed™ that the correct pronunciation of this word is “syndrémé,” not “syndroam.
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Chinical Behavior of Hereditary Syndromes 19

predominant manifestations in the case of each. Overlap of manifestations is
particularly noteworthy.

Certain features of the behavior of the hereditary syndromes discussed here
are common to entities involving other tissues which share, infer se, enzymatic
mechanisms. The hereditary syndromes of connective tissue serve particularly well
in demonstrating these features.

As stated above, the several disorders which will be discussed later are
generalized abmormalities of connective tissue, although predominant presenting
manifestations are likely to bring individual cases to the attention of specialists
such as dermatologists, ophthalmologists, and orthopedists. Many students of
hereditary disease syndromes were in the past preoccupied with germ layers.
They were content if all components of a syndrome could be related to a single
germ layer and were much perplexed when certain manifestations deviated from
the single germ laver hypothesis. When it is appreciated that the abnormality
involves one element of connective tissue wherever it is found, no perplexity is
occasioned by the occurrence, for example, of ocular involvement in Marfan's
syndrome, the other manifestations of which are clearly mesodermal in origin.

Some of the abnormalities resulting from these connective tissue disorders
are not congenital malformations in the usual sense but have the nature of abi-
otrophies, the term suggested by Gowers! for neurologic disorders in which a
tissue is capable of function for only a limited time because of an innate con-
stitutional weakness. For instance, in pseudoxanthoma elasticum the chararcter-
istic skin changes are rarely discernible before the latter part of the second decade.
Furthermore, wear and tear determine predominant localization of the skin lesions
in the areas of flexion, of exposure to weather, of irrtation by garments, and so on.

The complex clinical syndromes resulting from these disorders of connective
tissue are in each instance the result of a single mutant gene, the action of which
has wide repercussions because of its control of some basic biochemical process.
The alternative possibility is that of gene linkage, i.e., that the major individual
manifestations of a given syndrome are determined by separate genes located
in close proximity on the same chromosome. The arguments for a single gene
basis of these complex syndromes are as follows:

1. It is unlikely, although possible, that several genes would undergo mutation
simultaneously to reproduce these syndromes again and again with such exactitude.

2. “Crossing-over™ tends to separate linked characteristics so that in the course
of a few generations there is no longer any particular association in a given indi-
vidual. It is true that for closely neighboring genes the rate of “crossing-over”
15 so low that the relatively few human generations available to study may, in any
one kinship, be inadequate to demonstrate separation of the components of a given
syndrome. However, in the population at large, the situation is as stated by Snyder®:

The occurrence of genetic linkage between the genes for two traits does not change the
association for these traits in the population from what it would be if they were not
linked. Stated conversely, a correlation between two traits in a free-breeding popu-
lation does not indicate genetic linkage between the genes for these traits.*

*From Snyder, L. H.: Principles of Gene Distribution in Human Populations, Yale J.
Biol. & Med. 19:817, 1947,



20 Heritable Disorders of Connective Tissue

Monogenic production is provided strong support when one component of a
given syndrome is present in a grandparent and a child but is absent in the parent.
The failure to appear in the parent could be accounted for by crossing-over, but
if such had occurred, reappearance in the next generation would be inexplicable.

3. The most telling argument for a single gene mechanism lies in the pos-
siblity of relating all manifestations of these multifaceted syndromes to a single
fundamental defect. For example, in osteogenesis inperfecta, the manifestations in
the skin, sclera, and bone can be related to a single defect, which may concern the
maturation of collagen® If it is possible to construct a convincing “pedigree of
causes,” relating all clinical manifestations of the syndrome to the basic defect in
a descendant fashion, additional strong evidence for the single gene basis of the
syndrome has been provided. Gruneberg® has constructed such a “pedigree of
causes” for certain complex single gene syndromes of the mouse.

4. In the mouse, vinegar fly, and other species there occur syndromes that
have as diverse components as any which occur in man and which by more rigorous
genetic tests than are possible in man appear to result from a single gene.®

“Pleiotropic” is the term customarily applied to these single genes which
are responsible for complex syndromes. The implication is that one gene has
several actions. It is likely that in fact the gene has but one action and that the
apparent multiplicity of its effects is merely the result of the involvement in several
processes of the single biochemical step which is controlled by the gene in ques-
tion. In the strict sense, then, it may be that no gene is truly pleiotropic.

One occasionally hears statements such as, “That is one of these congenital-
familial affairs with which anything can occur.” It should not be necessary
to emphasize the direct corollary of the single gene proposition: the clinical
picture in each of these syndromes is as clear-cut and specific (with, of course,
the clinical variability discussed below) as the clinical picture produced by a patho-
genic microorganism. In many respects, hereditary disease differs from infectious
disease only in that the etiologic agent is a mutant gene operating from within rather
than a bacterium invading from without. The virologists have rather long been
aware of the basic analogies between their field and that of the geneticist.® It
is true that in the present state of our ignorance, it is impossible, in the case of
some syndromes, to relate all components to a unitary biochemical anomaly. For
example, in the syndrome of polyposis of the small intestine and melanin spots of
the buccal mucosa, lips, and digits,” there is no obvious common denominator.
Even in such a situation, however, the other arguments listed above make a single
gene mechanism likely.

Yet another theoretically possible mechanism for a multifaceted syndrome is a
chromosomal accident, such as translocation, inversion, or deletion. The simul-
taneous disturbance of a group of genes would account for the syndromal associa-
tion of diverse manifestations. Chromosomal aberrations have been demonstrated as
the basis of three multifaceted syndromes—mongoloid idiocy,'® the Turner syn-
drome,*" and the Klinefelter syndrome.*® But these are all abnormalities of chromo-
some number. In each there is either an extra chromosome present or one chromo-
some missing, presumably because of the accident of nondisjunction in parental
gametogenesis. Human karyology will probably soon advance to the point that more
subtle abnormalities can be recognized.
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Wide wariability in the clinical severity of the manifestations of these syn-
dromes is the rule. This variability is demonstrated particularly dramatically by the
syndrome of osteogenesis imperfecta (see later). By the geneticist the clinician’s
“degree of severity” is referred to as “expressivity.,” Penetrance, on the other
hand, is an all-or-none affair. . There will be fundamentally affected individuals in
whom the manifestations are so mild that they do not deviate sufficiently from cer-
tain ones of the normal group to permit recognition as abnormal. These cases, the
cases of incomplete penetrance, of forme fruste, correspond to the subclinical cases
of infectious diseases. The familiar bell-shaped Gaussian curve probably accurately
describes the distribution of cases as to severity (expressivity) (Fig. 1). The
three vertical lines of the diagram indicate threshold of penetrance. These lines cross
the distribution curve on the side constituted by cases of lesser grades of severity.
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Fig. 1. The interrelationship of penetrance and expressivity in hereditary syndromes, (See text.)
(Inspired by Dr. H. Bentley (lass.)

At this end also the curve is overlapped by the normal distribution curve. The
majority of recognizable cases are of intermediate severity; there are some very
severe cases and some very mild ones. Those affected individuals in the zone of
overlap have mild manifestations which, because of their occurrence as “normal
variations” in a small proportion of the normal population, cannot be recognized
as abnormal when the individual is studied. For the student of the individual, then,
the threshold of penetrance is at the point of overlap of the two curves. A certain
number of additional cases can be recognized by the student of the total genetic
and clinical picture, by one who investigates the entire family in detail. (There are
risks, of course, that some unaffected individuals will be incorrectly classified as
affected.) It seems probable that when the basic defect in each of these syndromes
is known and when a specific method for demonstrating the defect hecomes available.
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all cases of each syndrome will be identifiable. At this point the threshold of pene-
trance will be moved back to the limit; and penetrance, an artificial concept at the
best, will no longer have significance for these syndromes.

In the case of the multifaceted syndromes of the type discussed in this book,
each component may have partially independent behavior so far as penetrance and
expressivity are concerned. For example, in the case of the Marfan syndrome, any
one of the three major components (ocular, aortic, skeletal) may be present with
little or no involvement in the other two areas.

Wide variability in clinical expression is cne basis for the phenomenon of
“skipped generations” in these syndromes.

The variability in severity of manifestations is both interfamilial and intra-
familial. Interfamilial variability is greater, as a rule, than intrafamilial variability.
Assuming that the basic biochemical defect is the same in all instances of a given
syndrome, then the basis of variability must be sought in the rest of the genetic
make-up of the individual. By and large the factors responsible for this variability
are obscure. Occasionally, however, the influence of the genetic milieu on the ex-
pression of the mutant gene can be appreciated. For example, the characteristic
skeletal changes of Marfan’s syndrome tend to be partially submerged when the
mutation occurs in pyknic stock ; contrariwise, the skeletal changes may be particu-
larly striking when the syndrome occurs in normally asthenic (delichomorphic)
stock.

The important influence of the genetic milien is demonstrated by the fact that
less variability of expression occurs within a family than does between members
of different families. Furthermore, identical twins, identical in respect to their
entire gene constitution as well as the mutant gene, usually show onset of symptoms
at the same age and show manifestations of the same type and clinical severity.

The analogy between genetic and infectious disease has pertinence also in
connection with the clinical variability of hereditary syndromes. As in infectious
disease, host factors and host-parasite relationships are of great mmportance, the
“parasite” in the case of genetic disease being the mutant gene, the host factors
mainly the genetic milieu in which the mutant gene is operating. Variations in the
intrauterine microenvironment and in the extrauterine environment are also im-
portant factors in variability of clinical expression.

Another possible genetic basis of variability in the severity and general behavior
of a hereditary disorder is multiple allelism. There may be several varants of
one “pathologic” gene, i.e., several alleles for one locus, each with somewhat dif-
ferent quantitative or qualitative effects. In the case of a dominant trait variability
in the heterozygotes can theoretically result from multiple allelism of the “normal”
partner of the mutant gene.

The five disorders with which T am mainly concerned in this book illustrate
all the more common modes of inheritance. The Marfan syndrome, the Ehlers-
Danlos syndrome, and osteogenesis imperfecta behave as autosomal dominants, as a
rule. Pseudoxanthoma elasticum and the Hurler syndrome are most frequently
autosomal recessives. A less frequent variety of the Hurler syndrome is inherited
as a sex-linked (x-linked) recessive trait.

It is a generalization with genetic disorders that wider variability occurs with
“dominant” disorders than with “recessive” ones. The suggestion has been made®
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that natural selection tends to choose those genotypes in combination with which
the deleterious mutant gene has less devastating effects. The result may be that in
time the injurious effects hecome suppressed in the heterozygote and expressed
only in the homozygote. When a hereditary disease has progressed to this stage in
its hiologic evolution, the disease trait will then display the genetic behavior termed
“recessive.”” It should not be necessary to point out that whether a disease is
transmitted as a dominant or a recessive has no predictible bearing on the incidence
of the disease trait in the population. See Figs. 18C, 281, 35, and 384 for examples.

Twao features are frequently displayved by recessive disease traits: (1) a
relatively high incidence of consanguinity in the group of parents of affected indi-
viduals ; and (2) the occurrence of multiple cases in one sibship without involve-
ment of other near relatives (a feature which often led recessive traits to be re-
ferred to as “familial” ).* In the case of recessive traits, mild manifestations should
always be sought in heterozygous individuals, such as the parents of an affected
person. That subtle changes are rather frequently found in heterozygous “car-
riers”™ is an indication that dominance and recessivity are only relative distinc-
tions (see below). See Fig. 434 for a pedigree of an autosomal recessive trait.

In general, the sex-linked variety of the Hurler syndrome follows, of course,
Nasse's law enunciated early in the last century for hemophilia : that it occurs only
in males but is transmitted only by females, and so on. The typical pedigree in the
case of a sex-linked trait (see Fig. 86H, p. 254) has the pattern which Bateson!® re-
ferred to as the “knight’s move,” a simile which will be appreciated by chess
plavers. (Pedigree charts for rare genetic traits tend to show a vertical pattern of
the involvement of relatives in the case of a dominant trait, a horizontal pattern in
the case of a recessive trait, and an ebligue pattern in the case of a sex-linked re-
cessive trait.)

Can one be certain that a disorder is a sex-linked recessive and not a sex-
limited (male-limited) autosomal dominant trait? The main way this distinction
can be made with certainty is by study of the progeny of affected males. In the
case of sex-linked recessive traits none of the male progeny of affected males is
affected (assuming that the mating is with a noncarrier female). Ideally, in the
case of a sex-limited dominant trait, half the male progeny of an affected male
should be affected. In the apparently sex-linked recessive form of the Hurler syn-
drome, reproduction does not occur ; therefore, the crucial test is not available.

Theoretically, one can anticipate affection of half the offspring of an indi-
vidual who is affected with a dominant trait (which is likely to be in heterozvgous
form) and who is married to an unaffected individual, as is also usual with rela-
tively uncommon disorders under discussion here. Theoretically, in sibships with
one individual affected by a disorder inherited as a recessive, there should be three
unaffected sibs for each affected one. Actually, in the case of recessive disorders
if one collects all sibships with at least one affected individual, one will arrive at

*Another mechanism for the occurrence of multiple affected sibs from two unaffected
parents is “germinal mosaicism” for a dominant trait. At some stage in embryonic develop-
ment mutation occurs i part or even all of the germinal cells of one parent; that is, mutation
occurs in a germinal anlage cell. The abnormality cannot express itself until the next genera-
tion. Thereafter it behaves like any other dominant. Reed and Falls™ suggested that this may
have happened in one family with aniridia, hereditary absence of the iris, and MacKenzie and
Penrose™ published a pedigree of ectradactyly which is consistent with germinal mosaicism.
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a figure for affected versus unaffected sibs which deviates appreciably in the di-
rection of an excess of affected individuals. The reason for the lack of agreement
obviously lies in ascertainment. All offspring of parents who, husband and
wife, are both heterozygous for the recessive trait are not counted because the only
way we have for recognizing such married couples is the occurrence of an af-
I.lec‘.it'!d child. Because of the relatively small size of human families, many of
the couples will not have enough children to make it likely that a child will be
affected according to the 1 in 4 probability; hence the surplus of affected indi-
viduals. Methods'* have been devised for “correcting” the expected ratios of af-
fected to unaffected sibs for sibships of various sizes. When this correction is made,
statistically significant agreement of “observed” with “expected” should result
if the disorder is truly recessive.

If a parent is affected by a recessive trait, all children, even if apparently
normal, must be at least “carriers” of this trait in heterozygous form. If both
parents are affected by a recessively inherited trait, all children are affected.

The terms “genotype” and “phenotype” are used, respectively, to refer to
the genetic constitution of the individual and to his physical, or somatic, make-up.
Corresponding to the word “gene,” which is, of course, in much more general usage
to indicate the heritable factor controlling a character in question, the Germans use
the word “phene” to indicate the particular characteristic controlled by the gene.
Experience with other syndromes such as retinitis pigmentosa and Friedreich's
ataxia® indicates that although the fundamental defect appears to be identical in the
several instances (i.e., the “phenotype” is identical) the mode of inheritance may be
“dominant” in one pedigree, “recessive” in another. This and the theoretically un-
stable, evolutionary state of dominance make it necessary to scrutinize each pedigree
individually. It is axiomatic that “the phenotype is not necessarily an indication of
the gen\otype.” The axiom is well demonstrated in the case of the Hurler syn-
drome, which may display either recessive autosomal or sex-linked recessive mode
of inheritance.

The demonstration of different modes of inheritance is one method for
distinguishing different entities in a category that otherwise seems homogeneous.
Recognition of the separate entities probably has true significance since it 1s like-
ly that the different entities have their basis in slightly different biochemical aber-
rations. The defect may involve a different enzyme in the chain or network of
biochemical steps leading to the same phenotype.

Again using the Hurler syndrome as an example, it is found that there are
very slight phenotypic differences between the two genetic varieties of the syn-
drome (7. seq.). It is interesting, and highly significant, that in Knud Faber’s
Nosography' the Copenhagen professor of medicine assigned to Gregor Mendel a
significant role in the definition of individual disease entities.

Another way in which seemingly identical entities can be distinguished is by
linkage relationships. In hereditary elliptocytosis the trait displays genetic linkage
with the Rh locus in some families but not in others.*® In those instances in which
linkage is not demonstrated the two loci appear to be on separate chromosomes or
to be so far apart on the same chromosome that linkage is not detectable. A different
enzymatic defect is therefore possible.

Recessivity and dominance are somewhat artificial concepts.*™*® For many “re-
cessive” diseases it is now possible by subtle tests to identify the heterozygous car-
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riers. A true dominant, furthermore, should have the same expression whether the
gene is present in either heterozygous or homozygous state, For very few rare domi-
nant disease traits has the gene in homozygous state been observed. For this reason
some have suggested the designations “conditional dominant™* and “provisional
dominant."** The arbitrary nature of dominance and recessivity is indicated by
sickle cell trait. The heterozygotes have red blood cells which sickle, that is, ac-
quire bizarre shapes, when exposed to reduced oxygen tension, and roughly half the
hemoglobin is of a peculiar physical and chemical type. The homozygotes also dis-
play sickling but, in addition, have a serious disease with chronic hemolytic anemia
and manifestations due to clogging of small blood vessels by the misshapen red
blood cells. If one were to analyze the intrafamilial distribution of the hemolytic
anemia without knowledge of the sickling phenomenon, he would conclude it is a
recessive. But if one examines the distribution of the sickling phenomenon, he
concludes it is a dominant. Because of these considerations, sickling is sometimes
referred to as an autosomal intermediate trait.

There is not space to review theories of dominance and recessivity.!®!%.2% (One
of the most attractive theories of dominance and recessivity is provided by studies
of alkaptonuria.' Here the basic enzyme defect occurs at a step after a number of
others. The effectiveness of the entire chain of reactions is limited at an earlier
stage, i.e., a “bottleneck” exists at an earlier step and the enzyme defective in
alkaptonuria is normally more than adequate to its task. Therefore, to be ex-
pressed the gene for defective enzyme must be present in homozygous state—the
characteristic of a recessive gene.

“Phenocopies”—clinical syndromes, of either genetic* or acquired origin, which
at least superficially resemble the particular hereditary syndrome under investiga-
tion—may confuse clinical and genetic studies. For example, the fetal infection ac-
companying maternal rubella may so influence development that loose-jointedness,
arachnodactyly, and ocular and cardiovascular anomalies—a picture superficially
resembling Marfan’s disease—result. Careful study of the precise type of eye or
vascular. involvement is necessary to exclude Marfan's syndrome in such in-
stances. In many individual instances, the five syndromes which are the main topic
of this book phenocopy each other, as is evident from Table 1 and as will be am-
plified later.

Before the genetic behavior of a disorder can be investigated, it must, of
course, be established that there is a significant genetic factor in its etiologic
background. Beyond the scope of this review is a discussion of methods, such as
twin studies, which have been used for dissecting out the separate mntrihutionsi
. of heredity and environment to a given phenotype. However, it is important not!
to lose sight of the fact that the dichotomy between the two types of etiology is
not a “black-and-white” proposition and both inevitably play a role in every
situation. It can, for example, be argued that there are hereditary factors in all
diseases; in some disorders the hereditary factor dominates, whereas in others it
plays a role quite subordinate to that of the environmental one(s). The operation
of environmental factors on these disorders of connective tissue which are funda-
mentally gene-determined is illustrated by the following observations, to select

. *As originally defined by R. B. Goldschmidt, a phenocopy is a state produced by an en-
vironmental influence and simulating a genetically determined state.
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three: In pseudoxanthoma elasticum the skin undergoes dystrophic change first
in the areas of greatest wear and tear. In the Marfan syndrome the princi-
pal changes in the aorta occur in that portion exposed to maximal hemodynamic
stress. In Paget's disease of bone, which seems to have a significant hereditary
factor in its etiology (7. seq.), lesions oceur predominantly in those hones or parts
of bones that bear the most weight or are exposed to other stresses. Another
category of connective tissue disease in which both heredity and environment
play etiologic roles, with the environmental factors dominating, however, is repre-
sented by several varieties of arthritis. For example, there is an impressive heredi-
tary factor in Marie-Striimpell ankylosing spondylitis,™ yet most would agree that
environmental factors are important in its etiology.

All cases of these syndromes either inherit the abnormality or fall victim thereto
as a result of mutation of a gene regulating the normal biochemical counterpart of
the basic defect. (Although the aberration of a normal gene or, as in the case of
certain of the “inborn errors of metabolism,” the loss of the active component of
the gene is probably what occurs in mutation, it is now clear that in many instances
mutation is a matter of position change; no alteration in the gene has occurred
except one involving its position on the chromosome relative to its fellow genes.)
All cases of these diseases, of course, have arisen by mutation in the more or
less remote past. In the case of autosomal recessive traits two mutations, i.e., one :
in the ancestry of each parent, must have occurred at some time in the past, or the
single mutation was responsible because of consanguinity in the ancestry of the
affected person.

When one encounters a “sporadic” case, i.e., an isolated instance of a disorder
which is generally considered to be heritable, the following explanations must be
considered :

1. The case in question may be the result of a new mutation of a dominant
trait. The case resulting from the original mutation is likely to be unusually
severe. In the case, for example, of a dominant trait, it is likely that the mildly
affected mutants are in the minority, but by natural selection these are favored.
The severely affected mutant does not survive to procreate. This principle is
demonstrated by osteogenesis imperfecta (7. seq. ).

2. The affected individual may have a recessive gene in homozygous form.

3. The trait in question may be inherited as a sex-linked recessive, and be-
cause of fortuitous circumstances the pedigree may not be such as to make this
mode of inheritance evident.

4. At least theoretically possible 15 dependence of the phene on two or more
complementary but independently inherited dominant genes. Neither gene alone
can produce abnormality. The patient who is the “sporadic” case would, in this sit-
uation, derive one dominant gene from each parent.

5. As demonstrated in Fig. 1, it is possible that the trait in question is
inherited as a dominant but all affected members of the family except the “spo-
radic” case have the disorder in such subtle form that it defies detection.

6. The “sporadic” case may be an individual with a dominant trait in homo-
zygous form, the disorder in the heterozygous form (e.g., in the parents) being so
mild as to escape recognition. It may seem that, since a trait which is very mild
in the heterozygous state is by definition recessive, this category is no different
from the second listed above. This consideration does point up the fact that domi-
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nance and recessivity are rather arbitrarily defined; the heterozygous kinfolk of
persons affected by a trait generally considered to be recessive may have subtle
manifestations.’”

7. Somatic mutation may account for some cases. For example, in retino-
blastoma, this phenomenon is thought to account for at least some of the cases in
which a hereditary factor is not demonstrable. In sporadic cases of unilateral
Sturge-Weber's disease (cerebrotrigeminal angiomatosis) somatic mutation is at
least a possibility. Since the mutation occurs after the germinal anlagen are
formed, the mutant gene cannot be transmitted It might seem unlikely that somatic
mutation could account for generalized disorders of connective tissue because the
mutation must occur early and probably before the differentiation of germinal
anlagen has commenced. However, in severe sporadic cases reproduction usually
does not occur.

8. Severely affected sporadic cases might result from some type of chromoso-
mal aberration.

9. The sporadic case may be a nongenetic phenocopy.

In addition to these possibilities, it may, of course, be that the case is only
apparently “sporadic,” the patient having been the product of illegitimate conception
and the unseen parent having in fact been affected.

The term “heritable” was selected for the title of this book (rather than
“inherited” or “hereditary”) to express the fact that in a given individual the
disease, although capable of being transmitted to the offspring, may not have
been inherited but rather have arisen by mutation. Since even in the latter in-
stance the abnormality occurs first in the germinal product of one or the other
parent, it becomes a philosophical question whether the affected individual should
be said to have inherited the trait or to have become affected at his earliest
conception.

The factors responsible for the original mutation in these disorders are
unknown.

Anticipation® has previously been considered a bona fide phenomenon in
hereditary diseases that are inherited as “dominants”: it seemed that with
successive generations the disease in question developed at a progressively younger
age, until finally the gene might become extinct in that line through failure of the
affected individuals to reproduce. It is now generally held that, when it is ob-
served, anticipation is either an artifact of ascertainment, (e.g., awareness of the
existence of the disease in the family permits its recognition at an earlier age) or is
merely happenstance. Fig. 35 in the section on the Marfan syndrome presents the
pedigree of one of the few instances I have encountered where anticipation might
be operating in these syndromes. In this case anticipation was probably accidental.

The technique for charting of pedigrees that will be followed in this book in-
volves the use of circles for females, squares for males, solidly “blacked-in” symbols
to indicate affected persons, and arrows to indicate the propositus (-a). The term
propositus, or proband, refers to the affected individual who first brings the kindred
to the attention of the medical geneticist.

It is desirable to avoid eponyms wherever possible, and it is preferable to
employ designations which indicate as precisely as possible the fundamental nature
of the disease entity under consideration. In the present state of our knowledge,
however, there are good reasons to use eponyms for many syndromes: (1)
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Eponyms do not prejudice the search for the fundamental abnormality in each case.
They do not conceal our ignorance of the basic defect. For the Hurler syndrome
the name “lipochondrodystrophy™ was used because of the erroneous notion that
the basic defect is one of cellular fat metabolism. (2) By not using one feature of
each complex syndrome as the designation, the eponym does not convey the im-
pression that the presence of said feature is a sine gua non for the diagnosis or that
said feature occurs exclusively as a component of the particular syndrome. “Arach-
nodactyly” is a poor term for the Marfan disease because the fingers of many of the
victims are no more spidery than those of many normal persons. Cutis hyper-
elastica and cutis laxa are poor terms for the Ehlers-Danlos syndrome since skin
abnormalities may be relatively unimpressive in persons with striking joint hyper-
mobility. The pity is not that eponyms are employed in these diseases but rather that
there are no phonetically satisfactory or widely accepted eponyms to use in con-
nection with disorders such as osteogenesis imperfecta and pseudoxanthoma elasti-
cum, in which the defect is much broader in its localization than merely bone or
skin, respectively.

Many individual manifestations occur in more than one of these syndromes
resulting from defective connective tissue. For example, loose-jointedness with
flatfeet, pseudoclubfoot, habitual dislocation of joints, etc. may be a striking feature
of the Marfan disease, the Ehlers-Danlos syndrome, and osteogenesis imperfecta.
Hypotonicity and underdevelopment of skeletal musculature occur in the Marfan
syndrome, osteogenesis imperfecta, and the Ehlers-Danlos syndrome. Impressively
blue sclerae sometimes occur with Marfan’s disease and, on the other hand, arachno-
dactyly may occur with osteogenesis imperfecta. Dissection of the aorta and ectopia
lentis occur primarily in the Marfan syndrome but also occasionally in the Ehlers-
Danlos syndrome. Because of this overlap as to individual components it is desirable,
in the absence of a specifically descriptive title, to refer to these diseases by eponyms
or by some relatively noncommittal name rather than by a single manifestation
which may be neither specific for the syndrome nor an invariable feature.

In summary, it may be pointed out that, as is dramatically illustrated by these
hereditary disorders of connective tissue, one gene may have many effects. But con-
trariwise, many different genes may individually or in combination produce a par-

ticular abnormal trait. The resulting complexities of clinicogenetic analysis are
apparent.,
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If by some magic solution one conld dissolve all

the connective tissue of the body, all that would remain
wonld be a mass of slimy epithelinm, quivering

muscle and frustrated nerve cells®

—Arcadi

2, THE BIOLOGY OF NORMAL CONNECTIVE TISSUE

ONNECTIVE tissues, the supporting structures of the body, include cartilage,

ligaments, tendons, fascia, joint capsules, the subepidermal portions (corium)

of the skin, important elements of the heart valves and aorta and smaller blood

vessels, and finally bone. In general, connective tissue consists of cellular and fibrous

constituents embedded in the so-called ground substance. Reference is made to

texthooks of histology (e.g., Fig. 45 of reference 21) for graphic presentation of the
structural interrelationships of these elements.

In connection with his theory that organs are composed of a limited number
of tissues, Bichat (1771-1802) distinguished fibrous tissue as one variety. About
1830 Johannes Muller (1801-1858) assigned the generally used designation “Binde-
gewebe,” Schwann discovered the connective tissue cells.

THE CELLULAR ELEMENTS

Virtually all the other endogenous elements of connective tissue are elaborated
by the fibroblast, the main cellular constituent of connective tissue, or by its con-
geners, such as the osteoblast and the chondroblast. Sometimes the term “fibrocyte”
15 used and in the older literature, “lamellar” or “fixed tissue cell.” Other cellular
elements include the mast cell and wandering cells such as macrophages. (The
mast cell,”® which has long been implicated in the formation of heparin, has been
thought to be concerned also in the formation of hyaluronic acid **) Some informa-
tion has accumulated about the enzymatic processes involved in the formation of
acid mucopolysaccharides.®® In general, however, details of the biochemical proc-
esses by which the fibroblast manufactures the other elements of connective tissue
are obscure.

The pedigree of the cells called fibroblasts in tissue culture is an uncertain
matter, even though few other cells have been subjected to such extensive study
by this technique. The spindle-shaped cells derived from various tissues and organs

and referred to as fibroblasts have different functional properties in spite of
identical morphology. 1344

*Arcadi, J. A.: Bull. Johns Hopkins Hosp. 90:334, 1952,
30
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Modulation and differentiation are important features of the biology of the
fibroblast. Differentiation*® indicates a maturation of the cell with specialization
of function and usually increased structural complexity; with this specialization
the potentiality to develop along certain lines is lost—a chondroblast cannot, for
example, develop into a fat cell even though both are descendants of a common
mesenchymal cell. Modulation is the term used to indicate changes in cells of
such a type that the fundamental nature of the cell, as a fat cell, let us say, is not
lost although the functional capacity has been quantitatively altered and the
structural features which permit identification of the precise species of the cell
may be lost. Differentiation and modulation in the group of connective tissue cells
are particularly complex matters.

THE FIBROUS CONSTITUENTS

The fibrous constituents of connective tissue comprise two main groups: col-
lagenous and elastic. The reticulin fiber would be classified by some as a separate
category (see below), but most consider it a member of the collagen group al-
though its precise relationship to the classical collagen fiber is moot.

Collagen must be defined in terms of its properties. It is a fibrous protein oc-
curring in wide, straight, unbranching white bundles which possess high tensile
strength and low elasticity.*

Collagen fibers at times have a tensile strength as high as 100 kg./em.?, as
high as some metals.”® Collagen has characteristic 640 A periodicity by small angle
x-ray diffraction and by electron microscopy. It contains two unique amino acids,
hydroxyproline and hydroxylysine.®® The former is in relatively large amounts
and is used in quantitative determination of collagen.'' [t contains large amounts
of glycine. Aromatic and suliur amino acids are present only in low concentration.

The_biologic importance of collagen in the individual organism and in the
phylogentic series is tremendous. Callagen represents approximately 30 per cent
of the total protein of the human body. In the vertebrate animal it is what
cellulose 1s to plants. As the matrix of bone®®3%" it was referred to as “ossein” in
the older literature. Even the vitreous humor of the eye contains fibers with the
properties of collagen, the so-called “vitrosin™ of Gross.®® That it is not limited to
vertebrates-is indicated (as merely one example) by the fact that collagen is the
skeleton of the invertebrate sponge familiar in household and other usage.

The economic importance of collagen dates back to prehistory when the manu-
facture of leather® and glue was first undertaken. Isinglass, made from the swim
bladder of fish such as the sturgeon, avas also collagenous in nature. It was in
leather manufacture that one property of collagen, thermal shrinkage (at 60° to
65° C.) was discovered and used in judging adequacy of tannage. (Some of the
best studies of collagen have been directly or indirectly supported by the leather
industries. For example, Highberger®® has been in the employ of the United Shoe
Machinery Corporation of Beverly, Massachusetts, and Gustavson® works at the
Swedish Leather Research Institute in Stockholm. Grassmann® works at the
Max Planek Institute for Protein and Leather Investigation [Max Planck-Institut

*See page 137 for a discussion of the several definitions of elasticity. As used here, the
term refers principally to extensibility.
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Table 2. Characteristics of Collagen
(A Partial Tabulation)

Catepory Based on |
Method af Study

Characleristic Fealures

Histologic properties!!® Tinctorial characteristics:
Acid fucham-—nhrlght red staining
Periodic acid and Schiff's reagent—{faint red staining
Silver methods—not well stained
Dilute acids and alkalis—swelling

Electron microscopic [ G40 A pericdicity

features |

Chemical features 147, hydroxyproline by 'I.'.l.‘.‘lghl h%lilm:wl}mlm_ also unigque amino
ac L{i low content of tyrosine, methionine, and histidine; absence

of nnhne and tryptophane; 19 hexosamine {d.mmtl!d carbo-
| hvdrate)

Shrinkage characterist s Tm:l[mmtunr: 60%-65°C. {ﬁhrinkag‘c to about one-third uriginaE
|l‘_'1|.glh]- Certain f:h:{:lrulyt:: salutions

Behavior toward enzymes | Attacked by pepsin

Attacked by “collagenases’ of Clostridium histolylicum and CL
sirede fri e

I-«’.wal.mt to trypsin, chymotrypsin, papain, hyaluronidase

H.'.'l-ltl'lrl.- metabolic inertia?

Isotrope tracer studies of
|1'|f:t.;|lmlir turnover rate

X-ray cry Ht't]lugr iphy [.h-.ir-.itt{'rl'\tli. pattern(s)!
Immunﬂ]{:i,g. 1|-Lr!r low antigenicity of unaltered collagen™ viz., use [or suture
| material

fir Eiweiss- und Lederforschung| in Regensburg). Gustavson® has demonstrated
that thermal shrinkage is the result of breaking of crosslinks in the collagen
molecule which occur mainly through hydrogen bonding between hydroxyl groups
of hydroxyproline and the keto-imide groups of adjacent helices. Gustavson™?
has further suggested the i:ntriﬂ'ning possibility that in #ive “tanning” may be the
hasis of some changes seen with aging and in pathologic states.

The importance of collagen in pathology will be evident to a medical audience
since the concept of “collagen vascular diseases” has seemingly gained such wide
acceptance. Further medical implications appear to be represented by certain of the
hereditary disorders of connective tissue under discussion here.

These implications—Dbhiologic, economic, and medical—have been responsible
for very extensive investigations of the nature of collagen! 27" by scientists of di-
verse interests and perspectives. The result has been, in the past at least, a situation
like the elephant that was examined by the six blind men. Recently several excellent
symposia have effected a synthesis of the diverse bits of information.

Neither the ultrastructure of collagen nor the mode of its formation,™4 js
established in full detail or beyond debate. A concept which perhaps is most con-
sistent with the information available is as follows: The building blocks of
collagen, the tropocollagen unit in the terminology of Gross, Highberger, and
Schmitt," is elaborated by the cell, possibly intracellularly, and is extruded into
the extracellular environment where ionic and other conditions favor its orderly
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linear aggregation into the collagen fibril. The tropocollagen unit is thought to have
a length (and periodicity ) of about 2,200 A, and the 640 A periodicity of the finished
product is conceived by Schmitt and collaborators as the result of a staggering of
the building blocks in their lining up side to side. The discovery that it is possible
to solubilize collagen and then reconstitute it from solution was responsible for
much of this concept. Physicochemical studies indicate that the tropocollagen
unit is a thin, rigid rod with a molecular weight of 300,000 to 310,000 by osmolarity
and by light scattering, and with dimensions of about 14 A by 2,000 A% Although
the larger collagen aggregates are very little extensible and in no way approach
elastic fibers in this respect, electron optical observations of collagen fibrils® indi-
cate that considerable extensibility of these smaller units is possible. Abnormality
in the fibrillar organization may be important in the genesis of the abnormal ex-
tensihility of tendons, joint capsules, and ligaments in certain of the heredity dis-
orders of connective tissue.

The work of Jackson and Smith™** has done much to help establish a view
that has had some support hitherto: a collagen precursor is excreted by the fibro-
blast (or a congener ) and transformed into the collagen fiber extracellularly. These
workers used osteoblasts and grew them in a fibrin-free medium, thus disproving
one theory of collagenesis. Appreciable amounts of protein-bound hydroxyproline
appeared before typical collagen fibrils were demonstrable. Subsequently many
fibrils appeared without a significant rise in hydroxyproline. During the period of
collagen fibrogenesis the osteoblasts displayed cytoplasmic granules which stained
intensely with PAS. The osteoblast was found to be capable of converting L-proline
to hydroxyproline, ™

The carbohydrate content of collagen is low. What is present may he derived
from ground substances playing the role of interfibrillary cement. In pure col-
lagen, hydroxyproline is present as about 14 Gm, per 100 Gm. protein (8.6 Gm.
per 100 Gm. amino nitrogen ) and glycine in roughly twice as great a proportion.
The polar side groups of collagen appear to be located at the areas of the bands
displayed by x-ray diffraction and by electron microscopy. These are the reactive
areas where stains and tanning agents operate,

The relative metabolic inertia of nonsoluble collagen is a very striking feature.?
The turnover rate is slightly higher in bone than in tendon, and in younger ani-
mals, but is much lower than in proteins of cells and plasma. Soluble or extractable
collagen,® which according to the trinitarian breakdown of connective tissue ele-
ments followed here must be considered part of the ground substance, has a con-
siderably higher rate of turnover”® No collagenase comparable to that produced
by Clostridia has been demonstrated in man, with the exception of the extraction
by Schmitt and Sizer®*” of material with the properties of collagenase from the
cells around embedded collagenous sutures. Keech™ 7 has demonstrated interest-
ing variability in the sensitivity of collagen from different human individuals to the
action of collagenase. A few exhibited a high degree of resistance to digestion :
others showed more digestion than the average. It would be very interesting
to know whether or not sensitivity to collagenase is genetically determined and
whether there are any correlations with disease. Is there any characteristic varia-
tion in collagenase sensitivity in the heritable disorders of connective tissue ?

Reticulin fibers have most of the same properties as collagen fibers, most
important the 640 A periodicity. The main difference is their small diameters,
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stainability by silver, and a relatively high concentration of associated polysaccha-
ride. Reticulin fibers predominate in the embryo and in the adult animal are rel-
atively abundant in parenchymatous organs, in lymph nodes and spleen, around
muscle bundles and fat globules, and in association with amorphous material in
epithelial basement membranes. The differences from collagen fibers may be a
matter of fiber size or diameter of the individual fibrils in a bundle. Given a col-
lagen bundle and a reticulin bundle of the same over-all diameter, the reticulin
bundle may stain with silver because it has a great many more component fibrils
of small diameter and correspondingly greater total fibril surface area. Staining with
silver 15 a surface phenomenon as demonstrated by Gross. Whether reticulin is
precollagen or immature collagen (not to be confused with procollagen or soluble
collagen) is perhaps not too important a consideration. The concept of Gross
and others that it is not a progenitor of collagen is based on the fact that it
is present in the adult organism seemingly without ever being transformed into
collagen and that electron microscopic evidence for aggregation of reticulin fibers
(of small diameter) into collagen fibers is lacking. Reticulin fibers are present
in the adult organism, in the corium, for example, and are possibly present in
as great absolute amounts as at any earlier stage in ontogeny. In the adult,
however, the reticulin fibers are “swamped”™ by the preponderance of collagen
fibers. Several observations™ suggest that reticulin of granulation tissue is different
from that of basement membranes.

Elastic fibers® are large branching refractile structures, light vellow or brown,
depending on their age; with a high degree of extensibility ; extreme insolubility ;
indestructibility in relation to heat, drastic pH changes, and enzymes; a low content
of polar amino acids ; and, finally, certain distinctive tinctorial characteristics. The
nature of their staining by orcein and related dyes is not at all well understood ; the
staining bears no relationship to pH, and there is no other evidence that salt link-
ages are involved *?

Whereas collagen is present in areas where a pliant but relatively non-
extensible building material is necessary (ligaments, tendons, fascia, joint capsules),
elastic fibers serve important functions in areas such as the media of the aorta
(where they are responsible for the compression chamber, reservoir, or Windkessel
hemodynamic function of that structure), in the elastic cartilage of the ear, and in
ligaments with large elastic components such as those of the foot and the ligamenta
Aava of the spine. In the skin, elastic fibers are found mainly in the outermost
layer of the corium. The leather industry has been a source of information on
elastic fibers as well as on collagen. The outer part of the corium represents the
grain layer of leather, so-called because it swells less with tanning and produces
grain, which may or may not be desirable in the particular instance. Empirically,
“hating”—treatment of the hides with pancreas—was practiced in order to remove
the grain layer. Balo and Banga'® subsequently found that the basis of the “bating”
process 1s the presence of elastase in pancreas (see below).

Chemically, elastic fibers have approximately the same concentration of non-
polar groups, such as glycine, as does collagen. However, there are virtually
no polar amino acids such as hydroxyproline, glutamine, and arginine. The rela-
tive absence of reactive amino acid side chains is probably responsible, at least in
part, for the unique properties of elastin.

SR
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Much less is known about the ultrastructure of the elastic fiber than of the
collagen fiber. X-ray diffraction studies suggest that in the relaxed state the
molecules of elastin are disorganized as in the case of unstretched rubber. Also as
in rubber, positive areas of refringence appear with stretching. Gross has found
that the double helical structures earlier described by him* in electron photo-
micrographs of material derived from aorta were in fact not elastic fiber elements
but trypsinogen® in the enzyme preparation used in removing nonelastic ele-
ments. One view'® of the chemical constitution is that a pro-elastin core is embedded
in a matrix of combined pro-elastin and elastomucin. There is produced in the
pancreatic islet tissue, an elastase’®*8 for which there is an inhibitor produced else-
where in pancreas. Elastic fibers are moderately susceptible to digestion by trypsin,
resistant to digestion by pepsin; this is the converse of the situation with collagen.

Studies with radioisotope tracer methods' indicate what is probably an even
lower level of metabolic activity than in collagen. With aging there is a chemical
alteration in elastin,”™ including a change in the amino acid profile and an in-
creased affinity for calcium and basophilic dyes.

Formation of elastic fibers in tissue culture is observed with more difficulty
than in the case of collagen fibers.'%473% Some workers*® conclude that in several
ways collagen participates in elastofibrogenesis and that there is an intimate inter-
relationship between the two. There appears to be evolving a general principle
that the extracellular components of connective tissue are not the “free agents”
they have generally been considered in the past. Increasingly, evidence accumu-
lates for an intimate interrelationship between collagenous and elastic fibers. For
example, Keech and Reed™ demonstrate that by a variety of means, chemical,
enzymatic, and physical, so-called “moth-eaten fibers” (MEF) can be produced
from either type of fiber. The MEF are conceived of as an intermediate forn.

THE GROUND SUBSTAMNCE

The term ground substance is a mistranslation of that used by the early Ger-
man histologists, Grundsubstanz, meaning “‘fundamental substance.” Although the
ground substance has long been known (in 1861 there was enough information to
justify a review of the subject by Kéllicker), the most intensive investigations
followed the discovery of the “spreading factor” by Duran-Reynals and Suner in
1929%% and the studies of mucopolysaccharides of the ground substance and of
hyaluronidase in the laboratory of Karl Meyver at Columbia University beginning
in the early 1930's,5

The ground substance is the extracellular, extrafibrillar, amorphous matrix
of connective tissue. It has components derived from the fibroblast, such as acid
mucoprotein, acid mucopolysaccharide, and dispersed (soluble or pro-) collagen,
and components not elaborated locally, such as water, ions, small organic mole-
cules such as glucose, cell metabolites, "plasma proteins, and others. [t is im-
portant not to equate ground substance to acid mucoproteins and acid muco-
polysaccharides, as has become a frequent practice, since on a quantitative basis,
and possibly on a functional basis, some of the other constituents such as plasma
proteins, soluble collagen, and neutral mucoproteins are as important. Another as-
sumption which may be fallacious is that changes in serum mucoprotein (which is

neutral) reflect changes in acid mucopolysaccharide of the ground substance:
chemically the two are quite distinct.
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Table 3. Acid Mucopolysaccharides of Connective Tissue*

[. Nonsulfated mucopolysaccharides
1. Hyaluromec acid
2. Chondroitin
II. Sulfated mucopolysaccharides
1. Chondroitin sulfate A
Chondroitin sulfate B
Chondroitin sulfate C
Heparitin sulfate
Keratosuliate

e b

*From Meyer, K., Hoffman, P., and Linker, A.: The Acid :'l.im:l:|m|}’ﬁa¢:+;]1in‘iih:5 of (;un-
nective Tissue; fn Tunbridge, R. E., et al. (eds.) : Connective Tissue, A Symposium, Spring-
field, 111, 1957, Charles C Thomas, Publisher.

There are several presumably distinet acid mucopolysaccharides m connective
tissue (Table 3). All are polymers of high molecular weight and contain hexo-
samine and hexuronic acid moieties.™* Hyaluronic acid, which has been identified
in synovial fluid, vitreous humor, and umbilical cord, i1s composed, among other
moieties, of glucosamine and glucuronic acid. Tt is digested hy hyaluronidase.
Chondroitin, which has been isolated only from cornea, differs from hyaluronic
acid by the replacement of glucosamine by galactosamine ; its properties are similar,
however. Meyer distinguishes three chondroitin sulfates (A, B, and C) on the
basis of solubility, optical rotation, and enzymatic properties. All contain galac-
tosamine, not glucosamine. Ch5SA has been demonstrated m cartilage, bone,
cornea, aorta, and hgamentum nuchae, ChSB, in which the hexuronic acid moiety
15 iduronic acid, not glucuronic acid, has been isolated from skin, tendon, heart
valves, ligamentum nuchae, and aorta. ChSC has heen found in cartilage, um-
bilical cord, tendons, and nucleus pulposus. Keratosulfate, the only sulfate muco-
polysaccharide free of uronic acid, has been isolated from cornea, where it represents
about 50 per cent of total mucopolysaccharide. Heparitin sulfate, which as its
name indicates has chemical, physical, and other properties resembling those of
heparin, has normally been found only in aorta.

Metaholically mucopolysaccharides are rapidly turned over. The availability of
5% and description of its wse in the study of acid mucopolysaccharides by
Djiewiatkowski™ in 1949 has permitted some insight into problems of the metabo-
lism of these materials. Studies of mucopolysaccharide formation in microorganisms
and in cell cultures have likewise been helpful. Production of components of the
ground substance in tissue culture has been obseryed 3554

Metachromatic staining of connective tissues, as by toluidine blue, is a func-
tion largely of mucopolysaccharides. %7 ( Metachromasia is a term introduced by
Ehrlich in 1877 to indicate the property of a tissue to stain one color when ex-
posed to a dye of a different color. )

In the mammalian organism hyaluronidase has been identified with certainty
only in testis.

The importance of the ground substance is evident when one considers that
it must be traversed by all materials entering and leaving the cells.®™ The con-
cept™ 1= that mucopolysaccharides function like a reactive gel of the ion-exchange
resin group is an intriguing but as yet unproved concept. It is at least theoretically
possible that changes in the concentration or state of polymerization might modify
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greatly the capacity of connective tissues to bind inorganic ions and water, Hyvalur-
onic acid, highly hygroscopic in the purified state, may be concerned in water-
binding by tissues. It may also serve as a lubricant and shock absorber. Chondroi-
tin sulfate, because of its highly charged anionic groups, may function'f as a cation
exchange resin.

Jackson®! has presented data which he interprets as indicating an important
role of mucopolyvsaccharide in the organmization and certain properties of colla-
genous structures such as tendon. Trypsin will digest gelatin but not native col-
lagen. The characteristic shrinkage temperature of native collagen is altered by
treatment directed at the matrix.

The evidence™ 37 on the role, if any, of mucopolysaccharide in collagen fibro-
genesis 15 held by some™ to be conflicting and inconclusive. However, some con-
nection is thought to exist.™

FURTHER CONSIDERATIONS

The indications of an intimate interrelationship between the several ele-
ments of connective tissue, e.g., between collagen and elastin, between mucopolysac-
charide and collagen, etc., are numerous. The details of these interrelationships are
not yet fully known,

In addition to these general features of conmective tissue, which undoubtedly
assist in the understanding of the heritable disorders to be discussed, there are
some specific questions about the hiology of connective tissue which come to mind
with study of these diseases. For example, to mention only a few, in the Marfan
syndrome: What does the suspensory ligament of the ocular lens have in common
with the media of the aorta? What controls longitudinal growth of hone? In
pseudoxanthoma elasticum: What 1s the nature of Bruch’s membrane of the eye
and what does it have in common with the corium? \What is the basic nature of
orceinophilic staining ; specifically, if it is dystrophic collagen which stains in this
disease, what change has occurred to result in this tinctorial simulation of elastin?
In the Ehlers-Danlos syndrome: What is responsible for the tensile strength of
the skin and for its elasticity? What is the organization of collagen bundles in
ligaments, tendons, and joint capsules and what is the relationship between this
organization and the stretchability of these structures? What determines the
elastic properties of the collagen and elastin molecules, and of fibers of these pro-
teins? In osteogenesis imperfecta: What is the normal organization of apatite on
collagen which accounts for the important structural properties of bone, and in this
disease, what change in collagen has occurred to disrupt the normal collagen-
apatite relationship? In disorders such as osteogenesis imperfecta and pseudoxan-
thoma elasticum is there any abnormality of amino acid sequences™* comparable to
the abnormalities demonstrated by Ingram® in the aberrant hemoglobins? In con-
nection with the full discussion of each of the entities, what is known in answer
to these questions and others will be presented. Unfortunately, much remains
to be learned in all these areas.
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In an era when slenderness and ectomorphy
are being equated with long life, it may
be wise fo point onl an cxcephion®

3. THE MARFAN SYNDROME

HISTORICAL SURVEY

x 1896'™ the gross skeletal manifestations of the syndrome which bears his
I name were described by Marfan, who called the condition dolichostenomelia
(long, thin extremities) (see Fig. 2B ). The condition was renamed arachnodactyly
by Achard in 1902* (Marfan had used the similie “pattes d'araignée,” spider legs.)
Salle'™ in 1912 reported necropsy observations in the case of a 2Z-month-old
infant who died with cardiac symptoms and showed generalized dilatation of the
heart and patent foramen ovale. Boerger®* first clearly related ectopia lentis to the
other manifestations. As is usually the case, vague references to cases of what was
certainly this syndrome can be found in medical reports antedating the definitive
descriptions. For istance, Williams,'® an ophthalmologist in Cincinnati, in 1876
described ectopia lentis in a brother and sister who were exceptionally tall and had
been loose- jointed from birth.

Weve of Utrecht,”™ publishing in 1931, first clearly demonstrated the herit-
able nature of the syndrome and its transmission as a dominant trait. Further-
more he conceived of this syndrome as a disorder of mesenchymal tissues and ac-
cordingly designated it dystrophia mesodermalis congenita, typus Marfanis.

The major cardiovascular complications, namely, aortic dilatation and dis-
secting aneurysm, were first clearly described in 1943 by Baer and his associates'!
and by Etter and Glover,* respectively. Again, although earlier reports of the
aortic complications can be discovered (e.g., reference 29 and Fig. 3), these later
authors first drew attention to them and opened the way for clearer recognition of
the mternal medical implications of this syndrome in adults,

It is difficult to imagine a better description of the Marfan syndrome than
that given by Bronson and Sutherland®® in 1918 in the case of a 6-year-old child
with aneurysm of the ascending aorta which ruptured, into the pericardium.

*From Editorial: New England J. Med. 256:39, 1957.

TAntoine Bernard-Jean Marfan (1858-1942), Parisian professor of pediatrics, did much to
establish pediatrics as a specialty in France and elsewhere. He was the author of several widely
read texthooks and monographs on pediatric topics and editor of Le Nowrrisson for a great
many years. In addition to the syndrome under discussion here, his name is often attached to
Marfan's law (that immunity to pumonary phthisis is conferred by the healing of a local tuber-
culous lesion) and Marfan's subxiphoid method for aspirating fluid from the pericardial sac™
(For other biographic details, see references 6, 7, 8, 74; for portrait, see Fig. 2.4).
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g, 244, Marfan., (Courtesy Académie de médecine, Paris.)
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Fig. 28. Arachnodactyly in Marfan's case. (From Marian, A. B.: Bull. et mém. Soc. med.

hép. Paris 13:220, 1896.)
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“The unusual shape of his head and ears and the looseness of his joints attracted
attention early in infancy.” Inguinal hernia was repaired surgically at the age
of 2 vears, and a left diaphragmatic hernia was discovered by x-ray examination.
He was always undernourished but was sensitive and mentally advanced for his
age, with a quaint way of expressing himself and “a sense of humor of his own.”
The forehead was high and full, the palate highly arched. The ears were large
without the normal folds of the pinnae. The joints were lax, the limbs flail-like,
and the elbows showed definite subluxation. There were lordosis and pigeon
breast with an increased prominence of the right side of the chest which showaed
better expansion. A pulsating mass was discernible to the right of the sternum.
Although no diastolic murmur was mentioned, the left ventricle was hypertro-
phied at autopsy. There was also partial coarctation proximal to the leit sub-
clavian artery. The authors presented a detailed review of reports previous to that

Fig. 3. An carly reported case™ of dissccting aneurysm in a patient who in retrospect
appears to have had the Marfan syndrome. In 109 MacCallum reported from the Johns Hop-
kins Hospital the case { Med. 15434 ; autopsy 2087) of “L. R, Negro, age 30 . . . slender bult.”
The man had been seen one year hefore death, at which time sipns of aortic regurgitation were
present. The patient was described in hife as having a congemtal umbilical hermia. A differ-
ence in the radial pulses was noted by Dr. Thomas McCrae, I hissecting aneurysm was mot
suspected, however, by Osler, Rufus Cole, and the other physicians who examined him, There
was paralysis of the left recarrent laryvngeal nerve. The mother and several brothers had died,
as well as the patient’s only child, who died at the age of 2 years. No definitely corroboratory
features of the family history were recorded, however, and no note of ocalar abnormality was
made. The ascending aorta, as shown here, resembles that seen in Fig. 1667, Furthermore
|11':' pronounced dilatation in the region of the sinuses of Valsalva suggests the Marfan syndrome.
(From MacCallum, W. G.: Bull. Johns Hopkins Hosp. 20:9, 1909.)
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time ; m:_n.],_'r of these cases also are reasonably clear instances of the Marfan
synelrome.

“Marfan’s syndrome,” or better, “the Marfan syndrome,” is, in my opinion,
the ‘preferred designation until such time as the basic defect is known and an
accurate name based thereon can be devised. (F. Parkes Weber'™ was of the
same view.) Arachnodactyly is, on the one hand, not striking in some patients,
< ancl, on the other hand, occurs with other developmental disorders, both acquired

" and genetic. i

Probably at least 400 cases of the Marfan syndrome have been reported in
the literature. By intensive searches of multiple sources, [ was able in the last
six years to collect 74 kinships in which at least one bona fide affected person
has- occurred.  Thirty-three of these definitely affected families are represented
in Figs. 3 to 38, The total number of definitely affected persons in these pedigrees
approaches 200. In this study, the Wilmer Ophthalmological Institute of the Johns
Hopkins Hospital was the largest single source of propositi. However, other
sources included pediatricians, orthopedists, endocrinologists, and cardiologists.
The Medical Examiner’s Office was another fruitiul source; tracing the relatives
of young individuals dying of dissecting aneurysm of the aorta revealed several
affected kinships. Under continuing study are the following aspects: survivor-
ship, relative incidence of the several manifestations of the svndrome, intrafamilial
and interfamilial variability, and other aspects, including incidence of sporadic
versus familial cases, racial incidence, sex differences, etc.

CLINICAL MANIFESTATIONS

Fig. 44 (p. 119) presents a “pedigree of causes” in which the several mani-
festations of the Marfan syndrome are related to the hypothesized, but, as vet,
undefined fundamental defect of connective tissue. See also Fig. 46,

The Skeletal Aspects -(see Figs. 44 to 41 for the various body types en-
countered ). Dolichomorphism characterizes the skeletal abnormality of the syn-
drome. The victim often suggests the subject of an El Greco painting.* The ex-
tremities are long, and characteristically the lower segment (pubis-to-sole ) measure-
ment is in éxcess of the upper segment (pubis-to-vertex ) measurement and the arm
span in excess of the height. In general, the more distal hones of the extremities
tend to demonstrate this excess length most strikingly. Arachnodactyly is the
result (Figs. 94 to 9C). :

Skeletal proportions are more important than actual height. It is true that
these patients are often very tall. One patient was 6 feet tall at the age of 12 years.®
Another patient'™ was 7 feet tall. The tallest patient encountered in our investiga-
tions was 6 feet 7 inches. As indices of arachnodactyly it has been proposed!s?
that the hand-height ratio should be greater than 11 per cent and the foot-height
ratio greater than 15 per cent. Furthermore, it is stated that the finger, especially
the middle finger, should be one and one-half times greater than the length of the
metacarpal. Excessive length of the inferior patellar ligament has been proposed as
a useful diagnostic index. There is so much overlap with the normal that all

*Astigmatism is thought to have been the basis for El Greeo's distorted representations, as
in “St. Martin and the Beggar” (National Gallery, Washington, D. C.). Actually the legs are
not disproportionately long in El Greco figures.
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Fig. 44. PBrothers, one with
Marfan's syndrome. The one on
the left is normal, 10 years of age.
M. ID. (A59949), on the right, 15
only 8 years old. He shows ectopia
lentis, contracture of the ffth hn-
pers (see Fig. 104), heterochromia
iridis (right iris, blue; left, light
green ), Horner's syndrome on let,
lack of subcutaneous fat, high
palate, scoliosis and thoracie de
formity, and abnormal electroen-
cephalogram. This is probably a
sporadic case (original mutation).
Contracture of the ffth fngers
(clinodactyly or camptodactyly) oc-
curred in other patients of this
series (eg, J. A, M., AGS283).
Photograph, May, 1933. Hetero-
chromia iridis cceasionally 15 found
as an isolated hereditary abnormal-
ity, transmitted probably as a
dominant.®™ It 15 sometimes due to
hirth mjury to the cervical sym-
]Iq'lll"l'l.": ics

Fig, 4. Same brothers as shown
in Fig. 44. Photograph, June,
1958. The older wnaffected brother
has now outstripped the affected
brother in height.
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Fig. 4C. C. A. B. (B99l2:
GU2038), 7 wears old, Pronounced
pectus carinatum. Normal mental-
ity. Nystagmus. Bilateral ectopia
lentis. “‘Rocker-bottom' feet.
Sparce subcutaneous fat.  Photo-
praph, August, 1954,

o

Fig, 40, Same patient as shown
i Fig, 4C. Photograph, August,




Fig. 4E. M. McG. (A92675), 7 years of age. Bilateral ectopia lentis. Severe pectus exca
vatum. Highly intelligent. Frequent respiratory infections. Lowd systolic murmur of unclear
origin. The mother has the full-blown syndrome and 132 sightless in one eye from spontaneons
retinal detachment. This child died at the age of 10 yvears. The clinical picture was that of
mitral regurgitation with progressive cardiac enlargement. Atrial fibrillation had itz onset
J_"i|.:|:|1_ 1|'|r|-||'||!|~. |5|_'I-::-!I'l.,' |:|r|':l1|'| The mitral valve showed three CUsps .'1I‘EI| .;|,|1I|c-1'lt1;|i_|_-.' :.|'|r|n|;'1 |;'|:|.:_|;r|:|;|_|,'
tendineae. The left anmtrivm was huge, with thickened endocardium. Both wventricles were
;._-1'.;_1-_-!_1' dilated.

Fig. 4F. D. W, (BB430), 4 years 2 months of age, 15 thought to have minimal dilatation of
the ascending aorta and mitral regurgitation. Also has kyphoscoliosis and ectopia lentis. Parents
appear unaffected but paternal great grandfather was 6 feet 7 nches tall.

[Fig. 4. M. P. {362804), 53 years old, one of the oldest patients with the Marian syndrome
| have had the '|'|l'||"|1||||i.._'|-' to examme, (I have r'|'4,x'|||;'_1' Sl A :;-'J VEar ||||| IHTL '-,\'i[El the
Martan syndrome manifested by ectopin lentiz, dolichostenomelia, amd aortic aneurysm. One
man with probable Marfan's syndrome was killed accidentally at the age of 82 years. He was
still. well preserved at that time. He was 75 inches tall and fathered at least two full-blown
cases of Marfan's syndrome [see Fig, 23 on page 81 for the x-rav film of one] and four
probably affected mdividuals out of sibship numbering twelve in all,)  Extensive pedigree of
Marfan's syndrome, Systolic crunch (extracardiac sound) present for many vears,
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Fig. 4H. D. L. F. (5166700, 7 years of age. The ptosis was thought to be part of the
eneral muscular '||:,-|;...1|:-.||i;l which was s0 severe that .|,I‘.|:-.l|1:-:|i.| congenmta was H'.I-ugll.'f1l:'|:| when
the patient was seen at the age of 4 years. Umbilical and bilateral inguinal her
repaired surgically. The feet are very long, fat, a arrow., Kyphoscoliosis is evident. No
ectopia lentis or ocular abnormality other than ptosis demonstrated. Intelhigent. The plosis
has been corrected surgically since these photographs were taken. The patient may represent a
new mutation. Possibly the bilateral ptosis is an independent mutation

F1iEL S |'.'|'. i |I|'-:'I|

Fig. 41. J. A. L. (661948), 5 years 8 months of age. Ectopia lentis. Probably de nove
mutation. Shown very well is the eversion of the feet with low position of the internal mallealus
(“rocker bottoms” ). Child bright, but highly nervous. Photograph, January, 1934

|4
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Fig. 47, Same patient as shown in Fig. 4, at age 10 VOArs,
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Photograph,

August, 1958,

Sparcity of subcutancous fat is not demonstrated by all cases of the Marfan syndrome.

Fig. 5.

Photograph of M. I, affected

male shown i Figs, 4.4 and 48, taken in
February, 1948 (3)% wyears of age).
Dolichostenomelia is often less impressive

at this age.
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measurements cannot be relied on as the sole diagnostic eriterion in individual
cases. More significance can be attached to them if they are particularly ab-
normal or if they represent marked deviations from the measurements in certain
other members of the family.

Possibly the index of most usefulness, or at least one which is as reliable as
any, is the ratio of upper segment (US5) to lower segment (LS). The lower seg-
ment is measured from the top of the pubis symphysis to the floor. The upper seg-
ment is derived by subtracting this value from the height. As is indicated by the
familiar illustration provided by Stratz in 1902 (Fig. 6), the legs grow relatively
faster than the trunk during postnatal life. Resultingly, the mid-portion of the body
moves progressively downward. The US-LS ratio is roughly 0.93 in the white
adult, having been higher in the prepubital period. The individual born with the

£

Fig. 6. Ordinarily the adult skeletal proportions are not attained until after puberty.
There is evidence that the body proportions (as indicated by upper segment-lower segment ratio)
15 different mow that at the turn of the century when this diagram was made, and that the
pattern differs in whites and Negroes. This diagram will require redrawing on the hasis of the
data presented in Fig. 7. (From Stratz, C. H.: Der Korper des Kindes, Stultgart, 1902, Ferdi-
nand Enke.)

“Marfan gene” tends already to have an abnormally low segment ratio. Further-
more, he passes more rapidly through the sequence shown in Stratz” drawing, over-
shoots the mark, and ends up with a segment ratio in the vicinity of 0.85.

Because there are no recent data on whites and no published data whatever on
Negroes, measurements of segments were made on 2,100 Baltimore school children
of hoth races and sexes. The data are presented in Fig. 7. They should prove use-
ful in the evaluation and follow-up of cases of the Marfan syndrome, as well as in
the study of the hemoglobinopathies, endocrinopathies, and other disorders which
influence body proportions. It is planned to increase the data at both ends of the
age span shown in Fig. 7 and to extend them to about age 30 vears,
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The photographs in the nude on the measured grid cannot be relied on for more
than a rough estimate of hody proportions. Errors in estimating the site of the
pubic symphysis and parallax made for poor reproducibility and poor checks with
direct measurements,

The dip in the US-L5 ratio at the stage of puberty, with subsequent slight rise,
15 noteworthy. If puberty 15 delayed the dip may be even more striking. The possi-
hility of the Marfan syndrome was raised in the patient (E. K., 766137 ) shown in
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Figs, 7A-7C. The upper segment-lower segment ratio (US/LS) as a gaupe of the
skeletal changes in the Marfan syndrome. Becanse of the lack of recent data on US/LS in
cither whites or Negroes, measurements were made 1 1959 on over 2,100 Baltimore school
children. In brief, the findings were as follows: (1) Engelbach’s data," compiled from measure-
ments made by varions observers i whites only, between about 1860 and 1928, are not pres-
ently applicable for either race (Fig. 740, (2) At all ages there is a significantly lower US/L5
in MNegroes than in whites (Fig, 7). (3) Negroes have a slightly shorter upper segment and
slightly longer lower segment than do whites. As a result the US/LS is strikingly different.
(4) Within both racial groups no significant sex difference in the mean US/LS or the standard
deviations of the means could be demonstrated, at least in the measurements up to the age of
about 15 wears, This 1s the rationale for considering the sexes topether in Figes, 78 and 7C.
It will almost certainly be necessary to consider the sexes separately in presenting data mow
being collected on persons 13 to 3 years of age,

As shown in Figs. 70 and 7C, the US/LS of most patients with the Marfan syndrome fell
in the abnormally low range. Measorements on thirty-four patients are shown, The number in
the parentheses is the age in years.

{From data of McKusick, V. A., Ferguson-Smith, M. A., Leeming, J. T., and Merryman,
C. F., to be published. )
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Fig. 415. The presence of gynecomastia strengthens the impression of anomalous
pubertal transition.

Sickle cell anemia is a recognized cause of growth disturbance which can result
in body proportions resembling those of the Marfan syndrome. The patient (1. M.,
6594631 shown in Fig. 414 is an example. The osseous hyperemia which ac-
companies hyperactivity of the bone marrow in the long bones may be the
mechanisn.

In cases of the Marfan syndrome the occurrence of kyphoscoliosis with shorten-
ing of the trunk also reduces the segment ratio; two iactors, trunk shortening and
extremity lengthening, are collaborating in producing the low segment ratio. How-
ever, before the age of 10 or 12 vears kvphoscoliosis is in most cases not of suffici-
ent severity to be of major significance.

At times the great toes are elongated out of proportion to the others (Fig.
gR ) 47168180260 This may be related to the fact that the terminal center ofi ossifica-

Fig, 84, Fiuz, 2R Fig. 8C.

Figs. 84-8C. Confusing and uncertain cases.

_ Fig. 84, L. M. (611512), 45-year-old Negro man, sustained an injury to his chest one year
before this photograph. Shortly after the accident he began to have paroxysmal nocturnal
dyspnea and was found to have profound aortic regurgitation. The left ventricle and first portion
of the .'|.~_-.u-1_|rill1'-;lélu-l’l£l are enlarged. Spinal deformity has become progressively more impressive
in this patient. There is no ectopia lentis. For geographic reasons, the family investigation is
not entirely satisfactory, but no suspicions of the Marian syndrome are present on this score
either. (The ]riitit'l1t died two years after this ]r|'|rht4 graph was taken. Unfortunately, autopsy
wits not performed. ) ;

g, BB, W, F. (651498), 12 years old. Two years previously acute encephalitis occurred,
followed by mental deterioration with positive neurologic signs. No ectopia lentis, The mother,
who iz normal, has the same skeletal |:||'|:rL|||rl'i1 1%,

g, BC. _H. G W, (097871), only 13 years old. Myopic astigmatism but no ectopa lentis.
Loud precordial systolic murmur of unidentified eause. Cardiac catheterization unrevealing. The
extreme dolichostenomelia and the pelvic asymmetry make Marfan's disease very likely. The
diagnosis cannot be established in the absence of positive family history or ectopia lentis.
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Figs. 9.0-9C. H. W. (464314), 17 years
old. Ihed suddenly at home eighteen months
later. The patient was moderately crippled by
the skeletal abnormality. Pain in the joints,
especially those of the knees, seemed to be re-
lated to the loose-jointedness. A long follow-up
in an orthopedic clinic. Ectopia lentis. Referred
becanse of spontancous retinal detachment.

Fig. 90

Fig, 94, General view.

Fig, 98. Striking arachnodactyly with partial contractures of fingers. Children delight in
domg contortions with their fingers but should not he permitted to do this since serious damage
may result,

Fig. 9C. Extraordinary length of the great toes is well demonstrated. Ewven more pro-
nounced excess of length of great toe shown by case illustrated by Wihitheld and his associates.™
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tion normally appears somewhat earlier in the metatarsus of the great toe than of
the others. (The long hones of the hands and feet usually grow from one terminus
only or predominantly. The first metatarsal has a proximal epiphyseal junction,
whereas the epiphysis is distal in the other metatarsals—another point of difference
in development of the first and other toes.) The ribs participate in the excessive
longitudinal growth with formation of pectus excavatum (Fig. 4/2), “pigeon breast”
( Figs. 4C and 417), or less symmetrical varieties (Fig. 11.4) of thoracic cage de-
formity. The bones of the skull and face are likewise affected, with resulting
dolichocephaly, highly arched palate, long, narrow face, and prognathism. There
may be “spurring” of the heels as a result of excessive length of the os calcis.
Redundancy and “weakness” of joint capsules, ligaments, tendons, and fascia
is repsonsible for a large group of manitestations which include pes planus, genu
recurvatum, hyperextensibility of joints, habitual dislocation of hips,*® patella, "
clavicles, mandible, and other joints, ganglia,® hernias, synovial diverticula,* and

Fag, 104 Fig, 108

Fig, 104, Flexion detormiaty (clinodactyly ) of hith fingers, particularly on leit. Taken at
age of 38 months in M. D, ( A59949), who is shown at a later age in Fig. 4.4. Other patients in
this series have shown this feature.

Iig. 108, X-ray hlms of feet in case with so-called “rocker bottoms,” e, promounced Hat
feet., Patient ‘|. M. (5344088 ) : see alzo Fig. 21

kyphoscoliosis. The “flat feet” are often so advanced that the internal malleolus
almost literally rests on the floor (Fig. 108 ). Much less commonly a pes cavus

deformity 1s present. Kyphoseolosis can be very severe (Fig. 115). In rare in-
stances, hemivertebra is responsible in part for spinal defornmty.®™ At times, the
spinal deformity has been thought to he due to Scheuermann’s epiphysitis.®®
Scoliosis 1s likely to increase rapidly during the vears of maximal vertebral growth
from 11 to 15 vears of age. Early recognition of scoliosis is assisted by examining
the patient in a bending forward position. Tlis maneuver renders asymmetry more
obvious because of angulation of the ribs on one side*™ While the deformity is
still slight much can be accomplished by means of exercises and other measures.

*In one ease," a peculiar pelvic cyst comnmumnicating with the lining of the sacral canal oc-
casioned difficulties in delivery.
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Nelson®® emphasizes the presence of a large spinal canal, the enlargement being
in depth or width or both.

