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Early diagnosis is essential for proper management of the

Marfan syndrome, yet due to diverse manifestations of the disorder,

specific diagnosis is difficult. Excessive growth of the long bones

constitutes a major characteristic of the syndrome; thus differences

in growth patterns from those of the average child suggest a possible

method of early detection. It was the purpose of this study to

demonstrate if velocity of height growth in the Marfan differed during

early childhood from that of the normal child.

To identify subjects for the study it was first necessary to

develop a classification system of Marfan characteristics to insure

that only those individuals with a positive Marfan diagnosis were

included in the study.

From a total of 1017 individuals considered, the final sample

was limited to those with a positive Marfan diagnosis for whom measure-

ments were available for at least four of the first five years of life.

The sample consisted of seven subjects, four male and three female.

It is recognized that because of the limited sample no statistical



significance can be attached to the results of the study. For this

reason the Case Study method was used for presentation of the results

of the study.

Findings from this study suggest the possibility that major

differences do exist between the patterns of growth velocity

demonstrated by Marfan children and those of average children, and also

between growth velocity patterns of Marfan boys and Marfan girls.

Results of the study also suggest that these differences can be detected

during the first months of life.

The data from this study indicate that Marfan cases attain a

length considerably above average during the first months of life.

Regardless of birth lengths, which may or may not be above average,

all of the subjects in the study had surpassed average length by age

nine months, even the one individual whose birth length was below the

fifth percentile.

After birth, all of the length and height recordings for all

of the Marfan subjects were above average until approximately ten

years of age, the entire period of the study. Velocity of height

growth was also primarily above average for the Marfan girls through-

out the study, while that for the Marfan boys appeared to be slightly

below average until age three, after which the height growth velocity

for the boys, too, was primarily above average.

More contrast became evident in weight recordings and the

patterns of weight growth velocity. Between the ages of three months

and three years nearly all the weights recorded for the Marfan boys

were below average, while nearly all of those recorded for the Marfan



girls were above average. After age three, weights recorded for the

Marfan boys were predominantly above average, while those for the

Marfan girls varied above and below average. From birth until nine

months, weight growth velocities for the Marfan boys were all below

average while those for the Marfan girls were above average. After

that, the velocities of weight growth for both Marfan boys and Marfan

girls varied above and below average, the pattern tending to be above.

Since Marfans appear to progress beyond average length during

the first months of life, the importance of early screening of all

infants to detect unusual growth patterns needs to be emphasized to

all who work with children during early life.

Findings of this study can only suggest implications of the

relationship between height growth velocity patterns early in life

and possible effects later in life. Further research is indicated to

explore in depth the relationship between growth velocity patterns,

height, and longevity.
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GROWTH VELOCITY MEASUREMENT IN THE MARFAN SYNDROME

I. INTRODUCTION

Justification 

Genetic diseases, until recently considered to be rare, are

now recognized as a major health problem. About 80% of birth de-

fects are thought to be of genetic origin, and about one-third of

all patients admitted to hospital pediatric wards are there for

genetic reasons. In addition, gross chromosomal defects are the

cause of 36% of all spontaneous abortions, while at least 40% of

all infant mortality results from genetic factors. It is also

worth noting that these estimates do not take into account such

conditions as heart disease, arthritis, diabetes, cancer, and

certain mental illnesses which are strongly suspected to have

genetic involvement (The National Institute of General Medical

Science). NIGMS also presents one estimate that about one-

quarter of all hospital beds and places in institutions for the

handicapped are occupied by persons suffering from disorders that

are wholly or partly genetic in nature.

The costs of genetic disease involve not only financial

consideration, but psychological and emotional components as well,

the price of which is incalculable. Many victims are completely

incapacitated from the moment of birth, others later in life. The

cost of lifetime institutional care is monumental. However,
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intensive care costs, even during a life span that is brief, can be

staggering. No genetic diseases have been cured, but much has been

achieved in new techniques for diagnosis, prevention, treatment, coun-

seling, and overall management of these conditions. Research and

technological advances have spared families much grief and heartache

and have brought about improved economic situations.

"The research developments which led to these advances in

preventive medicine cost less than a single year's expenditures for

the care of patients with Tay-Sachs disease" (NIGMS, p. 27). In

genetic diseases where early detection is possible, detection and

prevention of the disease is estimated to cost roughly only one-

tenth of the cost of care (NIGMS).

Of particular interest in this study is the Marfan syndrome,

a heritable disorder of connective tissue for which no specific means

of early diagnosis has yet been identified. Clinical manifestations

are many and varied, since connective tissue is ubiquitous through-

out the body, and the specific fundamental defect of connective

tissue resulting in this disorder has not yet been isolated. It

appears, however, that a multiplicity of factors play a role in the

development of the disorder. The variety of manifestations as well

as the varying degrees of involvement even within a given family

tremendously complicate attempts to establish a reliable early diag-

nosis.

McKusick (1972) describes the pattern of inheritance as that

of a simple Mendelian autosomal dominant, yet notes that in a few

instances a recessive mode of inheritance seems to be indicated
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(Parish, 1967). Partial submersion of the manifestations of the dis-

order has been observed, apparently depending on the rest of the

genetic milieu in which the mutant gene is operating (Lutman & Neel,

1949; McKusick, 1955). It is this operation of the genetic milieu on

the expression of the syndrome that invites the tremendous challenge

to research which the Marfan syndrome presents (Bolande, 1963;

Sinclair, 1958).

Marfan syndrome has been recognized in many parts of the

world. While some genetic diseases, such as sickle cell anemia and

Tay-Sachs disease, appear more frequently among certain ethnic groups,

there is no evidence that this is true of the Marfan syndrome. Also,

the sexes are equally affected (Baer, Taussig, & Oppenheimer, 1943;

Chang, 1951; Etter & Glover, 1943; Futcher & Southworth, 1938;

Haridas, 1941; McKusick, 1955; Nenci & Beltrami, 1968; Rados, 1942).

Cardinal manifestations of the Marfan syndrome are skeletal,

ocular and aortic. Death may occur at any age; when it strikes in

the prime of life it is usually the result of dissecting aneurysm of

the aorta. Major crippling occurs in many cases, with patients

suffering primarily from blindness, circulatory problems, and

scoliosis, as well as a variety of less common symptoms (Gorlin &

Sedano, 1969). However, symptoms vary considerably in severity of

manifestation, so there is much overlap with what can be considered

normal, as well as with symptoms of other syndromes. As an additional

complication, many cases are so mild as to have no apparent effect on

health or longevity.
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Of the primary manifestations, cardiovascular defects are the

most lethal. There is an inborn weakness, with subsequent degener-

ation, of the tunica media of the aorta and main pulmonary artery

which results in diffuse dilatation of the ascending aorta or pul-

monary artery, in dissecting aneurysm, or in both, and in mitral valve

regurgitation. This abnormality is an abiotrophy, not a congenital

malformation. Onset of aortic dilation may be as early as the first

year or as late as the sixth decade. Dissection occurs with increased

frequency during pregnancy. The average age of death among 72 de-

ceased patients in the series followed by McKusick and associates was

32 years (Baer, Taussig, & Oppenheimer, 1943; Headley, Carpenter, &

Sawyer, 1963; McKusick, 1972; Murdoch, Walker, Halpern, Kuzma, &

McKusick, 1972).

Ectopia lentil is considered the hallmark of ocular involve-

ment. The ligaments which suspend the lens are defective, and dis-

placement occurs. Myopia is also common, apparently resulting from

the excessive length of the eyeball, which also seems to be responsible

in part for the increased incidence of detached retina. Dilator

muscles appear to be hypoplastic, making dilatation of the pupil dif-

ficult. Numerous other eye involvements occur in varying degrees in

Marfan patients (Bean, 1967; Gorlin & Sedano, 1969; Lutman & Neel,

1949; McKusick, 1972; Sinclair, 1958).

Skeletal defects are the most striking, often calling attention

to the possibility of the disorder. Patients are characteristically

tall and thin, although occasionally there is an abundance of sub-

cutaneous fat. Skeletal proportions appear to be more important than



5

height as a characteristic feature, and asymmetry is not uncommon.

The extremities are long, with the lower segment measurement usually

being in excess of the upper segment, and the arm span in excess of

the height. Various indices such as the thumb sign, the wrist sign,

the metacarpal index, have been suggested as objective means for

identification of the Marfan syndrome; but as yet no reliable measure-

ments have been defined as specific (Joseph & Meadow, 1969; McKusick,

1972; Parish, 1960, 1967; Steinberg, 1966; Walker & Murdoch, 1970).

Other skeletal abnormalities commonly seen among Marfan

patients include kyphoscoliosis, varieties of thoracic cage deformity

such as pectus excavatum and carinatum, highly arched palate, long

narrow face, "spurring" of the heels, contractures of the toes, and a

variety of related defects (Chang, 1951; Futcher & Southworth, 1938;

Gorlin & Sedano, 1969; McKusick, 1972; Parish, 1960; Sinclair, 1958).

Muscles, ligaments, and fascia may be abnormal. Hyperextensi-

bility of joints is common, as are dislocations, hernia, diverticula.

There may be muscular underdevelopment and hypotonia (Bean, 1967;

McKusick, 1972; Sinclair, 1958; Steinberg, 1966).

McKusick (1972) lists other manifestations among which are

deafness (Rados, 1942) of the nerve type; pulmonary complications such

as congenital cystic disease of the lungs (Reye, 1973), and spontan-

eous pneumothorax; high pitched voice; skin lesions. Bean (1967) and

McKusick (1972) point out that mental retardation is not a component

of the Marfan syndrome, which is notable because of its resemblance to

homocystinuria, where mental retardation is a primary complication.
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Numerous other abnormal characteristics have been noted in

Marfan patients. Some are thought to be directly related to the Mar-

fan syndrome while others are believed to be secondary, resulting from

abnormal conditions due to the Marfan habitus. Still others appear to

have occurred perhaps coincidentally. Considerable additional re-

search would be required to define and classify these many varying

features, with reference to their relation to Marfan syndrome.

Currently, diagnosis is based on the presence of a constella-

tion of findings associated with family history of the condition. Be-

cause diagnosis is so difficult, it is frequently delayed or over-

looked.

Marfan victims tend to be unusually tall due to excessive

growth of the long bones and this has led to the speculation that even

from birth persons affected with the Marfan syndrome probably manifest

an abnormal growth velocity. The manner in which this differs from

normal has not been described. It is proposed in this research to

study the growth velocity of persons diagnosed as Marfans to determine

whether or not the growth velocity in the Marfan syndrome does indeed

differ from normal, and at what age it can be discovered. If a dif-

ference can be demonstrated, this knowledge could contribute not only

to a more accurate diagnosis of the disorder, but, perhaps more

importantly, to an earlier diagnosis.

Early diagnosis is necessary for adequate management of the

condition, such as the use of exercises and casts to prevent crippling,

and prescription of glasses for improved vision. Treatment for the

disorder is still in the experimental state. One approach to treatment
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involves use of hormones to limit the excessive growth of long bones

(Frasier & Smith, 1968; Murdoch et al, 1972). Early diagnosis is thus

essential so that treatment can be administered during the growth

years (Frasier & Smith, 1968; Headley et al, 1963; Murdoch et al,

1972; Sinclair, 1958).

If it is demonstrated that height velocity of growth alone

does indeed differ from normal in the Marfan patient, then

physicians, nurses, teachers, and others who work with growing

children can be alerted to watch for these indications during the

early growth period. Height is a simple measurement to make, and its

use could contribute not only to earlier diagnosis and better manage-

ment of victims of Marfan syndrome, but also to an increased aware-

ness of the importance of height as an assessment tool in the evalu-

ation of the health status of children in general.

During recent years much emphasis has been placed on the

relationship between weight and longevity and morbidity. However,

little attention has been directed toward the importance of height as

a tool in health evaluation. It is hoped that the findings of this

study may help to identify the role of height measurement as a valu-

able tool in diagnosis and assessment of health and development, and

to encourage those working with children to include this indicator

as a regular feature of health appraisal.

Purpose 

The purpose of this research is to study the height growth

velocity of persons diagnosed as Marfans, presenting a descriptive
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limited case study of each subject with particular reference to growth

velocity of height during early childhood, and demonstrating how each

case differs from the normal pattern of height growth. Early diag-

nosis is essential for treatment to prevent crippling and for proper

management not only of Marfan syndrome, but also of other growth

problems as well. Hence this study is directed toward measurement of

height growth velocity during early childhood.

Since recognition of the Marfan syndrome presents such a con

fusing picture due to the variety of manifestations and absence of

definitive criteria, it is also a purpose of this study to organize

the more common symptoms into a structure providing a readily usable

classification of the disorder to facilitate more accurate diagnosis.

Definitions of Terms 

The definitions of terms relevant to the study of growth veloc-

ity with relation to Marfan syndrome are included in this section. Un-

less otherwise indicated, these definitions are taken from Dorland's 

Illustrated Medical Dictionary (1965).

Abiotrophy. Disorder in which a particular tissue or cell

class is capable of function for only a limited time because of an

innate weakness; late onset of degenerative changes (McKusick, 1972).

Aneurysm. A sac formed by the dilatation of the walls of an

artery or of a vein and filled with blood. The chief symptoms of

arterial aneurysm are the formation of a pulsating tumor, a peculiar

bruit (aneurysmal bruit) heard over the swelling, and pressure



symptoms, consisting of pain and paralysis from pressure on nerves

and absorption of contiguous parts.

Aorta. The main trunk from which the systemic arterial system

proceeds. It arises from the left ventricle of the heart; passes up-

ward, bends over, passes down through the thorax, and through the

abdomen to the fourth lumbar vertebra where it divides into the two

common iliac arteries.

Arachnodactyly. A condition characterized by abnormal length

and slenderness of the fingers and toes.

Circulatory system. The channels through which the nutrient

fluids of the body circulate; often restricted to the vessels convey-

ing blood.

Coarctation of the aorta. Narrowing or constriction of the

aorta, usually near its junction with the ductus arteriosus.

Connective tissue. The tissue which binds together and is

the support of the various structures of the body. It is made up of

fibroblasts, fibroglia, collagen fibrils, and elastic fibrils. It is

derived from the mesoderm and in a broad sense includes the collagen-

ous, elastic, mucous, reticular, osseous, and cartilaginous tissue.

Some also include the blood in this group of tissues.

Dissecting aneurysm. One in which the blood is forced between

the coats of an artery.

Distance standards. Standards of size attained at each age,

on the analogy of a child having travelled a certain distance along the

way to adult size (Tanner, Whitehouse, & Takaishi, 1966).

Dolichostenomelia. Long, thin extremities (McKusick, 1972).
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Ectopia lentis. Displacement of the crystalline lens of the

eye.

Growth. A normal process of increase in size, produced by

accretion of tissue of a constitution similar to that originally

present.

Growth velocity. Rate of growth.

Hand-height ratio. The relationship between the length of

the hand and the height as expressed in terms of a ratio (arranged by

author).

Height. The vertical measurement of an object or body.

Heritable. Capable of being inherited.

Kindred. A group of related individuals; one's relatives;

family relationship (Webster's Seventh New Collegiate Dictionary, 1965).

Kyphosis. A condition characterized by an abnormally increased

convexity in the curvature of the thoracic spine as viewed from the

side.

Length. An expression of the longest dimension of an object,

or of the measurement between the two ends. (Author's note: Measure-

ment of an individual in the supine position is usually referred to as

length, while measurement of an individual while standing is referred

to as height. Growth charts often indicate length until the age of

two years, and height thereafter).

Long bone. A bone whose length exceeds its breadth and thick-

ness.

Lordosis. An abnormally increased concavity in the curvature

of the lumbar spine as viewed from the side.
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Lower segment. Measurement from the top of the pubic symphysis

to the floor (McKusick, 1972).

Marfan's syndrome. A syndrome of arachnodactyly, ectopia

lentis, and cardiovascular defects, associated with abnormally

elongated and thin long bones, disporportionately long extremities

and spider fingers, dolichocephaly, high arched palate, hyperextensi-

bility of joints, pectus excavatum or pectus carinatum, kyphosis or

scoliosis, flatfoot, habitual dislocations, and arthrogryposis. Lens

dislocation may be combined with myopia, strabismus, blue sclera, and

nystagmus. The cardiovascular defects usually include aortic

aneurysm, enlargement of the heart, valvular defects, cystic necrosis

of the aorta, and aortic regurgitation. The syndrome is inherited as

an autosomal dominant trait (Jablonski, 1969).

Medionecrosis. (Also called medial necrosis). Necrosis of

the tunica media of a blood vessel, often leading to its rupture.

Mesenchyme. (Also called mesenchyma). The meshwork of the

embryonic connective tissue in the mesoderm from which are formed the

connective tissues of the body, and also the blood vessels and

lymphatic vessels.

Metacarpal index. The average of the fingers obtained by

dividing the lengths of the right second, third, fourth, and fifth

metacarpal bones by their respective breadths at the exact midpoint;

stated to range normally between 5.4 and 7.9. A value above 8.4 is

diagnostic of arachnodactyly.

Pectus carinatum. (L. "keeled breast"). Undue prominence

of the sternum, called also chicken breast and pigeon breast.
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Pectus excavatum. (L. "hollowed breast"). Undue depression

of the sternum, called also funnel breast and funnel chest.

Scoliosis. An appreciable lateral deviation in the normally

straight vertical line of the spine.

Skeletal age. Bone age. Osseous development shown roentgeno-

graphically, stated in terms of the chronological age at which the

development is ordinarily attained.

Span. A measurement of reach or extent; applied to the

greatest distance from fignertip to fingertip of the widely out-

stretched arms.

Span-height ratio. The relationship between the span and

the height expressed in terms of a ratio (arranged by author).

Stature. The height or tallness of a person standing.

Upper segment. Measurement derived by subtracting the lower

segment from the height (McKusick, 1972).

Upper segment-lower segment ratio. The relation of the upper

segment to the lower segment expressed in terms of a ratio (arranged

by author).

Assumptions 

Assumptions made in this study include the following:

Children generally follow a normal pattern of growth; hence,

gross deviation from the normal growth pattern is often indicative of

pathological conditions.

Charts of normal height and weight values developed by the

University of Iowa (Iowa Child Welfare Research Station, 1943) and by
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the Department of Maternal and Child Health, Harvard School of

Public Health can be used to compare an individual's growth pattern

record with those standardized norms for that age and sex.

Charts based on data compiled by the National Center for Health

Statistics (Hamill, Drizd, Johnson, Reed, & Roche, 1976) can serve as

standardized norms with which to.compare individual records.

Measurement units for height and weight are of a standard

nature and recorded measurements represent a reasonably accurate

account of the situation as it existed.

Objective 

Velocity of height growth in the victim of Marfan syndrome

can be demonstrated to differ during early childhood from the velocity

of height growth in the normal child.
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II. REVIEW OF LITERATURE

General History of the Marfan Syndrome

The historical picture of the Marfan syndrome resembles noth-

ing so much as the pieces of a jigsaw puzzle poured out upon a table,

with a few sections here and there painstakingly fitted together, some

pieces apparently matched and later pulled apart when they failed to

fit with other sections, the whole still lacking a framework by which

to relate the various portions in logical arrangement. Such is the

confused situation with reference to the medical entity known as the

Marfan syndrome. Although its symptoms were first recognized eighty

years ago, its diagnosis still challenges the medical profession today.

A. -B. Marfan in 1896 described a 5-1/2-year-old girl charac-

terized by extremely long thin bones of the extremities, muscular

atrophy, cranial deformities, and contractures. Bone lengths exceeded

those of the normal child her age. There was no paralysis and no

neurological involvement, no evidence of endocrine dysfunction or eye

abnormalities. The deformities had been noted by the mother during

the first days of life. While hospitalized under Marfan's obser-

vation, the girl's growth progress over a year's time showed normal

proportions. Only three of her five siblings were living; these in-

cluded a girl with strabismus and a boy with cataracts. Marfan was

unable to find a description of the condition in any of the literature
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he consulted, and puzzled over the cause of the condition, which he

termed "dolichostenomélie," meaning long thin extremities.

Mery and Babonneix in 1902 examined the same child and reported

a follow-up of Marfan's findings. In addition to the symptoms he

described they noted swelling of the forearm, more pronounced facial

asymmetry, depression of the thoracic cage, pronounced kyphosis and

scoliosis, lack of development of muscle mass, and cartilage more

advanced in development than that of a normal child. The nature of

the deformity and lack of pathogenic hypotheses concerned them. They

described the role of cartilage in bone growth and noted that the

symptoms in Marfan's patient appeared to be opposite those seen in

achondroplasia, which is characterized by extremely short extremities.

Hence they suggested the term "hyperchondroplasie" as a more descrip-

tive name for the condition. They also mentioned that syphilis could

determine some of the symptoms noted, and introduced the idea of

hereditary syphilis as a causative factor.

Later that same year Achard (1902) reported a similar case and

compared his case with the one described by Marfan and by Mèry and

Babonneix. He pointed out that the condition was characterized by

symptoms other than bone anomalies and that different cases presented

different patterns of associated symptoms. It was his observation

that "hyperchondroplasie" was not a suitable term because ossification

did take place in the regular manner. "Dolichostenomelie" was not an

appropriate name either, he felt, because lengthening of the ex-

tremities was not always apparent. He suggested the possibility of

heredity as a factor, noting a patient whose father was not affected,
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but whose sister, mother, and maternal grandfather were. The

description of his patient, an 18-year-old girl, included such features

as bronchitis, accentuated frontal skull, poorly developed inferior

jaw, narrow mouth, flat base of nose,. and hyperextensibility of the

fingers, but no scoliosis. In his patient only the phalanges from

which the nails grew were of excessive length; the other phalanges,

in fact, were shorter than normal. He, too, considered the possi-

bility of hereditary syphilis as a causative factor, but noted that

the arms, legs, and receding chin were not characteristic of the

disease. Since the joint articulations were knotty he suggested the

name "arachnodactylie," which also corresponded with Marfan's

description of the joint condition as "pattes d'araignee" (Marfan,

1896) meaning "spider digits" (Haridas, 1941).

Salle (1912) described a patient afflicted with what he termed

"Riesenwuchses" (long growth) and contrasted it with 'Akromegalie"

(large growth) because both gave evidence of unusual growth patterns,

but in different ways. His patient who died at the age of two and

one-half months suffered from severe congenital heart problems, the

first to be clearly recognized as associated with manifestations of

the Marfan syndrome. He also mentioned that a brother had died of

lung disease at six months and that the mother had had a miscarriage.

Autopsy of Salle's patient revealed an intestine longer than normal,

deformities of the tricuspid and aortic valves, abnormality of the

hypophysis, and elongation of the sella turcica, which suggested to

him the possibility that the condition might result from a functional

disturbance in formation of the hypophysis during embryonic life.
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In 1915 Bbrger described another patient, calling attention

to the drawn expression and the appearance of aging evidenced in the

face of even a small child. He studied the blood in an attempt to

learn whether or not the abnormalities of growth could be correlated

with any abnormalities evidenced in blood cell production, but re-

sults were inconclusive. He described such manifestations as genu

recurvatum (knee deformity), pes planus (foot deformity), the fact

that the patient was born prematurely, and bilateral trembling of

the iris. This represented the first incidence of dislocation of

the lens associated with the Marfan habitus. BOrger also discussed

the possibility that dysfunction of the endocrine glands could be

responsible for the unusual growth manifestations, and expressed

interest in the role played by intrauterine influences in develop-

ment of the condition. He, too, compared the symptoms with those of

"Akro-megalie" (extreme largeness) but considered the term used by

Pfaundler, "Akro-Makrie" (extreme length), to be more appropriate.

Thomas (1914) compared the symptoms reported previously by

Marfan, Mery and Babonneix, Achard, and DuBois with his own patient,

a one-and-one-half-year-old girl, noting additional characteristics

as contractures, ear muscle deformity, "hammer toe," and protruding

calcaneus. He also commented regarding previously reported symptoms

which were not apparent in his patient, thus calling attention to

the fact that patients manifesting some of the characteristics did

not all present a uniform picture. He expressed interest in the

pattern of growth and observed his patient particularly to note

whether or not subsequent growth would render the abnormality less
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pronounced or make it disappear. His observation verified the fact

that the opposite was true. As the child grew, further considerable

lengthening could be detected by measurement. Of added interest in

this case was the fact that both parents were 32 years old and of

average size.

Piper and Irvine-Jones (1926) described a case of Marfan

syndrome believed the first reported in American medical literature.

Thursfield (1920) believed that arachnodactyly and its

accompanying manifestations should be categorized as a type of

muscular dystrophy.

Carrau (1929) reviewed the entire history of the syndrome and

listed the 21 cases cited in the literature to that date, along with

their corresponding manifestations. He noted x-ray evidence of slight

advance in bone ossification relative to chronological age.

Of the possible causes previously suggested, such as central

nervous system problems, muscular dystrophy, glandular dystrophy

originating in the hypophysis, hyperactivity of cartilage (opposite

of achondroplasia), Mongolism, and syphilis, he found none completely

satisfactory. It was his conclusion that because of the multiplicity

of lesions of bones and cartilage coexisting with several other con-

genital deformities, the problem must result from some morbid action

occurring during the first stages of embryonic life. He cited one

example where the mother had suffered "strong flu" during early

pregnancy and conjectured as to the possibility of this being a

causative factor. Since muscles of the heart, and the endothelium

from which connective tissue, bone and cartilage develop, are all
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derived from mesenchymal tissue, he supported the hypothesis that

early embryonic environment was responsible for the origin of the

varied characteristics. He warned that differences in syndromes must

be noted and care taken to differentiate symptoms of congenital

origin from those symptoms which are acquired.

Carrau explained why none of the terms suggested to date

could serve as an accurate name for the condition. It was his

recommendation that the name "Marfan's sickness" (maladie de Marfan)

be used, since it was Marfan who first had described the clinical

characteristics in the literature (p. 82).

Recognition of problems with connective tissue as a basis

for the wide variety of symptoms provided a framework for under-

standing the relationship of the various manifestations of the syn-

drome and represented a major step in comprehending its nature. The

importance of connective tissue was emphasized by McKusick (1972)

as he quoted from Archadi (1952), "If, by some magic solution, one

could at once dissolve all the connective tissue of the body, all that

would remain would be a mass of slimy epithelium, quivering muscle,

and frustrated nerve cells" (p. 334).

Weve (1931) recognized . what he termed "Dystrophia mesodermalis

congenita, Typus Marfan" as a disorder of connective tissue. From

his observations he commented that he could report almost two dozen

new conditions associated with the syndrome, and even though less

than 60 cases had been studied during the previous 34 years, the

disease was much more common than indicated in the literature. He



20

addressed himself primarily to the genetic aspects and identifying a

pattern of inheritance.

Early literature concentrated primarily on case descriptions,

charts and summaries of symptoms and related factors, and suggestions

as to possible explanations of the unusual pattern of manifestations

(Achard, 1902; Baer, Taussig, & Oppenheimer, 1943; Borger, 1915;

Carrau, 1929; Chang, 1951; Etter & Glover, 1943; Futcher &.

Southworth, 1938; Haridas, 1941; Kallius, 1928; Marfan, 1896; Mèry

& Babonneix,	 1902; Piper & Irvine-Jones, 1926; Salle, 1912;

Sinclair, 1958; Thomas, 1914; Thursfield, 1920; Valledor, Viamonte,

&	 Expósito, 1943; Weber, 1933; Weve, 1931). As it became apparent

what a variety of symptoms were associated with the condition,

emphasis was gradually shifted to exploration within the various

areas, and search for the basic defect.

Rados (1942) presented an exhaustive review of the Marfan

syndrome to that time. He summarized not only the manifestations

noted, presenting concise charts of patients and characteristics

associated with each one, but discussed implications of the re-

sulting data, and compared various theories as to the genetics,

etiology and pathology as well. His summary included nine categories

of possible etiological and pathological considerations: (1) Toxic

or infectious damage to the germ plasm before birth; (2) Muscular

dystrophy; (3) Atavism; (4) Primary hormonal disturbance; (5)

Disturbance of nervous system; (6) Congenital mesodermal dystrophy;

(7) Connection with status dysraphicus; (8) Degenerative anomaly;

(9) Constitutional aberration of anlage.
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From the data presented by Rados, the predominating character-

istics of the condition became more apparent. Then in 1943 Etter and

Glover reported a case of arachnodactyly associated with dislocated

lens and death due to rupture of dissecting aneurysm of the aorta.

Baer, Taussig, and Oppenheimer, also in 1943, described two similar

cases of aneurysmal dilatation of the aorta due to congenital mal-

formation of the media associated with arachnodactyly.

In addition to its genetic involvement, Marfan syndrome

eventually became identified by a triad of cardinal manifestations

(Chang, 1951). These included arachnodactyly, ocular defects

(particularly ectopia lentis), and other congenital anomalies of

which cardiac defects were the most important, often resulting in

early death due to dissecting aneurysm of the aorta.

McKusick (1972) encouraged use of the term "the Marfan

syndrome" as the preferred designation until discovery of the basic

defect would provide an accurate basis from which a name could be

derived.

Perusal of Index Medicus revealed some interesting history

with reference to the typical manifestations of the Marfan syndrome.

This reference was first published in 1879.

All entries under "Ophthalmology" in the first volume of

Index Medicus referred only to use of the ophthalmoscope for diagnosis.