Sinclair®™ found complaints of musculoskeletal nature of sufficient severity “to
warrant medical attendance” in twenty of forty cases of the Marfan syndrome. Of
the twenty, seven had low back pain. Two of these were at first considered to have
ankylosing spondylitis. In five cases there was joint effusions; of these, three had
been diagnosed as tubercular, one as rheumatic fever, amd one as rheumatoid
arthritis. Hip joint pain was severe in two. Metatarsalgia was prominent in three
patients.

Even femoral hernias occur rather commonly in men with Marfan's syndrome,
and diaphragmatic hernia has been present in some of our patients and in some
of those reported.®® Hydrocele is occasionally present.

".!‘-._

Fig. 11A4. Fig. 118.

Fig. 11.4. Asymmetrical pigeon-breast type of chest deformity in 14-year- -old hov (. >
\ﬂu_{n with full Marfan's syndrome, This particular type of anterior chest deformity seems to
be of frequent occurrence in Marfan's syndrome. '\l the age of 18 years, the patient was /3
inches tall. Incomplete right bundle br anch block is present. The patient's father was 6 fect
7 inches tall, and at the age of 28 years died suddenly on a bus. He had been observed tor two
vears for aortic regurgitation which had been considered r]lLlII'lhllIl. in origin.

Fig. 115, Marked spinal deformity in 14-year-old F. D., one of first cases of aortic aneurysm
with arachnodactyly n;;nrlnl by Baer and his co- uurhu-‘ U See reference 11 for photographs
of the external appearance of t'|1!r- |H|!1L1I.l : also p. 356 of reference 181.)

Muscular underdevelopment and hypotonia is a frequent'®™ but by no means
invariable feature. This feature has been so striking as to suggest a primary dis-
order of muscle in some instances. (The converse error of diagnosis—primary
muscular dystrophy called Marfan's syndrome—has occurred in isolated instances—
Figs. 39.4 and 398.) It is probable that the muscular manifestations are secondary
to the abnormality of bones and joints and to abnormality of the perimyal connective
tissue and are not due to L:II:'EHIEH'_'I.' involvement of the muscle cell itself. This view
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is supported by the finding of a normal creatinine coefficient, an index of total
muscle mass,'%

Pronounced sparsity of subcutaneous fat is a striking feature of most cases
(Figs. 44 and 4C) and is not easily reconciled with a fundamental defect of con-
nective tissue. In children, it may be that the rapid growth accounts for the failure
to store fat. One patient, who was thin as a child, has become exceedingly obese

WE
P

Fig. 124. Dislocated lens in R, C, (241676), then 6 vears of age. Chronic “malnutrition,”
bhilateral inguinal hernias, slow physical development, and diastasis recti. At the age of 22 years
he was 73 inches tall, weighed 130 pounds, and wore a size 12-AAA shoe. He was inducted
into the Army and served six months before his eve condition was ascertained. The slight
divergent strabismus is evident. Also one can make out the forward bulging of the nasal
portion of the right iris with failure of more complete dilatation of the pupil in that segment
because of anterior synechiae.

Fig. 128, Rilateral dislocation of the lenses in J. A. L., same patient shown in Figs. 41 and
4. Both lenses are displaced toward the nose. The margin of the lens crosses the pupil from
about 12 o’clock to 6 o'clock.

in recent years (she is now 235 years old), due in large part to inactivity associated
with the blindness produced by bilateral retinal detachment (Figs. 134 and 13B).
As demonstrated in Fig. 4/, etc., others of these patients may have ahundant sub-
cutaneous fat.

Van Buchem® concluded that bone age is in advance of chronologic age and
that the epiphyses tend to close earlier than normal. Tn our group of patients no
marked deviation was observed, although no systematic controlled observations



Fig. 134, Fig. 13B.

Figs. 134 and 13B. L. T. (221183), at the age of 8 years (Iig 13-4}, at the age of 23
years ( Fig, 1358, At 8 yvears the patient is virtually the same height as M. 1), {in Fig. 4.4), also
8 vears old. The patient became almost completely blind from bilateral retinal detachments.
With the inactivity associated therewith, she beeame wvery obese, as demonstrated in Fig. 1308,
White atrophic striae appeared on the shoulders, upper arms, hips, and thighs, as has been
described previously in obese patients with Marfan's syndrome™ The patient probably had
rheumatic fever with carditis as a child, but no residua are detectable, She has demonstrated, in
addition to ectopia lentis, accessory rudimentary sixth digit alaterally, highly arched palate,
pupils which react poorly to mydriatics.

Fig. 13C. Prison photograph of the proposita’s father (B. R.). The character of the
spectacles suggests hyperopia, an unusual although occasional finding in the Marfan syndrome.
He had several admissions to the Norfolk, Virginia, General Hospital (A46772) for hernia
repair, for acute dissection of the aorta (age 38), for varicose veins, and for pain in the low back.
The final hospital admission was to the 5t. Luke's Hospital, Newburgh, New York., because
of severe pain up and down his back. Profound aortic regurgitation and a pulsating abdominal
mass were discovered. Serologic tests for syphilis were negative. The patient died suddenly
(age 39). Autopsy revealed old dissection of the aorta with recent rupture into the pericardial
cavity and tamponade. Both the father and the father's father of this man seem to have had
the Marfan syndrome, making a total of four generations affected.
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were undertaken. Certainly the excess length of the legs is not due to delayed
closure of the epiphvses. The execess length is often demonstrable at birth ( Fig.
141 ) and throughout childhood and adolescence.

The Eve. Ectopia lentis, almost always bilateral, is the hallmark of ocular
involvement in this syndrome ( Fig. 124). The suspensory ligaments, when visual-
ized with the slit lamp, are redundant, attenuated, and often broken. The lower
ligaments are more likely to be defective, with displacement of the lens upward as
the usual finding. The lens is often abnormally small and spherical. Irido-
donesis, tremor of the iris, is often a tip-off to the presence of dislocation of the lens.
Occasionally the edge of the dislocated lens is visible through the undilated pupil, or,
“of course, there may be complete dislocation of the lens into the anterior chamber.
To exclude minor subluxation it is necessary to dilate the pupil fully and perform
a slit-lamp examination. Bowers®™ describes an interesting family in which mem-
bers would seek the presence of dislocation by gently shaking the infant or small
child while observing the eve in bright sunlight. The appearance of the dislocated
lens was aptly compared to the bubble in a spirit level.

4, BT, 88

Heterochromia iridis was present in at least two patients in this series (see
Figs. 4.4 and 23 ).
Myopia is usually present in rather high degree. The excessive length of

Fig, 144, Fig. 148,

J_"i!.;-., 144 and 14B. A normal individual (I11-12) and her five siblings affected by the
}-!!;!rr:m syndrome (II1-15, II1-14, IIT-13, III-11, and II0-8Y. In Fig. 148 is a 4-vear-old
affeccted member (1V-13) of the next generation, son of [11-8. { The numbers refer to those in
a pedigree published in Fig. 28.4.) Individual 111-11 subsequently died of bacterial endocarditis
'-"Fa"l“l‘l on a mitral valve probably affected by connective tissue changes of the Marfan syn-
drome.” There was qht’llllhmrrpn degeneration of the :L‘-LL1EE1I]I|L aorta and |m][mm iry artery, as
well as advanced congenital cystic disease of the lunes. Individval 111-14 15 78 inches tall, ( His-
tory :|L:|:||:lu:r~.: 176836, 176837, 176838, 103632 637693, 637694 302843.% The father of the sib-
ship (W. K. 101043) died suddenly at home at the ape of 43 vears, presumably of aortic rup-
ture. He was well known as a case of Marfan's syndrome and had been under treatment for a
cardiac ailment with aortic regurgitation for about two years. (Individual 111-15 of the pedigree,
the adult male on the far left in Fig. 148, died in 1956 with aortic regurgitation.)
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the eyeball, resulting in myopia, appears to indicate involvement of the sclera,
fundamentally a ligamentous structure, in the basic connective tissue defect.
The scleral defect is occasionally expressed in the cornea as keratoconus™! or as
megalocornea'? (G, H., B50120).

The sclera may be impressively blue in the Marfan syndrome® Clouding
of the cornea occurs occasionally : this is probably not a primary element of the
connective tissue disease but rather a result of the secondary iritis and glaucoma.

Spontaneous retinal detachment occurs with what is probably an unusually
high incidence and is a frequent complication of lens extraction. Retinal detach-
ment is probably related in part to the long myopic evehall and therefore indirectly to
the connective tissue defect ; that there is a more direct relationship is strongly sus-
pected™ because of the high incidence in Marfan's syndrome even without more
than a moderate degree of myopia. The pupil is often difficult to dilate in Marfan's
syndrome and the dilator muscle appears to be hypoplastic, 137

Fctopia lentis per se would probably represent relatively little impairment of
vision. Severe myopia (20 diopters in Boerger's®' case), retinal detachment, and
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Fig. 140, Fig. 140,

Fig. 14C. P. R. (103632), individual T11-8 in Fig. 28.1, 33 years of age. Bilateral ectopia
lentis and dolichostenomelin.  The patient «icd at the age of 34 years., Autopsy revealed pul-
monary embolus. The base of the aorta was thin-walled, An anomalous flap of the mitral valve
caused mitral regurgitation.

Fig. 14D. H. R. (176837), individual II1I-13 in Fig. 284, 29 vears of age. Bilateral
ectopia lentis and dolichostenomelia,
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the iritis and/or glaucoma which may result from the ectopia lentis are often re-
sponsible for severe limitation of visual acuity or even total blindness. The lens
may become secondarily cataractous.

I was previously suspicious that estimations that only 50 to 70 per cent of
cases of clean-cut Marfan’s syndrome have ectopia lentis were incorrectly low
as a result of inadequate examination of the eves and that virtually 100 per cent
of cases would display at least minor redundancy of the suspensory ligament
if subjected to maximal mydrasis and sht-lamp examination. It may be true
that the first estimate above is indeed too low. However, we have now observed
patients with advanced Marian’s disease with characteristic habitus, involvement of
other members of the family, and dissection of the aorta with autopsy demonstration
of pathognomonic changes in the media, who did not have ocular abnormality on
most careful examination. For example, in the two brothers shown in Figs. 21.4 and
218 there were characteristic changes discovered in the skeleton and aorta but no
ectopia lentis. However, three of the five children of one of the men do show
ectopia lentis, as well as skeletal changes.
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_Fig_ 14£. L. K. (176838), individual 111-14 in Fig, 28.4, 24 years of age. Bilateral ectopia
]cntm“:m:l dolichostenomelia,

Fig. 14F. J. R. (637698}, individual IV-8 in Fig. 284, 11 years of age. Bilateral ectopia
lentis and dolichostenomelia.
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Fig. 144

Fig. 141

Fig. 14(-. Same patient as shown in Fig. 14F, 1554 years of age.

Fip;_ 14H. P. R. [Lf.lﬁ.l.-'l.{:l'fi'ﬁ'l, individual I¥-13 in Fig. 284, 95 vears of age. Bilateral ectopia
lentis and dolichostenomelia,

Fig. 14I. The stillborn infant (autopsy 20095) of patient shown in Fig. 288. The infant
15 believed to be affected. For her age (84 months) the foot was probably long (725 em. as
compared with 6.5). The crown-heel measurement was 46 em. (usual, 43.5) and the crown-anus
dimension 30.5 cm. (usual, 28 cm.). See reference 247 for normal standards used in these
studies. The infant showed no other abnormality on gross and histologic study, except an
abnormality of pulmonary lobation of the type described in cases of the Marfan syndrome
Specifically the aorta was grossly and histologically normal !
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The Cardiovascular System S0P=5354020 Sinee most of the early autopsies in
cases of this syndrome were in infants and children (who might have not yet de-
veloped the characteristic changes in the great vessels) and since interatrial
septal defect was found (probably largely by coincidence) in several of the cases,
this malformation and “congenital heart disease™ in general came to be considered
the usunal form of cardiovascular involvement. As more adult cases were recognized,
it hecame apparent (1) that an inborn weakness (with subsequent degenera-
tion) of the media of the aorta and main pulmonary artery is of much more statis-
tical importance and more functional importance m the individual patient, and
(2) that this abnormality is an abiotrophy, not a congenital malformation. The
abmormality of the media may result in diffuse dilatation of the ascending aorta or
pulmonary artery, in dissecting aneurysm, or in a combination of dilatation and
dissection. Striking involvement of the pulmonary artery occurs'™*='% much less
commonly than the corresponding involvement of the aorta. However, a clinical
picture like that of so-called™ “congenital idiopathic dilatation of the pulmonary
artery” may occur,”™ as well as dissecting aneurysm of the pulmonary artery.™%=
( See Figs. 29 and 36. )

In the aorta, dilatation usually begins in the aortic ring* and intrapericardial
portion of the ascending aorta as suspected clinically and as demonstrated in pa-
tients dying before further progression of their disease.-'"® This, together with
stretching of the aortic cusps, may produce profound aortic regurgitation before
clear roentgenologic signs of aortic dilatation are present ( Figs. 1602, and 21 to 25).
If syphilis, rheumatism, and bacterial endocarditis can be excluded, traumatic
rupture of an aortic cusp is often suspected.'™¥ { See Figs. 154 to 150.)

Furthermore, a deceptive prominence of the pulmonary conus and main
pulmonary artery may be produced by the dilated aortic base and compound the
confusion #2112 (Dilatation of the pulmonary artery itseli contributes to the
prominence ). In a recent case (J. M., J.H.H. 544088) the aneurysm at the base of
the aorta apparently caused partial obstruction of outflow from the right ventricle
with the development of progressive right axis deviation by electrocardiogram.
In these cases, the second heart sound in the pulmonary area may be unusually
lowd due to close proximity of the pulmonary artery to the anterior chest wall.

Aortic dilatation is usually progressive. The patient may be free of symptoms
for five or more vears after the development of aortic regurgitation, but once angina
pectoris or symptoms of left ventricular failure have developed, he seldom lives
more than two vears. OUn the whole, the prognosis is quite similar to that of
syphilitic aortitis.’™* In fact, the similarities of the two diseases are in many
respects striking. It seems to matter little whether the defect of the media is pro-
duced by the spirochete from without or the mutant gene from within.

As in syphilitic aortitis with aortic regurgitation, revision in the prognostic
evaluation of aortic regurgitation in the Marfan syndrome is necessary on the
basis of recent experience. From our own series it is now clear that the asymp-
tomatic period mayv extend for appreciably more than five vears. Furthermore,
patients have survived five years or longer after the onset of major symptoms.

{ Text continmed on page 69.)
*The term “aortic ring” is recognized to be inexact and difficult to define in precise ana-

tomic terms. As used here it refers to the very base of the aorta, particularly the sinuses of Val-
salva and the lines of attachment of the aortic cusps.
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Fig. 15C.

Figs, 15.4-150. A, Dilatation of the ascending aorta is present but 1s not impressive.  Patient
L, lx (film taken cighteen months before death). B, Film four months before death, same
patient. _C, Sketch of the heart and great vessels az visualized at autopsy in patient L. K. Mild
coarctation was present. Dilatation limited to the ascending aorta and tremendous sacculation
of the aortic cusps are conspicuous features. Note the relatively high position of the coronary
ostia. 1), Histologic section from the ascending aorta in same case,
|"[:'|_'.-:|.'!'|z:||_'.|1' on next page. )
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{ Legead contimied. }

L. K. (J.H.H, 571745}, a white man born in 1913, was first admitted to this hospital in
May, 1951. On April 16, 1951, while riveting at an aircraft plant he noted the rather sudden
onset of severe steady pain in his right chest radiating down the right arm. This disappeared
in a few hours, and he was essentially asymptomatic thereafter but was aware of profuse
sweating, particularly of the hands and feet.

Examination revealed that the blood pressure was 195/40/0. He was a slightly built man
of average height. There was alternating external strabismus and the pupils were rather small
but normally reactive. No other ocular abnormality was detected at that time. There were
pronounced cardiac and peripheral signs of aortic regurgitation.

There was no history of rheumatic fever or syphilis and no laboratory or clinical evidence
of syphilis or bacterial endocarditis. There was a story that in his work as a riveter the in-
strument which he held m front of his chest had, on several oceasions, slipped, striking his chest
forcefully. The possibility of traumatic rupture of an aortic cusp was considered most likely. In
fact this was considered so likely by his physicians that with their assistance the patient sue-
ceeded in making a $4,000 settlement with hiz employer! The history of his having been previ-
ously turned down for msurance was not elicited.

The patient was virtually asymptomatic until September, 1951, when he began to have
attacks heralded by wvery profuse sweating and consisting of pain under the lower sternum,
severe palpitation, and coughing. Rapid cating and excitement would precipitate the attacks.
They occurred most often about midnight.

The patient’s second admission was in May, 1932, At that time Dr. F. W. Dick first noted
that the patient had iridodonesis bilaterally and that the edge of ectopic lenses could be seen
with the ophthalmoscope. From the age of 10 yvears the patient had worn glasses for myopia,
andd bifocals from the age of 19 years. Examination revealed profuse sweating, even in a cool
room. The lid slits were wide and there was lid lag: these were interpreted as probably being
related to the effort to accommodate, (The excessive sweating was probably that frequently seen
with left ventricular failure.) The head was round and the neck rather short. There was
kyphosis without scoliosis. Muscular development was on the whole rather poor. The shoulders
were rounded and seapulae moderately winged. His height was 5 feet 7 inches, fingertip-to-
fingertip span 5 feet 11 inches. Pubic symphysis to heel dimension was 34 inches (over half
his total height). There was syndactylism of the second amd third toes hilaterally. At this
time there was a diastolic thrill at the right border of the sternum and mediastinal dullness
was increased to the right.

It was now very apparent that the patient had Marfan’s syndrome. Superannuated dissecting
ancurysm of the aorta was considered hikely.

The remainder of the patient’s life was characterized by severe attacks of sweating, anginal
pain, and orthopnea. At no time were there signs of right-sided failure. Comparison of early
and late films are presented in Figs. 154 and 158, The patient died Jan. 23, 1953,

At autopsy (No. 24360) his height was determined to be 5 feet 6 inches. (There is a
discrepancy among the various reported measurements.) The kyphosis was again described. The
significant findings were limited to the heart which weighed Y80 grams (Fig. 15). The in-
creased weight was almost entirely the result of very marked left ventricular hypertrophy. The
ascending aorta was the site of pronounced fusiform dilatation. The aortic valve ring was
dilated to about four times the normal circumference. The sinuses of Valsalva were greatly
dilated, and the aortic valve cusps themselves were relatively enormous baggy structures. The
aortic dilatation stopped at the mouth of the innominate artery. Beyond the mouth of the left
subclavian the aorta narrowed sharply in a typical, although only partial (about 40 per cent),
stenosis of the isthmus.

Microscopic sections of the aorta (Fig. 1517 revealed replacement of most of the media
by scar tissue. There were some areas of cystic medial degeneration. Elastic tissue stains
revealed marked disruption, fragmentation, and sparcity of elastic fibers.

After the death of the patient, an investigation revealed, in the records of an insurance

company, information that the patient was turned down for insurance in 1944 because of aortic
regurgitation. Therefore an aortic diastolic murmur had been present for at least nine years
before death and for several vears before symptoms of significance. It should also be noted that
he had had varicose veins which required surgical treatment.,
) Cemments. The aorta was not conspicuously dilated at the time the patient was first seen,
in spite of the presence of striking aortic regurgitation. A possibly useful point may be a finding
at fluoroscopy at the time of the first admission: “The lower right border of the heart in the
region of the right atrium showed a marked increase in amplitude of pulsation. The pulmonary
artery segment on the left side of the heart also pulsated vigorously, although the wascular
markings of the lung were if anything decreased.” In some of these cases the outAow tract of
the right ventricle and base of the pulmonary artery are evidently displaced forward and to the
left (by the dilatation of the base of the aorta), simulating enlargement of these structures.™
On the other side the intrapericardial portion of the aorta may be responsible for displacement
and active pulsations in the right atriam.

fConfirieed on fert fage.)
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(Legead continwed, )

A feature of equal diagnostic significance and of considerable genetic interest is the relative
submersion of the full-blown skeletal manifestations when the Marfan mutation occurred in this
pyknic stock. When first seen the |mtnmt did not :m|:re~:-=: anyone as being beyvond the normal
range as to hahitus, IJHmu:r;.' of ectopic lenses resulted in the observer being more impressed
with the habitus. Comparison with his brothers and sisters would likewise have impressed the
physician with the patient's abnormality. Other members of the family were about 5 feet 3 inches
tall and were very heavily musclad, with short powerful extremities and stubby fingers. The
moral to the diagnostician is obwious, Although extensive studies of the families were not
undertaken, several cases in the literature probably illustrate this same phenomenon, '™

This case bears many resemblances to Case 3 of Tung and Lichow.™ The type of acrtic in-
volvement which they illustrate is almost identical to that i Fig. 15C. Ther patient, who died
of aortic insufficiency at the age of 42 yvears, had had two hermorrhaphies and had varicose vens,
Although the authors state that “no suggestion of ar.wlmu-cldcl}ly nor of any other external sign
of Marfan's syndrome [was] recorded by any of several senior physiciang who were concerned
with the care of this man,” it must be noted that he died in 1932, which was before a iiu;!._,]L case
of the Marfan syndrome had been reported in the mternal medical literature of this country
and over ten vears before the association of aortic dilatation and arachnodactyly was first clearly
described.”

{From McKusick, V. A.: Circulation 11:321, 1955}
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Fig. 16.4. Pedigree of the FF. kinship.

II. I, Charles; died of acute indigestion al age 47 years. 4, Grant; about 6 feet 4 mches
tall, died at age 35 years; two of his children died at 8 and 12 months, respectively. &, Henry ;
examined ; unaffected.

II1. 1, James Aloysius; typical Marfan syndrome: 6 feet 434 inches tall, size 13 shoe; ce-
topda lmltzs with secondary cataract formation; complete loss of vision from bilateral detach-
ment of retina; early aortic diastolic murmur, 7, Josephine; examined; unaffected. 12, Clar-
ence (352936) ; at age 32 years found to have complete detachment of right retina; left lens
dislocated and cataractous; partial detachment of left retina; died at age 34 years, 18 days
after onset of congestive heart failure attributed to syphilitic heart disease because of find-
ing of acrtic regurgitation. 13, Blanche; examined; unaffected. 135, Theodore (see Fig. 168 ;
typical Marfan syndrome, with cardiovascular death in 1952, 16, Leona (see Figs. 160 to
16E) ; typical Marfan syndrome, with autopsy confirmation of dissecting aneurysm of the
aorta. 17, James Leon (424834); ectopia lentis with severe sccondary iridocyelitis and
glavcoma ; detachment of right retina; 75 inches tall, weight 172 pounds, kyphoscoliosis, varico-
cele; lax sternocleidomastoid jointz, mobile patellae, flat feet, cardiomegaly with globular shape
by x-ray examination ; no murmurs. This individual and Theodore and Clarence “always looked
Just like twins.” Positive serologic test for syphilis.

IV. 9, Mary Isabelle (844914), born 1939; definitely affected, with bilateral dislocation
of lenses. 10, James Leroy (844924), born 1940 ; possible slight lens dislocation. IM, James Ar-
thur (844923), born 1944 ; normal. 12, John Edward (844922), born 19M5; normal. 13, Dawid
Theodore (8449213, born 1950 ; definite Marfan syndrome; 38 inches tall at 30 months of age;
long, peculiarly shaped head ; dislocated lenses. 14, Joseph Melvin {HHE’E&}, born 1952 : normal.

V. 1, James Allen (844915), born 1945; uncertain status, 2, Mary Anne, born 1947 ; un-
certain status,
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Fig. 1o 16l

Fig. 168, Carnival snapshot of 111-15 (T. F.}. Arachnodactyly is evident. In his left
hand he holds hiz spectacles. He died swidenly at the age of 33 years, two weeks after consulting
a physician for exertional dyspnea. Aortie regurgitation had been discovered. An optometrist
reports that he had “a decided miosis and the ophthalmoscopy showed the media to be eloudy.”
He was myopic. Worked as farm laborer until a few days hefore death.

Fig. 160, L. F. Y. (690823), 33 years old. Patient died of effects of severe aortic regur-
gitation. Autopsy revealed characteristic changes m the media of the aorta and pulmonary artery
with old dissecting aneurysm of the ascending aorta. The dissection may have occurred during
PreEnancy

|.'I.;. 1613, l|g 1 6i=.

Figs. 160 and 16E. Postercanterior and lateral views of chest in L. F. ¥. It is remarkable

that enlargement of the

aorta is not more evident. In lateral view there is opacification behind
the sternum.
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Chest pain, which may have features usually associated with angina pectoris
but more often is imperfectly relieved by nitroglyeerin is a rather frequent find-
ing in the Marfan syndrome. In some the pain may be due to relative coro-
nary insufficiency and of the same nature as the pain that occurs with aortic
regurgitation, on a rheumatic basis, for example. In other cases, aneurysmal di-
latation of the aorta, even before it is radiologically evident, may be the basis.
Furthermore, chest pain may be striking before aortic regurgitation of hemo-
dynamic significance develops. In one patient (A. 5.) the pain was present for ten
years before death occurred suddenly at the age of 35 years. In two other patients
(R. C, 155970; A. D., 341643 ) chest pain was present for five and eight years,
!I'L*.f.pl:_‘t.‘tir("h', before death. I:_Iul'ulfl:l.l'_'n' uh‘!iq'l.l :ll'Intl].il.li{".-" of EI]}||:Lr1.'1]1'|_'L' I_‘I.I‘I'I;_:'L'ILH;LI_ E_\']u'
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IFig. 16F. A spectral phonocardiogram of the sounds as recorded at the base of the heart in
L. F. ¥. Bigeminy is present as indicated by the electrocardiogram. There is a systolic murmur
(SM) and a decrescendo diastolic murmur (DM ). Near the end of the long di: |‘.lnl1L Eul!tulw
which followed the extrasystoles there is a murmur (M) which is strikingly musical as indi-
cated by the conspicuous harmonics. When the bigeminy was absent and the rate higher with
short diastole, the murmur did not occur. (From MceKuosick, V. A, Murray, G, E, Pecler, K.
G, and Webh, G. N.: Bull. Johns Hopking Hosp, 97 :136, 1955.)

occur in some cases. Granting the importance of other factors in the angina pectoris
of the Marfan syndrome, one cannot help but wonder if one factor may not be the
pronounced dragging of the large blood-laden aortic cusps on the coronary ostia in
diastole and the dilated aorta during systole.

The onset of aortic dilatation may be as early as the fiith year or as late as the
sixth decade. The oldest reported patient with aortic insufficiency without evident
aortic dilatation was 56 vears of age.™ In one reported case,'® dilatation of the as-
cending aorta with aortic regurgitation and marked left ventricular hypertrophy
resulted in the death of a 10-month-old infant: in another case,'* death occurred
at 55 years. In my series the youngest patient with outspoken aortic regurgita-
tion was 2 years old (see Fig 26.4). The oldest patient with aortic regurgitation is
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59 vears old (H. B., 621760). He shows no radiologic evidence of dilatation of the
ascending aorta.

The dilatation is almost always confined to the ascending aorta proximal to
the mmnominate arterv. However, in Case 3 of Thomas and co-workers!™ the
descending aorta was also involved. Furthermore, at least two instances of fusi-
form aneurysm of the abdominal aorta have been described recently.®

Fibirous cords

Double-bavrel=—
aorta from -

dizz=achi 16
#€ne eysm

Mouwth of
n EDMHE“'}' a.

Fig. 16(z. The autopsy specimen in patient .. F. Y. A chronic dissection of the ascending
aorta is present. The patient died of heart failure. The drawing demonstrates three structures
which might vibrate periodically with production of a musical murmur as seen in Fig. 165: (1)
the fibrous cords which traverse the false channel:; (2) the lip of the inner tube of the double-
barrel aorta; (3) the lip of the “diverticulum” above the sinuses of Valsalva. Why any one
of these three structures should be incited in late diastole with production of the musical murmur
thown in Fig 16F is not clear. (From McKusick, V. A.. Murray, ;. E., Pecler, R. G., and
Webh, G. M.: Bull. Johns Hopkins Hosp. 97:136, 1955.)

OUne of our patients (H. B., 621760), 59 years of age, has what appears by
ordinary radiography to be a well-circumseribed orange-sized aneurysm of the de-
scending thoracic aorta. Aortograms show both the thoracic and abdominal aorta to
be diffusely dilated, with buckling in the lower thoracic area as well as in the ab-
domen, creating a false impression of saccular aneurvsm at these sites.
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Fig. 27 describes another of our cases in which cyvlindrical aneurysm was lim-
ited to the abdominal aorta. The ascending aorta was clinically unaffected. Van
Buchem®** described rupture of the abdominal aorta with cystic medial necrosis
in a 20-year-old man who, because of striking skeletal changes, probably had the
true Marfan syndrome, although the rest of the family was unaffected and no sub-
luxation of the lenses was discovered. Langeron and his colleagues™ described two
cases of abdominal aneurysm in the Marfan syndrome. Hardin,®** in a case
of full-blown Marfan syndrome in a 2l-year-old man, described a fusiform ab-
dominal aneurysm extending from the level of the renal arteries to the bifurcation

Fig. 16H. J. A. F. (816419), individual I11-1 in Fig. 164, 33 years of age. Bilateral ectopia
lentis, dolichostenomelia, and mild aortic regurgitation.

of the aorta. It had ruptured into the inferior vena cava. At autopsy, although the
abdominal aorta showed the histologic changes characteristic of the Marfan syn-
drome, “the thoracic aorta, pulmonary artery, and remaining arteries showed intact
elastic fibers.” Davis and his colleagues®'™ performed a total replacement of the
abdominal aorta in a patient subsequently proved to have the Marfan syndrome,
and I am told that Dubost of Paris has performed a similar operation m a case
of the Marfan syndrome. Dissection exclusively in the aorta beyond a mild co-
arctation at the usual site has been described.'™ In one reported case,'™ dissect-
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ing aneurysm was limited to the portion of the aorta between the mouth of the
left subclavian artery and the level of the diaphragm ; there seemed not to be other
abnormality of the aorta.

Several cases (e.g., reference 106) have had cystic medial necrosis, dissection,
and internal tears in the abdominal as well as the ascending aorta. Thrombosis of
the abdominal aorta with production of the Leriche syvndrome is described®1?
but was probably not more than a coincidental complication in that case.

By examining a large number of patients with ectopia lentis and by studying
the relatives of established cases of Marfan’s syndrome, we discovered six patients
who appeared to be in the early stages of aortic dilatation with aortic regurgitation
In none was there then evident dilatation of the ascending aorta (Figs. 218, 244,

E—

Fig. 17.A4.

) Figs. 174 and 178. 8. C. (575946), a veterinarian, had ectopia lentis and skeletal propor-
tions of the Marfan syndrome. He died at the age of 37 vears during an attempt at surgical
repair of the ascending aorta. With the episode of dissection in October, 1955, a musical systolic
murmur developed over the ascending aorta. This sign, 2 valuable diagnostic clue in such
cases, probably owes its origin to vibration in intimal lip or fibrous bands in the ascending aorta.
-"'-lll-'~|"L'='1I'E|_II'FJ-'J':IHL (A amed &) showed striking dilatation of the base of the aorta within the
shadow of the heart, surpisingly little enlargement of the later portion of the ascending aorta,
latlure of opacification of the innominate artery, the lumen of which was tamponaded by a
medial dissection, and, finally, pseudocoarctation of the tvpe so typical of the Marfan syndrome.
(From McKusick, V. A.: Ann. Int. Med. 49:556, 1958.) -
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248 and 258 ). One of the six (Fig. 258 ) died of aortic aneurysm about three years
after first detection of aortic regurgitation. The others remain without particu-
lar cardiac symptoms, after an interval of six years in three of them.

Recent years have witnessed a crescendo of interest in the subject of aneurysm
of the sinuses of Valsalva*%=*" Steinberg and Geller®® have demonstrated such
aneurysms, by means of angiocardiography, in patients with the Marian syndrome,
and we have had similar experiences (see Figs. 174 to 170). Actually the “aortic
sinus aneurysms’ which occur in the Marfan syndrome behave clinically in quite
a different manner than do those to which this term is perhaps more legitimately
applied. Rupture into the right side of the circulation has not been observed in the
Marfan syndrome to my knowledge ; the aneurysm is not, with occasional exception,
limited to one aortic sinus. The possibility of the Marfan syndrome should not be
abandoned, however, in cases of rupture of an aortic sinus into the right side of the
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Fig. 178,

Fig. 17E. For legend see opposite page.

heart. In one reported case* a 36-year-old male, the following statement sug-
gesting the Marfan syndrome was made: “Until his attack he was perfectly fit and
served in the army during the Second World War in a low category on account of
defective evesight and flat feet.” :

Dissecting aneurysm may occur as the first aortic complication or may be
superimposed on diffuse dilatation of the ascending aorta.”® There is evidence that
dissection may occur in the first decade of life; possibly the oldest reported case
of dissecting aneurysm in Marfan’s syndrome was that of a 32-vear-old woman.*®



Fig, 17C. The gourdlike appearance of the ascending aorta as exposed through a1 surgical
meision i the nmght mterior thorax, A clamp lies under the right coronary artery. Unuosually
high displacement of this vessel made operation diffenlt, as did also the high extension of the
aortic commissures. The patient died during surgery. The mother of this patient died of the
cardiac complications of the Marfan syndrome at the age of 40 vears. An older sister of the
patient has the Marfan syndrome. ( From MeKusick, V. A_: Ann. Int. Med, 49:556, 1958.)

Fig. 17{}. The proband's sons.
one affected (left), one unaffected, are
seen here. R C. (783343), the affected
boy, B34 years old, has grossly visible
dislocation of the lenses, myopia. and
mild thoracie kyphosis, The normal
hrother 15 12 wyears old: another
brother, 4 years of age, iz also nor
imal. (From McKusick, V. A.: Ann.
Int. Med, 49:356, 1958
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The patient may survive for a number of vears after fAirst dissection of the aorta
and even after a “leak” into the pericardium. Because of the aortic regurgi-
tation, which results either from the dissection itself® ™" or from the associated
dilatation of the aortic ring, confusion with rheumatic™ or syphilitic™ heart disease
is frequent. In a recently autopsied case at this hospital, leaking of the original
dissecting aneurysm into the pericardial sac led to the misdiagnosis of tuberculous
pericarditis. The patient survived five years after the hrst pericardial episode.
Dissection apparently occurs with increased frequency during pregnancy !'®.H1.14
In chronic dissecting aneurysm of the aorta, there may be little enlargement of
the aorta evident on x-ray (see Figs. 160, 16/, and 21C to 21FE). In our
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Ips. 18 and 1585, Fourteen-vear-old 5. 5. (360788 ), 11-6 ot the pedigree (g, 180 b, and
her normal 12-year-old brother, [I-7. Note the kyphoscoliosis, genu recurvatum, excessively
lomg legs, and strabismus. Ectopia lentis is present.
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Fig. 18C. This pedigree illustrates how submerged the manifestations of Marfan's syndrome
can be, Individual 1-2 had had at least three affected offspring by one husband and one affected
offspring by a second husband. Both huoshands are unequivocally normal from the skeletal, ocu
lar, and wascular points of view., The mother is 5 feet 8 inches tall, moderately long of hmb,
poorly muscled, and severely myopic (-6D), but has no ectopia lentis by careful ophthalmo-
scopic examination. {For the last [ am indebted to Dr. J. E. Mishler of Atlantic City, N. J.)
These manifestations are consistent with forme fruste of the Marfan syndrome but would not
b recognizable as such without the knowledse of this pedigree. ( Status of pedigree in 1959,
six years after photographs in Figs. 184 and 188 were taken.)
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Fig. 180}, Two views of
5. 5 (719604), individual
I11-1 of the pedigree in Fig.
18C. Born March 1, 1948
Photograph, Aug. 6, 1956,
When hrst examimed at home
m 1953, the patient was
judged to be normal. It is
now clear that slight bilat-
eral lens dislocation is pres-
ent. A famt aortic diastolic
murmur was heard in 1958,
The chest is asymmetrically
deformed to a minor degree,
Arachnodactyly and  loose-
jointedness are not impres

S1VE,

Fig. 20.

Figs. 19 and 20. For legends see opposite page.
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Fig. 214, Fig. 21E.

Figs. 214 and 218. Brothers with the Marfan syndrome without ocular manifestations.

Fig. 214. J. M. (544088) had genu valgum, severe pes planus, and dolichostenomelia but
no ectopia lentis. In 1950 an episode of chest pain accompanied by pericardial friction rub was
interpreted as pericarditis and treated for presumed tuberculous etiology. Signs of aortic regur-
gitation developed thereafter. In 1933, there occurred at least one other episode of chest pain with
pericardial friction rub. The effects of aortic regurgitation became progressively more severe
and were the cause of death in April, 1955, at the age of 30 years. Autopsy revealed superannu-
ated dissecting aneurysm of the ascending aorta and dilatation of the aorta above the aortic
ring. The aorta had apparently “leaked” into the pericardial sac almost five yvears before death.
{ Known to us is a second case [S. T., 691351] in which the patient was still living following
leakage about 18 months before. The diagnosis of Erdheim's disease was established at opera-
tion for aneurysm of the ascending acrta. Sando and Helm™ reported survival of a patient for
four and one-half years after acute dissection accompanied by a pericardial friction rub.)

Fig. 21B. W. M. (702409), 27 years of age, was discovered to have aortic regurgitation
when examined in connection with his brother’s illness. He had dolichostenomelia and spinal
curvature. Although the left ventricle is large, no dilatation of the aorta is demonstrable. He is
asymptomatic,

(Eee wert page for Figs 200 1o 21F.)

Fir. 19. C. H. (687485), 28 years old. Ectopia lentis. Lenses correcting for aphakia worn
from age of 5 years. Brother, father, two paternal aunts, and two cousins are living and have
the Marfan syndrome. Paternal grandmother and great grandmother likewise had it. Father
blind in both eyes and aunt blind in one eye from secondary glaucoma. Patient in Army for 45
months. Note deformity of knees. This and many of the other members of this group of photo-
graphs make it clear that on superficial inspection the habitus may not seem impressively or
abnormally dolichostenomelic,

Fig. 20. Father, E. C., and two children, Anna (393933), 9 years of age, and Robert
(441759), 7 years of age, all with ectopia lentis and skeletal proportions, albeit not striking, con-
sistent with the Marfan syndrome. The father’s brother had had a “leaky heart” for several
yvears and died suddenly at the age of 35 years,
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g Z1C-21E. Series of x-ray films of J. M.
iz 210, Taken in 19530 about one month after the initial epsode of leakage into the peri
1
Figs. 210 and 21E. The appearance in the last vear of life, Enlargement of the aorta is
not impressive in [), but the main pulmonary artery is prominent. In the right anterior oblique
(£) the barium-filled esophagus is displaced by a structure which necropsy  demonstrated
to be an aneurysm of the sinus of Valsalva. In the left anterior obligue (not shown here), again
the aorta does not appear particularly dilated.

Fig. 21F, Microscopic section (%4) of aortic valve area in J. M. (see Fig. 214), The old
thssection, the thinning of the sinus of Valsalva, and the minor fihrous thickening of the aortic
valve are demonstrated,
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experience, when full family mvestigations are made, Marfan's syndrome is found
to be a leading “cause” of dissecting aneurysm in persons under the age of 40 years.
Gore®® reported that three of twenty-two patients had arachnodactyly. This, how-
ever, was not a detailed clinicogenetic study. At least 17 per cent of the reported
cases of dissecting aneurysm under the age of 40 vears were recognized instances
of the Marfan syndrome.®*® The true proportion is probably higher. For example,
Spenser=*! described dissecting aneurvsm during pregnancy in a “tall, thin” woman

Figs. 22.4-220). For legend see next page,
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of 32 vears. Griffith and his colleagues®™* reported on a dissecting aneurysm
in a 3-vear-old woman and her 14-year-old daughter, both of whom were said
to have been “delicate physically.”

The occurrence of aortic regurgitation with dissecting aneurysm is well rec-
ognized in the English-speaking medical world since the publication by Resnik and
Keefer'™ in 1925, Hamman and Apperly's™ explanation that the aortic regurgita-
tation results from deformation of the aortic ring by the mtramural hematoma is
the generally accepted one. Obviously another mechanism for the association is
pre-existing dilatation of the aortic ring on the basis of the same defect of con-

nective tissue which led to the dissecting aneurysm.

FULM ' 4 :
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Fige. 224-22E. Eight-vear survival after onset of cardiac symptoms in the Marfan syn-
drome, A, D (341643, Negro male born in 1907, was well until 1950, when there was onset
of chest pain and dyspnea. Late in 19531 chest pain and attacks of paroxysmal nocturnal dyspnea
became especially frequent. The chest pain had the pattern typical of angina pectoris. At first
it was relieved by nitroglveerin; later this drug seemed to have little effect. Throughout the
cight vears of observation the murmur and other signs of aortic regurgitation were present.
Also, at the apex what was interpreted as an Austin Flint murmur was described. During the
Iast three years of life a bizarre “crackling” systolic murmur was described at the apex. It was
alzo described az “crunching” and compared to “footsteps in gravel.” It disappeared on deep
ispiration. Numerous serologic tests for syphilis and two treponemal immobilization tests were
negative, Progressive widening of the QRS complexes, to a maximum of 0.13 second, occurred
i the period of observation. Atrial fibrillation developed in the last two weeks of life. The
patient died in 1955,

The man was described as “tall,” “thin,” “asthenic,” and “long-armed.” His height was
twice measured as 7034 inches. Vision acuoity was essentially normal. Although no slit-lamp
examination was performed, numerous standard ophthalmoscopic examinations showed no
abnormality. There was no hernia or spinal rli:'F-:hrm'il:.', The patient had had no children: his
family was not available for study.

A, K-ray, 1953, B, X-ray, 1954. C, X-ray, 1956. D, X-ray three days before death in 1958,
Dilatation of the aorta-is conspicuous in its absence. The pulmonary artery segment is promi-
nent throughout. £, Spectral phonocardiogram in pulmonary area, January, 1957, The hndings
are typical of severe aortic regurgitation, with no features pathognomonic for the Marian
syndrome.

Auntopsy revealed findings similar to those shown in Fig, 153C except that the marked dila-
tation was limited more to the area of the sinuses of YValsalya, The histologic changes included
loss of elastic fibers, spaces occupied by metachromatically staining material, whorls of dis-
organized smooth muscle fibers, and much dilated vasae vasorum.




The Marfan Syndrome =1

In patients with the Marfan syndrome the sudden development of a murmur,
especially a musical buzzing murmur over the ascending aorta, may be a valuable
clue to the presence of dissection. The murmur, which may be either systolic
or, less commonly, diastolic (see Fig. 16/), appears to be produced by vibrations
excited in some of the anomalous structures—lips, fibrous cords, narrowed branches
of the aortic arch—created by the dissection (see Fig. 16(:). The early diastolic
murmur created at the aortic valve may be musical in quality=** and, as in the

Fig. 23. The x-ray film of this 49-year-old man (B. L. 1953803) shows prominence of the
pul.munar} artery and inmt]upinmun dilatation of the ascending aorta. These features, together
with the murmur of aortic re f_,urr_-,ﬂltmu and the assocated Austin Flint murmur, lead to the
tl:ﬂ;‘m:ms of rhﬂ:nn.ltu, heart disease with combmed aortic and mitral lesions. ||!1~. was the
case in spite of the fact that the patient was 7514 inchest tall, had spinal and thoracie deform-
ities (a suggestion of which is indicated by the figure), and had had ectopic lenses removed
10 and 13 years previously. Th-_ patient had pneumonia twice in youth and had an operation
for varicose veins at the age of 25 years, Scholastic performance was outstanding, with gradua-
tion from college at the age of 18 years. A bout of iritis prompted removal of the right lens
in 1937. In 1940 the left lens was removed because of dislocation into the anterior chamber.
Detachment of the retina on the left was discovered at that time. There was heterochromia
iritis with nermal brown pigmentation on the right and greenish coloration on the left. The
patient was accepted for service in the Army and, while there (1947), had his first bout of
severe chest pain with extension to the arms, neck, and epigastrium. A second episode of prob-
ahle aortic dissection occurred later in 1947 and a third in 1948. The episode in 1948 was char-
acterized by severe low back pain radiating into the lower abdomen and genitalia. The diagnosis
of rheumatic heart disease was based on the prominence of the pulmonary artery segment (due
actually to displacement by the dilated aorta), a diastolic mormur at the apex ( 1.\:]:1'1‘!1 was prob-
ably either radiation of the murmur of aortic regurgitation or an Auvstin Fhnt murmur or
both), and displacement of the esophagus by what was interpreted as left atrium (possibly
imdeed left atrium enlarged from chronic left ventricular failure or possibly the aortic aneu-
rysm, see Fig, 21E). The patient died at home in 1950,

The father, & feet 3 inches tall, was killed by a bus at the age of B2 years. He probably
had the Marfan syndrome in mild fnr:n::l he sired several affected children and his wife appears
to have been unaffected. OFf cleven ri'LI'r]ing.-. of the proband, two, always puny, died at 8 and 10
years of unknown causes; two had the same habitus as the proband; a fifth has definite Marfan
syndrome, This man, now 49 vears old, iz 7015 inches tall, weighs 178 pounds, and wears an
11%4-C shoe. He was discharged from the Army when he lost the sight in one eye. Detachment
of the retina was discovered at the age of 40 years. He has severe myoma and flatiect, 1s stoop-
shouldered, is said to have a heart murmur, and has had left mgumal hermorchaphy. ( From
McKusick, V. A.: Circulation 11 :321, 1955.)
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g, 244, Both the man ( E. I+., 1"4515)

aned lms daughter (M. V. F., 5654531 have

bilateral subluxation of the lenses, spinal cur
vature, anmd dolbichostenomelia  (long, thin
extremitics ). The man has had femoral and
inguinal hernias repaired. The girl is only
% years old. In 1950 the man had no cardiac
murmurs. In 1953 he was found to have
well-marked aortic regurgitation,  Photo-
graph, June, 1933, At this time the patient
:L|'~II |::|r] i | l.'!'l;"\.l'i.'ﬂll.ll ;|-n'|-u-»_'|'w-lln|i|' IMUrmur |||'
partially musical quality at the apex (see
Fig. 317 in reference 253) {From Mc
Kusick, V. A.: Circolation 11:321, 10955.)

Fig. 248. The chest x-ray film of the

man i Fig, 244 reveals no apparent dilata
tion of the ascending aorta. (The scoliosis
obscures the picture.) Fluoroscopy likewise
failed to establish dilatation of the aorta
(From McKusick, V v.: Circulation
L0 :321, 1955.)

. Fig, 240, Photograph of daughter shown
m g, 244, August, 1958,

Fig

4 C
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case of many musical murmurs, may be very loud. Bean™ had such a case
his series of precordial noises audible at a distance from the chest. Baer and his
asaociates!! stated that one of their ]:Flii:'lt[ri had a loud IIh_i':-[HlHL" murmur. andible
two inches from the chest.

In general, the clinical picture of dissecting aneurysm in the Marian syn-
drome 1s hittle different from that in persons without this syndrome, except that n
the Marfan syndrome aortic regurgitation is more likely to he present (as a result
of pre-existing dilatation in the first part of the aorta), the average age is about
twenty vears younger than that for other dissecting aneurysms, and hypertension
is usually absent. As in any dissecting aneurysm, the patient may demonstrate

inequality of the radial pulses.=%*

ol

y =
fiad v

IFig, 2540, M. B, (697662, 46 vears old, Fctopia lentis, moderate dolichostenomeha, and
spimal curvature,

Fig, 258, Although at the time of these studies ( February, 1935) the patient was asymplo
matic and the cardiovascular silbouette normal, an aortic diastolic murmur was present, The
patient died in December, 1957, Diagnosis: aortic aneuryem. [ Systolic clicks were recorded at
the apex in 1955, The multiple clicks were described by the stethoscomst as a systolic crunch.
Because of the mild chest deformity and the general loose-jointedness, the clicks are thought
to have heen produced by movement of joints of the thoracic cage. See Fig. 146 in reference
253.)
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Fig. 264

Fig. 264. J. M. G. (795394), 26 months of age, has full-blown aortic regurgitation. The
family history 1s negative. Ihislocation of both lenses with striking iridodenesis, characteristi-
cally misshapen head and ears, kyphoscoliosis with “cat-back” in sitting, arachnodactyly, and a
large left inguinal hernia are present. {From McKusick, V. A.: Ann. Int. Med. 49:356 1958.)

Figs. 260-26). Two older children (Fig. 268) and both parents (Figs. 260 and 260)
show no stigmata of the Marfan syndrome. The patient is probably the product of a new muta-
tion. He died at the age of 314 years. Autopsy revealed characteristic changes in the ascend
ing aorta,
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[ have not observed calcification of the ascending aorta m the Marfan syn-
drome. This fact may be helpful in differentiating the aortic involvement of the
Marfan syndrome from that of syphilis in which caleification is frequent.**

Involvement of the aortic cusps has already been described. The aortic valve
29)

is sometimes bicuspid (eg., Fig. : whether this is the case in the Marfan syn-

Fig, 274, E. K. (7604100, 26 vears of age, was admitted for consideration of surgical
correction of an abdominal aneurysm. The skeleton was considered to be typical of the Marfan
syndrome. Both lenses were displaced upward and outward. The patient was partially deaf,
but this was of the conductive type, was largely limited to the left ear, and was readily accounted
for on the basis of old otitis media. (From McKusick, V. A.: Ann. Int. Med. 49:556, 1958.)

drome more often than one would expect with this relatively frequent abnormality
is not certain. The mitral cusps and chordae tendineae may be redundant, with
resulting mitral regurgitation. Subacute hacterial endocarditis may become en-
graited on the valvular abnormality 92198170 (See Figs, 274 and 278 for a case

of bacterial endocarditis with the Marfan svndrome.) Murmurs of obscure Origin
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are frequently encountered. Some may be on the basis of redundant chordae tend-
ineae with incompetence of atrioventricular valves. These murmurs may be partially
musical. In one patient (5. C., 575946) with a musical natral systolic murmur,
autopsy revealed a tear at the insertion of the posterior mitral cusp, amounting to a
partial avulsion of the cusp.

A striking early svstolic click heard not only at the aortic area but also at
the apex 1s a frequent sign of dilatation of the ascending aorta in the Marfan syn-

drome. It is thought to represent a snapping of the aortic wall carly in systolic

Fig, 27B. There was no aorta regurgitation. The thoracic aorta seems normal radiolog
eally down to a point just above the diaphragm, where it hecame abruptly larger, | From Mcku-

sick, V. A.: Amn. Int. Med. 49:5306, 1958.)

ejection.®™ Extracardiac clicks and other extraneous sounds are frequent because
of the thoracic deformity, the loose-jointedness of the
enlargement.

ony thorax, and the cardiac

It is now clear that involvement of the mitral and possibly the tricuspid
alve with regurgitation may be the predominant cardiovascular lesion in the
Marfan syndrome and mav lead to early death. Figs. 4£ and 29 illustrate such
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cases. Hedundancy of the chordae tendineae may be responsible, at least in part,
for the valvular dysfunction. Tricuspid, or even quinquecuspid, mitral valves have
been present in some cases. See Fig. 14C for reference to mitral anomaly.

I had previously thought that occasionally the pathophysiologic effects of inter-
atrial septa defect can dominate the clinical picture. However, the only patient
in my experience who might corroborate this impression (Fig. 29) proved on
autopsy to have an intact atrial septum. Because of the gracile habitus which pa-
tients with atrial septal defect frequently display, the Marfan syndrome is fre-

Fig. 27C. The deformity of the sternum is evident. (From McEusick, V. A.: Ann. Int. Med,
49 :556, 1958,)

quently suspected. Such patients indeed have arachnodactyly; however, most do
not have ectopia lentis or the characteristic family history to allow one to con-
clude that the true Marfan syndrome is present.

In 1955 T wrote as follows: “Notwithstanding careless statements of previous
reviews, no antopsy-confirmed or even clincally convincing case of interventricular
septal defect has been reported.” Since that time, however, at least one case of
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autopsy-proved ventricular septal defect with the Marfan syndrome* has heen
reported== and I have had an opportunity to study such a case, a 15-year-old girl
with typical Marfan syndrome including ectopia lentis and clinically typical VSD
confirmed by cardiac catheterization (Fig. 30).!

In Cockayne'’s case® the diagnosis was only suspected clinically. There is a
report™ of possible tetralogy of Fallot with Marfan’s syndrome. Two cases of

o T

Fig, 270, The enlargement of the aorta was shown by aortography to be cylindric and to
extend the full length of the abdomen. The aneurvsm was easily felt and seen on abdominal
exammation. { From McEusick, V. A.: Ann Int. Med, 49:556, 1938.)

“In this case™ the dingnosis of the Marfan hnuhlmw is in some question, since there was
no ectopia lentis 1"'1 no positive family history. ]l'lt' patient had both patent ductus arteriosus
and ventricular septal defect. The habitus suggesting that of the true Marfan syindrome may
have been merely that rather often seen with these lesions.

'L am indebted to Dr. Donald Nelson and Dr. Peter Luchsinger of the District of Columbia
General Hospital, Washington, D. C., for calling this patient to my attention and providing
catheterization data.
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s, 28.4-2800. A, Pedigree of the family of patient M., E. R. (I1I-11). Individual [1-2
may have been the onginal mutant. Howewver, illegiimacy 15 50 much more frequent than mu-
tation that one can never be certamm. #, Patient M. E. B. ¢, The combination of arachnodactyly
and clubbing of the fingers relates o Marfan's disease and subacute bacterial endocarditis
from ‘.'.'|]'il'|'| the patient M. . K. suftered. £, The mtral valve showing bacterial vegetation,

M. E. E. (J.H.H. 176836), a Negro woman born in 1929, is a member of a family which
has been Luuun to Johns Hopkins Hospital for about twenty-hve vears and in which at least 9
cases of Marfan's syndrome (including this patient) have occurred. (The patient is individual
I1I-11 in the pedigree presented in Fig, 28.4.) The father of the patient, a well-documented m-
stance of this syndrome, died of dissecting anearysm of the aorta at the age of 43 years, Of four
sihlings of the patient with this disease, three have signs consistent with interatrial septal
dlefect.

The patient demonstrated bilateral ectopia lentis, severe myvopia, pronounced dolichosteno-
melia, very poor muscular development, severe kvphoscoliosis, pes planus, and, by x-ray films,
pulmonary emphysema with bleb formation. She recalled nothing suggestive of acute rheumatic
fever. Most of her hife she had heen Huhjt'c't to exertional dyspnea.

The |:.1I1I:I1 became pregnant early in November, 19533, After about four months there was
increase in her lifelong exertional dyspnea and the appearance of ankle edema and orthopnea,
which required two pillows. In early April, 1954, there was onset of evening fever, might sweats,
and aching joimts, especially knees and ankles. Tender red spots appeared on the palms and soles.

Physical examination revealed as new hndings petechiae, embolic nodes of the palms, splinter
hemorrhages of the nail beds, and clubbed fingers, A loud harsh systolic murmur was awdible
cyer the entire precordium and the second pulmonic sound was accentuated,

Six blood cultures demonstrated a Streptococcus tiridans which was late in growing out and
atypical in morphology due probably to streptomycin and penicillin which had been admin-
istered before admission to the Osler Medical Clinic. The patient’s white blood cell count was
0K to 12,000 and hematocrit 20 per cent, Treatment with penicillin in large doses was in-
stituted with seemingly successful results

Cn the [lil.liL'lL'Il'i twentieth day i the hospital premature labor began as a result of septic
mfarction of the placenta, and an infant weighing 1,700 grams was born. The infant. which
demonstrated pronounced dolichostenomelia, lived only a very few minutes. Autopsy in the ease
of the infant revealed no cardiovascular lesion, and the cause of death in not completely clear.
There was an abnormality of pulmonary lobation =uch as is frequently seen i the Marfan
syndrome

II.Illlllll.'. .IIII CLLAS ."ll'll'.'llllll' I'I.'.'II .I



Fig. 29. X-ray film in case of Marfan syndrome in which atrial septal defect was incor
rectly thought to be present.

M. E. C. (J.H.H. A%174), born in 1940, was first referred to Dr. Helen B. Taussig in
November, 1952, for investigation of a congenital heart defect with paroxysmal tachycardia.
The father was 76 inches tall and asthemc and had a spinal curvature and ectopia lentis but no
evidence of cardiovascular abnormality. A single sibling, male, was unaffected,

I this case a heart murmur had been deseribed before the age of 2 yvears., FExcept that she
mever ramed weight well amd 1.'m.|]+| not keep up with the other children at play, the patient was
relatively well until April, 1952, when she had a first attack of paroxysmal tachycardia lasting
several hours. Two more attacks occurred, one in May and a second in September, 1952,

The patient was a tall, slender white girl of better than average intellect. She was 64 inches
tall and weighed 79 pounds. She wore glasses for ectopia lentium, which had been discovered
at the age of 5 years. The L:lﬂalc was high. The chest was long, with convex scoliosis of the
thoracic spine toward the right. The heart was not enlarged. However, a loud systolic murmur
accompamed by a thrll was heard i the second and third intercostal spaces to the left of the
sternum. The patient stood with rather marked pronation of the feet at the heels and moderate
ahduction. There was minimal genu valgum.

On Auoroscopy the right atrium was seen to be enlarged and the main pulmonary artery
was prominent and active. There was moderate hilar dance. The left atrium and the ventricles
appeared to be normal mn size. Dunng the recording of the electrocardiogram short paroxysms
of atrial tachycardia occurred. There was a higher degree of right axis deviation than would
have been anticipated as mormal for this age. Leads IT and I1I showed changes in the ST-T
complex interpreted as “right ventricular strain pattern.” The QRS complexes were notched in
most leads, X-ray films u'u:t]-.cl no structur al abnormality of the vertebrae.

[t was my previous 1|1|:|1r4.'--=m1t that this ]I:Et“"[ﬂ. had atrial septal defect. It was com-
mented that surgical repair is probably worth while in such a patient, provided there is no evi-
dence of involvement of other parts of the cardiovascular system or too severe skeletal -
volvement,

Huhwmluuu events and the himdings of .;||.:|tn|1~w proved the diagnosis of ASD) to be incorrect
Late in 1955 a spinal operation for correction of deformity was performed. Thereafter, an in-
fection with chronically 'il.l'qLI.I'II.!'I[.. sinuses necessitated readmission to the he l"-[ﬂtn.L] Following a
débridement operation the patient died during a sudden bout of arrhythmia. The findings in the
heart included bicuspid aortic valve and multicuspid mitral valye, The left coronary artery had
two accessory ostia at the sinus of Valsalva, The mitral valve had five cusps and the line of
closure was thickened and nodular, Histologically this area showed “basophilic degeneration.”
The interatrial septum was perfectly intact. There was pulmonary emphysema. (I am indebted
to Dr. John Franklin of Norfolk, Virginia, for information on this patient.)

{ From McKusick, V. A.: Circulation 11:321, 1955.)

(Legend continucd from opposite page. )

The patient died of uneontrollable heart fanlure about two weeks after delivery. Fig. 280
shows the mitral valve with its vegetations in this case. No evidence of rheumatism was dis-
covered. The media of the aorta and the pulmonary artery showed extensive chromotropic
degeneration,

Chest x-ray in this patient (not illustrated) showed increased bronchovascular markings
and evidences of blebh formation. At autopsy all lobes of the lungs, 1_‘\.'|1-|.|;L.{"'|." the upper ones,
were cystic. Some of the cysts were az much as several centimeters in diameter. They were
lined h!. columnar epithelium and contained strands of smooth muscle i the walls,

( From McKusick, V. A, Cirenlation 11:321, 1955.)
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tetralogy of Fallot with stigmata suggestive of the Marfan syndrome (see Fig. 31
for one of these) have come to my attention,” but the absence of involvement of
other members of the family and the failure of ectopia lentis to be found in the
patients make the diagnosis of the Marfan syndrome uncertain. [ am inclined to
think that these are not cases of the Marfan syndrome. In yet another case (Fig.
32), dolichostenomehia (without, however, an abnormal segment ratio ), congenital
clonding of the cornea, and large mterventricular septal defect are associated. Four
siblings, two older and two vounger, are unaffected as are all other members of the
family, in so far as can be determmed. Furthermore, no abnormality of the lens
is detectable. This case seems most likely the result of infection or other ab-
normality of the intrauterine environment.

Van Buchem®® concluded that muld pulmonary stenosis was present in one
of his patients. However, the systolic gradient across the valve was only 35 mm.
Hg. It is possible that there was only relative pulmonary stenosis irom dilatation
of the pulmonary artery (which was present ).
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Fig. 30. G. H. (815634), 15 years of age, has bilateral subluxation of the lenses, spinal
curvature, and the habitus typical of the Marfan syndrome. Clinical signs of ventricular septal
defect are corroborated by the data of cardiac catheterization (courtesy Dr. Donald Nelson
andd Dy, Peter Luchsinger, District of Columbia General Hi apital, Washington). In my per-
sonal experience this is the only case of ventricular septal defect in a patient with Marfan
syndrome. (From McKusick, V., A.: Bull. New York Acad. Med, 35:143, 1950.)
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Figs. 314 and 318. A case (].H.H. 525256)
of tetralogy of Fallot with stigmata suggest-
il':_:_' _".,l,'|_|'|'_'|!|',, -_'.I.l|:'-|l'.|e' | |'|_' ,'1||u,-|||,'1- la:l' tC-
topia lentium and of other affected persons
iin the famuly makes the b
Martan syndrome dulnmous. There are mal-
tormed ae, long fingers (Fig. 31.4) and
hemivertebra (Fig, 3158, but these are non-
specific manifestations of the Marfan syn
drome. MNote also the facial asymmetry. (In
yvet another patient with tetralogy of Fallot
[J.ELH., 452041] cleft palate, pes planus,
talipes equinovarus, and long fingers arc
present, but in general the diagnosis of the
Marfan syndrome iz uncertain because of
lack, as m the above patient, of ectopia lentiz
and positive tamily listory. ) ( From McKu
sicle, V. A.: Crircnlabon 11:321, 1955.)

FINSSES il qu'

F'.;;'. 314,

Fig. 32. The patient, . B. (704121}, 30
years of age, has clonding of the cornea,
dolichostenomelia, and probable large inter
ventricular defect. It 1s hkely that this is
due not to Marfan's syndrome but rather to
intrauterine insult of unidentificd variety,
The upper segment-lower segment ratio does
nof suggest the Marfan syndrome,
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Figs. 33A-33FE. D. D. (758872), 164
vears old, has skeletal proportions com-
patible with the diagnosis of the Marfan
syinddrome (), slight bilateral ectopia
lentis, very small postercanterior dimen-
sion of the thorax, and asymmetrical de-
formity of the anterior chest (B). Only
mild pectus excavatum is present; how-
ever, its effects are greatly exaggerated
by the small postercanterior dimension,
e, pronounced flat-chestedness. As in
all cases of pectus excavatum, the tho-
racic spime 15 seen unusually clearly and
httle cardiac shadow is seen on the right
of the midline (C). Both the spine and
the sternum appear to mmpmge on the
thoracic cavity ([f?). Multiple clicks in
systole were present in this (E) as in
other cases of the Marfan syndrome,
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FREQUENCY (c.p.s.)

TIME (sec)

Figs. 33C-33E. For legend sec opposite page
1 ]
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Fig. 34. Severe pectus excavatum i the Marfan syndrome. K. B., a 24-year-old white man,
was admitted to the Medical College of Virginia Hospital after a vear of increasing dyspnea.
Twenty-four days before admission he had suddenly become markedly dyspoeic and had severe
palpitation and substernal pam. About two weeks before admission he had a second episode of
pain and palpitation. Following the first attack his dyspnea progressed more rapidly than be-
fore and he also became orthopneic,

Physical examination revealed a slender, underdeveloped, undernourished man who was
dyspneic even at rest. There was pronounced pectus excavatum. The heart was markedly dis-
placed to the left with the point of maximum impulse in the midaxillary ling and the seventh
and eighth intercostal spaces. The left anterior chest wall heaved with each heart beat, There
wias a lowd continuous machinery-like murmur over the base of the heart, with a systolic thrill.
Elood pressure was 90/40 in the right arm and 110/32 in the left.

On Nov. 5, 199 surgical repair of the pectus excavatum was |:ll.[|l'!'I1['I: d.® The patient
withstood the n]lu.ltmn well and remained in a satisfactory condition until forty-eight tmnh
later, when he suddenly went into circulatory collapse and died in less than two hours after
developing pronounced distention of the cervical veins.

At autopsy the body measured 72 inches in length., The arms and legs were very slender
and long with poor muscular development. The left leg was shorter than the right and showed
partial clubtoot. Bilaterally the first and second toes were unusvally long but the fourth toes
were shorter than normal. There were flexion deformities of the fingers, deformed teeth with
malocelusion, bifid uvula, and lumbar kyphosis.

The heart weighed 550 grams, The increase in weight and size was the result of left ven-
t"ittl].lr hypertrophy and dilatation. The pericardial sac contamed 880 ml. of blood. The ascend-
ing aorta and first portion of the arch were markedly dilated, and, in addition, there was a clis-
secting aneurysm of the wall extending from an 1|:|1|11'|§|.l tear about 3 cm. above the aortic ring
to the point where there was slight coarctation of the aorta between the left subclavian and ledt
common carotid ostia. Just distal to the left subclavian a second digsection began and extended
throughout the rest of the aorta to involve the first portion of both iliac arteries. A small rent
on the anterolateral surface of the ascending aorta represented the spot where perioration into
the pericardial sac had occurred,

Histologically both dissections were endothelialized and showed some atheroma formation,
In addition, the |mr]|.=|. showed pronounced changes of the tyvpe described in other cases of aortic
abnormality in this series,

Siegenthaler™ reports an equally severe instance of pectus excavatum m the Marfan
syidrome,

{ From McKusick, V. A.: Circulation 11 :321, 1955.)
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Much has been written about cardiac disability in pectus excavatum, 145,105,157
Furthermore, since originally proposed by Flesch™ in 1873, excessive longitudinal
growth of the ribs has been thought to be the mechanism in many cases. As stated
ahove, this appears to be the pathogenesis of the pectus excavatum in the Marfan
syndrome. The hereditary nature of pectus excavatum has been appreci-
ated 1141351471053 Many times the patients with pectus excavatum are described as
being unusually tall and thin, with spinal curvatures. Despite all these considera-
tions, it has not been properly appreciated that the pectus excavatum may be but
one manifestation of a generalized disorder of connective tissue in which primary
involvement of the cardiovascular system may occur. In Fig. 34 we have presented
the case of a 24-year-old man with severe pectus excavatum, who died of rupture
of the aorta shortly after surgical repair of the chest deformity.®' Autopsy revealed
aortic changes typical of the Marfan syndrome. An aortic diastolic murmur had been
present before operation. In the surgical literature, there are two cases which may
have been instances of the Marfan syndrome. One patient™ was 6 years old and
was described as having “systolic and diastolic murmurs and cardiac incompe-
tence.” The other,' 23 vears old and 74 inches tall, had congestive heart failure
and atrial fibrillation and was specifically described by his physician as thin, gang-
ling, loose-jointed, and round-shouldered. In another instance, a case reported
by Sweet,'™" the patient has been discovered to have typical Marfan's syndrome. '™

Wachtel and his associates™" suggest that cardiac disability in pectus exca-
vatum can result from four factors: (1) Due to twisting and distortion of the
great veins, venous return may be impeded. (2) Restriction of diastolic expansion
may further limit delivery of more blood on demand. (3) Impingement on the
atria leads to supraventricular arrhythmias. (4) Respiratory reserve is decreased
irom impairment of the intercostal component of respiration. The heart may appear
to be larger than it in fact is because of (1) displacement of the heart into the
left hemithorax with mild clockwise rotation and (2) pancaking of the heart
with increase in the transverse dimension. Electrocardiographic variations, eg.,
ror’ or rSR’ pattern in V,, are secondary to the influence of the chest deformity on
cardiac position and rotation.

Prolongation of the P-R interval of the electrocardiogram occurs commonly
in the Marfan syndrome!’#19%% Lut is usually absent except in the presence of
aortic regurgitation. It is interesting to speculate that aneurysmal dilatation of the
aortic ring may compromise atrioventricular conduction hy pressure on the con-
ducting tissue. Bundle branch block also occurs19%158  (Ope patient (J. S,
543026 ), 18 years of age, with unequivocal ocular and skeletal signs of the Marfan
syndrome has right bundle branch block as the only cardiovascular abnormality
demonstrable by extensive studies, including cardiac catheterization. A brother of
this paticnt, who probably suffers from a forme fruste, demonstrates inverted P
waves bespeaking an ectopic pacemaker. The father, who was 78 inches tall, had
aortic regurgitation and died suddenly at the age of 282 years; he had either
ectopic pacemaker or prolongation of the P-R interval with superimposition of P
waves on T waves.

There is one report® of dilatation of the left external carotid artery. No his-
tologic study was made. Dilatation of the ascending aorta was also present in that
patient. We have observed pronounced dilatation of the left common carotid in a
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l3-vear-old boy (B. F., 724330), with characteristic skeletal changes of the Mar-
fan svndrome and with ectopia lentis but no clinical evidence of change in the
zmrt:l.' Except for these two rather similar observations, no abnormalities of
peripheral arteries have been described. Dissection may, of course, extend out
branches of the aorta for an appreciable distance, but the media has usually appeared
normal histologically.®* In one case (5. C., 575946), the splenic artery was friable
at autopsy and was found to be the site of cystic medial necrosis. Varicose veins
probably occur more frequently and in more severe form in the Marfan syndrome
than ordinarily would be expected !

The coarctation has rarely been of great functional significance. There is
no reason, however, why it might not be in occasional instances. Seemingly
the coarctation has not been resected in any case of the Marfan syndrome. Dis-
secting aneurysm occurs with increased frequency in coarctation,®” and although
the hypertension is doubtlessly a contributing factor, the possibility of a connective
tissue abnormality being responsible for both the coarctation and the dissection
must be considered. One patient in my series (L. Y., [.H.H. 392843) has hyper-
tension and a small left radial pulse but no significant diserepancy in arm and leg
pressures, '

The changes at the aortic isthmus in the Marfan syndrome (see Fig. 15C) have
many of the features of what the angiocardiographers, who are largely responsible
ior discovering the disorder, call “pseudocoarctation.” Even the “figure-oi-three”
sign may be present on conventional radiography of the chest. One would be sus-
picious of the presence of the Marfan syndrome in a patient such as that de-
scribed by Steinberg®® in whom pseudocoarctation was associated with dilated
sinuses of Valsalva.