By 1881 a separate division for "Lens and Capsule" was added, and in

1885 a section titled "Lens, Dislocation" was introduced. Title

entries in 1880 and 1881 indicated that diagnoses of congenital dis-

placement of both lenses, sometimes familial, were made at that time.
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Previous to this Williams (1873) reported bilateral dislocated

lenses in two families. In one family the mother and one brother had

good eyes, while the father, sister, and the other brother had dis

located lenses. This brother and sister were described as "large

and loose-jointed" (p. 293). Thus the possibility of this family

having Marfan syndrome was suggested as early as 1873.

Vernon (1881) reported dislocation of lenses and myopia

in a 9-year-old girl described as "thin but well-nourished" (p. 579).

According to him the cause was obscure and might have been congenital,

although there was evidence of pathological cause due to the weakening

and relaxation of the ciliary processes, which could have been intra-

uterine and syphilitic.

In his review of the previously known cases of dislocated

lenses D'Oench (1881) presented a number of noteworthy considerations.

Prior to the report of Sichel in 1846 spontaneous dislocation of the

lens was almost entirely unknown. Sippell then distinguished between

spontaneous dislocation, due to disease process, and congenital dis-

placement, resulting from malformation. Etiology was unknown, but

gradual destruction of the suspensory ligament was suspected, along

with the suggestion of imperfect development of the suspensory

ligament. In some cases it was believed the suspensory ligament was

absent due to malformation. Irregular development of the lens was

also suggested as a factor, as was heredity, one case being cited

where ectopia had been traced through five generations. It was re-

ported men were affected twice as often as women. Myopia was often

found, and other malformations were mentioned as complications, as

was detachment of the retina. The condition was noted as being rare.
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Dickey (1885) described a 13-year-old girl with bilateral dis-

located lenses, unable to see well from birth, as slender, and also

bright and studious.

Numerous other references suggested cases where patients

might well have been victims of the Marfan syndrome.

Borger (1915) was the first to associate dislocation of the

lenses with the Marfan syndrome.

In addition to dislocation of the lens, Rados (1942) listed

a number of other eye complications associated with Marfan syndrome.

Since parts of the eye were the only involved tissues not derived from

mesoderm, their involvement complicated the problem of etiology. Some

believed that deviation from normal took place at a very early period

of embryonic life (Chang, 1951), while others held that the lens was

secondarily affected by weakening of the supportive tissues which did

derive from mesoderm (Haridas, 1941). Still others contended that the

eye defects resulted from a dystrophy (Rados, 1942).

According to Sinclair (1958) laxity of the suspensory liga-

ments allowing subluxation of the lenses, together with iridonesis,

constituted the most important diagnostic sign of the syndrome.

The first reference to dissecting aneurysm in Index Medicus 

was a case reported by Jacobsen (1885). Handford (1885) reported the

death of a 36-year-old man resulting from a ruptured aneurysm of the

mitral valve. He had not been ill in any way until the previous year,

and had worked until a few weeks prior to death. Oliver (1892)

described a similar case of a 55-year-old Negro man. In neither of

these cases was a description given of the eyes or skeletal habitus
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of the individuals. The age and absence of previous history of cardio-

vascular symptoms suggested the possibility of Marfan involvement.

MacCallum (1909) stated that a great number of cases of dissecting

aneurysm had been reported in the literature. He reviewed several,

but no mention was made of relationship to characteristics of the

Marfan syndrome.

The first to describe a patient with skeletal characteristics

of Marfan syndrome associated with congenital lesion of the heart was

Salle (1912). Cardiac anomalies were mentioned with reference to

Marfan patients by other physicians such as Weve (1931), but with

minor emphasis. Then Sinclair (1958) listed a number of cardio-

vascular congenital anomalies which had been described along with

arachnodactyly, and suggested that death in Marfan patients usually

resulted from cardiovascular damage. In 1943 relationship between

Marfan syndrome and death due to dissecting aneurysm of the aorta

was identified (Baer, Taussig, & Oppenheimer, 1943; Etter &

Glover, 1943). In 1951 Chang included cardiac defects in the triad

of cardinal clinical manifestations typical of the Marfan syndrome.

McKusick (1955) presented a detailed discussion describing

the cardiovascular aspects of Marfan	 syndrome, and additional

features were reported by Headley, Carpenter, and Sawyer in 1963.

A text edited by Hurst and Logue (1966) described the genetic in-

fluences on development of cardiovascular tissue, which explained

in part the various manifestations that resulted.

A study by Murdoch, Walker, Halpern; Kuzma, and McKusick

(1972) emphasized the role of cardiac complications as the primary
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factor in reducing the life expectancy for victims of Marfan syndrome.

In addition, McKusick (1972) pointed out "There is now convincing

evidence of a strikingly increased incidence of dissecting aneurysm

of the aorta in pregnancy" (p. 199). Implications of this fact

brought concern to those involved with families and children since

it indicated loss of the mother from a young family at a most

crucial time.

Recognition that Marfan syndrome not only crippled its

victims, but killed at an early age as well, increased the need for

early identification of the condition, and for attempting new methods

of treatment.

Skeletal anomalies were the most striking feature of the

Condition originally described by Marfan (1896), and these have

continued to be the foremost characteristic by which patients could

be recognized.

Patients with Marfan syndrome have been characteristically

pictured as tall and slender, with long extremities, the lower seg-

ment measurement in excess of the upper segment, and arm span ex-

ceeding height. As new patients were described, numerous additional

skeletal characteristics were added to the list, involving the ribs,

the spine, the skull--all parts of the body providing an easily

recognizable habitus. However, since not all persons afflicted

with the Marfan syndrome have exhibited the typical skeletal mani-

festations, the problem of diagnosis has become more complicated.

Large joints and slim phalanges, sometimes accompanied by

contractures, gave the impression of "spider digits," from which the
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term "arachnodactyly' was derived. Achard (1902) introduced this

term as a most appropriate name describing the condition.

Index Medicus first listed "arachnodactylia" as a separate

entry in 1921. Prior to that no listing for Marfan syndrome had

been entered. By 1927 a cross-reference, "See fingers, toes,

abnormalities," had been added, and a number of references were

cited, such as, "typical eye findings," "congenital heart disease,"

and "hereditary deformity." A 1929 reference described

"arachnodactylia in the newborn." The first cross-reference with

"Marfan's disease" appeared in 1929.

Considering the volume and variety of medical subjects

about which A. -B. Marfan wrote, perhaps it should not be surprising

that perplexity resulted regarding the condition bearing his name.

Confusion regarding identity was evidenced in reference listings.

Index Medicus (1930) stated "Marfan's disease--see Extremities,

paralysis," the reference being "late, spasmodic, heredosyphilitic

paraplegia, Marfan's type." Index Medicus (1934) differentiated

"Marfan's Disease," with a reference to a disturbance of heredo-

syphilitic origin, from "Marfan's Syndrome," describing it as

"arachnodactylia accompanying dislocation of crystalline lenses."

In the Manual of the International Statistical Classification 

of Diseases, Injuries, and Causes of Death (1969), published by the

World Health Organization and used universally by hospital medical

librarians to classify disease entities, the following classifi-

cation was given (p. 301):
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Marfan's

congenital	 syphilis 090.4

disease 090.4

syndrome 759.8

meaning congenital	 syphilis 090.4

Despite a variety of counter suggestions, the medical world

accepted the nomenclature of "arachnodactyly" as a synonym for

"Marfan's syndrome," and it has continued to be recognized as such.

Recent volumes of Index Medicus (1976) listed Marfan's syndrome and

referred the reader to "See arachnodactyly."

Although still not widely known, the syndrome received

publicity when it was suggested that Abraham Lincoln suffered from

the disorder, his familiar lanky profile exemplifying the character-

istic skeletal description (A famous case of Marfan's syndrome, 1963;

Gordon, 1962; Lincoln and the Marfan syndrome, 1964; Schwartz, 1964).

Gradually a differentiation of associated skeletal character-

istics has been developed. Walker, Beighton, and Murdoch (1969)

described a set of characteristics resembling Marfan syndrome in

skeletal features, but giving no evidence of involvement of the

aorta or lens dislocation, which they termed Marfanoid hypermobility

syndrome.

Beals and Hecht (1971) described five different diagnoses

which resembled the Marfan syndrome, each having its own set of

symptoms, each sharing certain characteristics in common with others,

yet each having its own distinctive features. Their list included

congenital contractural arachnodactyly, homocystinuria,
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arthrogryposis, Achard's syndrome, and osteogenesis imperfecta.

Ironically, it was their conclusion that the original case described

by Marfan exemplified what is now known as congenital contractural

arachnodactyly, and not Marfan's syndrome.

Although skeletal characteristics have served a major role

in identification and diagnosis of the Marfan syndrome, and remain

a cardinal feature of the disorder, caution must be exercised in

evaluation of these features as they contribute to an increasingly

complicated differential diagnosis.

Current Considerations 

Study of a condition originally described primarily because

of its unusual skeletal characteristics has broadened into explor-

ation touching practically every field of medical science. Current

research relating to Marfan syndrome reveals exciting progress in a

variety of areas.

Incidence 

The incidence of Marfan syndrome and its complications is

not known. Some authors have reported their observations numeri-

cally, while others summarized the available data.

Weve (1931) stated that 84 cases had been observed, noted

that for the first time the disease had been recognized in older

people, and also that women were not more frequent victims than

men, as had been previously thought. He reported bilateral
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subluxation of the lens in one-third of the cases, and heart trouble

in one-half of the cases.

Seven years later Futcher and Southworth (1938) reported

that 200 cases had been described, but the condition was still not

well known to the medical profession. They estimated the associated

abnormalities as follows: ectopia lentis, 40-50%; external ear

deformity, 25-70%; cardiac murmurs, 30-60%. They also commented

that the infant mortality rate was higher than for the normal pop-

ulation.

In his summary, Rados (1942) also referred to approximately

200 cases then known. He included the following observations:

Male, 100; female, 103.

Hereditary or familial tendency, 58.

Typical dislocated lens or iridonesis, 127; other ocular

symptoms, 40; ocular symptoms absent or not mentioned, 42.

Typical vitium cordis, 25; other cardiac symptoms, 39;

cardiac symptoms absent or not mentioned, 45.

Ears deformed, 36.

A larger percentage of males showed ocular involvement than

was found in females, while cardiac complications were more evenly

distributed.

Baden, Teaneck, and Spirgi in 1965 again summarized the data

they found. By that time 400 cases had been noted. Skeletal abnor-

malities were reported in 75% of the cases, arachnodactyly in 81%,

high arched palate in 40%, although the incidence of oral lesions

was suspected to be higher. Although eye lesions were reported in
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75-80% of the cases, it was suggested that with careful diagnosis eye

lesions would probably be recognized in 100%.

By 1973 Reye and Bale called attention to the pulmonary com-

plications of the disease, such as emphysema, which could indeed be

secondary to enlarged atria, kyphosis, pectus excavatum, and similar

deformities. They noted that 50% manifested thoracic deformities and

scoliosis.	 Congenital dislocation of the hips could also suggest

Marfan syndrome, according to Heldrich and Wright (1967). Baden et

al. (1965) cited 65% as having dolichocephaly. Fowler (1968) esti-

mated that 85% gave a family history relating to the disease.

Gorlin and Sedano (1969) suggested that Marfan syndrome

occurred in the population with an incidence of three per 200,000

population.

According to Wheat, Prokop, and Palmer (1969) dissecting

aneurysm occurred at the rate of five per year per million population.

Halpern, Char, Murdoch, Horton, and McKusick (1971) found that the

majority of such patients were young and in reasonably good health

when dissection occurred. According to McKusick (1974), dissecting

aneurysm occurred more commonly in men, and under the age of forty

years, approximately half the instances of dissecting aneurysm in

women were suffered in relation to pregnancy. Dissection during

pregnancy often occurred after the eighth month of gestation, so

that in most cases a healthy baby could be obtained (Sutinen &

Piironinen, 1971).

Murdoch, Walker, Halpern, Kuzma, and McKusick (1972) studied

life expectancy and causes of death in Marfan patients. Of the 56
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patients whose cause of death was known, 52 died of cardiac problems,

80% of these being aortic dilatation and its complications. The

average age of death they found to be 32, which differed from a pre-

vious study they reported by Bowers, giving the average age of death

as 43 for males and 46 for females. Also, their study did not re-

produce a poorer survival rate for females during the childbearing

years, ages 10-30, as had been previously reported. Their comment on

a suicide death drew attention to the fact that severe depression

was understandable, considering the progressive visual problems as

well as the cardiac disabilities.

According to McKusick (1972) not more than 15% of Marfan cases

were derived from new mutations. However, incidence of cases arising

from new mutation increased greatly with increasing age of the father

(Murdoch, Walker, & McKusick, 1972).

McKusick (1972) stated that Marfan syndrome was uncommon, but

by no means rare. "Its incidence is certainly far greater than indi-

cated in the general conception of the medical public" (p. 149).

Diagnosis 

Difficulty of diagnosis has proved a major problem associ-

ated with Marfan syndrome. In the earliest studies diagnosis was

based primarily on the manifestation of skeletal symptoms alone.

More recent investigators, recognizing the role of heredity as well

as cardiac, ocular, and other involvements, have utilized a variety

of criteria to determine the Marfan victim. While a constellation of

symptoms in some cases provided unquestionable evidence, other cases
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remained doubtful. As yet, no consistent accurate pattern of assess-

ment for diagnosis has been defined.

Weve (1931) studied the hereditary pattern and emphasized the

familial tendency of the disorder. Lutman and Neel (1949) noted that

in a Marfan family there existed all possible gradations of the dis-

order, from the mild and scarcely recognizable case to the most

extreme. Golden and Lakin (1959) described the incomplete or atypical

form and warned that too often only the syndrome in its classical form

was diagnosed, while individuals with less severe characteristics re-

mained unrecognized; yet these forme fruste cases were capable of

transmitting the syndrome in its complete form to their progeny.

The classic triad of arachnodactyly, dislocated lenses, and

cardiac complications posed no diagnostic problem. However, a variety

of means have been introduced to aid in diagnosis of less conspicuous

cases.

Steinberg (1966) suggested the "thumb" sign--the thumb pro-

truding beyond the confines of the clenched fist could indicate Marfan

syndrome. Later, Walker and Murdoch (1970) found the thumb sign to

be negative in enough Marfan patients to reduce its usefulness. In

addition, the sign proved to be positive in some normal children,

thus giving a false positive. They described the "wrist" sign--

enclosing the wrist with the thumb and forefinger. Although it, too,

could be positive in some normal individuals, when used together with

other criteria, they felt it proved to be a useful bedside indicator.

Some Marfan patients have showed an increased urinary excre-

tion of total hydroxyproline. Since hydroxyproline is present almost
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entirely in collagen, it was suggested that deviation in the metabolism

of collagen might be reflected in altered levels of hydroxyproline

excretion in urine. However, this proved to be the case in only a

portion of the patients studied, so use of this measure could not

serve as a reliable criterion (McKusick, 1972; Morrow, Kivirikko, &

Prockop, 1966; Sjoerdsma, Davidson, Undenfriend, & Mitoma, 1958).

Salle (1912) was the first to recognize characteristic facies

and oral involvement. Baden et al. (1965) reviewed the typical facial

characteristics which could aid in diagnosis. They listed three

groups: (1) lesions of the face and maxillary bones; (2) lesions of

the soft tissues, such as the tongue; (3) lesions of the teeth. In

addition, they noted the manifestation of dolichocephaly. Details of

cranio-facial growth were also described by Grewe, Jorgenson, and

McKusick (1971).

Achard (1902) first assessed arachnodactyly using radiographs

of the hand. Measurement of the width of the phalanges showed

slenderness of the middle of the bone shafts. Parish (1960) described

the metacarpal index (average ratio of length to width of metacarpals

II to V) as a possible diagnostic indicator for Marfan syndrome.

He found the index for the ring finger most likely to be abnormal.

He noted also that patients with severe cardiac lesions showed more

marked arachnodactyly, while those with the incomplete form might have

indices within the normal range.

Other skeletal measurements which have been suggested as

diagnostic indicators of Marfan syndrome include:
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Upper-segment (vertex to pubis), lower-segment (pubis to sole)

ratio--average, 0.85 in Marfan, 0.93 in white adult.

Hand-height ratio--greater than 11%.

Foot-height ratio--greater than 15%.

Metacarpal index--8.5-10.5 in Marfan, 5.5-8.0 in white adult.

Length of middle finger--exceeding 1.5 times the length of

its metacarpal.

It was pointed out, however, that disproportion in upper-

segment, lower-segment ratios also occurs in other conditions such as

sickle cell anemia, the eunuchoid state, Kleinfelter's syndrome, and

homocystinuria (Gorlin & Sedano, 1969; McKusick, 1972). McKusick

still considered this the most useful and reliable index. So much

overlap occurs with normal proportions that measurements cannot be

relied upon for a sole diagnostic criterion.

Congenital heart problems were first recognized in a patient

with arachnodactyly by Salle in 1912. In 1943 Etter and Glover

associated the condition with dissecting aneurysm of the aorta, while

Baer, Taussig, and Oppenheimer (1943) described the cystic medial

necrosis of the aorta which predisposed to dilatation and dissection.

According to McKusick '(1955) Marfan's syndrome behaved as an

abiotrophy of a connective tissue element resulting in defective

aortic media, defective valve cusps, interatrial communication, and

pectus excavatum. Defect of the aortic media led to dissecting

aneurysm, diffuse aneurysm of the ascending aorta, or both. Hurst

and Logue (1966) described a variety of factors that complicated

diagnosis of cardiovascular status in the Marfan. Headley et al.
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(1963) called attention to increased incidence of coarctation of the

aorta.

Although numerous cardiovascular anomalies have been described

in Marfan patients, no typical diagnostic cardiac picture has been

identified. It was noted that sudden death of patients with no

previous cardiovascular symptoms was not uncommon. A study by Brown,

DeMots, Kloster, Roberts, Menashe, and Beals (1975) revealed aortic

root dilatation and/or mitral valve prolapse in 97% of patients with

Marfan syndrome, with the incidence essentially equal in children and

adults of the same sex. Aortic regurgitation was more frequent in

adult males with Marfan syndrome than in male children. Comparison

of ausculatory findings with echocardiographic study indicated

ultrasound to be a more sensitive indicator of these abnormalities

than auscultation or phonocardiography.

Marfan syndrome has been listed as one of the disorders which

can be detected prenatally (Matalon and Dorfman, 1969; Nadler, 1969).

Despite many suggested methods to assist in the diagnosis of

Marfan syndrome, practitioners have been given no definitive con-

sistent criterion on which to depend. In general, literature reviewed

often did not indicate on what basis diagnoses had been made. In

fact, it happened repeatedly that one writer questioned the diagnoses

presented by a previous author.

Patients giving a family history and manifesting the major

clinical characteristics of the disorder have presented no problem in

diagnosis. Assessment becomes difficult when family history is lack-

ing, or manifestations are limited or borderline.
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When the family history includes members demonstrating all

three major characteristics, an individual showing one major symptom

will generally be considered positive.

Some families give histories of skeletal and cardiac mani-

festations, but no dislocated lenses. Other family histories include

skeletal defects and dislocated lenses, but no cardiac involvement.

Certainly the prognosis differs for members of families in these two

categories. The question then arises as to whether or not the

diagnosis should indeed be called Marfan syndrome or something else.

Walker, Beighton, and Murdoch (1969) described a sub-set of Marfanoid

characteristics for which they suggested the term Marfanoid Hyper-

mobility syndrome. Perhaps other subdivisions of the Marfan syndrome

need to be considered. The roles of minor characteristics such as

myopia, detached retina, high arched palate, hernia, joint hyper-

mobility, ear deformity, kyphosis, scoliosis, pectus excavatum, pectus

carinatum, genu recurvatum, heel spurring, and pulmonary complications

come into focus. How should the presence of these features be evalu-

ated in considering a diagnosis?

Murdoch et al. (1972, Life expectancy...) outlined the basis

for diagnosis used in their study. Patients demonstrating less than

the full syndrome of arachnodactyly, chest deformity, kyphosis, dis-

location of the lens and aortic dilatation or dissecting aneurysm

were considered affected if they were members of a family with the

disorder and had dislocated lenses, aortic insufficiency or typical

skeletal findings. A member of an affected family dying with dis-

secting aneurysm was considered affected, as was the deceased parent
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of two or more children with the Marfan syndrome if the other parent

was normal and the description of the deceased parent and the cause

of death were compatible with a diagnosis of the syndrome.

Securing an accurate family history presents another diagnos-

tic problem. Tentative diagnosis often must be made on the basis of

a patient's report regarding symptoms evident in other family members,

some of which he is uncertain about. Other family histories include

well-documented evidence of some characteristics, but no record

whatever regarding others. For example, a patient presenting with

eye problems may never have had his heart examined, or vice versa.

Diagnoses must often remain questionable for lack of supporting data

either to substantiate or disqualify presence of the syndrome.

Until the basic defect responsible for the many varied mani-

festations of the disorder can be discovered, accurate diagnosis of

Marfan syndrome presents a major problem.

Cause 

Since Marfan first described the unusual characteristics of

arachnodactyly, and puzzled regarding their cause, physicians have con-

tinued to observe new features and attempted to learn what basic defect

might be responsible, and what really causes the Marfan syndrome.

Suggested Possibilities 

In an early conjecture regarding Marfan's original patient

Wry and Babonneix (1902) suggested that syphilis could have caused at

least some of the unusual manifestations. Achard (1902) noted the
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familial tendency, and while he conceded that certain symptoms bore a

resemblance to those resulting from syphilis, others did not. The pro-

posed relation to syphilis was never entirely clarified, however, and

confusion regarding Marfan syndrome and syphilis has remained to the

present, as evidenced by the classification in the Manual of Inter-

national Classification of Diseases, Injuries, and Causes of Death 

(World Health Organization, 1969). This confusion could account in

part for some of the strong public reaction reported by McKusick (1972)

insisting that Abraham Lincoln could not have suffered from such a

"loathsome disease" (p. 66).

Salle (1912) described the autopsy on his 2-1/2-month-old

patient, which showed enlargement of the Sella turcica and a bony tumor

of the hypophysis. This finding, along with observation of obvious

disturbance of the growth pattern, led to speculation regarding gland-

ular dysfunction as a probable cause of Marfan syndrome. The sugges-

tion was made that disturbance in the function of the hypophysis re-

sulted in "long growth" while people were young, but in acromegaly

after the epiphysis had become ossified (Borger, 1915). Others dis-

agreed. In an effort to determine the role played by the endocrine

glands Borger (1915) conducted numerous experiments comparing blood

studies of various patients with controls. He reasoned that an over-

all growth stimulus would also affect bone marrow and should be re-

flected in unusual production of blood cells. This might possibily

provide a clue as to the source of the problem. He also suggested that

overgrowth could result from hypofunction of glands regulating growth

control as much as from hypersecretion of glands producing growth
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hormone. His studies proved inconclusive as to the cause of the dis-

order. Eventually he viewed arachnodactyly as a gigantism caused by

defective anlage of the entire organism, perhaps due to intrauterine

or endocrine malfunction. This view was shared by Piper and Irvine-

Jones (1926). Rados (1942) proposed that while hormonal disturbance

might be involved as a causative factor, it did not supply a total

explanation. He pointed out that since abnormalities were present at

birth, endocrine dysfunction could not be totally responsible, since

the mother's endocrine system would have compensated prenatally, thus

causing more delay in appearance of the symptoms.

Rados (1942) also discussed other proposed etiologies, such

as the possibility of a neurologic cause, suggested by the resem-

blance of some Marfan characteristics to syringomyelia.

The concept of genetic involvement, suggested by Achard (1902)

was first discussed by Weve (1931). He stressed the possibility of

a dominant inheritance pattern. He proposed that the problem was one

of connective tissue, which is derived from mesoderm, although in-

volvement of structures not derived from mesoderm presented questions.

However, conditions such as lens subluxation he felt could be explained

as a secondary effect due to weakness of the suspensory ligaments,

which were indeed of mesodermal origin. He also pointed out that eye

defects frequently were associated with cardiovascular defects, even

when arachnodactyly was not present. It was his conclusion that de-

fects occurred during the embryonic period of development due to some

deviation from normal embryonic development.
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Rados (1942) presented the view that the different symptoms

often combined in Marfan syndrome were caused not by multipotential

genes, but by genes located close to one another within the same

chromosome. Thus damage done to more than one tissue in one case but

to only one in another case would explain the seeming capriciousness

with which symptoms were manifested. For example, he suggested the

gene for slenderness of the extremities might be located between the

gene for subluxation of the lenses on the one side and the gene for

disturbed cardiac development on the other side. He recognized prob-

lems, the possibility on the one hand "of the cooperation of more than

one gene to produce the effect of a certain phenotype," and on the

other hand, "the fact that some symptoms are effected by a collabor-

ation of different embryonic processes, each of them based on differ-

eat genetic factors" (p. 490). Although a dominant pattern of inheri-

tance seemed to be substantiated, he drew attention to the number of

cases which appeared sporadically and noted that once mutation of the

germ plasm had taken place, the complete syndrome was inherited.

Rados (1942) reviewed each of the proposed explanations as to

the etiology of Marfan syndrome and summarized the theories to that

time including the following concepts:

1. Toxic (e.g., alcoholic) or infectious (e.g., syphilitic)

damage to germ plasm prior to birth--a theory which he believed

improbable.

2. Muscular Dystrophy--since the muscular deficiency of

arachnodactyly was not progressive, he noted the contrast to the

recognized forms of muscular dystrophies.
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3. Atavism--a theory replaced by more modern concepts of

genetic mechanisms.

4. Primary Hormonal Disturbance--an unsatisfactory explana-

tion for all features of the syndrome, especially since malformations

occurred prior to birth, and arachnodactyly represented an accumula-

tion of different congenital malformations and not just an anomaly of

growth.

5. Disturbance of Nervous System--examples of nervous involve-

ment were too rare to support such an explanation.

6. Congenital Mesodermal Dystrophy--embryologically unsound,

for mesodermal involvement failed to explain satisfactorily the patho-

genic changes of tissues derived from ectoderm or entoderm, nor did

it explain absence of involvement in such tissues of mesodermal

origin as the urogenital tracts.

7. Connection with Status Dysraphicus--no basis for relating

characteristics common to both conditions to a similar origin since

so many features were directly opposed to one another.

8. Degenerative Anomaly--related to the next group of

theories.

9. Constitutional Aberration of Anlage--the most generally

accepted and plausible theory, suggesting that Marfan syndrome was "a

form of multiple aberration of the anlage," (p. 529) effected by

pathologic deviation in its character, and explained by localization

of the damage in different chromosomes or in different parts of a

single chromosome.
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Rados (1942) suggested that the disturbance could be located

in one distinct chromosome whose representative functions governed all

the symptoms found in typical cases of arachnodactyly. This single

chromosome, he believed, carried many genes representing different

characters in various organs and tissues, and single or double

crossing over could lead to new combinations of chains, thus linking

mesodermal and ectodermal characteristics of the eyes, extremities,

and heart. Presence or absence of symptoms in a single case could

depend on the extent of damage to the chromosome. Pathogenic con-

ditions could be started in germ cells by the process of mutation,

sometimes receiving their impetus from toxic or infectious influences

on the germ cells. Thus timing, the period of development at which

action was started, and the structure undergoing differentiation at

that time, could be pertinent factors in determining the extent and

type of abnormality.

It was the belief of Lutman and Neel (1949) that wide vari-

ation in the inheritance pattern occurred because of the sensitivity

of the dominant autosomal factor to other inherited genetic modifiers

and possibly to early environmental factors. They stated that it was

unclear whether all cases represented the same developmental and

genetic disturbance with differences in some pedigrees due to chance

and genetic modifiers, or whether there were several genetically dis-

tinct types of arachnodactyly.

Parish (1960) observed that Marfan syndrome appeared to pro-

duce more severe results in subjects of the asthenic build, and that
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mating with a partner of pyknic build produced less marked changes

in the offspring.

McKusick (1972) supported the position of a simple Mendelian

autosomal dominant pattern of inheritance, recognizing that a re-

cessive mode of inheritance seemed to be indicated at times. He

noted that manifestations of the syndrome apparently could be influ-

enced by the genetic milieu in which the mutant gene was operating,

and that variability in the expression of characteristics could be

influenced by environmental or non-genetic factors as well as the

genetic.

The possibility that expression of Marfan characteristics

could be influenced by genetic environment was suggested by Carrau

as early as 1929 with relation to a patient whose mother had suffered

"strong flu" during early pregnancy.

During recent years increased evidence has accumulated

demonstrating the powerful influence of environmental factors on the

expression of various genes. One of the first indicators came with

recognition of the relationship between the onset of German measles

during early pregnancy and the occurrence of congenital malformations

in the infant. Effects of drugs such as thalidomide provided	 con-

clusive evidence that inherited genetic traits can indeed be altered

by environmental factors.

Hurley (1968) presented a list of congenital anomalies in

animals which could result from dietary deficiencies of the mother

during pregnancy, several of which produced skeletal anomalies and/or

organ malformations. For example, a minimal dietary deficiency of
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zinc during a very short period of pregnancy in rat mothers produced

bizarre skeletal and soft tissue anomalies; it was noted that the

mothers were unable to mobilize zinc from their own maternal stores

for the benefit of the fetus. It was also found that the type of

protein in the diet affected the amount of zinc required. Inter-

esting results have been obtained from work with manganese as well.

Manganese deficient newborn animals showed profound disturbance of

bone formation which suggested that the basic defect leading to cal-

cification abnormalities resulted from faulty cartilage or bone

matrix formation rather than from calcium metabolism. Other examples

of the effect of nutritional state of the mother in producing congen-

ital malformations were given by Davis, Nelson, and Shepard (1970),

and Wohl and Goodhart (1968). Dawes (1968) discussed this with re-

lation to hormone involvement.

Recognition that environmental factors may affect genetic ex-

pression suggests numerous possibilities as to the development of the

varied characteristics of the Marfan syndrome. Study regarding factors

that might influence the type and degree of manifestations produced

has only begun. Murdoch et al. ("Parental age...," 1972) have demon-

strated that older age of the father increased the incidence of new

mutations of the Marfan syndrome.

Until problems arise, few give much thought to the genetic

inheritance passed from one generation to another. Yet failure of

precise replication of genetic information can result in errors lead-

ing to genetic defects and disease. Replacement of a single amino
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acid by another, resulting from a mutation, can lead to biosynthesis

of an incorrect enzyme, thus affecting the metabolic processes of the

entire organism.

According to Steiner (1968) a number of hereditary diseases

have been identified which are characterized by alterations in the

amino acid sequences. Inherited disorders of metabolism are believed

by some authorities to be the most prevalent single cause of disease

in man. Each of the several hundred different enzymes found in the

human organism could be altered by genetic mutation, thus resulting

in a disorder (Orten & Neuhaus, 1975).

The possibility that Marfan syndrome could be considered a

hereditary enzymopenia was suggested by Nenci and Beltrami (1968).

In discussing this proposal, McKusick (1972) pointed out that

enzymopathies usually behave as recessives, however, and since the

inheritance of Marfan syndrome follows a dominant pattern, a defect

in the determination of protein structure seemed more likely than

one affecting regulatory function. The genetic involvement in the

etiology of Marfan syndrome thus represents a major challenge in its

study.

Since authorities generally agree that the Marfan syndrome

represents a heritable defect of connective tissue resulting from an

error occurring early in the process of embryogenesis, efforts to

determine the basic defect itself and the error causing it require

exploration at the molecular level.
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Basic Defect 

Developments in the study of connective tissue diseases have

expanded from clinical and anatomical emphasis to include areas of bio-

chemical research as well. This appears to be the only level at which

the basic defect responsible for the manifestations of Marfan syndrome

can be identified.

Study of connective tissue involves a major area of medical

research. McKusick (1972) quoted Asboe-Hansen in this 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" (p. viii).

Connective Tissue. Connective tissue occurs in a wide range

of forms which are all composed of the same structural units blended

in different proportions. The units include fibers of insoluble

protein embedded in an interfibrillar matrix called ground substance,

and the cells which produce them, which are known as fibroblasts.

Connective tissue is widely distributed throughout the body and occurs

in dermis, tendons, ligaments, cartilage, matrix of bones, and walls

of blood vessels. Its function is primarily structural, providing

Mechanical strength, and protection for softer tissues (Glynn, 1964;

Orten & Neuhaus, 1975; Steiner, 1968).

The three varieties of fibers which form connective tissue

are known as collagen, elastin, and reticulin, the elastin fibers

being morphologically and chemically distinct from the other two

(Glynn, 1964). Reticulin fibers, in fact, are regarded as immature

collagen, being transformed into collagen with advancing age (MO,
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1963). Collagen and elastin are the only mammalian proteins in which

hydroxyproline is found (Glynn, 1964).

The characteristic differences between connective tissues

such as tendon, cartilage, and other forms depend largely on the pro-

portion of collagen and elastin, as well as the quantity and nature

of the ground substance. The latter is composed primarily of proteins

and polysaccharides linked together in various proportions, and dis-

persed to form a gel of widely differing consistencies (Glynn, 1964;

Orten & Neuhaus, 1975). Which component or components of connec-

tive tissue are responsible for the defects manifested in the Marfan

syndrome is yet unknown. A number of factors must be taken into con-

sideration in assessing this problem.

Following is a brief description of the components of connec-

tive tissue and their possible role with relation to the basic defect

responsible for manifestations of the Marfan syndrome. A more de-

tailed discussion of these components can be found in Appendix B

(pp. 169-183).

1. Collagen. Collagen, meaning "glue-former" (Schubert &

Hamerman, 1968, p. 5), is the most abundant protein found in mammals.

It represents approximately 30% of the total protein of the human body,

and forms the major fibrous element of skin, bone, tendon, cartilage,

and teeth. Besides its structural role in mature tissue, it serves a

directive role in developing tissue as well. The most distinctive

property of collagen is its formation of insoluble fibers with a high

tensile strength, a tensile strength approaching that of steel wire
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(Orten & Neuhaus, 1975; Steiner, 1968; Stryer, 1975). Conn and

Stumpf (1966) describe the structure as follows:

Collagen consists of parallel bundles of individual linear
fibrils, highly insoluble in water, and having a rather un-

usual amino acid composition, of which 30 per cent is glycine
and another 25 per cent proline and hydroxyproline. Each

linear fibril is a cable of three polypeptide chains, each
chain twisted into a left handed helix and the three chains
wrapped around each other to form an extremely strong right

handed super helix rigidly held together by inter-chain
hydrogen bonds (p. 90).

A progressive cross-linking process is regarded as the primary

irreversible element contributing to the stability of the fibrils

(Schubert & Hamerman, 1968). Cross-linking appears to occur in a

number of ways, and includes both intra-molecular cross-links, and

inter-molecular cross-links. (See illustration in Appendix C-2,

P. 185.)

Widespread tissue damage results when maturing of normal

collagen fibers is interfered with. Failure of the additional

cross-linking, which normally occurs during the aging of new fibrils,

is believed to result in a weakly bonded structure which subsequently

deteriorates more rapidly under stress that normal tissues would be

able to withstand.	 This failure itself could be due to a previous

defect preventing the incorporation at an earlier stage of biosyn-

thesis of some critical element or group that should later take part

in the normal cross-linking process (Schubert & Hamerman, 1968).

Cooperative action of many factors determines the kind of

cross-linking bond that is formed. Thus interference with cross-

linking may result in a variety of disorders, and the effort to
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determine the cause of one specific problem related to collagen

formation becomes extremely complicated.

Further study is needed to delineate the effects resulting

from deficiencies of the various components essential to the formation

of strong mature collagen.

A variety of structural defects appears to be related to

deficiencies of trace elements.

Prenatal development is influenced by dietary imbalance of

the mother. It has been shown that pregnant rats are extremely sensi-

tive to a diet deficient in zinc, even for a short period during

pregnancy, and a variety of skeletal and other malformations of the

fetus occur.

Congenital malformations have also been produced in a number

(Y .( animals by a prenatal diet deficient in manganese, particularly

evidenced in disturbances of bone formation due to faulty cartilage

or bone matrix formation, resulting from impaired synthesis of acid

mucopolysaccharides (Hurley, 1968). In contrast, deficiency of Retinal

(Vitamin A) in animals may retard endochondral bone formation (that

developed within the cartilage), while matrix (osteoid) formation

continues (Orten & Neuhaus, 1975).

Experiments with animals have demonstrated that the manifesta-

tions of genetic patterning can be altered by environmental manipu-

lation, of which diet is one example. Not only is it possible to

prevent expression of a mutant gene, on the one hand, but changes in

the environment can, on the other hand, mimic or phenocopy the effects

of other mutant genes in prenatal development (Hurley, 1968). The
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mechanisms by which these influences occur are now under study. Since

Marfan syndrome is a hereditary condition and many of the symptoms

resemble those produced experimentally, the possibility of prenatal

environment as a factor in the development of Marfan characteristics

cannot be ignored.

Symptoms resembling those evidenced in Marfan syndrome have

also been produced experimentally in growing animals under a variety

of conditions.

Dissecting aneurysm of the aorta has been observed in turkeys

fed rations to rapidly increase rate of growth and weight. Males in

particular were affected (McSherry, Ferguson, & Ballantyne, 1954).

Rupture did not occur unless the rations fed were high in both protein

and fat, although all birds receiving the toxic agent were affected to

some degree with characteristic changes of dissecting aneurysm, and

much more so if stilbestrol pellets were given in addition (Pritchard,

Henderson, & Beall, 1958).

The fact that this disease occurs in the fastest growing
males during a period when growth is most rapid suggests the

possibility that it is caused by a deficiency of an essential
nutrient which occurs when the requirement for the nutrient is

greatly increased by an excessive rate of growth or, perhaps,

an overabundance of fat to be metabolized (Pritchard, Henderson,

&	 Beall, 1958, p. 704).

Dissecting aneurysm of the aorta seems thus to be related not

only to abnormal growth patterns, but to dietary intake as well, al-

though the mechanism for this relationship is not understood. The

question arises as to how these factors might be related to the

hydrogen bonding and cross-linking of collagen. The authors suggested

that an inherent vascular defect in turkeys might be a predisposing
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factor, which again suggests the combination of genetic and environ-

mental factors in producing some symptoms of the Marfan syndrome.

Pregnancy is another factor which is known to be predisposing

to dissection of the aorta (Sutinen & Piironinen, 1971).

Formation, maturation, and stability of collagen fibers is not

only interfered with by absence or reduction of essential component

elements or groups, but is subject also to other influences.

One distinctive property of collagen is the abrupt contraction

which occurs upon heating to a critical region of temperature, with a

range that is very narrow. Collagens from different species are

affected at different temperatures, the differences in temperatures

correlating with the body temperature of the species. Structural

stability of the collagen fiber is also affected by other changes in

the physical environment (Strye • , 1975).

Collagen molecules, although generally resistive to enzyme

attack, can be quickly destroyed by action of a collagenase, an enzyme

which cleaves the peptide bonds of collagen. Involution of the uterus

represents one example of this reaction. Another familiar example is

the resorption of the tadpole tail fin during metamorphosis of the

frog. The tail fin, which is opaque fibrous collagen, rapidly develops

clear zones as the enzymes cleave the tropocollagen chains in a very

specifically controlled process (Stryer, 1975).

Since the characteristic spacing of tropocollagen molecules

is believed to form the foundation for crystal deposits in bone for-

mation (Stryer, 1975), the question arises as to whether or not

alteration in the structuring of collagen fibrils may be responsible
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for some unusual characteristics of bone structure. This could repre-

sent an important factor related to Marfan syndrome, since skeletal

abnormalities are characteristic of the condition.

Any mechanism which interferes with the cross-linking process

of collagen can result in defective connective tissue and widespread

tissue damage, since collagen is so widespread throughout the body.

Study of the role that collagen structure plays in the development

of Marfan syndrome characteristics has barely begun.

2. Reticulin. As stated previously, reticulin is believed

to represent an immature form of collagen, so no detailed discussion

of this type of fiber will be made.

3. Elastin. Along with collagen and reticulin, the other

fibrous component of connective tissue is elastin, characterized by

its high mechanical strength, and its distinctive elastic properties,

the ability to stretch several times its original length and rapidly

return to the original size and shape. Large amounts of elastin are

located in the walls of blood vessels, especially in the arch of the

aorta near the heart, and in the ligaments (Stryer, 1975).

Elastin is highly cross-linked and quite insoluble, which

interferes with its analysis. It is insoluble in all solvents that do

not change its chemical nature, and is not converted to gelatin, as is

collagen. Regarding elastin, Stryer (1975) comments, "Detailed in-

formation concerning the molecular basis of the function of this pro-

tein is likely to be important for the elucidation of some cardio-

vascular diseases in view of the role of elastin in arterial dynamics"

(p. 223).
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Further study on the composition and properties of elastin will

be necessary to learn whether or not it relates to the development of

Marfan characteristics, and if so, to what extent.

4. Ground Substance. Along with collagen and elastin, the

third major component of connective tissue is the ground substance in

which the collagen and elastin fibrils are located.

Ground substance may be viewed as a modified dialysate of

plasma. The fluid matrix contains glycosaminoglycans or mucopoly-

saccharides.

Mucopolysaccharide-protein complexes play numerous roles.

They have a particular ability to bind water, forming gel. Another

function is believed to be development of healthy cartilage and nor-

mal conversion of cartilage to bone, a process in which Vitamin D is

involved.

As aging occurs, composition of ground substance changes.

Various hypotheses have been suggested regarding the relation of

ground substance or matrix to the process of aging and degeneration.

It is believed by some that the ground substance may be a primary

factor in the degenerative changes leading to death of Marfan victims.

Bolande (1963) conducted an extensive study of six autopsied

cases of Marfan syndrome to investigate the diseased aortic and

cardiac tissues histologically, histochemically, and ultrastructurally

in an effort to determine the fundamental nature of the disease. Two

basic processes became evident: first, a deposition in the medium of

an amorphous metachromaticintercellularsubstance ., this was followed

by disruption and displacement of the elastin by this material. Age
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appeared not to be a factor, as children could be severely affected,

while adults could be only mildly so. The extent of deposition of

metachromatic material appeared to be a function of gene expressivity

conditioning the various sites.

Greater knowledge of the relationship between changes in the

ground substance of connective tissue and the degenerative process

could contribute to increased understanding of degenerative changes,

including those characteristic of Marfan syndrome.

Summary of the Problem 

The number of possible factors which could influence connective

tissue disorders and development of characteristics typical of Marfan

syndrome appears endless, and many hypotheses have been suggested as

to the etiology of the disease. Efforts to delineate the basic de-

fect have so far resulted in only partial explanation of the existing

conditions, and all seem to present problems. McKusick (1955) states

that there is a generalized disorder of some connective tissue ele-

ment; the disease is an abiotrophy in that the involved tissues wear

out prematurely under usual stresses and strains.

McKusick (1972) reviewed suggested interpretations of various

findings and presented a careful analysis of the possibilities. He

stated, "with the exception of the changes in the tunica media of the

great vessels and in the heart valves, no specific histologic abnor-

malities have been detected in the syndrome" (p. 180).

While one researcher had reported low levels of serum

seromucoid in patients with the Marfan syndrome, McKusick and his
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associate could demonstrate no such abnormality. Had this been con-

firmed, it could point to involvement of elastin, since it has been

thought that elastic fiber is in part composed of "elastomucin"

(McKusick, 1972).

Other researchers noted increased urinary excretion of

hydroxyproline in Marfan patients. "Since hydroxyproline is an

amino acid unique to collagen, the findings in the Marfan syndrome

were greeted as of fundamental importance, suggesting that the pri-

mary defect involves collagen" (McKusick, 1972, p. 184). However,

the pattern of excretion is not at all consistent, and problems arise

in that hydroxyproline is normally excreted during periods of growth.

Nevertheless, on the strength of the assumption that the basic de-

fect lay in collagen, Jones and associates treated a Marfan patient

who had already suffered beginning dissecting aneurysm of the aorta

with methandrostenolone therapy, since methandrostenolone functions

to aid in the maturing of collagen. Results were most satisfactory

in this case. The patient recovered, and at the time of writing

was even enjoying skiing (Jones, Van Itallie, Stevenson, & Pigman,

1969). In personal conversation with Jones (1976) he stated that

the patient has since married and progress has continued to be good.

He is convinced that the basic defect lies in collagen. According

to McKusick (1972) "the histologic changes in the aorta in the

Marfan syndrome are not inconsistent with the possibility that the

primary defect involves collagen" (p. 185).

Comparing cardiovascular lesions in Marfan victims to ex-

perimental production of dissecting aneurysm of the aorta in rats
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by use of the toxic agent aminopropionitrile would suggest the de-

fective connective issue element to be collagen, since aminonitriles

interfere with cross-linking mechanisms of collagen (McKusick, 1972).

Observing the similarity between Marfan lesions and lathyrism

in animals, Nenci and Beltrami (1968) observed that the defect must

concern an enzyme important in cross-linking of elastin and collagen,

and concluded that the cause was a genetic "defect of the amino-

oxidase which activates the oxidative deamination of lysine" (p.

1302). McKusick (1972) points out, however, that enzymopathies

"generally behave as recessives," while in Marfan syndrome "the

dominant pattern of inheritance makes change in a nonenzymatic

protein much more likely" (p. 188).

McKusick (1972) discussed further considerations. "The his-

tologic appearance of the aorta suggests that the primary defect may

be in the elastic tissue" (p. 184) he stated, followed by a descrip-

tion of what could be the pathogenic chain of events. Later he

added, "The failure to find abnormality of elastic tissue in the

trachea, skin, spinal ligaments, and intervertebral disc argues

against the theory implicating elastic tissue" (p. 184).

The basic defect of Marfan syndrome might be better under-

stood if it were known what is shared in common by the suspensory

ligament of the lens and the tunica media of the aorta. Some be-

lieve the suspensory ligament to be collagenous, but some of its

characteristics indicate it at least differs from most collagen

(McKusick, 1972).
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In Bolande's (1953) histological studies of autopsies on Mar-

fan victims, the collagen fibers appeared normal, and the excess of

mucopolysaccharides led him to the conclusion that the basic defect

lay in ground substance metabolism.

Some researchers described the presence of a chromosome with

giant satellites found in Marfan patients, while others found no such

abnormalities (McKusick, 1972).

McKusick (1972) pointed out that while one could reconcile

some manifestations of Marfan syndrome with certain tissue defects,

others would not as yet fit the same picture. Along with the

characteristics already mentioned, one must also consider such ob-

servations as increase of incidence of Marfan syndrome relative to

the older age of fathers (Murdoch, Walker, & McKusick, 1972);

variability of penetration of symptoms in members of the same

_family; increased incidence of death associated with pregnancy;

kinships which manifest some typical major symptoms yet find others

totally absent. These suggest a few of the challenges faced by those

attempting to identify the basic problem from which arise the varied

manifestations of the Marfan syndrome.

Treatment 

Until the basic defect causing symptoms of Marfan syndrome can

be identified, treatment remains primarily symptomatic, based on an

empirical approach to the problems presented.

Orthopedic exercises, braces, casts, and surgery are used to

minimize the effects of skeletal deformities (Futcher & Southworth,
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1938; McKusick, 1972; 	 Rados, 1942). Eye treatment must be care-

fully evaluated on an individual basis. Although corrective lenses

are used with some measure of success, vision often remains subnormal

(Lutman &. Neal, 1949). Sometimes iridectomy, or lens extraction,

is performed, but the choice between operative or conservative

measures is often difficult (Chang, 1951; Futcher & Southworth,

1938; McKusick, 1972; Rados, 1942).

Endocrine therapy has been suggested as an empirical measure

(Chang, 1951). More specifically, endocrine therapy has been used

to control excessive height growth in girls. Diagnosis must be made

early, however, since no clinical benefit results with treatment in-

stituted when bone age is beyond 12.5 years (Frasier, 1968).

Treatment of cardiovascular complications depends largely on

the problem presented. Use of drugs that reduce blood pressure is

believed to relieve some of the stress on structures most apt to

deteriorate early, such as the aortic arch. The major action is to

decrease cardiac contractility and abruptness of ventricular ejection

rather than blood pressure, since it is the intermittent pressure

rather than the steady flow that places stress on the weakened

aortic wall. Some success has been reported with propanclol, which

appears fairly free of complications (McKusick, 1972; Murdoch,

Walker, Halpern, Kuzma, & McKusick, 1972). When the disease is

advanced at diagnosis, and deterioration has occurred, surgery may

be done despite the high mortality rate (Murdoch, Walker, Halpern,

Kuzma, & McKusick, 1972). Wheat, Prokop, and Palmer (1969)

stated that survival rates with dissecting aneurysm have improved,
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although mortality remains high. They have found greater success by

using drug therapy to decrease the slope of the pulse wave than they

have with surgery.

Jones, Van Hallie, Stevenson, and Pigman (1969) treated a

patient with "methandrostenolone, an anabolic androgenic steroid

known to stimulate growth, maturation, and maintenance of collagen

and other protein stores" (p. 2085). This was administered on the

assumption that "the stigmata of Marfan's syndrome result from a

defect in collagen maturation" (p. 2085). The patient has showed

marked improvement.

McKusick (1972) stated that he and his colleagues were

accumulating experience that seemed to indicate propanolol could

"stay the progression of aortic dilatation in the Marfan syndrome"

(p. 196).

McKusick (1972) summarized therapeutic procedures in Marfan

patients as follows:

1. inhibition of growth by hormonal induction of puberty;

2. use of anabolic steroids;

3. use of beta blockade to reduce stress on the aorta;

4. surgical procedures for the ocular, skeletal, and

cardiovascular complications (p. 191).

To increase chances for success, treatment should be insti-

tuted early in life. Whether or not a child enjoys improved vision

due to corrective lenses, or develops a straight back because of

orthopedic supervision, often depends on the age at which treatment

is instituted. For hormonal treatment in the control of height to
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be effective, it must be started prior to puberty. The importance

of early diagnosis of the Marfan patient thus becomes readily

apparent.

Since no definitive clinical method of diagnosis of the Marfan

syndrome is available, identification of the Marfan victim becomes a

complicated process. Abnormalities of skeletal growth are the most

commonly recognized manifestations.

Growth 

Overview 

Growth itself represents a complicated process, influenced not

only by genetic endowment, but by environmental factors as well.

Appreciation of the normal growth process is essential to understand-

ing and recognizing the deviations characteristic of Marfan syndrome.

From the moment the ovum is fertilized and the embryo is

formed, development progresses toward maturity within a framework

characteristic of the species yet exhibiting differences peculiar to

each individual.

To distinguish those characteristics which represent normal

individual differences from the ones which identify abnormal and even

life-threatening variations presents a major challenge. Recognizing

abnormal characteristics at an early age requires even greater ex-

pertise. A tool which contributes to more accurate diagnosis at an

earlier age increases the opportunity for better understanding and

management of the disease process in the individual. Recognition of
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abnormal growth characteristics must necessarily be based on a

knowledge of the normal growth pattern.

One fundamental property of living things is their power of

growth, "the irreversible increase in mass associated with the carry-

ing out of their vital activities, occurring at the expense of the

substances in the environment," according to Oparin (1964, p. 173).

Historical Review 

Growth results in change in size, a characteristic which man-

kind has noted since ancient times. The phenomenon of growth appears

to have attracted interest throughout the history of the world. The

Holy Bible is rich with picturesque references to growth, such as

"grow like a cedar in Lebanon" (Psalms 92:12); "grow up as calves of

the stall" (Malachi 4:2); and "grow as a lily" (Hosea 14:5).

Reference is also made to newborn babes growing from milk (1 Peter

2:2). These suggest an understanding of the similarity between the

growth processes of plants, animals, and people.

One of Christ's parables alludes to man's curiosity about the

growth process, "the seed shall spring and grow up, he knoweth not

how" (Mark 4:27).

Luke's description that "Jesus increased in wisdom and

stature, and in favour with God and man" (Luke 2:52) introduces the

concept of human development in the mental, spiritual, and social

areas, as well as the physical growth.

Repeated Bible references illustrate ancient man's conscious-

ness of stature. Before the time of the Flood the Scripture states
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that "there were giants in the earth in those days" (Genesis 6:4).

The inhabitants of Canaan were described as "men of great stature"

(Numbers 13:32).

Comparative differences in height were noted during Bible

times. King Saul was described as "higher than any of the people

from his shoulders and upward" (1 Samuel 10:23), while Zacchaeus

climbed into a sycamore tree in order to see Jesus pass "because he

was little of stature" (Luke 19:3 ). Then there was 0g, King of

Bashan, who slept in a bed that was "nine cubits in length"

(Deuteronomy 3:11).

Height was recognized even then as a hereditary character-

istic (2 Samuel 21:20), one which the individual did not consciously

control (Matthew 6:27).

Throughout history mankind has been fascinated by growth,

which results from cell division and the process of metabolism lead-

ing to quantitative increase in size of the living system. Biology

is commonly defined as the science of living things, of which growth

represents a primary manifestation. Thus the study of biology in

reality reflects the study of growth.

Singer (1931) reviews the history of biology, the study of

living things, which dates back to about the sixth century B.C. when

a medical school arose on the island of Cos, the greatest member of

which was Hippocrates, known as "the father of medicine."

A major contribution of the Hippocratic physicians was the

emphasis on observation, a basic tenet of the scientific method,
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which assumes a natural explanation for observable events. The con-

cept of measurement and description of biological phenomena can be

attributed to the ancient Greeks, according to Singer.

Not content to study only animals, the Greeks studied people

as well. Curious about growth and development, the Greeks studied

embryology by examining incubating eggs and watching the bodies of

the young chicks develop.

The period of the Dark Ages was the period of dogma, when ob-

servation and scientific progress practically ceased, from the death

of the famous physician Galen to the thirteenth century.

The fourteenth century saw new interest in the acquisition of

knowledge. Human anatomy became a subject of learning, especially

study of the bones and muscles; comparative anatomy, relating bones

of humans with the corresponding parts in animals; physiology;

embryology; and the mechanics of various joints.

Until the sixteenth century, little attention was paid to the

stages of life. Invention of the microscope aided in the study of

embryology, observing the phenomenon of growth from its inception.

Nehemiah Grew recognized similarities in structure of plants

and animals, which he attributed to the various facets of God's de-

sign. His description of basic structure in the seventeenth century

identified the basic structure of cells.

Early descriptions of biological specimens were voluminous,

and very accurate, but without organization. Linneaus is credited

not only with developing a system of classification for plants,
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animals, minerals, and even disease, but also for instituting a method

of formal description of organisms.

Following the organization of living and non-living things

into related categories, focus of many studies was then centered on

comparisons among and between groups, a process essential to under-

standing and appreciating the phenomenon of growth.

By the eighteenth century a system of classification had

been worked out so that biologists could communicate and compare

their findings by use of binomial nomenclature.

Around the beginning of the nineteenth century Goethe in-

vented the term "morphology," a word associated with the study of

growth because it "describes the science which concerns the structure

of living things, the relation of their structures to other living

things, the way that these structures arise, and the factors that go

to their productions" (Singer, 1931, pp. 216, 217).

By the eighteenth century Bichat noticed that the parts of

living organisms were arranged to form a specific appearance and

texture which he compared to woven fabric and called "tissue"

(Singer, 1931, p. 327).

Leeuwenhoek was considered the first to use the word "nucleus"

in describing a component of the cell (Singer, 1931, p. 329). It was

Robert Brown, a naturalist of the early nineteenth century who

recognized nucleii as a regular feature of cells. Schleiden pro-

posed the idea that cells were an essential unit of living organisms.
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Later in the nineteenth century Schwann focused attention on

egg cells, essentially the "germ-cells" from which life reproduces,

and termed the ceaseless changes involved with cell activity "meta-

bolic phenomena" (Singer, 1931, pp. 334, 335). Kalliker, in the late

nineteenth century, added the theory of embryonic development of

animals from a single cell through the process of cell division, and

wrote a text on embryology. Later he became interested in the study

of transmission of hereditary characteristics and variation. Virchow

proposed that continuous development is an eternal law in the whole

series of living things, while Strasburger and Flemming worked out

the process of cell-division, involving the nucleus and the chromo-

somes it contains, following which volumes of studies have been done

on the process and function of the cell and its components.

Thus was laid the foundation for the study of growth as a

phenomenon representative of living things.

For centuries man attempted to understand the process of

development. Without microscopes, however, some early observations

were inaccurate, and led to erroneous conclusions such as the idea of

"preformation." This theory proposed that the entire embryo in

miniature was encased in the egg, an idea which dominated biological

thinking until the end of the eighteenth century. It was Wolff who

recognized that early growth occurs in undifferentiated tissue, a

whole new concept to the study of embryology. A battle between

proponents of the two theories waged for years.

During the nineteenth century von Baer is credited with

several important advancements, including discovery of the mammalian
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ovum, the concept of the germ-layer theory, the law of corresponding

stages in the development of embryos, and discovery of the notochord.

Later Remak modified the germ layer theory, proposing the

three major layers of ectoderm, endoderm, and mesoderm, which are

still generally recognized.

With the foundation laid regarding some of the very basic

principles, the science of embryology has progressed in numerous

areas. Much interest has generated regarding the details of the

process, and many theories centered on what really happens within

the egg. In the early twentieth century Roux suggested that develop7

ment occurred in stages, his ideas somewhat resembling what is now

known as differentiation.

With the development of more sophisticated instruments and

improved techniques, study of the embryo has broadened into study of

chromosomes involving the whole field of genetics with a deeper

understanding of the growth process. Thus this brief synopsis of the

history of growth based on the account by Singer (1931) lays the

foundation for wider knowledge and deeper appreciation of the growth

process in modern times. Interest became focused not only in the

embryo, but in growing, living children, not alone in observation

but in philosophy as well.

Development of Measurement Tools 

Bayer and Bayley (1959) pointed out that growth represents

increases in individual parameters, not just height and weight, but

changes in proportion, such as the superficial aspects of contour
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and covering. They also noted that normal growth depended upon the

orderly sequence of a variety of factors, such as genetic, consti-

tutional, environmental, nutritional, and endocrine influences.

A major principle recognized by Bayer and Bayley (1959)

observed that changes in size and proportion in normal growth presum-

ably reflect harmonious physiologic development, while conversely,

deviations in growth patterns may indicate physiologic abnormalities.

Much of the diagnosis of modern medicine is based on this concept.

It was recognized that for a child the normal rate of growth and

development represented a good general assessment of health.