The combination of aortic regurgitation with coarctation may confuse the di-
agnosis of coarctation. The pulses in the legs may seem normal unless the absence
of the collapsing quality is noted.

Whitfield and his associates'™ described a case of simple hypoplasia of the
aorta with the Marfan syndrome. They suggested that the increased resistance re-
sulting from the reduced aortic diameter might have been responsible, at least
in part, for the cardiac hypertrophy observed in their case. Since hypoplasia of the
aorta as a primary entity is a nebulous entity at the best, this interpretation is
suspect.

Hypertension, presumably without coarctation, was present at the age of 12
years m one reported case.®™ In another patient,*'' hypertension had been present
from at least the age of 24 years and the Smithwick operation was performed at
the age of 27 years. Hypertension has been present at least from the age of 26
years in two of our cases (L. Y., 392843; C. 5, 596716). Presumably the pres-
ence of hypertension places the patient in double jeopardy from rupture of the
aorta.

In one reported case,'** hacterial endaortitis was thought to be present.

Other cardiovascular abnormalities have been described, but in most the
diagnosis of the Marfan syndrome is insecure. For example, Burry®*"® described
a 37-year-old mentally defective woman with negative family history and no
ectopia lentis who did, however, have a moderate degree of myopia and had presum-
ably characteristic skeletal proportion. Supravalvular aortic stenosis was pres-
ent. Bingle®"® described a 32-year-old woman with patent ductus arteriosus,
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cystic medial necrosis of the aorta, dilatation of the aortic ring, and dissection
of the ascending aorta with rupture into the pericardial sac. Grossly, there was
an area of calcification and scarring in the wall of the left atrium and, histo-
logically, fragmentation and sparsity of elastic fibers. Family history was not
provided. Although the patient was 682 inches tall, body proportions were not
described. There were “no changes in eyes.”
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Fig. 35. By way of summary of the aortic complications of the Marfan syndrome, | present
the story and pedigree of a family which was unusually heavily affected. Individual I-1 died
suddenly in 1897 at the age of 47 years, presumably of apoplexy. This may have been dissect-
g aneurysm. The son of this man (11-5) died at the age of 27 vears after a very brief illness
of undiagnosed nature. He was 6 feet tall, was always very thin, and had been sent to Texas
at one point for suspected tuberculosis, He became ill at noon one day and was dead at 5 A
the following day. He was said to have had no pain but developed hematuria in the last after-
noon of the day he became ill,

Most of the remainder of the story of this family iz told in the words of individual II1-6, an
intelligent observer and cooperative informant. Her husband (I11-3) died in 1945 at the age of
32 years. “His heart condition was diagnosed as endocarditis by a heart specialist. He was ap-
parently in good health up to two months prior to his death. He was 6 feet 214 inches tall and
in the last two years of his life he weighed more than ever hefore—175 pounds—and appeared
to be in excellent health, except for his failing eyesight. He was working exceptionally hard
due to the war time manpower shortage. He was appointed to a job which necessitated a great
ileal of coast-to-coast flying at high altitudes. It was on one of these trips that he was taken ill.
He returned home, was put to bed and given medicine, to which he responded beautifully. He in-
sisted on going on another trip and lived one month after his return. He was hospitalized,
but his case was pronounced hopeless. He had a hernia operation two years before hig death,
A routine checkup before the anesthesia showed no heart condition then.”

The daughter of this man (IV-7) “was born May 17, 1937. She was always frail. She
and her brother had whooping cough when they were 6 and 5 years old. Her heart started en-
larging at that time. She was extremely nearsighted and wore glasses from the age of 3 vears.
She had a bad spinal curvature that we first noticed when she was 10 years of age. The family
doctor did not advise a brace or cast as she was so frail and her hearf was getting increasingly
worse. During her last illness, which lasted six weeks, the doctor said that her heart was just
as it would have been in a person in his forties who had had rheumatic fever in his youth, that
her heart was just worn out. She died at the age of 1214 years and was 5 feet 2 inches tall in
spite of a very bad curvature. She had a brilliant mind and was at the top of classes in spite
of her many handicaps. Both of the children were thin to the point of looking emaciated.”

The brother of this girl (IV-8) “was born Nov, 27, 1938 He and Catharine looked like
twins and were as nearly like their father as was possible. He was well as a baby and up to the
time that he had whooping cough at the age of 5 years. After that long siege of coughing the
doctor discovered that he had a heart murmur, His heart enlarged so that his chest protrided.
He complained of chest pain occasionally, He died suddenly in August, 1946, His sister said
aiter he died that he had complained of severe chest pains a couple of days before but he didn't
tell anyone else. He developed hernia when he was about 2 years old, but it never seemed to
bother him. He had a bad case of influenza the winter before he died and had a bad cough that
lingered all winter and we felt hastened his death.”

At age 7 years, this last patient was 53 inches tall and weighed 51 pounds. He showed
arachnodactyly, hypotonia, hammertoes, thin and translucent skin, cctopia lentium, cardio-
megaly, dilatation of the aorta. aortic systolic and diastolic murmurs, left axis deviation by
electrocardiogram), deformity (not described in detail) of the hip joints and skull (by x-ray
examination). The lenses in this case were displaced downward and outward.

{From McKusick, V. A.: Circulation 11:321, 1955.)
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Fig. 36. X-ray film of the chest o infant B, J. P. A pulmonary anomaly is evident, as
well as pronounced cardiomegaly.

S R s s | AD3754) was born Nov, 9 1951, She weighed 6 pounds 11 ounces and was
thought to be healthy. The mother had had no pregnancies in the nineteen years between thas
one and that which occurred in 1933, The mother first learned of the child's heart murmur
when the child was 4 months old. The child was never able to sit up or roll over by herszelf.
When first scen at the age of 6 months, the following findings were recorded : The left side
of the face was smaller than the right. Respirations were rapid (about 30 per minute). There
was a pigeon-breast deformity of the thorax. The pulse was regular at a rate of 150 per min-
ute. Femoral pulses were full. The heart was enlarged beyond the left midelavicular line. A
systolic thrill was palpable over the entire precordium but was maximm in the left midprecord-
inm. A harsh systolic murmur had the same location. The liver edge was 1.5 cm. below the
right costal margin. There was no clubbing or cvanosis.

Fluoroscopy revealed great cardiac enlargement to both left and right with globular shape.
The right ventricle was definitely enlarged in the oblique views. The right lower lung field had
a distinctly abnormal appearance. [t lacked the vsval lung markings and was wnusually radiolu-
cent. There was a question of atelectatic lung (7 right middle lobe) at the right heart border.
By electrocardiogram the P waves were broad and notched. The P-R interval was 0.16 second,
which iz long considering the patient’s age and heart rate of 150 per minute. Very large R waves
in the leads from the leit of the precordium suggested left ventricular hypertrophy. The hemato-
crit was 29.5 per cent, with hypochromic, mucrocytic cell indices,

Late in May, 1952, the patient developed physical and x-ray signs of consolidation in the
right upper lobe and became febrile. These signs were altered little by the administration of
several different antibacterial agents. The heart was extremely overactive and shook the whole
bed. Occasionally the murmur assumed a to-and-fro quality, |,':i|n'-:1'a]|;|.' at the lower left sternal
border. The liver enlarged in size. Subsequently signs of consalidation of the entire right lung
appeared. On July 31, 1952, it was noted that both lenses were displaced mediad and that dila-
tation of the pupil with phenylephrine was only partially successiul. Ophthalmologic consultants
ohzerved that the patient was extremely myopic with small lenses. In the last weeks of life there
was an episodde of hematuria related, perhaps to sulfadiazine therapy, Death occurred on July
10, 1952, when the patient was only 8 months old.

Autopsy (No. 237610 revealed that the right lung was partially atelectatic. The left lung
was normal. The pulmonary artery was larger in circumference than the aorta. The foramen
ovale was imperfectly closed. All chambers of the heart showed hypertrophy of their walls and
dilatation. The hypertrophy of the right atrium was particularly marked. Microscomcally there
were no lesions of the myocardium. However, the wall of the pulmonary artery and, to a lesser
extent, that of the aorta showed typical changes of Marfan's syndrome. The media contamed
vacuoles filled with the metachromatically staining material, and there was derangement and
relative sparsity of elastic fibers. The wall of the pulmonary artery was thicker than that
of the aorta. At the time of the gross examinations the bronchial tree was injected with radi-
opague material and radicgrams were made. To the surprise of the prosector no abnormality
was identified. :

{Continmied on opposite poge.)
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Other Manifestations. Special attention is directed to certain manifestations
which were indicated by dashed lines in the “pedigree of causes” presented in
Fig. 44: eg., in the cardiovascular system—coarctation® of the aorta,i®.92.168.205
patent ductus arteriosus,7* anomaly of valvular cuspation, interatrial defect,” and
possibly pulmonary stenosis™?; in the skeletal system—spina bifida occulta,i hemi-
vertebra, and cleft palate’®®"; in the eyve—microphakia, hypoplasia, or aplasia of
the dilator-pupillae muscle, coloboma lentis, and coloboma iridis.*** These are
not among the more common manifestations, vet they occur sufficiently often in
the Marfan syndrome to be considered more than coincidental associations. Their
occurrence is difficult to reconcile with a unitary theory of a connective tissue defect
unless one assumes that the presence of said defect during embryogenesis provides
an abnormal environment in which these anomalies, congenital malformations in
the usual sense, occur with increased incidence. In accordance with this last and
not improbable proposition, these particular manifestations can be considered
secondary ones.

Whether deafness is a specific manifestation of the Marfan’s svndrome and,
if so, what its mechanism is,%" cannot be stated at present. It is said to occur
in 6 per cent of cases.'* Everberg®® concluded that deafness is an integral feature
and that it is of nerve (perceptive) type.

Pulmonary malformations are described in autopsy reports and various pul-
monary complications in clinical reports $3.7%8211LISA2ME6161 (Fie  36.)  Re-
peated spontaneous pneumothorax has been described.! 7752 Spontaneous pneu-
maothorax sometimes occurs as a familial disorder in the absence of evident Marfan
syndrome®™® and also occurs in association with the Ehlers-Danlos syndrome
(p. 150). Brock®® favored the presence of hereditary lung cysts as the anatomic
substrate.

Oeccasionally congenital cystic disease of the lung occurs, probably as an
mtegral part of the Marfan syndrome. In patient M. R. (J.H.H. 176836, see
Figs. 374 and 378 ), very extensive disease of this type was discovered at autopsy.
The stillborn child of this patient showed abnormal lobation of the lungs but no
congenital cystic disease. Without an exhaustive review of the literature, it was
possible to find three cases of cystic disease of the lung in which stigmata sug-
gestive of the Marfan syndrome were described.

~ *Mild coarctation is common (Figs. 154 to 1530). Occasionally severer, functionally sig-
nificant ecarctation is found ™
TPatent ductus arteriosus must be very rare in the Marfan syndrome™ Apert® is frequently
quoted as having deseribed such a case; his patient in fact had “trou de Botal” (patent foramen
ovale J, not “ductus de Botal.”
IEncephalocele in the forehead area occurred in one patient (. D, 184805). Internal hy-
drocephalus is also reported ™=

{Legend comtinied Jrom opposite poge.)

Comments. Obviously the most informative feature of this case is the advanced change in
the pulmonary artery, which undoubtedly resulted in pulmonary regurgitation and was a lead-
ing factor in the infant’s death at the age of only 8 months. Ectopia lentium, myopia, micro-
phakia, arachnodactyly, retardation of ability to sit or roll over complete the picture of Mar-
fan's syndrome.

This kinship illustrates one of the difficulties of genetic research in man. The illegitimacy
of this infant and the presence of a legitimate wife of the father of the propositi made the ut-
most tact and resourcefulness necessary for collecting even these few data. The father of the
infant is about 74 inches tall, has long hands and feet, and wears spectacles. Examination was
ot possible and no further pedigree information was obtained,

{ From McKusick, V. A.: Circulation 11:321, 1935.)
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Fig. 37.4. X-ray film of the chest in M. K. (176836) from whom other illustrative mate-
rials are demonstrated in Figs. 14 and 28, Scoliosis, cardiac enlargement, increased pulmonary
markings, and guestionable hieb formation i the lungs are demonstrated.

Fig. 378, Same patient as shown in Fig. 374, At autopsy the lungs weighed 1,350 grams,
There was exudation of copious edema from the cut surfaces. Bilaterally the upper lobes were
involved by large, hleblike cavities filled with large amounts of greenish fAuid. To a lesser ex-
tent, the middle lobe and both lower lobes were cystic. Histologically the cysts were large and
conglomerate and lined with columnar epithelium, Some of the cysts were several centimeters
in diameter. In the walls of many, thin strands of smooth muscle were identified. This photo-
micrograph was made at a magnification of %25; reduced 4. The pulmonary cysts are clearly
demonstrated.
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1. A 26-year-old male medical student (Case 9 in reference 111) had had three attacks of
spontancous pneumothorax. He died following an attack of severe chest pain, Dissecting
aneurysm of the aorta with rupture into the pericardium was discovered. Histologically there
was cystic medial necrosis. Both lungs showed diffuse cystic changes regarded as congenital,

2. A 26-vear-old housewife (Case 13 in reference 111) with striking dolichostenomehia had
had increasing dyvspnea and, at the end of her second pregnancy, frank congestive failure. X-ray
examination showed dilatation of the outflow tract of the right ventricle ; ECG showed right axis
deviation and the so-called P-pulmonale. Post-mortem examination disclosed diffuse cystic
changes in both lungs and widely patent foramen ovale.

3. A 12-year-old child™ was found at autopsy to have multiple simple cysts throughout
both lungs, patent ductus arteriosus, aneurvsm of the pulmonary artery, and anomalous coronary
artery.

The case of Lillian®® showed lung cysts, but the diagnosis of the Marfan syn-
drome is not completely certain.

Congenital cystic lung disease is probably a secondary component of this
syndrome; ie., the presence of the connective tissue defect during embryogenesis
conditions its development but is not as directly responsible for it as for some of the
other manifestations. The Marfan syndrome can join Hand-Schiiller-Christian
disease' %1% a5 tuberous sclerosis'® ' in the group of systemic abnormalities as-
sociated with a type of cystic disease of the lung.

The voice in patients with the Marfan syndrome sometimes is rather high
pitched, with a timbre sufficiently characteristic that one author®* thought he
could recognize affected persons over the telephone.

Congenital cystic kidneys were deseribed®™® in one case of arachnodactyly,
but the evidence presented is inadequate for the reviewer to be certain that the
genuine Marfan syndrome was present,

There are other manifestations that occur less frequently, often in no more
than single reported cases, than those termed “secondary’™ above. In the case of
these, it is more likely that the anomaly occurs only coincidentally with the bona
fide features of Marfan's syndrome. When the case in question is a sporadic one,
it may be valid to assume that the mutagenic factor might have caused more than
one mutation simultaneously. Furthermore, in a given family, if the anomaly in
question occurs in only one of the persons affected by Marfan's syndrome, or,
better vet, if the anomaly also occurs in one or more members of the family un-
affected by the Marfan syndrome, the mamifestation in question should not be con-
sidered part of the Marfan syndrome.

Contrary to previous emphasis %5715 mental retardation is not, in my
opinion, a component of this syndrome. Usually the patients are at least as
bright as their siblings. Sometimes their innate intelligence is not fully realized
because of the limitation of opportunities imposed by severe wvisual impairment
and other physical handicaps. One patient in our series (F. 1.}, wha died at the
age of 14 years, wrote a book of verse, which was published, and composed short
dramas for enacting by her playmates. In severe sporadic cases in infants and
children, there may be mental retardation, but this has, in my opinion, a sepa-
rate hasis, possibly an independent mutation. Another basis for confusion is the
fact that a picture including arachnodactyly and suggesting the Marfan syn-
drome occurs with acquired developmental abnormalities such as rubella and
other maternal illness, maternal exposure to x-ray, and Rh incompatibility. These
. patients are likely to show mental retardation.
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Haber®##* points out that a rare but characteristic skin lesion may be associ-
ated with the Marfan syndrome. It is called Miescher’s elastoma, or elastoma in-
trapapillare perforans verruciforme. The lesions occur particularly on the neck
and grossly appear as small nodules or papules. Histologically these are cysts
occupied by whorls of material which have the tinctorial characteristics of elastic
fibers and which seem to have erupted into the epidermis from the upper corium. In
1952 Storck®¥ of Zurich described a patient with typical Marfan syndrome and
skin lesions he classified as Kyrle's hyperkeratosis follicularis et perifollicularis in
cutem penetrans. However, Miescher reported to Haber®*** that the skin lesions
were histologically more characteristic of Miescher’s elastoma. In 1958 Anning'™
of Leeds, England, described a young man in whom the diagnosis of Miescher's
elastoma was made at the age of 18 years and who died at the age of 20 vears of
dissecting aneurysm of the aorta. (From the report of Meara®™ one can conclude
that Miescher’s elastoma may occur also with the Ehler-Danlos syndrome. )

[ have not seen unusual skin lesions in cases of the Marfan syndrome but have
only recently, following the report of Haber, searched specifically for them. Mies-
cher's elastoma may prove to be another external signpost to the presence of in-
ternal disease.

FPrognosis: One man almost certainly affected with the Marfan syndrome
(see Fig. 23) was killed accidentally at the age of 82 years. The oldest patient we
have studied is 39 vears old (H. B., 621760). He has severe aortic regurgitation.
Bowers*" describes two patients with the Marfan syndrome still living at 61 and 66
vears of age. Among sixteen dead affected members of a large family, Bowers="
found the average age at death to be 43 vears in the males and 46 vears in the fe-
males. One individual survived to 73 vears; another died at 9 vears.

INCIDENCE AND INHERITANCE

The sexes are equally affected'®* The aortic complications do seem to
occur more frequently in men.®® Manual labor may be responsible for this. There
15 no racial or subracial concentration of cases. The syndrome has been reported
in Negroes,™ % Chinese,*% Japanese,’®™ Hindu,* and Jews.®® It has, furthermore,
been reported in natives of virtually every European country. Its incidence in the
American Negro is probably essentially the same as in the white population. It
has occurred in American Indians.?®

The Marfan syndrome is an uncomumon, but by no means rare, disorder. Its in-
cidence is certainly far greater than the general conception of the medical public.
The connective tissue defect of the Marfan syndrome is a leading cause of dissecting
aneurysm of the aorta in the younger decades. There is reason to believe that there
is an appreciable number of very mild cases (forme fruste) in whom the connective
tissue defect has little or no effect on health or longevity.

Preposterously high estimates of the number of sporadic cases (those derived
presumably from de nove mutation), as opposed to inherited cases, have been
made. My own experience would indicate that no more than 15 per cent of all
cases are new ones, Higher estimates, up to 70 per cent by some writers, are the
result of incomplete family studies. How often this mutation occurs in a total pop-
ulation is hard to determine. Attempts at estimation of gene frequency or of
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mutation rate are beset by difficulties, such as diagnostic doubts in mild cases, the
impossibility of ascertaining mild cases unless severe cases are present in the
family, variability in the age of onset of the aortic manifestations, and the mimicry
of phenocopies. These difficulties attend the study of other incomplete dominant
traits such as dystrophia myotonica. On the basis of as complete ascertainment as
possible and using Haldane's method®'® which assumes that mutation replaces
those genes lost because of reduced effective fertility of affected persons, Lynas®*
estimated the mutation rate to be 5 per million genes per generation in the popula-
tion of Northern Ireland :

36
po= Ma(l—BHx = Ja(l-J2) ———
1,370,921

x = proportion of persons with the Marfan syndrome in the population,
f = the effective fertility of affected persons, when unity is the average fertility.

When the mutation rate was estimated from the incidence of sporadic cases a
similar estimate was obtained.**® A minimal figure for prevalence of the Marfan
syndrome was 1.459 per 100,000 of the population and for gene frequency, one-hali
this value, 0.729 per 100,000 genes.

The pattern of inheritance is that of a simple Mendelian autosomal domi-
nant (Figs. 16, 24, 28, 35, and 38). Parental consanguinity has not been an im-
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Fig. 384. The Marfan syndrome in three and probably four and more generations. [-1,
Died at 39 years of age after brief illness. I7-1, John Peter S., died at age 30 years of dissecting
aneurysm of aorta; had bad eyes. [1I-1, John A. 5, born Sept. 29, 1913 ; has ectopia lentis and
severe myopia; strabismus. [ff7-2, Elizabeth 5. M., born 1915; wnaffected; requires hearing
ad. III-3, Hilda 5. 5., born 1918; ectopia lentis, severe myopia, chest deformity, and dolicho-
stenomelia. [I7-#, Joseph William 5., born 1921; ectopia lentis, left myopia, and dolichoste-
nomelia (see Fig. 38B). [I1-5, Frances S. Z. O,, born May 9, 1922 small left posterior pole cat-
aract; one of her six children deaf; probably wnaffected. [11-6, Naomi 5. M., horn Jan. 27,
1924 ; ectopia lentis, severe myopia, and “tongue-tied,” with indistinet speech. [I-7, died at
one year of “summer complaint.” [[1-8 Mildred S. D., born July 10, 1928; ectopia lentis and
severe myopia. [[1-2, Frank Martin 5., born April 9, 1931 ; ectopia lentis, severe myopia, doli-
chostenomelia, severe pnenmonia twice as child, slight sternal depression and left chest de-
- formity, and hernia. //7-10, Nancy Patricia S. M., born 1932; ectopia lentis and myopia. [/1-11,
Walter Raymond 5., born Feb. 5, 1934; ectopia lentis, myopia dolichostenomelia, history of
severe pneumonia, and chest deformity. ITT-I2, Jerame S., born 1935; unaffected apparently, but
had operation for severe strabismus in 1949, JI7-3, Katherine S.; affected. J17-4, Mary Dorothy
Diane S, born Dee, 19, 1943; bilateral immature cataract and ectopia lentis; affected. TF-o,
Pl‘lﬂbnhh' affected. TF-14, Harry Douglas M., Jr.. born 1945: trouble talking like mother:
thlt}mn breast and myopia. fI-15, Sophronia M., born 1947 ; apparently unaffected ; trouble
lﬂjll'l“lﬁ' distinctly. (In a family of 12 children—see peneration 1I11—the chance of 8 or more
tl.‘gélé-lr}tn being affected 1s almost one in four.) (From McKusick, V. A.: Ann. Int, Med. 49:556,
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pressive feature, but exceptions are described ® In a few instances, a recessive mode
of inheritance seemed to be indicated by the presence of multiple affected mem-
bers of one sibship with ostensibly normal parents. In only one of the pedigrees of
this type which have come to my attention has it been practicable to do thorough
investigations of parents and patients (Figs. 184 to 180). In the one kinship in
which this was possible, I was forced to conclude that the mother was probably
affected by a forme fruste. This woman had had at least three affected children hy
one man and one affected child by a second. The occurrence in one male and
three females excluded the possibility of a sex-linked recessive trait. There was,
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Fig. 388, Individual 111-4 (810977} in Fig. 384, 38 years of age. The skeletal proportions
are certainly not strkingly dolichostenomelic. The patient has substernal pain, suggesting
angina, but no cardiac abnormality by x-ray or electrocardiogram examination. He has suf-
fered also from back pain following a fall at work. Bilateral ectopia lentis is present.

therefore, no question but that each of the victims inherited the disease rather
than getting it by de nove mutation and that the mother carries the gene. On
examination, she was found to be 5 feet 8 inches tall, to he moderately long of
limb without typical arachnodactyly, and to he myopic but free of ectopia lentis
on careful ocular examination. This pedigree demonstrates how it is possible for
the student of the full clinical and genetic picture to recognize cases which would
be missed otherwise. (There are risks, of course, of counting cases as affected that
are in fact not. )
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Lynas®** observed one pedigree (A2) of three affected children from ap-
parently normal parents. Two of the three were, however, not definite cases. In
another pedigree (A9) each of two unaffected brothers produced one affected
child. Again, however, only “shight signs™ were present in one of these.

To my knowledge there has never been an opportunity to observe the effect
of the gene in homozygous state ; that is, the union of two affected persons has not
been described. Skipping of generations has never been observed in any thoroughly
studied pedigree.**

Steinberg and his colleagues®® have reported on 2-vear-old identical twins with
the Marfan syndrome and “unperforated aortic sinus aneuryvsm.” Hecker'® de-
scribed identical twins, both affected, in a family with multiple cases of the Marfan
syndrome.

Bowers®™ has traced the disease through six generations of a single family
with a total of about thirtv-three affected persons,

Lynas and Merrett®™" could find no evidence of genetic linkage between the
Marfan trait and the following traits: sex, color vision, phenylthiocarbamide tasting,
and ABO, Rhesus, Lewis a and b, Luther, Kell, P, and MNS blood groups.

Partial submersion of the manifestations of this syndrome, depending ap-
parently on the rest of the genetic milieu in which the mutant gene is operat-
ing, has been observed.® For instance, when the mutation occurs in unusually
pyknic stock, the victim's habitus may be much less impressively unusual (Figs.
154 to 150).* No protection against ocular or aortic abnormality seems to be
afforded thereby, however. Lynas®™® seems also to have observed the modifying
effects of other genes. In one pedigree a woman with the Marfan syndrome married
twice. By the first husband, a “non-Marfan” but tall man with tuberculosis, there
were two children : one died in infancy and one had a severe complete form of the
Marfan syndrome. By the second husband, *a small square-built man,” one child
was normal and a second had only mild skeletal and cardiac manifestations.

The fact that in some families pronounced aortic and skeletal abnormalities
occur without demonstrable abnormality of the lens seems to be further evi-
dence of the operation of the genetic milien on expression of the syndrome.
Differences in the severity of the several components of the syndrome, including
absence of some cardinal ones, is not inconsistent with the view that a single
mutant gene is primarily responsible for the abnormality.

DIFFERENTIAL DIAGKOSIS

Given stigmata suggestive of the Marfan syndrome, one can be most confi-
dent of the diagnosis if ectopia lentis is present in the patient or if other members
of the family are unequivocally affected (see Figs. 8.4 to 8C) .2

For example, how can one be certain of the diagnosis of the Marfan syndrome
in the case reported as such by Sinha and Goldberg 2™ when the patient “did not

*By assigming, to affected and wnmaffected individuals, a score for upper segment-lower
segment ratio based on the number of standard dewiations by which each individual deviates
irom the mean for his race, age, and sex (Fig. 7). it will probably be possible to test this
clinical impression. From initial observations it appears that when the scores for patients with
the Marfan syndrome are lower (that is, deviate more on the negative side of the mean),
then the average score for his normal first degree relatives is in the low normal range. When

the nf:rmal relatives have high normal scores, the Marfan patients do not have as markedly
low US/LS values.
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Figs. 394 and 398, W. M. (Mary Imogene Bassett Hospital No. 54659) was thought to
have Marfan's syndrome because of aortic regurgitation, severe spinal deformity, and arachno-
dactyly. Clinical evidence for bacterial endocarditis was present. At autopsy the heart lesions
appeared to be rheumatic with superimposed walvular infection. (I am indebted to Dr. Jas.
Bordley, 111, for knowledge of this patient and permission to include him here.) Numerous
pigmented nev: were present in this patient.

Figs. 39C and 390, I, M., brother of W, M. The finding of muscular dystrophy in this
brother makes it likely that W. M. {in Figs. 394 and 398) likewise had muscular dystrophy.
The disease trait appears to be recessive in this familv. In [, M. note the wasting of the upper
arms, especially the left, the asymmetry of the face in whistling, and the winging of the scapulae.
There is no arachnodactvly. Spinal deformity as severe as that m W. M. i5 sometimes seen
with muscular dyvstrophy.'™ The proper classification of the muscular dystrophy in these hrothers
iz uncertain, The parents are living and well. No other casez are known in the family, The
brother in Figs. 39C and 390 has four children who show no sign of disease. This 1s probably
an autosomal recessive form of muscular dystrophy, which is thought by Becker™ and others™*
to occur at times. {The writer is indebted to De. Chas. Ellicott for studying this patient.)

Fig.

Fig.

S,

390,
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Fig. 40. Fig. 40H.

Figs. 404 and 405. Phenocopies of the Marfan syndrome. (From Bauer, J.: Innere
Sckretion, Thre Physiologie, Pathologie und Klinik, Berlin and Vienna, 1927, Juliuz Springer.)

Fig. 40.4. The Denker Negro.

Fig. 408, Eunuch. Bauver's™ brief clinical description and the skeletal proportions suggest
the Klhinefelter syndrome,

have tall features or long fingers,” there was no ectopia lentis, “the family history
was noncontributory,” and the histologic changes possibly typical of the aorta in the
Marfan syndrome (p. 116) were not described ? Rather numerous uncertain cases are
being reported 202208, 208,228, 248,271 Note that the Marfan syndrome can undoubtedly
exist in sporadic, nonfamilial cases and ectopia lentis can occasionally be absent
in patients known to be affected because of family data. It is merely pointed out
that usually one cannot be certain of the diagnosis when neither ocular nor familial
features are present,

The possibility of the Marfan syndrome is encountered in many situations
such as that of aortic regurgitation, otherwise unexplained, in an individual of
asthenic and possibly dolichostenomelic habitus. Measurements taken alone are
indicative but not completely conclusive. Measurements must be evaluated in the
light of a rough evaluation of the average habitus of the family of which the pos-



110 Heritable Disorders of Connective Tissue

sibly affected individual is a member.® In the first decade of life, comparison ol
upper and lower segment measurements and of arm span with height is of greater
significance because of the relatively short extremities during this period.’™ (For
normal values for these measurements during this period see references 40 and
181 or, better, Fig. 7.} The lack of complete specificity of such measurements is
mdicated by the occurrence of excessively long extremities on an anthropologic
basis in the Denker Negro' and on a pathologic basis in the eunuch,'##2%.262 i the
Klinefelter syndrome ( Fig. 40), and in patients with sickle cell anemia. In Wilkins'
texthook'®! he pictures in the nude a Negro female patient who had had prepubital
castration for strangulated dermoid cysts. The skeletal proportions are strikingly
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Fig. 41.4. Fig. 41B.

Fig. 41.4. Sickle cell anemia. D, M. (6594631, 1414 vears old, has no ectopia lentis or
family history suggesting the Marfan syndrome but does have well-documented sickle cell
AT,

Fig, 418, Adolescence. E. K. (766137) was referred because of gynecomastia. There is
no ectopia lentis or family history suggesting the Marfan syndrome.

suggestive of the Marfan syndrome. The rule of thumb for identification of arachno-
dactyly—longest digit at least 50 per cent longer than the longest metacarpal-—has
proved to have both positive and negative error. In the Negro in particular, the
Marfan syndrome is often suggested by skeletal proportions (Fig. 7). A famous con-

—

See footnote, p. 107.
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temporary Negro basketball star is said to be 7514 inches tall, with an arm span
of 84-86 inches. Sheldon* refers to this habitus as Nilotic dysplasia, since, ac-
cording to him, inhabitants of the upper Nile area and their descendants display it
most often. The Watussi tribe of Uganda is very tall.

Delayed puberty may be accompanied by Marfan-like body proportions. In
one case (1. K., Fig. 418 ) adolescent gynecomastia was also present. As noted on
page 88, the gracile habitus of many patients with atrial septal defect often leads
to a mistaken diagnosis of the Marfan syndrome (Fig. 41/7). The high incidence

L]

of chest defornuty in patients with congenital malformations of the heart*™ may

further increase the confusion with the Marfan syndrome

T o e

A T e el Tl -l R~

Fig. 41C. Syphilitic aortitis and ectopia lentis. 5. J. (80299493, 38 wvears old, has atrophy
of the irides, bilateral ectopia lentis, optic atrophy, choroiditis, and secondary glaucoma. Aortic
regurgitation is accompanied by blood pressure of 17060 mm. Hg and enlargement of the
left ventricle and left atrium. The family history is not indicative of the Marfan syndrome

Fig. 410, Dolichostenomelia in atrial septal defect. M, L. (713241), 50 years of age, had
a secundum type of ASIY repaired surgically. There is no ectopia lentis or family history to
suggest Marfan syndrome.

A picture mimicking in some respects that of the Marfan syndrome can result
from Rh incompatibility and from intrauterine rubella infection. ctopia lentis does
not occur in these cases. However, deafness, ocular and cardiac defects, hypotonia,
and even arachnodatyly may occur. The presence of some manifestations, such as
anophthalmos, which is never encountered in the Marfan syndrome, 15 a point in
favor of one of these other possibhihities. Cases simulating Marfan’s syndrome have
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occurred apparently as a result of the occurrence during early pregnancy of febrile
illness of unspecified type®™ and of x-ray therapy.'®® (See Fig. 32.)

]n.ﬁtiil:tinn.\l for mental |I+-r'x-q-1:'-.r.~a IJflL'II list an lI1||n'|i.{"..'.'L|!1'|_~.' ]|1';‘:|1 ]_ll['rll_'["l'llEj_;_:[' of
patients with arachnodactyly. This should not be taken to indicate Marfan's syn-
drome, in the majority of instances at any rate, since other evidence indicates that
mental retardation 15 not an ill[r;_'hT:'!] I."IZIIE'IEIH!]I.'III of this ~_1.-n:]r'u|m- andd sinee it 1s
clear that arachnodactyly is a nonspecific manifestation with many possible causes.
The patient described by Benda,'™ for example, does not appear to have had the

true Marfan _-1.'1]i31'|||'|l:'. [ wonld ||L':1'.1-1'ic|r:' the correctness of the (]i;[l_:]'lrl_'-iir-' of the

Marfan syndrome in the l;l!'i:-]l:'lll-:l of f.'ul]il_‘.' A5 of |,_';'|t_'L:~'-"“: The proband, a female,

Figs. 424 and 428, Shown here are father and daughter, both with the Welll-Marchesani
syndrome (ectopia lentis and brachymorphism). The skeletal manifestations are the antithesis
of those of Marfan's syndrome. The daughter has a cleft palate and is mentally defective. No
definite cardiovascular abnormality has been identified in cases of this syndrome. Compare these
father-daunghter ]Iil.t'.ll'l.'*- with that n g, 244, (From McKusick, V. A.: Circulation 11 :321,

1955, )

was the only one of five children affected. She was a mental defective and “inclined
just to sit and drool.” The hands and fingers were very long and slender and
showed marked clubbing due to bronchiectasis. The feet were abnormally small,
however., Very severe kyphoscoliosis was present. The palate was hroad and
domed, not high and arched, and there were no eye and cardiac signs. “However,
the f'!irllil.'i””"' H b .H.’I'I'i.'-u'i.ll:'lll '||:'|.'|_I, 5}]1' _‘\IHLE'I]I[ T 'i1||__'|un:]qq|_ A% 0 Case ||f ;|_'|':|;|.'.||'|||'|¢.|;|_(-'I__'l|'.|_';',-l
Although by definition archnodactyly was present, it is very doubtful that this is
a case of the true Marfan disease.
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Fig. 434.

Figs. 43.4-43C. These are illustrations of a sibship,™ children of a consanguineous marriage,
in which four of eight members had ectopia lentis and four had primordial, or ateliotic, dwarfism,
In two individuals there was coincidence of the two pathologic traits. The pedigree is con-
sistent with the view that the two traits were independently inherited as autosomal recessives.
In the past, observations on the inheritance of primordial dwarhsm have been consonant with this
theory of inheritance and it has been thought that ectopia lentis, as an isolated trait, is at
times inherited as an autosomal recessive. This material iz included to illustrate, along with
the example of the Weill-Marchesani syndrome (Fig. 42), that the ectopia lentis of the
Marfan syndrome is not the only genetic variety of this ocular anomaly. “The phenotype is not
necessarily an indication of the genotype.”

A, The pedigree. The parents of the affected sibship were either first cousing or inter-
mediate double first cousins.

B, Left to right, individuals IV-15, IV-13, and TV-18 of the pedigree. The first two also
have estopia lentis with complicating glaucoma. Not photographed is individual IV-14, who
next to IV-15 is the shortest member of the family. The ages of these individuals are 31, 35, and
24 years, respectively, and their heights 39, 40, and 4334 inches.

C, The individuals, of approximately the same age, are 72 and 39 inches tall, respectively.

Other than the proportionate dwarfism, the only abnormality revealed by radiographic
study of the entire skeleton in individuals TV-15, 1V-13, and IV-18 was delayed fusion of the
epiphyses at the iliac crests in IV-15, who is 31 years old.

(From McKuosick, V. A.: Am. J. Human Genet. 7:187, 1935.)
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Several of the individual components of the Marfan syndrome oceur alone or
as part of other heritable syndromes and on a genetic basis distinet from the Marfan
syndrome. Pectus excavatum,'M15517 seoliasis, - 188318 ;myopia 3771 and hernia, 17
are cases in point. Scoliosis is an important feature of von Recklinghansen’s neuro
fibromatosis, which is inherited as a domnant.®'® Lrdheim’s cystic medial necrosis
is almost certainly not a homogeneous entity from the etiologic standpoint (see
below ). Marfan's disease 15 but one cause, there being other genetic (eg., Ehlers-
Danlos syndrome ) and possibly acquired causes.

Several genetic varieties of ectopia lentis have been described.'® One variety
of isolated ectopia lentis is inherited as a simple Mendelian recessive® 1% [ have

observed™ eight children of a first cousin marriage, of whom four had ectopia lentis

Fig. 438, Fig. 43,

Figs. 438 and 43C. For legend see preceding page.

and four had ateliotic dwarfism (a condition usually inherited as a recessive). Co-
incidence of the two anomalies occurred in two of the individuals. Another variety
of ectopia lentis is part of the Weill-Marchesani syndrome $2.100.175.256.261  The
habitus of the victim of the Weill-Marchesani syndrome is diametrically opposite to
that of the Marfan syndrome. The victim is brachymorphic, short of stature, with
round head, pug nose, depressed nasal bridge, and short, pudgy hands and fingers.
This syndrome is inherited as a dominant with low penetrance or as a recessive
with partial expression in the heterozygote®! FEctopia lentis sometimes occurs
with aniridia, *'' which is usually inherited as a dominant.

In approximately 70 per cent of instances of congenital ectopia lentis, the
anomaly occurs as a component of the Marfan syndrome. The skeletal manifesta-
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tions of the Marfan syndrome may be so unconvincing in many cases that the pres-
ence of ectopia lentis in a patient with cardiovascular signs consistent with the
Marfan syndrome should lead one to suspect the diagnosis even though the skeletal
changes per se cannot be considered pathognomonic.

Muscular dystrophy was confused for Marfan's syndrome in the patient shown
in Figs, 394 and 398. There were unusually pronounced spinal deformity and
long fingers. The patient presented with bacterial endocarditis and aortic regurgita-
tion—additional features suggesting the Marfan syndrome. Autopsy revealed no
histologic evidence for this diagnosis but did show changes consistent with a rheu-
matic basis for the bacterial endocarditis. A brother, subsequently studied (Figs.
39C and 390 ), shows unequivocal evidence of muscular dystrophy. In children,
the pronounced muscular hypotonia may result in a picture suggesting Oppenheim’s
amyotonia congenita or Werding-Hoffmann's  muscular atrophy.®  Arachno-
dactyly has been described® with amyoplasia congenita. In brief, then, it is pos-
sible for errors of diagnosis, m either direction, between the primary muscular
disorders and the Marfan syndrome.

The relationship, if any, of the Martan syndrome to “status dysraphicus™ is
obscure.’” The latter condition is too ill-defined to make an analysis of relation-
ship possible. We (see Fig. 10.4) and others have observed bent fifth fingers, so-
called camptodactyly or clinodactyly,”™ and heterochromia iridis,”® both manifesta-
tions which are said to be characteristic of status dvsraphicus. Apparently identical
clinodactyly is sometimes inherited as an isolated anomaly.™

We have observed two patients (L. E., 677290; 5. ]., 802999} with ectopia
lentis and syphilis. Is it possible that syphilis can cause or predispose to ectopia
lentis? The association of syphilitic aortitis with ectopia lentis might oceasion diag-
nostic confusion. Aside from the diagnostic implications the theoretic ones are great,
since, as previously indicated, the clinical behavior of the aortic involvement in
syphilis has certain parallels to that in the Marfan syndrome. (The rarity of dis-
secting aneurysm in syphilitic aortitis is a conspicuous difference, however. )

It has been emphasized above that profound aortic regurgitation may be present
in patients with the Marfan syndrome for many years before dilatation of the ascend-
ing aorta become evident by x-ray examination. Some cases with severe aortic re-
gurgitation (see Figs. 10 to 160G and 224 to 22F) never show dilatation of the
aorta. The differential diagnosis of the aortic lesion can, therefore, be confusing.
Syphilis, rheumatism, or bacterial endocarditis 1s often suspected hrst. When these
appear unlikely from collateral evidence and when, as is so often possible in all sorts
of disorders, a history of trauma is elicited, traumatic rupture of a normal aortic cusp
is postulated (see Figs. 154 to 150D and reference 15). Furthermore, a deceptive
prominence of the pulmonic conus and main pulmonary artery may result from
displacement of these structures by the dilated intrapericardial portion of the ascend-
ing aorta. Or the pulmonary artery may be dilated because of intrinsic involvement
of its media. As in any severe, prolonged aortic regurgitation with chronic left
ventricular failure, the left atrium is likely to become dilated. The prominence of
the pulmonary artery and left atrium, the prolongation of the P-R interval (p. 97},
and the Austin Flint murmur of aortic regurgitation conspire to lead to the in-
correct diagnosis of rheumatic heart disease with combined aortic and mitral
lesions,



116 Heritable Disorders of Connective Tissue

PATHOLOGY
Roark®™ estimates that at least seventy-one autopsies are reported in the
literature. Autopsy was performed in eighteen of the seventy-four propositi in
our series ; necropsy information is available in at least ten other affected members
of these families. The gross changes in the aorta, as demonstrated in Fig. 15C and
Fig. 16(;, are the most dramatic. There are numerous reports of dissecting aneu-
rysm in cases of the Marfan syndrome.30.42.61,85.86.159,161,190,209, 235,258 269,270,252,300

With the exception of the changes in the media of the great vessels and in
the heart valves, no specific histologic abnormalities have been detected in this
syndrome. In the media of the aorta, the most advanced changes are seen in
cases of diffuse dilatation of the ascending aorta in which the process has gone on
over several years’ time and the patient succumbed to the effects of aortic regurgita-
tion. In such cases, there are frequently early changes in the pulmonary artery. The
early changes in the aorta are best demonstrated in those patients dying of dissect-
Ing aneurysm.

The advanced changes consist of fragmentation and sparsity of elastic fibers,
irregular whorls of seemingly hypertrophied and perhaps hyperplastic smooth
muscle, increase in collagenous tissue, pronounced increase in the vascularity of the
media with wide dilatation of the vasa vasorum in both the adventitia and the
media and cystic spaces occupied by metachromatically staining material. The net
result is an aorta which is thicker (but weaker) than normal.

The early changes are those described by Erdheim*' as cystic medial ne-
crosis.'™ There are mild to moderate degeneration of elastic fiber elements and
more or less striking cystic areas filled with metachromatically staining material.

The predominant mmvolvement of the ascending aorta is not inconsistent with
a generalized defect of some element of connective tissue, since it is the ascending
portion of the aorta which bears the main brunt of hemodynamic stress. Reynolds!*®
concluded that, with physiologic pulse pressures, it is only the ascending aorta
which shows dilatation (i.e., increase in diameter) with each ventricular ejection.
Other observers, while disagreeing with Reynolds' claim that virtually no ex-
pansile pulsation occurs beyond the arch, corroborate the finding that much greater
expansion occurs in the ascending aorta (15 to 20 per cent increase over diastolic
diameter in the ascending aorta, 5 per cent in the distal aorta). Engineers, textile
scientists, and others concerned with testing the “strength of materials” are familiar
with the fact that cyclical application of a stressing force results in structural dis-
integration much sooner than does steady application of the same force.

Another factor in the predominant localization in the ascending aorta may be
implicit in Laplace’s law (wall tension = pressure X radius). Since hoth pressure
and radius find their largest values in the ascending aorta, the tension on the wall
of that portion is greater than anywhere else in the vascular tree. In the case of
aneurysm there is, by the same token, a vicious cycle or self-perpetuating action—
the greater the radius, the greater the wall tension, the greater the radius, and so
o,

Changes similar to the early ones in the aorta are not uncommon in the main
pulmonary artery. Occasionally the changes there are as advanced as are ever
seen in the aorta 1%¢

The predominant localization of the pathologic changes of Marfan’s syndrome,
of other varieties of Erdheim’s cystic medial necrosis (see later), and of syphilis,
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in the ascending aorta, probably has its basis in the physical and hemodynamic
considerations outlined above. The pulmonary artery has the same defect of
its media but rarely gives trouble of clinical significance, probably because hoth
blood pressure and pulse pressure are lower in the pulmonary artery than in
the aorta. (In syphilis, other theories for preferential thoracic localization of the
spirochete have been invoked, such as difference in the distribution of the vasa
vasorum and a slightly cooler environment of the thoracic aorta, Proponents of
the latter theory point to the difficulties in inducing syphilis in rabbits during hot
weather and the preferential localization of spirochetes in parts of rabbit skin that
have been shaved, )

Minor changes in the heart valves in the form of marginal thickening or fibro-
myxomatous excrescenses have been described grossly in many of the autopsied
cases, 136146162175 jpelyding Salle’s'™® case, the first autopsied. Histologically, one
casel®™ was found to show “numerous lacunas in the collagenous substance of the
mitral valve that were filled with a homogeneous basophilic material.” This lesion
resembles closely that which occurs in the media of the aorta. Fig. 21F represents
the changes in the aortic valve in one of our cases. The pronounced sacculation
and stretching of the aortic cusps is probably per se evidence of weakness of the
connective tissue stroma of the valve. In the process of the stretching, breaks with
fenestration of the cusp may occur.1%

In one case (S. C., 575946) the splenic artery was grossly friable and showed
advanced cystic medial necrosis on histologic examination. The splenic, iliac, in-
nominate, both subclavian, both common carotid, hoth renal, and mesenteric arteries
showed characteristic cystic medial necrosis in one well-studied case*™ The
intracranial arteries, inferior vena cava and common iliac veins were normal. Aus-
tin and Schaefer'™ described a case in which both common carotids were exten-
sively involved by cystic necrosis with subsequent dissection.

The pathologic studies of the eves have not been very helpful from the funda-
mental standpoint. Hypoplasia of the dilator muscle of the iris provides explanation
for the miosis and poor response to mydriatics, 19795

Joint capsules, ligaments, tendons, and periosteum have shown no abnormality,
but studies in these areas are distressingly few. Roark®™ could find no definite
abnormality in the anterior spinous ligament or intervertebral dises.

THE BASIC DEFECT

In what element of connective tissue is the defect of the Marfan syndrome
located ? The histologic appearance of the aorta suggests that the primary defect
may be in the elastic fiber. The pathogenic chain of events may be this*®: The
elastic fibers, constitutionally inadequate, undergo degeneration, particularly at the
site of maximum hemodynamic stress, the ascending aorta. The smooth muscle
elements, which normally have origin and insertion on the elastic lamellae, collapse
together into disorganized whorls and undergo hyperplasia and hypertrophy. Re-
parative processes leave the media scarred. Secondary to the frantic hypertrophy of
smooth muscle fibers and the scarring process, dilatation of the vasa vasorum
occurs. (In 1933 Wolff'8t suggested that Erdheim's cystic medial necrosis might
be a generalized weakness of elastic fibers. He demonstrated abnormalities in
larger peripheral arteries and in the main pulmonary artery.)
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What the suspensory ligament of the lens has in common with the media of
the aorta is obscure. If known, the basic defect of this syndrome might be under-
stood. Most information suggests that the suspensory ligament is collagenous in
nature. ™ However, it cannot be like most collagen (see Table 1, p. 18) because
it is digested by chymotrypsin, as demonstrated by the surgical technique developed
by Dr. Joaquin Barraquer of Spain and introduced into the United States by
Dr. Derrick T. Vail. There is more collagen in the aorta than elastic tissue=%
The preliminary observations of Sjoerdsma and his colleagues®™" indicate an in-
creased urinary excretion of hydroxyproline in the Marfan syndrome. Because of
the unique hydroxyproline content of collagen, confirmation of these observa-
tions will tend to point the finger at collagen metabolism as the location of the
basic defect.

It is possible to reconcile with a generalized connective tissue defect many
of the other manifestations: the lax joint capsules, the weak ligaments, especially
those with large elastic fiber representation such as the ligamenta flava of the
spine, the malformed elastic cartilages of the pinnae, and the deformity of the foot
where elastic fibers are abundant in the ligaments. But how is one to explain the
most striking feature of this syndrome, dolichostenomelia, and the other dolicho-
morphic features? One gets the impression that the factor that is missing during
morphogenesis and growth of bone in victims of this syndrome is a binding force
which placed a rein on longitudinal growth. Whether it is elastic fiber as such or
some element with the properties ot the elastic ilber matters not at the moment. Is
some such element missing from the ground material of the cartilaginous precursors
of bone? Or is the location of the defect in the periosteum? Longitudinal growth of
the large bones of the extremities occurs at the epiphyseal-diaphyseal junctions.
The periosteum, attached as it is to the epiphyseal cartilage, may exercise control
over longitudinal growth.®" Experiments of Ollier in 1867 and of others®!
since him, although not without flaw, suggest such to be the case: If a cuff of
periosteum is removed from the circumference of a growing long bone, that bone
will grow longer than its untampered counterpart. An inborn weakness of the
periosteum might have a similar effect. The bony abnormality does not appear to
be one of simple overgrowth, since the excess is limited to longitudinal growth.
The bones are abnormally small in cross section. Osteogenesis may he proceeding
at a normal rate in the periosteum, which slides along the diaphysis, adding bone
to the circumfierence ; the diaphysis may not attain normal transverse dimensions
hecause the periosteal bone is spread over a greater total area.*

The failure to find abnormality of elastic tissue in the trachea, skin, spinal
ligaments, and intervertebral disc*™ is disturbing to the theory implicating elastic
tissue.

*Lacroix™ writes (p. 539} as follows: “A fibro-elastic membrane, the periosteum grows,
while vielding to a traction imposed upon it, by stretching over its entire extent. Where only
one zone of growth exists, as in the case of the long bones of the hand and foot, the periosteal
sheath is attracted in only one direction; it is pulled in two opposite directions on the two
sides of a ‘neutral’ zone in bones with two zones of growth. Smce the diaphysis elongates only
at l.:m‘ level of the growth cartilage, the periosteum during development slides along the bone
surface at o rate and in a direction specific to each level.” Later (p. 67), he writes: “Since
the periosteum slides along the diaphysis which it encloses, the youngest trabeculae, those in
formation at the moment of examination are not deposited at exactly the same level as those
which the same zone of periosteom elaborated in the preceding days." The obliquity of the
canals of the nutrient arteries has its origin in this phenomenon,
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The report'™ that the affected members of one family showed abnormally low
levels of serum mucoproteins was received with great interest. 1f confirmed, not
only would the observation have diagnostic usefulness but also it might assist in
pin-pointing the basic defect. Note that as stated on page 35 the elastic fiber is, in
one view, composed in part of “elastomucin.” Unfortunately, Dr. James T. Leem-
ing and [ have been unable to demonstrate any abnormality of serum mucoprotein in
forty-six Marfan patients as compared with controls matched for age, sex, and race.

The precise element of connective tissue which is defective in Marfan’s syn-
drome awaits identification. Nonetheless, it is possible to describe the hehavior of
the defect in considerable detail. (See “pedigree of causes” in Fig. 44.)

The production in rats of a somewhat analogous, but acquired, syndrome has
heen of great interest for obvious reasons. l'w.l}"g.mlIr:asllzl.’i]ilu.‘J-':‘..i:i.1 hernia, and aAneurysm
of the aorta (dissecting, diffuse, or saccular) can be produced in rats (Fig. 45)
fed a toxic agent contained in the seed of Lathyrus odoratus 5129122 The toxic
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Fig. 44. Marfan's syndrome, a pedigree of causes. The chart reviews the components of this syndrome.
Special attention is directed to those manifestations indicated by interrupted lines: in the skeletal system, spina
bifida occulta and hemivertebra; in the heart, interatrial septal defect and coarctation of the aorta; n tEu_: eve,
coloboma of the lens and microphakia. In the present state of our knowledge these congenital anomalies of
the more conventional type are difficult to explain on the basis of a unitary defect of connective tissue unless
one assumes that the presence of this defect during embryogenesis producgs an abnormal setting in which these
particular anomalies occur with increased incidence. [f this is true. these less frequent manifestations m-

dicated by the interrupted lines may be considered secondary ones. (From McKusick, V. A.: Circulation
11:321, 1955.) ;
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Fig. 45.4.

Fig. 450, Fig. 45

Figs. 454-45C. Experiments conducted by Dr. James R. Brayshaw,™ as student at The
Johns Hopkins University School of Medicine.

Fig. 454. Deformity and pathologic fracture of spine and other bones in rat fed seeds of
Fathyrus odoratus,

g, 458, Dissecting aneurysm of the aorta with rupture in rat fed seeds of Lathyrus
oderatus. Shown is the dissection of the media and the large mediastinal hematoma. Elastic
tissue stain. The elastic lamellae are black. (%10; reduced 1/5.)

Fig. 45C. Same at higher magnification, On the left below, the wall of the aorta is grossly
scarred through almost its entire thickness, (30 reduced 1/5.)
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material has been crystallized®® and identified™ as g (v -glutamyl) amino-
O

|
propionitrile (HOOC—CH—CH,—CH,—C

NH—CH,—CH,—C = N).
NH,

B-aminopropionitrile will also cause skeletal changes and dissecting aneurysm of
the aorta.!™ Gelatin and casein appear to afford partial protection against the
effects of these toxins.® Whether the primary difficulty is in the elastic fibers or in
the intermediate material 1s not clear.!™#* Possibly significant with reference to the
predominant male sex incidence of dissecting aneurysm in man is the finding®"*
that aortic rupture occurs much more frequently in male rats fed sweet pea seeds
than in female rats. Furthermore, the simultaneous administration of androgen
considerably enhanced the incidence and severity of aortic medionecrosis®™® in
sweet pea-fed rats. The demonstration of increased mucopolysaccharide®™ is of
interest i light of the metachromatically staining material seen in human cases of
Erdheim’s cystic necrosis, including that caused by Marfan’s syndrome (see he-
low). Although the basic defect in this acquired syndrome is probably not the same
as that in Marfan's syndrome, studies of this sort should be helpful in elucidating
some of the many mysteries that surround dissecting aneurysm in particular™ and
disorders of connective tissue in general. Clinically, Bean and Ponseti have
been impressed with a relatively high incidence of kyphoscoliosis in the group of
cases of dissecting aneurysm of the aorta.

OTHER CONSIDERATIONS

There is, of course, no definitive treatment for this disorder. It should be
noted that healing after surgical operations is normal. Herniorrhaphy, orthopedic
procedures, and correction of pectus excavatum can be performed with success.
{One patient went through a lienorenal shunt procedure for unrelated hepatic
cirrhosis.'®) Correction of pectus excavatum should probably be postponed until
after puberty since an imperfect result may follow if there is still opportunity for
excessive longitudinal growth of the ribs. The current philosophy in regard to
ectopia lentis seems to favor performing lens extraction only if iritis or glaucoma
develops. Hufnagel's plastic valve operation™ was performed in a case of aortic
regurgitation on this basis; because of the nature of this disease and of the opera-
tion currently practiced, its practicability here is very questionable. Evidence is
presented elsewhere" that the Huinagel operation produces widening of the pulse
pressure (due both to increase in the systolic level and decrease in the diastolic
level) proximal to the valve. This might well increase the strain on the already
weakened ascending aorta and accelerate the process of dilatation or predispose
further to dissection. One might fear that the valve would tear out of the aorta.
This has indeed been observed.* In this instance the tear occurred at the junction
of the aorta with the prosthesis, some months after operation. The gross appear-
ance suggested the wear with cracking which occurs in stethoscope tubing at the
junction with the metallic parts of the stethoscope. Support for the view that “wear-
and-tear” is a factor in the pathogenesis of the changes observed in the aorta in the
Marfan syndrome may be provided by this observation. Thrombosis with occlusion
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of the valve has been described in two cases of the Marfan syndrome "2 but
this is probably a complication not unique to this hereditary disorder.

In two recent cases (S, L., 293069 ; 5. T, 691351) of idiopathic cystic medial
necrosis of the aorta with diffuse dilatation of the ascending aorta and profound re-
gurgitation, Dr. Henry T. Bahnson plicated the dilated aorta and surrounded the as-
cending aorta as far proximally as possible with a splinting sleeve of synthetic fabrie.
A happy, although surprising, result of the procedure has been a pronounced de-
crease in the aortic regurgitation as evidenced by diminution in the diastolic murmur
and manifestations of left ventricular strain and by rise in diastolic pressure to
almost normal levels. These cases are historic from another standpoint; it i1s the
first time the diagnosis of LErdheim’s cystic medial necrosis has been established
histologically in witam.

The Bahnson operation was attempted in one case of the Marfan syndrome
(S. C., 575946, with progressive dilatation of the aorta beginning at the ring and
subsequently complicated by dissection of the media. Although it was possible to
dissect down to a point proximal to the coronary arteries, the relatively high posi-
tion of their ostia and of the commissures of the enormously sacculated cusps make
it difficult to accomplish much that was worth while without interfering with these
vital structures. Fay and his colleagues==* performed the Bahnson procedure with
apparent technical success in a case of the Marfan syndrome, but the patient died un-
accountably twelve hours later.

Bahnson'® has the impression that the ascending aorta is different in the case
of idoipathic cystic medial necrosis than in the Marfan syndrome. Specifically, the
sinuses of Valsalva seem to be involved less strikingly in the former condition. The
difference 1s obviously an important one from the therapeutic point of view.

In a recent case of idiopathic cystic medial necrosis (B. L., 806222}, total re-
placement of the ascending aorta by an autograft was performed by Bahnson, and
in a second similar case (B. B., 822151) a synthetic fabric graft was used with
success, The difficulties with application of this procedure to the Marfan cases
would be the same as with the plication procedure. Baker and his colleagues!™
have reported the successiul use of an aortic homograft in a case of the Marfan
syndrome, but in this case the involvement of the aorta was limited to the descend-
ing thoracic portion. Total replacement of the abdominal aorta has been performed
in cases of the Marfan syndrome by Davis and his colleagues in Cleveland and by
Dubost in Paris (see p. 71).

A point of medicolegal importance is the relationship of trauma to the de-
velopment of various manifestations of the Marfan syndrome. The development
of hernia, detachment of the retina,®-14%2™ dissecting aneurysm,?5116.165.200.220 4,4
total dislocation of the lenses may be intimately related to trauma as a precipitating
factor. In Choyce's case®! dislocation of the lenses into the anterior chamber oc-
curred when the patient leaned forward to pick something up from the floor.
Wilson®™! suggested that the strain of sexual intercourse may contribute to de-
terioration of the aorta. In one of his patients, death occurred five days after mar-
riage ; in another, symptoms of left ventricular failure began after intercourse. On
the other hand, a murmur of aortic regurgitation is known to have been present for
sixteen years in an unmarried affected sister. “In the Marfan syndrome a sedentary
spinster may outlive an athletic hushaned. 01

In comnection with the relation of the Marfan syndrome to other diseases or
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special physiologic states, rheumatic fever, syphilis, hypertension, and pregnancy
might be mentioned. The suggestion of Futcher and Southworth™ that rheu-
matic fever may occur with increased incidence in these patients has not been con-
firmed by further observations. Syphilis and hypertension, if combined with the
Marfan disease, might have particularly dire effects on the aorta.

There is now convincing evidence of a strikingly increased incidence of dis-
secting aneurysm of the aorta in pregnancy.!'7-111. 18286255 Conceivably, this is
related to the hormone “relaxin” and to the general relaxation of ligaments and
other joint structures during pregnancy.!-=% 1510126157 Aeqinst this hypothesis
is the fact that my colleagues and I"* have been unable to induce aortic dissection
in animals treated with large doses of “relaxin,” with or without challenge with
vasopressor agents. Rupture of the splenic artery, another rather frequently re-
ported®*™=" accident of pregnancy, may be on a similar basis. The reduction of
tensile strength of the skin during pregnancy (reference 99, p. 175) is further evi-
dence of a generalized change in connective tissue.

We have observed three patients in whom pathologic changes occurred in the
aorta in association with pregnancy. There is no evidence of the Marfan syndrome
n any of these. (In addition, dissection may have occurred during pregnancy in the
patient illustrated in Fig. 16C.)

1. A. P. (621953), Negro female, at the age of 36 yvears had a difficult labor with her sixth
child. During a period of hard stramimmg i labor she suddenly “felt something snap” inside her
body at the level of the lower back, and an excruciating pain spread over most of the trunk. The
baby was delivered by Cesarean section. A laparotomy five months later showed abdominal
aneurysm, for which no treatment was attempted. She was aware of a pulsabing mass in the
abdomen. Palpitation, dyspnea, and profuse sweats developed. She was examined at the Johns
Hopkins Hospital six years later. There was a pulsating abdominal mass, auscultatory signs of
aortic regurgitation, and marked cardiomegaly., Serologic test for syphilis was negative. The
patient died elsewhere ; no autopsy was performed.

2. C. T, a 4l-year-old mother of seven, was found six weeks before her death to have a
blood pressure of 180/100 mm. Hg. She was 6 months or more pregnant. She refused hospital-
ization at that time. On the morning of the day of death the patient had the onset of substernal
pain and profuse perspiration. The blood pressure was 225/120 mm. Hg. On the way to the
University hospital the patient was suddenly seized with severe chest pain, collapsed in the car,
and became very “blue.” She was dead on arrival at the hospital. A post-mortem Cesarean sec-
tion delivered a full-term live male child which weighed 5,089 grams. Autopsy of the mother
revealed dissecting aneurysm of the aorta with rupture, (The case reported by Spenser™ 15
rather similar in that post-mortem Cesarean delivery was done in a woman dead of dissecting
aneurysm. )

3. D.W. (706005), a 33-vear-old woman, sustained rupture of a coronary sinus into the
right side of the heart, in the early puerperium.

Lindeboom and Bouwer,® Husebve and colleagues,®* Novell and associates, ™
and Baker and colleagues'™ reported on dissecting aneurysm in pregnant or re-
cently pregnant women with the Marfan syndrome, and Spenser’s case®! may be
another example. Avoidance of pregnancy seems indicated, especially by more
severely affected women.

Relation to Erdheim’s Cystic Medial Necrosis'™ Erdheim's disease is prob-
ably not a single. entity from the etiologic standpoint. There are probably a num-
ber of possible “causes”—some genetic (like the Marfan syndrome ), some acquired
in nature. With the control of syphilis and rheumatic fever, cystic medial necrosis
will assume increasing importance as a cause of aortic regurgitation. [t must be
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kept in mind particularly when there is no history of syphilis, rheumatism, and
bacterial endocarditis and must nef be excluded from consideration on the grounds
that there is no radiologic evidence of aortic dilatation. Unfortunately, the diagnosis
of idiopathic Erdheim’s disease (Erdheim’s disease without the Marfan syndrome )
will for the time being need to be a diagnosis of exclusion.

Some pathologists such as Dr. A, R. Rich and Dr. Ella Oppenheimer®™ fecl
that the aorta in the Marfan syndrome has histologic features, specifically large
whorled bundles of disorganized smooth muscle and greatly dilated vasa vasorum,
which are not seen in ordinary Erdheim’s disease. The changes which are con-
sidered specific for the Marfan syndrome are most likely to occur in the first part
of the aorta, the part which first undergoes dilatation. Further on in the aorta the
changes are indistinguishable from those of idiopathic medial necrosis. It is un-
certain whether this histologic picture indicates a fundamental difference. It seems
to me possible that merely the prolonged evolution or some other feature of the
Martan syndrome permits or dictates the occurrence of this particular change.

The experience with Marfan's syndrome should prove very useful in the cases
of idiopathic Erdheim’s disease. In both, dissecting aneurysm or fusiform dilata-
tion* or a combination can occur. In both, the ascending aorta 1s most severely af-
fected. In both, the process seems to pursue an unrelenting progression to death
from rupture of the aorta or from the effects of aortic regurgitation.

There is now convincing evidence'*” that the metabolic turnover rate in the
elastic skeleton of the aorta is so low’ as to raise serious suspicions of complete meta-
holic inertia. The elastic structures of the aorta can be looked on as intended to
outlive the rest of the organism. In certain unfortunate individuals, however, the
elastica “gives out” prematurely. The result is Erdheim’s cystic medial necrosis.
Grenetic inferiority is probably most frequently the basis. It has been described in
brothers,'".2* in father and son,*** and in mother and daughter,** but the clinical
information provided is too scant to permit exclusion of the Marfan syndrome.
Erdheim’s medial necrosis may be the cause of death in the first months of life or not
until the ninth decade. Rupture of the aorta, possibly on a comparable basis, 1s said
to occur in horses and occurs in epidemic fashion in turkeyvs,® where dietary
factors may be responsible.

The treponemal immaobilization test for syphilis has created a clinical problem
in connection with patients with dilatation of the ascending aorta and aortic re-
gurgitation, who often in the past would have been considered to be syphilitic in
spite of negative serologic tests for syphilis of the conventional type. In coming
vears, cystic medial necrosis of the aorta, previously the exclusive property of the
pathologists, will be discussed much more frequently in the clinical literature.

SUMMARY

The cardinal manifestations of the Marfan syndrome are skeletal, ocular, and
aortic. Dolichostenomelia (long, thin extremities) and redundant ligaments and

*Erdheim’s discase is very familiar as a cause of dissecting aneurysm. That it can also cause
diffuse or fusiform dilatation of the aorta iz indicated hy the surgically proved cases referred to
above and by reports in the literature ™= =amaw®8 1y come of these, insufficient clinical in-
formation is provided to permit exclusion of the Marfan syndrome.

_TLabella™ suggests there may be a component of elastic fiber that is metabolically fairly
active,
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joint capsules characterize the skeletal changes. IEctopia lentis is the hallmark
of the disorder in the eyve. In the aorta, predominantly the ascending aorta, diffuse
dilatation and /or dissection occur,

The only histopathologic changes described to date are those in the aorta,
where degeneration of the elastic lamellae appears to be primary in the patho-
genetic chain. It is tentatively proposed that the basic defect may be related to the
elastic fiber.

f:?:rggg-:. DEFECTIVE
ELASTIC FIBERS?
/_‘_,-"'l .
- .11 SHELETAL
AORTA EYE SYSTEM
r-_-'; \“\_\_‘ !
ECTOPIA HACHNG -
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e —._"1
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-~ EXCAYATUM
KYPH-
5COL10S1S
o
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7

Fig. 46. A pictorial “pedigree of causes” 1'1.']:Ll'i_|'|J-' the manifold mamfestations of the Marfan
syndrome to a postulated defect of the elastic fiber. (From Mchusick, V. A.: Ann, Int.
Med. 49:5506, 1958.)

The |wr|i§_":|'1:l_':~' are consistent with inheritance of this trait as a .-1'1n]+!+: Men-
delian dominant with a relatively high grade of penetrance.

Although certainly true cases of the Marfan syndrome occur without ectopia
lentis and without other less equivocally affected members in the family, the lack of
both of these features leaves the diagnosis in question in many instances.
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4. THE EHLERS-DANLOS SYNDROME

HISTORICAL NOTE

NONI-‘. of the hereditary disorders of connective tissue, except possibly osteo-
genesis imperfecta, has as ancient a history as does the Ehlers-Danlos syn-
drome. The first definitive case* of this syndrome seems to have been described
in 1682* by Job van Meekeren, a surgeon of Amsterdam. In Fig. 47 is presented
van Meekeren’s illustration of the “extraordinary dilatability of the skin” in a 23-
year-old Spainard who could pull the right pectoral skin to the left ear, the skin
under the chin up over the head like a beard, and the skin of the knee area
out about one-half yard. On being released, the skin retracted promptly to fit
snugly over the underlying structures. This phenomenon was limited to the skin of
the right side of the body.

Various dermatologists, including Kopp** and Williams,'** published scattered
references to this condition, which was usually observed as a curiosity in “India
rubber men” of side shows. Kopp's report in 1888 is particularly noteworthy,
since he described the condition in father and son. Gould and Pyle® published
the photograph made in Budapest in 1888 of an exhibitionist named Felix Wehrle,
“who besides having the power to stretch his skin could readily bend his fingers
backward and forward.” Du Mesnil®* in 1890, Williams!™ in 1892, working in
Unna's laboratory in Hamburg, and Unna® himself in 1894 reported on histologic
studies. In general, these authors were puzzled by the absence of more specific
changes and found difficulties in the interpretation of what they did find. The con-
tribution in 1901 by Ehlers*® of Denmark consisted of pointing out the associated

*In Airs, IWaters and Places Hippocrates,™ in the fourth century n.c., described the Scvihi-
ans as having markedly lax joints. “I will give you a strong proof of the humidity (laxity?) of
their constitutions. You will find the greater part of the Scythians, and all the Nomades, with
marks of the cautery on their shoulders, arms, wrists, breasts, hip-joints, and loins, and that for
no other reason but the humidity and flabbiness of their constitution, for they can neither strain
with their bows, nor launch the javelin from their shoulder nwium to their humidity and atony :
but when they are burnt, much of the humidity in their joints is dried up, and they become
braced, better fed, and their joints get into a more suitable condition.”™ Ts it possible that the
tlgarette paper scars of the Ehlers-Danlos syndrome were misinterpreted? Agamst this sug-
gestion is the fact that burning the skin around joints became an established treatment for
dislocation of joints, in the ancient world. Another statement is of much interest: *. . . they
ﬁ.ftcrwa.rdg hecame lame and ahﬂ at the hip-joint, such of them, at least, as are severely tttm:i-u[
with it.” (From Adams, 7 The Genuine Works of II||:|p-uc'm||_s New York, 1391, Wilham
Wood & Co.)
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loose-jointedness and the subcutaneous hemorrhages which are prone to oeccur.
Danlos'® in 1908 rounded out the clinical description with inclusion of the tumors
which may develop at subcutaneous sites.

With considerable justification Jansen'®" argues that Tschernogobow!48.148
is most deserving of credit for the first detailed clinical description of this syn-
drome. In 1891 he presented to the Moscow Dermatologic and Venereologic
Society two cases of the syndrome., He described the fragility as well as the hyper-
elasticity of the skin, the failure of the skin to hold sutures, the hypermobility and
luxation of joints, and the molluscoid pseudotumors of the knees, elbows, and other
areas. Most important, he tied all these features together as manifestations of a
fundamental and generalized inadequacy of connective tissue; “Erschlaffung des
Bindegewebes' were his words.