Attempts to assess whether or not rate of development was

indeed normal clarified the need for standards of comparison. In

the modern medical world a search began for standards to use as bases

for comparisons.

Index Medicus in 1887 included a reference "On the growth of

the infant," followed in 1888 by "On the rate of growth in children."

The first entry in Index Medicus under "Height" was listed in 1885.

Stephenson, in 1888, presented tables and graphs on the re-

lation of weight and height and the rate of growth in man. In 1890,

The Lancet published three lectures by Pye, presenting a compre-

hensive treatise on the growth rates of the body, with special

emphasis on the limbs.

At about this time Marfan and others following him described

the unusual skeletal features of the disorder now known as Marfan

syndrome. Marfan's concern with his original patient centered on
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abnormal bone growth (Marfan, 1896). Throughout its history, abnormal

growth has remained a cardinal manifestation of the condition.

The history of the Marfan syndrome presented at the beginning

of this chapter portrays some of the interweaving dialogue regarding

possible causes of the growth disorders manifested in the syndrome.

New concepts regarding growth were being built, and the reasoning

expressed no doubt reflected as well as contributed to the develop-

ing interest in the subject of growth.

More recent literature on child growth represents a field so

vast that an attempt at comprehensive review in this paper could

never do it justice. Instead, points of interest will be noted as

spot checks to provide some framework for understanding the expand-

ing areas involved with child growth and to emphasize the important

role of growth assessment in today's world.

In 1923 the National Research Council sponsored a Committee

on Child Development whose purpose was to foster and coordinate the

rapidly growing research in the field (Gesell, 1940).

Careful observation and measurement of large groups of

children resulted in growth charts, and outlines describing average

behavior at different stages of development, and provided a basis for

comparisons useful to physicians and others faced with decisions as

to the normality of given measurements and observations.

Gesell and his associates at Yale produced a number of publi-

cations outlining many areas of development, one of which was The

First Five Years of Life (Gesell, 1940).
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Height and weight tables developed by Meredith, of the Uni-

versity of Iowa (Iowa Child Welfare Research Station, 1943) along

with those developed by Stuart, of Harvard, formed the basis for

growth charts used widely by physicians and schools for many years

(Kaplan, 1964; Nelson, 1964; Reed & Stuart, 1959).

A comprehensive work by Bayer, of the Stanford University

School of Medicine, and Bayley, of the University of California

(1959) focused on growth diagnosis, and spelled out in detail the

observations, evaluations, and predictions related to unusual growth

patterns of many types.

Osgood (1955, 1960), of the University of Oregon Medical

School, now known as the University of Oregon Health Sciences Center,

plotted growth data on log paper, then worked out charts designed so

growth velocity within normal limits would be recorded on the charts

within prescribed "lanes," and deviations from normal could be easily

spotted. Because of his untimely death, the publication to accompany

the charts remains uncompleted. Could this work be completed, it

might offer some useful tools for growth assessment.

As medicine has become more specialized, evaluation of growth

in specialized areas has also become more common. Studies have been

done on the growth rate of body organs and tissues, including those

during the prenatal period (Osgood, 1955); head circumference

(Nellhaus, 1968); and growth of the trunk (Anderson, Hwang, & Green,

1965).

Certain growth studies are pertinent especially to the

problems of Marfan syndrome, such as discussion of skeletal hand



70

charts in inherited connective tissue disease (Parish, 1967);

skeletal development and growth (Kaplan, 1964); and the influence of

hormones on human development (Anderson, 1956). Pryor and Thelander

(1967) focus on the growth deviations of the handicapped child.

While numerous tables and charts have become available for

evaluation of height and weight, Tanner, Whitehouse, and Takaishi

(1966) developed charts portraying velocity of growth for boys and

girls, including distance standards. Originally, it was hoped by

the researcher that these charts could be used in this study; but

the idea had to be abandoned because of the irregular intervals of

measurement of subjects in this study. It was recognized, too, that

their velocity charts were standardized on British children. Con-

struction of similar charts based on American children could provide

a useful tool for estimation of normal or abnormal patterns of growth

velocity.

In 1976 the National Center for Health Statistics task force

constructed new growth charts for infants and children in the United

States, showing weight, length, and head circumference. These were

based on data from a number of carefully researched studies, and are

widely used by physicians and others working with children at the

present time (Hamill, Drizd, Johnson, Reed, & Roche, 1976).

Philosophy 

Progress in growth evaluation is a continuing challenge.

While these studies merely spotlight a sampling of the progress that

has been made, they also suggest the direction of current trends.
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Carefully compiled descriptions and tables of growth provide

normal standards, normal growth curves, and techniques for relating

the data given on a child to the standards presented. "Judicious

combinations of methods for analyzing the tempo, degree, and

direction of somatic growth and maturation permit inferences con-

cerning the status of a child at any given moment as well as his pro-

gress over time" (Bayer & Bayley, 1959, p. 2).

In order to be clinically reliable, however, it is important

not only that growth assessments be precise, but also that inter-

pretations of those assessments be circumspect. "One result of the

complexity of the growth process is the wide variability of its nor-

mal manifestations. Useful growth diagnosis requires an understand-

ing of both central tendencies and normal variation" (Bayer & Bayley,

1959, p. 1). Concepts of growtn and development focus on the ele-

ment of time, emphasize the importance of continuous change, and

delineate the characteristic traits and tasks of each stage of human

life. Again quoting Bayer and Bayley (1959, p. 3), finally this

consideration helps to identify the individual as a person "in terms

of his own totality and his own tempo and serves to reaffirm his

unique personal value."

Growth involves change. Change may be a benefit, or it may

not. To determine the effect of given change, it must first be

measured, and the results evaluated with reference to the best

knowledge available. The research for this study has been conducted

in an endeavor to contribute to that bank of knowledge by which

measurement of Marfan victims can better be evaluated.
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General Plan

Plan for the study required consideration of a variety of

factors. First, individuals who are Marfans had to be located and

identified and records obtained to demonstrate velocity of growth

from birth. Data obtained from these records was then compared

with growth velocity of the normal population to determine what dif-

ferences, if any, do exist. Since numerous methods and charts are

available to illustrate various aspects of normal growth, a method

needed to be selected which would clearly present the comparison in

growth velocity between the Marfan and the normal child. If evidence

of differences in growth velocity could be demonstrated, this would

be helpful in early establishment of the diagnosis of the Marfan syn-

drome. An effort should then be made to acquaint the medical com-

munity with the importance of these differences and a means suggested

for their routine assessment.

Written approval for the research project was obtained from

the Committee for Protection of Human Subjects, Oregon State Uni-

versity (Appendix D-1 to 5, pp. 186-192). Verbal permission was

also obtained from a similar committee at University of Oregon

Health Sciences Center (formerly known as The University of Oregon

Medical School). Standard procedures at the University of Oregon

72
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Health Sciences Center for protection of confidentiality were also

followed (Appendix E-6, 7, 8, pp. 198-200).

Subjects and Controls 

The subjects for this study consisted of Oregon residents

identified by medical diagnosis as victims of the Marfan syndrome.

Due to the physical and financial limitations of the researcher, it

was decided to include in this study only residents within the geo-

graphical boundaries of the State of Oregon, patients and their

kindreds contacted through the statewide resources of the University

of Oregon Health Sciences Center. The Marfan syndrome occurs widely

throughout the world and no particular bias appears to exist with

respect to race, culture, nationality, or geographical area (Chang,

1951; Futcher & Southworth, 1938; Haridas, 1941; Lutman & Neel,

1949; McKusick, 1955;	 Sjoerdsma, Davidson, Udenfriend, &

Mitoma, 1958). Also it seems that the sexes are equally affected

(Lutman & Neel, 1949; McKusick, 1972; Rados, 1942). In view of

these factors, it was felt that the Marfan patients available for

study in the State of Oregon would constitute a valid sample for

study.

The first part of this study centered on locating and ident-

ifying individuals who are victims of Marfan syndrome. The Univer-

sity of Oregon Health Sciences Center represents the major medical

facility in Oregon, and its records were used as a basis for locat-

ing the cases used in this study. From the record librarians at the

University of Oregon Medical School and the Crippled Children's
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Division of the University of Oregon Medical School (components of

the Health Sciences Center) were obtained lists of persons who had

been tentatively diagnosed as having Marfan syndrome, and those who

had been admitted with a diagnosis assigned the 759.8 number, which

includes Marfan syndrome along with other conditions affecting more

than one body system. Individual clinics at the Center also fur-

nished names of persons thought possibly to be Marfans.

These charts were requested and all charts reviewed by

Rodney K. Beals, M.D., Professor of Orthopedics, University of

Oregon Health Sciences Center, and Aldyth Roberts, R.N. A total

number of 127 kindreds were considered, involving 1017 persons

(patients and their families), 520 males and 494 females, plus three

for whom sex had not been recorded. Only those with a Marfan diag-

nosis were retained for possible inclusion in the study (Appendix E-1,

p. 193). During this initial review 87 kindreds involving 222 persons

were omitted for reasons such as: diagnosis other than Marfan syn-

drome; questionable diagnosis; insufficient information, a report

of being unaffected; or Marfan syndrome was ruled out on the basis

of medical examination (Table 1, p. 79).

In reviewing the records it was noted that diagnoses had been

made on the basis of varying criteria. Since the diagnosis of Marfan

syndrome often represents a subjective decision, the need for a re-

liable means of delimiting it became apparent.

This was done as follows:

The records of all patients who had thus been tentatively

diagnosed as Marfans were subjected to another chart review
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(Appendix E-2, p. 194). These patients and their relatives repre-

sented 40 kindreds, including a total of 795 persons.

Marfan syndrome is characterized primarily by abnormalities

of three major types: cardiovascular, skeletal, and ocular.

Specific selection criteria within these categories were delineated

as follows:

1. Cardiovascular abnormalities accepted were evidence of

aneurysm, aortic or mitral valve disease, and in some cases murmurs

suspected of being pathological without a precise diagnosis. Cor

onary artery disease was not accepted nor were "functional" murmurs.

2. Skeletal features accepted were arachnodactyly and

dolichostenomelia only.

3. Lens abnormality accepted was a description of disloca-

tion only.

These criteria were selected for the purpose of initial

grouping.

Next, four levels of Marfan syndrome were defined as follows,

and each kindred was classified accordingly.

Positive. Lens dislocation, cardiac abnormalities and

skeletal features present in the index patient or affected relatives.

All three manifestations must be identified in the kindred, but not

necessarily in the same individual. Six kindreds met the criteria

for this category.

Certain. (1) Lens dislocation and skeletal features with no

cardiac abnormalities in the index patient or in affected relatives.

This was typical of eight kindreds. (2) Lens dislocation and cardiac
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abnormalities without skeletal features. This was not present in

any of the kindreds represented.

Probable. Cardiac abnormalities and skeletal features with

no lens dislocation in the index patient or in affected relatives.

This was present in eleven kindreds.

Note: Since spontaneous dislocation of the lenses occurs so

rarely other than in the Marfan syndrome, pre sence of this charac-

teristic was rated a more reliable criterion than presence of cardiac

or skeletal manifestations, which occur more commonly associated with

other conditions. McKusick (1972) refers to ectopia lentil as "the

hallmark of ocular involvement" in the Marfan syndrome (p. 86).

Possible.	 (1) Cardiac abnormalities without lens dislocation

or skeletal features. This was present in three kindreds. (2) Ex-

tremity abnormalities without lens dislocation or cardiac abnormal

ities. This was present in eleven kindreds. (3) Lens dislocation

without cardiac or extremity abnormality. This was present in one

kindred.

These groupings were recognized as tentative, as additional

information would change some of the classifications. It was also

recognized that some of the "Probable" groupings would be likely to

have Ehlers-Danlos syndrome, and some of the "Possible" groupings

would fall under the classification of Marfanoid Hypermobility

(McKusick, 1972; Walker, Beighton & Murdoch, 1969). Differential

diagnosis represents a paramount consideration when attempting to

identify a condition such as Marfan syndrome, which shares many

characteristics in common with other syndromes.
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An effort was made to obtain the necessary information to per-

mit the most accurate appraisal and placement possible for each kin-

dred. Medical verification of a reported symptom was required for its

presence to be utilized in classification. While this limitation

seemed necessary to increase accuracy, it also posed problems. For

example, if the medical record of a person who had died included no

statement regarding lens dislocation, this characteristic could not

be accepted as a manifestation, even though the family thought it

might have been present. Had more complete information been avail-

able, undoubtedly some classifications would be different.

After the kindreds had been grouped according to the selected

criteria, the next step consisted of classifying the individuals

within the kindreds as to their likelihood of having Marfan syndrome.

The charts were again reviewed, pedigrees drawn, and a list made of

all individuals reported belonging to each of the kindreds. Many of

the individuals were dead. The whereabouts of others were unknown.

Through letters, telephone calls, personal interviews, and examin-

ations done by the medical staff, an attempt was made to verify the

presence or absence of identifying criteria in those individuals for

whom the diagnosis of Marfan syndrome appeared to be a possibility.

Thus Marfan syndrome was either ruled out, or a classification was

made for each individual on a basis similar to that for identifying

kindreds (Appendix E-2,3,4, pp. 194-196). Insofar as possible an

effort was made to contact and complete the records for all those

individuals residing in Oregon for whom a diagnosis of Marfan syndrome

had been suggested.
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Of the 795 individuals included in the 40 kindreds represent-

ing the four levels of Marfan syndrome, 713 were ruled out as non-

Marfans or because of questionable diagnoses, or insufficient in-

formation for diagnosis. Of the remaining 82, 18 were classified as

Possible, 16 as Probable, 19 as Certain, and 29 as Positive. There

were 50 males, '32 females. Classification of the entire group of

persons considered for this study is presented in Table 1, p. 79.

As an added note of interest, one kindred, including six persons,

two of whom were diagnosed Positive Marfans, was black. The remain-

ing kindreds were white. Of the 29 individuals categorized as Posi-

tive, nine were dead, seven males, two females; although the exact

date of death was not known on all patients, an approximate time

could be determined. Average age at death for the nine individuals

was 31 years, which corresponded closely with the average of 32

years noted by Murdoch, Walker, Halpern, Kuzma, and McKusick (1972).

An attempt was made to secure all possible records of height

and weight for those individuals who might possibly be diagnosed as

Marfans.

Results were extremely limited. In the original plan for this

study it had been proposed that all individual records included in the

study should show at least one height-weight measurement for each of

the first ten years of life. However, it soon became apparent that

this goal was entirely unrealistic, as practically no complete records

were obtainable.

Revised criteria specified that all records included in the

study should show measurements for at least four of the



TABLE 1

SUMMARY OF CLASSIFICATION OF SUSPECTED MARFAN CASES REFERRED FOR STUDY

Classification of Individuals
Within Kindreds

Basis

Classification of Kindreds
Omitted

Following
Initial
Review

Identified According to Level of Marfan
Diagnosis Manifested Totals

Possible Probable Certain positive

M	 F MFMFMFMFMF

Medical Evaluation

11 01 0 0 0 2 7 9 129
Marfan Syndrome ruled out 2 1 0 2 16 21

Diagnosis other than Marfan Syndrome 28	 37
65

0	 0
0

0
0

0 0
0

0 0
0

0 28	 37
65

Questionable diagnosis 9	 7
16

0	 1
1

2
3

1 1
2

1 1
2

1 13	 11
24

Insufficient information 4	 1 0	 0 0 0 0
'

0 0 0 4	 1
6afor diagnosis 6a 0 0 0 0

Family History

0	 0 1	 0 9 5 3 2 9 7 22	 14
Reported affected 1 1 14 5 16 36

11	 14 43	 34 40 41 27 33 12 16 133	 138
Reported unaffected 5 77 81 60 28 271

Information limited: 31 40	 20 8 12 9 7 5 4 93	 ,59
153°possibly affected 48a48° 60 20 16 9

Information limited: 3	 5 3	 7 16 13 10 7 18 18 50	 50

probably unaffected 8 10 29 17 36 100

Status unknown 23	 29
52

41	 46
se

18
31

13 34
77

43 2
11

9 118	 140
259

Level of Marfan Diagnosis Identified
11	 7 11	 7

Possible 0 18 0 0 0 18

Probabl 0 0
10

16
6

0 0
10	 6

16
11 8 11	 8

Certain 0 0 0 19 0 19
18 11 18	 11

Positive 0 0 0 0 29 29

Individuals:
Totals

110	 110
222a

140	 115
256a

103
194

91 95
198

103 72
147

75 520	 494
1017a

Kindreds: 87 15 11 8 6 127

&Total figure in this column includes one or more individuals for whom sex was not indicated.

79
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first five years of life. Only records from individuals diagnosed as

Positive Marfans would be included.

Of the 29 persons with a Positive Marfan diagnosis, only seven

height-weight records met the criteria.

The number is admittedly very small and cannot be subjected to

statistical procedures for analysis or inference. However, the re-

searcher believed it preferable to focus on a small group meeting

tightly specified criteria, rather than a larger group where the

diagnosis might be questioned or the height-weight records were more

scattered. Hence a Case-Study method was selected for presentation

of the available data on this very limited but carefully selected

group of seven positively diagnosed Marfan individuals.

The Case-Study approach permits an intensive review of a

smaller unit, which can bring light on variables and prepare the way

for fruitful hypotheses for further study. Because of the narrow

focus, it is recognized that case studies are limited as to their

representativeness, and that valid generalizations cannot be made to

the wider population. Case studies are also vulnerable to subjective

bias; hence the need for careful criteria in selection of cases

(Isaac & Michael, 1971; Kowalsky, 1962). Case studies can be of

great value in identifying specific problems for further study, when

data are limited. It is with this objective in mind that this

approach has been used for the present study.
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Instruments and Procedures 

Procedures followed in conducting this study primarily in-

volved activities carried out by the nurse researcher and the physician

participating in the project. In addition to patient medical records

and routine medical forms, and standard tables and charts of height

and weight, the instruments used consisted of forms developed by the

researchers to fulfill specific needs in conducting the project.

Following is a description of the procedures and instruments as they

were utilized in conducting this research.

Charts of patients with a medical diagnosis of Marfan syndrome

were perused to record measurements indicative of growth velocity.

Included in the recorded measurements were stature (with percentile

and median when given; span; span-height ratio; weight (with per-

centile and median when given); upper segment; lower segment; US/LS •

ratio; skeletal age (Appendix E-5, p. 197). It soon became apparent,

however, that measurements other than height and weight were recorded

so rarely there would be insufficient data in an ex post facto study

such as this to provide any information as to their relation to

growth velocity. To gain information from measurements other than

height and weight would require design of experimental research on a

longitudinal basis where plans could be laid in advance to take the

required measurements at regular intervals. Hence it was concluded

that for this study height and weight would constitute the measure-

ments used.

Recording heights and weights proved extremely time consum-

ing, since these data might be typed neatly at the beginning of a
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medical record, or they could be scribbled into the middle line of

a paragraph written hastily by a hurried medical student. Thus, to

locate even these measurements necessitated scanning literally every

written line in the chart of each patient.

Only a few charts contained reasonably complete records of

height and weight from birth. Some charts included no measurements

at all. Others showed fairly complete records from the time the

child was first seen. An effort was made to supplement these partial

records as much as possible. Contacts were made with parents,

physicians, hospitals, schools, and any other possible avenue

suggested as a source of recorded height and weight measurements.

In the process of obtaining data, rapport was established in

each case by either personal contact or letter, an explanation was

made as to the purpose and nature of the study, and a request made for

information needed or permission to obtain such records from other

sources. Where indicated, signed "information release" blanks were

obtained to review confidential records (Appendix E-6,7,8, pp. 198

200). The study involved no pain and no unusual risk to the patient.

Measurements taken were routine non-traumatic procedures. If a patient

indicated he did not wish to be included in the study that request was

honored. Only two such requests were made. On the contrary, most

patients were enthusiastic that Marfan research was being conducted,

and expressed a desire to participate in any way possible. In general,

families used this contact as an opportunity to ask questions and

clarify confusions regarding the Marfan syndrome.
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After this study was begun, the same group of patients were

also used concomitantly to determine the incidence of scoliosis and

other skeletal features present in Marfans, and they participated in

echocardiographic studies of the Marfan syndrome as well.

Since most patients were being seen in clinic related to Mar-

fan syndrome, many current measurements were made directly by the

researcher herself. Measurements were recorded on individual record

sheets for each patient (Appendix E-5, p. 197).

Since the current measurements were recorded by one individual

and previous measurements were made by many different persons, it was

recognized that reliable accuracy could not be expected in using

measurements made by such a variety of people. However, since these

represented the only available data, they were accepted despite this

limitation.

Instruments used to collect data for this study were largely

developed by the investigators. They consisted of:

General Record Sheet. Record sheet used to collect informa-

tion during initial chart reviews (Appendix E-1, p. 193).

Face Sheet. Record sheet used to record information on indi-

viduals tentatively diagnosed as Marfans. On this were recorded

pertinent data about the subject, largely for classification and con-

tact purposes (Appendix E-2, p. 194).

Marfan Characteristics Record Sheet. Detailed record sheet

for recording presence or absence of specific Marfan characteristics

(Appendix E-3, p. 195).
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Family History Sheet. Standard form for recording pedigrees,

kindred relationships (Appendix E-4, p. 196).

Measurement Record Sheet. Measurements of interest were

listed across the top of the page and ages were listed at the left

edge; noted measurements could thus be entered in the appropriate

space on the sheet with reference to age (Appendix E-5, p. 197).

Letter of Request for Information. Standard format used as

basis for letter, which was altered with each request to specify

names of individuals involved (Appendix E-6, p. 198).

Patient Data Sheet. Record sheet enclosed with letters to

patients. Patient was requested to complete and return (Appendix

E-7, p. 199).

Request for Release of Confidential Information. Standard

form enclosed with letter or presented personally to obtain permission

for data collection (Appendix E-8, p. 200).

Marfan Classification Check Sheet. Check sheet for classifi-

cation of suspected Marfan cases and kindreds (Appendix E-9, p. 201).

At the beginning of the study it was hoped that a sample of at

least 30 complete height and weight records could be obtained, includ-

ing at least one recorded measurement for each year from birth through

tenyearsof age, and that mean rates of growth velocity in the Marfan

group could be compared with the mean for the standard population to

determine whether or not a significant difference in growth velocity

existed, and at what age it could be determined. Soon it became

apparent that such records were not in existence.
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With fewer records available, the Case Study approach was

selected as an alternative method of data presentation, rather than a

presentation using statistical analyses. Criteria for accepting a

record to use in the study specified there must be measurements given

for four of the first five years of life.

The final sample consisted of seven cases, four males and

three females, all identified as Positive Marfans. Their growth

records included measurements for at least four of the first five

years of life. The process of selection for these seven cases has

been described under the section in Subjects and Controls.

Utilization of the data collected required selection of an

appropriate means for comparing heights and weights of the Marfans

with those of normal children. Choice could be made from an assort-

ment of carefully constructed measurement charts and tables available

today to evaluate growth in a variety of areas and at all ages of

childhood, either with boys and girls considered separately, or with

the sexes combined.

Widely used and well recognized are "Percentiles for Weight

and Length-Birth to 5 Years," based on the work of Harold Stuart, of

Harvard, and "Percentiles for Weight and Height-5 to 18 Years," for

which the work of Howard V. Meredith, of the State University of Iowa,

is the basis. A combination of these tables provides an excellent

range of standard height and weight measurements with which to

compare an individual child. Percentiles are given at intervals of

3, 10, 25, 50, 75, 90, and 97. Weights are recorded in both pounds

and kilograms, and heights in inches and centimeters. Data are
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presented at age intervals of three months during the first year and

a half, and of six months thereafter. Separate tables are listed for

boys and girls. The combined table is used in Nelson's Textbook of

Pediatrics, an authoritative reference familiar to professionals in

the field, as well as in other references on growth (Kaplan, 1964;

Nelson, 1964). Of all the references reviewed, these tables pro-

vided the most readily utilizable source of data,for the study. Per-

mission for their use was obtained from the Department of Maternal

and Child Health, Harvard School of Public Health, and from the

Director of the University Press, University of Iowa (Appendix

F-1,2, pp. 202-203). Charts based on these tables have been used

regularly in many physicians' offices, hospitals, and other centers

for evaluation of children's height and weight growth.

The National Center for Health Statistics (Hamill, et al.,1976)

recently has developed new sets of growth charts based on a number of

more current surveys of child growth and utilizing new advances in

data analysis and computer technology. Stature and weight are pre-

sented on separate charts, with separate charts for boys and girls,

and with age ranges "Birth to 36 months" and "2-18 years" on separate

charts. Stature is recorded in both inches and centimeters, and

weight in pounds and kilograms. Permission for use of these data was

obtained from the National Center for Health Statistics, Rockville,

Maryland (Appendix F-3, p. 204).

Utilizing the data from the National Center for Health

Statistics, Ross Laboratories developed charts of "Physical Growth,

NCHS Percentiles," including the same measurements, but combining
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stature and weight on a single sheet. Since these charts are more

compact than the NCHS charts, permission was obtained from Ross

Laboratories to use their charts in this study (Appendix F-4, p. 205).

Utilization of more than one method for demonstrating growth

velocity presents a broader view of each subject. Since the Case

Study approach involves a more complete description of each subject

than does a statistical analysis, use of more than one measurement

tool offered a basis for enhancing the presentation of this study.

From the figures entered on the measurement record, the

heights and weights at selected ages for each of the seven Marfan

subjects were transferred to a calculation sheet for that individual,

to compare that subject's growth velocity with average growth velocity

during early childhood (Appendix G-1, p. 206). An effort was made to

select measurements at intervals of a few months during the first year

and a half, and approximately every year thereafter. This was done to

permit some degree of uniformity for comparison between subjects, even

though measurements had not been taken at specific pre-planned inter-

vals. In addition, an attempt was made to avoid measurements taken

when subjects were wearing braces, since these would alter the figures.

A total of 13 age entries from birth to tenyears were made for each

subject, except Case VI, who had only reached age five years, and for

whom only seven entries were available.

Columns on this record sheet were arranged to permit the

following entries: Age, Months During Given Period; Stature of

Marfan and Average; Increment of (Stature) Growth During Period for

Marfan and Average; Difference in increment of (Stature) Growth During
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Period-Marfan minus Average; Weight of Marfan and Average; Increment

of (Weight) Growth During Period for Marfan and Average; Difference

in Increment of (Weight) Growth During Period-Marfan minus Average.

It was assumed that pregnancy covered a nine month period and growth

during this period was calculated on that basis.

Since measurements in the Stuart-Meredith tables (Kaplan,

1964; and Nelson, 1964) were recorded at intervals of no less than

three months, and Marfan measurements had not been recorded at regular

intervals which could correspond with the table entries, the re-

searcher constructed a supplementary table listing average stature and

weight at monthly intervals for boys and girls during the first ten

years of life (Appendix G-2, pp. 207-208). Calculations were made by

extrapolating between the figures presented in the Stuart-Meredith

tables, based on the assumption that normal growth was evenly distribu-

ted during each of those time periods.

One specific problem was presented in this calculation. In

the Stuart-Meredith tables, where one ends at five years and the other

begins at five years, the 50th percentile figures given for age five

do not correspond exactly. In stature there is a difference of one

inch for boys and 0.3 inch for girls. (Since the first table records

stature as "Length" and the second table as "Height," it is possible

the first refers to recumbent measurement and the second to standing

measurement, although such is not stated). In weight the difference

is 2.3 pounds for boys and 0.9 pounds for girls. In order to "smooth

the curve" over these differences and avoid the appearance of a

sudden growth change at age five, entries in the researcher's table
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were based on the 4 1/2-year measurements from the first table and

5 1/2-year measurements from the second table. The differences were

thus spread over an entire year, in preference to having a sudden

jump at age five. It was believed this allowed for the most

accurate growth assessment during that period.

Use of figures from this constructed table permitted entries

of average stature and weight measurements to be made on the Com-

parison chart at whatever age the Marfan measurements had been

recorded. This appeared to be the most accurate means for presenting

a comparison of Marfan measurements with those of the average child

of the same age and sex.

Inspection of the pluses and minuses in the "Difference"

columns provided an immediate gross appraisal of the velocity of

growth for each Marfan subject compared to the average individual.

To portray these differences more graphically, a chart was

constructed for each of the Marfan subjects, demonstrating by bar

graphs the increments of stature and weight growth compared with the

average at each age interval. An oblique line drawn from the average

measurement to the Marfan measurement at each age level emphasized the

amount of difference for that growth period. These charts are in-

cluded in the Chapter Four discussion of "Results."

Since measurements had been taken at different ages, and sub-

jects were too few for statistical analysis of these data, graphic

portrayal appeared to offer the most visible means for presenting

the comparisons recorded.
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As a summary presentation, two charts were constructed, demon-

strating by bar graphs the differences in stature and in weight of the

entire group of Marfan subjects compared with the Average. On each

chart the bar at the left portrayed the average growth rate for boys

at given age levels, and bars illustrating the age levels of growth

for the four Marfan boys were placed next to it. The bar on the right

portrayed the average growth rate for girls at the given age levels,

and bars illustrating the age levels of growth for the three Marfan

girls were placed next to that. These charts are also discussed in

Chapter Four. One must assess by inspection what relationships exist

between the growth rates of the Marfan subjects as compared to those

of average children.