" \

‘4|

Fig. 4/.—Job van Meekeren's case of “extraordinary dilatability of the skin."

“In the year 1657, in the presence of the very distinguished John van Horne and Francis
Sylvius, professors of medicine in the famous academy of Leyden, as well as of William Piso
and Francis vander Schagen, practitioners of Amsterdam, we saw in our hospital a certain
young Spaniard, 23 vears of age, by the name of George Albes, who with his left hand grasped
the skin over his humerus and right breast and stretched it till it was quite close to his mouth.
With each hand he first pulled the skin of his chin downward like a beard to his chest, hence
he lifted it upwards to the vertex of his head so as to cover each eye with it. As soon as he
removed his hand the skin contracted to reassume its proper smoothness. In the same way he
i'“].EHI the skin of his right knee upwards or downwards, to the length of half an ell: then it
easily returned to its natural position. It was worthwhile noting that the skin which covered
the forementioned parts on the left side could not be extended since it firmly adhered to them.
It has, thus far, not been possible to learn the cause [of this anomaly?]."—Translated from
original Latin by Dr. Owser Tembkin.

One of Tschernogobow’s patients™® was a 17-year-old epileptic male who, in
talling frequently on his face, had left there and elsewhere broad fissures running
in all directions. The skin of the knees, elbows, and wrists was unusually spongy
and loose, suggesting elephantiasis mollis or fibroma molluscum. Joint changes
were especially pronounced on the left side, where dislocation of the elbow and
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hip, dating from childhood, were present. In the second patient,'*® a 50-year-old
woman, “tumors” were present not only on the elbows and knees but also on the
buttocks, presumably in the vicinity of the ischial tuberosities. When one of these
“tumors” was removed, it was discovered that sutures did not hold well and de-
hiscence of the wound occurred in a couple of days.

Many terms have been used for this syndrome or more often for its individual
features. As in the case of the Marfan syndrome, the eponymic designation seems
preferable, since it does not convey any connotations of the invariable occurrence
of an individual manifestation or any ill-founded notion of the nature of the basic
defect. “E-D" is the abbreviated label which will be used frequently in this
presentation.

This survey of E-IJ is based on a personal study of fourteen kinships, each with
at least one quite unequivocally affected person. Comparison of the findings with
those reported in the literature is made.

CLINICAL MANIFESTATIONS!'®SS

The manifestations of the Ehlers-Danlos syndrome can conveniently be dis-
cussed under these headings : cutaneous, skeletal, ocular, and internal.

The Skin 21433271 Characteristically, the skin in E-D is velvety in ap-
pearance and feel. It may also resemble wet chamois in feel. In the infant, it may
be impressively white. It is hyperextensible, vet not lax (Fig. 484).

The term cutis lave is inappropriate in the typical case in young persons.
Except as noted below, the skin is truly hyperelastic.*

In addition, the skin is fragile and brittle. Minor trauma may produce gaping,
fish-mouth wounds. One of my patients was for a time a professional boxer, a
mutilating occupation for one with this disorder. Another, 16 vears old at the time
of study (Figs. 484 to 48G ), had had a total of 148 cutaneous stitches taken
during her lifetime. Often stitches hold poorly in the skin,®™ and the patients
and physicians resort to the use of adhesive tape. In the patient of Brown and
Stock,? 282 stitches had been taken before count was stopped. Thomas and his
associates®™® described slow healing of a skin biopsy site and dehiscence of an
ocular incision for removal of an ectopic lens. Packer and Blades™ observed

*There is so much confusion in the biologic literature with reference to the term elasticity
that some care must be exercised. Burton™ writes as follows:

Elasticity is properly defined as the property of materials which enables them to
resist deformation by the development of a resisting force or “tension.” All coeflicients
of elasticity are defined as the ratio of this resisting force (which at equilibrium is
equal to the applied deforming force, or “load”™) to the measure of deformation pro-
duced. Thus, by the physical definition, a material of “high elasticity™ resists deforma-
tion, e.g., stretching, by a large force; so that it takes a large force to produce a given
deformation. A material of “low elasticity” cannot resist deformation so well, and it
takes only a small force to produce the same degree of deformation. Thus glass or
steel has a much higher elasticity than does rubber.

Most unfortunately, popular usage of the adjective “elastic” connotes the opposite.
1f a material like rubber is easily stretched, it is popularly said to be "elastic” and glass
iz “not so elastic” as rubber. (From Burton, A. C.: Physiol. Rev. 34:619, 1954.)

As used in this discussion of E-D, elasticity refers to physical properties, like those of
rubber, specifically stretchability, and restoration after deformation.
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Figs. 48.4-48(7. Changes in skin and joints of 16-vear-old girl, I, V. (A41965).

Fig. 484, Cutaneous hyperelasticity.

Fig. 48, Normal '|Il..l"-\-.}t;.l.il|'. of knees. Note PAPYTraceouns sCars over the knees and Hat teet.

Fag, 480, Genu recurvatum, more on the right.

g, 4800, Hyperextensibility of fifth finger.

[fig. 48, Hyperextensibility of thumb. Note i the left hand the hyperextension of the
index finger and the abnormal separation of the knuckles.

Fig. 48F. Hyperextensibility of fingers,

Fig, 480, Unusual mobility of hip and knee joints,

+ 3
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Fig. 480,

Figs. 48D-48G. For legends see apposite page.
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disruption of an appendectomy scar four times in thirty months. In one of my cases,
a surgeon described the tissue at laparotomy as being like wet blotting paper. The
tissues at autopsy are likely to be abnormally friable (. seq.).

Very little bleeding occurs from the skin wounds. On the other hand, easy
bruisability is the rule and, together with other hemorrhagic phenomena, fre-
quently leads these patients to consult hematologists. The subsequent organi-
zation and calcification of the hematomas at times result in one type of pseudo-
tumaor.

So-called molluscoid pseudotumors®# develop at pressure points—heels,
knees, elbows, etc. These were the basis for the misconceived term of Hallopeau
and Mace de Lépinay'?%: juvenile pseudodiabetic xanthomatosis. Another type
of tumor, small to be sure, seen in these cases is the so-called spherule which is
usually pea-sized or smaller and slips about under the skin an inch or more with-
out causing the patient any discomfort. These are small fat-containing cysts which
may become calcareous.®”™ They are most frequently the basis for subeutaneous
calcifications which may be demonstrable radiologically,*% another basis being cal-
cified hematomas as noted above. Congenital lipomatosis has heen described in as-
sociation with Ehlers-Danlos syndrome by Tobias.®' It is entirely possible, however,
that the fatty tumors in his case were an integral part of the connective tissue
disease. At times actual ossification occurs.*' The subcutaneous calcifications are
characteristically ovoid in shape and 2 to 8 mm. in largest dimensions. They occur
principally on the legs and, to a lesser extent, on the arms. Radiologically they
display a diffuse inner calcification with a more dense surrounding shell. They are
not laminated like phleboliths. These characteristics, together with the facts that
they are not in muscle (as are calcified parasitic cysts) and are too widely distributed
to be phleboliths, should permit the radiologist to make the diagnosis of E-DD.

Easily recognized changes develop in the skin overlying the knees, shins,
and elbows ; it becomes shiny, parchment-thin, and hyperpigmented (Figs. 48C and
S0B). Resulting are the so-called “cigarette paper” or “papyraceous” scars. Telan-
giectases sometimes develop in the region of these atrophic scars. The skin
changes may suggest those produced by exposure to x-rays,

Bleeding may occur from the gums with brushing of the teeth, from tooth
sockets after dental extractions, from the pharynx after tonsillectomy, and at the
site of operations on the joints.® Petechiae in late pregnancy and prolonged
post-partum hemorrhage have been described.”™ Contraiwise, in one of my patients
it is difficult to get blood for cell counts by finger puncture, and venipunctures
are also difficult, seemingly hecause of very small and collapsed superficial veins.
In another of my patients (Fig. 52), a strain of the tendons of the hamstring
muscles at the knee resulted in the subcutaneous dissection of bload down to the
ankle. IZ-I) must be included in the differential diagnosis of familial hemophilia-
hike state. All tests of coagulation are usually normal except that the Rumpel-
Leede test may be positive.®

Blisterlike lesions may develop, suggesting epidermolysis bullosa (see Weber’s
interpretation of Burrows' casel?).

The limitation of the cutaneous changes, particularly hyperelasticity, to one
side of the body, as recounted by van Meekeren™ in 1682, is almost completely
incredible but is probably possible (7. infra). Limitation of integumental hyper-
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elasticity to the mucous membranes, specifically those of the mouth and tongue,
has been described,®* and many cases have evidences of changes (hyperelasticity
and/or fragility) at these sites.?1.50.110.147.051 Tt jg <aid that affected women do not
get striae gravidarum.®

The skin of the hands and the soles of the feet tends to be redundant (unlike
most of the skin elsewhere which fits snugly) and with pressure flattens out like
a loose glove or moccasin ( Figs. 524, 52C, and 52D). A comparable change may
develop in later years at the elbows, where the skin may hang lax like a dewlap
(see Fig. 52B). In general, late cases tend to show cutis laxa more than cutis
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Figs. 494-49C. K. R. (B53739), 834 vears of age, shows characteristic pretibial scarring,
mild genu recurvatim, flat feet, and looseness of the soles. The skin generally is Ellmll’ll“tl'lﬂll}‘
stretchable and the joints hypermobile. Easy brusability was the presenting complaint. An
epicanthal fold (Fig. 49C), which is not present in unaffected members of his family, is a
frequent finding in this syndrome, as is also mild retardation of growth. The characteristic
scars are evident also on the forehead and right side of the face. Bilateral inguinal hernias and
an umbilical hernia were repaired at the age of 2 yvears. No other members of the family are
definitely affected. The patient has four brothers and no sisters. One brother had pectus
excavatum severe enough to warrant surgical repair, and a second brother has mild pectus
excavatum, (From MceKusick, V. A.: Bull. New York Acad. Med., 35:143, 1959.%
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hyperelastica, whereas, as emphasized above, cutis laxa is not an accurate desig-
nation in the typical case in young persons.

“Lop ears,” ears which project further than normally from the head and tend
to face downward to some extent, occur commonly in E-I) and also occur as an iso-
lated heritable anomaly.'® See Fig. 55.4. Normally the ear makes a 30-degree
angle with the head.'"®

Acrocyanogis and chilblams have been described as a seemungly integral
component, by French authors in particular, #8:2041.56.60.5L82 ¢ hy others™'™ 7 as
well. There seem to be few American reports of this complaint. In general, chil-
blains are much less common in this country than in Europe, possibly because of our

Fig. 49C, For legend see preceding page.

more universal use of central heating. E-D is at least one basis for acrocyanosis
which “runs in a famuly.” It may be the presenting complaint in E-D. For example,
(rilbert and associates®® described a 22-year-old man who had had cyanosis of the
hands, feet, and ears from birth and displayed the other characteristic features of
E-D. In the patient’s family there were several other cases of “cyanosed limbs
and uleerated chilblains™ in association with E-D. Burrows!'® provided an excellent
photograph of the hand of one of these patients showing both joint hyperextensi-
bility and cvanosis of the fingers. 1 have seen two patients (A. H., 796695; Mrs.
R., P3479), both women, in whom acrocvanosis was a striking feature. They
suffered severely from cold and displayed the Raynaud phenomenon.

Conceivably the abnormality with hyperelasticity, either of the supporting
tissues about the arterioles or of the connective tissue in the vessel wall itself,
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interferes with blood flow. My observations of difficulties in obtaining blood by
finger puncture or venipuncture (see above) are significant in this connection.

The Musculoskeletal System. Hyperextensibility of the joints is characteristic
(Figs. 48D, 48E, 48F, 50C, 514, and 51R). This and the corresponding change
in the skin make the victims of advanced forms of this disease the “India rubber
men,” “human pretzels,” and contortionists of side shows. The hyperextensibility
tends to become less marked as the patient becomes older. Frequently the patients
have joint effusions, especially in the knees, because of traumatization as a result
of the joint instability. Flat feet occur commonly (Fig. 508 ). Clubfoot is described.?
The loose-jointedness, in the knees in particular, may resalt in a gait and stance
suggesting tabes dorsalis*® (Figs. 48C and 524). Habitual dislocation of the
hip, 15588 patellae,?®5 shoulder, radii,*? clavicle,®® and other joints is a frequent
feature. As in Marfan's syndrome, the sternal ends of the clavicle may be very
loose.#* There is likely to be genu recurvatum® (see Fig. 48C). The patients
are often able to pull their fingers ont longitudinally for an appreciable distance ana
allow them to snap back into place on release. Kyphoscoliosis is likely to de-
velop, %A= 8 T880.90 Spondylolisthesis has been a troublesome problem in one pa-
tient (R. W., 709823). Spina hifida occulta is described.** Arachnodactyly*! and
deformity of the pinnae also occur. Dental deformities are frequent,®®¥258% and
Gothic palate may he present. Muscular hypotonicity and underdevelopment seem
to exist in these patients. In one of my cases, a 4-year-old child, amyotonia con-
genita of Oppenheim was the initial diagnosis. Smith®* describes a similar ex-
perience. Hernias occur frequently.®™ In some, repair of an umbilical hernia at
a young age is necessary,

Ectopic bone formation with formation of osseous bridges between the acetabula
and the femoral trochanters has been described by Katz and Steiner.'' The patho-
genesis may have involved hemorrhage from increased joint mobility.

Short stature has been a feature of some cases, e.g., Cases 3 and 4 described in
detail below.

Severe leg cramps, occurring at night and at other times, such as while watch-
ing television, have been a major problem over a period of many years i one
patient (Figs. 504 to 500, Quinine and quinidine afford relief. The cramps may
result indirectly from the loose-jointedness. Individuals with flat feet or disorders
of the low back are prone to night cramps.

The Eye. Changes have been described in the ocular adnexa, the cornea, the
sclera, the suspensory mechanism of the lens, and the fundus.

The skin about the eyes often lies in redundant folds and can be pulled out
to a considerable distance like the skin elsewhere. Epicanthal folds are fre-
quent®-38.70.70.81.105.120.135 (see Fig., 49C): at least three of our patients showed
them. Epicanthal folds occur, of course, in mongolism; they are also part of the
facies characteristic of thalassemia: in other instances, they are inherited as a
trait with no syndromal significance.) Méténier™ has lent his name to a frequent
phenomenon, namely, unusual ease in everting the upper lid. Strabismus has been
encountered frequently, 1481113127

Blue sclerotics have been described commonly.®#+%° Microcornea with associ-
ated glaucoma was deseribed in one patient® in whom the small size of the cornea
was thought to be responsible, at least indirectly, for an impediment to ocular drain-
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Fag, 5001

Fig, 500,

Figs. 304-50C. For legends see opposite page.
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Fig. 500,

Figs, 5040-300). Patient 35 years af age (a son has the E-D syndrome).

Fig. 50.4. MNote scars of forchead and hyperextensibility of the skin. The patient was a
professional boxer for a time.

Fig. 508. Note the spherical tumor in the skin of the anterior aspect of the left thigh.

Fig. 50C. Ability to hyperextend the thumb oceurs frequently as an isolated, inherited
characteristie ™ "% ;

Fig. 500. Incomplete right bundle branch block present since at least the age of 19 years
.ﬁmd alr:lmﬁl ecertainly all of life. No other cardiovascular or internal medical disorder was

emonsirable.
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Fig. 518.

Figs. 514 and 518, C. G. (287731), 47 years old. Long history of “congenital dislocation of
right hip,” treated with a spica at the age of 2 years and with several operations in his
twenties. Bilateral inguinal hernias repaired. Hiatal hernia is apparently responsible for epi-
gastric and substernal pressure, which occurs especially in the recumbent position and is relieved
by belching, Dehiscence followed attempts at surgical repair of the hiatal hermia. Two opera-
tions on knee for presumed trauma of automobile accident. At the age of 27 vears, “relaxation
of right radiocarpal joint” necessitated application of a cast. Hyperelasticity of the skin,
although present, was a subsidiary featore i this patient.
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Fig. 528,

s, 32A-52F KW (667280, 48-vear-old man
ap, 524, Note deformity of feet, molluscoid tumors around heels (seen less distinctly
Fig. 488). The soles appeared to be loose-fitting and like moccasins. There are cigarette paper
scars over the knees. -
Fig. 528, Dewlaps of both elbows. A son, one of three children, may have a similar
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Figs. 52C and 532, Lax and furrowed skin of the hands
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Fig. 52E.

Fig. 32F.

Fig. 52E. Posterior eventration of diaphragm, t ]
Fig. 52F. Anomaly of ureteropelvic function, laterally. Nonfunctioning _Iu-:l:m:.- on left.
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age. Microcornea and myopia were present in Schaper’s first patient.™ Keratoco-
nus is also described.™

Ectopia lentis occurred in at least one twice-reported patient.***?

In one patient, the author® described and illustrated changes in the fundus, con-
sisting of retinitis proliferans, pigment spots which were interpreted as residua of
microhemorrhages, and detachment of the retina of secondary type (no retinal tear
was detected ).

Internal Ramifications. The internal manifestations of E-D have not been
investigated to any significant extent. Those manifestations which have been identi-
fied include (1) diaphragmatic hernia, (2) ectasia of portions of the alimentary
and respiratory tracts, (3) spontaneous rupture of the lung, (4) dissecting an-
eurysm of the aorta, and (5) certain congenital malformations of more conventional
type.

One of my patients has eventration of the left leaf of the diaphragm (see Fig.
52E). Differentiation from a large posterior diaphragmatic hernia is uncertain.
We have observed hiatal hernia in a second patient, of whom other illustrations are
shown in Figs. 514 and 51B. Brombart and associates” described a patient in whom
hiatal hernia, diverticulum of the stomach, duodenal diverticulum, and colonic di-
verticulosis occurred in association with E-D. Gastrointestinal diverticula were
present in patient 4 (see below) and are demonstrated in Figs. 54F to 54H. Megae-
sophagus, megatrachea, and megacolon were described in another case.® Bladder di-
verticulum is described,’® as is also ptosis viscerum!®41*7 and gastric atony.™

In one reported patient,™ repeated episodes of mediastinal and subcutaneous
emphysema occurred, and we have observed spontaneous pneumothorax in one
patient, It is to be noted that in the first case of dissecting aneurysm described
below, the lungs revealed subpleural blebs, and subcutaneous emphysema was
present.

Known to me are three cases of dissecting anewrysm of the aorta, patients in
whom the diagnosis of E-D is distinctly possible. In a fourth patient, uncontrollable
bleeding from a large artery was the cause of death. Interestingly, the histologic
changes in the aorta in at least one of these were those of Erdheim’s cystic medial
necrosis and indistinguishable from those discovered in some cases of the Marfan
syndrome. Abstracts of these cases follow.

Case 1. H. L. R* A 15-year-old Negro student, with a history of always having been
sickly, was thrown forcibly to the ground by a schoolmate. He complained immediately of pain
in the chest extending down the right arm and soon developed signs and symptoms of circulatory
collapse. He was taken to the neighboring office of a physician, where he died within ten
minutes,

Autopsy revealed an adequately developed and nourished Negro male weighing 140 pounds
and measuring 5 feet 6 inches in height. The skin showed many scars; some resembled burn
scars. One on the right thigh was covered with thin epidermis and measured 15 by 3.8 em. wide.
An uleer with hemorrhagic base, 25 mm. in diameter, was located on the medial aspect of the
left ankle. There was considerable subcutaneous emphysema below the right rib margin.

During the dissection, the connective tissues were found to be very friable. They tore easily,
and even the skeletal muscles pulled apart with incredible ease. (The autopsy was performed
only a few hours after death. The tissue was not autolyzed histologically. Dr. Thoma, the

*For calling this case to my attention [ am indebted to Robert K. Osborne, then a fourth-year
student, Medical College of Virginia. For much information bearing on the case T am indebted to
Dr. George W. Thoma, formerly Assistant Chief Medical Examiner, Commonwealth of Virginia.
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prosector, had never encountered such fragility of tissues and considered it highly significant. )
Fourteen hundred milliliters of blood were found in the right hemithorax. The mediastinal
structures were infilirated with blood which also had dissected along the facial planes of the
neck. The lung showed multiple large emphysematous subpleural bullae and were easily torn.
The heart weighed 300 grams. The gastrointestinal tract tore easily.

Histologic studies, including stains by the perniodic acid-Schiff method and elastic tissue
stains, were unrevealing of definite abnormality,

Further investigation of the boy's previous health and of his family revealed that he had
always been sickly, did not play as actively as hiz contemporaries, and often complained of severe
headache. He “cut™ his skin easily and healed poorly. At the age of 11 years he had sprained
his ankle; x-ray films of the injured part were not considered abnormal on review.,

The father of the patient died at the age of 21 or 22 vears of asthma. The mother died at
the age of 22 vears after a twenty-four-hour illness, beginning with abdominal pain, nausea,
and vomiting, and characterized by progressive circulatory failure. Autopsy was not per-
formed but the diagnosis given on the death certificate was “internal hemorrhage of unknown
cause,” There were no siblingz of the propositus.

Case 2. J. M. M.,* a 24-year-old white man, was well until 6 A.m. on the morning of Dec.
31, 1946, when he awoke with a vague discomfort in the abdomen. In the coursze of two hours
this developed into pain in the right flank and lower quadrant of the abdomen. By the time he
was admitted to the hospital, a few hours after onset, he was in profound shock. The adminis-
tration of fluids intravenously raised the blood pressure from an indeterminably low level to
90/60 mm. Hg. The white count was 25,000 and 28,000 per cubic millimeter on two determina-
tions. The hemoglobin concentration fell from 82 to 69 per cent of normal during the afternoon.
By 3 p.u. the patient was complaining of pain in the region of the right shoulder. Abdominal
exploration was undertaken at 5 ra. The abdomen contained blood-stained fluid. A large
retroperitoneal hematoma involved the right kidney. There was dissection into the mesentery
which was torn in several places. The surgeon compared the tissues to wet blotting paper.
Bleeding and clotting times determined postoperatively were 1 and 4 minutes, respectively, The
patient died at 4:15 a.M. on Jan. 1, 1947,

Subsequent investigation revealed that the patient had always bled and bruised easily. He
also had sustained a number of fractures. The possibility of minor trauma during the previous
evening could not be excluded.

Autopsy revealed a body measuring only 62 inches in length, Despite this, arachnodactyly
was thought to be very impressive. The prosector may have been unduly impressed because of
the recognized association of arachnodactyly and dissecting aneurysm. During the opening of
the chest at autopsy the ribs were thought to fracture with abnormal ease. The abdomen con-
tained 500 ml. of bloody Auid. The aorta and the renal and iliac arteries were described as
hypoplastic. A dissection of the right renal artery with infarction of the kidney was discovered.
Histologically the media of the aorta was thin, with numerous areas of “myxomatous degenera-
tion” and basophilically staining material. There was some fragmentation of the elastic fibers
which seemed to be normally abundant but morphologically abnormal. The renal artery showed
marked fragmentation of elastic fibers.

Although the second patient was included as an instance of arachnodactyly in
reports®* of a series of cases of dissecting aneurysm, the short stature, the easy
bruisability, and the friability of the tissues at operation and at autopsy suggest E-DD.
The case of MacFarlane at the Radcliffe Infirmary, Oxford (described by Mories' )
has parallels to these two cases. A 15-vear-old white boy, the elder of twins, de-
veloped a swelling in the right groin after falling from his bicycle. Trueta attempted
to stop the bleeding, which was obviously the cause of the inguinal swelling, by
ligature. However, all the vessels were so extremely friable that hemostasis was
impossible. At autopsy, all tissues, especially muscle and fascia, were very friable

and the abdominal aorta tore readily. Histologically there was said to be an in-

*I am indebted to Dr. John F. Brownsherger of Tokoma Park, Maryland, for much in-
formation on this patient.
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crease in the elastica of the aorta, with degeneration and hyalinization of the

collagenous elements.
Dr. S. Miles Bouton, Jr., of Lynchburg, Virginia, has informed me of yet an-

other case:

The boy died at the age of 14 years of dissecting aneurysm of the aorta. At the age of 7
years spontancous rupture of the outer two coats of the sigmoid colon, with intra-abdominal
bleeding, produced severe pain in the left lower abdomen and required surgical exploration.
Two weeks after operation symptoms of partial obstruction of the large bowel appeared but
were resolved with conservative measures. Six months later partial bowel obstruction necessi-
tated surgical release of adhesions. Less than four weeks later, the child was sitting in schoal
when he was seized with left upper quadrant pain radiating to the shoulder, which doubled him
up. Operation revealed peritonitiz secondary to perforation of the splenic flexure of the colon.
About three years later, at the age of 11 vears, perforation of the sigmoid colon and pelvic
ahscess again required operation.

It wasz noted repeatedly that lacerations of the knees, legs, and scalp occurred unusually
readily. Healing of the skin occurred normally, however. The boy tended to constipation.

Later, at the age of 11 wears, the hov again suffered a perforation of the colon; the
transverse and descending portions of the colon were removed. Four months later the monoton-
ous accident was repeated; the ascending colon ruptured spontaneously; the remainder of the
colon was resected and the ileum was anastomosed to the rectum. In the postoperative period
there was intra-abdominal hemorrhage with shock, and drainage of a subdiaphragmatic hematoma
Was NECEssary,

Three vears after the last surgical episode, at the age of 14 vears, this apparently healthy
boy, who did, however, get skin lacerations at slight proveecation, went to summer camp. One
night, while in bed, he suffered the onset of severe pain in the back and abdomen. He died on
the way to his home.

Autopsy revealed two transverse intimal tears, one in the descending portion of the arch
and the other just proximal to the renal arteries. A large volume of blood occupied the left
pleural cavity. The entire aorta and its branches appeared to be unusually delicate. Dissection
extended from the reflection of the pericardial sac to the bifurcation of the aorta and into the
right iliac artery.

Histologically the bowel removed at surgery revealed dizsarrangement, irregular dewvelop-
ment, and, in places, marked hypoplasia of the smooth muscle elements.

There is in the literature at least one other case of abnormal friability of the
intestine and uncontrollable internal hemorrhage in E-D. Jacobs,'' in describing
a case of E-D, stated that a brother, during appendectomy at the age of 37 vears,
was found to have very friable bowel which was covered with numerous hemor-
rhages. In the postoperative period wound disruption occurred and the patient
died of uncontrolled gastrointestinal hemorrhage. Spontanecous perforation of the
bowel, as discussed hy Robertson and his associates, ' probably has multiple pre-
disposing causes. The Ehlers-Danlos syndrome is sometimes one.

In the hearf one reported patient had interatrial septal defect®®; another had
tetralogy of Fallot."® A loud systolic murmur in the pulmonary area, audible also in
the left interscapular area of the back, was described in one patient.** One of my
patients has demonstrated for many vears, probably all his life, the electrocardi-
ographic pattern of incomplete right bundle branch block without subjective or
other objective cardiovascular manifestations ( Fig. 500).

The chordae tendineae of the atrioventricular valves are indeed tendons, and
the cusps themselves and fibrous skeleton of the heart are largely collagenous. Pos-
sibly the marvel is that serious cardiac difficulties occur so relatively uncommonly in
these patients. It is likely that as more experience, and especially more pathologic
information, accumulate the cardiovascular involvement in E-D will fit into a
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definite pattern, just as it does in the Marfan syndrome. Cases 3 and 4 described
below represent cases of grave cardiac abnormality in association with E-D. In
neither is the precise nature of the cardiac abnormality known.

Casze . C. E (B32309; 745114}, a white female born in 1939, was first seen in this hospital
in 1956 for opimon on her heart condition and for plastic surgery.

Apparently no other members of her famly have skin, jomnt, or cardiac changes similar to
hers. The parents and brother and sister are of average stature. Various members of the
father's family were short. For example, the paternal grandiather was only five feet tall,

The patient was “very flabby"” at birth. X-ray films were taken in the first days of life,
probably because of dislocation of the elbows amd possibly other joints (Figs. 534 and 538).
Mo mention of a murmur or other sign of cardiac abnormality was made to the parents until
the patient was 15 months old. At that time she was still flabby and did not stand or walk.
The flabbiness was no longer apparent after the age of 9 or 10 years. An endocrinopathy,
probably hypopituitarism, was suspected, mainly because of the short stature. However, sexual
maturation occurred normally.

F N
i
I
fit)
e 4
Fig. 534
Figs. 33.4-33(:. Case 3. ., Bilateral posterior dislocation of heads of ulnar bones.

B, X-ray film of same. C, Hands. Note the looze, coarse-grained appearance of the skin. [,
feet. [, Chest x-ray film. Note cardiomegaly. F, Spectral phonocardiogram showing systolic
amnd diastolic murmurs. The same avscultatory findings were present at LLSB and apex. &,
Electrocardiogram.

The patient lived a sheltered life. Palpitation was the only symptom defimtely atinbutable
to the heart. Both systolic and diastolic murmurs are known to have been present from the
age of 10 years. At that time she weighed only 43 pounds and was 43 inches tall.

Physical examination (1956) revealed an intelligent girl only 56 inches tall. There was
generalized hypermobility of the joints and elasticity of the skin, The head of each radius
was dislocated posteriorly. The patient could not extend the elbow beyond a point 18 degrees
from full extension. Pronation of the wrists and forearms was moderately impaired.

The nose was hooked. Malocclusion with narrowing of the anterior vertical arch of the
hard palate was present. The pinnae were also mildly deformed : they were low in position and
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rotated so that the lobule was located somewhat anteriorly to the external meatus and
helix.

The heart was enlarged to the left anterior axillary line. The auscultatory findings were
dominated by bizarre murmurs, in systole and diastole, of a scratchy quality, suggesting peri-
cardial friction rub (Fig. 33F). The murmurs were maximal at the apex and left
precordium.

mmicl-

Fig. 530

Figs. 53C and 531, For legend see preceding page,

Photographs, electrocardiograms, phonocardiograms, and x-rayv films are presented in Figs.
23A to 5307, Angiocardiograms revealed dilatation of the entire right side of the heart.

Rhinoplasty and repair of both elbows by resection of the heads of the radii were per-

formed with success. Healing following surgery was perfectly normal, and there were no late

complications.
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Fig. 33E.
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Figs. 53E and 53F. For legend see page 153,
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A

Fig. 35¢. For legend see page 153.

Case 4. W. E. W.* (765864), a white male born in 1917, was referred to Dr. Helen B.
Taussig and Richard 5. Ross, for study of his heart condition.

To the patient’s knowledge, no condition similar to his existed in his family. The father
died of cerebral hemorrhage at 54 years. The mother, who had diabetes, died in childbirth at
age 37 years. Six brothers, 20 to 44 years of age, were living and well and six sisters were
likewise well. Part of the siblings were hali-brothers and hali-sisters. The patient had no
children.

He was the shortest member of his family. He had always had unusually soft, smooth,
elastic skin, with abnormal hyperextensibility of all joints. Both the joints and the skin had
tended to become less elastic as he grew older. At no time was there any bleeding tendency,
fragility of the skin, or unusual scarring over exposed areas. The patient had had prolapse
of the rectum on several occasions.

Shortly after birth a murmur was discovered and it was described on each of many
examinations as he was growing up. He was rejected for Armed Service in World War
IT because of the murmur. In 1948 his physician described a harsh systolic murmur loudest
at the apex but audible over the entire heart, with no diastolic murmur. By x-ray examination
there was left ventricular enlargement. In 1955 the first signs of congestive heart failure ap-
peared. Left bundle branch block was discovered; how long it has been present is unknown.

Early in 1957 the patient had the onset of abdominal pain. Gastrointestinal x-ray fAlms
showed redundancy of the colon, a small diverticulum in the second portion of the duodenum, and
a huge diverticulum at the ligament of Treitz.

Physical examination revealed an intelligent, moderately deaf, rather short man (Fig.
544), who appeared to be about his stated age of 40 years. The head was short and round.
The skin was smooth, velvety, and loose, with redundant skin of the upper lid. When stretched,
the skin returned promptly to its normal position on release. All joints displayed hyperex-
tensibility. There was pes planus, genu recurvatum, and ability to hold a pencil between the

. *I am indebted to Dr. John G. Smith of Rocky Mount, North Carolina, for making the
?{mg‘nmn]s of the Ehlers-Danlos syndrome and referring the patient to the Johns Hopkins
ospital.
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Figs. 534.4-34 K. Case 4.

Fig. 344. Lateral view. Note genu recurvatum and short stature,

g, 548, Hyperextensibility of the shoulders.

i"-i.i.f. 54{- Jui!'lt l"l'rl."]I(."th'll.'lI}[Ht}'. Mote :i1:~'11 t!'u_' '|||||~.-:,' |_':'-:|1'~.\,'-J_'|';l|i:||,'|| Appearance of
resembling that in Case 1 (Fig, 52.4).

the skin
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Fig. 54

Fig. 540
Fig. 545,
Fig. 54F.

Flat feet ; loose, redundant soles.
Redundant skin of lids.

Gastrodundenal serics to show large duodenal diverticulum arising in region of
hgament of Treitz and extending up behind the stomach
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Fig. 546, )

Fig. -':'_41’?- Same as Fig. 54F, lateral view.
Fig. 54H. Gastrointestinal X-ray film showing diverticulum of second part of duodenum
Larrow ),

Fig. 54I. Chest x-ray film to show general cardiomegaly.,
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Fig. 547. Electrocardiogram. Left bundle branch block ; broad, notched P waves.

Fig. 54K. Spectral phonocardiogram, aortic area. The systolic murmur is consistent with
aortic stenosis. There may be paradoxical splitting of S, The systolic murmur may extend
to the pulmonary component (which is first) but not to the aortic. Recordings at the third
left interspace and in the left mid-precordial area showed a diastolic murmur of arterial type,
probably indicative of aortic regurgitation.
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knuckles, The hands could be folded topether transversely with opposition of the thenar
and hypothenar portions. Audiogram showed impairment of all tones bilaterally., (The patient
was aware of impairment of hearing only in the left ear. This had begun following a purulent
discharge at the age of 18 years.) The hard palate was unusually high arched.

The heart was massively enlarged (Fig, 347), with a localized point of maximum in-
pulse in the seventh interspace, just outside the anterior axillary line. At the base a grade
ITT harsh systolic murmur was transmitted into the neck. At the apex a higher pitched sys-
tolic murmur was of approximately grade II intensity {(on a base of six). A soft, de-
crescendo, diastolic murmur was audible down the left sternal border. The liver edge was
two fingerbreadths below the costal margin. Blood pressure was 10070 mm, Hg.

The leit testis was undescended.

Serum cholesterol was 217 mpe. per cent. X-ray films revealed great enlargement of the
heart, involving all chambers. Right heart catheterization showed no evidence of shunt. Pres-
sure in the right ventricle was 56/2/5 mm. Hg.

It was concluded that aortic stenosis and/or mitral regurgitation would best account for
the physical findings.

Figs. 544 to 534K demonstrate the photographs, electrocardiograms, phonocardiograms, and
x-ray films in this patient. Although no special search for calcified subcutaneous spherules
typical of E-D) was made by x-ray, one such body, oval in shape, was visible on chest x-ray ex-
amination in the skin of the left upper arm.

The patient died suddenly at home about five months aiter these studies. Autopsy was
not performed.

Another of my patients has a bilateral congenital anomaly of the uretero-
pelvic junetion (Fig. 52F). In the case of Marfan's syndrome it was pointed out
that there are a number of manifestations which are congenital malformations in
the conventional sense and which occur often enough to be considered bona fide
components of the syndrome. It was proposed that these are secondary mani-
festations, that the hereditary disorder of connective tissue creates an ontogenetic
setting in which certain predictable congenital anomalies occur with increased fre-
quency. In E-D, ureteropelvic anomaly, tetralogy of Fallot, and interatrial defect
may fall into this category of secondary manifestations. However, since, to my
knowledge, each has been described in only one patient, it is equally reasonable to
suspect that these manifestations may have occurred by coincidence.

Spina bifida occulta has been described fairly frequently.® 127135 Fyrthermore,
the dental anomalies may be interpreted as falling into this category of maliorma-
tions which are secondary manifestations of the basic connective tissue defect. The
teeth may be irregularly formed,* irregularly positioned, %™ abnormally
small,** 5% or even absent. Crenation of the incisors has been noted 5

As a rule, mental retardation is not a feature of this syndrome. However,
occasionally patients show it, probably as a coincidentally associated finding. 455
Severe essential hypertension occurred in one patient as a probable incidental
finding *!

PATHOLOGY

In none of the five main disorders of connective tissue discussed in this series is
the microscopic anatomy in such a disputed state as in E-D.4

Increase in elastic tissue of the corium has been described by many
writers,!:538.54.55,70.71.76.585.580.81 - Some of these described morphologic abnormalities
of the elastic fibers, as did Smith® and Pittinos,** who, however, did not consider
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Fig. 5500.

Figs. 55A4-535L% Tymecal E-I) in 10-year-old boy (]. 1., A75064). There 15 2 normal brother
['he mother §1I'|cl 1'<'I.'|._|'If..‘:l' are I.J:liLI!L'a‘h_'li ill'l_:l 110 hl!llllil1' CasCs arc identihied
[here iz striking fragility of the skin as evidenced by many

]_- VIEArs ot aAgc
The wounds, of which dozens have occurred, are

in the family of either parent,
SCArs, .., of the knees, forehead, and shins.

almost round, and subcutaneous areolar tissue hermiates up through the break in the epidermis.
The jomts are strikingly hyperextensile. When not bearing weight, the pedal arches appear
higher than normal, but with bearing weight the feet become strikingly flat. There 15 knobby
redundancy of the skin of sales, especially around the heels. The fragility and hyperelasticity
extends to the buceal and lingual mucosa (at one time stitches had to be taken in a cut in the

{Contfaned on opposite page. )
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the elastic fibers to be more numerous than normal. Williams'"® and Pautrier™
found the elastic fibers normal, and Brown and Stock® believed them to be decreased.

Diminution and morphologic abnormalities of collagen fibers have been de-
scribed %2529 Katz and Steiner!! report histochemical studies which they interpret
as indicating increase of mucopolysaccharide of corium.

Jansen®® points out, with excellent illustrations, that “in normal skin, a system
of robust, well directed, crossing and tightly interlacing collagen fibre bundles is
present. The whorled disorderly structure in hyperelastic (E-D)) skin is remark-
able ; the collagen bundles seem to have been insufficiently united.” By electron
microscopy collagen and elastin were morphologically normal. This corroborates the
finding of Tunbridge and his collaborators,” but Jansen was unable to agree that
there was an absolute increase in the number of elastic fibers.

Collections of giant cells are sometimes found.”™ The subcutaneous nodules or
spherules are apparently fat-containing cysts.™ They frequently become calcified.
It seems likely that they are related to minor traumata and to the general fragility
of the connective tissue in which the fat deposits normally exist. Molluscoid psendo-
tumors which develop at pressure points are characterized by cyst formation. '

How much of the bleeding is due to a defect in the supporting tissues and
how much due to weakness of the vessel walls themselves is not clarified by histo-
logic studies. Abnormal, dilated, weak-appearing vessels have heen described by
Tobias™ and others.™ An abnormality (see Fig. 550) of the connective tissue of
the wall of small arteries was demonstrated in one of my cases, and similar changes
are seen in Fig. 21 of Jansen’s report.'

Unfortunately, studies of tissues other than skin have not been reported with
the exception of an autopsy case described by Leinhart™ and one by Nicod, ™ and,
of course, the two cases of dissecting aneurysm described above. In Leinhart’s pa-
tient, a 22-vear-old woman who died of pulmonary tuberculosis, no internal ab-
normality referable to the connective tissue defect was discovered. Nicod™ studied
hone and cartilage and could detect no abnormality.

THE BASIC DEFECT

Superficial consideration of the clinical manifestations of E-I) might suggest
an abnormality of elastic tissue as the fundamental defect, probably a super-
abundance of elastic fibers in the skin and joint capsules. However, the histologic

f Leacnd continiied from opposite paoe. )

tongue) and possibly to the pharyngeal and laryngeal areas where redundancy of the mucosal
lining appears to be responsible for a chronic cough, especially during the winter months. The
ears are large and “Aoppy,” with less prominent landmarks than is normally the case. There
is bilaterally an epicanthal fold. The skin under the chin is loose and redundant. Bilateral
cervical ribs are present ; members of the father's family show this anomaly. Easy bruising has
been a striking feature. The patient is less active than normal because of voluntary restriction
and has become somewhat obese as a result. The regular use of bandages of the legs has helped
avoid much trouble with cuts on the shins,

Biopsy of skin and skeletal muscle in the left pectoral area revealed increase i the num-
ber of elastic fibers in the corium and in the perimyal areas. Some of the arteries showed what
appeared to be anomalous elastic fibers,

A, Front view. B, Lateral view. Note the scars of the face and knees, the knobby appear-
ance of the soles, the flat feet, the peculiarly shaped pinnae, and the epicanthal folds. €, Loose
collagen meshwork and unusually abundant elastic fibers (stained black) in the subcutancous
area overyling pectoral muscle (Verhoeff-van Giesen stain; *200; reduced 3/7). I, Increased
elastic fibers in small artery in pectoral muscle (Verhoeff-van Giesen stain; x200; reduced

3/7).
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studies by no means afford unequivocal substantiation of this theory. Brown and

Stock® suggested, and others (notably, and most recently, Jansen®®

] maintain,**
that the defect may reside in the collagen fibers which, because of lack of normal
tensile strength, permit the skin, joint capsules, hgaments, and so forth to bhe
stretched beyond the normal limits. The elastic iibers may function in connection
with the process of restoration to normal configuration of these tissues. According
ta the “collagen theory,” the histologic changes, both quantitative and qualitative,
are i|||_(-'1']|1'|"[:|'|r;|_' H L :x':'{'nnl:]:ir'j.' effects of the :l]|I1H1'111.'!H1_'n.' of k‘:h]]l’l.;_{i".'l. I am mclinerd
to favor the view that the Ehlers-Danlos syndrome is another heritable disorder
of collagen, bochemically, morphologically, clinically, and, of course, genetically

distinct from the others which are under discussion i this hools.

N \

Fig. 564 Fig. So8

Figs. 56. _|' iIII_'!I. 3ff. Jansen's schematic representation of the postulated defect in L'-c:-iliu..':n'l'l
fasciculation in E-D. A, Normal; &, E-D svndrome. (From Jansen, 1. H.: Dermatologica
110:108, 1955.)

The comparative mextensibility of normal collagen may depend upon some
specific molecular or intermolecular structure which is altered in E-D, with re
sulting increase in extensibility. This is assumed to be the case in the theory
of Brown and Stock and has been explicitly stated by Froelich®™ and others.
Jansen® has recently advanced a related theory, incriminating collagen but placing
the defect at a higher level of orgamization of collagen, ie., that E-D 15 a di-
order of the organization of collagen fbrils into bundles and of the bundles mto
a strong network. He refers to the disease as one of a “defective wicker-work™ of
collagen. The evidence he assembles (see above, under Pathology) and the clinical
aspects of the disease outlined here make Jansen's version of the “collagen theory”
highly probable.

[t is possible that in some patients and at some subcutaneous and articular
locations production of an excessive number of elastic fibers is stimulated by the
repeated and excessive stretching. In tissue culture, Maximow™ and Bloom?
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thought the tugging of contractile myocardial cells was a factor in the formation
of elastic fibers.

The changes in the skin of the feet and hands and at the elbows of older
patients fit in well with the view that the primary defect resides in the collagen
fibers: the normal elastic tissue may, with the passage of time, “wear out”
from excessive stress imposed upon it, and the vutis laxa (as opposed to cutis
hyperelastica) of late cases become evident.

In Hungary Banga and Balo,'" who discovered the elastolytic enzyme in pan-
creas, also demonstrated that normal serum contains an elastase inhibitor. In Tun-
bridge’s department in Leeds, Hall and Sax]'™! found in two patients with E-D a
concentration of elastase inhibitor in the blood which was “between 50 and 100
times as great as that in pooled normal serum.” Further investigations along this
line will be awaited with great interest.

INCIDENCE AND INHERITANCE

Thus far, this syndrome has been described principally in Europeans and
persons of European extraction. There is one report from India' of the disease
in a 12-year-old Hindu girl. The disorder has been seen in Japan.'®® I know of no
report of the condition in Negroes and have encountered the disease in only one
possible mstance, the first case of dissecting aneurvsm above. 1 have received a
verbal report of another Negro with seemingly typical E-ID. The Negro patient
shown in Fig. 57 may have E-D.

Schaper™ stated in 1952 that only ninety-three cases of this syndrome had been
reported. Although the number is now probably well in excess of 100, it is
possible that fewer of these cases have been reported than of any of the other syvn-
dromes discussed in this series. This is, in part, the result of greater difficulties of
recognizing the syndrome, since cutaneous and articular hyperelasticity is a graded
trait. I hazard to say, however, that in actuality this is one of the most frequent
of the heritable disorders of connective tissue. My photographer, in the course
of the study of other patients with E-D, recalled that his brother-in-law could do
comtortionist tricks with his hands. On investigation this individual was found to
have had congenital dislocation of the right hip, bilateral inguinal hernias, di-
aphragmatic hernia, and trouble with one knee and the right wrist (Figs. 514
and 515). Although these had all been considered unrelated, the diagnosis of the
Ehlers-Danlos syndrome is quite certain and all these manifestations are clearly
part of the syndrome. This patient illustrates how easy it is to overlook the gen-
eralized disorder,

The incidence of this syndrome, at least the frequency with which the diag-
nosis is made, relative to that of other heritable disorders of connective tissue,
1s indicated by the fact that available to me for study have been only fourteen kin-
ships in which at least one bona fide instance of E-D has occurred, whereas more
cases of all four other major disorders are known to me.

In at least five of the fourteen kinships I have studied, more than one affected
person was identified: father-daughter; mother-son; mother-mother’s cousin-
daunghter, father-son, mother-daughter. Since mild manifestations tend to he over-
looked by laymen and since only the propositus was examined in several instances,
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the above evidence can he taken only as a rough indication of the pedigree pattern
that may be observed.

In 1949 Johnson and Falls® reviewed sixteen families reported in the literature
as having more than one affected member.# %  In these families, a total of eighty
affected individuals had been identified, of whom exactly half were male. Brown®
found nineteen affected members in a family numbering forty-seven individuals.
Johnson and Falls® studied the pattern of inheritance in detail and concluded
that the disorder is inherited as a dommant. Two sisters with an unusually

Fig. 574, Fig. 57H.

Figs. 574 and 578, H. L. W. (3953947), an example of “simple” joint hypermobility.
Seemingly no similar disorder in family. Although the knees and fect are most markedly af-
fected, with genu recurvatum and pes planus, all joints of the body are more mobile than the
average. The pes planus is of the dynmamic type; the arch of the foot appears fairly normal
exeept during weight bearing. The joint instability at the knees resulted in recurrent hy-
drarthroses. The patient has worn knee braces with benefit. There are no associated cutaneous
or internal manifestations to suggest E-I). The patient did have strabismus (intermittent
exotropia) for which resection and advancement of left medial rectus musele was performed.
Thiz case illustrated how difficult it 15 to be sure of the proper diagnostic classification m a
patient with manifestations which may represent an incomplete form of the E-D syndrome,
especially when there is in the family no more full-blown example of the disorder,

i, Position of rest. £, Foreed backward -:I_'i,\]||;|_|;'|,'||'|1_'|||: of knees to demonstrate genu re-
curvatum. Note flat feet and a few scars which are suggestively papyraceous.

severe form of the disease were children of cousins, each with a mild form of the
disease ; this suggested to the authors that the trait might have occurred in homo-
zygous state in these girls. Consanguinity was thought to be a factor in the cases
observed by Ronchese™ and by Weber and Aitken.?” For an extensive review of

most of the published pedigrees, see Jansen, 126127
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Although the survey of the literature by Johnson and Falls*® indicated a sex
ratio of one, in the kindred they studied personally there were twenty-one affected
males and eleven affected females. Furthermore, Jansen,'*® on the basis of a more

extensive survey, concluded that the incidence of this disorder is consistently higher
in males,

Coe and Silver'™ and Ormsby and Tobin® presented illustrations of members
of three generations displaying the E-D syndrome ; Stuart,® Mories,'™ and Huse-
bye' traced it through four generations; the largest pedigree is that of Johnson
and Falls,*® with six generations affected. Here there was again clear evidence of
dominant inheritance. The disease has been described in one of twins who were
probably fraternal.®"

Penetrance in this disease is probably considerably lower than in Marfan’s
disease, for example. This, however, is merely the result of the greater difficulty
of recognizing mild and graded abnormality of the joints and skin as opposed to
less equivocal manifestations, e.g., ectopia lentis, in Marfan's syndrome.

As always, the possibility of the existence of more than one genotype in this
disease must be kept prominently in mind. Some minor phenotypic differences, for
example, the lack of skin fragility in cases such as those shown in Figs. 53 and 54,
suggest this possibility but are not sufficiently clear-cut to make one certain. Somatic
mutation is a possible explanation for unilateral involvement, as in the famous case
of van Meekeren. However, there are no clearly deseribed similarly unilateral cases
reported in recent times. That of Du Bois®™ is too sketchily reported to permit
analysis.

MISCELLANEOUS CONSIDERATIONS

“Simple” hypermobility of joints, known also as congenital laxity of liga-
ments, may occur as an isolated finding ** 7% with a genetic background distinct
from that in E-D. For example, in Key's family** a sex-linked inheritance was
suggested ; the disorder occurred only in males. Loose-jointedness occurs also in
the Marfan syndrome and with osteogenesis imperfecta, whereas reduced joint
mobility is characteristic of the Hurler syndrome. In the differential diagnosis
of loose-jointedness, especially in children, cerebrocortical degeneration or mal-
formation, mongolism, cretinism, rickets, and nonspecific cachexia must he kept
in mind.

Hass and Hass'™® suggest that there is a distinet entity of loose-jointedness
or, as they term it, arthrochalasis multiplex congenita, which is a “constitutional
dyserasia of mesenchyme,” has wide variability in severity, and may occur with or
without skin changes. In this view E-D is apparently construed as merely those
cases of arthrochalasis multiplex congenita in which skin involvement happens to be
present. It seems more likely, however, that there are a number of genetic
causes of loose-jointedness, and that although E-D may oceur without much or any
skin change, most cases do show changes in both the skin and joints.

Ellis and Bundick!'® have measured joint mohility in 500 subjects, about half
male, half female, spanning eight decades of age. The gauge of mobility was ex-
tensibility of the fifth finger as shown in Fig. 58.4. The subject placed his extended
hand on a flat surface with the forearm parallel to the examining surface. The
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examiner then extended the fifth finger as tar as comtortably possible and measured
the angle made by the proximal phalanx with the flat surface with a protractor to
the closest multiple of 15 degrees. The results are charted in Figs. 588 and 58C.
Most children have a high degree of mobility. Between ages 15 and 50 years a high
1|l‘§_:]'l.'t' of II'II"]Ii“[?. 15 |.'n11-1'r]|:'!|';lh'|_'-. nore I-1'='||||1~n1 in female allhjﬂ'h than i1] males,

Fig. 58.4. The Ellis-Bundick method for quantifying joint mobility
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Figs. 586 and 58C, Joint mobility by age and sex, as determmed by the Elliz-Bundick
method in 300 subjects. B, Most young children under 5 vears of age show at least 90-degree
mobihity, In the groups of intermediate aee the incidence 15 appreciably greater in women
L, Female subjects show higher grades of mobility, ( From Ells, F. A., and Bundick, W. R
VALAL Arch. Dermat, T4:22 1956,
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Although no quantitative study of the subject has been made, there is a clinical im-
pression that Negroes are more loose-jointed than whites.

Blue sclerae are not uncommon in E-D % and presence of this feature cannot
be taken as evidence of associated osteogenesis imperfecta. Biering and Iverson'™
have reported a more convincing case of association of the two connective tissue
disorders. There was no familial history of manifestations of osteogenesis imper-
fecta, but in the father’s line there was joint and skin hyperextensibility. The de-
seription®™ 4126 of associated dolichostenomelia (long, thin extremities as in the
Marfan syndrome ) cannot be taken as evidence that E-D and the Marfan syndrome
coincided in those patients, since no ectopia lentis was detected and no unequivocal
cases of the Marfan disease in other members of the family were described.

At least three seemingly bona hde instances of comcident E-D and pseudo-
xanthoma elasticum have been described."*% In Cottini’s patient’ there were
angioid streaks and lesions of the skin of the neck characteristic of pseundoxanthoma
elasticum (see Chapter 6) and, in addition, cigarette paper scars of the elbows
and knees and hyperextensible skin and joints characteristic of E-I). The pseu-
doxanthoma elasticum, which appears to be a recessive trait, was not transmitted
to a daughter who suffered from acrocyanosis or a son who had hyper-
extensible skin and joints, hernia, and varices of the leg veins. The 22-year-old
woman described by Pelbois and Rollier®™ consulted them because of the cosmet-
ically undesirable lesions of pseundoxanthoma elasticum involving the skin of the
neck and other areas of flexure. As well as angioid streaks of the fundus (charac-
teristic of pseudoxanthoma), the patient had multiple cicatrices indicative of cu-
taneous fragility, striking cutaneous hyperelasticity, and articular hypermobility.
The parents were first cousins, a fact significant in the appearance of the reces-
sive trait, pseudoxanthoma. The parents were themselves unaffected by pseundo-
xanthoma, although a maternal aunt of the patient was affected. As for E-D, the
patient’s mother displayed features of this syndrome and had probably trans-
mitted it as a dominant trait to her daughter. These are then examples of acci-
dental coincidence of the two syndromes, one behaving as a dominant and one as
a recessive trait.

There is a distinct, although less well defined, entity to which the name cutis
laxa can be specifically applied."™® The unusual patient described by Rossbach™!
in 1885 was probably in this category ; in his discussion he also mentioned what was
probably a true case of E-D and, in fact, the same case described later by Kopp.*!
[n cutis laxa the skin hangs in inelastic folds (see references 115 and 140 for
striking illustrations). Associated pulmonary emphysema, resulting in death, has
been described in an infant with cutis laxa.''' Some of the cases may be acquired,
being secondary probably to inflammation, whereas others are congenital. Some of
of the latter group may have a genetic basis. Carney and Nomland''* described a
patient with pronounced looseness of the skin, prolapse of the uterus, relaxed
abdomen, and such pronounced redundancy of the skin over the eyes that she
had to suspend it with cellophane tape to see. The skin in pseudoxanthoma elasti-
cum acquires the character of cutis laxa in extreme cases (Fig. 77, p. 219). Cutis
laxa (also called dermatochalasia and chalasoderma) in association with a form
of dysostosis is discussed on page 315.
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In one patient, 61 vears old,* E-D coexisted with muscular atrophy of the
Aran-Duchenne tvpe (amyotrophic lateral sclerosis). 1 find it impossible to agree
with the authors™ that an etiologic connection between the two conditions existed.
In one of my cases, Oppenheim’s disease (amyotonia congenita)'*™ was the orig-
inal diagnosis when the patient was first seen at the age of 4 years. Abnor-
mality of creatine metabolism was reported in one patient," and in another™ there
was coincident parathyroid tumor with osteitis fibrosa cystica. After correction
of the hyperparathyroidism surgically, it appeared that the joint laxity, particularly
the scoliosis, and the fragility of the skin decreased.

The Bonnevie-Ullrich-Turner syndrome* often has hyperelasticity of joints
and skin as a feature. Furthermore, the skin of the hands may be loose and
wrinkled as an aftermath of the lymphedema that is frequently present in the first

Fig. 39. The hands in a case of Turner syndrome ( gonadal dysgenesiz), with webbed neck,
dwarfism, and coarctation of the aorta (M. H.. 2700687, The hands are short with the same
loose, coarse-grained skin as in E-I). Compare with Fig. 533C. However, loose-jointedness is
not present in most cases of the Turner syndrome.

vear or so after birth. ( More characteristic features are dwarfism, webbing of the
neck, cubitus valgus, gonadal dysgenesis, and female phenotyvpe with male geno-
type ). Rossi and his colleagues™ = have emphasized the similar features. Rossi

-
i

and Angst™ write as follows: “The Ehlers-Danlos syndrome sufficiently closely
resembles the ptervgium syndrome that the former should be considered a fore-
runner of the latter.” Although it is probably far-fetched to presume any funda-
mental relationship, the possibility of diagnostic confusion cannot be disputed.
Interesting physiologic studies of skin elasticity and tensile strength have
been done in recent years 1519874080750 Shiy elasticity can  be measured with
the “pinchmeter” of Olmsted and his associates'® or the elastometer of Schade
or by the simple although subjective method of Ellis and Bundick!'®: The skin of
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the dorsum of the wrist is elevated between the forefinger and thumb and relative
elasticity estimated. Normal elasticity is indicated by 2+, reduced elasticity by 1+,
and increased elasticity by 3+4. Scleroderma on this scale is 0 and full-blown
E-D, 4+. Rollhiduser™ found least tensible strength in the skin of infants under
3 months (about 0.25 kg. per square millimeter) ; more in adults (about 1.6 kg.
per square millimeter ) and yet more in aged individuals (over 2.0 kg. per square
millmeter ). With aging, furthermore, skin became progressively less extensible.
These observations may explain the tendency for the cutaneous fragility and
extensibility in E-D to become less striking as the affected individual ages. Roll-
hanser™ studied the skin tensile strength of a 35-year-old man with E-D and found
it to be very low (0.34 kg. per square millimeter). It is of interest that this
worker found parallel changes in the tensile strength and extensibility of tendons,
suggesting that the properties measured in the skin may be constitutional and
generalized. Wenzel™ found lesser tensile strength in female skin and made im-
portant observations indicating reduction in the strength of the skin in normal preg-
nancy and in Cushing’s syndrome. In comnection with the latter condition, it is
noteworthy that the fragility of the skin and easy bruisability are rather similar in
E-D and in Cushing’s syndrome.*™ However, in all likelihood, the similarity is only
superficial.

Measures of joint elasticity and other characteristics such as plasticity and
viscosity will be valuable in the study of E-D. Promising progress in the quantita-
tion of loose-jointedness has been made by Wright and Johns. '

Surgery in the Ehlers-Danlos syndrome has often been accompanied by wound
dehiscence®'*! (Figs. 514 and 518). The tissues may be strikingly friable and
hold sutures poorly. Hemostasis may be a problem. With particular care Ricket-
son'* was ahle to repair a large flaplike wound of the right shin; the scars of the
other shin were removed and likewise replaced by a split-thickness graft with ex-
cellent results.

Almost always the skin and joint changes in E-D are evident from an early
age. However, Jacobs' ! described a patient in whom the manifestations seemed
quite clearly to appear first at the age of 29 years. Although the patient had been
a pugilist, no friability of the skin had been noted earlier. A brother was also
affected.

SUMMARY

On the basis of eleven kinships containing at least one previously unreported
case of the Ehlers-Danlos syndrome, and on the basis of the cases reported in the
literature, the cardinal manifestations of the syndrome can be said to be hyper-
elasticity and abnormal fragility of the skin and hyperextensibility of joints. Other
cutaneous and skeletal manifestations which are an integral part of the syndrome
are discussed, as well as ocular and internal manifestations.

It is suggested that dissecting aneurysm of the aorta may be a complication
of this connective tissue disorder as well as of the Marfan syndrome. Diaphrag-
matic and other types of hernia and gastrointestinal diverticula occur fairly often.
Fragility of the bowel with spontaneous rupture may be a feature. Conventional
types of congenital heart disease and congenital anomalies of the kidney have been
observed. Involvement of the collagenous skeletal structures and valves of the heart
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Fig. 6. A composite pictoral presentation of the several mamtestations of E-1), related to

the defect postulated by Jansen.™

is suggested but cannot be considered proved as a primary and integral feature.
Rupture of the lung with mediastinal emphysema and/or pneumothorax appears
to occur with increased incidence.

Tentatively the basic defect is considered to involve organization of collagen
bundles mto an intermeshing networlk.

The disorder is probably inherited as a simple autosomal dominant.

REFERENCES

1. Barber, H. 5, Fiddes, J., and Benians, T. H. .: The Syndrome of Ehlers-Danlos, Brit.
J. Dermat. 53:97, 1941,

2. Benjamin, B., and Weiner, H.: Syndrome of Cutaneous Fragility and Hyperelasticity and
: Articular Hyperlaxity, Am. J. Dis. Child. 65:247, 1943. $ o
3. Bloom, W.: Studies on Fibers in Tissue Culture. II. The Development of Elastic Fibers

im Culturez of Embryonic Heart and Aorta, Arch. exper. Zelliorsch. 9:6, 1929
lolam, K. M.: A Case of Ehlers-Danlos Syndrome, Brit. J. Dermat. 50:174, 1938,
Bonnet, P.: Les manifestations oculaires de la maladie d'Ehlers-Danlas, Bull, Soc.

opht. France 1:211, 1953,

6. Bossu, A, and Lambréchts: Manifestations oculaires du syndrome d'Ehlers-Danlos, Ann.

ocul. 187227, 1954,

Brombart, M., Coupatez, (.. and Laurent, ¥.: Contribution a I'étude de I'étiologic de la
hermie hiatale et de la diverticulose dun tube digestif; un cas de maladie d'Ehiers

L Ja

|



ndt
e

| B B
G
et

Jo.

41,

The Ehiers-Danlos Syndrome 173

Danlos associée 4 une hernie hiatale, un diverticule de Pestomac, un diverticule
duodénal, une diverticulose colique et une anémie sidéropénique, Arch. mal. app.
digest. 41:413, 1952,

Brown, A.: Ehlers-Danlos Syndrome; Description of 3 Cases, Glasgow M. J. 27:7, 1946,

Brown, A., and Stock, V. F.: Dermatorrhexis; Report of a Case, Am. J. Dis. Child.
54:956, 1937,

Burrows, A.: Epidermolysis Bullosa With Cutis Hyperelastica, Proc. Roy. Soc. Med.
25:1319, 1932,

Burrows, A, and Turnbull, H, M.: Cutis Hyperelastica (Ehlers-Danlos Syndrome),
Brit. J. Dermat. 50:648, 1938,

Chakraborty, A. N. Banerjee, A. K., and Ghosh, S.: Ehlers-Danlos Syndrome (Cutis
Hyperelastica), J. Indian M. A. 23:344, 1954,

Coe, M. and Silver, 5. H.: Ehlers-Danlos Syndrome (Cutis Hyperelastica), Am. |
Dis, Child. 59:129, 1940,

Cottini, G. B.: Association des syndromes de Groenblad-Strandberg ¢t d'Ehlers-Danlos
dans le méme sujet, Acta dermat.-venereal. 29:544, 1949,

Danlos, M.: Un cas de cutis laxa avee tumeurs par contusion chromgue des coudes et des
genoux (xanthome juvenile pseudo-diabetique de M. M. Hallopeau et Mace de
Lépinay ), Bull. Soc. frang dermat. et syph. 19:70, 1908,

Debré, R., and Semelaigne, G.: A propos de la maladie d"Ehlers chez le nourrisson, Bull.
mém. Soc. méd. hop. Paris 57 :84Y, 1936,

Debré, B, Marie J., and Seringe, F.: “Cutis laxa™ avec dystrophie osseuse, Bull. mém.
Soc. Méd, Hop. Paris 61 :1038, 1937,

Dick, J. C.: The Tension and Resistance to Stretching of Human Skin and Other Mem-
branes, With Results From a Series of Normal and Edematous Cases, ]. Physiol.
112Z:102, 1951.

Doerks, G.: Zur klinischen Prifung der Hautdehnung, Arch. Kinderh, 136:1, 1949,

Darsch, H. H.: Ueber das Ehlers-Danlos-Syndrom, Verdffentlichung eines Falles bei
einem Zwillingskind, Kinderiirztl, Praxis 21 :49, 1953,

Dreyius, G., Weill, J., Martineau, J., and Mathivat, A.: Un cas de maladie d’Ehlers-
Danlos, Bull. mém. Soc. med. hop. Paris 52:1463, 1936,

Du Boiz: Cutis Laxa (Abstract), Zentralblat f Haut-u. Geschlechtskr., 35:52, 1931.

Du Mesnil: Beitrag zur Anatomie und Aetiologie bestimmter Hautkrankheiten, Diss,
Wurzburg, 1880, (Cited by Unna.™)

Durham, D. G.: Cutis Hyperelastica (Ehlers-Danlos Syndrome) With Blue Scleras,
Microcornea, and Glaucoma, Arch. Ophth, 49:220, 1953,

Ehlers, E.: Cutis laxa, Neigung zu Haemorrhagien in der Haut, Lockerung mchrerer
Artikulationen, Dermat. Ztschr, 8:173, 1901,

Freeman, ]. T.: Ehlers-Danlos Syndrome, Am. J. Dis. Child. 79:1049, 1950,

Froelich, H.: Fibrodysplasia elastica generalisata (Cutis laxa) und Nervensystem,
Nervenarzt 20:366, 1949,

 Gadrat, J., and Bazex, A.: Sur le syndrome d'Ehlers-Danlos, Ann. dermat. et syph.

78:430, 1951,

Gilbert, A. Villaret, M. and Bosviel, (G.: Sur un cas d’hyperélasticité congénitale des
ligaments articulaires et de la peay, Bull. mém. Soc. méd. hap. Paris 59:303, 1925

Glass, H. B, : Personal communication,

Gore, 1.: Dissecting Aneurysm of the Aorta in Persons Under Forty Years of Age,
AMA, Arch. Path. 55:1, 1953.

. Gore, 1., and Seiwert, V. S.: Dissecting Aneurysm of the Aorta; Pathologic Aspects; an

Analysis of 85 Fatal Cases, A M.A. Arch. Path. 53:121, 1952.

Gould, G. M., and Pyle, W. L.: Anomalies and Curiosities of Medicine, Philadelphia, 1897,
W. B. Saunders Co., p. 217.

Hallopeau and de Lépinay, M.: Sur un cas de xanthoma tubéreaux et de tumeurs juveniles
offrant les charactéres du xanthome diabetique, Bull. Soc. frang dermat. et syph.
17 :283, 1906,

. Halt, J. F.: The Ehlers-Danlos Syndrome, Am. ]. Roentzgenol. 55 :420, 1946,

Jansen, L. H.: The Structure of the Connective Tissue, an Explanation of the Symptoms
of the Ehlers-Danlos Syndrome, Dermatologica 110:108, 1955.

Jochims, J.: Elastometric an Kindern bei wechselnder Hautdehnung, Arch. Kinderh.
135:228, 1048,

Jolnson, 5. A. M., and Falls, H. F.: Ehlers-Danlos Syndrome; a Clinical and Genetic
Study, Arch. Dermat. & Syph. 60:82, 1949,

Kalz, F.: Cutis laxa als Symptom allgemeiner Stitzgewebsschwiache, Arch. Dermat. u.
Syph. 171:155, 1935,

Kanof, A.: Ehlers-Danlos Syndrome, Report of a Case With Suggestion of Fosszible
Causal Mechanism, AM.A, J. Dis. Child. 83:197, 1952.

Katz, 1., and Steiner, K.: Ehlers-Danlos Syndrome With Ectopic Bone Formation,
Radiclogy 65:352, 1955,

Key, J. A.: Hypermohility of Joints as a Sex-linked Hereditary Characteristic, J.AM.A.
RR:1710, 1927,



174
43.
44,

45,
4.

47.

48,

50.

70.
fl.

72
73

74.

Heritable Disorders of Connective Tissue

King-Louis, I, J.: Two Cases of Ehlers-Danlos Syndrome, Proc. Roy. Soc. Med. 39:135,
1946,
Kopp: Demonstration zweier Falle von “Cutis laxa,” Mimchen. med. Wehnschr, 35:259,

Korting, G. W., and Gottron, E.: Cutis Laxa, Arch. Dermat. u. Syph. 193:14, 1951.

Kuk, E., and Kvorning, 5. A.: Quantitative Measurements of the Elastic Properties of
the Skin and Subcutaneous Tissue in Young Adults and Old Individuals, J. Gerontol.

2273, 19449,

Laane, C. L.: Cushing's Syndrome Associated With Obliterative Arterial Disease and
Multiple Subcutancous Nodules (Ehlers-Danlos Syndrome?), Acta med. scandinav.
148:323, 1954,

Lauwnay, C.: Syndrome d'Ehlers-Danlos chez un garcon de onze ans, associé 4 une arriéra-
tion mentale, Bull. mém. Soc. méd, hap, Paris 56:709, 1941,

Le Coulant, P.: Hyperelasticité cutanée et articulaire avec fragilité anormale de la peau
et tumeurs molluscoides, chez un enfant de treize ans (syndrome d'Ehlers-Danlos),
Gaz, hebd. sci. méd. Bordeaux 29:1934,

Lienhart, O.: La maladie d'Ehlers-Danlos. Etude clinique, anatomo-pathologique et
zénetique, Thesis de Nancy, 1945 (No. 30).

Littre, E.: Oeuvres complétes d'Hippocrate, Paris, 1840, J.-B. Bailliére, vol. 2. pp. 67-83.