As an additional demonstration of the comparison of growth

velocity between the Marfan subjects and the average child, stature

and weight figures from the Calculation sheets for each Marfan sub-

ject were plotted on the Ross Laboratories "Physical Growth, NCHS

Percentiles" charts for Boys and Girls. Percentiles on these charts

are given at intervals of 5, 10, 25, 50, 75, 90, and 95. These-charts

present a different graphic comparison of the stature-weight growth

relationship between the Marfan subject and the average child, and

provide an additional dimension for appraisal of growth velocity.

These charts are also included in Chapter Four.

Within the limitations of the small group of subjects, an

effort has been made to portray as clearly as possible the comparison

of stature and weight growth velocities between the Marfan subjects

and the average child of similar age and sex.
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IV. ANALYSIS Of DATA

Introduction 

The height and weight records of seven individuals, four

males and three females, all having a positive diagnosis of Marfan

syndrome, were reviewed to demonstrate in what way their velocity of

growth differed from normal, and at what ages these differences might

become apparent.

Included in the study of each case is a review of the family

history relative to Marfan syndrome, and consideration of specific

questions regarding the pattern of growth velocity for that indi-

vidual during early childhood.

Discussion of results of the study concludes with a summary

of the relationships noted between the growth velocity of the Marfans

as compared to the average individual. Specific points of interest

involve the following questions:

What were the measurements at birth, and how do they compare

with the average?

How do the subsequent measurements compare with the average?

What relationship exists between the velocity of height growth

as compared with the velocity of weight growth?

In what ways is the Marfan alike or different from the average?

What growth velocity characteristics are outstanding?
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Discussion of each case follows. All length and height figures

are given in inches, abbreviated in., while weights are given in pounds

and ounces, abbreviated lb.-oz.

Case I 

Family History 

C-I, a male, came from a family of known Marfans--at least

three generations. Skeletal, lens, and cardiac manifestations were

all exhibited by this individual. At the birth of this child, his

father's age was 25 years 10 months; his mother's age was 24 years

1 month.

Growth Velocity Comparisons 

At birth C-I measured 22.5 in., 2.6 in. above average; he

weighed 9 lb.-1 oz. which is 1 lb.-9 oz. above average. (Discussion

is based on the table in Appendix H-1, p. 209).

During the first year his length constantly remained above

average, although the velocity of length growth was less than average.

At one year of age he measured 30.75 in, having grown 8.25 in. com-

pared to the average length of 29.6 in., and-growth velocity of 9.7 in.

Velocity during the first year was thus 1.45 in. less than, average.

His weight at one year was 22 lb., an increase of 12 lb.-15 oz., com-

pared with the average weight of 22 lb.-3 oz. at one year, represent-

ing an increase of 14 lb.-11 oz., or 1 lb.-12 oz. more than C-I. Thus

at one year his height remained above normal, while his weight was

slightly below.
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At two years 1 month, C-I measured 36 in-. in height, a gain

of 5.25 in. since one year of age, compared to the average height of

34.72 in. at that age, representing a gain of 5.12 in. C-I in-

creased 0.13 in. above the average increase for that period.- C-1 at

two years one month weighed 27 lb.-, representing a gain of 5 lb.,

compared with the average weight of 28 lb.-1 oz., and gain of 5 lb.-

14 oz. C-I thus gained 0-14 oz. less than average. His height gain

was greater during the first part of the period, from 30.75 in. to

32.75 in., or two inches in four months, while he increased from

32.75 in. to 36 in., representing a 3.25 in. increase during the

latter nine months of the period. A weight gain of 2 lb.-8 oz was

recorded for the first four months of that period, and exactly the

same gain, 2 lb.-8 oz. for the latter nine months. Hence height and

weight growth both increased more rapidly at the beginning of the

period, and both decreased toward the end.

At age five years three months, C-I measured 47.5 in. in

height, compared to the average of 44.25 in. This represented an

increase of 11.5 in., a difference of 1.97 in. greater than aver-

age. However, during the eight months immediately preceding, between

age four years seven months and five years three months, C-I's height

growth had been 0.25 in. less than average, following a fifteen month

period when it had been 1.26 in. more than average.

C-I's weight at five years three months was 44 lb.-8 oz., an

increase of 17 lb.-8 oz. from age two years one month. Compared with

the average weight of 43 lb.-13 oz. at that age, this represented a

15 lb.-12 oz. increase from two years one month. Here, however, his
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weight increase had been 1 lb.-11 oz. more than average during the

previous-eight months and 1 lb.-8 oz. less than average during the

fifteen months before that, quite in contrast to the velocity of

his height growth.

At age ten years four months, C-I measured 62.25 in. in

height, compared with the average of 55.74 in., representing an

increase of 6.51 in. more than average. Although his birth length

was 2.6 in. greater than average, this still represented a growth

rate of 3.91 in. greater than average during the total period since

birth. C-I's weight at ten years four months was 73 lb. compared

to the average weight of 73 lb.-13.5 oz., or 0-13.5 oz. less than

average. Since his weight at birth was 1 lb.-9 oz. above average,

C-I's increase in weight during the entire period was 2 lb.-6.5 oz.

less than the average increase.

Although the height growth velocity at two stated times was

slightly less than average, at no time was the height measurement less

than average during the entire period. Weight velocity on the other.

hand, increased and decreased at frequent intervals, and the weight

recording rose and fell intermittently above or below average at

infrequent intervals, five of the thirteen readings being above, one

equal, and seven below average.

Thus the pattern of height growth for C-I represented steady

increase with slight fluctuations in velocity, but always maintaining

a measurement above average, and showing a total height growth above

average for the entire period, while the weight growth velocity fluc-

tuated considerably, with a cumulative increase less than average
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during the ten year four month period. Length and weight at birth were

both above average.

These differences become quite visibly apparent as plotted on

the Physical Growth Chart (pp. 96-97). 	 Length at birth was consid-

erably above the 95th percentile, the line gradually dipping to the

90th percentile between three and six months, then reaching almost to

the 75th percentile at two years one month. Between three and four

years the line rose to the 95th percentile again, and continued to

rise steadily after that.

Weight, on the other hand, while it began between the 90th

and 95th percentile at birth, dropped to the 25th percentile at six

months, climbed back to the 50th percentile at fifteen months, and

from there remained near the 50th percentile, never crossing below

tie 25th nor above the 75th percentile at any time.

A visual presentation of the length-stature and weight com-

parison with average, at the specific ages when measurements on C-I

were recorded, is presented in Appendix H-2 (p. 210).

Case II 

Family History 

C-II, a male, was born to a family with a history of Marfan

syndrome dating back at least three generations. At the time of

C-II's birth, his father was 29 years four months, his mother was

27 years six months. C-II exhibited all three of the cardinal

manifestations of the Marfan syndrome.
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Figure 1. Physical Growth Chart, Case I.
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Growth Velocity Comparisons 

At birth C-II measured 22 in., which is 2.1 in. longer than

the average birth length of 19.9 in. His weight at birth was 8 lb.-

7 oz., an increase of 0-15 oz. above the average of 7 lb.-8 oz.

(Discussion is based on the table in Appendix H-3, p. 211.)

During the first year his length remained above average,

while his weight ranged both above and below. At one year of age his

length was 31 in., representing an increase of 9.0 in. from birth,

compared to the average length at one year of 29.6 in., representing

an increase of 9.7 in. Thus during the first year his velocity of

length growth was 0.7 in. less than average. Weight at the end of the

first year was 21 lb., compared to the average of 22.3 lb. His weight

growth during the year was 12 lb.-9 oz., which is 2 lb.-2 oz. less

than the average weight increase of 14 lb.-11 oz. for the first year.

The next height was recorded at two years six months, when

C-II measured 37.5 in., with an increase of 6.5 in. as comapred with

the average height of 36.3 in., representing an increase of 6.7 in.

Thus C-II's height growth velocity was 0.2 in. less than average

during that period.

At five years eleven months C-II measured 49.5 in. in height,

representing an increase of 12.0 in. during the previous three years

and five months. The average height at this age is 46.10 in.,

showing an increase of 10.7 in. for the period. Thus C-II had gained

1.3 in. more than average in height. At no time during this period

was his height growth velocity less than average. With regard to
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weight, C-II showed an increase during the period of 22 lb., going

from 30 lb.-8 oz. to 52 lb.-8 oz. The average weight at five years

eleven months is 47 lb.-13.5 oz., indicating an increase of 17 lb.-

13.5 oz. during the corresponding period, or 4 lb.-2.5 oz. less than

C-II's increase. At no time during this period did C-II show a

velocity of weight growth less than average.

At nine years seven months C-II had grown in height to 61 in.,

compared to the average height of 54.45 in. Thus his increase from

five years eleven months was 11.5 in., compared to the average in-

crease of 8.35 in. during that time. C-II weighed 99 lb.-8 oz. at

nine years seven months, representing a gain of 47 lb. Average weight

gain during the period would be 21 lb.-10.5 oz., or 22 lb.-5.5 oz.

less than C-II's. At no time during the period was C-II's height or

weight growth velocity less than average. There is a question in the

researcher's mind as to whether or not the latter weight recording

might have included his brace. Noting a sudden weight increase of

seven pounds during one month just previous to this record, and an

indication of weight with brace at the following recording, intro-

duced this question. It would appear weight increase was steady,

but perhaps addition of a brace at this time could explain a sudden

abrupt increase.

At no time from birth through nine years seven months was

C-II's height below average, and the velocity of height growth was

never below average beyond age two years six months. C-II's weight

did fall below average during the first year, but not afterwards.

Weight growth velocity also remained above average from the first year
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on. Both height and weight were above average at birth, and total in-

creases of 39 in. in height and 91 lb.-1 oz. in weight during the

period to nine years seven months were above average, 4.45 in. for

height and 29 lb.-1 oz. for weight.

On the Physical Growth Chart (pp. 101-102) C-II's growth

velocity is shown as length beginning considerably above the 95th

percentile, dipping between the 75th and 90th percentiles during the

first three months, then rising above the 90th percentile at six

months, following which it remained between the 75th and 90th per-

centiles until age three. By age five the line had climbed beyond

the 95th percentile, and continued to climb steadily afterwards.

Weight at birth registered at approximately the 90th percentile. By

three months it had dipped to 50th percentile and continued to drop

almost to the tenth percentile by six months, following which it

climbed to 50th percentile by one year of age. Between ages one and

five, weight remained between the 50th and 75th percentiles, rising

to the 95th percentile by age nine and increasing above- it after that.

Appendix H-4 (p. 212) portrays these relationships with aver-

ages in a bar graph representation.

Case III 

Family History 

C-III, a male, came from a family of known Marfans, recognized

for at least three generations. When C-III was born, his father was

age 24 years one month, his mother was 23 years three months. He
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Figure 2. Physical Growth Chart, Case II.
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Figure 2. Physical Growth Chart, Case II (Continued)
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manifested lens, skeletal, and cardiac characteristics of the Marfan

syndrome, and recently died of the cardiac complications, at age 21.

Growth Velocity Comparisons 

At birth C-III measured 20.5 in., which was 0.6 in. above the

average of 19.9 in. His weight of 8 lb. 9 oz. was 1 lb.-1 oz. above

the average of 7 lb.-8 oz. (Discussion is based on the table in

Appendix H-5, p. 213).

During the first year and two months C-III gained 11.5 in.

in length, bringing him to 32 in. Compared to the average length for

that age of 30.46 in., he had increased 0.94 in, more than the 10.56

in. average increase. During the same period his weight gain was

13 lb.-8 oz., reaching a total weight of 22 lb.-1 oz., representing

2 lb.-3 oz. less than the average gain of 15 lb.-11 oz. Average

weight at that age is 23 lb.-3 oz.

At two years one month, C-III measured 36.75 in. in height,

representing an increase of 4.75 in., compared with the average

height of 34.72 in. Thus his velocity of height growth was 0.49 in.

more than the average of 4.26 in. 	 weighed 27 lb.-4 oz. at

two years one month, which represented an increase of 5 lb.-3 oz.

during the period. Average weight increase to 28 lb.-1.5 oz. during

the same period would be 4 1b.-14.5 oz. or 0-4.5 oz. less than

C-III's increase.

By four years eleven months of age C-III's height measured

46.25 in., a gain of 9.5 in. compared with the average height of 43.25
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in. and 8.53 i . gain. Thus C-III's height gain during that period

was 0.97 in. more than average.

Weight during the same period increased 14 lb.-4 oz., bring-

ing C-III's weight at four years eleven months to 41 lb.-8 oz.

Average weight at that age is 41 lb.-6.5 oz., representing an in-

crease of 13 lb.-5 oz., or 0-15 oz. less than C-III's weight.

Measuring 60.25 in. in height at ten years of age, C-III

showed an increase of 14.0 in since four years eleven months. Aver-

age increase during the same period would be 11.95 in., from 43.25 in.

to 55.2 in., or 2.05 in. less than C-III's increase. At ten years of

age C-III weighed 79 lb.-8 oz., with an increase of 38 lb. since

four years eleven months. Average weight increase would be 30 lb.-

8 oz. to 71 lb.-14.5 oz. between four years eleven months and ten

years, or 7 lb.-8 oz. less than C-III.

Although C-III's height always remained above average, there

were times during the first year, second year, third year, and sixth

year when the velocity of height growth dipped slightly below average.

On the other hand, although C-III's velocity of weight growth at times

exceeded average, after birth his weight remained below average until

three years ten months.

Thus the pattern of height growth for C-III represented steady

increase with slight fluctuations in velocity, but always maintained

a measurement above average, while the weight growth velocity fluc-

tuated considerably, sometimes registering above and sometimes below

average. Length and weight at birth were both above average, and
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total gains in height and weight during the entire period to ten years

were both above average.

Total height growth for C-III from birth to nine years seven

months was 38.5 in., compared to the average of 34.5 in. with a dif-

ference of 4 in., while his total weight increase was 65 lb.-15 oz.

compared to the average of 61 lb.-15.5 oz., with a difference of

3 lb.-15.5 oz.

These differences are portrayed on the Physical Growth Chart

(pp. 106-107). While length at birth was slightly above the 75th

percentile, it rose to the 90th percentile by six months of age, where

it hovered until approximately three and one-half years of age. By

four and one-half years it had risen past the 95th percentile, and

remained above thereafter.

Weight, on the other hand, began at about the 75th percentile

at birth, dropped to near the 25th percentile by six months of age,

climbed back to the 50th percentile at around four years of age, then

increased to the 75th percentile, near which it remained.

A bar graph presentation comparing C-III with average is pre-

sented in Appendix H-6 (p. 214).

Case IV 

Family History 

C-IV, a male, was born to a family whose history of Marfan

syndrome dated back for at least three generations. At the time of

his birth his father was age 25, his mother, age 20 years eleven
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months. C-IV was diagnosed at age three years five months on the basis

of skeletal manifestations. At that time there appeared to be no lens

dislocation or evidence of cardiac involvement. No further statement

was found regarding lens condition. More recently, some cardiac in-

volvement was noted as a result of echocardiographic studies.

Growth Velocity Comparison 

C-IV began life at birth considerably smaller than average,

although his mother stated the pregnancy lasted a full nine-month

term. At birth he measured 17 in. in length, 2.9 in. less than

average of 19.9 in., and he weighed 4 lb.-l0 oz., which is 2 lb.-

14 oz. less than average weight of 7 lb.-8 oz. (Discussion is based

on the table in Appendix H-7, p. 215.)

By nine months of age he had passed the average length of

28.0 in., measuring 28.75 in., a difference of 0.75 in. His weight of

17 lb.-10 oz. at that age, however, was 2 lb.-6 oz. below the average

of 20 lb. During the period his growth velocity represented 11.75

in. in length, 3.65 in. more than the average of 8.1 in., and 13 lb.

in weight, 0.8 oz. more than the average of 12 lb.-2 oz.

The next height was recorded at three years five months, at

which time he measured 40.5 in., or 1.45 in. more than the average

of 39.05 in. This growth represented a height increase of 11.75 in.

compared with the average of 11.05 in. His weight at that time was

36 lb., showing a gain of 18 lb.-6 oz., as compared to the average

weight gain of 13 lb.-15 oz. for the period. Average weight at that

age was 33 lb.-15 oz.



109

At five years eleven months, C-IV measured 49 in. in height,

and weighed 49 lb. as well. This represented a gain of 8.5 in. in

height, compared to the average gain of 7.05 in, and a weight gain of

13 lb. compared to the average weight gain of 13 lb.-14.5 oz. for

that period. Thus his velocity of growth was slightly more than

average with respect to height, and slightly less than average with

respect to weight.

By the time he was ten years old, C-IV had reached a height

of 59 in., 3.8 in. above the average of 55.2 in. His height growth

velocity during the four-year one-month period was 10 in., slightly

above the average of 9.1 in. During-the same period his weight in-

creased 20 lb. to a total of 69 lb., compared to the average weight

increase of 24 lb.-1 oz. to a total of 71 lb.-14.5 oz., indicating

C-IV's weight increase was 4 lb.-1 oz. less than average during the

same period.

Although C-IV's length at birth was less than average, by the

time he was nine months old, he had surpassed average length and

thereafter his height remained above average, although the velocity

of height growth shifted from time to time, sometimes being above

average and sometimes below. His weight also was below average at

birth and did not reach average until about three years of age. There-

after he remained above average until eight years of age, following

which his weight again fell below average.

Thus the pattern of height growth velocity for C-IV repre-

sented steady increase, with fluctuations in velocity, but always

maintaining a height above average once he had passed average
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following birth. Weight growth velocity also fluctuated intermittently

above and below average, but with a trend toward slowing down past

five years of age.

Length and weight at birth were both below average. Total gain

in height from birth to age ten was 42 in., compared to the average of

35.3 in., indicating an increase of 6.7 in. more than average. His

total weight gain, on the other hand was 64 lb.-6 oz., half an ounce

less than the total average of 64 lb.-6.5 oz. during the same period.

These differences are portrayed on the Physical Growth Chart

(pp. 111-112). While length at birth was considerably below the 5th

percentile, by nine months it had passed the 50th percentile, and

continued to climb at a fairly steady pace passing the 95th percentile

at about five years of age and remaining above. Weight at birth also

was represented at well below the 5th percentile, climbing to the 10th

percentile by nine months of age, and reaching the 75th percentile

at about age four. After age four it fluctuated near the 75th per-

centile, finally dropping back toward the 50th percentile at about

nine years of age.

A bar graph presentation comparing C-IV with the average is

presented in Appendix H-8 (p. 216).

Case V

Family History 

C-V, a female, was born to a family with a history of Marfan

syndrome recorded for at least three generations. Age of father at

her birth was 46 years nine months, and of the mother was 26 years
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two months. This child was noted at birth to have the long slender

fingers and habitus typical of Marfan syndrome, and was kept under

fairly constant supervision for skeletal problems. At age of approx-

imately one year no lens subluxation could be observed, but a posi-

tive diagnosis of this condition was made at age three years seven

months. There had been a question regarding cardiac involvement,

at one year of age, but this was confirmed when echocardiographic

studies were done at about age seven.

Growth Velocity Comparisons 

At birth C-V measured 19.5 in. in length, slightly below the

average birth length of 19.8 in. By eight months of age she had grown

to a length of 28.5 in, 1.54 in. above the average of 26.96 in., and

at one year four months she measured 32.75 in. in length, 1.82 in.

beyond the average of 30.93 in. Thus during the first sixteen months

her velocity of height growth was 13.25 in., or 2.12 in. more than

the average of 11.13 in. During the same period her weight increased

from 7 lb.-11 oz., 4 lb.-11 oz. above the average birth weight of

7 lb.-6.5 oz. to 23 lb.-8 oz., exactly average. Up to eight months

she had gained to 19 lb.-8 oz., representing an increase of 11 lb.-

13 oz., 1 lb.-1.5 oz. above the average gain of 10 lb.-11.5 oz.

During the following eight months of the period her weight increase

was 4 lb, 1 lb.-6 oz. less than the average increase of 5 lb-6 oz.

Over the total sixteen months her weight increase of 15 lb-13 oz. was

4 lb.-5 oz. less than the average increase of 16 lb.-1.5 oz. (Dis-

cussion is based on the table in Appendix H-9, p. 217.)
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By age two years six months C-V measured 36.75 in. in height,

representing an increase of 4.0 in. during the previous fourteen

months, compared to the average height of 36 in. with an increase of

5.07 in. Thus C-V's height growth velocity was 1.07 in. less than

average during that period. Her weight of 28 lb. at two years six

months was 1 lb.-9.5 oz. less than the average of 29 lb.-9.5 oz.,

representing an increase of 4 lb.-8 oz., or 1 lb.-9.5 oz. less than

the average increase of 6 lb.-1.5 oz.

At five years eight months C-V measured 47 in. in height,

which was 2.2 in. above the average of 44.8 in., representing an

increase during the previous period of 10.25 in., compared with the

average increase of 8.8 in., or 1.45 in. less than C-V. During that

same time C-V increased 16 lb. in weight to 44 lb., as compared to the

average weight of 44 lb.-13.5 c2., representing an increase of

15 lb.-4 oz. during the period, or 0-12 oz. less than C-V.

C-V had grown to a height of 57 in. by nine years seven

months compared to the average height of 53.68 in. at that age, rep-

resenting an increase of 10 in. during the previous period. Since the

average increase was 8.88 in. during the period, C-V had grown 1.12

in. more than average in height. In weight, C-V had gained to 67 lb.,

which was 0-10 oz. less than the average weight of 67 lb-10 oz. Her

increase of 23 lb. during the period was 0-3.5 oz. more than the

average weight increase of 22 lb.-12.5 oz. during the same period.

Although C-V's length at birth was slightly less than average,

it increased promptly and remained continually above average. Height

growth velocity during the first year remained above average, after
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which it fluctuated, sometimes above and sometimes below average.

During the entire period from birth to nine years seven months, C-V

grew a total of 37.5 in. in height, or 3.62 in. more than the average

total of 33.88 in. Her weight increase during the same period totaled

59 lb.-5 oz., or 0-14.5 oz. less than average increase of 60 lb.-3.5

oz. At birth her weight was more than average, and it remained such

during the first year, following Which the velocity of weight growth

fluctuated both above and below average.

The Physical Growth Chart (pp. 116-117) portrays the growth

velocity for C-V. Weight and length lines both began near average at

birth. By nine months of a ge length climbed to the 90th percentile,

and weight to the 75th percentile. During the second year height

velocity dropped back past the 75th percentile, and weight velocity

dropped below the 50th percentile. By the fourth year height velocity

again increased to the 90th percentile, and remained between the 90th

and 95th percentiles thereafter. Weight velocity remained near the

50th percentile, rising briefly to near the 75th percentile between

ages five and seven.

A visual presentation of the length-stature and weight com-

parisons with average at the specific ages when measurements on C-V

were recorded, -is presented in Appendix H-10 (p. 218).
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Figure 5. Physical Growth Chart, Case V.
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Figure 5. Physical Growth Chart, Case V (Continued).
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Case VI

Family History 

C-VI, a female, came from a family where no known cases of

Marfan syndrome had been previously diagnosed. Father's age at the

time C-VI was born was 28 years three months; mother's age was 31

years nine months. Some skeletal problems were noted at one month of

age, and at four months her mother reported that the iris of the

eyes "jiggled," leading to an eye examination and the diagnosis of

dislocated lenses. Some cardiac involvement was noted at age two

years ten months. It is of interest that while father and mother

showed no apparent stigmata of Marfan syndrome, the father has a

sister who is short but has long fingers, and a brother and sister

who are tall and have eye problems, although it is not known

whether or not the lenses are dislocated.

Growth Velocity Comparisons 

C-VI at birth measured 18.5 in. in length, which is 1.3 in.

less than the average of 19.8 in. Her weight of 6 lb.-l3 oz. was

also below average, 0-9.5 oz. less than the average weight of 7 lb.-

6.5 oz. (Discussion is based on the table in Appendix H-11, p. 219.)

By one month of age C-VI measured 21.25 in., 0.25 in.

longer than the average length of 21.0 in. Her increase of 2.75 in.

during that month was 1.55 in. more than average, actually more than

double the average increase of 1.2 in. During the first month her

weight increased to 9 lb., a gain of 2 lb.-3 oz., compared to the
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average weight of 9 lb.-1.5 oz. representing a gain of 1 lb.-11 oz.

during the period. Thus her weight gain during the month was 0-8 oz.

more than average.

By four months of age she measured 25.5 in. in length, 1.33

in. above the average of 24.17 in. Her increase of 4.25 in. during

the period was 1.08 in. more than the average increase of 3.17 in.

A gain in weight to 14 lb.-4 oz. represented a weight increase of

5 lb.-4 oz., compared to the average weight of 13 lb.-9.5 oz., an

average increase of 4 lb.-8 oz. Thus at four months of age her

weight was 0-10.5 oz. above average, representing a gain of 0-12 oz.

more than average.

At two years ten months, C-VI measured 40 in. in height,

representing an increase of 14.5 in., compared to the average height

of 37.12 in., an increase of 12.95 in. C-VI thus showed an increase

of 1.55 in. more than average for that period. On the other hand,

her weight of 31 lb.-4 oz. represented a gain of 17 lb., or 0-8 oz.

less than the average weight gain of 17 lb.-8 oz. to a total of

31 lb.-1.5 oz.

By five years three months C-VI measured 49 in. in height,

5.2 in. more than the average height of 43.8 in. She weighed

45 lb.-8 oz., 3 lb. more than the average of 42 lb.-8 oz. Her

height increase of 9 in. during the period was 2.32 in. more than

the average height increase of 6.68 in. and weight increase of

14 lb.-4 oz. was 2 lb.-13.5 oz. more than the average weight in-

crease of 11 lb.-6.5 oz.
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Since C-VI was only a few months past five years at the time

the study was done, the five year three month recording represented

the latest for her.

Although C4I was below average at birth in both length and

weight, she had increased past average in length by one month of age,

and in weight by the time she was four months. Thereafter her height

and weight remained above average, and her height growth velocity also

remained above average, while her weight growth velocity fluctuated

below average once at two years ten months.

Total height increase by five years three months was 30.5 in.,

compared to the average increase of 24.0 in., C-VI having grown

6.5 in. more than average. Total weight increase for C-VI during the

sampe period was 38 lb.-11 oz., 3 lb.-9.5 oz. more than the average

increase of 35 lb.-1.5 oz.

The pattern of C-VI's growth velocity is plotted on the

Physical Growth Chart (pp. 121-122). Length and weight at birth were

both approximately at the 25th percentile, and by one month of age

both reached approximately the 50th percentile. Length passed the

75th percentile by two months of age, the 90th percentile by fifteen

months, and the 95th percentile at two years three months, climbing

steadily thereafter. Weight growth velocity climbed near the 75th

percentile at about four months of age, and again at five years,

otherwise remaining rather steady between the 50th and the 75th

percentiles.

A bar graph representation of C-VI's height and weight

growth compared with averages is in Appendix H-12 (p. 220).-
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Case VII

Family History

C-VII, a female, was born to a family known as Marfans for at

least three generations. Father's age when C-VII was born was un-

known; mother's age was 19 years eight months. At eleven months of

age C-VII was examined for possible Marfan diagnosis, and the chart

entry stated that physical examination at that time did not reveal

any stigmata of Marfan syndrome. No subluxation of lenses was

noted. The heart showed no enlargement; rate and rhythm were

regular. The one skeletal feature noted which could have been in-

dicative of Marfan syndrome was dolichocephalic head. Hernia was

also noted. Four and one-half months later the medical record stated

beginning evidences of Marfan syndrome were noted. Later, sublux-

ation of lenses was diagnosed in C-VII, skeletal problems developed,

and cardiac involvement was verified during the echocardiographic

study. Hormonal therapy was begun at twelve and one-half years of

age in an effort to control excessive height growth.

Growth Velocity Comparison

C-VII at birth measured 21.25 in. in length, 1.45 in. above

the average of 19.8 in. Her weight at birth was 8 lb.-15 oz., 1 lb.-

8.5 oz. more than average birth weight of 7 lb.-6.5 oz. (Discussion

is based on the table in Appendix H-13, p. 221.)

By eleven months of age C-VII's length measured 30.5 in.,

representing an increase of 9.25 in. Compared with the average



124

length at that age of 28.66 in., an increase of 8.86 in., the dif-

ference in length was 1.84 in., and the difference in increase was

0.39 in. At eleven months she weighed 24 lb.-8 oz., 3 lb.-12 oz.

more than average at 20 lb.-12 oz. This represented a gain of

15 lb.-9 oz., or 2 lb.-3.5 oz. greater than the average weight gain

of 13 lb.-5.5 oz.

At one year three months C-VII measured 33 in. in length,

2.5 in. more than the average length of 30.5 in. at that age. This

also represented an increase of 2.5 in. during the four-month period,

which was 0.66 in. greater than the average increase of 1.84 in. for

the period. By one year three months she had gained in weight to

27 lb.-8 oz., which was 0-12 oz. more than the average weight gain of

2 lb.-4 oz. Average weight at that age was 23 lb.

By two years two months of age, C-VII had reached a :fHeight

of 39.25 in., 4.51 in. more than the average of 34.74 in., and repre-

senting a height growth velocity of 6.25 in., which was 2.01 in. more

than the average of 4.24 in. during this period. Her weight was

recorded at age two years two months as 36 lb.-12 oz., 8 lb.-l3 oz.

more than the average of 27 lb.-15 oz. This represented a weight

growth velocity of 9 lb.-4 oz., or 4 lb.-5 oz. more than the average

during the period.