Margarot, J., Deneze, P., and Coll de Carrera: Hyperlaxité cutanée et articulaire (syn-
drome de Danlos) existant chez trois membres d'une méme famille, Bull. Soc. frang
dermat. et syph. $0:277, 1933,

Maximow, A.: Development of Argyrophile and Collagenous Fibers in Tissue Culture,
Proc. Soc. Exper. Biol. & Med. 25:437, 1928,

Méténier, PP.: A propos d'un cas familial de maladie d'Ehlers-Danlos, Thése ' Alger.
1939, No. 55,

Miguet, A.: Le syndrome d'Ehlers-Danlos, Thése, Paris, 1933, Louis Arnette,

Mounier-Kuhn, P., and Meyer, L.: Méga-organes (oesophage, trachée, colon), syndromes
de Mickulicz et d’Ehlers-Danlos chez une hérédo-syphilitique, Bull. mém. Soc. méd.
hop. Lyon, Nov. 9, 1943,

Murray, J. E., and Tyars, M. E.: A Case of Ehlers-Danlos Syndrome, Brit. M. J. 1:974,
IREETHE

Nicaud, P., Lafitte, A., and Buhot, S.: Syndrome d'Ehlers-Danlos fruste associé 3 une
atrophie musculaire du type Aran-Duchenne, Bull, mém. Soc. méd. hop. Paris,
Mar. 10, 1944,

Noto, P.: Cited by Pelbais and Rollier.®

Ona, C. K., and Cowdry, E. V.: Aging of Elastic Tissue in Human Skin, 1. Gerontol.
5:203, 1950

- Orlandi, O. V., and Rodrigues, Y. T.: Ehlers-Danlos Syndrome; Capillary Microscopy

in Cases, Pediatria (Rio) 17:180, 1952,

Ormshy, O. 5., and Tobin, W. W.: Cutis Hyperelastica; Case Report, Arch. Dermat.
& Syph. 38:828, 1938,

Packer, B. DD., and Blades, J. F.: Dermatorrhexis: a Case Feport ; the So-called Ehlers-
Danlos Syndrome, Virginia M. Month. 81:21, 1954,

Pautrier, M.: Note histologique sur un cas de cutis elastica, avec pesudotumenrs aux
genoux et aux coudes, presenté par M. Danlos, Bull. Soc. franc dermat. et syph.
19:72, 1908,

Pelbois, F., and Rollier, F.: Association d’un syndrome &’Ehlers-Danlos ¢t d’un syndrome
de Groenblad-Strandberg, Bull. Soc. frang dermat. et syph. 59:141, 1952,

Perreau, P., Bangas, J., and Lecuit, P.: Osteitis fibro-kystique atypique et syndrome
:Ii'I"'_hIrrs-i}I:nllux_ Lesion parathyroidienne, Bull, mém. Soc. méd. hép. Paris 57:135,
041,

Péyri: Un cas de syndrome d'Ehlers-Danlos, probablement d'origine syphilitique, Bull.
Soc. frang dermat. et syph, 44:1744, 1937,

Pittinos, G. E.: Ehlers-Danlos Syndrome With Disturbance of Creatine Metabolism,
1. Pediat. 19:85, 1941

Poumeau-Delille, G., and Soulié¢, P.: Un cas d'hyperlaxité cutanee et articulaire avec
cicatrices atrophique et pseudo-tumeurs molluscoides (syndrome d’Ehlers-Danlos),
Bull. mém. Soc. méd. hap. Paris 50:593, 1934,

Pray, . G.: Cutis Elastica (Dermatorrhexis, Ehlers-Danlos Syndrome), Am. J. Dis.
Child. 75:702, 1948

Raybaud, A., and Guidoni, P.: Hyperlaxité ligamentaire et cutanée:; trouble du méta-
11;;-1;%!“0 calcique ; maladie d'Ehlers-Danlos, Bull, mém, Soc. méd. hop. Paris 54:738,

Ringrose, E. J., Nowlan, . B., and Perry, H.: Ehlers-Danlos Syndrome ; Report of a
Case, Arch. Dermat. & Syph. 62:443, 1950,

Rocher, H. L.: Une nouvelle dysmorphose articulaire congénitale: laxité articulaire
congénitale multiple, In Lizwe jubilaire d*FHenri Hartmann, Paris, 1932, Masson et

ie.

Roederer, C.: Syndrome d'Ehlers-Danlos atypique ecoincidant avec une dolichosténomélie,
Arch. frang pédiat. 8:192, 1951,



93.

04.
5.

a7,

100,
101,

102.
103.

104,
105.

107.
108,
109,
110

The Ehlers-Danlos Syndrome 175

Rollhiuser, H.: Die Zupgfestigkeit der menschlichen Haut, Gegenbaurs morphol. Jahrh.
90:249, 1950,

Ronchese, 5, Dermatorrhexis With Dermatochalasis and Arthrochalasis (the So-called
Ehlers-Danlos Syndrome) ; Additional Data on a Case Reported 12 Years Previ-
ously, Rhode Island A, J. 32:80, 1949

Rossi, E., and Angst, H.: Das Danlos-Ehlers Syndrome, Helvet. paediat. acta 6:245, 1951.

Samuel, M. A., Schwartz, M. L., and Meister, M. M.: The Ehlers-Danlos Syndrome,
U.S. Armed Forces M. J. 4:737, 1053,

Schaper, G.: Familiares Vorkommen von Ehlers-Danlos Syndrome ; ein Beitrag zur Klinik
und Pathogenese, Zischr. Kinderh, 70:504, 1932.

Shapiro, 5. K.: A Case of Megkrin-Ehlers-Danlos Syndrome With Neurologic Manifes-
tations, J. Nerv. & Ment. Dis. 115:64, 1952,

Shaw, A. B., and Hopkins, P.: A Case of a Boy, Aged Seven, Showing (a) Double-
Jointedness, (b) Dermatolysis (“Elastic Skin”) With Great Friability of the Skin
and Excessive Tendency to Bruising, and (c) Multiple Subcutancous Tumours on
th-.-?i.imhr. ( Fibromata, Neuronomata), Proc. Roy. Soc. Med. (Clin. Sec.) 6:20,
1913,

Smith, C. H.: Dermatorrhexiz (Ehlers-Danlos Syndrome), J. Pediat. 14:632, 1939,

Stillians, A. W., and Zakon, S. J.: Cutis Laxa (Cutis Hyperelastica), Arch. Dermat. &
Syph. 35:342, 1937,

Stuart, A, M.: Three Case: Exhibiting the Ehlers-Danlos Syndrome, Proc. Roy. Soc,
Med. 30:984, 1937,

Sturkie, P. I0.: Hypermobile Joints in All Descendants for Two Generations, ]. Hered.
32:232, 1941,

Sullivan, J. D.: The Danlos-Ehlers Syndrome; Report of Case With Transient Paralysis
of Vocal Cord, Arch. Neural & Psychiat, 47 :316, 1942

Sutro, C. J.: Hypermobility of Bones Due to “Owverlengthened”™ Capsular and Ligamentous
Tissues ; Cause for Recurrent Intra-articular Effusions, Surgery 21:67, 1947,

Tavlor, F. R.: The Meekrin-Ehlers-Danlos Syndrome, Urol. & Cutan. Rev. 47:378, 1943,

Thomas, C., Cordier, J., and Algan, B.: Une etiologie nouvelle du syndrome de luxation
spontanée des cristallins: la maladie d’'Ehlers-Danlos, Bull. Soc. Belge d'ophtal.
100:373, 1952,

Thomas, C., Cordier, J., and Algan, B.: Les altérations oculaires de la maladie d'Ehlers-
Danlos, Arch. opht. 14:691, 1954,

. Tobias, N.: Danlos Syndrome Associated With Congenital Lipomatosis, Arch. Dermat.

& Syph. 30:540, 1934 ; [hid. 40:135, 1939,

. Tunbridge, R. E., Tattersall, K. N., Hall, D. A, Astbury, W. T., and Reed, R.: The

Fibrous Structure of Mormal and Abnormal Human Skin. Clin, Se. 11:315, 1952,

Unna, P. G.: The Histopathology of the Diseases of the Skin. Translated from the
German with the assistance of the author by N. Walker, New York, 1896, The Mac-
millan Co., pp. 984-088,

van Meekeren, ]J. A.: De dilatabilitate extraordinaria cutis, chap. 32, Observationes
Medico-Chirugicae, Amsterdam, 1682,

Vissian, L., and Rowvinski, [.: Syndrome d'Ehlers-Danlos chez guatre membres d'une
méme famille, Bull. Soc. franc. dermat. et syph. 62:62, 1955

Wallach, E. A., and Berkhart, . IF.: Ehlers-Danlos Snydrome Associated With Tetralogy
of Fallot, Arch. Dermat. & Syph. 61 :750, 1950.

Weber, F. P., and Aitken, J. K.: Nature of the Subcutaneous Spherules in Some Cases
of Ehlers-Danlos Syndrome, Lancet 1:198, 1938,

Weill, J.. and Martineau, J.: A propos d'un cas de maladic d’Ehlers-Danlos. Etude an-
atomoelinigue et biologique, Bull. Soc. frang dermat. ¢t syph, 44:99, 1937,

Wenzel, H. G.: Untersuchen iiber die Dehnbarkeit und Zerreissbarkeit der Haut,
Zentralbl. allg. Path, 85:117, 1949,

Whitney, L. F.: Inheritance of Double Jointedness in Thumb, J. Hered. 23:425, 1932

Wiener., K. - Gummihaut (Cutis laxa) mit dominant Vererbung, Arch. Dermat. u. Syph.
148 :590, 1925,

Williams, A. W.: Cutix laxa, Monatsschr. f. prakt. Dermat. 14:490, 1892,

Adams, F.: The Genuine Works of Hippocrates, New York, 1891, William Wood &
Co.: Airs, Waters, and Places, paragraphs 20 and 22, vol. 1, pp. 176-178.

Agosting, A.: Cited by Jansen."™

Angst, H.: Das Ehlers-Danlos Syndrom, Diss., Ziirich, 1951. Cited by Jansen,'™

Banga, 1., and Bald, J.: Elastin and Elastase, Nature 171:44, 1953,

Bernard, J., Bassett, A., and Duperrat: Syndrome defragilité cutanée avec hémorragies
multiples, Bull. Soc. frang. dermat. et syph. 61 :486, 1954,

Biering, A., and Iverson, T.: Osteogenesis Imperfecta Associated With Ehlers-Danlos
sSyndrome, Acta paediat. 44:279, 19335,

Burton, A. C.: Relation of Structure to Function of the Tissues of the Wall of Blood Ves-
sels, Physiol. Rev, 34:619, 1954,

Carney, R. J., and Nomland, R.: Acguired Loose Skin (Chalazoderma) : Report of a
Case, Arch. Dermat. & Syph. 56:794, 1947,



176

111.
112,

120
1.31).
131.

132,
133.

133a.
134,
135.
136.
137.

138,
139,

139,
141
141.
142,

143,
144,

Heritable Disorders of Connective Tissie

Christiaens, L., Marchant-Alphant, A., and Fovet, A.: Emphyséme congénital et cutis
laxa, Presse méd. 62:1799, 1954,

Cockshott, W. P., and Omololu, A.: Familial Congenital Posterior Dislocation of Both
Radial Heads, J. Bone & Joint Surg. 40-B :483, 1958,

. Coreelle and Fourcade: Maladie de Ehlers-Danlos et strabisme, Bull. soc. opht. France

10:931, 1956.

. Dick, J. C.: Observations on the Elastic Tissue of the Skin With a Note on the Reticular

Layer at the Junction of the Dermis and Epidermis, J. Anat. 81:201, 1947,

5. Ellis, F. A., and Bundick, W. E.: Cutaneous Elasticity and Hyperelasticity, AM.A.

Arch, Dermat, T4:22 1056,

Fleming, J. W.: The Ehlers-Danlos Syndrome, J. Florida M. A, 42:290, 1955,

Frangois, P., Woillez, M., Warrot, and Maillet, P.: Maladie d’Ehlers-Danlos avec
anévrysme artério-veineux intra-cranien, Bull, Soc. opht. France No. 5:392, 1055,

Frick, P. G., and Krakchuk. ]J. ID.: Studies of Hemostasis in the Ehlers-Danlos Syn-
drome, J. Invest. Dermat. 26:453, 1956.

Fritchey, J. A. and Greenbaum, 5. 5.: Two Cases of Ehlers-Danlos Syndrome, Arch.
Dermat. 42:742, 1940,

. Geldmacher, M.: Ein Fall von Dystrophia adiposa generalisata mit Cutis laxa und

hochgradiger Vulnerabilitat der Haut, Inaug. Diss., Boon, 1921, Cited by Jansen'

Greenfield, J. G, Cornman, T., and Shy, G. M.: The Prognostic Value of the Muscle

I"]-inp:i}' n the "I"Iup]r;.r Child.” Bramn &1 :461, 1958,

Hall, ). A, Keech, M. K., Reed, R., Saxl, H., Tunbridge, B, E., and Wood, M. J.:
Collagen and Elastin in Connective Tissue, J. Gerontol, 10:388, 1955,

Hass, J., and Hass, E.: Arthrochalazsizs Multiplex Congenita, J. Bone & Joimt Surg.
A0-A 663, 1958,

Husebye, K. C.: Tre familidere tilfelle av Ehlers-Danlos syndrom, Tidsskr. norske
laepefor, T2:1835, 1952,

. Jacohs, P. H.: Ehlers-Danlos Syndrome: Report of a Case With Onset at Age 20

AMAL Arch. Dermat. 76:460, 1957,

. Jaeger, H.: Syndrome d'Ehlers-Danlos (deux cas familiaux), Dermatologica 100:330,

1950.

. Jansen, L. H.: Le mode de transmission de la maladie d'Ehlers-Danlos, J. Génét, hum.

42204, 1955.

. Jansen, L. H.: De Zickte van Ehlers en Danlos, Ultgeverij Excelsior 's-Gravenhage,

1954,

. Lamy, M. amd Frézal, J.: Le syndrome de Bonmevie-Ullrich et ses rapports avec

le syndrome de Turner, Analecta genetica, vol. & (International Symposiom, Turin,

19577.

Leider, M.: Forme Fruste of Ehlers-Danlos Syndrome, Urol. & Cutan. Rev. 53:222
1949,

Levy-Coblentz, G, : Radio-ulnar Synostosis, Bull. Soc. franc. dermat. et syph. 39:1252,
1932,

Lewitus, £, : Ehlers-Danlos Syndrome ; Report of Two Cases With Hypophyseal Dys-
function, A M_A. Arch. Dermat. 73:158, 1956,

MacCollum, I). W.: The Lop Ear, J.AM A, 110:1427, 1938,

."lltl‘:k'lié&?‘lr‘f. G.: The Problem of the Protruding Ear, Plast. & Eeconstruct. Surg. 2:480,

McKusick, V. A.: Hereditary Disorders of Connective Tissue, Bull. New York Acad.
Med., 35:143, 1959,

Mories, A.: An Investigation Into the Ehlers-Danlos Syndrome, Edinburgh Thesis, 1954,

Wicod, M.: Un cas de syndrome d'Ehlers-Danlos, Ann. paediat. 167:358, 1946,

DNmsted, F., Page, [. H., and Corcoran, A. C.: A Device for Objective Clinical Measure-
ment of Cutaneous Elasticity ; a “Pinchmeter,” Am. J. M, S¢. 222:73, 1951,

Ota, M., and Yasuda, T.: Erster Fall von “Syndrome d'Ehlers-Danlos” in Japan,
Zentralbl. 1. Haut- v, Geschlechiskr, 66:120, 1941,

Pascher, F.: Ehlers-Danlos Syndrome, Arch. Dermat. & Syph, 67:214, 1953,

Ricketson, G.: The Behavior of Skin Grafts and Donor Sites in a Case of Ehlers-
Danlos Syndrome, Plast. & Reconstruct. Surg. 20:32, 1957,

Robertson, J. A, Eddy, W. A, and Vassler, A. J.: Spontancous Perforation of the
Cecum Without Mechanical Obstruction; Review of Literature and Case Report,
Am. J. Surg. 96:446, 1958, :

Robinson, H, M., Jr., and Ellis, . A.: Cutis laxa, AM.A. Arch. Dermat. 77:656, 1958,

Ross, M., and Donneief, A. S.: Chest Surgery in the Presence of Cutis Hyperelastica
(Ehlers-Danlos Syndrome), New York J. Med. 57:2256, 1957. :

Rossi, E, and Catisch, A.: Le syndrome du pterygium. Status Bonnevie-Ullrich, d]v*-
trophia brevicolli congenita, syndrome de Turner et arthromyodysplasia congenita,
Helvet. paediat. acta 6:119, 1951.

Saemundsson, [.: Ehlers-Danlos Syndrome; a Congenital Mesenchymal Disorder, Acta
meil. scandinav, (supp. 312) 154:39%9, 1956.

Hrulﬂ}lﬂ;:.}#’ﬂ.@%._ and Burch, G. E.: Skin Elasticity in Scleroderma, Am. Heart J.

i -__.-.n.._-_-..d



145.
146.

147.

148,

14%.

150.

151.
152,

The Ehlers-Danlos Syndrome 177

Stucke, K. : Ueber das elastische Verhalten der Achillessehne im Belastungsversuch, Arch.
klin. Chir. 265 :579, 1950.

Summer, G. K.: The Ehlers-Danlos Syndrome: a Review of the Literature and Report
of a Case With a Subgaleal Hematoma and Bell's Palsy, AMA. J. Dis. Child. 91:419,
1956,

Thurmon, FF. A.: Ehlers-Danlos Syndrome, A M. A Arch. Dermat. 40120, 1939,

Tschernogobow, A.: Cutis laxa. (Presentation at first meeting of Moscow Dermatologic
and Venereologic Society, Nov. 13, 1891.) Mhit. Prakt. Derm. 14:76, 1892,

Tschernogobow, A.: Ein Fall von Cutis laxa. Protokoly Moskowskawo wenerolo-
gitscheskawo i dermatologitscheskawo Obtschestwa, vol. 1, p. 23, Cruoted in Jahresh
d. ges. Med. 27 :562, 1892,

Villegas, K., and Albornoz, R.: Posibles mecanismos causales del sindrome de Ehlers-
Danlos, Acta med. Venezolana 4: 1956,

Weiss, B. 5.: Danlos’ Syndrome, A M. A, Arch. Dermat. 40:137, 1939,

Wright, V., and Johns, K. ].: The Quantitative Measurement of Joint Stiffness (abstract),

J. Clin. Imwvest. 3B:1056, 1959,



5. OSTEOGENESIS IMPERFECTA

HISTORICAL NOTE

T HAS BEEN suggested!"1 1% that an early case of osteogenesis imperfecta was that
I of Ivar the Boneless, the mastermind behind the Scandinavian invasion of Eng-
land in the last quarter of the ninth century. He is said to have had cartilage where
bones should have heen. He could not walk on his legs and was carried into battle on
shields. Complete verification of the diagnosis 1s impossible because so much
poetic glorification enshrowds any remaining records and Ivar's skeleton is no
longer available for stucdy, having been dug up and burned by William the Con-
queror. A study of Ivar's descendants turned up no cases of osteogenesis imperfecta
or other bone disease.

The recorded history of the development of knowledge of this disease is given
in Table 4. Isolated cases were reported even before Ekman, from as early as
]!’-'.FS.'I.U]

The terms that have been applied to this syndrome are numerous and
include, to mention a few, osteogenesis imperfecta (Vrolik'™!), mollities ossium
(Ormerod®™), fragilitas ossium (Gurlt®™), and osteopsathyrosis idiopathica (Lob-
stein™). To complicate matters further, the disease is called la maladie de Lob-
stein in the French-speaking portion of the medical world; Eddowes' syndrome
(brittle bones and blue sclerae) ; van der Hoeve's syndrome (brittle bones, blue
sclerae, and deafness) ; and Vrolik's disease (osteogenesis imperfecta congenita ).
Looser™ suggested the terms osteogenesis imperfecta congenita (OIC) and osteo-
genesis imperfecta tarda (OIT).

CLINICAL MANIFESTATIONS

Over one hundred kinships with at least one affected member have been iden-
tified in the records of the Johns Hopkins Hospital, the Children’s Hospital Schaol,
and the Kernan Hospital for Crippled Children, Baltimore, Maryland.

The clinical aspects of osteogenesis imperfecta will be discussed under the
headings of skeletal, ocular, cutaneous, otologic, and internal. The osseous mani-
festations greatly outweigh the others in significance.

Clinically two varieties of OI have been distinguished. In so-called osteo-
genesis imperfecta congenita, the disease is so severe that the relatively minor
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Table 4. Landmarks in the History of Osteogenesis Tmperfecta

1788 0. J. Ekman.™ In medical doctrate thesis at Uppsala, described “osteomalacia congenita”
i||:L| t:nr-;n generations.  (See Seedorff™ for an extensive translation of Ekman's Latin
thesis,

1831 Edmund Axmann,™ Wertheim, Germany. Described the disease in himself and his
hrothers, Paul and Anton. Made reference to the occurrence of articular dislocations and
and blue sclerotics. One of the brothers had been reported by Strack in 18077

1833 J. C. Lobstein (1777-1838), gynecologist and pathologist, Strasbourg, Wrote about adult
form of the disease in his textbook of morbid anatomy.™

1840 :’;"'rmfi" ‘;'lrulik (1801-1863), Dutch anatomist. Described disease in newborn infant'™
See Fig. 6l.

1859 Edward Latham Ormerod, Brighton, England. Early description of case of 68-year-old
woman only 3914 inches tall. Disease was passed to a son and a daughter. The skeleton,
in the Royal College of Surgeons, London, 1s reproduced in Bell's monograph.”™ Use of
term “‘mollities ossium.”

1862-1865 Ernest Julius Gurlt™ (1825-1899), Professor of Surgery, Berlin, Use of term
“fragilitas ossium,”

1839 H. Stilling,™ Strasbourg. Histologic studies.

1896 John Spurway,"” Tring, England. Described blue sclerotics with fragility of hones.

1897 M. B. Schomdt,™ Strasbourg. Proposed fundamental identity of the discase in adults
and newborn infants,

1900 Alfred Eddowes,” London. Described blue sclerotics. Suggested that OI is generalized
hypoplasia of mesenchyme.

1903 Leszlie Buchanan,™ Glasgow. Demonstrated that blue sclerotics due to thinness of sclera,
Fra-:u!,res‘., deafness, or familial incidence not mentioned in his “A. M'C—, a girl aet. 9

CArs.

1906 E. Looser,™ Heidelberg, Defended identity of disease in adult and newhorn infant. FPro-

|m|.:d terms u:_ittuq.{('m'ﬁis ‘ilﬂ[H'!"i-Etl:l {;utlgt,'uiln (OICY) and 12!".'ill.'l.]!.’|'r.‘|“'.‘!‘~i!i impurffcta. tarda

{OIT).

1912 Charles A, Adair-Dighton,' Liverpool. Described deafness.

1918 ]. van der Hoeve (Groningen) and A. de Kleyn (Utrecht)."® Emphasized brittle bones,
blue sclerae, and deafness as a syndrome,

1820 K. H. Bauer,"" Breslau. Provided histologic support for view that 01 is a “hypoplasia
mesenchymialis.” Described dental histology. :

1919, 1922 E. Ruttin,™* Vienna. Described otosclerotic nature of the deainess i O],

1928 Julia Bell™ of the Galton Laboratory, London. Described dominant pattern of inheritance,
especially of blue sclerotics, on basis of large number of pedigrees,

traumata to which the fetus is exposed in utero produce numerous fractures.
The victim is usually born dead or survives only a short time. The cranium 1s
soft and membranous. Short clumsy extremities suggest achondroplasia (Fig. 62).
In the second variety, so-called osteogenesis imperfecta tarda (or tardiva), the man-
ifestations are so mild that blue sclerae may be the only manifestation and fractures
may occur only late in life or not at all. Seedorff'"! further divides osteogenesis
imperfecta tarda into levis and gravis types. In the latter, the first fractures are
likely to occur when the patient is an infant. In the former, the fractures occur
only considerably later.

The above are artificial distinctions based only on the particularly wide vari-
ability of clinical expression in this disorder of connective tissue. I congenita
and OI tarda are fundamentally one and the same disease, the only basis for dis-
tinction being that the cases in the two groups are at opposite ends of the bell-
shaped curve of expressivity. The foundation for this statement lies in the facts
(1) that the two varieties of the disease sometimes occur in different members of
the same family®%:101.135,149,157,165,186,193,197,203.216 . (2 that there is a continuous
spectrum of expressivity through the two major varieties; and (3) that the his-
tologic anatomy of the two varieties is qualitatively identical, *»4%.47.76

On the basis mainly of radiologic changes, Fairbanks* distinguishes a “thick
bone type,” a “slender bone type,” and a form he calls osteogenesis imperfecta
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cystica ( Figs. 734-73C). These, like the antenatal and postnatal distinetion which
he makes, probably have no basis so far as difference in the fundamental defect is
concerned. During prepubertal vears a patient may demonstrate an evolution
from the “slender hone tvpe” to the cystic type or the “thick bone type.”

In summary, all the several clinical pictires which are referred to in this com-
munication, and which go by separate names in many instances, are one and the
same disease which has wide systemic manifestations and an exceedingly great range
of clinical severity (expressivity).

Fig. 6l. Skeleton in osteogenesis imperfecta. Note the multiple Wormian bones of the
caput membranaceum. ( From Vreolik, W.: Tabulae ad illustrandam embryogenesim hominis et
mammalium, tam naturalem quam abnormem, Amstelodama, 1849,

The Musculoskeletal System.* As will be seen later, osteogenesis imperfecta 1s
a hereditary defect of the hone matrix. Caleification of what bone matrix is
formed probably proceeds normally. Osteogenesis imperfecta is then a form of
hereditary osteoporosis inasmuch as osteoporosis is defined as a deficiency in the
formation (or an acceleration of the breakdown) of bone matrix. This is an
important consideration in the understanding of some of the clinical manifestations
of the disease and in its rational therapv. For example, in later life, particularly
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if few fractures have occurred, the disease may masquerade as postmenopausal
osteoporosis ; immobilization is as bad for OI as it is for other forms of osteoporosis.

Caput membranacewm and micromelia (“tiny extremities”) are the charac-
teristics of OIC (Figs. 61 to 65). The limbs are described as howed on the chest
and abdomen at birth. If the patient survives, the bowing is likely to persist.
Chondrodystrophia fetalis (achondroplasia ) is often misdiagnosed. By x-ray exam-
mation (see Figs. 638, 63C, 64, and 645 ) the skull is likely to show a mosaic pat-
tern as a result of the presence of numerous Wormian bones.™ This mosaic phe-
nomencon was very striking in the case described and illustrated by Vrolik in

Fig. 62. P. D, (A42000), 3 months old, an instance of so-called osteogenesis imperfecta
congenita. Micromelia is striking. The head appears disproportionately large. Numerous
fractures were demonstrated immediately after birth. The patient was referred with the diag-
nosis of chondrodystrophia fetalis, however. The skull bones were described as “crumbly” on
D&!patitall. The parents and the parents’ families were normal. By the age of 1 year there were
evidences of well-advanced hydrocephalus. Death occurred at the age of 38 months.

1849.121 (See Fig. 61.) (This was the first case to which the name osteogenesis im-
perfecta was given.) Caffey states that the mosaic phenomenon occurs in only two
conditions : osteogenesis imperfecta and cleidocranial dysostosis (see Fig. 43 of
reference 28 and compare with Figs. 64.4 and 648 here). The mosaic pattern per-
sists throughout life. The patient whose skull was studied anatomically by Ruth®®
was variously estimated to be 46 to 55 years old. The diagnosis of OIC has been
made at times in utero by means of x-ray films*322 (Figs. 654 and 638). In this
form, OI is a lethal or sublethal trait. Death is usually the result of intercranial



182 Heritable [isorders of Connective Tissue

hemorrhage and other injury since the calvarium offers little protection during de-
livery and later. Beading of the ribs by calluses is often misinterpreted as a ricketic
rosary. Progressive hydrocephalus often occurs in OIC (see Figs. 62 and 658).

In OIT, the triviality of the trauma which may cause fracture 1s well known:
iracture of the forearm in whitthng or throwing a chip, of the phalanges in
writing, of the femora when another person sits on the patient’s lap'™ or when the
patient stretches out in bed. Apert® called these patients “les hommes de verre.”
In one family severely affected children were referred to, appropriately, as “china

dolls.” (R. Y., B.C.H. 143029).

Fig. 634,

Figs. 63.4-63C. “Congenital” osteogenesis imperfecta in K. K. (A95443), 214 weeks of age.
A, Multiple fracturez, bowing of the extremities, and bilateral inguinal herniaz are evident, B
and C, Demonstration of multiple Wormian bones in the caput membranaceum. (4 and B,
From McKusick, V. A.: Hereditary Disorders of Connective Tissue, Bull. New York Acad.
Med, 35:143, 19539,

Sudden musecle pulls may fracture bones: the olecranon, for instance, has been
pulled off by the triceps muscle in swimming! or even less strenuous exercise.
Relatively little pain tends to accompany the fracture, due probably to the facts
that there is minimal soft tissue trauma and that the patients become accustomed to
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Fig. 631,

F]J_: (% [

Figs. 638 and 630, For legend see opposite page.



Fig. 64.4.

Figs. 0dAd and 648. W,
B. (A79352). Z2-month-old
white male., Radiographic
views (A and B)Y of the
skull in a case of osteogenesis
imperfecta congenita, show-
ing a maosaic of Wormian
bones amd the thin calvarium
charactenistic of so-called
caful membranacenm.

Fig. 64B.
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the frequent fractures. Occasionally they learn to set their own fractures
The fractures appear to heal with normal speed, but occasionally the callus is so
large (see Fig. 734) as to suggest osteosarcoma.! 473100113 Haweyer, unlike
Paget's disease, malignant degeneration i1s not recognized as a definite complication
of this disease, although bone neoplasms have been described %125 Patients (e.g.,
J. B., in Figs. 704 and 705) are sometimes operated upon for suspected osteo-
sarcoma.™ At times overgrowth of bone occurs without evident fracture, and ex
ostosis-like abnormalities develop. ( Wide hypertrophic scars occur at the sites of

1]

surgical operations such as laparotomy.™ These may be fundamentally analogous

Fig. 654, Fir. 651,

Figs. 654 and 638, Presumedly monozvgotic twing with osteogenesis imperfecta congenita
diagnosed in utero. The mother (M. B., B.C.H. 209830}, father, and an only sibling show no
stigmata of OI. The mother was admitted to the hospital on Feb. 13, 1956, because of irregular
'|dhﬂr pains. The abdomen was wery large and tense. X-ray film (Fig. 65.4) revealed twins
i breech '[:'I':Hl:‘]'lt:lill.ll'l facing each other in boximg position. Both feiuses showed muoltiple
fractures in various stages of healing. Delivery was spontaneous. The baby born second hved
for thirty-three days. Autopsy revealed the characteristic changes of OI. There was a patent
ductus arteriosus and mild hydrocephalus. The first-born twin lived for twenty-seven months.
From the first the head was large and soft. Progressive enlargement occurred, so that the pro
portions indicated in Fig. 658 were attained. The sclerae were never impressively hlue.

to the hypertrophic callus formation.) Functionally awkward pseudoarthroses may
develop. Pseudoarthrosis of the tibia or other hones may be the presenting mami-
festation!™17 (S . H.LL.H. AI1RBGF4). ( Neurofibromatosis'® is another heredi-
tary disorder in which pseudoarthrosis occurs.) The development of numerous Wor-
mian bones in the occiptal area of the skull®™ is a similar phenomenon seen par-
ticularly in the “congenital” form of the disease. In the series studied at this hos-
pital, one cannot corroborate, in adults at least, the impression' that fracture of the
neclk of the femur is uncommon as 4_r:u1'||!mu|:1 with other Ivpes of oste OO s, | See,
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Figs. 66.4-66C. Severely af
fected  14-year-old male (], L,
757361). The family history re
veals no  similar  manifestations,
Two other children are normal
The father had cleft palate and
harelip. The infant was born by
vertex presentation. At arth the
left thigh showed a swelling which
was later found to be a tracture of
the femur with callus formation,
The mother estimated that about
197 fractures had occurred, all with
minimal trauma at the most, The
sclerae are not blue, and there i3 no
deafness. The teeth are small and
widely spaced, with translscent
4.'r|4'|r'|‘:|.'|_ '|'|"|1,' I;IL1i1'-:' [ |l:|l1.' 15 Covered
with nevi, but there were no pal-
pable subcutancous neurofibromata
anmd no defimite café-au-lat spots.
The skeletal deformity iz adequately
deseribed by the photographs anmd
the x-ray films, Calcum, phos-
phorus, and acid phesphatase of
serum were normal. The alkaline
phosphatase was 137 Bodanshky
units,  Multiple osteotomies  with
stabilization by metal plates and
medullary hars.

A, General view, [, Antero-
|u|~:11-|'iur ".'il.,"i.l.' of |J-|-l|| II.'J.'-._ [._ |,;|_|,
cral view of both legs,

Fig. 668, Fig. 66C,
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for example, patient G, 1., Fig. 71.) There is no sex difference in the severity
of the fragilitas ossium, ;

By x-ray examination all bones have thin cortices, and the long bones usually
have a slender shaft with rather abrupt widening as the epiphysis is approached.
There are instances, as Fairbanks*®#* has indicated, in which the shaft of the long
bones is thick, and yet others in which a cystic appearance is presented on the x-ray
film (Fig. 738).

Fig. 67. Seedorff"™ appears to have been responsible for first suggesting that Lautree had
1 1 i |

osteogenesis amperfecta. All known tacts amd photographs such as this are consistent with

the diagnosis.™

As 1n other types of nhlt'nlnlrn.\-i}l, “codhsh™ or “]'IH'H'I';_:'].'I,.\-.H“ vertebrae 111'11']”];
as a result of the biconcave deformity produced by the pressure of the normally
elastic nucleus pulposus on the abnormally soft bone of the vertebral hody ( Figs.
724 and 72F). Furthermore, “schmorlsches Kndotchen,” actual herniations of the
nucleus pulposus into the substance ot the vertebral body, may occur. (Schmorl’s
nodes derive their eponym from G, Schmorl who also did a classical study of Paget's
disease of bone [see Chapter 8].)



188 .J.Fq'-'.'..'ll.'.'.'.'le' Ihsarders of l!.-.-.u.u.r'!'J'*:'L' -lu'l.l..‘-'.‘-'fh'

{II_,;H,:II_t1']'i_\.1'il.'<']_||_1. the adults have shori ]E'J_{a s I;'II1'I'|'|F:I.'|'I.'II with the upper
part of the body. The shortness of the lower extremities is due in part to l]t,l'.'n.'ing
and to fractures in the shafts of the long bones but is also due in considerable de-
gree to interference with growth by multiple microfractures at the epiphyseal ends
of the hones. The short legs with trunk of normal size i1s unforgettably illustrated
by Henri de Toulouse-Lautrec (1864-1901), French painter (Fig. 67). To play
Lautrec in the motion picture Moulin Kouge, José Ferrer walked about on his
knees. This feature may lead to the misdiagnosis of achondroplastic dwarfism ( see
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Fig, 68, Osteogenesis imperfecta in K. C. (673043), 35 years of age. Innumerable frac-
tures have oceurred, the first having been recognized at the age of 9 months, The sclerae are
blue; hearing is intact. The patient iz scarcely taller than a 4-vear-old child. She has never
walked and is carried about by a husky female friend. There are pseudoarthroses of the left
humerus and left tilma. OFf two prepnancies, one was terminated for [hrl'.:i;wl.:llil" reasons and
the other ended n spontancous abortion. (From McKusick, V. A.; Hereditary Disorders of
Connective Tissue, Bull. New York Acad. Med. 35:143, 1959.)

p. 205). One patient (Fig. 71), now 56 years old, “'is scarcely taller than a 3-year-
old child.” Marked bowing of the legs often results in a scissors-gait. By x-ray
examination the femurs often assume a shepherd’s cronk appearance.
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Anterior bowing of the tibiae, producing sabre shins, 15 a frequent occurrence.
Gross deformities, which resemble somewhat those of Marfan's syndrome, such as
kyphoscoliosis, koilosternia (pectus excavatum), and pigeon breast, are not un-
common. Arachnodactyly also has been described by several writers,*1.71.00.101
must be remembered that arachnodactyly is a symptom, not a disease ; that its pres-
ence does not indicate the coexistence of Marfan’s disease. Unequivocal, or at least
less equivocal, manifestations of the latter disease, such as ectopia lentis and mvolve-
ment of the aortic media, have, with rare exceptions,'® not heen reported with osteo-

renesis imperfecta.

Fig. 694, Fig. 601

Figs, 604-69C. J. G. (149692), 43 years old. In A4, note the bulgmg calvarium with tri-
angular facies. Flat feet and kyphoscoliosis are also evident in A and B. The x-ray film in C
reveals the complex spinal deformity present in this patient. The bones are more radiolucent
than is normal. The sclerae are deeply blue. Deafness has been present since at least the age
of 25 years and tinnitus has often been distressing. Seoliosis was first noted at the age of 13
years, and since the age of 16 years back pain has been a major complaint. The patient is, in
general, loose-jointed with flat feet; the head of the humerus was dislocated on one DECES 100
when she was thrown from a bicycle at the age of 7 years. A ganglion on the right wrist was
described at one time. X-ray film of the skull shows characteristic decrease in the vertical
dimension. A diastolic murmur at the left sternal border ILI!MHI‘\ unexplained. An amazing
feature of this case of undoubted osteogenesis imperfecta is the fact that no fractures have
occurred in spite of appreciable trauma on several occasions.



190 Heritable Disorders of Connective Tissue

The back is usually round, and the thorax has a characteristic conical or
beehive shape (see x-ray films). The face is usually triangular, due largely to the
bulging calvarium and faciocranial disproportion. The forehead is broad and
domed and the temporal areas are overhanging. The “temporal bulge™*" and the
“overhanging occiput™! (Fig. /1) are characteristic. The wvictims have trouble
getting hats large enough to fit them. As a result of the bulging calvarium, the ears
tend to be displaced outward and to point downward., On skull x-ray film the in-
ferosuperior dimension is reduced. This, together with the “oceiptal overhang,” the
frontal bossing, and the platybasia which may be present in severe cases, results in
a mushroom appearance of the skull on lateral x-ray examination. Apert® referred to

Fig. 69C, For legend see preceding page.

the skull as “crane en rebord.” and Nielsen!™

used the analogy “soldier’s helmet,” or
“helmet head.” In general, as with so many other hereditary disorders victims of
this disease tend to resemble each other closely, even though they are quite un-
related. The facies and skeletal proportions are so characteristic that one can
usually recognize the victims from a photograph, a feature useful in pedigree
investigations.'!

Because of pelvic deformity, successiul termination of pregnancy may be a
serious problem ™

By x-ray the bones are more radiolucent than normal. When x-ray films are
taken at times when no fractures are present, the skeleton may, at the most, be de-
scribed as only very “porotic.”'™ In fact, the x-ray films may show no definite ab-
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|1:|r||].'|.li|:_1.', and it may T -;‘1:I]L‘||.l:1:'1l that the I-||1:|i|1;_=|f=: o not jl!l:-‘-l:if_'. the lli;l,;_'_||u,-i_x' of
OI. In severe cases the cortex is thin, and gross deformities, such as are shown in
Figs. 734 to 73C, are demonstrated. Bone age is proportionate to chronologic age.

The teeth are particularly susceptible to caries, are easily broken like the
bones, hold fillings poorly, and, although normally shaped, may have an abnormal

amber, vellowish brown, or translucent bluish gray coloration.'® Both deciduous

Fig. 704 Pag, 708

Figs. 704 and 708. ]J. B. (459707), 21 years old. Bowed deformities of the extremities,
flat feet, and moderately bulging skull are evident. As a result of the bulging skull, the ears
point forward and downward. Beginning at the age of 8 years the patient has had a total of
approximately thirteen fractures with no decrease in the incidence of these at puberty. The
sclerae are deeply blue, ;

and permanent teeth may show this peculiarity. Witkop='® states that the teeth which
erupt first, e.g., the lower incisors, are the ones most affected. On x-ray examina-
tion the teeth are likely to show no pulp canal. Often during drilling, the patient
feels no pain, only vibration. One patient (5. W,, 782036) stated that although
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his teeth had always been embarrassingly vellow, they were unusually hard to
r_1ri||i|1j_:_ !u:-;!wriiuu revealed a pood state of 1':-;1;1ir. .chirugh most of each tooth
was vellowish, the 1_i[1 of each i]u‘ihﬂr wias Hl:ig_;h[l_\' 1!'5[1L!—-|I.I1;£'I1t and blue. Til(:. ]Ellllil];l.
+[l||'r1-. as in acquired types of osteoporosis, remains intact. The enamel is thought
to be fundamentally normal' and the abnormality is thought to reside in the den-
tine. This prompted Roberts and Schour™ to suggest the name dentinogenesis im-
perfecta® for the dental aspect of this disease rather than the terms hereditary
opalescent dentine or hereditary hypoplasia of the dentine, which had been used be-
fore. Pedigrees in which this was presumably an isolated anomaly inherited as a

Fig. 71. “Overhanging occiput” with decrease in the vertical dimension is demonstrated
by the skull of this 51-year-old patient (G. 1., 587372). She is edentulous. Definite platybasia
wias judged to be present. The patient has decply blue sclerae and has had a large number of
fractures dating from birth and resulting in marked deformity. She is scarcely taller than a
J-year-old child. Deafness of conduction type dates from the age of 13 vears following pertussis,
and there has been intermittent tinnitus, She has had weakness of the left quadriceps muscle
group, with absence of the left knee kick and anesthesia about the left knee resulting pre-
sumably from a compression fracture of the lumbar spine.

dominant are described.%:13%.172 Some of these pedigrees are undoubtedly instances
ot the generalized disease, osteogenesis imperfecta, in which the dental manifesta-
tions dominate overwhelmingly. Roberts and Schour™ were able to trace a family

*Odontogenesis imperfecia is a less specific term inasmuch as the first portion refers to
koth enamel and dentine,
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back five generations to 1763, The dental almormality was very striking and was
inherited as a strict dominant. Of forty-five individuals in five generations, twenty

two were affected. The authors made reference to other evidences of a mesenchymal
defect. Wit

viduals heterozyvgons for the dominant gene has heen thought'™" to be responsible for

e variability in the manmifestations of dentinogenesis imperfecta in indi-

reports of several dentine dysplasias as separate clinical entities.
To be differentiated from odontogenesis imperfecta is the hereditary abnormal-
ity of enamel production which results in discoloration of the teeth somewhat similar

aine with brown teeth traceable to
a male ancestor who was born in 1803 and whose parents, of uncertain dental

to that with Ol. Known to me is a family in A

Fig. 724. Fig. 725.

Figs, 724 and 72B. Lateral views of the spine in two patients with codfish vertebrae.

Fig. 724, Patient, |. L. I.. (Children's Hosp. Sch.), 13 years of age,

Fig. 728. Patient H. B. (Children's Hosp. Sch.). 2 wvears of age. The marked change,
called platyspondylisis,™ is shown,
status, immigrated from England. A detailed investigation of this family L. was
included in the report of Weinmann and associates*' Two types of hereditary
abnormality of enamel formation {(amyelogenesis imperfecta) are recognized: an
inadequate production of enamel substrate and a subnormal calcification of enamel
Clinical points helpful in differentiating the two varieties have been outhned.=™

The joints are characteristically excessively maobile!®3%82101 iy this condition,
just as in the Marfan syndrome and the Ehlers-Danlos syndrome. It is said!"
that this characteristic is at times so striking that the subject can perform as a con-
tortionist. The basis is in part the presence of weak, stretched tendons and joint
capsules and in part the deformity and maladaptation of the bony surfaces of the
joints. In one reported case,'*® the patient won prizes as a gymnast; his reper-
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Fig. 73.4. Frontal and lateral views
of femur showing hypertrophic callus.

[Fig. 738, Pseudocystic changes,

Fig. 73C. Marked curvature of a leg
due to bowing both m the temur and in
the tibia and hbula.
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toire included the ability to put his feet into his trouser pockets, Pseudoarthroses
may have been present. Grossly, Key™ described the Achilles tendon in one pa-
tient as the “diameter of a lead pencil (0.6 cm.) and translucent in appearance,
there being a striking absence of the dense white fibrous tissue usually seen.” From
the standpoint of histology and of pathologic involvement in a number of diseases,
the sclera hears many resemblances to tendon.™!

Rupture of the inferior patellar tendon may follow exertion with more force-
ful quadriceps activity than usual.™!'" This accident occurred in at least four
patients in our series (K. Z,, H.L.LH. 81588; K. Y., [ H.H. 594806; k. C., U.M.H.
40485; E. R. J.H.H. 602544). Habitual dislocation of joints?1335.641L115 op
of the patella,™ pes planus, and pseudoclubfoot' are frequent occurrences. In at
least two patients ( H.L.H. 19845; A94292) bhilateral clubfoot was thought to be
present at birth. The reason for confusion is evident from Fig. 62. The father of
one of our patients (]. B., 541962), himself a victim of OI, has suffered from re-
current dislocation of the shoulder. The articular laxity probably exposes the vic-
tim to falls which are so likely to result in fracture.

Fig. 74. Teeth in M. W., 32-year-old female with iragilitas ossinm, blue sclerotics, and
mild deafness. One of her two children (D, W., 736452) has OI. However, five siblings,
hoth parents, and all other relatives are apparently unaffected. The stunting and discoloration
of the lower incisor teeth are well demonstrated.

Whyllie and Schlesinger®™ reported two cases in children whose mothers con-
sulted them because of the child’s tardiness in walking. No fractures had oceurred ;
at least none had been recognized. The presenting complaint, a not unusual one
for OI, was apparently due to difficulty in fixing the jomts for walking. The diag-
nosis of OI was based on the occurrence of clear cases in the family and of sup-
porting radiologic changes in the patients. In one of our patients (K. F., J.H.H.
194765) there was such loose-jointedness and tardiness in walking and sitting that
flaccid diplegia was suspected for a time.

Scoliosis may develop as a result of laxity of ligaments as well as of vertebral
osteoporosis (Fig. 68). The spinal deformity is often extreme. Pain in the back
is frequent in these patients. As in the Marfan syndrome, muscular hypotonia
and underdevelopment has been emphasized by several writers.™%* As in the
Marfan syndrome, these features are quite clearly secondarv to the anomalies
of the tendons and joints and to general debility with reduced muscular activity.
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The fibrous skeleton of the muscles may be defective, but there is no evidence that
the muscle cell itself is at fault. At times, in children (N. T., A46910), enlarge-
ment and weakness of the lhimbs have suggested pseudohypertrophic muscular
dystrophy.

Hernia occurs with high incidence in these patients (see Pedigree 603 in
reference 16), as with all the other hereditary connective tissue disorders under
discussion, except pseundoxanthoma elasticum. The infant with OIC, shown in Figs.
634 to 63C, clearly demonstrates the combination of multiple fractures and ilateral
scrotal hernias. Cryptorchidism may occur in the males in association with inguinal
hernia (E. J. W., S.B.G. 6914).

The Eye. Blue sclerotics constitute the ocular hallmark of this syndrome. The
color of the sclera is described at times as robin’s egg blue, at times as slate blue.
“Wedgwood blue” is another vivid description. Of the manifestations of this dis-
ease, blue sclerotics are the most frequent. Oeccasionally they are absent in un-
mistakable instances of the syndrome. This is not surprising since a high degree
of variability in severity (expressivity) of this manifestation is to he expected, and
overlap with the curve of normal distribution is likely to occur. Impressively blue
sclerae are not infrequently encountered in persons free from all other stigmata of
this syndrome.

Often the part of the sclera immediately around the cornea is whiter, resulting
in the so-called “*Saturn’s ring.” There is prohably some increased risk of traumatic
perforation of the sclera, a complication which occurred in Buchanan's historic
case,="

EEmbryotoxon, a congenital opacity in the periphery of the cornea, sometimes
called arcus juvenilis, is very frequent.®H¥92117.182 Ry it lamp the cornea is
measurably thinner than normal.™™ Hypermetropia appears to be significantly
frequent.!=36.111.112 - Charioretinitis, probably on an independently inherited basis,
was reported by Colden.*

Other chinical manifestations probably closely related to the same defect of
scleral connective tissue are keratoconus, %2639 megalocornea,® and maculae cor-
neae.'* Keratoconus was present in one of our patients (E. Z., H.L.H. 81588).
Behr's patient’® had ectopia lentis. Premature arcus senilis is described. 12 However,
this may have been merely the embryotoxon mentioned above. In two cases ob-
served at this hospital™ glaucoma has been present. In one, it was discovered soon
after birth (R. F., 194765) and has been termed congenital ; in the other (H. |,
428403), the right eye was rendered blind ( phthisis bulbi), presumably by glaucoma,
at the age of about 20 years, and the other eye later was affected by so-called chronie,
wide-angle glavcoma. There are a few reports of associated glaucoma in the litera-
tare i

The Skin. The skin in this condition is characteristically thin and trans-
lucent. It may resemble prematurely the atrophic skin of the aged. Healing
of skin wounds has been found, by study of surgical incisions in these patients,
to result in wider scars than usual®™ Subcutaneous hemorrhages tend to occur
after minor injuries,® and tests of capillary fragility may be positive 191.202% JNa-
cular atrophy of the skin is described by Blegvad and Haxthausen.®' This may be
comparable to the spotty blueness of the sclera in some instances.'*?

*See page 198 for a discussion of hemorrhagic disease in OL.
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The Ear.®3%% Deafness is the least constant of the major features of OLM?
Although the histologic patterns may be distinet, the clinical!®-20.253240.87. 12,115, 11%
pattern of the deafness which accompanies this syndrome differs in no respect from
that of otosclerosis. Stenvers'? demonstrated that characteristic sclerosis of the
petrous portion of the temporal bone can be detected radiologically even before
the impairment of hearing has its onset ; and, of course, these changes may he pres-
ent but not so located as to cause deafness. Deafness may have its onset in the
teens, often begins during pregnancy.**'" In Nager's patient,* hearing loss had
its onset at the age of 9 years. As with otosclerosis of other origin, two types,
a commion stapes-ankylosing variety and a rarer cochlear type, have been described
alone or in combination. Therefore, there may be either conduction or nerve type
hearing loss.® Fenestration operation'™ has been performed in two patients with
good results by Shambaugh'™ and in one with indifferent results by Watkyn-
Thomas.'™ As with other tvpes of otosclerosis, middle-ear infection aggravates
the hearing loss ; and deafness may begin in pregnancy. There has been described '
an interesting blueness of the tympanic membrane, analogous to the blue sclerotics
so far as indicating thinness of the structure i1s concerned. The patient may com-
plain of almost constant tinnitus for long periods and of attacks of vertigo. Labyrin-
thine disease uncomplicated by deafness has been described =1=" [eicher and
Haas'™* described patients who had no dizziness and only mild diffcunlty walking
in the dark, but little or no response to vestibule-stimulating maneuvers.

Internal Manifestations. As for cardiovascular involvement, Sundberg'? and
Johansson™ have described calcification of large peripheral arteries in victims
of OIC. In one of our cases of OIC (557774 ; aut. 22803 in which there was neo-
natal death, necropsy revealed calcification of pulmonary and cerebral arteries.
Arteries in the limbs were not studied histologically. Although Bauer™ and Kaul'™
described changes in the connective tissue elements of the arterial wall, others have
not heen impressed with these. Lobeck,™ Colden® and Voorhoeve'®" described
premature arteriosclerosis. Congenital heart disease was present in one patient.'="
Hass® described heart disease in several members of a kinship. From the descrip-
tions of one of the members of that pedigree, rheumatic heart disease seems to have
been present in that individual. In general, the heart disease was probably unrelated
to the OI. Severe aortic regurgitation of obscure etiology was present in one
patient with OI seen at the Johns Hopkins Hospital when he was 16 vears old
(G. S, J.H.H. U45942).

In one of my patients ( ]. G., 149692), with severe S-type rotary scoliosis ( Figs.
694 to 69C), a faint diastolic murmur has been heard to the lefit of the sternum
and there is a borderline increase in svstemic arterial pulse pressure. \Whether this
sound represents regurgitation at the aortic or the pulmonic valve or possibly
has an extracardiac origin is unclear.

The severe spinal deformity may be followed by kyphoscoliotic cor pulmo-
nale (e.g., C. B., 242806). Premature emphysema is frequent.

There are no pathognomonic chemical changes in the blood. Significant ab-
normalities of caleium and phosphorus do not occur. Alkaline phosphatase activity
is often increased as a result of multiple healing fractures. We have been unable to
corrohorate the report'™® that serum acid phosphatase activity is significantly in-
creased in this disease.
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Siegel and his co-workers®* have described a 25-year-old man with OI and
hemorrhagic diathesis manifested by epistaxes, hemoptyses, easy bruisability, and
prolonged bleeding time. The Rumpel-Leede test was positive. A defect of the
platelet was demonstrated by means of the thromboplastin generation test. There
were multiple cases of O in the family, but the only one of these available for study,
a sister, did not show the abnormality. The authors suggested that the hemorrhagic
diathesis was of the type described by Glanzmann'™ in 1918 as thrombasthenia.
The cause of the capillary fragility was not clear. It was corrected by cortisone ;
however, this can be a nonspecific effect. Gautier and Guinard-Daniol'™ de-
scribed a 13%-month-old patient with Ol in whom defective clot retraction was
demonstrated. The mother had blue sclerae with hone disease, abnormal prothrom-
bin consumption test, and impaired clot retraction. The last two tests were also im-
paired in the father. Siegel and his co-workers®™ suggest that these two mesenchy-
mal defects (Ol and platelet defect ) are related and not simply coincidental.

Neurologic symptoms, particularly those of platybasia and of spinal cord com-
pression, occur occasionally but are usunally submerged by the other types of in-
capacitation from which these patients suffer. Backache and leg pains, which may
have an element of nerve-root compression in their causation, are of frequent oc-
currence. Neurologic deficits attributable to this are less frequent. As with idio-
pathic varieties of platvbasia (basilar impression), as well as that due to other
hone-softening diseases such as Paget's disease, rickets, hyperparathyroidism, and
sarcoid, four tvpes of neurologic involvement should be sought™: (1) internal
hydrocephalus; (2) hilateral, progressive cerebellar disturbance ; {3) interference
with the function of the lower cranial nerves; and (4) signs of spinal cord com-
pression at the level of the foramen magnum. The impingement of the odontoid
process of the axis on the brain stem is responsible for many of these manifestations.

Two methods are used to detect platvbasia radiologically : Chamberlain’s line
(from the posterior end of the hard palate to the posterior lip of the foramen mag-
mun ), normally lies above the entirety of the cervical spme® Such 1s not the case
m platyvbasia. According to Bull's index,*® the plane of the axis is normally parallel
to that of the hard palate, whereas, in platyhasia, the two planes make an acute
angle with each other.

Bell'® pictures the skeleton of a 12-year-old boy with marked skeletal changes
of OI and with hydrocephalus. The skeleton is in the museum of the Royal College
of Surgeons in London. Hydrocephalus developed in several of our patients
with osteogenesis imperfecta congenita (see Figs. 62 and 658 ).

Occasionally patients with Ol have retarded intellect (eg., 5. V., H.L.H.
73237 R F., 194765). Although arrested hydrocephalus may be the basis in some
cases, others probably represent mere coincidence of O and mental retardation on
another basis.

Summary of Clinical Manifestations. Bell'® provides entirely credible
figures for the incidence of the several manifestations: among adult individuals
“with blue sclerotics approximately 60 per cent have an associated liability to
fracture, approximately 60 per cent have an associated otosclerosis, and 44 per cent
suffer from all three defects.” These values might be higher were it possible to
eliminate those cases with hereditary blue sclerae on some other basis. It has not
heen established that blue sclerae can oceur on an independent, genetically distinct

—
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basis and as an isolated anomaly. (They do oceur with others of the hereditary dis-
orders of connective tissue.) However, such seems likely from experience with
similar situations.

INCIDENCE AND INHERITANCE

Among the fve disorders under principal discussion in this book, osteo-
genesis imperfecta vies with the Marfan syndrome for first place as to incidence,
It was relatively easy to accumulate over one hundred apparently unrelated pro-
positi for purposes of this study.* Between 1920 and 1940 forty cases of O were
seen at the Mayo Clinic.'® Of these, eleven had a story of the disease in other mem-
bers of the family. Almost hali of those with positive family histories had otosclero-
sis, whereas deafness occurred in only about one-sixth of those without a positive
family history.

There is no peculiar racial distribution of OI, cases having been described in
Jews™ and American Negroes,*® 712 and in natives of Japan,™* China,®' India,™
Egyvpt,”® and Russia,'** as well as all Western European countries.

The evidence i1s overwhelming that the disease 1s mherited as an autosomal
dominant. Bell'® found such to be the case for blue sclerotics in seventy-three kin-
ships with a total of 463 affected persons. In an analysis of eighty-nine families
with 1,000 individuals, of whom 515 were affected, Fuss™ demonstrated autosomal
dominance for the syndrome of bone fragility and blue sclerotics. One of the best-
studied pedigrees is that of a family of the Eastern Shore of Maryland, reported
by Hills and MclLanahan.®® Twentyv-seven of fiftv-one members of five generations
were affected. A number of other pedigrees with affected persons in five successive
generations have been published 146175

Seedorft,'"! after studying fifty-five kinships with 180 affected individuals, con-
structed a complicated schema based on the theories that (1) each component
of the syndrome is the result of a separate gene and (2) three separate genes control
the bone fragility, mutation in one, two, or three being responsible, respectively, for
OIT levis, OIT gravis, and OIC. This complex schema is untenable because of the
arguments against a multiple-gene basis of hereditary syndromes (see Chapter
1) and because of the probability on clinical and histopathologic grounds that the
three arbitrarily designated states are in fact different grades of severity of the
same disorder of connective tissue,

Frequently the statement appears® 1% that the so-called congenital form of the
disease probably is not inherited in many instances or is inherited in a different
manner (e.g., as a recessive) than the other forms.§ Many of such instances-
severely affected Ftiﬂ‘rmrn children of normal parents—may be de novo mutations. |
am not aware of the occurrence of two such offspring from parents who were in-
dubitably normal. (Obviously, identical twins with OICY211 [Fig. 654 | are not a
contradiction to this statement. Occurrence of the disorder in identical twins is evi-
dence of the genetic basis of the “congenital” form of OI. Furthermore, the
probable absence of increased parental eomsanquinity is against the view that OIC

*Patients from Baltimore or Maryland and patients who have been seen at some time at
Juhns Hopkins Hospital have been reported in several previous publications,'® %% =-s. i

A comparable question exists in connection with congenital cystic disease of the kidneys,
a disorder in which two forms may truly exist: a congenital form, which proves fatal very
early in life, and a late form, with average age of death at about 50 years'™
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is recessive. Fven if the parents had to be considered normal by every gauge,
suspicion of subtle abnormality would remain. When a severely affected offspring
from very mildly affected parents is encountered, there is the possibility that both
parents are heterozygous and the child homozygous.'**!

Seedorff'”! thought from the cases in the literature and from his own cases that
OIC occurred much more frequently in females. Among his seven cases of OIC,
only one was male. This might be construed as evidence that OIC is a distinct
entity. In our own experience, however, defining as OIC any case in which ab-
normality referrable to the skeleton was described at birth, the sex ratio does not
deviate significantly from one.

There have been advocates for the view that there is an entity called osteo-
psathyrosis idiopathica of Lobstein distinct from the triad of blue sclerotics, deaf-
ness, and fragilitas ossinm. ™' Some permit deafness in patients of the presumedly
distinct osteopsathyrosis group but insist that the main differentiating feature is the
absence of blue sclerotics. Holcomb'™ wrote as follows: “In the Dawvis family,
whose history 1 have investigated, the tendency to break bones with abnormal
frequency, especially in childhood, occurred in a number of persons in five genera-
tions of the family, but in no case was there the slightest indication of the blue
sclera or progressive deafness.”* This type of evidence does not necessarily indi-
cate that a separate entity is involved, since it is clear that in a given family
individual components of a syndrome may display considerable independence in
penetrance and expressivity. An alternative possibility is the existence of multiple
alleles.

In surveving the genetics of OI, Herndon'™ writes as follows: “In my opinion
we do not have sufficient critical information to permit us to distinguish between the
possihilities of (1) a minority of cases representing the homozvgous state of a differ-
ent or possibly the same gene; (2) a mutation rate for a dominant gene that is quite
high in relation to the number of clinically recognized cases, but not necessarily
high in terms of mutant genes per generation ; (3) a considerable reduction in pene-
trance of a dominant gene, with the rate of penetrance probably being different in
different family groups, modified either by unrecognized environmental factors
or possibly by modifyving genes; (4) any possible combination of the first three
factors.”"t These are some of the same factors as are discussed in connection with
the “cause” of “sporadic” cases of hereditary disease on pages 26 and 27,

Twins, both of whom were affected by OIC, were described by Schultze®"
The report 15 of further note because the father had blue sclerae and deatness
but no apparent fragility of the bones; support for the identity of OIC and OIT 1s,
therefore, provided.

Bell' found, in tabulating reported cases of bone fragility with blue sclerae
on the one hand, and cases of hone fragility alone, on the other, a seemingly
highly significant difference in sex incidence and mode of inheritance (whether
through mother or father) in the two groups. Although the explanation for a bias,
if such was the case, is not apparent, the use of published data rather than those
accumulated in a uniform manner by the researcher himseli is beset with such

*From Holcomb, D, Y.: J. Hered. 22:105, 1931,
tFrom Herndon, C. N.: Clin. Orthop, 8:132, 1956,
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pitfalls that it is doubtful that one is justified in concluding, and Bell does not
so conclude, that a fundamental difference is involved. On the basis of other
experience, it is entirely likely that blue sclerotics and fragilitas ossium of other-
wise indistinguishable character can occur as isolated, heritable anomalies ge-
netically distinet from osteogenesis imperfecta, It is, of course, well known that
otosclerosis clinically identical with that of osteogenesis imperiecta occurs even
more commonly as an isolated anomaly than as part of this syndrome. Otosclerosis
occurs, furthermore, as one component of a syndrome comprised also of con-
genital total color blindness.'™™" This is a situation somewhat comparable to that
involved in the ectopia lentis of the Marfan syndrome: the manifestations may
occur alone or as part of a complex syndrome.

Consanguinity is not impressively frequent in the pedigrees of OI. In the
motion picture Mouwlin Keouge, the screen biography of Toulouse-Lautree, the
country physician, recognizing the boy's malady as one which is frequently heredi-
tary, points out to the parents that they are first cousins. Actually it is likely
that the consanguimity had nothing to do with the son’s condition unless both
parents carried the disease in very mild form so that there was a chance for
the son to have the trait in “double dose,” ie., homozyvgous form. It is not
known that either parent had any stigma of Ol. A comparable situation is de-
scribed by Liber,'™ who reported on the offspring of a marriage of first-cousin
children of first-cousin parents. The proband had bone disease and deafness. The
mother “was short and squat, had a large skull, and was and apparently always had
been almost totally deaf.” A child of the proband had multiple fractures. Thus
the consanguinity probably playved no role. On the other hand, Komai and his
associates'™ made reference to the consanguineous mating of two individuals, with
only blue sclerotics resulting in a child with the full-blown syndrome.

“Skipped generations” have heen described 8171216 iy ywell-studied families.
Because of the exceedingly wide range of expressivity it is not surprising if mani-
festations in fundamentally affected persons are at times too mild to be recognized
clincally.

[Even with the excellent system for indexing hereditary diseases in Denmark,
Seedorff'™ concluded that one is not justified in attempting to calculate the mu-
tation rate for this anomaly. Furthermore, Seedorff could find no conclusive evi-
dence that the parents of patients with osteogenesis imperfecta tend to be older, as
seems to be the case in chondrodystrophic dwarfism.®™ In his group of cases of
OIT, Seedorff' concluded that these individuals are 1.4 times more productive of
children than their normal siblings. So far as perpetuating the disease is concerned,
cach affected individual produced, on the average, 0.75 affected children. If it were
not for constantly occurring new cases on the basis of mutation, the disease would
in time disappear. Seedorff estimated that in Denmark one infant with OIC is
born each year,

Komai and his associates'! attempted a crude estimate of the mutation rate

in OI, assuming that all cases of OIC represent new dominant mutation, that the
female preponderance in OIC is genuine, that four out of five affected male fetuses
die before birth, whereas none of the affected female fetuses die in utero, and finally
that the frequency of OIC is about 2 per 100,000 births. OIC cases represent by this
estimate a mutation rate of 1.67 < 10® per gene per generation. There is also
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no reproduction in the severe form of Ol tarda, which, according to Seedorff, is
214 times as frequent as OIC. In addition, the reduced effective fertility of late
cases would bring the total estimate of mutation rate to about 4 > 10 per gene

per generation.

PATHOLOGY '

Histologically, the cortical layer of the bones and the trabeculae of the spongiosa
are thin. The periosteum may appear normal, but some have reported reduction in
the number of subperiosteal osteoblasts. A peculiar, basophilic, periodic-acid-and-
Schiff-positive material has been found in place of osteoid. In other tissue, only
argyrophilic reticulin fibers and no mature collagen are demonstrated. Histo-
chemically, phosphatase activity is not demonstrably disturbed, epiphyseal carti-
lage appears to be completely normal,** and invasion of the regularly arranged
cartilage cell columns by capillaries is normal. The metaphysis shows calcified
cartilage but no true bone or osteoid. This calcified cartilage tends to fracture
and fragment. Organic bone matrix fails to be deposited and in its stead a peculiar
basophilic material makes its appearance. As stated above, the material stains with
periodic acid and leucofuchsin and, furthermore, is argyrophilic. Follis*® suggests
that it may represent immature bone matrix in the manner that reticulin, which it
resembles in its staining properties, may represent immature collagen.

Swedish workers using recently developed biophysical techniques demon-
strated disorganization of the collagen matrix.'™* The specific techniques which
they employed were microradiography, polarized light microscopy, and x-ray
diffraction. Their findings are by no means iconsistent with those of Follis: . .
in osteogenesis imperfecta the compact bone has a quite abnormal distribution of
mineral salts and arrangement of organic fibers. . . . The immature fibrillar hone
normally seen in the foetus and newborn infant resembles in several ways the tis-
sue found in osteogenesis imperfecta. Normally this primary bone tissue 1s rapidly
replaced by secondary bone after birth, but in osteogenesis imperfecta this second-
ary hone tissue 1s not found.”*

Osteoblasts and osteoclasts are usually present in normal numbers. Chemi-
cally, calcium and phosphorus are present in the bones in a normal ratio; the total
content of bone salts is reduced, however,

In the skin, Follis*" found absence of normal adult collagen fibers and substi-
tution by argyrophilic fibers with other properties of reticulin. The shrinkage temp-
erature of the skin was normal, however.

In the eve, decreased thickness of the sclera has been described as early as
1841 by v. Ammon® and more recently by Buchanan,®® Casanovas,*® and Follis,*®
but normal thickness was found by Bronson®® and Voigt.'** Ruedemann®™ has
found histologic changes in cornea and sclera fundamentally identical to those
described by Follis*® in the corium. Clearly, the blue coloration is the result of the
brown-pigmented choroid showing through the thin sclera.!™

In sections of the teeth, “clodlike” calcification of quite abnormal type is
seen. Rushton™ showed that peripheral pulp cells produce “precollagenous™ argy-
rophilic fibers but that these are not converted into collagen except in the immediate

FFrom Engfleldt, B., Engstrom, A., and Zetterstrom, R.: J. Bone & Joint Surg. 36-B:654,
1954,
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vicinity of blood vessels. These observations are in complete agreement with those
of Follis, in bone, skin, and sclera.

Histologically the changes in the ear in osteogenesis imperfecta are quite
distinct from those of otosclerosis, despite the close clinical similarities, according
to the studies made by Ruttin,” Gimplinger,” and others. Others®™ maintain that,
although the changes in the bone of the labyrinthine capsules are admittedly
distinctive, deafness does not develop unless there is present histologically typical
otosclerosis. It 1s my impression that the precise pathogenetic relationship of deaf-
ness to the rest of this syndrome is i the mam unknown.

THE FUNDAMENTAL DEFECT

A generalized mesenchymal defect has been assumed for several decades.
The recent histologic investigations of Follis (described above) appear to indicate
that the fundamental difficulty may be in the maturation of collagen beyvond the
reticulin fiber stage. (This assumes that one can subscribe without reservation
to the view that reticulin fibers are immature collagen hbers.™ Even if this is
not the case, it can be stated that the collagen fibers in O are abnormal and
resemble reticulin fibers in many respects.) So far as the bones are concerned,
the disease must be considered a disorder of osteoblastic activity. Normal chondro-
blastic activity is suggested by the fact that growth and development of cartilage are
normal.

It has been claimed by Seedorff'®! that a condition in cattle called anosteo-
plasia congenita®™ is an identical disorder. Coop™? writes as follows : “Osteogenesis
imperfecta 15 a condition recognized with increased frequency in cats during the
last eight vears, especially in the Siamese and Burmese breeds.” Study of such
anmimals could be very useful to the understanding of the disease in man. That
the disease behaves as an autosomal recessive in cats'™1%'7!" js not necessarily an
indication that its basic nature is different from that of the disease in man. Heredi-
tary spherocytosis in mice 15 recessive and i man 15 dominant ; the biochemical de-
fect may be identical.’™ Calkins and his associates'*" observed a disorder™Tre-
sembling osteogenesis imperfecta in the standard French poodle and in the Nor-
wegian elkhound. The frequency of fractures diminished at puberty. Clinical differ-
ences from the disease in man were attributed to early weight bearing and rapid
leg growth in dogs. A reduction in the net rate of collagen formation seemed to
be present.

Giordano' in Milan, Italy, has been studying histochemical enzymatic re-
actions in OF,

Although such a suggestion must remain speculative at this stage, one won-
ders if there may not be synthesized, in osteogenesis imperfecta and possibly in some
others of the hereditary disorders of connective tissue, an atypical species of fibrous
connective tissue protein. Do the amino acid sequences of collagen, in OI, differ
from those in the “normal” by a single amino acid substitution, comparable to the
recently demonstrated differences in several of the hemoglobin variants?

MISCELLANEOUS CONSIDERATIONS

In general, a decrease in the incidence of fractures is observed after puberty'**
with, possibly, an increase in this incidence after the menopause. The father of one
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of my patients (C. B., 351637) had numerous fractures up to the age of 16 years
but thereafter was well enough that he served in the Navy for several years! Both
sexes show the improvement at puberty. Both clinical experience in man* and
experimental evidence from animals® indicate an important role of sex hor-
mones in the normal formation of bone matrix. This hormonal influence may
explain in large part the observations cited above; increased vigilance on the part
of the patient may be in part responsible for the improvement after puberty.

Estrogens and testosterone are worthy of more extensive trial in these pa-
tients.®™ Certainly it is important to avoid the superimposition of postmenopausal
osteoporosis on the osteoporosis of this heritable disease.®' Nonmasculinizing
forms of androgens®™ might be a boon. Sex hormones are said™® to be beneficial
in osteogenesis imperfecta of cats. Serum albumin, which seems to be a percursor
for bone matrix, is beneficial when administered to patients with certain acquired
varieties of osteoporosis.® It apparently has not been used in osteogenesis imper-
fecta. Strontium has also not been tested, '™ with the exception of one study=*
in which the author thought the results were favorable and rendered further study
worth while. As one might expect, all manner of medications have been em-
ployed for this distressing and long-standing disorder, for example, thymus ex-
tract.'™ Furthermore, because of difficulties in evaluating results, the variable
course of the disease, and wishiul thinking on the part of physicians and patient,
enthusiastic reports have at times been forthcoming.

Unless quite by accident some efficacious therapeutic measure is discovered,
no definitive progress in the therapy of OI can be anticipated until the precise
reason for the failure of normal development and/or maturation of collagen is
understood. Only then can measures directed at correcting the specific deficit be
devised. There is every reason to anticipate that the biochemical defect in heredi-
tary disorders such as this will be precisely defined in the future. Optimism in re-
gard to possibilities of correcting or modifying the basic defect is justified.