C-VII had grown to 53 in. in height by age five years nine

months, 8 in. above the average height of 45 in. The difference in

height growth during that three year seven month period for her was

13.75 in., 3.49 in. more than the average difference of 10.26 in.

Weight increase during the same period was 21 lb.-12 oz. to a total
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of 58 lb.-8 oz., 4 lb.-7 oz. more than the average increase of

17 lb.-5 oz. Average weight at that age was 45 lb.-4 oz., 13 lb.-4

oz. less than C-VII's.

When C-VII reached ten years of age she measured 63.75 in.

in height, 9.15 in. more than the average of 54.6 in. Her height

increase of 10.75 in. was 1.15 in. greater than the average increase

of 9.6 in. during the same period. At ten years she weighed 86 lb.-

4 oz., 15 lb.-15 oz. more than the average of 70 lb.-5 oz. Her

weight increase of 27 lb.-12 oz. was 2 lb.-11 oz. more than the

average weight increase of 25 lb.-1 oz. during that period.

C-VII's measurements were above average at birth in both

length and weight, and at no time during the ten years period was

either height or weight below average. Her growth velocity pattern

showed a fairly steady climb in both height and weight, the height

velocity at one point being equal to the average and nearly equal

at one other point. These points were both past five years of age.

Weight growth velocity was also slightly below average at two

points, again both after five years of age.

C-VII's height increase during the ten year period was 42.5

in., 7.70 in. more than the average height growth of 34.8 in. Dur-

ing the ten years she gained 77 lb.-5 oz. in weight, 14 lb.-6.5 oz.

more than the average weight gain of 62 lb.-14.5 oz.

The Physical Growth Chart (pp. 126-127) portrays C-VII's

height and weight growth curves. At birth she was above the 95th

percentile in both length and weight. By eleven months her length

dipped slightly below the 95th percentile, then rose to a peak at
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four and one-half years, remaining continuously above the 95th per-

centile at about the same distance. Her weight following birth was

maintained slightly above the 95th percentile until eleven months of

age, following which she increased rapidly to a point above the 95th

percentile, a level which she maintained until nearly six years of age.

Then her weight growth velocity began to decline until at age ten

she was only slightly above the 75th percentile.

A bar graph of C-VII's height and weight growth compared

with average is in Appendix H-14 (p. 222).

Summary 

After describing individually the early height and weight

records of each of the seven Marfan subjects, one needs to review the

group as a whole to determine, if possible, what trends might be

manifested. Consideration of the specific points of interest men-

tioned previously leads to formation of concepts which hopefully will

provide direction for further study.

Measurement at Birth 

Of the four boys, two were considerably longer (22.5 in. and

22 in.) at birth than the average length of 19.9 in, one was slightly

longer (20.5 in.) and one was shorter (17 in.). Three of the boys

were heavier (weighing 9 lb.-1 oz; 8 lb.-7 oz; 8 lb. 9 oz.) than

the average weight of 7 lb.-8 oz., while one was lighter (4 lb.-10 oz).

Of the girls, one was longer and heavier (21.25 in.; 8 lb.-

15 oz.) than the average length and weight of 19.8 in.; 7 lb.-6.5
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oz., one was slightly less in length (19.5 in.) and greater in

weight (7 lb.-11 oz.), and one was shorter (18.5 in.) and lighter

(6 lb.-13 oz.).

From this it would appear that birth measurements of length

and weight in the Marfan do not show a directional trend of dif-

ference from the average.

Subsequent Measurements and Comparison 

of the Velocity of Height and Weight 

Growth with the Average

Since measurements were not made at specific ages to fit a

research design, one must consider those measurements which fall into

a reasonably close age span to gain some idea of the comparisons.

Looking at the first year of life, one notes some distinct

changes. Those children who had lengths recorded at six months of

age were all above average at that time, regardless of birth length.

The two who did not have records until later (eight months; nine

months) were above average by those ages.

Looking at the graphs (pp. 	 96-97, 101-102, 106-107, 111-112,

116-117, 121-122, 126-127), one can note that between four and six

months of age all of the children except one were near or above the

90th percentile in length. The one who did not reach 90th percentile

at that age was 17 inches at birth. He had a long way to go, but his

growth curve showed a definite upward trend--from below the 5th per-

centile to above the 50th percentile by nine months of age.

Interestingly enough, during the first four months, the height

growth velocities recorded for the two boys were below average, while
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those recorded for the two girls were above average. Weight growth

velocities showed exactly the same pattern. A visual presentation

of the following discussion can be found in Appendix H-15 and-H-16

(pp. 223-224). After they had once reached average height, all of

the children, both boys and girls, consistently maintained a height

greater . than average to the end of the recorded time span. However,

variations in velocity of height growth could be noted.

For the boys, between the ages of four months and three years,

six of the recorded height growth velocities were above average and

eight were below average. Thus, while heights were maintained above

average, the rate of height growth for the boys seemed less than

average during this period.

Between three and five years of age, all of the recorded

height growth velocities for the boys were above average. Between

five and eight years of age, eight recorded height growth velocities

for the boys were above average and three were below. Two of those

falling below were at the first part of the sixth year, and one was

at the end of the seventh year.

Between ages eight years and ten years four months, all but

two of the height growth velocities recorded for the boys were above

average. The two falling below occurred during the first part of the

tenth year.

Thus, after age three, all of the height growth velocities

for the boys were above average, except two at the beginning of the

sixth year,. one toward the end of the seventh year, and two at the

beginning of the tenth year.
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After four months of age, height growth velocity for the girls

remained at or above average for all of the girls except one, Case V,

until ten years of age. At ten years of age there was one entry be-

low average. Case V was below average in height growth velocity once

at the end of the second year, once at the middle of the third year,

and again toward the end of the tenth year.

Patterns of weight gain and the velocity of weight growth were

quite different from the height growth patterns.

Between four and six months of age the weights for the boys

were all at or near the 25th percentile, showing a general decline in

velocity of weight growth during those early months. Weights for the

girls ranged from the 50th to above the 95th percentiles during that

same period, and velocity of weight growth showed an increase when

compared with the average.

At one year of age, all of the boys were still below average in

weight, although weight growth velocities for two had become greater

than average by the end of the year. The patterns for the girls dif

fered. One girl continued to maintain above-average weight throughout

the first year, one showed decline in weight by the end of the year,

and the other had no weight recorded near the end of the first year.

For the girls, the weight growth velocities corresponded here with the

weights.

It might be noted that between the ages of four months and

three years all but two of the weights recorded for the boys were b

low average. All weight growth velocities for the boys were below

average from birth to eight months. From eight months to three years,
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four of the recorded weight growth velocities for the boys were below

average, and eight were above average.

Between three and eight years of age, all but two of the boys'

weights were equal to or above average, while twelve of the recorded

weight growth velocities were above average and seven were below

average during that period.

From the age of eight years to ten years four months, six of

the recorded weights for the boys were equal to or above average, and

five were below average. During that same period, seven of the weight

growth velocities recorded for the boys were above average, and four

were below.

Looking at the girls, after the age of four months, all weights

were above average, except for those of one girl, Case V, which were

consistently below average from one year eleven months until the end

of the time span. Weight growth velocities followed a similar pattern,

although not exactly the same. Of the recordings made after four

months of age, ten were below average, six of which represented Case V.

-Of the other four, one occurred at the end of the third year, two at

the end of the seventh and beginning of the eighth years, and one at

age ten.

In considering the patterns of height and weight growth and

the velocity of growth in these cases, some general observations might

be noted. Boys tended to be larger at birth in both length and weight.

During the first year growth velocity for the girls in both length and

weight remained above average, in general, while that for the boys

dropped below average, continuing through the second year. All of
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the Marfan subjects consistently remained above average in height,

and generally above average in weight.

It becomes apparent that during a given time period, while

changes in growth velocity can occur, the overall status of being

above or below average is maintained.

A clarification of this status is found in the summarizing

table (pp. 134-136). From this table can be seen how differences be-

tween the growth velocity patterns of the boys and girls in this

Marfan study vary from the usual differences in growth velocity

patterns between boys and girls, and how the boys and girls in the

Marfan study differ from each other.

Perhaps the most outstanding characteristic of growth velocity

in which these Marfan cases differ from the average is the rapid

growth in length during very early life, clearly evident in all cases

during the first few months after birth.

In addition, differences in growth patterns between the Marfan

boys and the Marfan girls are notable. For example, during the first

three years the boys remained primarily below average in weight,

while the girls were primarily above average. Also, height and weight

growth velocities for the boys were primarily below average until past

the first year, while those for the girls were above average.

Considering the very limited number of cases studied, one can

only describe what is true of these individuals. What appear to be

trends observed in this study can serve as bases for more extensive

research.



TABLE 2

TABULATION OF HEIGHT, WEIGHT, AND VELOCITY OF GROWTH RECORDINGS
OF MARFAN CASES COMPARED WITH AVERAGE AT GIVEN AGES

Height Growth Weight Growth
Case Age in Velocity During Velocity During

Years Recorded Height Preceding Period Recorded Weight Preceding Period
No. and A=Above Average + =Above Average A=Above Average + =Above Average

Months B=Below Average - =Below Average B=Below Average - =Below Average

M	 F M	 F M	 F M	 F

BIRTH
I	 0-0	 A	 +	 A	 +

II	 0-0	 A	 +	 A	 +
III	 0-0	 A	 +	 A	 +
IV	 0-0	 B	 -	 B	 -
V	 0-0	 B	 -	 A

VI	 0-0	 B	 -	 B	 -
VII	 0-0	 A	 +	 A	 +
VI	 0-1	 A	 +	 B
I	 0-3 	 A	 A	 -

II	 0-3	 A	 -	 A	 -
VI	 0-4	 A	 +	 A	 +
I	 0-6	 A	 -	 B	 -

II	 0-6	 A	 +	 B	 -
III	 0-6	 A	 +	 B	 -
V	 0-8	 A	 +	 A

III	 0-9	 A	 -	 B	 -
IV	 0-9	 A	 +	 B	 +

VII	 0-11	 A	 +	 A	 +
AGE ONE

I	 1-0	 A	 -	 B	 +
II	 1-0	 A	 -	 B	 +
IV	 1-0	 B	 -

III	 1-2	 A	 +	 B
VII	 1-3	 A

I	 1-4	 A	 +	 A	 +
V	 1-4	 A	 +	 Equal	 -

III	 1-7	 A	 -
VII	 1-8	 A	 +	 A	 +

V	 1-11	 A	 B 	 -
AGE TWO

I	 2-1	 A	 -	 B	 -
III	 2-1	 A	 B	 +
VII	 2-2	 A	 +	 A	 +
II	 2-6	 A	 -	 A	 +
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TABLE 2 (Continued)

TABULATION OF HEIGHT, WEIGHT, AND VELOCITY OF GROWTH RECORDINGS
OF MARFAN CASES COMPARED WITH AVERAGE AT GIVEN AGES

Continued from Previous Page

Height Growth Weight Growth
Case Age in Velocity During Velocity During

Years Recorded Height Preceding Period Recorded Weight Preceding Period
No. and A=Above Average + =Above Average A=Above Average + =Above Average

Months B=Below Average — =Below Average B=Below Average — =Below Average

M	 F M	 F M	 F M	 F

V	 2-6	 A	 -	 B	 -
III	 2-10	 A	 -	 B	 -
VI	 2-10	 A'	 -

AGE THREE
VII	 3-2	 A	 +	 A	 +
IV	 3-5	 A	 A	 +
VI	 3-6	 A	 +	 A	 +
I	 3-8	 A	 +	 A

III	 3-10	 A	 +	 A	 +
IV	 3-11	 A	 +	 A	 -

AGE FOUR
V	 4-2	 A	 +	 B	 +

VI	 4-3	 A	 +	 A	 +
VII	 4-5	 A	 +	 A	 •	 +

I	 4-7	 A	 +	 B	 -
II	 4-9	 A	 +	 A
IV	 4-10	 A	 +	 A

III	 4-11	 A	 +	 A	 -
V	 4-11	 A	 B	 -

AGE FIVE
I	 5-3	 A	 -	 A	 +

VI	 5-3	 A	 +	 A	 +
III	 5-5	 A	 -	 Equal	 -
V	 5-8	 A	 +	 B

VII	 5-9	 A	 Equal	 A
II	 5-11	 A	 +	 A	 +
IV	 5-11	 A	 +	 A	 -

AGE SIX
II	 6-5	 A	 +	 A	 +
V	 6-6	 A	 +	 B	 -
I	 6-8	 A	 +	 B	 -

VII	 6-10	 A	 +	 A	 -
II	 6-11	 A	 +	 A	 +
IV	 6-11	 A	 -	 A	 -
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TABLE 2 (Continued)

TABULATION OF HEIGHT, WEIGHT, AND VELOCITY OF GROWTH RECORDINGS
OF MARFAN CASES COMPARED WITH AVERAGE AT GIVEN AGES

Continued from Previous Page

Height Growth Weight Growth
Case Age in Velocity During Velocity During

Years Recorded Height Preceding Period Recorded Weight Preceding Period
No. and A=Above Average + =Above Average A=Above Average + =Above Average

Months B=Below Average - =Below Average B=Below Average - =Below Average

M	 F M	 F M	 F M	 F

AGE SEVEN
V	 7-4	 A	 Equal	 B	 -

VII	 7-4	 A	 +	 A	 +
IV	 7-8	 A	 +	 A	 +

III	 7-9	 A	 +	 A	 +
II	 7-10	 A	 A	 +
AGE EIGHT

I	 8-2	 A	 +	 B	 +
IV	 8-2	 A	 +	 A	 -
V	 8-4	 A	 +	 B	 +

VII	 8-4	 A	 +
II	 8-10	 A	 +
V	 8-11	 A	 +	 B	 -

AGE NINE
IV	 9-2	 A	 B	 -
IV	 9-5	 A	 -	 B	 +
I	 9-6	 A	 Equal	 +

VII	 9-6	 A	 A	 +
II	 9-7	 A	 +	 A	 +

III	 9-7	 A	 +	 A
V	 9-7	 A	 -	 B	 +

AGE TEN
III	 10-0	 A	 +	 A	 +
IV	 10-0	 A	 +	 B	 -

VII	 10-0	 A	 -	 A	 -
II	 10-3	 A	 +
I	 10-4	 A	 B	 -
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V. SUMMARY, CONCLUSIONS, IMPLICATIONS

AND RECOMMENDATIONS

Introduction 

The concluding chapter of the paper presents a summary of the

study and a statement of the conclusions based on the findings in

this research. Implications of these findings and recommendations

for further study are outlined. Finally, limitations of the study

are presented.

Summary 

The major objective for conducting this study focused on

describing the height growth velocity patterns of subjects diagnosed

as Marfans, with particular reference to growth velocity during early

childhood, and demonstrating how these patterns differed from the

pattern of height growth velocity in the normal child. Because early

diagnosis is essential for treatment and proper management of Marfan

cases, emphasis centered on the possibility of determining growth

velocity differences at an early age.

Since recognition of the Marfan syndrome has presented such

a confused picture due to the variety of manifestations, it was also

a purpose of this study to organize the more common symptoms into a

structure providing a readily usable classification of the disorder
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to facilitate more accurate diagnosis. This secondary objective be-

came necessary in order to identify subjects for the study.

As described in Chapter III, pp. 75-76 suspected cases of

Marfan syndrome were classified into four major categories designated

as Possible, Probable, Certain, and Positive. Only individuals with

a Positive Marfan classification were included in this study, and of

these, only those records with measurements listed for at least four

of the first five years were accepted. There were seven cases which

met these criteria.

The data from this study indicate that Marfan cases attain a

length considerably above average during the first few months of life.

Regardless of birth length, which may or may not be above average,

all of the subjects in the study had surpassed average length by age

nine months, even the one individual whose birth length was below the

fifth percentile.

These results show clearly that for the Marfan cases studied,

an increase in velocity of length growth exceeding that of the average

child occurred during the perinatal and neonatal periods (either

prenatally, postnatally, or both).

In addition, results of this study indicate a difference be-

tween the growth velocity patterns of Marfan boys and Marfan girls,

until approximately three years of age, and also differences between

growth velocity patterns of the Marfan subjects and average children.

After birth, all of the length and height recordings for all

of the Marfan subjects were above average for the entire period of the

study. Velocity of height growth was also primarily above average for
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the Marfan girls throughout the study, while that for the Marfan boys

appeared to be slightly below average until age three, after which

the height growth velocity for the boys, too, was primarily above

average.

More contrast became evident in weight recordings and the

patterns of weight growth velocity. Between the ages of three months

and three years, nearly all the weights recorded for the Marfan boys

were below average, while nearly all of those recorded for the Marfan

girls were above average. After age three, weights recorded for the

Marfan boys were predominantly above average, while those for the

Marfan girls varied both above and below average. From birth until

nine months, weight growth velocities for the Marfan boys were all

below average while those for the Marfan girls were all above average.

After that, velocities of weight growth for both Marfan boys and

Marfan girls varied above and below average, the pattern tending to

be predominantly above.

Although height and weight growth in normal children does not

progress at a steady pace, but rather is evidenced in spurts of growth

followed by more quiescent periods, the growth velocities in height

and weight tend to correspond for a given period, producing a pro-

portional increase in size as the child grows.

Thus assessment of height growth velocity necessitates con-

sideration of the concomitant weight growth velocity as an aid in

identifying abnormal growth situations. A child may be abnormally

large in both height and weight, and these situations merit attention,

but are not uncommon. However, when an entire group, such as the boys
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in the present study, demonstrate heights above average and weights

primarily below average for the period from three months to three

years, the resulting pattern suggests a unique variation from normal.

Thus consideration of growth velocity patterns in both height

and weight provide an additional assessment tool for evaluation of

growth which would not be possible in considering either dimension

alone.

Conclusions 

Because of the limited sample, it is recognized that no

statistical significance can be attached to the results-of this study.

However, the findings suggest the possibility that major differences

do exist between the patterns of growth velocity demonstrated by

Marfan children and those of average children, and also between the

growth velocity patterns of Marfan boys and Marfan girls. Results of

this study also suggest that these differences can be detected early

in life, probably before nine months of age.

Implications and Recommendations 

Implications and recommendations related to this study involve

the areas of diagnosis, screening, and prevention, and recommendations

for further study.

Diagnosis, Screening, and Prevention

Early diagnosis is essential for treatment and proper manage-

ment of Marfan syndrome. Since Marfans appear to progress beyond
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average length during the first few months of life, the importance of

early screening of all infants to detect unusual growth patterns

needs to be emphasized. Length measurement is a simple painless pro-

cedure that can be accomplished with a minimum investment of time,

equipment, and training. Parents, nurses, physicians, child develop-

ment specialists, day care workers, teachers and others who work with

children should be informed of the importance of including length and

height measurements at regular intervals in the records of all the

children with whom they come in contact. When possible, weights

should also be included. Complete and accurate height records could

assist greatly in early identification of conditions such as Marfan

syndrome.

Lengths and heights which are above average should be reported

to a medical or nursing pediatric specialist, who can then observe the

child for the possibility of further involvement. Medical evaluation

should include ophthalmologic examination with a slit-lamp for de-

tection of lens dislocation; echocardiographic study of the heart

valves and aorta; family history and pedigree with genetic studies

as indicated for follow-up of other affected family members; and

regular orthopedic assessment for detection and correction of de-

veloping skeletal problems such as scoliosis.

After the initial examinations and history, evaluations can

be short and simple, if no symptoms have developed, but regular super-

vision is extremely important for the early detection of such compli-

cations as scoliosis, pulmonary problems, hernia, dislocated lenses,

and cardiovascular involvement. In addition, observation can be made
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for presence of other characteristics not yet identified with Marfan

syndrome, for further study of the condition in its developing

stages, and for differential diagnoses to insure the most accurate

treatment and care possible. It is hoped improved methods of treat-

ment can also be discovered.

Marfan syndrome represents a long-term condition involving a

variety of possible minor and major complications. Much teaching

needs to be done so the patient can be knowledgeable about his own

condition, and participate in the treatment program. Genetic coun-

seling is advised for adult patients as well.

As families, teachers, and friends become more informed about

the condition, they too, can provide greater understanding and better

support to the patients who suffer in a variety of ways from this

many-faceted malady. Thus an educational program should fom a part

of any plan for screening and diagnosis of Marfan patients.

Good screening programs for early detection cannot prevent

the occurrence of Marfan syndrome nor offer a cure. They do reduce

crippling, blindness, and the effects of such complications as

scoliosis, which if not diagnosed early can result in much unnecessary

expense and suffering later. In addition, careful observation and

supervision of Marfan patients can contribute information to research

efforts, which offer the primary opportunity for discovering more

effective treatment in the future.
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Implications and  Recommendations 
for Further Research 

Findings in this study suggest that a difference exists be-

tween the growth velocity patterns of Marfan girls and boys, and that

Marfan boys differ more from the average than do the girls.

One prominent feature of the differences in growth rates be-

tween the Marfan subjects and average children was the increased

velocity of growth evidenced either prior to birth or within a few

months following birth in the Marfan group.

Measurements showed that three of the four Marfan boys were

above average in both weight and length at birth, while two of the

three Marfan girls were below average in length and one was below aver-

age in weight at the time of birth. This would suggest that growth

velocity in the Marfan boys was accelerated prior to birth while that

of the Marfan girls tended to accelerate following birth.

Another noticeable difference in the growth patterns of the

Marfan girls and boys was the consistency of below average weight,

and a reduced velocity of height and weight growth for the Marfan boys

between three months and three years of age, as contrasted to the

girls who maintained weights above average and above average growth

velocities in height and weight during the first year following birth

(Table 2, p. 134).

Since Marfan men in general die at a younger age than do Marfan

women (McKusick, 1972), the question arises as to the possibility of a

relationship between the differences in growth patterns between the
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Marfan boys and girls and prognosis of the cardiovascular complica-

tions largely responsible for the early deaths.

Could there be a relationship between growth velocity patterns

and early death typical of the Marfan syndrome? If such a relation-

ship exists, do the cardiovascular complications result from the rapid

growth process? Does pumping blood to an excessively long body place

extra stress on defective cardiac tissues?

Or could the same factor which is responsible for excessive

growth velocity also be responsible for defective cardiovascular

tissue which results in early aortic deterioration? Might defective

regulatory mechanisms during embryogenesis be instrumental in pro-

ducing such results? And if so, what is the nature of such factors?

These and similar questions arise when one considers a possible

relationship between the growth velocity pattern of the Marfan boys and

prognosis of early cardiovascular complications.

Does a relationship exist between an accelerated growth veloc-

ity early in life especially prior to birth and cardiovascular defects

leading to early death?

This possibility occurred to the researcher when reviewing

cases ruled out as non-Marfans. Among those cases initially suggested

for consideration as possible Marfans were some demonstrating unusual

patterns of growth.

A brief sketch follows for each of three individuals ruled out

of the study because typical Marfan characteristics were not present.

K.B. Birth: 24 inches; 8 lb. 8 oz.
Adult: 75 inches; 184 lb. Heart murmur.
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T.E. Birth: 22 inches; 9 lb. "Grew an inch per month during
infancy."

Adult: 72-3/4 inches; 142 lb. Heart murmur.

J.C. Birth: 24 inches; 8 lb-. 14 oz.	 "Grew rapidly 'till two

or three."
Age 15-2, 63-1/2 inches; 78 lb. Death at age 15-2 of

aneurysm of the ascending aorta.

These individuals attracted the researcher's attention because

of their size at birth, indicating increased growth velocity prior to

birth. In addition, comments made by mothers of two indicated continued

increased velocity of height growth during early life and subsequent

measurements indicated a disproportionate height weight relationship

later in life. Heart murmurs had been noted in the first two, while

the third one had died at age 15-2 of aortic aneurysm, although he

had grown to a total height of only 63-1/2 inches indicating a slower

growth rate later in life. No mention was made of the type of heart

murmurs heard in the first two patients.

These facts seem to suggest a possible relationship between

increased growth velocity early in life, especially one resulting in

an asthenic habitus, and the presence of cardiovascular involvement.

The researcher recognizes that these are examples that happened to

be noticed, because of their unusual birth measurement, and further

study would need to be done before any conclusions could be drawn

regarding them.

Immediately the question arises, however, as to the growth

velocity pattern during early life for those individuals who manifest

characteristics of Marfan syndrome other than the cardiovascular in-

volvement.
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In the original classification of Marfan patients, the group

identified as Certain were those manifesting dislocated lenses and

skeletal defects, but no cardiovascular problems had been recorded

for them. This group included eight kindreds. In reviewing reports

from the more recent echocardiograph study, however, it became

apparent from these results that only one of the kindreds examined

was actually free of typical cardiovascular involvement although dis-

located lenses and arachnodactyly were present. Height records for the

three affected members of that kindred were extremely limited. They

were as follows:

L.H.:	 Adult: 71 inches; 183 lb.

D.J.H.: Birth:	 18 inches; 6 lb. 8 oz.
Six weeks: 21 inches; 8 lb. 4 oz.
Age 5-2: 44 inches; 42 lb.

D.M.H.: Birth: 19 inches; 6 lb. 13-1/2 oz.

Age 7-3: 48-1/2 inches; 48 lb.

While the father was rather tall and thin, measurements on the

children were not at all indicative of an unusual pattern of growth

velocity. Again the question arises as to whether or not the absence

of increased growth velocity at an early age is related to the absence

of cardiovascular involvement when other manifestations of Marfan

syndrome are present.

It is recognized that this family represents only one example

and the recorded measurements are extremely limited. Nevertheless it

was the only kindred of those considered who demonstrated typical

Marfan characteristics but for whom absolutely no evidence of cardiac

involvement could be found.
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From this limited number of cases no conclusions can be drawn.

However, these facts suggest the need for further study to determine

whether or not any relationship exists between patterns of growth

velocity in early life and cardiovascular defects, particularly

those involving the aorta.

A primary objective of this study was to focus on differences

in patterns of growth velocity during early life between Marfan sub-

jects and normal individuals. A related question might very well

focus on whether or not the pattern of growth velocity demonstrated

by Marfans in early life may also be related to typical cardio-

vascular problems independent of a Marfan diagnosis. It is suggested

that further study should be conducted in this area.

Early onset of increased growth velocity appeared to be an-

other difference between the growth velocity patterns of Marfan boys

and girls. Recognizing the variety of factors in prenatal environ-

ment which can influence the manifestation of genetically inherited

characteristics and embryological development, it is recommended that

study should be given to the possible influences of prenatal factors

on the expression and penetration of Marfan characteristics.

Much discussion today centers on the relationship between

weight and longevity. However, this researcher has been unable to

locate studies which focus on the relationship of height and longevity,

although excessive height growth and asthenic habitus have long been

recognized as typical manifestation of Marfan syndrome, and Marfan

patients die at a young age resulting from cardiovascular problems,

especially of the aorta. For these reasons it is also suggested that
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further study should be conducted on the relationship of height growth

and longevity.

Appreciation of the problems associated with identification of

the basic defect responsible for the Marfan syndrome underlies any

serious effort to conduct studies related to this condition. Deter-

mination of the basic defect therefore remains a fundamental ob-

jective for Marfan research and should represent a major endeavor in

the field.

With reference to the literature reviewed for this study, other

questions have arisen relating to the subjects involved while conduct-

ing this research.

Transmission of Marfan syndrome according to an autosomal

dominant mode of inheritance is quite generally accepted. Yet family

histories taken during this study suggest other possibilities, and

certainly some questions.

When parents who exhibit no manifestation of Marfan syndrome

give birth to a child demonstrating all the major features, it can be

generally assumed that the case represents a mutation when the mode

of inheritance is autosomal dominant. Yet if exploration of the family

history reveals an aunt who had long fingers and wore glasses, a

great aunt who was tall and thin, had long fingers and wore glasses,

and a great-grandfather who had heart problems, a question arises as

to the relationship of these factors. No conclusions can be drawn in

the absence of a diagnosis of dislocated lenses or the specific type

of heart problems. But in repeated instances information given in

different pedigrees certainly posed some interesting questions with
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reference to mode of inheritance of Marfan characteristics. Further

research in the area of genetic transmission could be helpful in

providing more basic information on which to base genetic counselling

to Marfan families.

In addition to these general recommendations given, a number

of specific suggestions related to this particular study can be

considered.

Further investigation should be conducted in a number of

areas. Additional efforts to locate family members not already con-

tacted including persons out of state; efforts to obtain more complete

information on some individuals where reports were inconclusive, such

as "tall, thin, wears glasses"; continued' contact with those families

who have growing children to obtain measurements at regular inter-

vals; further investigation of those families where characteristics

are reported as manifested on both sides of a family, but immediate

parents of the patient appear unaffected; a review of recent findings

and reclassification of kindreds and individuals appropriately,

according to the additional information; identification of those

individuals from one kindred whose last names correspond to last

names of individuals reported in a different kindred in order to

clarify possible interrelationships; design of a regular follow-up

program for individuals identified as Marfans.

Additional research problems should also be considered, with

reference to the Marfan population identified for this study. Examples

follow.
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Relationship of parental age at birth of child to manifes-

tation of Marfan characteristics.

Relationship of measurement at birth and growth velocity

patterns to incidence of cardiovascular complications.

Relationship between height and longevity.

Incidence and onset of related secondary characteristics such

as pulmonary problems, hernia, nodes, vital capacity, etc.

Development of a counselling program to assist Marfan patients

in meeting the variety of physical and psychological problems associ-

ated with the condition.

Further study of the differences in height growth velocity of

the Marfan subjects during early life as compared to the average

child, and the differences between growth velocities of Marfan boys

and girls. Studies should include additional pertinent measurements

such as upper segment-lower segment ratio, span-height ratio, meta-

carpal index. With continued effort, eventually it should be possible

to obtain sufficient data for statistical analyses of the results,

thus permitting more general application of the findings.

Further investigation including studies of other regions so

that comparisons can be made between different geographical areas.

Marfan syndrome is a heritable disorder of connective tissue

affecting many body systems in a variety of ways, but characterized

primarily by skeletal defects such as arachnodactyly, dislocation of.

the lenses, and cardiovascular defects, especially involving the aorta.

Not only does it cause early death, frequently producing heartache and
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disrupting families in the prime of life, but it also cripples, causing

suffering to the patient, often throughout the major portion of the

life span.

Early diagnosis is essential for treatment and proper manage-

ment of the condition. Yet because of its diverse manifestations,

diagnosis proves extremely complicated. Any measures that contribute

to earlier detection and treatment can also aid in the prevention of

crippling and blindness, in addition to providing opportunity for

further study of the disorder.

Results of this study suggest that differences in patterns of

height growth velocity between the Marfan subject and the normal child

can be detected early in life, possibly within a few months of birth.

Also it appears that differences exist between the height and weight

growth velocity pattern of Marfan boys as compared with Marfan girls.

Use of this information can contribute to earlier diagnosis and better

management of the disorder and its complications. Length and height

measurements are simple procedures which can be readily done, and in-

volve a minimum of investment in time, training, and material.

Parents, nurses, doctors, child care specialists, day care

workers, teachers, and all others who work with children need to be

informed regarding the importance of including length and height

measurements regularly in every child's record.

Incorporating length and height measurements into the record

of every child on a regular basis will contribute to early diagnosis

and improved management of the disorder.
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Research in numerous areas related to Marfan syndrome needs

to be conducted, with special emphasis on problems such as identi-

fication of the basic defect; prenatal factors which may influence

genetic expression; relationships between development of the primary

characteristics such as body length, velocity of growth, and cardio-

vascular defects; and methods of treatment. Further research offers

the only avenue for better understanding and treatment of the problems

associated with Marfan syndrome, hopefully to reduce the large amount

of suffering and heartache which it now causes.

Limitations of the Study

Design 

Because of the nature of information sought, an ex post facto

study was the only type which could provide the needed data at this

time. Variations occurred with respect to ages at which measurements

were taken. Also, measurements used were taken by a variety of dif-

ferent examiners. This reduces the reliability of the data obtained.

Sample 

The sample was small in size, due partially to the limited

nature of the condition being studied, partly to the selective process

used to assure that those included were indeed positively diagnosed

Marfans, and partly to the limited number of recorded measurements on

the Marfan victims identified. A geographical limitation of the

State of Oregon was voluntarily imposed due to limited financial and
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time resources. Generalization of the results without further con-

firming study should be guarded.

Instruments 

Measurement tools consisted of whatever means had been util-

ized to determine length or height and weight, by the person taking

the measurement. In an ex post facto study such as this there was no

opportunity to control instruments in order to improve reliability.

Measurements were accepted as recorded, recognizing that while taking

such measurement is a simple procedure, variations resulting from use

of numerous different tools would be inevitable.

Entries in medical records are made by numbers of different

persons whose focus of interest might be quite different from that

of the researcher. An incorrect assessment during an eye examination

by one not experienced in diagnosing dislocated lenses, or absence of

critical data, such as a record containing no comment on skeletal

evaluation, could contribute to incorrect classification of a Marfan

individual or even a kindred. It is recognized that such errors were

a possibility. Nevertheless medical records provided the best assess-

ment of Marfan characteristics available, and they were accepted as

accurate.

Uncontrolled Variables 

Subjects for this study came from numerous backgrounds and

different races. No effort whatever was made to control variables;
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thus selection was made without reference to any factors other than

the one condition of study--a childhood record of height and weight

taken on an individual who met the criteria for positive diagnosis

of Marfan syndrome.
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APPENDIX A

LIFE SKETCH OF A. -B. MARFAN

Marfan syndrome was named for Professor Antonin Bernard Jean

Marfan (1858-1942), an eminent French pediatrician known for his

conscientious dedication to saving the lives of children. He was

born in Castelnaudary, June 23, 1858, the son of a provincial doctor

who discouraged him from taking the hard life of medicine as a pro-

fession. However, he was filled with a deep longing to practice

medicine, and eventually gained his father's permission to enter

Toulouse School. Two years later he went to Paris to begin a life

which resulted in not just one, but many, major contributions to

the world of medicine.

He was the first occupant of a chair of infantile hygiene at

the Acadêmie de Mèdecine, a post which he held until his retirement

in 1928. He served as physician to the well-known H8pital des Enfants

Malades. In 1920 his department was transferred to the Hospice des

Enfants-Assistês, where he created a center of learning for students

of pediatrics from the entire world.

When he assumed direction of the Enfants-Assistês hospital

the mortality rate had reached fifty per cent. He instituted radical

reformations, one being the use of mothers' milk put in bottles and

fed by nurse-aids who held the babies. By 1927 the mortality rate

had fallen to fourteen per cent, and it was down to seven per cent

by 1931.
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Marfan is recognized as an authority in numerous areas of

childhood illness, publishing copiously throughout his lifetime. His

treatise on lactation went through four revisions and is regarded as

a classic. Besides being founder and editor of the quarterly journal

Le Nourrisson, he was co-editor of the System of Medicine, and of the

Treatise of Children's Diseases. He was also a lover of art and

literature, and wrote outstanding biographies in addition to his

medical papers.

In addition to his medical work for children, Marfan spent

much effort on the social side of pediatrics. Because of his coun-

seling the Antony center was created for abandoned children. He

also organized an infant consultation service as a result of his deep

concern for the education of mothers, even printing instructional

material for them at his own expense. During his later years his

friends knew him to abstain from certain things for himself so as to

be able to increase his donation to the work he loved so much. At

his death what fortune he had accumulated was willed to the "Grander

work;" thus even after his death he continued to save many children.

Although a lover of children, he never had any of his own.

Professor A. -B. J. Marfan was loved as a teacher, respected

as a colleague, revered as a researcher, and admired as an adminis-

trator.

Considering the difficulty still encountered in diagnosis of

the syndrome which bears his name, one of his favorite mottoes seems

especially relevant: "In medicine one must always begin with the
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observation of the patient, and must always return to him as a supreme

means of verification. Observing with method and care, without

neglecting any exploratory procedure, utilizing everything that

physics, chemistry, bacteriology, and experimentation have to offer,

one must confront the observed facts during life and the lesions

removed during autopsy" (Armand-Delillie, 1942, p. 302).
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APPENDIX B

DETAILED DESCRIPTION OF COMPONENTS OF

CONNECTIVE TISSUE

Collagen 

Collagen, meaning "glue-former" (Schubert & Hamerman, 1968,

p. 5), is the most abundant protein found in mammals. It represents

approximately 30% of the total protein of the human body, and forms

the major fibrous element of skin, bone, tendon, cartilage, and

teeth. Besides its structural role in mature tissue, it serves a

directive role in developing tissue as well. The most distinctive

property of collagen is its formation of insoluble fibers with a

high tensile strength, a tensile strength approaching that of steel

wire (Orten & Neuhaus, 1975; Steiner, 1968; Stryer, 1975). Conn

and Stumpf (1966) describe the structure as follows:

Collagen consists of parallel bundles of individual

linear fibrils, highly insoluble in water, and having a
rather unusual amino acid composition, of which 30 per cent
is glycine and another 25 per cent proline and hydroxyproline.

Each linear fibril is a cable of three polypeptide chains,
each chain twisted into a left handed helix and the three
chains wrapped around each other to form an extremely strong
right handed super helix rigidly held together by inter-chain
hydrogen bonds (p. 90).

Collagen is formed by fibroblasts embedded in the connective

tissue. Because of its insolubility, efforts to study its compo-

sition met with little success until it was discovered that the

absence of covalent crosslinking in immature collagen allowed for

study of its basic structure, and thus its chemical character could

be identified (Stryer, 1975).
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The polypeptide chains forming the collagen fibrils are not

synthesized in their final form within the fibroblasts, but are pro-

duced in a stepwise process from precursor subunits, known as pro-

collagen, which are synthesized by the fibroblast cells and secreted

into the extra-cellular space of connective tissues (Stryer, 1975).

These large precursor procollagen subunits are cleaved into sections

by a specific enzyme and rearrangement occurs, forming the units in-

to polypeptide chains, each in a left-handed helical conformation

(Orten & Neuhaus, 1975; Stryer, 1975). Such helices "have their

amide and carboxyl groups extending perpendicular to the polypeptide

chains, so that two of every three such groups may participate in

interchain hydrogen bonding" (Orten & Neuhaus, 1975, p. 654). The

three helices then wind together in a right-handed super-helix coil,

the structure apparently being held together primarily by the inter-

chain hydrogen bonds. The composition of the polypeptide chains

varies with the different types of connective tissue. This soluble

subunit of collagen fiber consisting of the three tightly inter-

twined polypeptide chains is called tropocollagen and forms a very

large rod-like molecule, the longest known protein (See illustration

in Appendix C-1). Defects in the process converting precursor

procollagen chains into tropocollagen molecules can lead to general-

ized disorders of connective tissue (Orten &. Neuhaus, 1975;

Stryer, 1975).

As the tropocollagen molecules then become arranged in stag-

gered rows, gaps are left at ordered intervals. These gaps are

believed to play a role in bone formation, possibly forming the
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nucleation sites for deposit ref crystals for the mineral phase of

bone (Stryer, 1975).

Collagen fibers become stabilized by the formation of co-

valent cross-linking bonds. In tissue, newly formed tropocollagen

can be readily extracted because little or no cross-linking has

occurred, while aging collagen becomes increasingly cross-linked,

and no longer is readily extractable. It is believed by some that

conversion of soluble tropocollagen to insoluble fibrils is at

least a partially reversible process until the fibers have aged or

dried. Once fibrils have formed, the aging process in living animals

is believed to occur rapidly, although how rapidly it occurs is not

known, and differences have been found between species and even be-

tween different parts of the same animal (Schubert & Hamerman,

1968). A progressive cross-linking process is regarded as the pri-

mary irreversible element contributing to the stability of the fibrils

(Schubert & Hamerman, 1968). Cross-linking appears to occur in a

number of ways, and includes both intra-molecular cross-links, and

inter-molecular cross-links. (See illustration in Appendix C-2.)

Widespread tissue damage results when maturing of normal

collagen fibers is interfered with. Failure of the additional cross-

linking, which normally occurs during the aging of new fibrils, is

believed to result in a weakly bonded structure which subsequently

deteriorates more rapidly under stress that normal tissues would be

able to withstand. This failure itself could be due to a previous

defect preventing the incorporation at an earlier stage of
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biosynthesis of some critical element or group that should later take

part in the normal cross-linking process (Schubert & Hamerman, 1968).

Cooperative action of many factors determines the kind of cross-

linkingbond that is formed. Thus interference with cross-linking may

result in a variety of disorders, and the effort to determine the

cause of one specific problem related to collagen formation becomes

extremely complicated.

For example, the stability of the helical form of a single

strand of tropocollagen depends on the locking effect of proline and

hydroxyproline residues. Neither hydroxyproline nor hydroxylysine is

found in the tropocollagen, nor is it incorporated directly. Instead,

the hydroxylation of proline and lysine occurs on the growing poly-

peptide chain. Praline or lysine hydroxylase, ascorbic acid, ferrous

iron, and molecular oxygen are among the requirements necessary for

hydroxylation to take place (Orten & Neuhaus, 1975; Stryer, 1975)

,Further study is needed to delineate the effects resulting

from deficiencies of the various components essential to the formation

of strong mature collagen.

In vitro studies suggest that a collagen-like protein con-

taining little hydroxyproline may be formed in response to ascorbic

acid deficiency or when hydroxylation is impaired because of lack of

oxygen. This low hydroxyproline molecule may be responsible for

structural changes observed in conditions such as scorbutic tissue

(Pike & Brown, 1967).

A variety of structural defects appears to be related to

deficiencies of trace elements. Copper deficiency in cytochrome
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oxidase activity in animals results in structural defects of and

pathologic lesions in the vascular system, brain, and nervous tissue.

Decreased monoamine oxidase activity in the aorta, cartilage, tendons,

and skin has been found. Some investigators conclude that copper is

essential for the cross-linking of collagen. The abnormality of

cardiovascular pathology and aneurysms found in copper deficiency

can be reasonably explained as a deficiency of lysyl oxidase.

Copper also plays a role in the absorption and utilization of iron,

which is essential to hydroxylation (Orten & Neuhaus, 1975).

Manganese deficiencies of dietary origin have not beenob-

served in humans, but a variety of problems have been developed in

animals fed a manganese deficient diet. Manganese is required by

several important enzymes and is essential for growth (Orten & Neu-

haus, 1975; Pike & Brown, 1967).

Zinc is considered an essential element as it is, a constituent

of several important enzymes, including the alcohol dehydrogenases

which occur in the eye (Orten & Neuhaus, 1975). Zinc deficiency

can result in stunted growth. Zinc is believed to play an important

role in protein biosynthesis and utilization, and in recent years

has been included in the recommended dietary allowances (Hurley,

1968).

Prenatal development is influenced by dietary imbalance of the

mother. It has been shown that pregnant rats are extremely sensitive

to a diet deficient in zinc, even for a short period during pregnancy,

and a variety of skeletal and other malformations of the fetus occur.
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Congenital malformations have also been produced in a number

of animals by a prenatal diet deficient in manganese, particularly

evidenced in disturbances of bone formation due to faulty cartilage

or bone matrix formation, resulting from impaired synthesis of acid

mucopolysaccharides (Hurley, 1968). In contrast, deficiency of

Retinal (Vitamin A) in animals may retard endochondral bone formation

(that developed within the cartilage), while matrix (osteoid) for-

mation continues (Orten & Neuhaus, 1975).

Experiments with animals have demonstrated that the mani-

festations of genetic patterning can be altered by environmental

manipulation, of which diet is one example. Not only is it possible

to prevent expression of a mutant gene, on the one hand, but changes

in the environment can, on the other hand, mimic or phenocopy the

effects of other mutant genes in prenatal development (Hurley, 1968).

The mechanisms by which these influences occur are now under study.

Since Marfan syndrome is a hereditary condition and many of the

symptoms resemble those produced experimentally, the possibility of

prenatal environment as a factor in the development of Marfan

characteristics cannot be ignored.

Symptoms resembling those evidenced in Marfan syndrome have

also been produced experimentally in growing animals under a variety

of conditions.

Dissecting aneurysm of the aorta has been observed in turkeys

fed rations to rapidly increase rate of growth and weight. Males in

particular were affected (McSherry, Ferguson, & Ballantyne, 1954).
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Rupture did not occur unless the rations fed were high in both protein

and fat, although all birds receiving the toxic agent were affected to

some degree with characteristic changes of dissecting aneurysm, and

much more so if stilbestrol pellets were given in addition (Pritchard,

Henderson, & Beall, 1958).

The fact that this disease occurs in the fastest growing
males during a period when growth is most rapid suggests the
possibility that it is caused by a deficiency of an essential

nutrient which occurs when the requirement for the nutrient is
greatly increased by an excessive rate of growth or, perhaps,

an overabundance of fat to be metabolized (Pritchard, Henderson,

&	 Beall, 1958, p. 704).

Dissecting aneurysm of the aorta seems thus to be related not

only to abnormal growth patterns, but to dietary intake as well,

although the mechanism for this relationship is not understood. The

question arises as to how these factors might be related to the

hydrogen bonding and cross-linking of collagen. The authors suggested

that an inherent vascular defect in turkeys might be a predisposing

factor, which again suggests the combination of genetic and environ-

mental factors in producing some symptoms of the Marfan syndrome.

Pregnancy is another factor which is known to be predisposing

to dissection of the aorta (Sutinen & Piironinen, 1971).

Formation, maturation, and stability of collagen fibers is not

only interfered with by absence or reduction of essential component

elements or groups, but is subject also to other influences.

One distinctive property of collagen is the abrupt contraction

which occurs upon heating to a critical region of temperature, with

a range that is very narrow. "Heating results in splitting into the

constituent polypeptide chains, and a collapse of the helical structure.
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The physical properties of the protein revert to those expected for

a system of unorganized random coils" (Steiner, 1968, p. 336). Struc-

tural transition resembles the melting of a crystal (Stryer, 1975).

This results in a gelatin. The shrunken fibers have greatly altered

mechanical properties, including reduced tensile strength and rubber-

like elasticity (Steiner, 1968). Collagens from different species

are affected at different temperatures, the differences in tempera-

tures correlating with the body temperature of the species. Structural

stability of the collagen fiber is also affected by other changes in

the physical environment (Stryer, 1975).

Collagen molecules, although generally resistive to enzyme

attack, can be quickly destroyed by action of a collagenase, an enzyme

Which cleaves the peptide bonds of collagen. Involution of the uterus

represents one example of this reaction. Another familiar example is

the resorption of the tadpole tail fin during metamorphosis of the

frog. The tail fin, which is opaque fibrous collagen, rapidly

develops clear zones as the enzymes cleave the tropocollagen chains

in a very specifically controlled process (Stryer, 1975).

Collagen fibrils may be regenerated by chemical process, and

fibrils with somewhat different properties can be obtained by alter-

ing the conditions of the re-formation. Thus the characteristic •

spacing of mature collagen fibers can be changed so no end-to-end

association of tropocollagen units occurs, or fibrils completely devoid

of regular periodicity may be formed (Steiner, 1968). Since the

characteristic spacing of tropocollagen molecules is believed to form
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the foundation for crystal deposits in bone formation (Stryer, 1975),

the question arises as to whether or not alteration in the structuring

of collagen fibrils may be responsible for some unusual characteristics

of bone structure. This could represent an important factor related

to Marfan syndrome, since skeletal abnormalities are characteristic

of the condition.

Any mechanism which interferes with the cross-linking process

of collagen, can result in defective connective tissue and widespread

tissue damage, since collagen is so widespread throughout the body.

Study of the role that collagen structure plays in the development

of Marfan syndrome characteristics has barely begun.

Reticulin 

As stated previously, reticulin is believed to represent an

immature form of collagen, so no detailed discussion of this type of

fiber will be made.

Elastin 

Along with collagen and reticulin, the other fibrous component

of connective tissue is elastin, characterized by its high mechanical

strength, and its distinctive elastic properties, the ability to

stretch several times its original length and rapidly return to the

original size and shape. Large amounts of elastin are located in the

walls of blood vessels, especially in the arch of the aorta near the

heart, and in the ligaments (Stryer, 1975).
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Little is known regarding the structure and synthesis of

elastin. In connective tissue subunits are combined to form a fibrous

structure with rubberlike elasticity (Steiner, 1968). It appears

that the fibers consist of two components, one microfibrillar, about

110 A° in diameter, while the other is amorphous (Orten & Neuhaus,

1975).

Elastin is highly cross-linked and quite insoluble, which inter-

feres with its analysis. It is insoluble in all solvents that do not

change its chemical nature, and is not converted to gelatin, as is

collagen.

Production of two amino acid derivatives of elastin, desmosine

and isodesmosine, require several units of lysine in their formation.

These derivatives appear to act as cross-linking agents in elastin,

being capable of linking together two, three, or four polypeptide

chains (Orten & Neuhaus, 1975; Schubert & Hamerman, 1968). The

content of desmosine, isodesmosine, and lysinonorleucine all increase

with maturation of elastin. Formation of desmosine from radioactive

lysine in tissue culture is inhibited by B-aminopropionitrile and by

penicillamine, both of which also prevent the cross-linking of collagen

in vivo, a ,process which is necessary for the production of mature

insoluble fibers (Schubert & Hamerman, 1968).

Oxidative deamination of lysine, an essential step for it to

serve as a precursor for desmosine and isodesmosine, appears to be

catalyzed by an amine oxidase, an enzyme requiring copper (Schubert

&	 Hamerman, 1968). Thus studies done on copper deficient pigs
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aided in isolation of one soluble precursor of elastin (Stryer, 1975).

Orten and Neuhaus (1975) also state that "dissecting aneurysms of the

aorta in copper deficient chicks have been attributed to defective

elastin formation" (p. 545). Regarding elastin, Stryer (1975) comments,

"Detailed information concerning the molecular basis of the function of

this protein is likely to be important for the elucidation of some

cardiovascular diseases in view of the role of elastin in arterial

dynamics" (p. 223).

Further study on the composition and properties of elastin will

be necessary to learn whether or not it relates to the development of

Marfan characteristics, and if so, to what extent.

Ground Substance 

Along with collagen and elastin, the third major component of

connective tissue is the ground substance in which the collagen and

elastin fibrils are located.

Ground substance may be viewed as a modified dialysate of

plasma. The fluid matrix contains glycosaminoglycans or mucopoly-

saccharides. The mucopolysaccharides present are hyaluronic acid

and chondroitin sulfates A, B, and C. The polysaccharides are also

synthesized by the fibroblasts.

Mucopolysaccharides are believed to be complexed with protein

found in the ground substance. Hyaluronic acid is a polysaccharide

that combines loosely with proteins; the nature of the uniting force

is unknown. The chondroitin sulfates are polysaccharide chains com-

bined covalently with a single protein core to produce a total unit
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of large molecular weight. Control of chondroitin formation is exerted

partially by a feedback inhibition of UDP-glucose dehyd.ogenase by

UDP-xylose.

Mucopolysaccharide-protein complexes play numerous roles.

They have a particular ability to bind water, forming gel. Another

function is believed to be development of healthy cartilage and normal

conversion of cartilage to bone, a process in which Vitamin D is in-

volved.

As aging occurs, composition of ground substance changes.

Chondroitin sulfate A predominates in children, whereas in the adult

chondroitan sulfate C is the major component (Orten & Neuhaus, 1975).

Regardless of facial appearances, age can be most accurately identified

by the bones. As Schubert and Hamerman (1968) state, cartilage and

bone are "sites of maximum involvement with aging" (p. 255). They

add, "Loss of polysaccharide from aging or osteoarthritic cartilage

has long been considered the most prominent event, even perhaps the

one initiating degenerative changes" (p. 255). Chronic rheumatoid

arthritis is characterized by disruption of collagenous structures,

which may result from excessive production of the enzyme collagenase,

and could account for the destruction of the collagen (Orten &

Neuhaus, 1975).

Various hypotheses have been suggested regarding the relation

of ground substance or matrix to the process of aging and degeneration.

It is believed by some that the ground substance may be a primary fac-

tor in the degenerative changes leading to death of Marfan victims.
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Bolande (1963) conducted an extensive study of six autopsied

cases of Marfan syndrome to investigate the diseased aortic and

cardiac tissues histologically, histochemically, and ultrastructurally

in an effort to determine the fundamental nature of the disease. Two

basic processes became evident: first, a deposition in the media of

an amorphous metachromatic intercellular substance; this was followed

by disruption and displacement of the elastin by this material. Age

appeared not to be a factor, as children could be severely affected,

while adults could be only mildly so. The extent of deposition of

metachromatic material appeared to be a function of gene expressivity

conditioning the various sites.

Histochemical analysis of the metachromatic substance identi-

fied it largely as chonroitin C, one of the major polysaccharides

found in the aorta and heart valves, rather than hyaluronic acid.

Matalon and Dorfman (1969) isolated intracellular mucopolysaccharides

to determine chemical patterns for various diseases, and noted a

striking increase in hyaluronic acid in Marfan's syndrome. They ob-

served that different patients with the same disorder showed striking

differences in the amount of acid mucopolysaccharides found in their

fibroblasts.

Bolande (1963) noted that some patients have been reported to

show elevation of serum acid mucopolysaccharides and may excrete

large amounts in their urine. Others do not find this to be the

case. Bolande (1963) states, "If storage of chondroitin sulfate C

is the primary lesion, the basic genetic defect may be expressed as an
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abnormality in its metabolism" (p. 1091). With this in mind he draws

attention to the connective tissue cells whose enzymatic functions

are linked to the metabolism of ground substance, the fibroblasts

and perhaps the endothelial cells. He adds:

As in any storage disease, the mechanisms may be an over-
synthesis or faulty degradation of a normal substance, or the
synthesis of a metabolically inert abnormal substance. Which

of these processes are involved is unknown. There is no
histochemical evidence to indicate that we are dealing with
an abnormal substance (p. 1092).

Matalon and Dorfman (1969) also suggested that there was a

defective formation of the protein polysaccharide complex and postu-

lated that the "lack of formation of the completed complex might lead

to an interference with regulatory mechanisms resulting in overpro-

duction of mucopolysaccharides" (p. 840).

The underlying defect responsible for accumulation of mucopoly-

saccharides is not clear, but a number of diseases are associated with

this condition, suggesting that many defects may result from this type

of abnormality.

Ultra-structural studies showed that the collagen fibers in

the autopsied specimens appeared normal, which corresponds with the

concept that the basic defect in Marfan syndrome resides in ground

substance metabolism rather than fibrillogenesis (Bolande, 1963). Not

all authors agree, however, as to the interpretation of the findings

of the histologic studies or the pathogenesis suggested by them.

Greater knowledge of the relationship between changes in the ground

substance of connective tissue and the degenerative process could



contribute to increased understanding of degenerative changes, in-

cluding those characteristics of Marfan syndrome.
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ILLUSTRATIONS OF COLLAGEN TISSUE FORMATION



APPENDIX C-1

MOLECULAR MODEL OF TROPOCOLLAGEN

Assembly of the molecular model of

tropocollagen: (a) and (b) show two
polypeptide chains lying side by side;

(c) and (d) show two alternative ways
of combining three chains to form a
triply stranded structure; (e) shows

the deformation of the triply stranded
structure to form the collagen model.
(From J. Edsall and J. Wyman, Biophysical
Chemistry, Academic Press, New York, 1958.
Used with permission of Academic Press,

New York.)
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APPENDIX C-2

CROSS-LINKING OF COLLAGEN, INTERMOLECULAR

AND INTRAMOLECULAR

185

(Reproduced with permission from McKusick, Victor A.: Heritable

disorders of connective tissue, ed. 4, 1972; copyrighted by

The C. V. Mosby Co., St. Louis; courtesy Karl A. Piez,

Bethesda, Md.).
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APPENDIX D-1

APPROVAL OF THESIS RESEARCH PROJECT BY

OREGON STATE UNIVERSITY

OREGON STATE UNIVERSITY
OFFICE OF THE VICE PRESIDENT FOR
RESEARCH AND GRADUATE STUDIES
Telephone 503 754-3437

CORVALLIS, OREGON 97331

June 21, 1974

MEMORANDUM

TO:	 Professor Marian C. Carlin

FROM: J. Ralph Shay C2'n(42d/

We have approved the Report on Mrs. Aldyth Roberts' thesis research
project "Growth Velocity Measurement in Marfan Syndrome."

The Human Subjects Committee should have an opportunity to review research
projects involving human subjects before the subjects are contacted. Only in
this way can their recommendations be helpful to the investigator and avoid
problems that might arise between the investigator. and the subjects.

We find that most of our recommendations result in better safeguards for
the investigator--a protection that graduate students often need.

rneP

cc: Dr. MacDonald
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APPENDIX D-2

POLICY REGARDING INVESTIGATION INVOLVING HUMAN SUBJECTS
OREGON STATE UNIVERSITY

OREGON STATE UNIVERSITY

Vice President for Research and Graduate Studies 
Corvallis, Oregon 97331 
Telephone 503 754-3437
February 6, 1973 

MEMORANDUM

TO:	 Research Project Principal Investigators

FROM:	 Roy A. Young

SUBJECT: Investigations involving human subjects

An important official policy of the Department of Health, Education and Welfare requires
that all research projects that involve human subjects and which are supported either
directly or indirectly by funds from DREW be formally reviewed by an institutional com-
mittee to insure the protection of the rights and welfare of individuals involved as
research subjects. Each institution receiving DREW funds is required to submit and gain
the approval by DREW of a statement of compliance and guides for implementation of the
policy.

In order to assure protection of OSU students and staff and all other persons who may be
involved, and because we concur in principle with DREW policy and •anticipate adoption of
the same or a similar policy by other Federal granting agencies, OSU has stated in its docu-
ment of compliance that this institution will apply the DREW policy to all research projects
involving human subjects, regardless of the source of funding. The document of compliance
presently responds specifically to directives from DREW and the USDA.

The policy now in force at OSU applies to all research projects, including thesis research
projects, in which there is any possibility that individuals may be exposed to "physical,
psychological, sociological, or other" harm as a consequence of participating as subjects.
The term "subject" applies to "patients; outpatients; donors of organs, tissues and ser-
vices; and normal volunteers, including students who are placed at risk during trai•ing
in medical, psychological, sociological, educational, and other types of activities."
Note that the policy pertains to individuals participating as subiects; the policy does
not pertain explicitly to protection of individuals involved other than as subjects.

Obviously the determination of when and in what projects individuals are exposed to risk
is a matter of common sense and professional judgment. Examples of the diverse types of
procedures and practices of concern are: surgical procedures; administration of drugs
or radiation; requirement of strenuous physical exertion; use of questionnaires, person-
ality inventories, interviews, etc.; and procedures employed in studies of human learn-
ing, social , perception, or group effectiveness. Those projects which involve risk of
physical or psychological injury generally require prior formal consent ("informed con-
sent") of, or on behalf of, participants.