Osteogenesis imperfecta and the Marfan syndrome were thought to be present
in the same patient, by at least two authors (references 111 and 112 in Marfan
section).  Although arachnodactyly may have been present, it is not certain that
the specific entity of the Marfan syndrome was also present. Fromm and his
colleagues'™® and Weil*™ described precocious menarche, blue sclerae, multiple
fractures, and irregular cutaneous pigmentation—many of the features of Albright’s
polyostotic fibrous dysplasia. Although Fromm referred to it as osteogenesis im-
perfecta, it seems doubtful that this was fundamentally the same disease as that
to which we have applied the designation OI in a rather specific manner in this
discussion.

As in acquired forms of osteoporosis it 1s highly important to avoid immobili-
zation of the patient because of the further depletion of bone matrix occasioned
thereby. It is doubtful that a high intake of caleium, phosphorus, and vitamin
D is helpful, and the combination of these with immobilization may have dire
effects: C. B. (J.H.H. 242806) developed large bladder stones and a Proteus
infection of the urinary tract after immobilization for eleven weeks in a cast and
a “bone-building diet” which included several quarts of milk a day and added
caleium and vitamin D. The pinning and plating of fractures have much to
recommend them because they reduce the necessity for immobilization.
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Osteotomies and related procedures of orthopedic surgery are emploved to cor-
rect deformities. Fixation by an intramedullary rod has also been recommendec. 134

In severely affected women, pregnancy is not to be encouraged, not only be-
cause of the 50 per cent chance of the child’s being affected but also because of
adverse effects of the pregnant and the parturient® state on the skeleton. Deafness
from otosclerosis often begins or is aggravated during pregnancy. (Some, e.g.,
Nager,'™ doubt a relationship, however.) Because of the pelvic deformities of the
disease, delivery may be mechanically very difficult.®*® One p'.’ltil:*nl.'hi has fractured
her coccyx with each of the deliveries. There i1s a strikingly high incidence of
breech presentation in cases of OIC born of normal mothers.

Because of inactivity it is easy for victims of this disease to become obese. Obvi-
ously, this is to be avoided. In young patients, Frohlich's syndrome 1s sometimes
suspected without basis.

Achondroplasia 1s a frequent misdiagnosis in these patients. Confusion may
occur at birth (see Fig. 62) or in later life. The patient described by Ruth®¢
was diagnosed as having achondroplasia because of the big head and short limbs.
At the age of about 50 years he was selling papers from a wheel chair. In a pa-
tient 53 years old (L. L., Sinai 70327), it was concluded as follows: “In regard
to the developmental anomaly of this patient: I believe he is an achondroplastic
dwarf with tvpically well-built torso and relatively short spindly legs.”

OI, a hereditary form of osteoporosis, is accompanied by blue sclerae. In other
forms of osteoporosis, such as Cushing’s syndrome, prolonged administration of
adrenal steroids, and senile (or postmenopausal) osteoporosis, it is likelv that the
connective tissue defect is more extensive than merely involving the organic matrix.
[ have m isolated instances (e.g., M. H., 738167 ) been impressed with the occur-
ence of blue sclerae in senile osteoporosis.

Vaughn®"® noted an increase in the blueness of the sclerae in a case of OI,
with episodes of stress such as fractures. This observation, as well as the de-
clining frequency of fractures at puberty (and possible increase after the meno-
pause ) may represent an interaction of hormonal effects with the hereditary dis-
order of connective tissue.

Blue sclerotics can, of course, not as a rule be used as the only criterion for
the diagnosis of Ol. Evaluation is especially difficult in children, who normally
have bluish sclerae.

It is of interest that an Osteogenesis Imperfecta Foundation has been estah-
lished under the laws of the state of Texas, with headquarters in Fort Waorth.*

SUMMARY AND CONCLUSIONS

Osteogenesis imperfecta is a generalized disorder of connective tissue in-
volving, in addition to bone, the skin, ligaments, tendons, fascia, sclera, and
inner ear. Although the most frequent functionally important manifestations are
brittle bones and deafness, blue sclerae are a dramatic feature, and thin skin, loose-
jointedness, and hernia occur as manifestations of a single basic defect.

An exceptionally wide range of expressivity has resulted in the description of
several different syndromes, all of which may be hut different expressions of a single
type of connective tissue disorder, inherited as a Mendelian autosomal dominant.
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OSTEOQOGENESIS IMPERFECTA DEFECT IN MATURATION
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Fig, 75. A pictorial pedigree of causes,

Studies to date are most consistent with the view that the basic defect is
one which involves either the maturation of the collagen fiber beyvond the stage
of the argyrophilic, reticulin fiber or the synthesis of a different species of collagen
with tinctorial resemblance to reticulin.
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6. PSEUDOXANTHOMA ELASTICUM

HISTORICAL NOTE

Tm:‘. first description of the skin changes and the first autopsy report were pro-
vided by Balzer! in 1884, Because of the vellow and elevated appearance of
the skin lesions, the disorder was grouped with the xanthomatoses by Balzer and by
Chauffard.'® The disease was identified as a separate and nonxanthomatous entity
by Darier' in 1896,

In 1889 Chauffard,* at a meeting of the Société Médicale des Hopitaux in
*aris described a patient destined to occupy a prominent role in the history of this
disease. His case was separately reported, during the next fifteen vears, by Besnier
and Doyon®; by Darier," who established the histopathology and offered the name
pseudoxanthoma elasticiem with the alternative elastorrhexis; and by Hallopean and
Laffitte,*! who deseribed dramatic changes in the fundus oculi. The patient’s well-
documented story is of further interest because it demonstrates the typical features
of the syndrome from which he suffered: changes in the skin, repeated massive
gastrointestinal hemorrhages, weak peripheral pulses, and failing vision. Chauffard’s
discription! follows* :

This is a man of thirty-five years. . . . At twenty-four years of age, while doing

his military service in New Caledonia, he suffered a laree hematemesis, This accident

repeated itself several times (at ages twenty-six, thirty-one and thirty-three). This

summer he was admitted to the Hatel Dieu for a hematemesis,

In 1880 L. was discharged and returned to France; and it was shortly afterward,

he states, when he noted the beginning of his skin affection. . . . The xanthomatous

eruption is comprised of a series of evolving groups, perfectly symmetrical and confined

exclusively to the several flexural folds, that is, base of the neck, the two axillary

creases, the folds of the elbows, the anterior abdominal wall, especially just below the

umbilicus, the two inguinal triangles, the inferior aspect of the penis, around the anus,

the two popliteal fossae. . . . The center of the group is formed by an almost confluent

agglomeration of intradermal plagues, soft to the touch, projecting to some extent

like papules, separated by small folds of skin. Their coloration is rather pale, resembling

that of fresh butter or wvellow chamois: the size of the largest plaque is scarcely

FAnatole Chauffard (1835-1932), an internist, is better known for his discovery (with
Minkowski) of congenital hemolytic icterus (1900) and of the increased fragility of the ery-
throcytes in this condition (1907).*

TTranslation mine.
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greater than that of a pea. . . . If one retracts both lips, one sees that the mucosa of
the inner aspect is involved. It demonstrates a cluster of small, yellowish intramucosal
nodules, resting on a richly vascular background traversed by numerous dilated and
tortuous capillaries. . . . In February there developed an unusual phenomenon of
which there is today scarely any trace remaining. The peripheral zone of the eruptive
groups in the skin were traversed by rather large, violaceous rose networks which were
not elevated and formed a congestive halo around the yellow plagues. . . . Today
traces of this perinodular hyperemia remain only in the pectoral regions, on the an-
terior extension of the axillary groups. . . .

The pulse is feeble and compressible and gives with the sphygmometer of Verdin
a tension of 630, rather than of 730, the averaze normal figure.

In August, 1896, at the Third International Dermatologic Congress in London,
Darier™ reported histologic studies on the skin of Chauffard’s patient. By 1903, this
patient had developed amblyopia; and Hallopeau and Laffitte® reported that there
was “chorioretinitis of the central region, involving the macula, with secondary
atrophy of the optic disc.”

Although Hallopeau and Laffitte in 1903 speculated that there might be some
connection between the changes in the skin and those in the fundus oculi of Chauf-
fard’s patient, it was not until 1929 that the relationship of angioid streaks and
pseudoxanthoma elasticum was established by Ester Gronblad,® an ophthalmolo-
gist, and James Strandberg,™ a dermatologist, both of Stockholm. Angioid streaks
had been described by Doyne!® in 1889, and the name was assigned by Knapp'! in
1892, Knapp thought angioid streaks have a vascular basis. Their origin as a
result of crazing of Bruch’s membrane was first suggested by Kofler® in 1917.

Involvement of the peripheral arteries in this syndrome and the physiologic
consequences thereof have been studied in the last twenty-five years by Carlborg,?
Van Embden Andres, ™ Scheie and Freeman,™ Urbach and Wolfram,™ Prick 3853
Guenther,* and Wolff and his associates.®! Gastrointestinal hemorrhage was em-
phasized by several of these authors and particularly by Revell and Carey®™ in 1948,
Evidence that this disease may be an abnormality of collagen fibers rather than
elastic fibers can be attributed largely to Hannay,* who used standard histologic
techniques, and to Tunbridge and his collaborators,™ who used electron microscopy.

Pseudoxanthoma elasticum is an objectionable name for this syndrome, since
it refers only to its cutaneous aspect, perpetuates the possibility of confusion with
the xanthomatoses, and conveys the notion that elastic tissue is unequivocally the
defective element. Unfortunately, the only eponym that has been applied to this
syndrome at all frequently, Gronblad-Strandberg, is not easily remembered or
spoken and has not attained wide use. “PXE" is the abbreviation that will be used
frequently in this presentation to refer to the entire syndrome.

CLINICAL MANIFESTATIONS

Clinical expression of PXE is found mainly in three areas: the skin, the eve,
and the cardiovascular system. Because of the widespread involvement of the mus-
cular arteries, hemorrhagic symptoms referable to virtually every organ system may
occur. The following descriptions are based in part on eighteen cases observed at
Johns Hopkins Hospital.

The changes in the skin (Figs. 764 and 78.4) are often not recognizable clini-
cally before the second decade of life or later. The face, neck, axillary folds, cubital

_—
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areas, inguinal folds, and perivmbilical area are particularly prone to involvement.
The skin in the perioral area, including the creases of the skin, another zone of par-
ticular wear and tear, is likely to show changes. (It is of note that senile “elastotic
degeneration” [v. infra| occurs frequently in the same area, as indicated by the fre-
quency with which this histologic change is seen in specimens of lip carcinoma.
Surgical pathologists and skin pathologists become very familiar with senile elastosis
because of its frequency in specimens with neoplasms of the skin in older individ-
uals.) The skin becomes thickened and grooved like coarse-grained Moroccan
leather. The areas between the grooves, diamond-shaped, rectangular, and poly-
gonal, are elevated and yellowish. Cutis rhomboidalis nuchae and la pean citréine,

Fig. 76.4.

Figs. 76.4-760;, C. T. (382989}, a 32-year-old man. A and B, The skin is lax, rigid, and
grooved with a vellowish tint. £, Angioid streaks and proliferative changes in fundus oculi. I,
Calcification of deep femoral artery (photograph retouched). E, Calcification of posterior tibial
artery (photograph retouched). F, Histologic changes in the skin. Elastic tissue stain. (%50.)
(r, Same. (%125.) The skin of the neck, axillae, and groin is involved. Both second toes have a
congenital flexion deformity (“hammertoe”). Beginning at the age of 30 years, the patient
has had a total of about ten massive gastrointestinal hemorrhages necessitating hospitalization
and transfusion. No bleeding site has ever been identified. X-ray film of the lungs reveals
peculiar nodular densities diffusely distributed throughout both lung helds. (Fig. 768, From
McKusick, V. A.: Bull. New York Acad. Med. 35:143, 1959.)
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Fig. 768.

Fig. 76C.

Figs, 7608 and 760, For legend see page 215,
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although terms used for conditions distinct from PXE, would often be appropriate
for the changes seen in these patients.®" “Crepelike” is a suggested description.!”®
The skin in the involved areas becomes lax, redundant, and relatively inelastic. In
girls, and the female is more often affected by this disorder, the cosmetically undesir-
able changes in the skin, especially that of the neck, are often occasion for consulting
medical advice. The soft palate often shows changes grossly and histologically
identical to those in the skin® ; the inner aspect of the lips is a commonly affected
mucosal area '

patients the cutaneous changes are exceedingly mild despite advanced ocular and

At times the mucosa of the rectum and vagina is affected.® In some

Fig. Foi. Fig. 761,

Figs. 760 and 76E. For legend see page 215.

arterial changes (Fig. 78). Van Embden Andres™ described four patients with
only minimal clinical but typical histologic changes in the skin. In two other cases
of his, there were no clinically detectable changes in the skin vet there were posi-
tive findings on biopsy. Rubbing or stretching of the skin may make the lesions
more evident.  Extensive calcification of subcutaneous tissues occurs in some
cases. Sometimes the patients report expressing “matter” from the nodular lesions
of the neck and about the chin. In Gold's case® ulceration and drainage of the skin
lesions oceurred, but this must be very rare.
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Fig. 76k,

Figs, 768 and 766G, For legend see page 215
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Fig. 77A. Fig. 77HR.

Figs. 77A-77F. D. G. (757275), 48 vears of age at the time of study, has extensive cu-
taneous and mucosal tl]qil!]..‘l.' and fundus changes. In her early 2005 several massive hematemeses
occurred, for which gastric resection was |;J-.t|c|-r:||::'4l It may be sigmhcant that the skin
changes hrst appeared after measles at the age of 3 years. No pulses were palpable 1n the feet.
X-ray films showed extensive caleification in the abdominal aorta. In this patient the diagnosis
might be suspected from the chest x-ray film, which shows folds of redundant skin in both
axillary areas. This patient had congenital short thumbs (short terminal phalanx), probably
as an i1t:11‘]un-:|n1l_ hereditary anomaly. Stecher'™ suggested that the .L'Inl--lllmlih iz inherited as
a recessive, although other less extensive studies have proposed dominant in heritance.

A and B, (_I:m-,u.w m the skin of the neck. C, The neck and .l“.l”ql'l.' 7, The anterior
abdomial wall. % and /#, The neck before and after plastic surgical repair.
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The characteristic changes in the eye are demonstrated by funduscopic exami-
nation and consist of angioid streaking of the fundus (Fig. 76C). These streaks
are brownish or gray and are four or five times wider than veins but resemble vessels
in the manner in which they course over the fundus. Proliferative changes occur,
with the angioid steaks as points of origin. Hemorrhages from the retinal vessels

Fig. 770,

4

Fig. 7712 Fig. 77F

|'-i;..';.'k. ??J’J-?;’_I' ]'-Ill' 14,'3_'::|'|1|_ S0 page _!1':1_

occur both with and without trauma to the eye and are followed by organization.
These retinal changes result in loss of vision, which is usually only partial, yet very
severe. White or vellowish dots referred to as colloid bodies, or Driisen, are de-
scribed®! and were present in the vicinity of the dises in the patient whose skin
changes are demonstrated in Fig. 78. The angioid streaks are by no means necessarily
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Fig. 784.

Figs. 784 and 788. P. J. G. (J.H.H. 721600), 45 years old, had a severe gastrointestinal
hemorrhage at the age of 34 years. Wo basis was discovered and there was no recurrence, He
was told at that time that he had hemorrhage in the right eye. For several years, especially in
winter, he noted cramping and fatigability of the legs. At the age of 44 years there was onset
of progressive failure of vision. There are no similar abnormalities in the family. Examination
revealed only minimal changes in the skin of the neck (A4 and B). The skin would have been
passed as normal were it not for the rest of the clinical picture. The skin elsewhere was normal
except possibly for shightly increased looseness in fAexure areas. Both fundi showed large
areas of old hemorrhage and fibrosis in each macular area, typical angioid streaks, and hyaline
bodies near the optic discs. Mo pulses were palpable in the legs below the femorals. Blood
pressure and clectrocardiogram were normal. The aorta was moderately tortuous, and serum
cholesterol was 335 mg. per cent. (Patient seen through courtesy of Dr. J. B Krevans.)



222 Heritable Disorders of Connective Tissue

present at birth; actually, like the skin changes, they usually develop in the second
decade of life or later. Whether trauma plays any contributory role in their patho-
genesis is unclear but seems likely. Electroretinography revealed no abnormality in
the patient shown in Fig. 77.11%

It is important to realize that although angioid streaks are the ocular hallmark
of PXE, not infrequently only a less specific central chorioretinitis is present.”™
This may have been the case with Chauffard’s famous patient®' Like the hemor-
rhages, the central chorioretinitis is a grave threat to vision because of involvement
of the macular areas. Anderson® described a family in which PXE of the skin
was associated with choroidal sclerosis in four males. The choroidal selerosis alone
was present in a fifth male. Short angioid streaks seem evident in certain of the
illustrations.

Clinically the arterial involvement is expressed by pulse changes and symptoms
of arterial insufficiency in the extremities, by x-ray evidence of premature medial
calcification of peripheral arteries, by symptoms of coronary insufficiency, by hem-
orrhage in one or more of many different areas, and by hypertension.

Weakness or absence of pulses in the extremities is a frequent finding. Fa-
tigability or frank intermittent clandication may occur in the legs. The development
of these manifestations by the third decade or earlier and the involvement of the
arms as well as the legs aid in the differentiation of these changes from those of
ordinary arteriosclerosis. Figs. 760 and 76 give examples of arterial caleification
which began to develop at least as early as the latter part of the third decade of life.
Calcification as early as the age of 9 vears has been described®™ ; in this child, inter-
mittent claudication, loss of pulsations in the distal arteries of the limbs, calcification
of the arteries, and repeated attacks of melena (see below ) were present. A brother,
25 years of age, had similar symptoms. Angina pectoris probably occurs more fre-
quently than would be expected in the age groups concerned.

Hemorrhages constitute the major medical problem in most cases of PXE
which come to the attention of the internist. Gastrointestinal hemorrhage is com-
mon®® and may be fatal.***' It may occur from a lesion such as peptic ulcer or
hiatal hernia, which per se can produce hemorrhage, but in most cases of PXE the
source of bleeding is not evident on clinical study. In cases of peptic ulcer, the ar-
terial disease plays a strong contributory role to hemorrhages, similar to that of
arteriosclerosis and primary amyloid disease. Superficial ulceration has been dis-
covered by gastroscopy'™ or on gastrectomy.® In my own experience, gastroin-
testinal bleeding in PXE has occurred as early as 18 vears of age. In cases of
gastrointestinal hemorrhage, the physician should almost automatically look for
the skin changes of this syndrome just as one should look for Kayser-Fleischer
rings in patients with liver disease, and for cutaneous telangiectasia in these same pa-
tients with gastrointestinal hemorrhage. Some patients visit many different clinies,
seeking the cause of bleeding. Some have repeated abdominal explorations and
repair of some lesion, such as hiatal hernia, which may or may not be incidental.
The reports of massive gastrointestinal hemorrhage during pregnancy in three
wonen with PXE120 spgaest that pregnancy has an aggravating influence. Nellen
and Jacobson' noted flushing of the skin lesions with each episode of hematemesis.

In addition to gastrointestinal bleeding, the types of hemorrhage by location
melude subarachnoid, retinal, renal, uterine,™® bladder, and nasal. Spontaneous
hemarthroses occur.™ Ixcessive bleeding from cuts of the skin does not seem
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to be a problem, although hemorrhages in the skin lesions have heen described, 147
Foerster's patient®® sought medical advice because of purpura on the legs, and
later on the left forearm. At the age of 16 vears, one of the patients in my series
(R. E. H., J.H.H. 193470) had a severe illness diagnosed as “black ( hemorrhagic)
measles.” [t 15 possible that the connective tissue disease was responsible for
the hemorrhagic manifestations of the measles. Subarachnoid hemorrhage is com-
monly a cause of death.

The incidence of hypertension is probably high enough to make it worthy
of consideration as a genuine component of this disease syndrome. It may be
the result of vascular disease, of the PXE type, in the renal vessels, but this is
pure speculation. The occurrence of hypertension is unfortunate hecause of its
aggravating influence on the tendency to hemorrhage. In one patient,'™ 29 vears
old, intercranial “berry” aneurysm occurred in association with skin changes and
angioid streaks. Scheie and Hogan''® had a similar case. Another patient (E. W,
J.H.H. 69818, seen in the past in Johns Hopkins Hospital and twice reported .58
has since died of cerebral hemorrhage at the age of 43 years. Severe hypertension
and pronounced albuminuria were persistently present in the last few vears of
life. Rosenhein! tells me of a case of PXI in a teen-ager, with severe hyper-
tension and with calcification of bath renal arteries.

Caletheation in peripheral arteries (both arms and legs) has been determined
radiologically by a number of observers, including Sanbacka-Holstrom,” Zent-
mayer,* Silvers,™ Silvers and Wolfe,®' Carlborg,* Scheie,® and Wolff *!' Calci-
fication, probably also of vascular location, is sometimes demonstrated in the choroid
plexus™ ' by skull x-ray. It was demonstrated in the siphon of the internal
carotid artery in a 30-year-old patient of this series and in reported cases 5113
[n a 31-year-old European woman living in South Africa, Nellen and Jacobson!"®
demonstrated calcification of the coronary arteries radiographically. (Calcification
of the falx cerebri and of the pineal was also present.) A 34-year-old brother
with skin lesions had coronary thrombosis. Scheie and Hogan''® described a case
of PXE with "hilateral calcified carotid artery aneurysms.” Hypercholesterolemia is
not a necessary factor in the premature vascular change, although its presence prob-
ably exaggerates pathologic alterations. We have one patient (J. C., 279288) with
typical cutaneous and fundal changes of PXE and equally typical Leriche syndrome
(thrombotic obliteration of the bifurcation of the aorta) for which successful homo-
grafting was performed. In another patient, a 48-year-old woman ( Fig. 77 ), there is
extensive calcification in the abdominal aorta. Both manifestations may bear no re-
lation to the PXE.

Dilatation of the aorta has been remarked on in several of the cases. This was
the case, for instance, in Joffe's 30-year-old patient®® and in the 35-vear-old, normo-
tensive patient of Marchionini and Turgut.’® Whether this finding bears a di-
rect relationship to the fundamental defect is unclear. Case 9 of Carlborg? dem-
onstrated marked dilatation (phlebectasia) of the jugular veins.

Psychiatric disorders seem to occur with abnormally high frequency in these
patients. Whether these can be explained on the basis of cerebral vascular changes
is difficult to state. Certainly the high incidence of neurologic abnormalities is at-
tributable to the vascular disease and hypertension. The nature of the neurologic
abnormalities will not be discussed in detail because they are highly variable, vet
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per se not unlike what one customarily encounters with advanced arteriosclerosis
and /or hypertension. The unusual feature is the relatively early age at which the
neurologic accidents and deterioration occur.

PATHOLOGY

[n the skin, the characteristic changes occur in the deeper and middle zones of
the corium ( Fig. 76F ). Large aggregations of material with the staining property
of elastic fibers dominate the field. This material 1s granular for the most part, but
in places rodlike structures more closely resembling fragmented collagen bundles
are seen. Tuberculoid areas with giant cells™™ occur in the area of degeneration
(see Fig. 2-C in reference 7). Calcification of the degenerated material occurs to a
pronounced degree. This was established by Finnerud and Nomland," using
the von Kossa stain, and by Lobitz and Osterberg *® using microincineration. Actual
hone formation is claimed.®

Most histologic studies of the eye®=2294%57 have shown basophilia and tears
in the lanina elastica of Bruch’s membrane ; Benedict' and Law** failed to find
these, however. Most observers, furthermore, have found advanced sclerotic
changes in the choroidal vessels. When tears are present in Bruch's membrane,
scar tissue tends to occupy the breaks or extend through beneath the pigment
epithelium.®* The breaks are probably the site of the streaks seen on funduscopic
examination. Basophilia of the lamina elastica is encountered not infrequently in
the eves of older individuals; it occurs more regularly and at a vounger age in
PXE. Descemet’'s membrane of the cornea has chemical, physical, and tinctorial
resemblances to the lamina elastica of Bruch's membrane. However, clinical or
histologic evidence of involvement of the cornea has apparently not been observed
in PXE.

Gross and histologic studies of the cardiovascular svstem are few. In the
original case of Balzer,! whitish thickening of the endocardium of the right atrium
was described, as well as plaques of the same description on the pericardium and
on the ventricular endocardium. Histologically, degeneration, thought to involve
elastic elements, was demonstrated at these sites and in the walls of the pulmonary
alveoli. (I have observed identical findings in one of two autopsied cases described
in detail below.) At least three other necropsy cases have been reported in de-
tail in the literature. In Prick’s case®® 5 the patient had hypertension and died
at the age of 45 years of a cerebrovascular accident. Histologic changes interpreted
as degeneration of elastic fibers were described in the coronary, renal, pancreatic,
uterine, cutaneous, and mesenteric arteries as well as the splenic trabeculae, hepatic
veins, and Bruch’s membrane of the eve. In the patient of Urbach and Wolfram,™
a 4Y-year-old man, who died with a Korsakoff-type psychosis and who had widening
of the aorta, as seen by x-ray examination, identical histologic changes were found
in the brachial, cutaneous, and cerebral arteries and in Bruch's membrane. They also
described and illustrated histologic changes in the aorta, which are, in my opinion,
probably merely those seen in the senile aorta, sometimes even at the age of 49
vears. Coffman and Sommers®™ thought there were specific aortic changes in
their patient: Furthermore, these authors attributed valvular disease to PXE;
mitral stenosis in one individual was thought to have this basis.

Carlborg” recorded autopsy observations made by another physician without
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Fig. 7%4. The right side of the heart n Case 1. There iz an abnormal, pearly thickening

of the endocardium, with yellowish, irregularly nodular lesions in the
ATTOWS,

The latter lesions look not unlike those in the skin.

Fig. 798. Enlarged view of part of heart shown in Fig, 794,

arca ndicated by the
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particular knowledge of, or attention to, this syndrome. Klein'® also reported an
autopsied case. Two other autopsied cases are described in full below.

In the original case, Balzer' described degenerative changes involving pre-
sumably the elastic fibers in the walls of the pulmonary alveoli. However, the pa-
tient was a 49-year-old stonemason, who died of extensive pulmonary tubercu-
losis. This may have been responsible for any changes observed in the lungs.
Furthermore, in the autopsied cases of Prick™ and Urbach,”™ no abnormality of
pulmonary elastic tissue was found. One can only speculate about the possible
basis of a miliary mottling of one lung field described in the x-ray examination of
one patient*! and observed in both lung fields of one of my patients (C. T., J.H.H.
582929, It is possible that repeated small interstitial hemorrhages with resultant
hemosiderosis are responsible. Caleification in small vessels i1s another possible
explanation. In this same patient, there are no evidences of pulmonary hypertension,
and studies of pulmonary function show no definite abnormality. In patients studied
by Van Embden Andres,” no abmormality of residual air volume, maximum breath-
ing capacity, and vital capacity was discovered.

In the thyroid arteries removed during thyroidectomy there were described®®
abnormalities of the type seen in small coronary arteries in the first autopsied case
below. Scheie and Freeman® biopsied the ulnar artery in one case and described
“elastic tissue degeneration” with compensatory muscular hypertrophyv. Without
illustration, Kaplan and Hartman® described degeneration of elastic elements, es-
pecially internal elastic lamella, in the vessels of the stomach removed in a 23-year-
old white woman because of gastromntestinal bleeding. Beadlike microaneurysms
were also present. Woo and Chandler’™® report similar findings. In one case of
Revell and Carey®™ there were changes demonstrated in the peritonsillar tissues.

Many of the patients have advanced and premature arterial changes indis-
tinguishable from ordinary atherosclerosis and arteriosclerosis. It is not legitimate
to argue that these are not integral components of PXE. PXE sets the stage for
the development of these changes, unusually early in life and in unusually severe
degree.

If PXE is truly a dystrophy of collagen (viz. seq.), it seems a bit peculiar
that the collagen matrix of bone does not participate in the basic abnormality of
this syndrome. The occasional association of Paget’s disease of bone with PXE is
the only suggestion of bone involvement.

THE BASIC DEFECT

Whether PXE is a dystrophy of elastic fibers or of collagen fibers has been
much debated. Certainly the degenerate material which develops in the skin has cer-
tain tinctorial characteristics of elastic fibers.

The evidence that PXE is an abiotrophy of collagenous rather than elastic
fibers is as follows®™: (1) Normally the skin contains relatively few elastic
fibers. Elastin makes up only about 2 per cent of the dry weight of skin.’® Collagen,
on the other hand, constitutes about 72 per cent. The few elastic fibers present are
concentrated immediately beneath the epidermis, and serve, according to one view,'®
a principal function of attaching the epidermis to the corium. (A defect in these
fibers®™ may be responsible for the lesions of epidermolysis bullosa. This point
is moot, however.) The lesions of PXE are located in the deeper layers of
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the corium and are more extensive than can be accounted for on the basis of the
normal amount of elastic fibers in the skin. The skin of the soles and palms is
more liberally supplied with elastic fibers, but PXI lesions do not occur there
ordinarily. (2) The arteries predominantly involved are the so-called muscular
arteries, the media of which contains collagenous fibers hut little elastic tissue. (3)
The tunica elastica interna of these vessels (except in one report®™ ) remains intact.
(4) Except for their orceinophilia, most of the abnormal fibers resemble collagen
fibers more than elastic fibers, because of their width. (5) Electron microscopic
studies™ reveal that the dystrophic fibers, although abnormal in other respects, have
the characteristic 640 A. periodicity of collagen. It appears, then, that in PXE the
collagen may undergo dystrophic chemical or physicochemical changes, with re-
sulting acquisition of the tinctorial characteristics of elastic fibers. (6) There has
been no acceptable clinical or pathologic evidence of abnormality arising from a
defect of elastic tissue in the lungs.

Gillman and his co-workers® make important observations on what appears
to be a rather widely occurring phenomenon. This they term “elastotic degenera-
tion of collagen fibers.” Irradiation, trauma, and aging (Fig. 80) appear to be
responsible. In addition to degeneration of existing collagen fibers, the authors
admit the possibility that there may be a disturbance of formation of new collagen
fibers, resulting in simulation of elastic fibers. By means of a battery of many
staining procedures the authors showed that there are distinet differences between
*normal” elastic fibers of skin and arteries and “elastotically degenerated™ collagen
fibers at the same site. Although no studies of PXIE were made, the important
observations of the South African group are probably pertinent i connection with
this hereditary syndrome : “elastotic degeneration” of collagen can occur on either
an acquired or a hereditary basis. In both, fragmentation and calcification occur.,
Gillman and his colleagues® mamtain that Mallory’s phosphotungstic acid-hemo-
toxvlin stain differentiates the presumed degenerated collagen of PXE from normal
elastic fibers.

Tunbridge and his co-workers™ noted that enzymatic digestion of skin increases
“elastic staining” and results in an increase in amorphous material. Keech and
Reed,” working in the same group, using clectron microscopy, conclude that by a
variety of means, physical, chemical, and enzymatic, one can produce so-called
“moth-eaten” fibers ( MEF) from either collagenous or elastic fibers, that MEF
represent an intermediate form, and finally that “collagen and elastin are not two
separate and distinct entities but are probably intimately associated i vivo.”

The view that collagen is the source of the degenerated material has been
challenged and the earlier “elastic theory” defended by Rodnan and his associates'"
and Moran and Lansing,'® who in histochemical studies, studies by elastase diges-
tion and microincineration, and examinations by fluorescence and electron micros-
copy concluded that there is a striking resemblance to elastic tissue in the following
respects : brilliant autofluorescence, lack of periodicity in ultrastructure, lability to
elastase, inhibition of affinity for elastic tissue dyves following methylation, and
strong proclivity to caleium incrustation.

Findlay'® reported that the enzyme elastase removes the degenerate material
from sections of skin from PXE patients. An earlier objection was that elastase is
not entirely specific, e.g., it is said™ to dissolve mucoproteins, behaving, therefore,
fundamentally as a mucase. Furthermore, other studies® with elastase indicate some
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effects on normal collagen. More recently elastase has been purified, and it has
been demonstrated1®112 that elastase digestion is relatively specific for elastic
tissue.

The argument that insufficient elastic fiber is normally present to account for
the relatively large amount of degenerate material is disputed by Moran and Lan-
sing,'* who feel that there are sufficient elastic fibers in the deeper layers of the
corium and further suggest that proliferation of elastic fibers may occur in this
disease. They point to the occurrence of macrophages and giant cells™ % as a
characteristic more of degenerate elastic fiber than of collagen. A similar reaction in

Fig. B0, Fig. 808

Figs. BDA-80F. Senile elastosis. A, H, (775457), 73-year-old female, was admitted be-
cause of bleeding from the lower bowel. The changes in the skin resemble those of PXE but
differ in the relative absence of changes in the axillae (Fig. 8007). The changes on the hands
Fig. B0C) are more striking than those usually seen in PXE. There were no angioid streaks
inn the fundi, and the peripheral arteries showed very little caleification. The histologic appear-
ance (Figs, 80F and 80F) probably is distinct from that in PXE. Note that there is very little
granular material. In Fig. B0E is presented the results of hematoxylin and eosin stain of the
skin biopsy. MNote the broad ribbons of connective tissue fibers, suggesting fragmented collagen.
In Fig. 80F is presented the orcein stain of the same tissue, Both are at 3100 magnification.
The canse of the lower bowel bleeding has not been identified.

the lung, presumably to degenerated elastic tissue, described by Walford and Kap-
lan,"™® was referred to by Moran and Lansing.

Moran and Lansing'® state that there is “a definite increase in collagenous
tissue in the involved areas.” They suggest that it would be easy, under these cir-
cumstances, to conclude that all fibers had the electron microscopic characteristics
of collagen, simply through inaccurate selection of the fields of study.

Potentially very important observations have been made by Weidman and
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associates,”® Pautrier,* and Lever*: young asymptomatic individuals may show in
the skin abundant, irregularly branching, thick, nonfragmented fibers with the
tinctorial characteristics of elastic fibers. The implication has been that these are
individuals who would subsequently develop typical PXE and/or are members of
kinship containing other dehnite cases. However, to my knowledge, this implica
tion has not been established except possibly in one patient of Van Embden Andres, ™
who had central chorioretinitis of the type seen in PXE, and by skin biopsy “hyper-
plasia of elastic hbers without elastorrhexis.” If it 1s further confirmed that these
individuals with what Weidman calls “juvenile elastoma” are indeed instances of

1'.i1.’.:-. B0C-80F, For legend see ||]_||:-||_-.'i[|_' page.
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predegeneration PXE, it would mean that a quite unique tvpe of connective tissue
fiber is produced in these persons and undergoes degeneration with physiologic
stresses. [t would mean, furthermore, that the efforts to relate the basic defect to
collagen or to elastica is pointless. 1 find it difficult to believe that these cases of
Weidman and others are related to PXE, mainly because there should be identi-
fiable, in one and the same individual, areas of as vet nondegenerate “elastoma” and
other areas of typical PXE.

The pathogenesis of the angioid streaks is unsettled.’® The theory propounded
by Kofler®™ in 1917 is that breaks in Bruch’s membrane explain this finding. After
reviewing the matter, Cowper' recently concluded that the original view (that the
primary difficulty is a degeneration and sclerosis of the choroidal arteries with
secondary changes in the retina and in Bruch's membrane) seems more consistent
with the known facts.

Whatever the element of connective tissue basically affected, certain it is that
the clinical behavior is that of an abiotrophy. The predominant involvement of areas
of the skin exposed to maximum wear and tear, such as flexion folds, belt line,?
pressure points, etc., is striking. Szymanski and Caro® deseribe a lesion at a site
of trauma. It is remarkable that no clinical or pathologic changes in the joints
have been encountered. (Gold™ described Still's disease in a child with PXE, but
the association may have been a coincidence. )

INCIDENCE AND INHERITANCE

PXE probably occurs quite generally without particular racial distribution.
The two autopsied patients at Johns Hopkins Hospital (see below) were both
Negroes and at least one other Negro patient with PXE has been seen here [ e
279288). In addition to being described in natives of many European countries in-
cluding Turkey,*™ it has been observed in Japanese

Some indication of the incidence of PXE is provided by the fact that 125 cases
of associated skin and fundus changes and sixty-eight cases of skin changes alone
had been described previous to 1940.%7

There can be no doubt of the hereditary nature of PXE. However, the genetics
of PXE is not firmly established. Part of the difficulty resides in the fact that mani-
festations appear only more or less late in life. Furthermore, the changes are often
subtle (see Fig. 78). Finally, the ocular changes may be asymptomatic and re-
quire special examination for demonstration.

Tourame™ ™ found forty-six families with more than one affected person—a
total of 104 persons. Inheritance as an autosomal recessive is suggested but by no
means proved by the occurrence of multiple cases in individual sibships and by the
rarity of its occurrence in successive generations. 4562 For example, Rodnan and
his associates''" did skin biopsy studies in three affected siblings (sisters 35 and 49
years, brother 47 years of age) and four unaffected members of three generations
of the same family. Biopsies in both parents of the affected sibs were normal. In
1941, Scholz® could find reports of eighteen cases of angioid streaks in which one
or more siblings were similarly affected ; in four cases the parental union was con-
sanguineous, In the case of the skin changes, consanguinity was noted in the two
sisters reported by Throne and Goodman®™ : the parents were first cousins. Up to
1933, Cockayne' could find reports of five kinships which contained multiple cases
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and in which the status of full sibships was given. In these families there were
thirteen affected and twelve normal persons. In eight families containing more than
one affected person, there were four males and thirteen females affected. In general,
a preponderance of females affected by this syndrome has been noted. (In
my own group of eighteen patients, ten are female.) Touraine™ ™ counted fifty-
two women among seventy-three cases of the skin changes; among ninety-two
cases of both eye and skin changes there were also fifty-two women. Thus, in a total
group of 165 cases, 104 were women. Cockayne'® concluded : “This condition will
almost certainly prove to be recessive to the normal, and partially sex-limited to the
female.” The ratio of about 1:1 of affected to unaffected sibs rather than the 1:3
ratio expected of a recessive trait may be in part an artefact of ascertainment : many
sibships which, so far as the genetic make-up of the parents was concerned, might
have had an affected individual, did not because the sibship was too small for the
one-in-four probability to express itself ; on the other hand, only sibships which con-
tained an affected member were recognizable and included in the tabulation.

Témine,® writing in 1940, pointed to reports in the literature of the occurrence
of this disorder in a parent and offspring seven times and in three successive gen-
erations twice. Since 1940 there has been at least one report®™ of direct transmission.
Occasional descriptions of affection in successive generations is not necessarily
proof of dominant inheritance. The experience with alkaptonuria, of which both
recessive and dominant forms have been thought to exist, has taught us caution in
the interpretation of fragmentary pedigree data. The marriage of an individual with
the homozygous state of a recessive trait to a heterozygous carrier may, of course,
result in affected children. A few decades ago when the frequency of consanguineous
marriages was appreciably greater the world over and when isolates were common-
place, the occurrence of pedigrees suggesting dominant inheritance was, as one
might expect, relatively frequent.

Multiple cases occurred in a single sibship twenty-four times. Parental consan-
guinity was noted in at least six reports and was specifically stated to be absent in
seven. /A brother, a sister, and their maternal aunt were reported by Jones and his
co-workers® as affected.

The series of twenty patients studied personally by Van Embden Andres™ is of
interest. Of these patients thirteen were male. Fourteen families were represented.
More than one sib was affected in at least four of these families. There was no
example of the disease in successive generations of one family. Consanguinity was
present in the case of three of the fourteen pairs of parents. Hartung®® reported on
PXE in the children of a consanguineous mating. Furthermore, two close relatives
showed minor change in the fundi in the form of irregular coloration. Minor
changes should be sought in persons who may be heterozygotes,

In the family reported by Anderson® one sibship consisted of four brothers, all
affected, and one sister unaffected. A male first cousin was also affected ; his only
siby, a sister, was normal. The two sibships with affected members were the offspring
of sisters. In discussing the pedigree, Harold Falls of Ann Arbor raised the ques-
tion of inheritance as a sex-linked recessive. The fundus picture was predominantly
that of choroidal sclerosis.

In summary, it must be pointed out that there may be more than one geno-
type of what phenotypically is PXE. However, the most commonly occurring type
is inherited as an autosomal recessive with partial limitation to the female.
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MISCELLANEOUS CONSIDERATIONS

There is no definitive treatment for this disorder. Tocopherol (vitamin E) was
said®™ to effect dramatic improvement in the skin and eyes of one patient. Others®
also claim improvement. No beneficial effect was observed in one patient studied.
Good cosmetic effects have been reported by plastic surgeons,'’™ who have re-
moved the loose, excess skin around the neck, which may be distressingly unsightly,
especially in women. Fig. 77 demonstrates a patient in whom plastic surgery was
performed,

It seems conceivable that a funduscopic picture indistinguishable from that of
the angioid streaks seen with PXE may occur on other bases than this particular
genetic one. For example, angioid streaks are encountered in association with
Paget’s disease. However, PXE is the most common basis for the finding. Scholz®
stated that, previous to 1941, 59 per cent of 139 cases of streaks had the skin con-
dition. On the other hand, in a series collected from the literature, Goedbloed=**
found fifty-seven cases with skin involvement among sixty-seven with streaks, and
Sanbacka-Holstrom®® found eighty-seven out of one hundred cases. Although
angioid streaks may occur with either PXE or Paget's disease, there are, to my
knowledge, only two adequately described instances of the occurrence of changes in
the skin, fundus, oculi, and bones of the same individual. Woodcock® described a
54-year-old white man with bilateral angioid streaks, skin changes of PXE in the
axillae, and Paget's disease as manifested by cephalic enlargement, howing of the
legs, spontaneous fractures, renal calculi, and characteristic radiologic changes.
Sanbacka-Holstrom® refers in passing to such a patient, and there are loose refer-
ences to the coincidence of the three manifestations in textbooks and reviews. Shaf-
fer and his colleagues'* have described a 58-year-old woman with angioid streaks
and evidences of Paget's disease from the age of 40 years. The only skin lesion was
an “elliptical lemon-yellow plaque 1.0 em. long on the left posterior axillary fold.”
The histology was typical of PXIE. One sister had mild Paget's disease. Dr. David
Paton'"** tells me of two patients he has studied in which there is association of
PXE skin changes, angioid streaks, calcification in peripheral vessels, and Paget's
disease of bone,

There may be reason (see Chapter 8) to think that there is no fundamental
relationship between PXE and at least one common variety of Paget's disease.
One reason is that Paget's disease usually behaves like an autosomal dominant.
Furthermore, it is more frequent in men.

Reduced pulse wave velocity in the vessels of the extremities was found in the
great majority of cases of PXE,"™™ and the pulse wave was of reduced amplitude
and platean configuration. There may be a loss of the dicrotic notch. The peak
tends to be attained more slowly than is normal ® ' Bifverstedt and Lund®®
found these changes in a 9-year-old child with well-developed cutaneous changes but
no angioid streaks. Of particular significance is the fact that arteriography revealed
no abnormality ; the striking changes observed must be attributed to changes in the
media, since there was not, as there is in many of the older patients, obstructing
atherosclerotic lesions to provide a possible alternative explanation.

Clinically, the skin changes in senile elastosis (Fig. 80) are somewhat similar
to those of PXE. The conclusion of Percival and his associates™ was that this too
is a dystrophy of collagen rather than of elastic fibers. Histologically, however,
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senile elastosis is characterized by a diffuse involvement in the superficial parts of
the corium, less marked basophilia to hematoxylin and eosin stain, the absence of
mvolvement in more or less circumscribed areas of any one section, and, finally, the
usual lack of fragmentation of the dystrophic fibers into granular material. [ know
of no evidence of a hereditary background in senile elastosis. It may represent a
breakdown of basically normal collagen occurring as a result of acquired factors but
occurring along lines somewhat similar to that by which genetically weak collagen
breaks down under much less stringent stresses,

CASE REPORTS, WITH AUTOPSY OBSERVATIONS

Case 1. R K. (J.H.H. 136572}, a Negro man, born in 1891, died in 1954 from accidental
MErcury poisoning.

The family history was largely unknown. He had no children.

About 1932 the patient was found to have a positive serologic test for syphilis, and treat-
ment with arsenicals, mercury, and bismuth was given at another hospital where he had gone
because of failing vision. He was first seen at this hospital in 1938 because of continuing dim-
ming of vision. He had worn spectacles for about six vears with no apparent staying of the
visual failure in spite of several changes. Bilaterally the entire macular area was the site of
atrophy and scarring. The vessels were normal. Running out from each dise in all directions
were wide, branching, brownish streaks. About the neck he was noted to have many linear 4 or
5 mm. yellowish papules about 1 mm. thick. These were arranged parallel to the clavicle and
coalesced in many areas to form short streaks several centimeters in length. The diagnosis of
PXE with angioid streaks was made and confirmed by skin biopsy ( Skin Path. No. 9606). On
general examination the patient was noted to have an arcus senilis bilaterally, The blood pres-
sure was 170/90 mm. Hg. No pulse changes or circulatory abnormality in the legs or elsewhere
was detected by history or examination,

The patient was visited in his home several times late in 1953 but refused to come to the
hospital for investigation of the comnective tissue disorder. He was now almost completely
blind. For many years he had been suffering from intermittent swelling and pain of the proxi-
mal interphalangeal joints. He had also had much pain in the tibial and calf areas as well as
the knees. He had developed ulcerations of the pretibial area and made 2 practice of soaking
these with bichloride of mercury solution. He took Dolein, a proprictary analgesic, for his aches
and pains. Several years previously he had been told that he had diabetes mellitus,

About 6 A on Jan. 11, 1954, the patient went to take Dolcin tablets for relief of pains in
both shins and, because of his faulty vision, took three tablets of bichloride of mercury instead.
He first noted burning of his mouth and thereaiter pain in the mid-epigastrium, accompanied by
the vomiting first of a large amount of clear vellow fAuid and later of bright red bleod of un-
known quantity. Severe peristent bloody diarrhea followed. He was seen by his family physician,
whao could record no blood prezsure and sent him to the hospital, where he arrived about eight
hours after the accidental ingestion of mercury.

The patient had been noted to be easily confused in recent vears, and therefore the exact
details of the history of the final days of life are not entirely certain.

Physical examination revealed the skin of the neck, axillae, inguinal areas, and anterior
abdominal wall to be nodular and leathery. It was strikingly inelastic, but thiz may have heen
in part the result of dehydration. All interphalangeal joints showed fusiform enlargement, and
nodules were located around the knuckles. The heart showed a lowd blowing apical systolic
murmur and rather numerous exirasystoles. Femoral pulses were present, but none counld be
felt in the popliteal fossae or feet. There were two large depigmented scars with some unhealed
and scabbed areas on both pretibial prominences,

The patient was virtually anuric throughout his hospital stay and died on the sixth hospital
day. The diagnosis of mercury poisoning was corroborated by the finding of 6 mg. Hg*t
per 200 ml. of stomach fAuid taken at admission. Death occurred despite the use of BAL and
sSUpPOrtive measures,
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Autopsy ( No. 24837) was performed ten hours after death by Dr. H. M. Hill. (In spite of
the delay, fibroblasts grew out in tissue calture from explants of skin and of aortic adventitia.)
The body weighed 50 kilograms and measured 168 em. in length. The changes in the skin and
joints and the juxtarticular nodules were observed as during the clinical ¢xamination,

The heart weighed 325 grams and did not appear to be enlarged. A most impressive finding
was thickening of the endocardium of the right atrium. This was somewhat yellowish, and over
the trabecular ridges there were perculiar nodular thickenings. The posterior leaflet of the
tricuspid valve had a smooth, thickened, firm, rolled edge without excrescenses. The aortic leaflet
of the mitral valve was similarly thickened at the edge, and there was marked caleific change
at its attachment. The coronary ostia were normal, but everywhere the coronary arteries were
exceedingly sclerotic and calcified, with reduction of their caliber to little more than a pin point.

The aorta was of normal caliber, with only minimal atherosclerosis in the abdominal portion
and normal elasticity by gross test. There were marked calcification and narrowing of the
femoral, popliteal, and posterior tibial arteries. These changes were particularly striking at areas
of bending, such as in the popliteal fossae. The posterior tibial arteries were exceedingly
beaded. The vessels at the base of the brain were sclerotic. Grossly and histologically there
were characteristic changes of mercury poisoning in the kidney and gastrointestinal tract,

Histologically, the corium, the sclera, and the subendocardial area of the right atrium
showed the same changes which have been frequently described previously in the skin of patients
with PXE. Faintly basophilic (by hematoxylin and eosin stain), fragmented material was con-
centrated most heavily in the mid-dermis. Present in great abundance in the clinically involved
areas and present sparsely elsewhere, it had the tinctorial characteristics of elastic tissue. The
popliteal and coronary arteries showed marked medial and intimal sclerosis and caleification.
As demonstrated in Fig. 79C, branches of the coronary sinus near the right atrium showed
changes in the media comparable to those in the atrial endocardium and corium. Small arteries
showed similar changes,

Comment. Of particular interest are the histologic changes in the endocar-
dium of the right atrium and in the sclera. Neither site normally demonstrates more
than a very sparse distribution of elastic fibers. The deforming arthropathy is like-
wise of special note. The manifestation has not been commented on previously in
cases of PXE. Unfortunately, no histologic studies of either joint structures or
Juxtarticular nodules were performed.

Case 2. C. J. (J.H.H. 292168), a Negro woman, born in 1896, was seen here on several
occasions in 1943 and died at the hospital on Jan, 1, 1944,

Her mother died of a stroke at the age of 48 vears. The patient had four brothers: two
died in childhood, one shortly after discharge from the Army in World War I, and one was
living and well. The patient had sixteen children, of whom seven were living in 1943, No other
instance of PXE was known to have occurred in the family. However, the family has not been
traced and studied with this point specifically in mind.

The patient’s eyesight had always been poor but had become worse in the last year of life.
She noted tarry stools on several occasions and complained at times of epigastric burning. Early
in 1943 she developed anginal symptoms for the first time.

Examinations revealed a blood pressure of 190/110 mm. He. There was evidence of marked
weight loss (about 50 pounds in one year). The skin everywhere was very loose, due in part to
PXE. The neck veins were full and dilated but not the arm veins. The heart was enlarged to
the left anterior axillary line. The patient was so debilitated that carcinoma was suspected.
Directly above the umbilicus there was a plaque of smooth skin containing small, hard, elevated
nodular areas. Histologically (Skin Path. No. 5157) there were changes typical of PXE. The
fundi showed no angioid streaking, but there were fairly marked hypertensive and sclerotic
changes in the arteries, many hemorrhages, and in the macula area many yellow shiny plagues.

Total serum protein was 8.3 Gm, per cent, of which 5.5 Gm. per cent was globulin, Hemo-
globin was 10.5 Gm. per cent. Electrocardiogram revealed left axis deviation, left ventricular
strain pattern, and prolonged A-V conduction. On chest x-ray examination, calcification in
superficial vessels in the left axilla was demonstrated. The aorta was dilated and tortuous. On
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barium swallow the esophagus was relaxed and tortuous, Gastric analysis revealed normal
acidity.

After four months away from the hospital, during which time she had become steadily
weaker, the patient was brought back to the hospital with massive leg edema and ascites and
with Cheyne-Stokes breathing., She died two hours later.

Auntopsy ( Na. 18717) revealed marked peneralized arteriosclerosis, arteriosclerotic and arte-
riolosclerotic nephritis with Kimmelstiel-Wilson type lesions of glomeruli, and coronary sclerosis
with myocardial scarring. In addition, there were tuberculons peritonitis and caseous ohstruction
of the thoracic duct with chylous aseites. The aorta was atheromatous, with a few ulcerations.

Comment. Hyperglobulinemia was probably due to tuberculosis. It was of
interest that Kimmelstiel-Wilson lesions occurred in this nondiabetic individual.
In general, premature and severe arteriosclerosis dominated the clinical picture and
the findings at autopsy. What relation there may have been between the skin
changes and the vascular disease is unclear. In general, however, this patient dem-
onstrates the early and rapidly progressive dissolution of the vascular svstem
characteristic of patients with PXE.
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Fig. 81. Pedigree of causes in PXE.

SUMMARY AND CONCLUSIONS

The clinical manifestations of pseundoxanthoma elasticum include (1) charac-
teristic skin changes, occurring especially in areas of wear and tear; (2) angioid
streaks of the fundus oculi; and (3) hemorrhage, symptoms of ischemia, and
hypertension, resulting from arterial degeneration. Gastrointestinal hemorrhage 1s
the complication of most importance to the internist.

Evidence on the nature of the basic defect is reviewed, and it is concluded that
collagen is most suspect as being primarily involved in this abnormality which be-
haves as an abiotrophy. However, the subject cannot be considered closed.
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Descriptions of two autopsied cases are added to the meager information
available on the state of tissues other than the skin and eyve. In one case, changes
completely unique to PXE were demonstrated in the endocardium of the right
atrium and in the coronary vessels. Both cases had advanced atherosclerosis and
arteriosclerosis.

This disorder is most often inherited as an autosomal recessive. Partial sex
limitation appears to result in its occurrence in females more frequently than in
muiles.
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7. THE HURLER SYNDROME

HISTORICAL NOTE

*nE pisorpER which 1s now called, among other names, the Hurler syndrome,
’1 is said by Henderson*® to have been recognized in three siblings by John
Thompson of Edinburgh hetween about 1900 and 1913. Berkhan's case,'*® reported
in 1907, may have been the Hurler syndrome. The first definitive description was
that of Charles H. Hunter* whose report appeared in the Proceedings of the Rovyal
Society of Medicine in 1917, while he was serving in England as a major in the
Canadian Army Medical Corps. This beautifully detailed and descriptive report
concerned two brothers, 10 and 8 years of age, respectively, who were admitted
to the Winnipeg General Hospital in 1915, The habitus was typically dwarfed.
There were deafness, widely spaced teeth, short neck, protuberant abdomen with
hepatosplenomegaly, inguinal hernias, short, broad, thick, stiff hands, semiflexed
knees, and noisy respiration. The elder boy had cardiomegaly and “a distinct dias-
tolic murmur audible in the third and fourth left interspaces close to the
sternum . . .; at the apex, a systolic murmur was conducted towards the axilla.”
Twelve illustrations, including many x-ray films demonstrating typical changes (such
as “shoe-shaped” sella), were presented by Hunter. The boys appeared to be
normally ntelligent; clouding of the cornea was not observed; the spine was
straight with loss of the normal contour, but there was no gibbus. We have been
able to obtain follow-up information ( Fig. 82).

In 1919 Gertrud Hurler of Munich®® published cases at the suggestion of
Protessor Memnhard von Plaundler,*® who was chief of the University Clinic of
Pediatrics and who had presented two patients with this syndrome to the Munich
Society for Pediatrics on June 27 of the same year. The patients of Hurler and
Pfaundler were infants; gibbus was present, as were corneal clouding and re-
tardation of intellect.

It is surprising that Hunter's beautiful publication received, compared to
Hurler’s, relatively little attention. Subsequently, even in the English-speaking
medical world, it was principally Hurler's paper that was referred to and the

. *Hunter was later Professor of Medicine in the University of Manitoba, Winnipeg. He
died March 18, 1955, at the age of 82 vears (Canad. M. A. J. 72:712, 1955).
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Fig. 82K,

FFigs. 824 and 828. Previously unpublished photographs of the patients Hunter described
in 1917 The younger brother (G. B. C.. born 1907) died in 1918 of pneumonia, and the elder
one (K. W. C., born in 1904) died in 1920 of “dropsv."” The yvoungest sibling (Fig. 82.4) was
apparently unaffected. The characteristic facies and “claw handz" are evident. These brothers
are thought to have had the sex-linked recessive form of the Hurler syndrome. ( Photographs
and follow-up information courtesy Dr. Nancy Gemmell and Dr. L. . Bell, University of
Manitoba, Winnipeg.)
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names of Hurler and Pilaundler that became most firmly associated with the
syndrome. (A similar situation exists in connection with the Morquio syndrome
which was described in England by Brailsford slightly earlier than by Morquio of
Montevideo. )

The first case from the United States was that reported by Putnam and
Pelkan'®™ in 1925 under the title “Scaphocephaly With Malformations of the
Skeleton and Other Tissues.” The nosography of the Hurler syndrome has now
advanced to the point where the limits of the syndrome and its several clinical
and pathologic features are reasonably well described, although muldly affected
persons are still difficult to identify with certainty except by chemical test (see
p. 276). A tabular survey of the cases reported up to 1950 has been presented
by Jervis.® Emanuel®® estimated that over 200 cases had been reported by
1954,

Many different names have been suggested for this syndrome. Husler® sug-
gested “dysostosis multiplex.” Ellis and his co-workers,® Cockayne'™ and other
Finglish authors used the term gargoylism.* Washington''" suggested lipochondro-
dystrophy, believing this to be a disorder of lipad metabolism. This is the term
used by the Cwmulative fndex Medicus. However, it is probably a misnomer,
as indicated by recent evidence bearing on the basic defect of the disease (see
below ). This is another instance demonstrating the desirability of using non-
commital terms in connection with these syndromes in which the basic defect is as
yvet unknown. Consistent with my practice with other syndromes discussed in this
book, an eponymous designation, the Hurler syndrome, has been used here. Equally
acceptable are the names of Piaundler and of Hunter, which are sometimes associ-
ated with this condition.

In spite of Hunter's claim to priority, Hurler's name is selected for use
because it is the eponym most firmly established in the literature, It is, after
all, merely a symbol to indicate a clinical sydrome which is incompletely under-
stood.  Although there is some suggestion that what Hunter and Hurler described
were genetically and chinically distinet entities (2. seq. ), it is preferable to consider
all these cases one syndrome, the Hurler syndrome, until the basic defect is more
accurately known and methods for distinguishing precisely the possible subgroups
of the syndrome are available.

In 1952, Brante!! classified the Hurler syndrome as a mucopolysaccharidosis.
The development of views about the basic nature of this disease is discussed below
in the section dealing with that particular aspect.

CLINICAL MANIFESTATIONS

The clinical description provided here is based on the findings in twenty
patients with the Hurler syndrome seen at the Johns Hopkins Hospital and at the
Rosewood State Training School, Owings Mills, Maryland.

The cardinal features of this syndrome are disproportionate dwarfism with
a characteristic, grotesque skeletal deformity, limitation of joint motion, deafness,

*This seems an unnecessarily cruel term in view of the fact that the mtellect may bhe little
impaired and survival to adulthood is not infrequent. It is scarcely a diagnosis that can be
citedl to a parent, for example. Families sometimes raise legitimate objections to such state-
ments (all too frequent in the literature) as these: “He is a typical gargoyle” ; “there are three
gargovles in this family."”
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hepatosplenomegaly, cardiac abnormality (either from the outset or developing
with the passage of years), clouding of the cornea, and mental retardation. The
last two features need not be present, especially in the earlier stages.

The patient frequently appears normal at birth but, with the passage of
the first vear (a “symptom-free interval”), becomes manifestly abnormal. The
lines along which development occurs in these patients is so similar from patient
to patient that, as in the Marfan syndrome, myotonic dystrophy, Mongolism,
and other conditions, the patients, even though unrelated, tend to resemble each
other more than their unaffected siblings.

The head 15 large and bulging, often with prominent scalp veins in the case of
small children. The bridge of the nose is flattened, creating a saddle appearance.
The tip of the nose is broad with wide nostrils. Hypertelorism is usual. The skull
15 often scaphocephalic,® 1e., shaped like the keel of a boat, seemingly as a result of
premature closure of the sagittal and metopic sutures with hyperostosis in those
areas. This hyperostosis often creates a longitudinal (sagittal) ridge which may
cross the forehead. Radiologic changes in the sella turcica in the form of unusual
length and shallowness and an anterior “pocketing” (Figs. 85C and 86C) are
striking and virtually pathognomonic. This type of sella is called “shoe-shaped”
by Ullrich,'"" who found in other cases a shallow “shell-shaped” or a deeper
“bowl-shaped™ fossa.

The lips are large and patulous. These, with the apathetic facies, the open
mouth, and frequently enlarged tongue, may lead to a false diagnosis of cretinism.
In general, the facial features are coarse and ugly. The teeth are usually small,
stubby, widely spaced, and malformed. In many of the cases there is hyper-
trophy both of the hony alveolar ridges and of the overlying pums.®* An actual
bone cyst of the alveolar ridge was present in one of Caffev’s cases.'® Chronic
“rhinitis” with noisy mouth breathing is virtually universal in this group of
patients. N-rayv films of the facial bones usually show marked deformities which
are probably responsible for the nasal manifestations. On lateral view of the
skull, it can often be seen that a mass of adenoid tissue in the nasopharynx is nar-
rowing or obliterating the normal air shadow.

The neck is exceedingly short, and the thorax, on which the head appears to
rest directly, i1s deformed. There is usually a flaring of the lower rib cage, prob-
ably due in part to the hepatosplenomegaly. Kyphosis with gibbus in the lower
thoracic and upper lumbar area is likely to be present. Myelograms in one case
revealed partial obstruction of the spinal canal at the level of the gibbus. Radio-
logic examination usually shows a wedge-shaped deformity of the body of the
vertebrae with an anterior hooklike projection, so-called beaking of the vertebrae,
In some instances there appears to be anterior herniation of the nucleus pulposus
with pressure atrophy of the upper anterior margin of the subjacent vertebral
body (usually the second lumbar), This atrophy may be the mechanism of the
anterior hook in some cases (see Figs. 83C and B8F and reference 14). The
gibbus is often the first observed abnormality. When the infant begins to sit, he
is likely to assume a posture like a cat’s in sitting (Fig. 835), the “cat-back
deformity.”

*There is usually no difficulty in distinguishing the Hurler syndrome from the specific
conditions given the generic names acrocephaly and scaphocephaly,™ although in the earlier days
of the nosography of Hurler's syndrome such confusion did occur.™
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The hands are usually broad, with stubby fingers.'"* The fifth fingers are
often bent radially, and, in general, there is likely to be at least partial flexion
contracture of the fingers as well as of the larger joints. The terminal phalangeal
bones are often hypoplastic by x-ray examination and this is evident clinically,
Clawhand is present in most patients more than a few years old (see Figs.
82, 86, and 88). This deformity results from stiffening of the phalangeal joints,
with inability of full extension.

Limitation in extensibility of joints is usually striking.®® This feature may be
due in part to deformity of the joint surfaces but more likely to changes in the

Fig. 83 Fig. 230,

Figs. B34-83C. Thirty-four-month-old child (8. 5., B3747). The child is mentally re-
tarded. The liver and spleen are enlarged, the corneas cloudy, and the teeth short, abnormally
formed, and late in appearing. The fingers show flexion contractures as do other joints to a slight
extent. There is constant nasal congestion so that the patient is a mouth-breather. Most of
these features are evident in Fig. 834, In Fig, 838 the lower dorsal, upper lumbar gibbus 15
evident. The skeletal basis for this appearance is shown by the x-ray film of the spine in Fig.
83C. Note the lumbar kyphos, beaking of the lumbar vertebrae, the sabre-shaped ribs, and
.lll.'|ilil.llil‘5['l1l."|'ll |1]'|1'u.'1]_'|.'_

tendons and ligaments surrounding the joints. As a result, the patients often find it
necessary to walk on their toes, especially if they have been in bed a good deal. A
deformity of the wrist may superficially suggest rickets. However, the stiff joints
(along with many other features) help distinguish the Hurler syndrome®®; the
joints in rickets are more limber than normal. The limitation of motion of joints
seems to extend to the thorax, which often is relatively fixed in position.3®
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In addition to the radiologic changes already described in the skull and in
the vertebral column, the bones of the extremities are abnormal in appearance.
Caffey'™ pointed out that metaphyseal changes are minimal and that the predomi-
nant change involves the diaphysis. The tubular bones show a swelling of the shaft
due to expansion of the medullary cavity. The cortex may be thinned. Changes
tend to be more striking m the bones of the arms than in those of the legs. A
curious narrowing of the proximal third of the femora to a caliber less than hali
normal has been noted.'* The phalangeal bones, for example, are short and mis-
shapened (Fig. 85C). The ribs are characteristically broad, sabre-shaped, or
spatulate { Figs. 851 and 89).

Fig. 83C. For legend see opposite page,

Crenu valgum, coxa valga, pes planus, talipes equinovarus, and other de-
formities occur frequently,. Hooper's patient® was operated upon for talipes
equinovarus at the age of 17 years. Deformity of the sternum has been said®®
not to be a feature ; however, congenital deformity of one tyvpe or another has heen
seen (Fig. 86).1 “Funnel chest” was present in one of Hurler's cases™ and in one
of mine,
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The abdomen is protuberant, due in part to hepatosplenomegaly, in part to
the defect of the supporting tissues. Both liver and spleen may he so large that
their lower borders dip into the pelvis. One patient developed pancytopenia and
epistaxes, possibly on the basis of hypersplenism.™  Lindsay™ deseribed an
abnormal hippuric acid test in one patient and, in another, prolonged elevation of
galactose in the blood after intravenous injection. The number of patients tested
was not stated. Although no systematic study has been made, the mimpression is

e

|
|

Fig. 84, The Hurler syndrome. On the left of each view: C. D). ( B41371), 215 yvears of age,
is a member of the only Negro family with the Hurler syndrome | have seen. The head
15 larpe and the facies characteristic of the Hurler syndrome. The elbows, shouolders, knees,
and other joints show reduced maobility, preventing full extension. The hands are short, and the
terminal phalanges cannot be fully extended. Both the liver and the spleen are enlarged. Nasal
breathing is obstructed by a continuous mucopurulent discharge. Both corneas are clouded.
O six children, three—two boys and this girl—have been affected with the autosomal recessive
form of the Hurler syndrome. A normal 8-year-old sister is also shown here. The two other
affected children died at the ages of 3 and 4 years, ( From Mekusick, V. A : Bull. New York
Acad, Med. 35:143, 1959.)

given that surprisingly little functional impairment results from the marked gross
and histologic involvement of the liver, One case of cirrhosis of the liver in a
37-year-old patient with quite typical Hurler's syndrome has been reported by
Schwarz and Gagne® Portal hyvpertension, massive ascites, hematemeses, mel-
ena, and death resulted. At necropsy the liver was found to weigh only 900
grams. In a 29-year-old patient'™ with fairly marked hepatosplenomegaly, cepha-
lin flocculation, thymol turbidity, total serum proteins, albumin-globulin ratio,
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prothrombin time and Bromsulphalein excertion were all unequivocally normal.
Many of the patients in my series have had these same tests with similarly normal
findings. Moderate increases in serum cholesterol concentration do seem to occur
more often than is normal and may be related to the liver disease.

Diastasis recti and umbilical hernia are almost invariable and inguinal hernia
is frequent. Engel®™ described scrotal hernias the size of a child’s head. Bilateral

hvdrocele is also seen.

Figs. 854-83C. Skeletal changes in the Hurler syndrome, : :
Fig. 85.4. The lower ribs are unusually broad and spatulous. Note the evidence of hepato-
splenomegaly.

Changes in the skin™ in the form of grooving and either ridged™ or nodu
lar! thickening, especially over the upper arms and thorax, have been described.
In two of the reports™' the changes were strikingly similar, especially as to loca-
tion—"symmetrically distributed m an area of about 6 by 10 ¢m., extending from
the angle of the scapula towards the axillary line.” This distribution is probably the
characteristic one.'*® In most of the cases the entire surface of the body, both trunk
and extremities, is covered by fine, lanugo-like fuzz. In older patients, too, hairiness
is quite striking, especially over the arms and hands ( Figs. 868 and 86C ).
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Iig. 858, The anterior pocketing of the sella, “shoe-shaped” sella, is lighly characteristic,
Furthermore, pronounced abnormality in the region of the paranasal sinuses is evident,

Fig. 85C. The long bones of the arm are abuormally short and broad. The bones of the

h.'_tlni are strikingly abnormal in configuration. Again their shape is virtually pathognomonic
of the Hurler syndrome,
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No consistent endocrine abnormality is clinically detectable, in spite of the
histologic evidence of cellular deposits in most glands of internal secretion. Thyroid
enlargement without dysfunction has been described and is probably related to
the histologic infiltration referred to. Hypoglycenia from hepatic mvolvement
1s thought to be a risk but has not actually been demonstrated, to my knowledge.
The deformity of the sella turcica is part of the disorder of bone and not a result

of enlargement of the pituitary.

Fig., B,

Iigs. Bo.A-BoM, Typical case of the Hurler syndrome (I, 5, 204375).

Fig. 86.4. At the age of 10 vears.

This patient, 22 years old in Fig. 868, and now 27 vears old, has dysostosis multiplex,
deafness, “chronic rhinitis,” exertional dyspnea, hepatomegaly, restricted joint mobility, hydro-
cele, and hernia, but no splenomegaly or corneal opacification. Mentality 15 retarded. The
patient graduated from high school because of courtesy promotions. He reads voluminously,
especially Ellery Cueen novels! No iclusions could be demonstrated in the white cells. The
testes are small and soft. However, the patient shaves daily and erections and nocturnal emis-
sions occur. Vision was 20/100 in the right eye, 20/30 in the left. A startling fAinding was
hilateral papilledema, probably long-standing, with “bone corpuscle” pigmentary degeneration of
hoth fundi, especially the right. A peculiar feature has been the subjective response to adminis-
tration of thyroid extract (see p. 279) .
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[Figs, 8607 and 86C. Same patient as in Fig, 86.4 at the age of 22 vears,

Fig. 860, The hands of patient in Figs. 864 to 860,



Fig. 86FE. Lateral radiograph of
skiull. Characteristic anterior pocketing
of the sella is present. There are obwious
frontal and oceipital areas of hyperostosis,
The mastoid air cells are wnderdevelaoped
and in general the mastodd is more dense
than normal.

Fig. 86, Two uncles of the patient. Both
probably had the Hurler syndrome.
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IFig. B6ir. The propositus (on left), 22 years of age, and his unaffected brother (on right),
& vears of age.

B Affected male
@ Carrier female

Fig. B6H. Pedigree. The propositus is indicated by the arrow.

Two maternal uncles (Fig. 86E) had the Hurler syndrome with characteristic skeletal fea-
tures, deafness, and symptoms of cardiac incompetence. They died at the ages of 12 and 17 years,
one having been found dead in bed. The patient’s parents are normal and he has two normal
siblings. A young nephew of the patient may have the disease; [ have not had an opportunity
to examine the child but the descriptions are supgestive.

The possible occurrence in four males in three generations is consistent with, and at least
mildly indicative of, inheritance of the trait as a sex-linked recessive. Lamy and his associates™
have also presented a pedigree with affected males in three generations.

Meyer™ was able to demonstrate relatively large amounts of chondroitin sulfate B and
heparitin sulfate in the urine of the propositus. No chemical difference from the autosomal
recessive form of the disease was demonstrated by these studies.
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Inclusions ( Alder bodies) in the polymorphonuclear lenkocytes are some-
times found." These are described as being larger than the ordinary granules
and tending to take a dark lilac color when stained by the Giemsa-Wright tech-
nique. In a number of the patients seen in the hospital, Dr. C. L. Conley has looked
for inclusions without success. Although others™*' have confirmed Reilly’s"
original observation, the occurrence of leukoeytic granules may not be as fre-
quent as often thought.'™ The inclusions have histochemical characteristics, sug-
gesting identity with the material which balloons cells of other parts of the
body. 7=1=5.188  The granules are removed by formalin fixation but retained by
basic lead acetate.'® With toluidine blue the inclusions stain metachromatically.
No difference in the incidence of leukocytic granules in the two genetic varieties of
the Hurler syndrome (see p. 270) have been established with certainty. (Appar-
ently, inclusions may also occur in the leukocytes in glycogen storage disease 12116

Jermain and his colleagues'* studied thirteen cases and demonstrated that
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Fig. 874,

Figs. 87A-87C. Cytoplasmic inclusions n the Hurler syndrome. { Wright-Giemsa  stain,
# 1,600; reduced 14.).

A, Peripheral blood. The lighter cell iz a polymorphonuclear leukocvte of the type de-
seribed by Reilly™ (Type | polymorph). There are small lilac-staining granules of relatively
uniform size in the cvtoplasm. The darker cell, which superficially resembles a basophil, has
large lilac-blue granules of nonuiform size ( Type 11 polymorph).

B, Peripheral blood. Lymphocyte with lilac and blue granules.

C, Bone marrow myelocytes. The darker cell m the center is probably the precursor of the
Type 11 polymorph in the peripheral blood. The other two cells with lilac granules are prob-
ably the precursors of the similar cells in the peripheral blood (Type [ polymorph).

The patient was a 3%-vear-old boy with typical manifestations of the Hurler syndrome.
The total white cell conmt was 17,400 per cubic millimeter with the following differential :

28 per cent Type [ polymorph

6 per cent Type 11 polymorph

35 per cent lymphocytes without granules
O per cent lymphocytes with granules

2 per cent monocytes

1000 per cent
Formalin was found to dissolve the granules, After basic lead acetate fxation the granules
were stained by toluidine blue,
{ Courtesy Dir. Ralph L. Engle, Jr., New York City.)
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cells from the bone marrow showed inclusions consistently, whereas demonstration
of inclusion in the cells of the peripheral blood was infrequent. Cells classified as
histocytes were especially likely to show inclusions. None was found in presumed
heterozyvgotes, a finding consonant with the failure to find excessive mucopoly-
saccharide excretion in such persons (p. 270).

Fig. B7C.

Figs. B78 and 87C. For legend see preceding page.

Although in wvitro anticoagulant effects of chondroitin sulfate B has been
clatmed"™ and although heparitin sulfate, the second mucopolysaccharide found in
abundance in cases of the Hurler syndrome (p. 266), resembles heparin in some of
its physical properties, hemorrhagic phenomena are not a clinical feature of the
Hurler syndrome, and tests of coagulation yield normal results'™ unless pro-
thrombin synthesis becomes impaired as a result of hepatic dysfunction.
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Clouding of the cornea has been described in about 70 per cent of reported
cases. The cornea usually has merely a steamy appearance in earlier stages. On
inspection this feature is most apparent if light is shined on the cornea from the
side.

Ullrich™?! found, up to 1943, fifty-one cases with corneal involvement, eighteen
without. Although the number of cases with evidences of corneal involvement is
increased by slit-lamp examination, there are certainly some with none. Specific-
ally, corneal opacities are missing in the cases inherited as a sex-liked recessive
trait (see p. 270). Among the female cases of the Hurler syndrome, which prob-
ably represent a genetically homogeneous group inherited as an autosomal re-
cessive trait, the incidence of corneal opacity is about 90 per cent.’ Slit-lamp
examination reveals that the opacities are located mn the medial and deeper layers
of the cornea. The epithelium and endothelium are spared. Other ocular abnorm-
alities such as buphthalmos=* and megalocornea®™*+9%.5¢ hayve heen described. There
may be a retinal element in visual impairment since histopathologic changes in the
retina have been described.™ The occurrence of papilledema in these patients
(see Figs. 86 and ¥8) has suggested hydrocephalus, or at least increased intra-
cranial pressure. Primary involvement of the nerve head by deposits is a possi-
bility which has not been investigated. It is a likely possibility since the course of the
“papilledema™ is not that characteristic of increased intracranial pressure. The
patient shown in Fig. 86 has retained the fundus picture of “papilledema”™ for at
least five years. Optic atrophy was described in two siblings by Davis and Currier.*®

Mental retardation may be only mild in some cases. Hydrocephalus may occur
in severely affected infants.>"™ Some cases may show simple dilatation of the
ventricles secondary to cortical atrophy.''' There is true internal hydrocephalus
in some cases; the ventricular dilatation is too marked to be accounted for on the
basis of cortical atrophy alone (Fig. 90.4). The mental deterioration is likely to be
progressive, resembling juvenile amaurotic idiocy in this respect.”® There may be
accompanying neurologic signs such as motor paralysis, increase in muscular tone,
anil the Bahinski sign.

One would presume that the deainess is, in the main, secondary to the bone
disease as in osteogenesis imperfecta. In a 24-year-old patient studied by Dr.
William G. Hardy of the Johns Hopkins Hearing and Speech Clinic, the deafness
was found to be of perceptive type. In a l6-month-old child and a 2-year-old
child it was of the conductive type, and in a 3-vear-old patient hearing was un-
impaired. Because of the deformity of the nasopharynx, these patients probably
have more than the average susceptibility to middle-ear infection. Furthermore,
the ossicles have shown deformity with limitation of joint motion as in other
joints and bones.'®® Therefore, a conductive element in the deafness of some pa-
tients is to be expected.

Nasal congestion, noisy mouth breathing, and frequent upper respiratory infec-
tions occur in essentially all patients with the Hurler syndrome. The malformation
of the facial and nasal bones is probably in large part responsible. Ellis and his as-
sociates™ commented on this feature, Most other writers have also emphasized
it and considered malformation of the nasopharynx to be its basis.

In Hunter’s historic report®™ he remarked on the occurrence in one of his
patients of cardiomegaly and both systolic and diastolic murmurs. As noted on
page 243, follow-up suggests that one and possibly both brothers died cardiac deaths
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Figs, 88.4-880), For legend see opposite page.
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at a young age. Murmurs were described also by Meyer and Okner,™ Engel,™
and others. Ashby and his co-workers® described “congenital heart disease” as the
cause of death at 9 years of age in one child and in a 19-year-old patient who
died suddenly. Mouth breathing and dyspnea from thoracic deformity and re-
striction of expansion® (which may be very striking ), abnormality of the bronchial
cartilages, and, finally, frequent attacks of bronchitis make it difficult to dissect out
that part of the dyspnea which is on a cardiac basis. The best specific descriptions
of the cardiovascular aspects of the Hurler syndrome are those of Lindsay™ and
Emanuel.® Emanuel described in two brothers cardiac signs he interpreted as
being those of pulmonary hypertension. In one, cardiac catheterization was per-
formed with demonstration of a much elevated pulmonary artery pressure (88/50
mm. Hg). The peripheral arteries of the arms were described as thickened in a
614-vear-old child®™ and there was hypertension (132/100 mm. Hg).

What was interpreted as angina pectoris occurred®® as early as 434 years of
age in a child who died at the age of 7 vears. The extensive occlusive disease
of the coronary arteries discovered at autopsy in this child would suggest that
this is the basis of sudden death in many of these patients.

Lindsay™ stated that systolic murmurs along the left sternal border were
so striking in these patients that four of sixteen were suspected of having an inter-
ventricular septal defect. There was a similar clinical experience in the group of
cases at the Johns Hopkins Hospital. The experience with other heritable disorders
of connective tissue, specifically the Marfan and Ehlers-Danlos syndromes, in which
cardiac malformations of the conventional types occur with predictably increased fre-
quency, suggests that the same might occur in the Hurler syndrome. Pathologic
studies have not corroborated this suspicion (see below ). Although some cardio-
vascular abnormality was present in the great majority of patients who have
died, all the changes have been of a specific type, as described later.

Death from “heart failure” (either congestive or coronary artery in type)
often occurs before the age of 20 years. Of the patients described by Smith and his
associates, '™ one died at the age of 28 years and another was “reasonably well” at
29 years of age. - Hooper™ described a 37-year-old patient who was still living, In
two of his other patients, death occurred at 20 and 30 vears of age, respectively.

Figs. 884-880. 1. M. J. (U53195), 10 years old, was noted to have a short neck and
large head at birth, always had frequent colds and trouble breathing because of a “low bridge”
of the nose, and had noted limitation of joint movement. However, he had always done well
i school and was in the fifth grade. In a school examination he was found to “need glasses,”
and papilledema was discovered by the ﬂphthdhtlnl:l:}l.,nt consulted., There had been no headache
or w::m:tmg and no impairment of vision S0 far as the patient was concerned. Examination
revealed, in addition to the features obwvious in the photographs, the liver to be enlarged 4 cm.
below the right costal margin and the spleen 2 em. below the leit; limitation of motion of the
elbows, wrists, toes (which were fixed n a position of partial flexion like the fingers), ankles,
knees, and spine; height of 4434 inches: papilledema of about 2.5 diopters. Dr. Walter E.
Dandy performed ventriculograms which showed “symmetrically dilated wventricles and large
third wventricle, aqueduct of Sylvius and fourth ventricle, and air in all the cisternae, including
chiasmatiz= and interpeduncularis, and, curiously, the large main trunks of the subarachnoid
gpaces but no air in the branches. The main trunks were terminated in large bulbous ends. Tt
was, therefore, communicating h}rclmccphalu?. with congenital absence of the terminal branches
of the subarachnoid space.” (The quotation is from Dr. Dandy's operative note.) Choroid
plexectomy was performed in an effort to relieve the hydrocephalus. Histologically, the ex-
cised choroid plexus appeared atrophic. The patient died two weeks after operation, of an in-
fectious complication. Autopsy was not performed. This patient resembles closely the one
pictured in Fig. 86, who also had papilledema which has, however, not been progressive.

The photographs (Figs. 884 and 888) demonstrate the general skeletal changes, prominent
abdomen, and claw hands. In Figs. 880 and 8807 iz displayed the bilateral papilledema.
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The two oldest |mlit'tlt~: i my series are now 26 and 29 vears old (see Fig, =iy
for one of these ). Beebe and Formel! described nine well-documented cases of the
Hurler syndrome m one family. Five had died at an age in excess of 40 years.
There were four survivors 45, 43, 17, and 14 vears of age, ri.‘:-'.]r(-l'l:i‘.‘{']_\.',

The following narrative by an intelligent and observing father outlines the
evolution of the Hurler syndrome up to the age of about 4 VEArs :

My impression is that her most difficult period was roughly that of her first to
second vear. Deafness appeared, so far as we could tell, shortly after her first birth-
day, becoming complete by about 16 to 18 months of ape. Around this time the more
pronounced abdominal swelling also began to show, and she was sick much of the time
Hights were very difficult for her and everyone during this time, and until a bit beyond

Fig. 89. Chest x-ray film of G, V. D, Jr. (B2188), 414 vears of age. This patient has the
Hurler syndrome in entirely typical form. He reached a peak of intellectual development at
about 2 years and has deteriorated since then, Gibbus was noted at | year. Thick skin, lanugo,
“shoe-shaped™ sella, and ground-glass corneas are present. Hydrocele and right inguinal hernia
were treated surgically at the age of 114 years,

The central infiltration of the lung fields was present in an unchanged form for at least six
months. Tuberculin skin tests are negative. The changes are believed to be the result of chronic
I'I]'ll-ILl.'l'Iit'i" ]I'P'I-".I-."I.L'I', i[ll.l.'l.':‘-\-‘”'iill ||-|_!|!'|!II1|:|_1'_'|.' i]||i|||':|ti|||| H |p;|_]'1 “1' :In- I:II.:d.":l:i{‘ anl l"-“ii]”i.'."."l.'h Lia
the inhitrations elsewhere cannot be excluded. The opacification of the upper abdomen by
lll‘]sll“hl”'{”'""*-';:il|}'. the broad ribs, and the abnormality of the proximal ends of the humeri are
evident.
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2 years of age, she would ery for hours, perhaps in pain. On the other hand, she has
seemed to be a bit less sensitive to outside pain than the other children. After the ery-
ing spells began to diminish, her personality became more buoyant. During the last
year or more, angelic would scarcely be too strong a word. She radiates love and af-
tection and thoughtfulness, coupled with a good sense of humor, Her motor skills have
kept up remarkably well; she ate with a spoon before 1 year and has kept it up with
normal increase in proficiency ; she was diaper-trained by about 2% years and hed-
trained by about 314 years, with no unusval effort; although the gait is a bit awkward
becauze of underdevelopment of leg muscles and a very large abdomen, she loves to run
and dance and slide and swing. Picture books are great favorites ; animals are adored,
as are dolls and enddly toys, toward which she is quite maternal. Vision zeems still
acute, although cloudiness is apparent in the cornea. 5She dresses and undresses her-
self as far as her build permits and is almost fastidions about putting away clothes,
hanging things up, removing dishes to the sink after eating, etc. (this behavior pro-
nounced since 3 years of age). Simple cutout jigsaw puzzles she handles well. She
understands gestures and expressions perfectly and uses them herself for very efficient
communication. During April and May of this vear (at the age of 334 vears) she was
a day pupil at a nursery school for the deaf. Since September she has been a Mon-
day to Friday boarding pupil at a state institution for deaf children. Here a very
capable teacher seems to be making progress with lip reading and vocalization instruc-
tion. Other than the direct Hurler's symptoms, her general health has been reasonably
pood @ chickenpox ; several periods of respiratory infection each year; and occasional
{every six weeks or s07) flash fevers to about 103°F., which are over in a few hours,
leaving her worn out for a day. Her teeth have never developed fully, even now heing
little more than widely separated stumps: however, she can handle, and seems to
enjoy, practically any kind of food.

My wife and I feel that, at least until quite recently, her intelligence has been es-
sentially normal. She uwsually learns new patterns of action, or placement of objects,
or play, after only one or two repetitions—unless something arouses the stubbornness,
of which she has a powerful streak. She watches the other children playing with close
comprehension of their actions and antics, often either joining or copying, nearly always
enjoying. She knows all the clothing in the house, often bringing the appropriate items,
in proper order, to those of us eetting dressed. In driving, she will often back-seat drive,
telling me which turns to take by murmuors and gestures, even when we are several
miles from home but headed for it. She sets great store on the proper way of doing
things! Her sleep 15 now peaceful, 11 hours a night and vsually an hour’s nap; even
when she is tired her personality holds up cheerfully. When hurt in any way she
usually cries but little ; however, the offended member must be kissed to make the hurt
EO AWy,

It is possible that her rate of development is slowing down; she is learning, or at
least responding, among the slowest members of her eighteen-pupil nursery class. Also,
recently there has been pronounced increase in the swelling. Our local pediatrician
believes that the liver is almost entirely responsible for the more than double normal
girth, and that x-ray treatment might offer her a palliative. Should the swelling become
much greater, walking will become extremely difficult. Difficulties with respiratory
disease might have been too much for her system already, before modern drugs: except
for a couple of summer months, there is a constant nasal discharge of varving rate of
floww. Her circulation seems to have its troubles, in that hps and gernanls are
often very blue.

PATHOLOGIC CHANGES™

About forty autopsies have been reported: many individual case re-
Ijﬂns:‘"*'3“'3“'+:'+“'H“'HT'EN'?“'N: S 102 105 106 110, 110, TS, 11T t Wil }1}' .] ary i g .ﬁ:l @ i g‘h t I:I }.

Lindsay and his co-workers,”
biopsies of the liver.

and so on. Jackson™ and others have reported on
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Among other sites, abnormalities have been identified in cartilage, fasciae,
tendons, periosteum, blood vessels, heart valves, meninges, and cornea. All of
these may contain cells which are thought to be of the fibroblast line and which are
distended with large amounts of deposited material. These are. appropriately
called “clear cells” by Millman and Whittick,*" but perhaps it would be preferable
to use the more specific designation “gargoyle cells.”'* In addition, collagen in
many of these areas has been said to look abnormal in a poorly defined way.
Collagen fibers are described by some (e.g., reference 71) as swollen, homogeneous,

Fig. %04,
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AT,

Fig. 908, Fig. 0,

Figs. 90.4-90H. Case of the Hurler syndrome in 10-year-old male.
l:gg. 0.4, Prqun:rq_::l h}’{llucvphalus. Possible involvement of the meninges is responsible.
Figs. 908 and 90C. Two views of the heart. The coronaries are obviously thickened.
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Fig. 901, Coronary arteries showing pronounced thickening of intima. (%30 ; reduced 54.)

Fig. 90, Section of pulmonary artery showing enormous thickening of intima. ( x67; re-
duced 53).

Fig. 90F. Section of aorta showing, in addition to intimal deposit, inclusion-laden connective
tissue cells between the elastic lamellac,

Fig. 90¢:. Section of myocardium showing inhltration of connective tissue cells laden with
inclusion material. (% 100; reduced 56.)

Fig, 904, Endocardial thickemng surrounding the carneous trabeculae of the ventricle 1s
evident. { »30; reduced 14.)
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and lacking in their normal fibrillary characteristics. Material, presumably identi-
cal to that in the fibroblasts, balloons the nerve cells of both the central nervous sys-
tem and the peripheral ganglia, the nerve cells in the nuclear layer of the retina,™
the Kupffer cells of the liver, the parenchymal cells of the liver, the reticulum cells
of the spleen and Iyvmph nodes, and the epithelial cells of several endocrine organs
such as the pituitary™ and testis. Mental retardation and hepatosplenomegaly
are explained by these deposits.

Enlargement and vacuolization of the chondrocytes and osteocytes, as well as
of the periosteal cells, are described™ ' and probably are intimately related to the
skeletal malformation.

In the heart, in persons dying after a few years of life, the aortic and mitral
valves almost invariably have shown some degree of nodular thickening ™ as
well as changes in the chordae tendineae.'™ Functionally both stenosis and re-
gurgitation can result. In the case of Smith and his co-workers! the histologic
picture in the heart valves was dominated by the presence of “gargoyle cells.” These
have also been seen in the coronary arteries.™™%1%2 (Grossly*® even in young indi-
viduals the coronary arteries may “stand out like white cords.” Virtually com-
plete occlusion may result from the extensive intimal deposits.®==* The aorta*®
and pulmonary artery® may show extensive intimal deposits, presumably of the
same material as forms the vacuoles of the cells of various organs. The myocardial
cells may show marked ballooning by vacuoles (see photomicrograph, reference
6:). Patchy thickening of the endocardium and epicardium is described.®¢.72106 Of
the peripheral arteries, changes have heen described in those of the brain, spleen,
pancreas, and kidney, as well as in the mesenteric, carotid, radial, and anterior
tibial arteries.

Emanuel®® was able to find thirty-two autopsy reports in which specific de-
scription of the heart was provided in twenty-six. Of these, twenty-two had cardio-
vascular abnormalities (85 per cent). In fifteen patients the mitral valve was de-
formed, in nine the aortic, in seven the tricuspid, and in two the pulmonary. In
three (including Emanuel’s case ) all four valves, the epicardium, the endocardium,
the corornary arteries, and the aorta and pulmonary artery were involved.72:106

It is of note that the order of incidence of involvement of the heart valve—
mitral, aortic, tricuspid, pulmonary—is precisely as in rheumatic fever. In both
situations there are probably operating at least two prominent factors. The meta-
bolic aberration (in one case acquired, in the other inherited) and the hemo-
dynamic stresses. The peak pressures sustained by the four valves in the position
of closure are in the same sequence as the incidence of valve involvement: mitral,
120* mm. Hg; aortic, 80 mm. Hg: tricuspid, 25 mm. Hg; pulmonary, 12 mm.
Hg.

A conventional type of congenital malformation of the heart has been thought
clinically to be present in three of the patients seen at this hospital. Seemingly,
however, no such malformation has been revealed by any of the pathologic studies.

Abnormality of the tracheobronchial cartilages together with that of the upper
airways may be responsible for the suceptibility to respiratory infection in these
patients. Bronchopneumonia is a frequent cause of death.%

Cole and his associates' illustrate a histologic section of skin which was in-

-

*All values are approximations,
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terpreted as showing “marked fragmentation of collagen fibers and mucinous de-
generation.”

Vacuolated cells have been described in Bowman's membrane by Berliner®
and others, Lindsay and his co-workers™ described highly metachromatic granules
in the cornea,

Multiple abnormalities in the middle and imner ear have been discovered in one
twice-reported case,'0=.1=0

Extensive changes in the leptomeninges were described by Magee.™ The co-
imcidence of subdural hematoma in his case makes these changes difficult to
interpret. However, others report extensive changes in the meninges,® #2165 A[j]]-
man and Whittick®™ found thickening of the leptomeninges over the cerebral
hemispheres and “clear cells™ histologically. In Nji's® Case 2, there was hydrocepha-
lus with “thickened and milky leptomeninges.” The hyvdrocephalus'™ may be the
result of interference with drainage produced by the deposits characteristic of the
disease.'™ The frequency of hydrocephalus (Fig. 90.4) has been underestimated.
It is probably an important factor in the cerebral impairment in these patients.

Greenfield and his associates™? describe the central nervous system changes as
being predommantly distension of the nerve cells of the cerebral cortex with little or
no defect of myelination. A peculiar feature of the Hurler syndrome is “the presence
in the centrum semi-oval and medullary cores of the gyvri of greatly enlarged peri-
vascular spaces.”

Formalin or alcohol dissolves the vacuolar material.™® Some reported fail-
tures="- =% to stain the material in post-mortem tissues may have their bases in
this fact. Dioxane-dinitrophenol fixative has been useful™ in preserving the de-
posited material.

Some have reported that the intracellular deposits do take the conventional
546110 Most have found that the vacuoles do not stain as fat or stain
atypically.' Analyses of hepatic and splenic tissue for fat reveal no increase,i9.105.10
The material may stain with periodic acid-Schiff’'s reagent (PAS) or with Best's
carmine. It displays striking metachromasia.'’ Bishton and his colleagues'™*
suggest that even if precautions are taken to prevent solution of the material de-
posited in the liver, one cannot expect satisfactory staining of “heparin-type” poly-
saccharides by the periodic acid-Schiff technique. They recommend use of toluidine
blue as a stain in these cases.

Histochemical studies led Lindsay and his collaborators™ to suspect that the
storage material 1s glycoprotein. Brante'! isolated a material, polysaccharide in
nature, having 0.9 per cent sulfur, 27 per cent hexosamine, and 26 per cent glu-
curonic acid, containing no fatty acids by hydrolysis, and representing 10 per cent
of the dry weight of the liver. Uzman''® described two storage materials iso-
lated from the liver and spleen of these patients: (1) a complex polysaccharide
containing glucose, galactose, hexosamines, and sulfate, soluble in water and
formaldehyde but insoluble in other organic solvents, and staining metachro-
matically with toluidine blue: (2) a. glycolipid soluble in water and ethanol
but not in other organic solvents, and containing fatty acids, sphingosine, neu-
raminic acid, hexuronic acid, hexosamines, glucose, and galactose. These Uzman
refers to as fractions P and 5, respectively. Stacey and Baker!'™ reported the
presence of sulfated polysaccharide fractions as well as of nonsulfated fractions,
the latter somewhat related to blood group-specific substances. Brown™? has pro-

fat stans.
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posed a possible molecular structure of the material he isolated in large amounts
from the liver of patients with the Hurler syndrome and referred to as an oligo-
saccharide. By his evidence the material is composed exclusively of p-glucosamine
and p-glucuronic acid units combined in glycosidic linkage. The material in point
may be identical to the type of mucopolysaccharide called heparitin sulfate by
Meyer.'® Meyer and his colleagues'™ found large amounts of heparitin sulfate
in the liver of one patient.

Dawson®" thought that the deposits in the brain consisted of phospholipid,
although those elsewhere seemed to be mucopolysaccharide. Uzman''? did not
study brain, Meyer'™® finds that mucopolysaccharide (both chondroitin sulfate
B and heparitin sulfate ) was deposited in the brain in appreciable amounts.

THE FUNDAMENTAL DEFECT

Straus and his associates'" thought that this might be a dystrophy of col-
lagen, and Cole and his co-workers' also subscribed to this view. These authors
hased their view mainly on the lack of good evidence of this being a lipid-storage
disease and the fact that contractures of joints and hernia occur, as well as skin
changes which Cole interpreted as involving primarily collagen.

On the other hand, Ellis and his colleagues® considered gargoylism (as they
called it) a disorder of lipid metabolism. Washington™ in his term “lipochondro-
dystrophy™ implied the same theory.

de Lange and his co-workers® and Strauss'"® thought the storage material
might be a glycogen. Lindsay and his co-workers™ suggested that the stored
material might be a polvsaccharide (such as glycogen) or glycoprotein. Brante!!
studied three cases clinically and histologically and came to the conclusion that the
Hurler syndrome is a “congenital enzyvme disturbance as regards the metabolism of
the mucopolysaccharide or of some of its components, or as regards the binding of
the mucopolysaccharide to protein, etc.” The qualitatively and/or quantitatively
abnormal mucopolysaccharide accumulates at various sites, according to the last
view,

Uzman™ takes a shghtly different view. He holds that the genetic defect is
one concerning the metabolism (i.e., synthesis) of “structural polysaccharides”
which are normally important building blocks of connective tissue elements.*!

Dorfman and Lorinez'® and Meyer and his associates'™ have found consider-
able amounts of chondroitin suliate B and heparitin sulfate in the urine and tissues
of patients with the Hurler syndrome—a nice corroboration of the view that this
disease is a mucopolysaccharidosis. These polysaccharides have also been identified
in the brain.'* Meyer and his collaborators™ found large amounts of heparitin
sulfate in the liver of a patient, and Stacey and Baker'® found what was probably
the same polysaccharide.

The mucopolysaccharides (chondroitin sulfate B and heparitin sulfate) are
probably produced in excess; a defect in removal is less likely. Furthermore,
the mucopolysaccharides are, by any evidence vet available, “normal,” ie., they
have all the properties of those identified in certain normal tissues. (These muco-
polvsaccharides are not found in the urine of normal persons.) Meyer and his
colleagues’™ point out that the mucopolysaccharides produced by connective tissue
in different sites fall into distinct pattterns. Chondroitin sulfate B occurs normally
in all connective tissue with the exception of cartilage, bone, and cornea, whereas
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heparitin sulfate has been isolated only from lung and aorta (and in large amounts
from amyloid liver). It is suggested, therefore, that connective tissue cells each
produce only one specific type of product, e.g., cells producing hyaluronic acid can-
not produce any of the chondroitin sulfates. Tentatively Meyer and his co-
workers'™ propose that the Hurler syndrome is a genetic error in the chemical
differentiation of the fibroblasts—"a chemical metaplasia.” The excessive produc-
tion of polysaccharides results in the accumulation of these substances, not only in
the connective tissue cells themselves but also in the cells of many organs, and the
excretion of large amounts in the urine. The Hurler syndrome is, in this view,
both a generalized disorder of connective tissue and a storage disease (“thesauro-
sis" ). Storage of lipid in the brain and deficiency of glycogen in the liver are prob-
ably secondary effects of the derangement of normal cellular function produced
hy the storage.

As pointed out earlier, hvdrocephalus from meningeal involvement is un-
doubtedly a factor in the progressive impairment of intellect. Furthermore, a
biochemical mechanism common to connective tissue and brain may be faulty.
Just as in phenylketonuria and galactosemia, the details of how the normal bio-
chemical and functional status of the brain is disturbed in the Hurler syndrome are
unknown.

It is possible that the corneal involvement is a primary feature of the syn-
drome and not a secondary feature due to the deposit of an anomalous poly-
saccharide. The fact that corneal change occurs in only one of the two genetic
varieties of the Hurler syndrome, although other seemingly storage phenomena
occur in both, suggests that the corneal change is indeed primary. Corneal graft-
ing might settle the question.

The manner in which abnormal deposits occur in the intima and elsewhere is
reminiscent of the handling in rabbits of methyleellulose and pectin, ™5 hoth of
which are macromolecular carbohydrates. Hueper™ observed ballooning of cells
in the liver, spleen, kidney, arterial intima, bone marrow, and anterior pituitary
when pectin was administered intravenously in rabbits and dogs. However, “no
lesion was found in the cerebral parenchyma, the vascular system of the brain or
the choroid plexus.”

It is probable that the basic defect in the two genotypes of the Hurler syn-
drome (7. seq.) is slightly different. The phenotypic differences would suggest this
to be the case. Thus far chemical differences have not been identified. 5. 160

The clinicopathologic differences between the Hurler syndrome, on the one
hand, and the syndromes of Gaucher and of Niemann and Pick, on the other, are
suggestive evidence that the storage material in the Hurler syndrome is not lipoid.
In neither Gaucher's disease nor Niemann-Pick’s disease are the parenchymal cells
of epithelial organs involved. (Thannhauser' refers to Gaucher's disease as
“reticular and histiocytic cerebrosidosis” and to Niemann-Pick’s disease as “retic-
ular and histiocytic sphingomyelinosis.” ) The bone lesions of Gaucher's disease,
such as the Erlenmever flask deformity of the long bones, result from the involve-
ment of the marrow and not from the implication of fundamental skeletal build-
ing blocks as in the Hurler syndrome,

In reference to the skeletal lesions of the Hurler syndrome, it is noteworthy
that chondroitin sulfate B and heparitin sulfate have not been identified in normal
hone and cartilage (see p. 36).
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INCIDENCE AND INHERITANCE

This disorder 1s more common in males than in females. Prior to the frst
edition of this book (1956, few cases had been described in Negroes and we had
not seen the disease in a Negro. Since then several such cases have been re-
ported,1#6- 154138, 142, 180, 150,160,130 and we have observed a Negro family with three
affected members (Fig. 84). The characteristic facies may be mwore easily over-
looked in the Negro child. The syndrome has been reported in Chinese®™ 1318 and
in Oriental Indians.'#.15%

More often than not, the Hurler syndrome displays features of inheritance
consistent with a recessive autosomal trait.** Parental consanguinity®** is fre-
quent, and affection of multiple sibs of both sexes without the occurrence of affected
individuals in the preceding generation (“familial” characteristics) is often the
case. There are no well-documented descriptions of skeletal defornities in close
relatives of patients with full-blown cases to suggest that partial expression of the
trait in the heterozygous state may occur. Concordance in identical twin sisters
has been described.®® Craig® described the disorder in a twin brother and sister.
Others™! have observed discordance in twins who were presumably dizygotic.

In 1952, Jervis®™ reviewed the information on 103 families described in the
literature. When the ratio of affected to unaffected sibs was corrected by the method
of Bernstein and that of Lenz, statistically significant agreement with the expected
1:3 ratio was obtained. (Jervis did not recognize the possibility of a second geno-
tvpe, the sex-linked recessive form—see below. If sex is not taken into account, a
sex-linked recessive disorder will fulfill satisfactorily certain of the criteria for an
autosomal recessive trait: both parents are phenotypically normal and one-fourth
of all children are affected. In the group analyzed by Jervis there were ninety-three
affected male and fifty-two affected females.) Cousin marriages are known to have
occurred in eleven of the 103 families and probably actually occurred in more.
Using Hogben's formula, Jervis calculated that a 10 per cent consanguinity rate
would correspond to a phenotype frequency of 1 in 40,000,

So far as is known, none of these patients has procreated. Some of the pa-
tients with milder affection may be capable of reproduction. Because of the
statistical unlikelihood of mating with a carrier for the disease trait, unless the
mate is a relative, the offspring of an affected person can be expected to be normal
but will of necessity he a carrier for the trait if the theory of the recessive in-
heritance of the Hurler syndrome is correct. Actually the individuals most capable
of reproducing are all males who may have the sex-linked variety of the disease
(2. seq.). This means that none of their sons would be affected but half the daugh-
ters would be carriers.

A seemingly sex-linked form is described in at least nine reports, 24517451,
w1203 and, of course, there are many other instances in which this theory of in-
heritance is consonant with the known facts 9303655647475 Ty these cases the
inheritance follows the pattern of a recessive X-chromosome factor, such as hemo-
philia. Nja* suggested that cases without corneal opacity are most likely to show
this mode of inheritance. Lamy's analysis'™ corroborates Njd's suggestion.
Whereas about ninety per cent of all reported female patients with the Hurler syn-
drome have cloudy cornea, only about 60 per cent of male patients, especially those
reported at a later age, show the sign.
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In the fasemating report by Beebe and Formel,' nine cases were described
occurring in four generations of a family of Dutch extraction which has resided in
the Catskill Mountains for about 250 years. Of nineteen males, nine were affected.
Of sixteen female siblings of affected males, none was affected. All nine affected
males were related through their mothers, who were presumably carriers, Further-
more, they were all descended from a common female ancestor who was almost cer-
tainly likewise a carrier or perhaps started the disease (by mutation), just as
Queen Victoria probably initiated hemophilia® in the royal houses of Europe.
Five other females could be identified as carriers by reason of affected brothers and
sons. Six females had borne only normal children.

The family described by Beebe and Formel' may corroborate Nja's™ im-
pression that the sex-linked disease is a different entity clinically as well as geno-
typically. The sex-linked form of the disease may pass unrecognized until the
age of 4 to ¥ vears. Mentation is usually less severely affected. The patients live
longer. Finally, there is no corneal involvement. Fig. 86 presents the case of a
patient with Hurler's syndrome, probably of the sex-linked variety.

It would seem significant that most of the patients known to have survived
heyond the age of 20 years (see above) were male. In Jervis' survey™ there were
145 cases in which the sex was stated ; of these, ninety-three (64 per cent) were
male. Of 112 sibships, sixty-five could, by reason of the fact that all affected indi-
viduals were male, represent the hypothesized sex-linked wvariety of the disease.
There were twenty-seven sibships with more than one affected individual; of
these, twelve had only males affected, four had only females affected, and in eleven
both males and females were affected. The average age of the affected individuals
in the sibships with more than one affected individual, all males, was 6.65 years.
The comparable value for the sibships containing both male and female affected in-
dividuals was 10,02 years. Although this appears to contradict the rough impression
that the patients with the sex-linked variety of the Hurler syndrome are older
when they come to medical attention and when they die, it must be remembered
that these collected sibships may contain some in which the trait was inherited as an
autosomal recessive ; these may weigh down the average.

Again following Jervis"™ survey the state of the cornea was analyzed in
(1) the isolated female cases plus the sibships with affected persons of mixed
sex and in (2) the isolated male cases plus the sibships with affected persons all
male. In the case of multiple affected sibs all affected persons in that sibship were
counted as having cloudy cornea if one was said to show it. In sibships of the first
type, the cornea was described in sixty-nine individuals, of whom fifty-one (74 per
cent ) had corneal clouding. In category 2, the cornea was described in seventy in-
dividuals, of whom thirty-nine (55.6 per cent) had corneal clouding.

Parents have been invariably unaffected. The difficulties in distinguisihing
autosomal from sex-linked recessive inheritance are well illustrated. It should be
pointed out that when the victim of the particular hereditary trait does not pro-
create, one cannot be certain that the mheritance 15 as a sex-linked recessive rather
than as a sex-limited autosomal recessive.

One may conclude that there are sex-linked and autosomal recessive forms of
this disease, the latter heing several times more common than the former.* (Lamy

*In one report,” dominant imheritance is claimed, however.
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and his associates'™ estimate that about one-third of the males and 14 per cent of
all patients with the Hurler syndrome have the sex-linked recessive form.) Further-
more, it seems that there may be slight phenotypic differences corresponding to the
genotypic differences, as outlined in Table 5.

Table 5
Autosomal Keecssive Sea-Linked Kecessive

Corneal clouding 4+ | Probably 0
Deafness [ 1+ to 3+ 2+ to 4+
Retardation of intellect I 2+ to 4+ | = to 2+
Caibbus 24 to 4+ *x
Age of death Usually under 20 years OMten over 40 years
Reported cases Majority, e.g., refs. 22, 47, 48, | Ouite definite examples: refs. 4,

63, 86, 93 74, 81, &5, 120—likely examples:

refs. 19, 30, 36, 55, 04, 74, 75

Personal cases Probably 14 cases Probably three pedigrees (see

Fig. 86 for one)

If it were not for the confusion it would create, one might, with historic justi-
fication, refer to the disorder inherited as an autosomal recessive as the Hurler
syndrome, and to that inherited as a sex-linked recessive as the Hunter syndrome
(see Historical Note).

No increased urinary excretion of mucopolysaccharide has been found in the
parents of patients with the autosomal recessive form of the disease or the mothers
of males with the sex-linked recessive form.® Nor has any other method for
identification of the heterozygous carrier been developed.

DIFFERENTIAL DIAGNOSIS

At least superficially, there are many resemblances betwen the Hurler syn-
drome and the Brailsford-Morguio syndrome®* In fact, it has been claimed
that the two syndromes occurred in different members of the same famly.® Fig.
92 describes an experience which makes me skeptical of such reports. de Rudder™
has suggested that the Hurler syndrome is merely a combination (through gene
linkage) of Morquio’s dystostosis with what he calls a “phosphatide diathesis.”
Actually, as was discussed in Chapter 1, gene linkage probably plays no role in
hereditary syndromes. Cases are pointed to in which it appeared that only the
“phosphatide diathesis™ existed, e.g., by Grebe.

Brailsford-Morquio chondro-osteodystrophy was independently described about
1929 by the two observers!™®? whose names identify the syndrome. Morquio’s
name is more commonly associated with the disease than is Brailsford's. The dis-
order?-1.9.18,21,23,32,38,35,77, 84,80,100,107, 118,123 §g usually first detected at the age of less
than 1 year, when a thoracolumbar kyphos is noted. The disease is characterized
by kyphosis and failure of the trunk to grow in length whereas the extremities
grow in a more nearly normal manner. The patients are dwarfed. Radiologically
the vertebrae display wedge deformities or, more commonly, platyspondyly, ie.,
flat vertebrae. In the extremities there may be palpable enlargement of the epiphy-
ses which may superficially suggest rickets, a frequent misdiagnosis. The skull,
mentality, corneas, liver, and spleen are usually normal. These normal features and
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Fig. 914, Figr. 91 K,
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order described by Morquio. Abnormality of growth was first noted by the family at the age
of 6 years. Increased diameter of the thorax and genn valgum and increase in the size of the
knees and knuckles were noted. The teeth have wdergone rapid caries. The patient is alert and
above average in intelligence. All joints are hyperextensile. The fourth toes are shorter than
the others. The patient’s height (IFigs. 914 and 918) is that of a 54-vear-old child. X-ray
flms revealed the metacarpals and radii as short and “blocky.” The second lumbar vertebra is
flame-shaped and posteriorly displaced. Note the pronounced changes, resembling Legg-Perthes'
disease, m the heads of the femurs (Fig, 910, (Fig. 910 is a tracing of the spine x-ray film. )

The parents are second cousms; they have the same great grandfather. Two siblings of
this patient died at the ages of 5 weeks and 9 months of hereditary hyperbilirubinemia, a disease
also transmitted as an autosomal recessive™ The parents clearly carry at least two “re
cessive disease” genes in heterozygous state,
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Fig, 92C. The fingers are being held in maximum extension possible. Note the contractures

Fig, 920, XN-ray film of the hand revealed moderate coarsening of the bones bat not as
marked changes or the specific change in shape seen in Fig. 85C. The contractures seem to he
the result of changes i the soft tissues,



Fag. 92E. Lateral view
ot the spine m afected
zirl, Note the same sabre
like ribs and beaking of
the lower margin of the
vertehrae as in Fig. 83C.

g, 925, Frontal view
of skeletal system in af-
fected girl. Note the ad-
vanced changes i the
epiphyses of each fermur
and humerus.
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the relatively minimal affection of the limbs permit differentiation from the Hurler
syndrome. In some cases the joints are hypermobile (as described by Morquio),
but in others they exhibit limitation of motion. The evidence of a hereditary basis
is clear-cut, although the precise mode of inheritance 1s seeminly variable. The
variable inheritance may indicate that a phenotypic similarity leads to classification
together of several disorders which are fundamentally distinct. In Jacobsen’s very
interesting family™ the disorder was traced through five generations with twenty
affected individuals, all male. The genetic behavior was thought to be that of a sex-
linked recessive like hemophilia. (Interestingly, two female carriers of the trait
had “marked arthritic processes in the hips and ankles.”) In other instances in-
heritance as an autosomal dominant or an autosomal recessive has been hypothesized.
Autosomal recessive inheritance as illustrated by the patient in Fig. 91, is probably
most frequent.

The difficulties in differentiating the Morquio and the Hurler syndromes are
illustrated by the siblings shown in Fig. 92, The difficulties are also well illus-
trated by the report of Davis and Currier.®® Although entitled *Morquio’s Disease ;
Report of Two Cases,” the patients were described as having striking hepato-

Fig. 92G. Note marked anterior pocketing of the sella. Compare with Fig. 86E. Clincally
there 15 a ridge running sagittally over the skull (scaphocephaly ).
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splenomegaly, “shoe-shaped™ sella, clawhands, and contractures in other joints.
Most subsequent authors have accepted these as cases of the Hurler syndrome.
Ruggles®™ applied the label of Morquio’s syndrome to the disorder present in three
members of a sibship totaling seven. However, the presence of deafness, mental
defect, and cloudy cornea makes the Hurler syndrome likely.

A possibly helpful differentiating point is suggested by Garn and Hurme'#
who in three of nine siblings affected by the Morquio syndrome found that the
enamel of both the deciduous and permanent teeth was affected, whereas the
rest of the tooth seemed normal. The teeth of unaffected siblings were normal.
The evidences of enamel defect were thin enamel upon x-ray examination, tend-
ency of the enamel to fracture and flake off, and a dull grayish appearance of the
crowns of the teeth.

Specific chenmical diagnosis of the Hurler syndrone on the basis of wrinary
mucopolysaccharides 1s now available. Furthermore, differentiation of the two
genotypes will probably be possible in the future. We have already found as-
sistance from the urinary tests in the positive diagnosis of mild cases of the Hurler
syndrome. A simplified screening test has been described by Dorfman'! and
Lorincz. '™ It consists merely of adding five volumes of an acidified bovine serum
albumin reagent to one volume of urine ; a positive test is indicated by the develop-
ment of dense white turbidity. Both false negative and false positive tests seem to
occur very infrequently.

The following is a simplified “filter paper test” devised hy Berry!2%a:

Add 10 and 25 ml. of urine to spots on a small piece of filter paper, using
5 ml. increments and allowing each increment to dry before adding another. Dip
papers in toluidine blue reagent for about 45 seconds. Drain. Wash in two sepa-
rate portions of 10 per cent acetic acid. Urine from patients with the Hurler syn-
drome gives a purplish reaction ; a negative result is light blue. The toluidine blue
reagent consists of the following : 1.0 Gm. toluidine blue, 400 ml. acetone, and 100
ml. water.

An alternative toluidine blue reagent is prepared by dissolving 30 mg. of the
dye in 100 ml. of Coleman certified buffer solution, pH 2.0. With this reagent
staining is done for one minute and the papers are washed in 95 per cent
ethanol.

As in the “collagen-vascular” group of acquired connective tissue diseases,
there appears to-be in the group of chondrodystrophies a clinical spectrum such
that one entity blends smoothly into the next and it becomes impossible to say with
certainty where one entity leaves off and the next begins. With the “collagen-
vascular” group, increasing familiarity has sharpened. up the boundaries of the
individual entities. It is to be hoped that the nosography of chondrodystrophies
will be advanced to a like degree. It is my impression that there are several entirely
distinet dysostoses such as Morquio’s and Hurler's, and that it is only our ig-
norance which results in confusion of one with another. Ouite the opposite view,
namely, that Morquio’s syndrome and Hurler's syndrome are clinical variants of
what is fundamentally the same disorder, is expressed by Eichenberger 3!

Reduced joint mobility such as is seen in the Hurler syndrome is a character-
istic of arthrogryposis multiplex congenita. In fact, in an extensive survey
James®™ prefers to use the designation of “multiple congenital articular rigidities,”
as suggested hy Nové-Josserand, rather than the more generally used term pro-
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posed by Stern.'™ Subluxation, especially of the hips, may occur in this condition
of tight joints, just as it does with the loose-jointedness of the Ehlers-Danlos syn-
drome. Rigidity of the temporomandibular joint may create a feeding problem in
severely affected infants. Ek'™" suggests that bilateral involvement of both the upper
and the lower extremities should be a necessary criterion for the diagnosis. The
patella may be rudimentary or absent. The subcutaneous tissues are likely to feel
thick, doughy, and gelatinous. In general the subcutaneous tissues may he deficient
or may be excessive so that the limbs have the appearance of stuffed sausages. The
peripheral circulation tends to be poor and the limbs cold. Inguinal hernia occurs
as well as congenital anomalies such as hypospadias, cleft palate, cryptorchidism,
micrognathia, and mental deficiency. Usually orthopedists are consulted for the
joint manifestations. The ages of the patients reported vary from prematurity to 61
VEars.

From the above brief survey it is evident that there are many features of
arthrogryposis, such as the changes in the articular structures and skin and the
occurrence of hernia, all from a very early age, which suggest a heritable disorder
of connective tissue. However, up to 1951 James™ could find not a single in-
stance of more than one case n the same family. There had been several reports
of the disorder in one of twins who appeared to be umovular.®*% These interest-
ing observations cast doubt on both of the two leading theories for the etiology
of this condition: (1) an adverse influence of the intrauterine environment; (2)
heredity. On the other hand, EK™ presents evidence for a significant role of
heredity in these cases but emphasizes the frequent occurrence of organic cerebral
lesions which may be of primary pathogenetic significance.

Also, to be differentiated from the Hurler syndrome are cleidocranial dyso-
stosis, craniofacial dyostosis of the Crouzon type, Léri’s familial pleonosteosis™ 1!
{(to he described in Chapter 8, and acrocephaly **

The Hurler syndrome was thought to be associated with xanthomatosis and
called familial dermo-chondro-corneal dystrophy by Francois.'® Rare xanthoma-
like lesions were found in the skin in one of. my cases (F. M. O'N., Rosewood
4821). Tay-Sachs' disease and the Hurler syndrome bear certain superficial
resemblances to each other, and a presumed intermediate form is described by
Jervis %

Clinically, cretinism is another frequent misdiagnosis and is often the basis
for referral of these cases to endocrinologists. However, the patient with the
Hurler syndrome is usually active in his movements and displays normal cutane-
ous circulation. Tests of thyroid function are usually normal. Bone age is little
delayved in the Hurler syndrome and the epiphyseal changes characteristic of cret-
inism do not occur. Secondary hypothyroidism from involvement of endocrine
glands is theoretically possible.

The histologic changes in the brain resemble those of Tay-Sachs’ juvenile
amaurotic idioey." The rest of the picture permits differentiation, of course.

Inclusions in the leukocytes said to be indistinguishable from those described
in the Hurler syndrome occur as an 1solated hereditary trait, the Alder anomaly.*

As awareness of, and interest in, the Hurler syndrome increases, we are seeing
more cases in which the diagnosis cannot be established or denied with confidence.
In two such cases (N. L. H,, NIH 7634; D. F., 799359) mental retardation was
the predominant feature. [ts course was consistent with that in the Hurler syn-
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drome, there having been seemingly normal development for about two years and
retrogression thereafter. However, the liver and spleen were not enlarged, and the
skeletal features were limited to slight beaking of the vertebrae and “chunky” ap-
pearance of the ribs and phalangeal bones. Study of the urine for mucopolysac-
charides may help in such cases and will, perhaps, push back the frontiers of this

disease.

OTHER COXNSIDERATIONS

As with the other multifaceted syndromes studied in this series, diverse
specialists, such as surgeons (in re: hernia), otolaryngologists (in re: deafness,
rhinitis ), ophthalmologists (in re: corneal abnormality), psychiatrists (in re:
mental deficiency ), cardiologists (in re: cardiac abnormalities ), orthopedists (in re:
skeletal deformity ), neurosurgeons (in re: increased intracranial pressure), endoc-
rinologists (in re: differentiation from cretinism), see these patients for the indi-
vidual complaints which comprise the total picture.

The nosography of the Hurler syndrome has already begun to follow the pat-
tern of so many other hereditary syndromes: it is at first considered to be largely
a pediatric disorder simply because only the most severely affected individuals are
identified. These individuals are so severely affected that they are unlikely to
survive to adulthood and come to the attention of the internist. Because of the
wide variability in expressivity which the student of hereditary disease comes to
expect, the occurrence of mildly affected individuals in the adult age group 15 not
surprising. It is entirely reasonable to believe that procreation by these individuals
is possible. A 19-year-old patient of Ashby and associates was sexually mature.?
( The authors stated : “Sexual development exceeds the normal.”) Mental capacity
may be little restricted : one of the patients of Barr and his co-workers was an agri-
cultural engimeer. Ullrich''® was one of the first to write in detail about the “late
form™ of the disease, as he called it in contradistinction to the “infantile form.”
(These are undesirable terms since they may lead to the same confusion that has
existed in the case of osteogenesis imperfecta.) He considered it likely that the
47- and 40-year-old patients described by Schmidt in 193897 as suffering from “a
previously undescribed form of familial degeneration of the cornea in association
with osteoarthropathy™ and earlier (1927) by Schinz and Furtwangler®® as "heredi-
tary osteoarthropathy with recessive inheritance,” suffered from a mild (“late™)
form of the Hurler syndrome. Of eleven children of consanguineous parents (first
cousins ) two daughters had died at the age of 8 and 18 vears, respectively. They
showed markedly crippling stiffening of their joints. Scharf® described a 28-year-
old man, Grebe® described patients 21, 24, and 30 years old, Hooper® had patients
20, 30, and 37 years of age, and Barr and his co-workers!'™ had patients 28 and 29
vears old. Schwarz and Gagne®™ had a 37-year-old patient who was still living.
Zier]™! reported on a 2l-year-old man and Noller® on a 43-year-old woman.
Cocchi' provides two photographs of a patient, one taken when he was 4 years
old, the other when he was 22 years. Cole and his associates' had a 23-vear-old
patient.

Hurler®® stated that mydriasis was unusually marked and prolonged after
homatropine but sweating from pilocarpine less than normal.
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No definitive treatment for the Hurler syndrome is known. Hurler,*® in one
of her original cases,” observed that thyroid extract, while having no measurable
effect, produced subjective improvement in the patient. We have observed the
same phenomenon (Fig. 80). Large doses of prednisone had no effect on urinary

excretion of mucopolysaccharide.
SUMMARY

In the Hurler syndrome, the charcteristic features are skeletal deformity, limita-
tion of joint motion, hernia, hepatosplenomegaly, cardiac abnormality, corneal
opacification, deafness, and mental retardation.

The basic pathology is the distention of cells of many organs with material
of two types: a complex polysaccharide and an aglycolipid. The fundamental defect
appears to concern either the mucopolyvsaccharide or “structural polysaccharide” of
connective tissue.

THE HURLER SYNDROME -
DEFECTIVE MUCOPOLYSACCHARIDE ?

IN—
CARTIL AGE
s

CORNEA
MENTAL {;,
RETARDATION #
et ) cLOUDY
e COANEA
\ r
STORAGE -
PHENOME N&™

e
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+
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MULTIPLEX

Fig. 93. Pictorial pedigree of causes,

The Hurler syndrome i1z usually inherited as an autosomal recessive trait,
less commonly as a sex-linked (x-linked) recessive. Clinical differences between the
two genotypes appear to exist (see Table 5).

Other chondrodystrophies, especially that of Brailsford and Morquo, dis-
play many features in common with the Hurler syndrome but are fundamentally
distinct entities.
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8. CONCLUDING COMMENTS

Introduction ; Fibrodysplasia Ossificans Progressiva: Osteopoilkilosis: Léri’s
Pleonosteosis; Paget’s Disease of Bone: Other Possible Hereditary and
Generalized Disorders of Connective Tissue; The Future in the

Study of Heritable Disorders of Connective Tissue:

General Summary and Conclusions

A. INTRODUCTION

Ib: ApDITION to the five disorders which have already been discussed and which
seem clearly to be generalized and hereditary disorders of connective tissue,
other conditions were investigated in a preliminary manner for the propriety of in-
cluding them in this general group. The disorders so studied can be grouped in
the following manner as to the likelihood of their generalized and hereditary
character :

[. More likely
1. Fibrodysplasia ossificans progressiva
2. Osteopoikilosis
3. Léri's pleonosteosis
4. Paget’s disease of bone
5. Cutizs laxa (not to be confused with the Ehlers-Danlos
syndrome)
1. Less likely
1. Localized and limited to one specialized type of connec-
tive tissue
(a) Dupuytren’s contracture
(h) Pevrome’s disease
(¢) Group of aseptic necrosis syidromes
2. Probably limited to one specialized variety of connective
tissue (although generalized in that tissue)
(a) Osteopetrosis
(b)) Achondroplasia
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{(¢) The Morquio-Brailsiord syndrome
(d) Lipomatosis
{ ) Neurofibromatosis
( {) Keloidosis
(g) Multiple hereditary exostoses
(h) Ollier's enchondromatosis
3. Too generalized (e.g., epithelial as well as connective tis-
sue elements affected )
{(a) Werner's syndrome
(b) The Ellis-van Creveld syndrome (chondroectoder-
mal dysplasia)
(¢) Hereditary osteodysplasias and arthrodysplasias
with dystrophy of the fingernails.
(d) Chrondrodystrophy with Pelger-Huét anomaly of
leukocytes
4. Although generalized and involving connective tissue
elements, doubtful that hereditary
(a) Arthrogryposis multiplex congenita
(b) Urticaria pigmentosa
Mooted whether site of basic defect is elastic fibers of
skin, 1.e., precise defect unestablished
(a) Epidermolysis bullosa hereditaria
(b) Generalized arterial calcification of infancy
6. Connective tissue involved only secondarily in metaholic
aberration
(a) Gout
(b) Alkaptonuria (ochronosis)

L

B. FIBRODYSFPLASIA OSSIFICANS PROGESSIVA
HISTORICAL NOTE

The name myositis ossificans progressiva is said'® to have been assigned to
this condition by von Dusch in 1868, The designation in which fibrositis is sub-
stituted for myositis has been used more frequently in recent decades!®3*43 gince
the primary change is in the connective tissues, specifically aponeuroses, fascia and
tendons, and the muscles are only secondarily affected. (Rosenstirn®® suggested
“fibrocellulitis.”) It is not entirely improper to refer to it as fibrositis since the
lesions may appear to be quite inflammatory during early stages. However, “fibro-
dysplasia,” the term suggested by Bauer and Bode,® impresses me (as it has
Falls®) as most valid. “FOP” is the abbreviation which will be used in this
discussion.

In a review of the subject to which little has since been added, Rosenstirn'”
in 1918 abstracted 119 cases and added his own. The first case may have been de-
scribed in Guy Patin in 1692, Extraordinarily clear descriptions of the end stages
of the disease were provided in the Philosophical Transactions of the Royal Society
of London in the first half of the eighteenth century by John Freke and others.
John Freke (1688-1756), a London surgeon and man of wide culture, was a friend
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of Fielding, who mentions him twice in Tom Jones. Freke saw his case of FOP
at St. Bartholomew's Hospital*® ;

April 14, 1736, there came a Boy of a healthy Look and 14 Years of Age, to ask of us at
the Hospital, what should be done to eure him of many large Swellings on his Back,
which began about 3 Years since, and have continued to grow as large on many Parts
as @ Penny-loaf, particularly on the left side. They arise from all the wertebre of
the Meck, and reach down to the (05 sacrum; they likewise arise from every Rib of his
Body, and joining together in all Parts of his Back, as the Ramifications of Coral
do, they make, as it were, a fixed bony Pair of Bodice®

Abernethy, Caesar Hawkins, Jonathan Hutchinson,®® Volkmann, Kronecker,
Virchow, Stephen Paget, Rolleston,® Garrod, F. Parkes Weber, Eugene 1. Opie,
and many others added cases. Since Rosenstirn, other reviews have appeared 254240

Helferich®™ is generally credited with having first described (in 1879) the
important association of microdactyly with FOP. The distinctive tvpe of deformity
seen in these cases (monophalangy of the great toe) had been described as an iso-
Jated anomaly by Frankel™ in 1871.

In 1901 Rolleston™ expressed the opinion that the disease is a defect of the
mesoblast. This was probably one of the earliest statements of this idea. It has
been stated by many others since that time. For example, Hirsch and Low-Beer®!
called it an “exceedingly unusual anomaly of the mesenchyvme.”

CLINICAL MANIFESTATIOXS

The onset of the process in the fascia and tendons may be in fetal life®*30.40
or rarely not until after the age of 20 vears.'*!' Usually, however, evidences of
the disorder appear in the early vears of life, before the age of 10 years.

Typically, localized swellings appear first in the region of the neck and back
and later the limbs. They are sometimes painful. These lumps come and go in a
matter of days. Sometimes injury appears to be involved in their inception. The
lumps may or may not be attached to deep fascia. Sometimes the tumors are cystic
and appear to contain blood. Discharge may occur. At times fever is associated
with the development and/or absorption of the tumor. In fact, acute rheumatic
fever may be simulated.*® As the disorder progresses, wryneck deformity may de-
velop. The masseter may also be affected, but the tongue, heart, larynx, diaphragm,
and sphincters enjoy immunity from the process. The dorsal aspect of the trunk
and the proximal (but usually only the proximal) portions of the extremities may
be affected. The plantar and palmar fascia may be involved. At the attachments
of fibrous structures to bones it is not uncommon for exostoses to develop—for in-
stance, in the occipital area of the skull or as an anterior calcaneal spur.

Eventually, columns and plates (Figs. 958 to 95D) of bone replace the
tendons, fasciae, and ligaments. The spine may become completely rigid and the
victims converted into columns like Lot's wife at Sodom. Koontz™® patient “was
completely unable to sit down . . . she either had to lie down or stand up. She
had enough motion in one of her knee joints so that she could walk with a very
halting, mincing step. She was of slight build, weighing very little, and it was
simple to carry this plank-like girl around.”®® Fairbank® presents drawings of

*From Freke, J.: Phil. Tr. Roy. Soc., London, 1740,
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Fig. 94, Tracings of x-ray films of hands and feet in selected reported cases (these are
not reproduced to the same scale). A, Koontz®: Hands little affected. In feet, monophalangic
first digit and biphalangic fifth digit. On the right the fourth toe is also biphalangic, There is
an exostosis on the right great toe and bone bridge between metatarsals on the left. B, Rosen-
stirn®: The short, pointed terminal phalanx of the thumb is typical. The first metacarpal on
the leit is abnormal in shape. (Frequently the first metacarpal and metatarsal has a disorganized
trabecular pattern.) The terminal phalanges of the other digits, especially the second and third,
also short and peinted. O, Frejka": The fingers were not commented on. The first toe is
monophalangic and the others biphalangic at the most. Typical hallux valgus is present. [,
Fairbank™: [, 7 years of age. First metatarsal appears to have been lengthened by fusion with
the proximal phalanx. The other toes are all biphalangeal. 1, 10 years of age. The character-
istic short, pomted terminal phalanx is seen. There was also microdactyly of the great toes. E,
Tutunjian and Kegerreis®: No comment on the state of the hands. It is interesting to note that
monophalangic first toe can be present without microdactyly or hallux valgus. F, Magruder™:

{Cantinined on afposile fage, )
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skeletons showing extensive changes. Often a ridge of bone on the back appears
like a handle by which the patient can literally be lifted 3

The skin is usually exempt as are the muscles of abdominal wall, perineum,
and eye. The heart is not affected. Remissions and exacerbations are characteristic
of the disease. Hernias may occur with increased frequency.*

In spite of marked involvement, patients have survived to fairly advanced
vears, e.g., 61 vears in Case 73 described by Fairbank.® The patient who was 1714
vears old when studied by Koontz®* is still living and reasonably well, although
severely disabled, at the age of 51 years.*®

Obviously, microdactyly can be a valuable diagnostic sign in the earlier stages
of the process of ossification or before calcification has appeared. The great toe
(Fig. 94) is affected in the great majority of cases, the thumb less frequently (in
less than half of cases ), and at times other digits. Hallux valgus frequently results
and is often what impresses the observer rather than shortening of the digit ( Fig.
954 ). Fairbank® states that all the fingers were shortened in two cases. The short-
ening 15 the result of change in the phalangeal bones, rarely in the metatarsals. The
proximal phalanx may be completely suppressed. A synostosis of the phalanges
of the great toe is perhaps the most typical change. Rosenstirn'® believed that
microdactyly is present in all true cases of FOP, Furthermore, the classic review
of digital anomalies by Pol*™ indicates that the changes in FOP (see Fig. 94) are
in all likelihood unique to this condition and, for practical purposes, absolutely
pathognomonic. Clinodactyly, radial curvature of the fifth finger, may occur in
these cases.

The only other skeletal change which has been seen at all frequently is an
abnormally broad neck of the femora!8-45 { Figs. 958, 98F, and 98¢ ). In children
the epiphyseal ossification centers may be large for the patient's age (Fig. 98).

Occasionally there is tendency to bruise, with negligible trauma'® No defect
of coagulation is demonstrable in these instances, however.

REVIEW OF CASES

To my knowledge only seven patients with FOP have been seen in Johns
Hopkins Hospital during the past forty yvears.®* All patients are still living. One
was reported by Koontz.*® Two were briefly referred to by Geschickter and Ma-
zeritz.'" In none of these seven families has another case of FOP been known. All
the patients have deformity of the toes and /or fingers. Inat least two instances ( Cases
1 and 2) digital deformity was also present in other members of the family. One
patient (Case 5) did not notice any abnormality until the age of 25 years, when

“Barker's' case was probably calcinosis universalis and not FO P,

{Continned from previous fage. )

Twpical monophalangy of first toe and biphalangy of others, Note exostosis like that in Koontz's
patient. &, Griffith™: Twypically short, pointed terminal phalanx of thumbs and of other fingers.
Clinically the fifth fingers were curved (clinodactylous). The great toes were monophalangic.
H, Michelsohn™: First toes monophalangic ; fifth toes hiphalangiec. Twpical thumbs, [, Vastine,
Vastine, and Arango*™: Identical twins. Monophalangy of first toes. Biphalangy of fourth and
fifth toes. S, van Creveld and Soeters': 5 vears of age. Typical thumb, K, Mather™: Mono-
phalangic first toe. Biphalangic fifth toe,

It is noteworthy that in the feet of many of the patients in the illustrated cases of FOF,
sesamoid bones have been conspicuous by their absence. In their place. projections like exos-
toses ocour, particularly at the distal end of the first metatarsal, It is likely that these “exostoses”
arce synostoses of sesamoid hones with the metatarsal.
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Fig. 95.4.

Fig. 93K,

Figs. 95.4-950, X-ray studies m Case 2 of FOP (see text). As demonstrated in Fig. 934,
there was distortion of the contour of the distal tip of the first metatarsal and of the proximal
phalanges resulting in the hallux valgus detformity seen chimcally, It as of note that in this
case a normal number of phalangeal bones are present in all the toes, This 15, as \mi” be zeen
from inspection of Fig, 94, the anptic:n. as a rule, |1||-|1|-1r|1:|.|:|.u"1. of the preat toes is at least
present. It will be :111;:':--.!“1]._ tn see 1 synostosis ocours n the future as was observed in
to occur in Michelsohn's patient.® The hands were normal. As demonstrated in Fig, 958, the
neck of the right femur 1s slightly widened and h|1||mr| immediately adjacent to the :p!pln‘av 1l
line the left femur is normal. '|\1|||111‘LI||L:=. hone 15 seen on 1_-fui1 ~.||1¢ of the lower lumbar -p:nw
especially the left. The ossification in the axillary areas (Fig. 95C) has the appearance of cor-
tical bone. In places, it resembled the ribs in contour. At least one false joint was identified.
[;1 t1|1i." !|fl.1.<‘r2|.| view of the lumbar spine (Fig, 950) plates of bone are cle ;l.li_'t" demonstrated on
the back,
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Fig. 95, g 951,
Fig. 95C and 950}, For legend see opposite page

lumps appeared above one knee. In another patient (Case 3) torticollis was noted
at 1 month of age and advanced FOP was present when he was seen at the age
of 16 months. Biopsies have been made in at least the last six patients. There
is generally said to be a predominance of males affected; three of the seven are
female. Alkaline phosphate determinations are available in three patients and are
not in excess of values anticipated for the patient’s age.

Abstracts of these seven cases follow

Cazg 1. The case of M. J., born in 1908, was reported by Koontz™ in 1927, with excellent
illustrations of the gross appearance and radiologic change: imcluding those of the thumbs and
great toes, The maternal grandfather and his two brothers developed late in life what apparently
were Dupuytren contractures, A cousin on the maternal side apparently had a deformity of
the toes similar to the patient’s. The patient’s first symptom was stiffness at the age of 9 years.
Menstruation never oceurred. Both great toes and thumbs were short and malformed. Concen-
trations of caleium and phosphorus in the blood were normal. I examined the patient in Aprl,
1956. She was then 48 years of age. The diseaze had progressed slowly but steadily. The jaw
was partially fixed, she could not sit, and the arms were in an absolutely fixed position with a
minimum of wrist motion present. Using a long-handled fork and standing up, the patient was
able to fecd herself.

Case 2. B. W, (ABSE/4), a 7i-vear-old white girl, has a normal brother and sister. The
father had stunting of the great toes similar to the patient’s but no other instance of FOP 15



202 Heritalle Disorders of Connective Tissue

known in the family. At 10 months, when the patient began to sit up, the head leaned to the left.
At the age of L4 VERrs, she l‘.ll."l.'t'llllilt'(l an exostosis on the r:i.[.-.'|1t knee after trauma. Hnwcv.:fl she
remained apparently well otherwise until the age of about 7 years, when she began to complain
of pain in the left side of her neck, and firmness and tenderness was discovered there. There-
after, swelling and imduration developed on the back, abdomen, and shoulder. There was marked
limitation of motion of the neck, arms, and spine, and the head was held to the left. Dermato-
myasitis was the mitial diagnosis. See Fig. 95 for x-ray studies of this patient.

Case 3. RW. (AG2462) was found at birth to have hallux valgus and short thumbs, At 1
month the head was noted to be bent to the left and there was a firm mass in the stenomastoid
muscle, Thereafter asymmetry of the face developed. Lumps appeared in many areas over
the back and scalp. These masses never appeared imflamed. There were, however, frequent

Fig. 96, Drawings of the hands and feet of patient 4 of the FOP series (see text). Microdactlyly
of the thumbs and toes is strikingly demonstrated.

bouts of unexplained fever. Examination revealed atrophy of the left side of the face. The
sternomastoid muscle on the left was converted into a stony hard mass. The ligamentum nuchae
was similarly affected. Extensive involvement about the scapulae (which were attached to the
ribs) and the trapezius muscles formed a voke on the back.

Case 4. V. W, (U52691) has seven siblings, but none has either microdactyly or FOP, She
was presumably well until the age of 6 years, when she fell from a swing, striking her back.
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Swelling and discoloration resulted. X-ray films at that time revealed “a spider’'s web on the
spine.” Thereafter, there was steadily progressive increase i stiffuess and limitation of motion of
joints. The thumbs and toes had always been small, It is of note that the facial muscles were
involved in this case. By the age of 25 years the jaws became locked and the upper teeth had
to be removed to permit alimentation. (See Fig, 96 for drawings of this patient.)

Case 5. F. K. (U52689) was well until the age of 25 years, when he developed a “bump”
above one knee following trauma. During the following year there were several episodes of
soreness and swelling in the left side of the neck with difficulty in swallowing. There are six

Fig. 97. Drawings of patient 5 of the FOP series (see text). The ridges of bone on the back and
the fixedly awkward posture are highly characteristic, Striking microdactyly is also present.

siblings. No other members of the family had microdactyly or ossification. The patient’s thumbs
were small, with fusion of the interphalangesl and metacarpophalangeal joints. All the terminal
phalangeal joints of the secomd and fourth fingers were fused, Hearing was impaired bilaterally,
As long as the patient could remember, e had had restriction of motion of the head, mandible,
both shoulders, right elbow, both thumbs, hoth hips, left knee, left ankle, and toes of the left
foot. Supposedly, poliomyelitis affecting mainly the left leg had occurred at 5 years of age, but
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suspicion is cast on the diagnosiz by later developments. (See Fig. 97 for drawings of this
patient. )

Case 6. M. W, (422628) was seen at the age of 14 years, and a diagnosis of calcinosiz of the
muscles of both hips was rendered. However, in retrospect there can be no guestion but that
[FOP was actually present. The boy had always been stiff, and following a blow on the back at
the age of 5 years a lump on the left scapula was noted. The mass was biopsied and ecalled sar-
coma. The boy was given only three months to live ; he ig still alive, although disabled, at the age
of 27 years. Other lumps appeared and flexion contracture of the hips and right knee gradually
developed. The left great toe was short and deformed.

Case 7. . H. (770577}, born Oet. 4, 1951, has, as his first manifestation of FOP, the ap-
pearance (i 19547 of transient, nomtender “bumps™ in the posterior part of the scalp. A hiopsy
diagnozis of neurohbromatosis was made. The correct diagnosis was made in October, 1956,
by which time 1_1-"|liL'-'i! ossifying changes in the AHINEUrQses of the back had r|l".'l'|n[n.'el. A hll'ihinf_t
feature at that time was local heat over the involved areaz of the back. The thumbs and toes
were characteristically short. Two older siblings born in 1947 and 1949 are normal and no
definite abnormality has been detected in members of the family., Other features of note include
short, broad femoral necks and exostosis-like spurs on the upper end of each tibia at the site
of muscle attachments. (See Fig. 98.) Steroid therapy undoubtedly suppresses acute inflam-
matory phases in this patient. Whether it also will prevent the subsequent ossification remains

to be seen,

.[1'i5\'- L ]'Ill.‘_. O8N,

Figs. 98.A-98H. Case 7. A, Lateral view (June, 1958). B, Rear view ( June, 1958). C, Feet.
L}, X-ray of feet (Aprnil, 1957). E, Occiput, showing ossified nodule. Note the ossification in
the tissues of the posterior part of the neck. F and &, The neck of the femur is short and
broad (1954 and 1957). H, Exostoses of the tibias at site of tendon attachment.
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Figs. 980 to £, For legend see opposite page.
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Fig, SR,

Figs. 98F-098H, For legend see page 204,
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INCIDENCE AND INHERITANCE

In 1918 Rosenstirn,'® in reviewing this disorder, could find 119 cases in the
literature. In later reviews®® other cases have been added. The disease is ap-
preciably more frequent in males, in a ratio of 4:1 according to some®! but 3:2 by
the statement of others. In Rosenstirn’s collection of cases, 62 per cent were male
(sixty-eight male and forty-two female of cases clearly deseribed as to diagnosis
and sex ).

Sympson'® reported microdactyly in father and son, with FOP in the son.
Drago® reported the same situation in a mother and son. Koontz® deseribed “con-
tractures of two fingers” in four relatives of the patient. The anomaly apparently
developed later in life, however, and may have been Dupuytren’s contracture,
Burton-Fanning and Vaughan® described FOP (the full syndrome) in both father
and son. Gaster™ observed the disorder, including phalangeal deformity in five
male members of three generations, three brothers, the father, and paternal grand-
father, Vastine and his co-workers'™ and Eaton and his associates®** each saw
FOP in both of a pair of identical twins. It may be that this disease trait is domi-
nant with a particularly wide range of expressivity. Many of the cases may be
new dominant mutations; very few of the patients have children to whom the
disease can be transmitted. There seems to be no increase in consanguineous mar-
riages among the parents. Multiple affected sibs, except for identical twins, are rare.

PATHOLOGY

The early histologic changes are not known. Obviously it is these which are
of most significance in reference to the basic abnormality. It is clear'? that the
skeletal muscle is fundamentally normal. Geschickter and Maseritz' picture carti-
lage and also “young osteoid tissue surrounded by osteoblasts.” The surgical path-
ologist may find it difficult to distinguish FOP from osteogenic sarcoma. In the
case described by Paul®® both were thought to have been present.

THE BASIC DEFECT

That the fundamental disorder resides in connective tissue seems indisputable.
[solated bone tissue may be found in the skin*® well removed from muscles. No ab-
erration of calcium metabolism has been demonstrated. In one case (P. H., 770577)
ossification began in the galea aponeurotica. The serum transaminase activity was
normal during stages of activity of the disease, as manifested by fever, leukocytosis,
and local heat. Because of the similarities of behavior to the caleification and os-
sification which occurs after traumatic and other injury which involves necrosis
of tissue, one suspects that this is fundamentally a dystrophy of connective tissue
with secondary calcification. Rosenstirn believed that the fundamental defect resides
in the small blood vessel and that the initial lesion is a hemorrhage which 1s fol-
lowed by organization and ossification.

The observations of Wilkins and ‘his associates'? are important and point the
way to an area for possibly productive investigation by other techniques such as
tissue culture of fibroblasts from these patients. Specifically they found a very high
level of alkaline phosphatase activity in the areas of heterotopic cartilage and bone
formation. The activity was, in fact, higher than in normal rih.
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An enigmatic feature of this syndrome has been the association of an anomaly
of the conventional congenital tvpe, microdactyly, with the other cardinal com-
ponent, ectopic ossification, which behaves more like a hereditary weakness of some
element of connective tissue. Previously, in discussing the explanation for the as-
sociation of congenital anomalies of conventional types with hereditary disorders
which behave more like abiotrophies, it was proposed that the presence of a basic tis-
sue defect results in an abnormal environment for embryologic development so that
specific congenital defects occur predictably with increased incidence. Such may be
the case with the microdactyly of FOP. Certainly, a disorder of normally ossified
tissues is not too farfetched an association. However, a more straightforward ex-
planation is possible. There is an intriguing set of observations reported by Michel-
sohn,™ suggesting that in connection with the abnormality of growth of the first
digits in FOP there 1s no sharp distinction between antenatal and postnatal develop-
ments. The patient in question was a 17-year-old girl when seen. In the first
months of life the mother noted pronounced shortening and stiffening of the great
toes, with no morphologic or functional abnormality of the thumbs. At the age of 7
vears when the changes in the muscles were beginning, the thumbs became painfully
swollen and later stiff, then ankvlosed. By definition the change in the great toes
was synostosis and that in the thumbs, ankyvlosis. However, it may be that the same
basic process was operating in both instances. The predominant and usually unique
involvement of the first digit may be related to the difference in the growth pattern
of the first digit as compared with the others (see pp. 54 and 56).

The maliormation of the digits appears to occur in the fairly regular manner
of a Mendelian autosomal dominant trait; ossification occurs in less predictable
fashion. The factors determining whether ossification will occur in a given case
of microdactyly are entirely obscure. Rosenstirn'® reported that both FOP and
microdactyly occurred in a setter dog. It is a pity that breeding and other experi-
ments were not undertaken on this valuable animal.

OTHER CONSIDERATIONS

In the differential diagnosis, calcinosis universalis, dermatomyositis, Weber-
Christian’s disease, and other conditions must come in for consideration. The pic-
ture suggests torticollis in the early stages® Calcinosis universalis is probably
basically a “collagen vascular” disease with secondary calcification.*® It is certainly
not a heritable disorder. The patient described by Barker, a Negro male who was
for many months on the wards of the Johns Hopkins Hospital, probably had cal-
cinosis universalis and not FOP. Actually there must be very few descriptions of
FOP in Negroes.

Beryllium has been used in the treatment of FOP.** Since beryllium sup-
presses alkaline phosphatase activity,'™®*' there might be some rationale for this
therapy. This effect of beryllium was, however, unknown in 1937 when it was used
furthermore, its benefit was, at the most, doubtiul. Adrenocortical hormones were
used in Case 2 and in patients reported in the literature.®®* Again, benefit is,
at the most, dubions. Somewhat encouraging results in an early and active case
were described by Riley and Christie,®® but no benefit was noted in an old, probably
static case. In other instances®** steroids did no good even when given early. They
may be helping the boy shown in Fig. 98. X-ray therapy may aggravate the con-
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dition. The reader is referred elsewhere (eg., reference 38) for reviews of the
other forms of therapy that have been employed without any particular success.

SUMMNMARY

The cardinal manifestations of fibrodysplasia ossificans progressiva are micro-
dactyly and progressive ossification of fascia, aponeuroses, and other fibrous struc-
tures related to muscles. Microdactyly is always most striking in the thumb and
great toes. It probably represents fundamentally the same disorder occurring
usually, although not exclusively, during antenatal development. There is usually
a synostosis with resulting monophalangic great toe.

This disorder is probably inherited as a Mendelian dominant with irregular
penetrance.

C. OSTEOPOIKILOSIS (OSTEO-DERMATO-POIKILOSIS)

Osteopoikilosis, like osteopetrosis, was first described in a definitive manner
(earlier references™ can be found) by the German radiologist, H. Albers-Schin-
berg (1915).*% It is sometimes referred to as “spotted bones,” an appropriate
designation as seen from Fig. 99. “Osteopoikilosis™ (variations: “osteopoecilia,”
“osteopecilia,” “osteopoicilosis,” “osteopoikilie”) is derived from Greek words
meaning “mottled bones.” The bone lesion is also referred to as “osteitis condensans
generalisata” or “osteosclerosis disseminata.” Bauer and Bode® called it “osteo-
dysplasia enostotica.” The skin lesions were first described in 1928 by A. Buschke
and Helen Ollendorff*® (later Curth®) as “dermatofibrosis lenticularis dissemi-
nata.” Osteo-dermato-poikilosis might be a satisfactory designation for the entire
syndrome,

Neither the osseous nor the cutaneous lesions are of any known chinical signih-
cance whatever, They are usually discovered incidentally, since the bone lesions are
asymptomatic and the skin lesions mconspicuous. One reason why the clinican
should be familiar with this condition is that he may avoid confusing the condition
for osteoblastic metastases to the skeleton.™

The bone lesions are circumscribed, round areas of increased bone density,
usually less than 1 em. in diameter, situated particularly at the ends of the bones
of the extremities (but not necessarily in the epiphyses ) and in the small bones of the
feet and wrists (Fig. 101 ). The lesions may or may not be bilaterally symmetrical.
At times the lesions are linear (striate) in distribution.™ For example, Voor-
hoeve™ found vertical striae parallel to the long axis of the bones and as a fan in
the wings of the ilia, but no spots, in two children whose father had typical spots
and no striae. See Fig. 100 for a demonstration of the distribution of lesions. The
skull has been spared in most cases. Bistolfi'? described involvement of the oceipital
bone. All three cases of Funstein and Kotschiew™ had skull involvement and indeed
the calvarial lesions dominated the picture in Erbsen’s®™ case. In the case of
Martinéi¢®™ unusual involvement of the lumbar spine was present.

As was nicely demonstrated by Funstein and Kotschiew™ the islands tend, in
pronounced cases, to be oriented along the “traction and pressure lines,”"% especially
at points of crossing of these lines.

The skin lesions, always inconspicuous, are most often located on the posterior
aspect of the thighs and buttocks, occasionally on the arms and trunk, but never on
the face. Their location bears not constant relation to that of the bone lesions, al-



300 Heritable Disorders of Connective Tissue

1 it ig noteworthy that the head is usually affected neither by skin nor by hone

thoug
lesions, They are L'|r|:-.1-|_1' sittiated, --l|_:_f]|1|_'-. elevated, whitish _'-.'r||:|".".', anel l'.r-.u.'ﬂl_\' ul
long or oval ontline. Like the hone lesions, they have been deseribed as rm'rn]'ring

in longitudinal streaks. They are usually about the size of a lentil or pea, from which
the name of the skin lesions { dermatofibrosis lenticularis disseminata) is in part
derived. Most of the cases of bone lesions that have been subjected to careful in-
-.ln_-.;[iun have been found to show skin lesions as well. Busch® described skin
changes in six patients, Buschke and Ollendorft® in one and Svab™ and Windholz""

inn twao each.

=

Fig. %M. Typical osteopoikilosis discovered incidently when radiologic studies for a wrist injury
were performed (J.H.H. 644704 in a 13-year-ald white boy.

Information on the age of appearance and evolution of both the osseous and
cutaneous changes 1s meager. [t 1s clear that lesions may be present at both sites in
the first vears of life. Furthermore, it appears that once formed, the bone lesions
remain static for many years. The longest reported follow-up, seventeen vears, was
in a female first observed at the age of 14 years %

Keloids may occur with increased frequency in these patients.®™ The only
mternal medical ramification that has even been suggested is that of fibrous nodules
of the peritoneal lining discovered at laparotomy in a 13-year-old patient who
complained of severe abdominal pains.™ It can fairly be stated that this was not
a “clear case,” however. Grossly the nodules suggested tubercles, Scleroderma

beginning at the age of 7 months was described in association with osteopoikilosis
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by von Bernuth.™ However, I doubt seriously that the bone condition described and
pictured was the same as that under discussion here. In a case reported by Nichols
and Shiflett™ an obscure generalized skeletal disease was present in addition to
osteopoikilosis ; the authors thought there was no connection. There were exostoses
in the cases of Albers-Schonberg,*® Risseeuw,* and Albronda.®*7 Copeman™ saw

Fig. 100. Typical location of bone lesions in osteopoikilosis,™
osteopoikilosis in association with rheumatoid arthritis. In general, one seems
justified in considering this situation as incapable of producing symptoms and as
prognostically insigmificant.

The hone lesions were examined histologically by Schmorl™ in an 18-year-old
boy who died of seemingly unrelated cause. He found that each “island™ is a
clump of osseous trabeculae which are thicker at the periphery than at the center.
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The trabeculae at the center form a complex network with ordinary marrow in the
space between. The skin lesions consist of collagenous fibrosis with preservation of
the elastic fiber elements ®1:%

From the point of view of inheritance this disorder behaves as a Mendelian
antosomal dominant. Busch® found fourteen cases in three generations of one family,
and the condition probably extended further back in the ancestry since there were
three affected siblings in the first generation studied. Hinson™ studied it in two
generations. In x-ray films of the entire skeleton Bloom® found only a single spot
in the sister of a patient with widespread involvement. Wilcox™ saw the bone condi-
tion in father and daughter; Voorhoeve,™ in father, son, and daughter. Risseeuw®
saw the disorder in a man, six of his children, and a grandson. Albronda®*" saw the
bone condition in a woman and one son and daughter; there was no skin change.

Fig. 101. Osteopoikilozis in M, M. (644555), 47 vears of agpe. Asvmptomatic. No skin mani-
festations. Family not available for study.

The basic defect appears to be a spotty hyperplasia of collagen in the corium
and bone matrix. This is, however, little more than a restatement of the histologic
findings. What is basically involved in this defect and why there is the peculiar
spotty distribution are obscure. Voorhoeve™ thought the bone lesions arise in
cartilage. He based this theory on the fact that in two children he observed striate
lesions extending a variable distance into the diaphysis from the epiphyseal line.
The relative immunity of the skull and clavicle (“membranous bones™) may be sup-
porting evidence for enchondral origin.

In a paper entitled “Follicular Atrophoderma and Pseudopelade Associated
With Chondrodystrophia Caleificans Congenita,” Curth® has written about an
interesting familial and almost certainly hereditary disorder involving bone and
skin. As indicated in her references to the literature, others have reported cases.
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In the case of the skin involvement it may be connective tissue that is primarily
affected and not the epidermis. However, studies to date leave the nature of the
basic defect in question. It is certainly distinct from osteo-dermato-poikilosis. There
is probably no fundamental kinship between so-called “stippled epiphyses” (chon-
drodystrophia calcificans congenita®™ ) and osteopoikilosis. Traub™ has described
mottling of the epiphyses, superficially resembling osteopoikilosis, in cases of
pituitary gigantism, and a vaguely similar picture is associated with cretinism. %

D. LERI'S PLEONOSTEOSIS

In 1921 André Leéri,* Parisian orthopedist, described a previously unrecog-
nized condition in a 35-year-old man and his children by a second wife, a daughter
4 years and a son 3 weeks of age. The child by his first wife was normal. The
disorder was not present at birth and became evident sooner or later in extrauterine
life. The father was only 62 inches tall and had short, broad hands and feet with
thickened palmar pads and accentuated creases, with limitation of motion in the
wrists, elbows, hips, and knees. The toes, and presumably the thumbs as well, were
broad and stiff. Fairly numerous cases have since been described in the French
literature SUSLELELM Gpeluding one report from Russia®! and some in the German
literature (see reference 85 for list of German reports) ; there have also been reports
in journals of Brazil and Argentina (see reference 91), but there appears to he only
one article in British journals®! and none at all in the periodical American medical
literature.

The term “pleonosteosis” suggested by Léri was based on his impression,
probably inaccurate, that the basic abnormality is one of excessive ossification,

The clinical characteristics of Léri's pleonosteosis are broadening and deformity
of the thumbs and great toes, flexion contractures of the interphalangeal joints, and
limitation of motion in other joints, including even those of the spine. A form of
“hammertoe” may develop. Mongoloid facies has been described but are by no
means an invariable feature (see Case 1 of reference 91). Furthermore, in the ma-
jority of cases of mongoloid features, the patients are normally intelligent, e.g.,
Watson-Jones™ patient 2 who was a university graduate. However, there are at
least two reports of impairment of the intellect.*%*

There is usually semifixed internal rotation of the upper limbs and external
rotation of the lower limbs. In general the limbs are short. The joints of the
hands in particular may appear to be swollen. The hands are short, square, and
thick. Changes in the lower extremities seem to be less striking, but this may be a
function of the fact that less intricate movements are required of the feet and
ankles.

A complication of the fibrous hyperplasia in the hands and feet can be nerve
compression : carpal tunnel syndrome involving the median nerves and Morton’s
metatarsalgia from involvement of the digital nerves of the feet.

Watson-Jones™ described the dense fibrous tissue removed from the wrist and
consisting essentially of a highly hyperplastic anterior carpal ligament. The speci-
men consisted of greatly increased, dense collagenous tissue which in portions was
actually fibrocartilage. Elastic fibers were conspicuous in their absence. Mucinous
material was present, and in tissue removed from the foot, numerous “tissue mast
cells” were described.
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The fundamental abnormality was thought by Leri to he one of excessive
and perhaps precocions ossihcation of the epiphyses. It seemed more likely to
Watson- Jones”! that the joint deformities are due to capsular contractures, that in
general l-h{- abnormality resides in the fibrous tissues, and that the “thickening of
the hones may be due to periosteal traction at their metaphyseal attachments.”

All evidence suggests that pleonosteosis is inherited as a Mendehan autosomal
dominant trait.

Although uncommon, Léri's pleonosteosis almost certainly occurs more fre-
quently than the rarity of reports in American publications would suggest. In their
monograph Human Heredity, Neel and Schull™ describe a 34-year-old woman
with progressive loss of joint mobility and moderately severe contractures heginning
in adolescence. Movements of the hands in particular were awkward and clumsy.
The mother, 58 vears of age, was affected and by this time of life was unable to
perform most fine movements of the hands and the rest of the body. A brother of the
proposita and a half-brother of her mother were also affected. A feature of all
affected persons was a broad thumb. The proposita sought information on whether
her two sons would be affected. Since one of them already displayed broad thumbs,
the inguirer was advised that a vocation requiring manual dexterity would be
inadvisable. Rukavina and colleagues™* have reported the family in full.

The nosography of this disorder is far from fully established. Cocchi™ in-
cludes this condition in the group of “polytopic enchondral dyvsostoses™ in which
he also includes the Morquio syndrome and the Hurler syndrome. In a detailed
clinicopathologic study based on two brothers, Materna®® described what he called
Léri's pleonostensis, which differs radically from the condition in the four patients
reported by Watson-Jones.® There was no mention of limitation of joint mobility.
The entire skeleton revealed extensive changes with “mnumerable microfractures,”
fish vertebrae, a wedge vertebra, and coarsening and widening of the tubular bone,
among other changes. The father was thought to have the same disorder as his two
sons. One of the sons died at the age of 42 vears of heart failure; no autopsy was
performed. In the other, heart disease believed to be rheumatic was discovered at
autopsy. This brother had had repair of bilateral inguinal hernias at the age of
14 months.

In the differential diagnosis, the Hurler syndrome and arthritis, either rheuma-
toul or degenerative, come in for consideration. One would be suspicious that the
case thought by Rocher and Pesme® to be one of pleonosteosis with corneal opacifi-
cation was, in fact, one of the Hurler syndrome. Sometimes thoracic outlet syn-
drome (compression of components of the cervical plexus) is suspected.®

E. PAGET'S DISEASE OF BONE

[s Paget's disecase of bone a generalized disorder of connective tissue? The
evidence that Paget's disease of bone can legitimately be considered a heritable
abiotrophy, probably of the collagen matrix of bone, can be summarized in the
way indicated below. None of the pieces of evidence is by itself conclusive, but
taken together they make a rather convincing argument.

l. The hereditary nature of the process appears to be established. However,
it 15 worth while examining the evidence for this, since one review,'** which is
otherwise comprehensive, makes no mention of the genetic factor in discussing
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ctiology. In 18239 Paget'™* lumself wrote: 1 have tried in vain to trace any heredi-
tary tendency to the disease. [ have not found it twice in the same family.” How-
ever, the observations of familial aggregation reported from even hefore that time
( beginming with Pick™! in 1883 ) are fairly numerous (see Fig. 102).

In 1946 Koller'® could find in the literature twenty-eight families in which
more than one case was described. Since then other reports™™-#4.100.113.115.122.127, 137, 143
of famihal aggregation have appeared. Stemmermann'?® identified it in members
of three successive generations. It appears to have occurred in four generations of
a Jewish family known to me and also in two other kinships as indicated in Fig.
102, Aschner and his associates™ described it in monozygous twin brothers and
claimed that by 1952 a total of fifty-seven families with multiple cases had been de-
scribed. Martin'™! and others (see Fig. 102) also described the disease in both of
identical twins,

When one undertakes to study the heredity of a condition such as Paget's dis-
ease, one encounters several difficulties. In the first place, the disease has some of
the earmarks of an abiotrophy. That it is an abiotrophy remains, of course, to he
established. At any rate the disease usually has its onset late in life, by which time
the parents are likely to have died, the siblings may be widely scattered geo-
graphically, and the children will probably not vet be old enough to have developed
the disease. In the second place, Paget's disease 15 often subtle i its mamfestations.
A very high proportion of affected persons are asymptomatic, and the change in bone
15 discovered only incidentally on radiologic examination made for unrelated pur-
poses or possibly in search for an explanation of an otherwise obscure elevation of
serum alkaline phosphatase activity. In the course of the detailed study of 7,941
individuals over 61 vears of age, eightv-five cases of Paget's disease were found, but
of these cases only three had complaints referable to the disorder of bone.'** In
connection with the last Elifﬁcultj' it may be that a study of families, using alkaline
phosphatase determinations as a screening procedure, would be productive. The
first type of difficulty—the age factor—would not, to be sure, be circumvented.

In general, the data accumulated are consistent with the view that the trait
for Paget's disease is controlled by a simple autosomal Mendelian-dominant gene.
However, Ashlev-Montagu™ suggested that it is inherited as a sex-linked recessive.

Considering how irequently Paget's disease occurs in at least mild form (3
per cent of all persons over 40 years of age, according to Schmorl'™"), one might
say that it would be extraordinary if thirty or forty families with more than one
case could not be discovered. Along the same line it may be noted that Sabatini'®
found Paget's disease in two married couples in which the marital partners were
unrelated. Actually 1 believe there is a significant familial aggregation of cases.
Particularly in the pedigrees with more than two cases is the evidence convincing.
The incidence of Paget's disease in the general population is roughly 0.013 per
cent.™ It can be estimated that the chance of two or more cases occurring in the
same family by random distribution alone is very slight indeed.

2. Angioid streaks of the retina are associated with only two conditions with
any regularity. These are psendoxanthoma elasticum and Paget's disease of
bone '** 45 Apgioid streaks of the fundus of the eve, pseudoxanthoma elasticum in
the skin, and Paget’s disease in the bones have been ohserved in the same patient.”™
There may be reasons for believing there is no fundamental relationship between
Paget’s disease and pseudoxanthoma elasticum: The first may be inherited as a
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IFigs, 1024 and 1025, Thirty-five pedigrees from the literature and two from the unpub-
lished experience of Brayvshaw and MeKuosick, showing familial aggregation of Paget's disease.
Moehlig™ and Ashley-Montagu™ and probably others reported Jewish |J(‘t!lﬁ'!‘1’::..'t Concordance i in
identical twins was reported by Koller," by Mozer,™ and by Dickson, Camp, and Ghormley.™
In the last instance there was a striking suml.lr:l} of distribution in the twins, both having, for
example, tibial involvement. In the twins ohserved by Mozer™ onset of the clinically evident
abnormalities occurred at the age of 48 years in both. In Irvine's™ pedigree the affected male
iied of a malignant osteoclastoma of the jaw and both daughters had the onset of Paget's disease
of the skull and jaw at the age of 18 years. In the pedigree of Brayshaw and McKusick in Fig.
818, the first individual in the second generation, a female (A. H., 511%48), had so-called
osteitis pubis and changes in the skull compatible with Paget's disease. The alkaline phosphatase,
however, was always normal. The other two affected individuals (C. T., 502845 ; W. T., 620032}
had Paget's disease in entirely typical form. These patients were discovered on study of the
records of the hospital ; if a more detailed study of the family were made, other members would
prohably be found to be affected.
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Mendelian dominant, the second as a Mendelian recessive: the first occurs more fre-
quently in men, the second in women. (Paget’s disease seems to occur more com-
monly in men but in more severe form in women. )

Although Paget's disease and pseudoxanthoma elasticum may be basically
distinct entities, the fact that angioid streaks, which are an integral part of a definite
disorder of connective tissue (PXE), occur also in Paget’s disease suggests that
Paget’s disease may likewise be a disorder of connective tissue with abnormalities
much more widespread than the bone lesions alone would suggest.

Also in Paget’s disease, there occur other ocular abnormalities such as cor-
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neal degeneration,"? cataract,"'® and choroiditis™® independent of angioid streaks,
which raise further the question of whether a generalized abiotrophy of connective
tissue may be present.

3. A quality of reasonableness, although not constituting proof, makes it at-
tractive to persons familiar with bone and with the clinical behavior of Paget's
disease to speculate that the disease is fundamentally an abiotrophy of the collagen
matrix of bone which breaks down with the passage of vears. Albright®® presents
evidence that Paget's disease is primarily a destruction or, perhaps it is per-
missible to sav, a degeneration of bone with secondary reparative overproduction
of bone.

In general, the involvement of the skeleton follows a pattern of localization
consistent with the view that “wear-and-tear” is a contributing factor in the de-
velopment of the lesions. Weight-bearing structures are usually involved primarily.
The hones of the upper extremity are, for example, much less often involved than
those of the legs. The victims of Paget's disease in severe form are often obese.
The high incidence of obesity and tallness in the families of patients with Paget's
disease is emphasized by Moehlig, 122123

The femur'®® is one of the most commonly affected bones (over 30 per cent
of cases) and the humerus, one of the least (less than 5 per cent).* The most fre-
quently affected bone is the sacrum (57 per cent of cases). The vertebrae are
affected in half of cases and the incidence of involvement in descending frequency is
lumbar, thoracic, and cervical spine. In brief, beginning with the sacrum there is
a progressive decrease in frequency of involvement as one progresses craniad. An
amazing finding'®® is that the right femur is involved by Paget’s disease over twice
as often as the left femur (31 per cent as against 15 per cent). Undoubtedly,
people are right-legged or left-legged just as they are right-handed or left-handed.
[n the skull Albright and Reifenstein®™ picture an instance of predominant in-
volvement laterally at the attachment of the masseter and temporal muscles. In-
volvement of other areas of the skull, often a striking feature, 15 more difficult to
explain on a “wear-and-tear” basis. However, it must be remembered that “wear-
and-tear” is probably only a contributing factor in the development and localization
of the disorder, the primary factor being perhaps a hereditary weakness. The situa-
tion with Paget’s disease may be like that of pseudoxanthoma elasticum in which
“wear-and-tear” appears to be responsible for the site of principal localization of the
skin changes. Schmorl'™ noted that changes tend to be most pronounced at the at-
tachments of tendons and ligaments to hones. Kay and his co-workers'® made the
important observation that in a brother and sister (Fig. 1024 ) with Paget’s disease,
both with unilateral involvement of the radius, the left radius was involved in the
left-handed individual and the right radius in the right-handed one! This appears to
be a nice demonstration of the cooperation of genetic and postnatal factors.

The significance of localized trauma preceding the onset of monostotic Paget's
disease 15 difficult to evaluate (p. 332 of reference 142). The reported cases may
represent coincidence,

4. Vascular disease has been thought to occur prematurely and with in-
creased incidence in these patients.™ This has heen thought to he independent
of the “high output” heart failure which may occur as a result of the vascular

*The statistics listed here are derived from the classical necropsy study of Schmorl,™
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peculiarities  which  functionally resemble  arteriovenous  fistulae."" " Medial
sclerosis of the Monckeberg's type has been though to occur especially often in
these persons. Harrison and Lennox'™ found valvular calcification in 39 per
cent of their patients with Paget's disease, an incidence five times that of a con-
trol group of comparable age distribution. Vascular calcification may be related
merely to the periodic hypercalcemia to which these persons are subjected. The
elevation of circulating alkaline phosphatase may contribute. Extraskeletal calci-
fication occurs commonly in these patients,'*$135:19% possibly for the reasons listed,
possibly because of an abnormality of connective tissues. Urinary caleuli, which are
frequent, would seem to be explained by the high urinary excretion of calcium.
Salivary caleuli, which were identified in twenty of 111 cases,'™ may have a some-
what similar basis.

This fourth bit of evidence is by far the weakest of the points bearing on
the possible nature of Paget's disease as an abiotrophy of the collagen matrix
of hone.

Hitherto, a principal view of the pathogenesis of Paget's disease has impli-
cated vascular changes. This view would consider that intimately related to the
primary defect is the increased vascularity of the bones, which may represent a
significant and at times intolerable burden to the heart similar to arteriovenous
fistulae,'" is a problem in hemostasis to surgeons, for instance, the neurosurgeon
performing craniotomy in instances of involvement of the skull,'! and results in the
fact that the skin overlying bones severely affected by Paget's disease may be
warmer than elsewhere. In the present state of ignorance it is probably at least
equally valid to suspect that Paget's disease of bone may be an abiotrophy of the
collagen matrix and that the vascular phenomena are secondary developments.

F. OTHER POSSIBLE HEREDITARY AND GENERALIZED DISOR-

DERS OF CONNECTIVE TISSUE

Christiaens and his associates'™ have described (with clinical photographs
and autopsy findings) the association of pronounced cutis laxa with bilateral and
severe pulmonary emphysema. The latter was the cause of death in the 18-month-
old infant. No mechanical factor to account for the emphysema was discovered.
A generalized defect of elastic fibers was hypothesized and seemingly found sup-
port in the results of histologic studies. The cutis laxa present in this infant was
appropriately named as indicated by the photographs which show the skin hang-
ing, from the trunk in particular, in large loose folds. This disorder 15 not to be
confused with either the Ehlers-Danlos syndrome or psendoxanthoma elasticum ;
there is no evidence of fundamental alliance with either.

Gout and ochronosis (alkaptonuria) might be construed as proper constituents
of this general group. Both are hereditary and, in both, connective tissues are
conspicuously implicated. However, there is no good evidence that connective
tissue is primarily at fault. It is true that in gout there may be a tissue factor to
explain some of the peculiar observations such as the following, which suggest that
hyperuricemia is not the whole story: (1) Gout does not occur regularly in as-
sociation with the pronounced hyperuricemia of renal failure, leukemia, or resolv-
ing pneumonia. There are suspicions that when gout does occur in these situations
the patient is by genetic background fundamentally a gouty person. (2) The solu-
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the serum. Some :Jth{]' local ist‘m’ must le.xnr |!r{'¢_l|}llﬂT.Ilr_ll‘j nf UI':I[C.

In echronosis, there are in the sclera, cartilage, ligaments, joint capsules, and
arteries deposits of material which accumulates because of inability of the organism
to metabolize phenylalanine and tyrosine beyond the stage of homogentisic acid,
which is excreted in the urine ¥H168.185.182 Disabling arthritis and ankylosing spon-
dylitis develop. Calcification of the intervertebral discs is a frequent feature in older

Fig. 1034, Fig. 103E.

]"1'!-'-!‘- 103.4-103. Brothers with generalized arterial caleification of infancy.

M. W. died of ]Lull‘i failure at the age of 4 months, Beginning at the age of 3 weeks he
np]nvui tu have a respiratory infection, with nnuLh and dyspnea. He was pale and had episodes
of sweating. On several occasions he had attacks in which he cried out suddenly and stiffened
his body. Peripheral cyanosis, cardiac and hepatic enlargement, and ST segment and T-wave
changes in the electrocardiogram were found.

The striking feature was the presence of caleified tortuous COronary arteries [l1|'., 103.4).
When the heart was sectioned, evidence of old and recent myocardial infarction was dhscovered
(Fig. 1038). Calcification was seen in small arteries of the omentum. Histologically many
arteries, mncludmg the aorta and pulmonary artery, showed calcification around elastic laminac,
which appeared fragmented (Fig. 103C). In the outer part of the pulmonary artery, granu-
loma formation waz demonstrated m the area of mterruption of the elastic fibers (Fig. 1030,
The aorta (Fig. 103E), stained by the penodic acid-schiff techmigque, showed deeply stained
margins of abnormal elastic fibers contrasting with the weiakly staining edges of normal fibers.
In .”‘.“ coronary artery (Fig. 103F), after calcium was removed by dilute nitric acid, material
staining with periodic acid-Schiff was demonstrated surrounding the elastic lamellae. The
association of the calcium deposition with abnormal elastic fibers was demonstrated in the
stams of the aorta { Fig. 1037 with the von Kossa technigue.

The above histologic findings suggest that accumulation of mucopolysaccharide is a con-
sequence of degenerative change in elastic fibers. Similar evidence i= available in Erdheim’s
cystic medial necrosis, in the Marfan syndrome, and in experimental 1-.1!]1:. rism, That "lhtl‘d-
tion in the mucopolysaceharide of ground substance is followed by de pn~.|t|rm of calcium salts is
well recognized. In generalized arterial caleification of infants the “hasic defect” mas 1y reside
w the elastic fibers. Accumulation of mucopolysaccharide and deposition of calcium may be
secondary and tertiary phenomena,

C. W., brother of M. W, died at the age of 7 months following an illness identical to that
in M. W. Serum calcium concentration and alkaline phosphatase activity were normal. Autopsy
revealed widespread arterial caloification and myocardial infarction. ( Photographs and informa-
tion courtesy Dr. Alan L. Williams, Melbourne, Aunstralia. )
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individuals.’** Pigmentation and calcification of the annulus fibrosis mitralis, of the
heart valves, and of the arteries occur. Calcific aortic stenosis and severe arterio-
sclerosis may be integrally related to the metabolic defect.’®

Generalized arterial calcification of infancy has been noted in multiple
sihs*15.280.557 (see Fig. 103). The justification for mentioning it in a discussion of
generalized heritable disorders of connective tissue is provided by the evidence

Figs. 103C-108¢7, For legend see opposite page,
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suggesting that fundamentally the disorder is a degeneration of elastic fiber. The
calcification shows a remarkable predilection for the internal elastic lamina. Con-
siderable material with the staining properties of mucopolysaccharide accumulates
around the elastic laminae.*™ Fine calcium incrustation of the lamina is the mini-
mal lesion. Later the lamina is ruptured and occlusive changes of the intima take
place. Death from myocardial infarction usually occurs in the first six months after
birth. The clinical diagnosis is suggested by the discovery of calcification in a
peripheral vessel in an infant with electrocardiographic evidence of coronary artery
disease. Idiopathic infantile hypercalcemia, of which there may be more than one
etiologic variety, is probably unrelated ; to my knowledge there 1s not yet evidence
of a genetic variety of infantile hypercalcemia,

Osteopetrosis (marble bones ; osteosclerosis fragilis generalisata ; Albers-Schon-
herg's* disease ), although hereditary and although involving the skeletal svstem in a
generalized fashion, is probably not a generalized disorder of connective tissue of
the tyvpe under discussion.

This condition is sometimest inherited as an autosomal recessive trait,'77.17
usually appears very early in life, like osteogenesis imperfecta may be detected in
utero, involves the entire skeleton, and may result in such encroachment of the petri-
fied osseous structure on the hematopoietic space of the bone marrow that pancytopenia
occurs as the main clinical feature.105,188.164,179,181,185,186,187,163.10,195,210  Fraguently,
the disease pursues a less malignant course with, however, a tendency to fracture
and to chronic osteomyelitis, especially of the jaw in association with dental infec-
tions. The hones are described by some as so hard as to turn the edge of a steel
chisel and by others as more like chalk. Usually they are excessively brittle and
susceptible to spontaneous fracture. Because of experience with many other pro-
gressive disease syndromes of hereditary background, one is not surprised that
mild adult cases occur.’™ Repeatedly, hereditary diseases which are at first con-
sidered to be only the province of the pediatrician, simply because doctors have
learned to recognize only the childhood cases which are the most severe, are found
in fact to occur in mild form which does not find climical expression until later
decades or is at least consistent with survival to adulthood. The original patient of
Albers-Schonberg®! was 26 years old and is said to have been living ten years later
for re-examination by Reiche. Alexander’s'™ patient was 43 vears old. The nature
of the hasic defect is not clear.

*Albers-Schonberg™ was one man; this is not a syndrome named for two persons like the
Ehlers-Danlos syndrome or the Gronblad-Strandberg syndrome. Care should be taken not to
confuse osteopetrosis with osteopoikilosis, which was also first described in a definitive manner
by Albers-Schonberg ; some writers have evidenced this confusion,

ﬂ_'luarh.- there 1s more than one p:{_'nﬂit; 'L'iil';l,'t:!." of c}ﬁtmuwlrn:«:i:a. We have done a fn]llm'-up
study of the f:-mri]:.'_ reported by iihur:tlhrg.r'“‘ m 1922 i which the disease occurred i a male
horn in 1913 and in his father and one paternal uncle. Liahility to fractures and to osteomyelitis,
capecially of the jaw, was the main clinical feature. The uncle died in his 70's, having had
chronic osteomyelitis of the mandible starting on the right at age 30 yvears amd on the left at age
55 years. The father was a strong and relatively healthy man despite radiologic evidence of
osteopetrosis; he died at 52 years following surgery for peptic ulcer. The proband, the most
severely affected of the three, had frequent fractures and developed chronic osteomyelitis of the
mandible, bilaterally, at the age of 32 years. In the original report coxa vara was noted; in
later years pronounced hap stiffness was bothersome, both in the probamd and n his uncle. In
spite of his physical incapacitation, the proband became a world's authority on the subject t?f
clectrical insulation and was director of the dielectrics research laboratory of a leadmg um-
versity at the time of his death. He died at the age of 45 years from fulminant meningitis,
secomdary, presumably, to the chronie osteomyelitis,

pit |
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Multiple enchondromatosis is another heritable and generalized disorder of
a specialized variety of connective tissue; in this instance, cartilage. It is usually
referred to as Ollier's disease !5 17806108200 [t pyay be associated with angiomata
in the soft tissue—Maffucei’s syndrome.'™ % In Maffuecci’s syndrome the angio-
mata may involve the gut.

Like the two conditions just mentioned—osteopetrosis and multiple enchon-
dromatosis—hereditary exostoses,'™ "% which may be confused with enchondro-
matosis, probably cannot qualify for the group of generalized hereditary disorders of
connective tissue because mvolvement 1s seemingly limited to a specialized variety of
connective tissue. (Even m hbrodysplasia ossificans progressiva this may be the
case, fascia and aponeuroses being the specialized connective tissue involved. )

Vion Recklinghausen’s nenwrofibromatosis=*' 1s inherited as an antosomal domi-
nant. The histogenesis of the nerve sheath tumors of this disorder is in dispute.*!!
[f the basic defect resides in the fibroblasts which produce the perineural and en-
doneural collagen fibers, then this condition might be considered a generalized
variety of connective tissue, On the other hand, there is evidence'™ that the parent
cell of the von Recklinghausen neurofibroma mav be the Schwann cell, which is
generally considered a special derivative of the neural crest and not a mesenchymal
derivative. The facts that abundant collagen is sometimes present in these tumors
and that cells presumed to be of the Schwann cell lineage produce collagen fibers in
tissue culture™ present perplexing problems of general hiologic nature as well as
problems m the origin of these tumors. It may be that whatever the histogenesis
of the nerve sheath tumors, the pigmentary anomalies of the syndrome, the local
exaggerations of growth (“elephantiasis nervosum,” ete. ), the pheochromocytomas
in relatively high incidence, scoliosis, and so on can be considered as secondary or
tertiary features resulting from the involvement of nerves.

Achondroplasia and cleidocranial dysostosis'™ are conditions limited to bone
but relatively generalized there. Clark'™ makes the interesting observation that,
although there are certain similarities between the two disorders, achondroplasia in-
volves “cartilaginous bones,” whereas in cleidocranial dysostosis “membrane bones”
are affected.

Clearly there are genetic differences in the tendency to keloid formation. Ne-
groes and some Caucasian families are notoriously susceptible, 14

Development of knowledge of the basic defect in priniary systemic amyloidosis
will be awaited with interest. Although possibly this diagnosis is applied to more
than one basic entity, there is at least one form that is hereditary,”* being trans-
mitted probably as an autosomal dominant. Preliminary data®' suggest that the de-
posited material may he made up of material similar or identical to material norm-
ally found in the ground substance of connective tissue. Systemic amyloidosis is not
excessively rare. Jones and Frazier®' in Memphis found it in 2.33 per cent of con-
secutive autopsies in persons over 20 years of age and 3.47 per cent of those over 50
vears of age. They suggested that “amyloid substances may be quite diverse and re-
lated to one another only as manifestations of an alteration of a basic extracellular
mucopolvsaccharide response.” Systemic amyloidosis in mice is recessive.**

In wrticaria pigmentosa, the specific pathologic lesion appears to be the ac-
cumulation of large numbers of mast cells in the corium and more rarely at other
sites such as bone and lung. "% [rritation of the skin lesions results in wheal for-
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mation, presumably from the release of histamine from the mast cells. The disease
occurs most often in yvoung individuals and usually pursues a self-limited course,
disappearing completely at puberty in many cases.

Although the mast cell may legitimately be considered an element of connective
tissue, there is very little to indicate that urticaria pigmentosa is hereditary. Cock-
ayne'® found reports of its occurrence once in two brothers, twice in two sisters,
once in three sisters, once in the mother and cousin of an affected child, and once in
male uniovular twins. However, the majority of writers have not been impressed
by a familial aggregation of cases.

Certain hereditary syndromes display abnormalities of structures other than
connective tissues. Such a syndrome is that which goes by Werner's name. 172197
203,206 The victim of the W erner syndrome, which is usually inherited as an auto-
somal recessive, displays short stature; slender limbs with stocky trunk; sclero-
derma-like changes, especially in the skin of the extremities, with the development
of ulcers over the ankle malleoli, Achilles tendon, heels, and toes, with atrophy of
the corium demonstrable microscopically; localized soft tissue calcifications; and,
finally, premature arteriosclerosis with Monckeberg calcification. However, the
patients also display premature canities and balding, juvenile cataract,* weak high-
pitched voice, atrophy of the epidermis as well as the corium, hypogonadism, osteo-
porosis, and increased incidence of diabetes mellitus. This is an intriguing disorder
as far as definition of the basic defect is concerned. One is reminded of myotonia
dystrophica, in which baldness, cataract, and hypogonadism cannot in the present
state of ignorance be related to the disorder of muscle.

Epithelial, as well as connective, tissue elements are also involved in the Eillis-
van Creveld syndrome™™ and in the several varieties of hereditary osteodysplasia
and arthrodysplasia which have been reported!?6:200.207.210 55 agspciation with dys-
trophy of the fingernails,

In 1928 Pelger and in 1931 Huét, both of the Netherlands, described an ano-
maly of the nucleus of the leukocyte which in essence consists of a deficiency in seg-
mentation.*"® It was found to be inherited as a dominant. Nachtscheim™! found the
anomaly in one person in 1,000 in the population of Berlin. What ostensibly is the
same anomaly occurs in the rabbit, where again it is inherited as a dominant. When
two animals affected with the nuclear anomaly are bred, it is found that those off-
spring which are presumably homozygous for the Pelger-Huét trait demonstrate a
severe form of chondrodystrophy.’*1%1 The trait is lethal or sublethal in this homo-
zygous form. At least one instance in man of a presumed homozygous form of
Pelger-Huét anomaly has been reported.'™ Although the change in the leukocyte
was more striking than usually seen, no skeletal abnormality was detected. The basis
of the relationship between the nuclear anomaly and the chondrodystrophy in the
homozygous rabbits is obscure.

In Dupuytren’s contracturel®®201.205.249 and in Peyronie’s disease™® there is
convincing evidence of a hereditary basis. However, the changes are confined to the
connective tissue of the palmar fascia and of the corpus cavernosum, respectively.

There are a large number of members of the epiphysitis or aseptic necrosis
group of disorders in which, more perhaps than in any other area of medicine,

*The internist must keep the Werner syndrome™ in mind in connection with patients who

appear to have a more conventional, acquired variety of scleroderma. Cataracts can be the
tip-off to the presence of this hereditary syndrome.



Concluding Conments 315

eponyms abound and confound. The following five entities are only a partial
enumeration :

Tubercle of tibia .. ............ Osgood-Schlatter
Head of fepur .0 Legg-Calvé-Perthes
Spine .......................5cheuermann
Tarsal scaphoid ........ ... Kohler

SEmINNEAr st s Kaenbieks ete,

All of these probably have a hereditary background, although the evidence in
Legg-Perthes” disease is most complete. It is peculiar that each seems to be a dis-
tinct genotypic entity. There is, for example, no evidence that more than one of
these entities occurs in the same patient or that one member of an affected family
has one variety whereas another member has a different variety. Interestingly, Legg-
Perthes’ disease probably almost never occurs in bona fide form in the pure Negro,
although a simulating condition oceurs with sickle cell-hemoglobin C disease.®**

In the case of epidermolysis bullosa hereditaria there is a view!57.174.200 of Jong
standing that the basic defect i1s a deficiency of the elastic fibers of the super-
ficial (papillary) layver of the corium. Normally these fibers are thought by some to
bind the epidermis to the corium and their absence has been thought to explain ade-
quately the bullous lesions of this congenital disorder. Others!'®152 have questioned
this theory mainly on the basis of a failure to confirm the deficiency of elastic fibers
on which the theory was predicated. The mucous membranes of the mouth have
been involved, but no specific internal lesions have heen described in autopsied
cases, 185,182

For a discussion of the Morquio-Brailsiord syndrome and of arthrogryposis
multiplex congenita, see the section on the Hurler syndrome.

In Whipple's disease of the bowel**® the inclusions found in macrophages were
thought to be lipoid; hence, the designation “intestinal lipodystrophy.” However,
Whipple himseli**® recorded the fact that the inclusions do not stain like fat, and
others®#%28 have identified the inclusion material as glycoprotemn.  Furthermore,
mesenchymal lesions occur in this disorder. In four twice reported cases***=* the
presenting complaint in one was related to arthritis of the right knee, right ankle,
and hands. In a second, polyarthritis preceded the onset of diarrhea by several
months. Enlargement of mediastinal, axillary, and other lvmph nodes may
OCCIIp. 255204

Reported in the literature and occasionally encountered in practice are cases
of generalized abnormality suggestive of a disorder of connective tissue but not
clearly classifiable in any of the categories discussed in this monograph. Fittke®#
describes such a situation under the title “On an Unusual Form of *Multiple Con-
genital Degeneration’ (Chalodermia and Dysostosis).” The proband, a 10%4-month-
old female, had shown, from birth, skin of the entire body, with the exception of the
face, which fell in loose redundant folds. On stretching, it returned to its original
position very slowly. The skeletal system showed widely persistent fontanels, shight
oxycephaly, and dislocation of one hip with flattening of the other acetabulum. There
was no known consanguinity, but the family lived in an area of Europe where most
persons were related. The mother, 25 years of age, had long been under treatment
for “weak knee joints.” A first cousin of the proband, 73] years of age, showed the
same loose skin which was restored only slowly to its original position after
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stretching. There was pigeon breast, static scoliosis, and flatfect. The fontanels
did not close until the third vear.

G. THE FUTURE 1IN THE STUDY OF HERITABLE DISORDERS OF

CONNECTIVE TISSUE

Undoubtedly, some of the most important problems in connection with these
heritable disorders concern pathogenetic (phenogenetic) mechanisms. In the case
of each entity here discussed, what information is available has been surveyed. How-
ever, our knowledge of the basic defects involved and the links in the pathogenetic
chain leading to each of the multiple manifestations is pitifully limited. Snyder=*
expressed well the present direction of interest in genetics :

In the early days of the study of genetics, the geneticist was content to establish
the correlation between the gene in the chromosome and the characteristic in the indi-
vidual, without raising much question as to the chain of events which connected the
two., The attitude was very much like that of the traveler who boards the Mianm tram
n New York confident that he will step out at the Miami station, but actually knowing
very little about the physico-chemical principles of the Diesel engine or the intricacies
of the switching and signaling systems that will get him there.

Today, however, the guestion of genie action in the development of finished char-
acters is uppermost in the minds of geneticists, and biochemical genetics 15 leading the
attack on this front.*

Physiologic genetics is the term customarily used for that division of the
field concerned with tracing the link between gene and phene. The term is not
precisely applicable to the study of mechanisms in disease traits. To be sure, it
is often difficult to draw the line hetween pathologic states and deviations from the
physiologic average. However, the term genetic pathology is probably a better one
for the discipline concerned with the same problems in connection with heritable
disease which the physiologic geneticist deals with in the case of traits such as skin
color or polydactylism,

Many different technologic approaches to identification of the fundamental
biochemical defect in these conditions must be adopted. Electron microscopy has
already been applied to the Ehlers-Danlos syndrome®*! and psendoxanthoma elasti-
cum,*** hut apparently not to OL*'® Tissue culture of fibroblasts is possibly one of
the more promising, although as vet unexplored, techniques for the study of heritable
disorders of connective tissue. (In general, tissue culture has been too little used
m physiologic genetics.) In vitro fibrogenesis has been investigated with the as-
sistance of light microscopy®!4217.227.220.2330 45, electron microscopy®® but not in
these diseases. Synthesis of certain of the constituents of the ground substance has
also been studied in tissue culture ##422% Methods for chemical quantification of col-
lagen production in vitro are available®* Tissue culture, or rather organ cul-
ture, has been employed in some hereditary developmental anomalies of ani-
mals, #19.219.220.221 fut except for the studies of Geiger and Garvin®** on muscle from
patients with muscular dystrophy, tissue culture methods have not, to my knowl-
edge, been utilized in the study of hereditary disorders of man.

In connection with the heritable disorders of connective tissue, the first ob-

*From Snyder, L. H.: Frontiers in Genetics; In Frontiers in Medicine: The March of
Medicine, 1950, New York, 1951, Columbia University Press.
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jective of tissue culture studies should be the in vitro replication of the morpho-
logic abnormalities. In osteogenesis imperfecta and in the Hurler syndrome one
can with justification anticipate success in demonstrating morphologic abnormality,
in the fibers formed in the first instance, possibly in the fibroblast itself in the second,
i.e., the “gargoyle cell” may be demonstrable in culture. It is possible that the fibers
produced by fibroblasts from patients with psendoxanthoma elasticum might be
morphologically alnormal or undergo premature deterioration. In the Marian
syndrome and the Ehlers-Danlos syndrome, morphologic abnormality is much less
likely to be evident. However, if in the latter condition there is failure to observe
excessive production of elastic fibers, then significant negative evidence bearing on
the nature of the hasic defect will have been provided. Much interest 1s attached
to observations of cultures of fascial fibroblasts from patients with fbrodysplasia
ossificans progressiva.

I the initial morphologic studies are consonant with the view that a fibroblast
strain growing in the the test tube represents the original donor’s disease “in pure
culture,” then intensive studies should be undertaken of the chemical character of
the fibers and ground materials produced by the cells, e.g., amino acid profile of the
collagen and elastin. Rate of fibrogenesis must be quantified.

The demonstration that the anomaly in certain hemoglobin variants consists of
substitution of one ammo acid out of many making up the hemoglobin protein==4
stimulates speculation about the nature of the fibrous proteins in heritable disorders
of connective tissue. It is to be hoped that studies in the near future will explore the
possibility, for example, that in osteogenesis imperiecta an anomalous species of
collagen is produced which differs in only one amino acid from the collagen in per-
sons free of this disease.

Generalized disorders of connective tissue which satisfy the criteria of these
studies seem to be almost completely unknown in animals.®** Their existence in
animals is likely, however. More easily recognized disorders, such as achondro-
plasia, do occur in many species, and the Pelger-Huét anomaly of leukocytes with
associated chrondrodystrophy oceurs in the rabbit. As noted in the appropriate sec-
tions, conditions in animals resembling O and FOP in man have been described.
The whole bhody of knowledge about connective tissue and perhaps understanding
of the hereditary disorders of connective tissue in man could be greatly enlarged if
there were available animal strains containing a mutant gene determining an aber-
ration of connective tissue.

Not only do diverse disciplines have much to offer in the elucidation of
pathogenetic mechanisms in these disorders of connective tissue but also, con-
versely, these heritable disorders per se can be exploited as valuable tools for the
investigation of connective tissue in general.

Through the attention of the rheumatologist, the advent of steroid therapy, the
increased familiarity with systemic lupus eryvthematosus and related so-called “col-
lagen diseases™**® or “connective tissue diseases,”*** connective tissue has in recent
vears come into its own as an object of medical interest. As objects of study the
heritable disorders of connective tissue have conspicuous advantages over these
acquired conditions. The lesion tends to be more selective, i.e., can better be pin-
pointed to one element of connective tissue. The biochemical lesion 1s, one would
presume, definable in a more clean-cut manner. These hereditary disorders of con-
nective tissue are in themselves of sufficient clinical importance to justify intensive
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study of basic pathogenesis. But, in addition, they can be looked upon as tools by
use of which much has been, and much more can be, learned about the biology
of normal connective tissue and the reactions of connective tissue in acquired
disease.

Great interest was stimulated by the discovery by Ponseti and Baird*! that
seed of the sweet pea (Lathyrus odoratus) contains a substance (subsequently identi-
fied as an aminonitrile ) which is a specific toxin for some connective tissue element.
This announcement created a stir, in part because of a similarity of the lesions ob-
served in rats to those encountered under some circumstances in man, but more be-
cause there seemed here to be a tool for indirectly getting at normal mechanisms
in connective tissue. Vitamin C deprivation®**® has likewise been and promises
to continue to be a useful tool for studying such matters as collagen fibrogenesis
and the relation of the ground substance to same. As unitary defects of connective
tissue elements, the heritable disorders of connective tissue also represent potentially
productive areas for investigation.

[ do not intend to create the impression that there is no longer opportunity
for studies of this group of disorders on the clinical level*'® This is by no means
the case. The genetics of all of these conditions requires further investigation. Im-
proved means for recogmzing mild forms of the several disorders would have some
practical usefulness and would increase understanding of the mechanisms of in-
heritance. Similarly, clinical analyses of the factors responsible for variability in
expression of these syndromes could have both practical and theoretical implications
of importance. For the henefit of the patients, methods for modifving the clinical
expression of the disorders should be sought.

In the case of several of the syndromes, particularly pseudoxanthoma elasti-
cum and the Ehlers-Danlos syndrome, information on internal medical ramifications
is still regrettably scanty. Knowledge in this area depends on the continuation of
clinical and pathologic observations of the classical type.

In general, the future of study of heritable disorders of connective tissue looks
exciting and promises productivity which will have significance far outreaching
that relating to the clinical problems presented by these patients.

SOME GENERAL COMMENTS

As to the biology of connective tissue, study of heritable disorders probably
underscores more than any other single feature the intimate interrelationship of
the several elements of connective tissue—collagen, elastin, and ground substance.
The interrelationship is responsible in part for the uncertainty which surrounds
attempts at identification of the primary defect in each of these syndromes.

Aside from the fact that the same structures are involved, the behavior of these
hereditary disorders of connective tissue is quite distinct from the acquired diseases
of connective tissue. One can point to the stiff joints in the Hurler syndrome and to
involvement of the base of the aorta in rheumatoid arthritis, but, on the whole,
analogies are strained and unconvincing.

H. GENERAL SUMMARY AND CONCLUSIONS

1. In general, the clinical picture of each of the heritable disorders of con-
nective tissue is as specific and predictable as that of other clinical entities; for
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example, infectious diseases. There is, of course, a certain amount of variability in
clinical expression, such as the physician learns to expect. The clinical mani-
festations of each syndrome were summarized in tabular form in Chapter 1.

2. The heritable disorders of connective tissue are not congenital malforma-
tions in the conventional sense. Certain congenital malformations do seem to
occur with increased frequency in association with some of these disorders. It is
proposed that during embryogenesis the connective tissue defect sets the stage
favorable to the development of the particular malformations. See Chapter 3 on the
Marfan syndrome for examples.

3. Pseudoxanthoma elasticum behaves like an abiotrophy, as does also the
aortic involvement in the Marfan syndrome. The peculiarities of growth in the
Marfan syndrome and the Hurler syndrome are apparently intimately related to
the basic defect of connective tissue. Certain features of the Hurler syndrome
( specifically those relating to the brain, liver, spleen, and cardiovascular system )
partake of the characteristics of a thesaurosis, or “storage” disease. In osteogenesis
imperfecta and in the Ehlers-Danlos syndrome there appears to be a defect in the
formation of collagen; in the first the defect is relatively early in fibrogenesis,
whereas in the second the organization of collagen bundles into the usual mesh-
work is defective,

4, Many principles of heredity are illustrated by these disorders. Examples
of dominant, recessive, and sex-linked inheritance are provided. Phenomena of
expressivity and penetrance are displaved.

5. The recognition of the more easily detectable expressions of the basic defect
of connective tissue provides clinical clues to the nature of internal disturbances
which are less accessible for study. Most dramatic illustrations of this time-honored
principle are the association of ectopia lentis with aortic regurgitation in the Mar-
fan syndrome and of angioid streaks of the fundus oculi and characteristic skin
changes with massive gastromtestinal hemorrhage mn pesudoxanthoma elasticum.

6. The intimate interrelationships of the several elements of connective tissue
are indicated by the difficulties in identifying the specific element of connective tis-
sue which is defective in several of these syndromes.

/. The heritable disorders of connective tissue are ripe for major advances in
identification of the fundamental biochemical defect.

&, The heritable disorders of connective tissue can be useful tools for the study
of the normal biology of connective tissue. Further confirmation is provided for
the principle enunciated by Sir Archibald Garrod: The clinical and other investiga-
tion of hereditary disorders will shed light on normal developmental and biochemical
mechanisms.
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Arcadi, quotation from, 30
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Ashoe-Hansen, quotation from, 7
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Atrial septal defect, 88, 111
Avulsion of mitral cusp, 87
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ayndrome )

Brittle hones (see Osteogencsis imperfecta)

329

Bruch's membrane, 224, 232
Bruisability in Ehlers-Danlos syndrome, 140
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Bundle branch block, 57, 145, 152
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Calcification, arterial, 197
Calcinosis universalis, 298, J10-312
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Caput membranaceum, 180
Cardiologist, #
Carotid artery, dilatation of, 97-08
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Chauffard, quotation from, 213-214
Chest physician, 8
Chilblains in Ehlers-Danlos syndrome, 142
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gressiva, 280
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Collagen, 31-33
in Ehlers-Danlos syndrome, 163-164
in Hurler syndrome, 266
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“Collagen vascular disease,” 31, 318
Collagenase, 33
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Dermatologist, 8
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pulmonary artery, 64
Dhverticulum, gastrointestinal, 150
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Dolichostenomelia, 42 ff,
Dominance, characteristics of, 22
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Diysostosis multiplex, 244
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Ear in Hurler syndrome, 257
in Marfan syndrome, 101
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Ehlers-Danlos syndrome (E-D), 135-177
basic defect, 163-165
clinical manifestations, 137-161
history, 135-137
incidence, 165
mnheritance, 165-167
pathology, 161-163
Elastase, 35
inhibitor, increased in Ehlers-Danlos By~
drome, 1635
Elastic tissue, 34-35
in Ehlers-Danlos syndrome, 161, 164
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n pseudoxanthoma elasticum, 228 ff.
Elasticity, definition of, 137
Elastosis, senile, 234-235
El Greco, 45
I-',]Iis.-BmidJ;;k gauge of joint mobility, 167-
f

Ellis-van Creveld syndrome, 314
Embryotoxon, 196
FEmphysema, 151, 197, 309
Enchondromatosis (Ollier). 313
Endocardium, atrial, in pseudoxanthoma elas-
ticum, 224, 225.224
Endocrinologist, &
Environment, interrelationship with heredity,
I':picuntlululifultt in Ehlers-Danlos syndrome,
4.
Epidermolysis bullosa congenita, 140, 315
Eponyms, 27-28
Erdheim's eystic medial necrosis of aorta,
116-117, 122-124
Eunuchism, 108-110
Exostoses, hereditary multiple, 312
Expressivity, relation to penetrance, 20, 21
Eye in Ehlers-Danlos syndrome, 143-150
in Hurler syndrome, 257
in Marfan syndrome, 60-62
in osteogenesis imperfecta, 196
in pseudoxanthoma elasticum, 220, 222
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Faber, Knud H., Nosography, 24

Fat, sparcity of, in Marfan syndrome, 58

Femur, broad neck of, in fibrodysplasia ossi-
ficans progressiva, 280-2090, 204

Fibrohlast, 30-31

Fil}n;d_vs];)lnsin ossificans progressiva (F oOP),
26-200

Flat feet, 56, 143

Forme fruste, 21, 70, 97, 106

Fragilitas ossium (see Osteogenesis imper-
fecta )
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Galton-Garrod Society, 10

Ganglia, 56

Gargoylism, 71

Garrod, Sir Archibald E,, 2, 5, 319

Urastroenterologist, 8

Gastrointestinal aspects of pseudoxanthoma
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Generalized arterial calcification of infancy,
310-312

Genetic pathology, 316

Caenotype, 23

Genu recurvatum, 56, 70, 143

valgum, 77, 247

Germinal mosaicism, 23

Gibbus, 246

Glancoma in Ehlers-Danlos syndrome, 143

in osteogenesis imperfecta, 196

Ciout, 309

Gowers, 19

Crround substance, 35-37

H

Hallux valgus, 289
Harvey, William, quote from, 9
Heart in Ehlers-Danlos syndrome, 152-161
in fibrodysplasia ossificans progressiva, 287
in Hurler syndrome, 257-260
in Marfan syndrome 87-97
in osteogenesis imperfecta, 197
in pseudoxanthoma elasticum, 223
Hematologist, &
Hemivertebra, 56, 93
Hemorrhages, gastrointestinal, 222-223
Hepatosplenomegaly, 246
Hernia, diaphragmatic, 150
in Ehlers-Danlos syndrome, 150
in Hurler syndrome, 249
in Marfan syndrome, 57
in osteogenesis imperfecta, 196
Heterochromia iridis, 60
Hiatal hernia, 150
History of Ehlers-Danlos syndrome, 135-136
of fibrodysplasia ossificans  progressiva,
286-287
of Hurler syndrome, 242-244
of Marfan syndrome, 42-44
of osteogenesis imperfecta, 178-179
of pseudoxanthoma elasticum, 213-214
Horner syndrome, 48
Hufnagel operation, 121
Hurler syndrome, 242-284
clinical manifestations, 244-261
differential diagnosis, 270-278
fundamental defect, 266-267
historical note, 242-244
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incidence and inheritance, 268-270
other considerations, 278-279
pathologic changes, 261-266
Hutchinson, Jonathan, quotation from, 17
Hyaluromic acid, 36
Hydrocele, 57
Hydrocephalus in Hurler syndrome, 265, 267
in osteogenesis imperfecta, 198
Hydroxyproline, 31, 247
Hypertelorism, 244
Hypertension in Marfan syndrome, 98, 123
in pseudoxanthoma elasticum, 223

I

Incidence and inheritance of Ehlers-Danlos
syndrome, 165-167

of hbrodysplasia ossificans progressiva,

of Hurler syndrome, 268-270

of Marfan syndrome, 104-107

of osteogenesis imperfecta, 199-202

of psendoxanthoma elasticum, 232-233
Interatrial septal defect, 88, 111
Interrelations of connective tissue elements,

Interventricular septal defect, 88-92
Isinglass, 31
J

Joints, loose, in Ehlers-Danlos syndrome, 143
in ! Idrf.m syndrome,
in osteogenesis imperfecta, 193-195
stiff, in Hurler syndrome, 246
Juvenile arcus senilis in osteogenesis nmper-
fecta, 196
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Keloidosis, 285, 300
Keratoconus in Ehlers-Danlos syndrome, 150
in Marfan syndrome, 61
in osteogenesis imperfecta, 196
Klinefelter's syndrome, 109-110
“Kmght's move,” 23
Koilostermia (see Pectus excavatum)
Kyphoscoliosis in Ehlers-Danlos  syndrome,
143
in Marfan syndrome, 56, 57
mn ustu{:gﬂm}ms 1m|:—¢;-rie|:ta 187

L

Lacroix, quotation from, 118
Laplace, law of, 117
Lathyrus odoratus, 121, 318
Leather, 31-32
Leptomeninges in Hurler syndrome, 265
Léri's pleonostensis, 303-304
Lenkocytic inclusions, 235-256
Ligamenta flava, 33, 117
Lipochondrodystrophy, 244
Lipomatosis, 285
“Lop ears,” 142
Lung, abnormal lobation, in Marfan syn-
drome, 100-103
in Ehlers-Danlos syndrome, 150
in Marfan syndrome, 100-103

M

Maffucei's syndrome, 313
Marfan, Antoine, 42-43
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clinical manifestations, 45-104
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historical survey, 42-45
incidence and inheritance, 104-107
other considerations, 121-124
pathology, 116-117
Marie-Strimpell ankylosing spondylitis, 26
Mast cell, 30, 313
Megalocornea, 61, 196
Mendel, Gregor, 24
Mental retardation in Ehlers-Danlos syn-
drome, 152
in Hurler syndrome, 257
in Marfan syndrome, 103
Metachromasia, 35, 116, 264, 276
Meéténier's sign {ease of everting eyelid), 143
Microcornea, 143
Microdactyly, 280, 208
Micromelia, 1580
Modulation, 31
Molluscoid pseudotumors, 137
Morguio syndrome, 270-270
Muosaic, H!-;;i", in osteogenezis imperfecta, 180-

Mucopolysaccharide, 35-37, 244, 266-267
Multiple allelism, 22
Murmurs in Hurler syndrome, 2549
in Marfan syndrome, 81-83, 86
musical, 81-83
Muscular dystrophy, 57, 108
Mutation, 19, 26
rate in Marfan syndrome, 103
in osteogenesis imperiecta, 201
Myoma, ol
Myositis ossificans progressiva (sec Fibrody-
splasia ossificans progressiva)
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MNasse's law, 23
Negro, habitus of, 51-54, 109-111
Neurofibromatosis, 114, 185, 313
Nilatic dysplasia ( Sheldon), 111
Nosography, Knud Faber's, 24
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Ochronosis, 309-311 ;
Odontogenesis imperfecta, relation to osteo-
genesis imperfecta, 191-193

Ollier's enchondromatosis, 312
Ciphithalmologist, 8
Oirthopedist, 8
“Dssein,” 31 .
Dsteitis deformans of Paget (see Paget's dis-
ease of bone)
ﬂ,l'.tt'ub]aﬁl, 30
Osteodermatopoikilosis (see Osteopoikilosis)
Osteogenesis imperfecta (OI), 178-212
clinical manifestations, 178-199
fundamental defect, 203
history, 178, 179
incidence, 199
inheritance, 199-202
miscellaneous, 203-206
Osteopetrosis of Albers-Schinberg, 512
Osteopoikilasis, 209-303
Osteoporosis, 187, 204, 206
Otologist, 8
Otosclerosis, 197, 203 -
“Overhanging occiput” in osteogenesis 1m-
perfecta, 192
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Faget's disease of bone, 304-309
Palate, highly arched (Gothic), 143
Papilledema in Hurler syndrome, 258
Papyraceous scars m  Ehlers-Danlos  syn-
drome, 140
Patent ductus arteriosus, 101
Pathologist, 9
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of fibrodysplasia ossificans progressiva, 207
of Hurler syndrome, 261-266
of Marfan syndrome, 116-117
of osteogenesis imperfecta, 202-203
of osteopoikilosis, 303
of pseudoxanthoma elasticum, 224-228
Fectus carinatum, 47, 189
excavatum, 30, 96, 97, 189
Pedigree, autosomal recessive, 113
dominant, 75, 90, 99 105
method, 27
of causes, 20, 101, 119
sex-linked recessive, 254
Pelger-Huét anomaly, 314
Penctrance, relation to expressivity, 20-21
Pericardial friction rub in dissecting an-
EUTVSIT, 7.3
Pericarditis, simulation of, 75
Peripheral vascular disease, 8
Pes planus, 56, 143, 247
Peyronie's disease, 314
Phene, 23
Phenocopy, 25, 111
Phenotype, 23
Phvsiologic genetics, 316
Pigean breast (see Pectus carinatum)
Plastic surgeon, B
surgery in pseudoxanthoma elasticum, 234
Platybasia in osteogenesis imperfecta, 198
Platyspondyly in Hurler syndrome, 245
in osteogenesis imperfecta, 187, 193
Pleiotropism, 20
Pleonosteosiz {see Léri's pleonosteasis)

Pneumothorax in Ehlers-Danlos syndrome,

m Marfan syndrome, 103
Pregnancy in Marfan syndrome, 123
in osteogenesis imperfecta, 205
Primordial dwarfism, 118
Prohand, defuuntion, 27
Propositus (-a), definition, 27
Pseudoarthrosis in osteogenesis imperfecta,
185
Pseudocoarctation, 98
Pzeudotumor, molluscoid, 137
Pseudoxanthoma elasticum (PXE), 213-241
hasic defect, 228
case reports, 233
clinical manifestations, 214
history, 213
incidence, 232
inheritance, 232
miscellaneous, 234
pathology, 224
Ptosiz in Marfan syrdrome, 49
Pulmonary artery, congenital idiopathic di-
latation of, 64
chssecting aneurysm of, 64
m Marfan syndrome, 64
Pulses in pseudoxanthoma elasticum, 221, 222
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1
of Hurler syndrome, 268
of Marfan syndrome, 104
of osteogenesis imperfecta, 100
of pseudoxanthoma elasticum, 232
Recessive, autosomal, 312
pedigree, 113
Ru{(‘hﬁ:nl} I.,]Idﬁlt,h,'[‘l‘utll.'i of. 23
Reilly granules in Hurler syndrome, 255-256
Relaxin, 123
Retienlin, 33-34
in osteogenesis imperfecta, 202
Retinal detachment, 61
Rheumatic fever complicating Marfan syn-
drome, 123
heart disease simulated by Marfan A¥I-
drome, 115
Eheumatologist, 8
Rhinitis in Hurler syndrome, 257
Rupture of howel, 152
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“Saturn's ring,” in osteogenesis imperfecta,
196
Se .d.]hh{uu:l]la'l'y 245
Schevermann's epiphysitis, 56
Sclerae, blue, 61, 169, 202, 206 .
Ecj.'thinn-.;.r{ 1 Ehlers-Danlos syndrome n,
35
Sex-linked recessive, characteristics of, 23
in Hurler syndrome, 268-270
Shoe-shaped sella, 243
Sickle cell anemia, 54
Simgle gene theory, arguments for, 19-20
Sinuses of Valsalva, aneurvam of, 73
Skin in Ehlers-Danlos syndrome, 137-143
in Hurler syndrome, 249
in Marfan syndrome, 104
in osteogenesis imperiecta, 196
in ]'mudux.mllmmd elasticum, 214-219
Skipped generations, 22
Snyder, Lawrence H., quotation from, 20, 316
Spna hifida ocenlta, Iﬂl 161
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Sporadic cases, interpretation of, ?-l
“Spotted bones,” 200-303
“Status dysraphicus,” 113
Subluxation of lenses (see Ectopia lentis)
Surgeon, 8
Sweet pea seed, toxin in, 119-121
Symptoms, synopsis of, 18
"'s:,.[:lw-.tnl.iﬁ 284G 208
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Talipes equinovarus, 246
Teeth in Hurler syndrome, 245
in osteogenesis imperfecta, 191-193, 202

Test, :.-im}p?h'ﬁul urinary, for Hurler syndrome,
276

Tetralogy of Fallot, 89, 92, 161

Tissue culture, 317

Toulouse-Lautrec, Henri de, osteogenesis im-
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Upper segment-lower segment ratio, 51-54
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van Meckeren, Job, quotation from, 136
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