A Committee for the Protection of Human Subjects, with Robert W. Newburgh as Chairman,
has accepted responsibilities and prerogatives of: (a) reviewing all research proposals
involving human subjects prior to submission, when possible, and, in all cases, prior to
project initiation; (b) periodically reviewing each such project after initiation, and
(c) counseling individuals and groups concerning the safeguarding of human subjects.
Hereafter all proposals involving human subjects should be directed to this office for
referral to the CPHS as a routine part of the institutional review process.

To assist the CPHS to develop records on current projects, you are requested to notify
this office on the enclosed form if you are now directing one or more projects involving
human subjects. Copies of the document of compliance are available in each departmental
office and in this office. Copies of The Institutional Guide to DREW Policy on Protec-
tion of Human Subjects have been ordered and will be forwarded to the departments as soon
as they are received from Washington.

TCM:mep
Enclosure
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APPENDIX D-3

BASIC ELEMENTS OF INFORMED CONSENT OF SUBJECTS

OREGON STATE UNIVERSITY

BASIC ELEMENTS OF INFORM) CONSENT

The informed consent of subjects will be obtained by methods that are

adequate end appropriate. Informed consent is the agreement obtained from s

subject, or from his authorized representative, to the subject's participation

in an activity.

The basic elements cf informed consent are:

1. A fair explanation of the procedures to be followed, inciudin", an

identification of these which are experimcntal:

2. A description of the attendant disconforts and risks;

3. A description of the bnefits tc be expected;

4. A disclosure of appropriate alternative p7ocedi..re that woull re

advantageous for the subject;

5. An offer to answer any inquiries concerning the procedures;

6. An instruction that the subject is free to withdrew his crmsent acid

to discontinue partiCipatIon in the project or activity at any time.

In addition, the agreement, written or oral, entered into by the subject,

should include no exculpatory language through which she subject is made to

waive, or to appear to waive, any of his legal rights, or to release the insti-

tution or its agents from liability for negligence.

rep
8/21/73

Taken from: The Institutional Guide to MEW Policy on  Protection of human Su•ecta_.



189

APPENDIX D-4

INITIAL REPORT ON PROJECT INVOLVING HUMAN SUBJECTS
OREGON STATE UNIVERSITY

OREGON STATE UNIVERSITY

INITIAL REPORT ON PROJECT INVOLVING HUMAN SUBJECTS

Principal investigator e_Ag/L22Afjjaj&_ 	
Last Name	 First Name E. Initial

Department  Family Life	 	  Telephone Ext.  -1765 

Project Title	 Growth Velocity Measurement in Marian Syndrome

Present or Proposed Source of Funding	

The Policy on Protection of Human Subjects of the U.S. Department of Health, Education

and Welfare and the policy of this University require that research and other activities

that involve human subjects be initially and continually reviewed by the Committee for the
Protection of Human Subjects. This review is in the interest of the investigators by help-
ing to protect them against possible legal action. Before completing this form, please
consult the memo issued by Vice President Roy A. Young to all principal investigators on
February 6, 1973, the OSU document of compliance with DHEW policy sent to all department
heads on February 6, 1973, and "The Institutional Guide to DHEW Policy on Protection of
Human Subjects," sent to your department on May 11, 1973.

Type of Project:	 Faculty research project	 X Graduate student thesis o.7oect*
' ,ddyth Rouel-ts

Instructional (course) activity	
name	(Student s
	 ; date degree

Other; specify	 	 expected to be conferred  1975  )

Initial
1. A protocol of the proposed activity and procedures is essential. It should

be detailed and specific enough and contain adequate background information
so that reviewers unfamiliar with the field can independently determine the
risks and benefits involved. The activities and procedures involving i.ur:.an
subjects are specified on pages numbered  1,2 of the proposal or report, or
on a separate sheet.

2. The risks to the subjects are specified by their nature, intensity or serious-
ness, and probability of occurrence on pages 2 , or on a separate sheet.

3. The benefits that may be reasonably expected to evolve from the proposed
activity for (a) the subjects, and (b) the advancement of scientific-medical
knowledge are specified on pages 1,2 , or on a separate sheet.

4. The potential benefits believed to ethically justify the risks are discussed
on pages 1,2 , or on a separate sheet.

5. I have included in the submitted material all the information on the project
necessary for complete review; it includes the previous human subjects exper-
ience by myself and others and the animal data, if any, that are relevant for
assessing the risks.

6. If applicable, attach a sample of (1) the questionnaire to be completed by the subject
and (2) the completed form to be used for obtaining the written informed consent of
each subject.

	 Date	 /0 - ./.4/
Principal Investigator/Project Director

*Report should be made by the major professor, whose name should be given on line one.
Return to the Vice President for Research and Graduate Studies.
R-5-73

Signed
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APPENDIX D-4 (Continued)

GROWTH VELOCITY MEASURE1M4T IN •ARFAN SYNDROME

The Marfan Syndrome is a heritable disorder of connective tissue for which the
basic lesion hes not yet been identified, nor have definitive diagnostic criteria
been discovered. Cardinal maniCestatioas are skeletal, ocular and aortic. Death
often occurs suddenly in the prime of life, usually resulting from dissecting
aneurysm of the aorta, sometimes without the patient having been previously diamosed.
Major crippling occurs in many eases, with patients Buffering from blindness,
circulatory problems, and scioliosis, as well as a variety of less com1on symptoms.
At present dia gnosis is hased on the presence of a contellation of findings
associated with family history of the condition. Eccause diagnosis is so difficult,
it is frequently delayed.

Marten victims tend to be unusually tall due to excessive growth of the long bones.
It has been sua:;estad that from birth persons affected with the ?ttrfan Syndrome
probably menifest an abnore,a1 growth velocity. To our knowledge this has not been
verified. It is the purpose of this research to study the growth velocity of
persons diaenosed as garfans to determine whether or not the growth velocity in
the Marfan Syndrome does indeed. differ from nennal, and at what age it can be
discovered. If a significant difference beccmes apparent, this hnowiedge could
contribute not only to a more accurate diagnosis of the disorder, but also to
earlier diagnosis.

Early diagnosis is necessary for adequate management of the condition, such as
the use of eF:ercises and casts to prevent crippling. Treatment for the disorder
is still in the experimental stare. One approach to treatment involves use of
hormones to '.unit then excessive growth of lone bones. Early diagnosis is thus
essential so that treatment can be administered during the growth years. Heece

J. As ..... A
■• ......

Plan for the study includes various aspects for consideration. First, individuals
who. are I.larfans must he located and identified and records obtained to demonstrate
velocity cif growth from birth. Data obtained from these records must then be
compared with growth velocity of the normal population to determine what differences,
if any, do exist. Since many methods and charts are available to illustrate
various aspects of normal growth, a method must be selected which best presents
the comparison in growth velocity between the Marfan and the normal child. If
differences in growth velocity can be demonstrated, which would be helpful in
early diagnosis of Marfan Syndrome, an effort should be made to acquaint the medical
community with the significance of this difference and a means suggested for its
assessment.

The first part of this study centered on locating and identifying individuals who
are victims of Marian Syndrome. Cri ppled Children's Division and Medical School
Hospital records have been screened. The record librarian at the University of
Oregon Medical School provided a list of persons who had been admitted with a,
diagnosis assigned the 759.S number, which includes arfan Syndrome along with
other conditions affecting more than one body system. These charts were requested
and all charts received have been reviewed by Dr. Rodney K. Peals and Aldyth Roberts.
Only those with a bona fide diagnosis of Marfan Syndrome were retained for inclusion
in the study. • To date 3S kindreds with 81 individuals have been identified and
categorized as positively or possibly affected, and information is still being
gathered regarding some individuals to determine in which category to place them.

Charts of the Marfan patients were perused to record measurements indicative of growth
velocity. Included in the recorded measurements were stature (with percentile and
median when given); span; span-hei g ht ratio; weight (with percentile and median when
given); upper segment; lower segment; US/LS ratio; skeletal age. It soon became

apparent, however, that measurements other than height and weight were recorded so
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APPENDIX D-4 (Continued)

. 2

rarely that there would be instfacient data in an ex post facto study such as
this to provide any information as to their relation to growth velocity. To gain
information from measurments other than height and weight would require design
of experimental research on a longitudinal basis where plans could be laid to take
the required measurements at regular intervals. Kmce the conclusion that for
this study height and weight would constitv_t, the measurements used. Recording
heights and weights has proved extremely time consuming, since these data may be
recorded neatly in typed form attire be g inning of a medical record, or they ray be
scribbled into the middle line of a paragraph written hastily by a hurried Imeical
student. Thus to locale even these twe.asurements necessitated scanning literally
every written line in.the chart of each patient diagnosed as a : ,;arfan. To date
all available charts have been reviewed -; a few remain which have not yet been
attainable.

Data thus obtained include only a few charts with complete records of height and
weight from birth. Some charts include no measurements at all. Others are
fairly com.)/te from the time Cie child was first seen. 	 effort is now being
made to supplement these partial records so as to get a rclsonable sample of
records that are quite complete. Parents have been contacted by telephone or
letter and asked to provie any height .-weight records they might have. An
explanation is made regarding the study that is going en and its potential usefulness
in early diannosis. A request is made for permission to obtain records from sen2ols,
pediatricians' offices, or other sources the parent (or patient).mieht sueeest where
such records are Apt to exist. Where indicated, signed "Information release" /;.Inks
are obtained to obtain records from confidential sources. Should apaticat. indicate
he does not wish to he included in the study, that request is honored. To data,
onlytwo such request', has been made. On the contrary, mast patients arc enthusiastic
that Marfan'research is being conducted, and express a desire to participate in any
ie,y possible. This study involves no pain and no unusual risk to the patient.

r--''--	 tr:=4:tls	 ia;,ewal,	 a“,1
use this contact to ask questions and clear up confusions regarding the M.arfan
Syndrome.

Plan for the remainder of this research project includes completing as many as
possible of-the height-weight records of the Marfan victims located. The velocity'
of growth in height for each will be calculated in em. per year for each year from
birth to ten years of age, and heights and weights for each will be plotted on an
Osgood chart. Acceleration in height growth in cm./year will be calculated for
each year, and the mean rate for the Marfan group compared with the mean for the
standard'population . as presented by Tanner, et al. Note will be made as to which
years a significant difference occurs, if it does, and what years demonstrate
greater or lesser differences. Flom the Osgood charts can be determined on an
individual basis how much height and weight Velocity of growth differ from the
normal pattern of an individual of similar weight and length at birth.

If it is demonstrated that height velocity of growth alone differs significantly
from normal in the Marfan patient, then physicians, nurses, and others who work
with growing children can be alerted to watch for these indications during the
early growth period. Hopefully, this will contribute to earlier diagnosis and better
management of Marfan Syndrome victims.



pcte: June 21, 1974

cc: Dr. MacDonald

aep

Signature:
. Ralp'n !Ala

Assistant Dem of Research
Phone: 754-3437
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APPENDIX D-5

APPROVAL OF COMMITTEE FOR PROTECTION OF HUMAN SUBJECTS

OREGON STATE UNIVERSITY

OREGON STATE UNIVERSITY

Committee for Protection of auatan Subjects

Summary of Review

Tar: Growth Velocity Measurement in Marfan Syndrome 

(Aidyth Roberts) Prog7zm Director: Marian C. Carlin

Recct.mendation:

Provisional Approval

Disa•ptoval

No Action  

Remn:ks:
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APPENDIX E-1

GENERAL RECORD SHEET USED TO COLLECT INFORMATION DURING

INITIAL CHART REVIEW

NAME	  	  BIRTH DATE	  RECORD NO. 	

(Last)	 (First)	 (tonth; Day; Year)

TELEPHONE	  SEX U F RACE	  tARITAL STATUS sr-JD

(Circle)	 (Circle)

ADDRESS

	

	  DATE OF INITIAL. VISIT	
(Street, Box No.. eto.)

REFERRED BY	

(City)	 (State).	 (zip)	 (County)	 ADDRESS	

LOCATION (Special directions; family	 TELEPHONE	
identification)

INITIAL CCITLAINT

PRENATAL HISTORY

FAUILY HISTORY
	 PEDIGREE

PAVER

IMTHER

SIBLINGS

OTHERS



APPENDIX E-2

FACE SHEET USED TO RECORD INFORMATION ON INDIVIDUALS

TENTATIVELY DIAGNOSED AS MARFANS

B.D.	 RECORD =TER

(Last)	 (First)
ADDRESS	 AGE	 ALIVE	 YES	 NO

o.4.0	 (77;:Th
SEX	 II F	 AGE AT DEATH

TELEMNE
FATHER'S AGE AT BIRTH	 CAUSE CF DEPTH

PEDIGREE
VOTHER'S AGE AT BIRTH	 ADULT HEIGHT

2o'

X—RAYS

INDICATIONS OF rArtFAi! srpyr.y.E

LENS ADNOIWAL ITY

HEART A BNORMITY

DISPROPCRTION

OTHER

194

DIAGNOSIS	 FAIRLY CERTAIN	 PROBABLE	 QUESTIONABLE	 NOT P.ARFAN
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APPENDIX E-3

MARFAN CHARACTERISTICS RECORD SHEET FOR RECORDING INFORMATION ON
PRESENCE OR ABSENCE OF SPECIFIC MARFAN CHARACTERISTICS

HARFAN'S STUDY 

KINDRED 4:

RD: 	

AGE: 	
	

(Death)
(11-1-73)

lens dislocation	 Y	 N 	 in family 	 Y	 N 

cardiac abnormality Y	 N 	 in family 	 Y 

skeletal abnormality  Y	 N 	 in family 	 Y	 N 

similar affected persons in kindred 	 Y	 N 

NAME:

4:

pectus excavatum Y N

pectus carinatum Y N ?

`.;.r:.:.: 7 :: 1

contractures Y N 7

hammer toe Y N ?

arachnodactyly Y N ?

enlarged sinuses Y N ?

bone age N 7

ACE:

Height:

Span

US/LS :

long narrow head  Y 	 N	 ?

prominent ears	 Y	 N	 7

lulu,. ItmiLl	 I	 i

N ?

N 7

N ?

N ?

myopia	 Y

high palate	 Y

echogram abnormal Y

scoliosis	 Y



APPENDIX E-4

FAMILY HISTORY SHEET--STANDARD FORM FOR RECORDING PEDIGREES,

KINDRED RELATIONSHIPS

LIMIVIAMIT or OCIOON MIDICAL SCHOOL
C HOSPITALS AND CLINICS Del. Id,.	 Fl.

FAMILY HISTORY SHEET
O

Page No.	 Race (Paternal):
2
E Family No.	 (Maternal):

Recorder	 Religion: Unit No.

1.1 Date	 Referring Diagnosis: Nem.

3 E ' Informant lirthd ate
Project Ne.
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0.0 0



APPENDIX E-5

MEASUREMENT RECORD SHEET USED TO COLLECT MEASUREMENT DATA

7):7A
ESTIMTED	 SPAN-	 UE- SU:

DATE	 ACE	 STATURE	 ADULT CE0711! EPP:	 WEIGHT	 U.S. L.S. IS AC:
median IIGT,	 RATE	 RATIO	 median	 RATIO
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APPENDIX E-6

LETTER SENT TO PATIENTS REQUESTING INFORMATION

llfJ SW. Sows Pelme Port R.44 ford,o4Onsero f7101

University of Oregon ilkfical School

CRIPPLED CHILDREN'S DIVISION

CHILD DEVLLOVSIENT ANL) P.EllARILITATiON CENTER

We are conducting a study at the Crippled Children's Divieion, University of
Oregon Medical School in an effort to learn enre about the growth pattern of
persons who show syeptoms or the iLarfal Syedroee. Since this diagnosis has
been suggested in your family, we snoeld appreciate it very much if you could
help us by furnishing acne information we need.

We are attempting to get a record of all hei ghts and weiehls taken at birth
or during childhood on all persona with symptoms of the e:arfan Lyndroee.
Some suggested sources would be birth records from the hoa pital wore the
baby was born, showing weight and length; baby books weere such reasuremonts
have been rritten de n• nereery echnol And nthor school records. Perhaps

you can tninx of oener pieces where such reutwci.

We would appreciate it if you would list on the enclosed form any heights
and weights that you mieht have a record of for youreelf and returo them to
us in the self-addressed envelope which is included with this letter. If you

do not have such records yourself but know wncre we might gat th.2m, would you
kindly include a list of any of these sources, too. Information release foyers
are enclosed for you to sign so that we might obtain then° additional records.

Whatever measurements you can provide or information you can give us will be
very mach appreciated. Also, could you indicate your birth date for verifi-
cation, and the birth dates of your father and mother. Should you know of
additional family members showing symptems of Marfan Syndrome, we should
appreciate learning about them, too, to make the study as complete as possible.

Thank you very much for your assistance. We shall too!: forward to hearing
from you within the next fcw days if possible. If you haee any questions, you
can call me or leave a message at 225-3076 or 225-8350.

Yours sincerely,

RODNEY K. BEALS, M. D.

,t) • -1-	 Iert,tid	 I .

(Yrs.) Aldyth Roberts, R. N.
Enc.

4.cattoro

107...113 S. W. Comet Rnedl

(Wording altered as required to fit individual situations.)
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APPENDIX E-7

PATIENT DATA SHEET ENCLOSED WITH LETTERS SENT TO PATIENTS

BIM DATE
Month; Jay; Lear

ADDK:SS
Street or Box No.	 BIRTH PLACE	

199

Hospital or Other tacility

•	 City Stato	 Zip    
Address of oirth

PHYSICIAN GIVING CARE IURINJ CHILrHGCD:

MAME

TELEPHONE	

BIRTH DATE CF FATHER	    
Month; Day; .car     

BIRTH DATE OF MOTHER

	

	 ADDRESS	
Month; Day;

SCHOOLS ATTEZM:

NAJVX OF SCHCGL:
	 SCHOOL ADGRIS:	 TEARS ATTE:OM:

MFASURIXENTS:

DATE TRICTN: 1471174T	 WEISHT

NAMS AND ADDRESSES OF OTHERS HAVING MARIAN SYNMROMS:



APPENDIX E-8

REQUEST FOR RELEASE OF CONFIDENTIAL INFORMATION

University of Oregon Medical School
Crippled Children's Division

3181 S.W. Sam Jackson Park Road
Portland, Oregon 97201

REQUEST FOR RELEASE OF CONFIDENTIAL INFORMATION

To Whom It May Concern:

I hereby authorize 	

to give any or all information contained in the record of:

Patient's name	

Birthdate 	

Father's name 	

Mother's name 	

Name of Physician
or agency	

Address 	

City and State 	

Date 	 	 Signature of parent, legal guardian, or
patient if of legal age

Witness

(Standard form enclosed with letter or ; presented personally to

obtain permission for data collection.)
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APPENDIX E-9

MARFAN CLASSIFICATION CHECK SHEET

Check Sheet for Classification of Suspected Marfan Cases and Kindreds

CLASSIFICATION OF SUSPECTED MARFAN CASES REFERRED FOR STUDY

Kindred Name
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:111
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°o 
i..0......

0

:
8
U

°I
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U
a

Classification Based*	 Classification
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PERMISSION FOR USE OF CHARTS AND TABLES



4Signed

Position

APPENDIX F-1

PERMISSION FOR USE OF HARVARD GROWTH TABLES

/- 3- 

Date

To Whom It May Concern:

Permission is hereby granted to Aldyth Roberts, of Andrews University,
Berrien Springs, Michigan 49104, for use of the table "Percentiles for
Weight and Length--Birth to Five Years," comoiled by Harold Stuart of
the Department of Maternal and Child Health, Harvard School of Public
Health, in the research on growth velocity in the Marfan syndrome.
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APPENDIX F-2

PERMISSION FOR USE OF IOWA GROWTH TABLES

ivicod,Date 3/ 077
Dat	 -

To Whom It May Concern:

Permission is hereby granted to Aldyth Roberts, of Andrews University,

Berrien Springs, Michigan 49104, for use of the tableTercentiles for

Weight and Height,", comoiled by Dr. Howard V. Meredith, of the Iowa Child

Welfare Research Station, State University of Iowa, and for the

accompanying charts, in the research on growth velocity in the Marfan

syndrome, associated with her dissertation.

Signed  1/4), 
Position h1'ict7 rtt(A?-0,21 IL 
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APPENDIX F-3

PERMISSION FOR USE OF NATIONAL CENTER FOR HEALTH STATISTICS
GROWTH TABLES

Oc!coffic Tect'rAcal
WoPEragno OP8CCI

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

Health Resources Administration
National Center for Health Statistics 	 April 5, 1978

Rockville, Maryland 20857

TO: Aldyth Roberts

FROM: Mary F. Murray
Public Information Specialist

SUBJECT: Request for Permission to Reprint

This is in response to your request of earlier

today to reprint NCHS growth charts for use in

an article. All Center data are in the public

domain and, therefore, not covered by copy-

rights. You may use any of our data in any

way that preserves the original intent. We

ask only that you cite the National Center for

Health Statistics as the source.

We're always glad to know that people are using

our material in their work. Please feel free

to contact us again if we can be of further

assistance.
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APPENDIX F-4

PERMISSION FOR USE OF ROSS LABORATORIES CHARTS

ROSS LABORATORIES COLUMBUS, OHIO 4321S
A [DIVISION OF ABBOTT LABORATORIES

April 17, 1978

Aldyth Roberts, RN, MA
Assistant Professor of Nursing
Andrews University
Berrien Springs, Michigan 49104

Dear Professor Roberts:

We are pleased to grant you permission to reproduce
the Ross Growth Charts based on NCHS data. You may
delete product names, but we ask that you leave
credit to NCHS for the data and the copyright to
Ross Laboratories for the design.

Ross Laboratories is pleased to be of service to
you; please do not hesitate to call on us again
when you need assistance.

Sincerely,

aen:oceL.	 Att-e,rtAdtd

Linda M. Hunter
Biomedical Publications

LMH

625 CLEVELAND AVENUE	 •	 514-228-5281	 •	 TELEX 245 444
RP 090•
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APPENDIX G-1

CALCULATION SHEET TO COMPARE GROWTH VELOCITY IN THE MARFAN WITH
AVERAGE GROWTH VELOCITY DURING EARLY CHILDHOOD

GROWTH VELOCITY IN THE. MARFAN CHILD COMPARED
WITH AVERAGE GROWTH VELOCITY DURING EARLY CHILDHOOD

Age
Months
During
Given
Period

STATURE WEIGHT

Measurement
in Inches

Increment of
Growth

During Given
Period

Difference
in

Increment
of Growth

Measurement
in Pounds.

Increment of
Growth

During Given
Period

Difference
in

Increment
of Growth

Marfan Oerage Marfan Average M	 -	 A Marian Iterage Marfan Average M	 -	 A

BIRTH *9

*Pregnancy term of nine months is assumed.

** Based on Table	 in Appendix6-a.	 Extrapolation
assumption that normal growth is evenly distributed

CASE IDENTIFICATION

calculated as indicated
during each given

based on the
time period.
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APPENDIX G-2

AVERAGE LENGTH-STATURE AND WEIGHT MEASUREMENTS CALCULATED AT

MONTHLY INTERVALS FOR BOYS AND GIRLS, AGES

BIRTH TO TEN YEARS FOUR MONTHS

Average (50th Percentile) Length-Stature and Weight Measurements
Calculated at Monthly Intervals

For Boys and Girls, Ages Birth to Ten Years Plus Four Months

BOYS Age GIRLS BOYS Age GIRLS
in in,

Stature Weight Years Stature Weight Stature l Weight Years Stature Weight
in in and in in in in and in in

Inches Pounds Months Inches Pounds Inches Pounds Months InchesiPounds

BIRTH AGE THREE
19.9	 7.5	 0-0	 19.8	 7.4 37.9	 32.2	 3-0	 37.7	 31.8
21.2	 9.2	 0-1	 21.0	 9.1 38.13	 32.55	 3-1	 37.95	 32.15
22.5	 10.9	 0-2	 22.2	 10.8 38.36	 32.9	 3-2	 38.2	 32.5
23.8	 12.6	 0-3	 23.4	 12.4 38.59	 33.25	 3-3	 38.45	 32.85
24.57	 13.96	 0-4	 24.17	 13.6 38.82	 33.6	 3-4	 38.7	 33.2
25.34	 15.33	 0-5	 24.74	 14.8 39.05	 33.95	 3-5	 38.95	 33.55
26.1	 16.7	 0-6	 25.7	 16.0 39.3	 34.3	 3-6	 39.2	 33.9
26.73	 17.8	 0-7	 26.33	 17.07 39.53	 34.65	 3-7	 39.43	 34.28
27.36	 18.9	 0-8	 26.96	 18.14 39.76	 35.0	 3-8	 -39.66	 34.66
28.0	 20.0	 0-9	 27.6	 19.2 39.99	 35.35	 3-9	 39.89	 35.05
28.53	 20.73	 0-10	 28.13	 19.97 40.22	 35.7	 3-10	 40.12	 35.42
29.06	 21.46	 0-11	 28.66	 20.74 40.45	 36.05	 3-11	 40.35	 35.8

AGE ONE AGE FOUR
29.6	 22.2	 1-0	 29.2	 21.5 40.7	 36.4	 4-0	 40.6	 36.2
30.3	 22.7	 1-1	 29.63	 22.0 40.92	 36.73	 4-1	 40.83	 36.58
30.46	 23.2	 1-2	 30.06	 22.5 41.14	 37.06	 4-2	 41.06	 36.96
30.9	 23.7	 1-3	 30.5	 23.0 41.36	 37.39	 4-3	 41.29	 37.34
31.33	 24.2	 1-4	 30.93	 23.5 41.56	 37.72	 4-4	 41.52	 37.72
31.76	 24.7	 1-5	 31.36	 24.0 41.8	 38.05	 4-5	 41.75	 38.1
32.2	 25.2	 1-6	 31.8	 24.5 42.0	 38.4	 4-6	 42.0	 38.5
32.57	 25.62	 1-7	 32.18	 24.95 42.25	 39.0	 4-7	 42.2	 38.9
32.94	 26.04	 1-8	 32.56	 25.36 42.5	 39.6	 4-8	 42.4	 39.4
33.31	 26.46	 1-9	 32.94	 25.99 42.75	 40.2	 4-9	 42.6	 39.8
33.68	 26.88	 1-10	 33.32	 26.27 43.0	 40.8	 4-10	 42.8	 40.3
34.05	 27.3	 1-11	 33.7	 26.65 43.25	 41.4	 4-11	 43.0	 40.7

AGE TWO AGE FIVE

34.4	 27.7	 2-0	 34.1	 27.1 43.5	 42.0	 5-0	 43.2	 41.2
34.72	 28.08	 2-1	 34.42	 27.52 43.75	 42.6	 5-1	 43.4	 41.6
35.04	 28.46	 2-2	 34.74	 27.94 44.0	 43.2	 5-2	 43.6	 42.1
35.36	 28.84	 2-3	 35.06	 28.36 44.25	 43.8	 5-3	 43.8	 42.5
35.68	 29.22	 2-4	 35.38	 28.78 44.5	 44.4	 5-4	 44.0	 43.0
36.0	 29.6	 2-5	 35.7	 29.2 44.75	 45.0	 5-5	 44.2	 43.5
36.3	 30.0	 2-6	 36.0	 29.6 45.0	 45.6	 5-6	 44.4	 44.0
36.57	 30.37	 2-7	 36.28	 29.97 45.22	 46.05	 5-7	 44.6	 44.42
36.84	 30.74	 2-8	 36.56	 30.34 45.44	 46.5	 5-8	 44.8	 44.84
37.11	 31.11	 2-9	 36.84	 30.71 45.66	 46.85	 5-9	 45.0	 45.26
37.38	 31.48	 2-10	 37.12	 31.08 45.88	 47.4	 5-10	 45.2	 45.68
37.65	 31.85	 2-11	 37.4	 31.45 46.10	 47.85	 5-11	 45.4	 46.1

Continued on next page



APPENDIX G-2 (Continued)

Average (50th Percentile) Length-Stature and Weight Measurements
Calculated at Monthly Intervals

For Boys and Girls, Ages Birth to Ten Years Plus Four Months

Continued from previous page

BOYS Age GIRLS BOYS Age GIRLS
in inI

Stature Weight Years StatureIWeight Stature Weight! Years Stature Weight
in in and in	 I	 in in in	 I	 and in in

Inches Pounds Months InchesIPounds Inches PoundslMonths Inches Pounds

AGE SIX AGE EIGHT Continued
46.3	 48.3	 6-0	 45.6	 46.5 51.74	 61.6	 8-3	 50.89	 59.54
46.52	 48.78	 6-1	 45.82	 46.98 51.92	 62.1	 8-4	 51.06	 60.02
46.74	 49.26	 6-2	 46.04	 47.46 52.1	 62.6	 8-5	 51.22	 60.5
46.96	 49.7	 6-3	 46.26	 47.94 52.3	 63.1	 8-6	 51.4	 61.0
47.18	 50.18	 6-4	 46.48	 48.42 52.47	 63.58	 8-7	 51.55	 61.47
47.4	 50.67	 6-5	 46.7	 48.9 52.64	 64.05	 8-8	 51.70	 61.94
47.6	 51.2	 6-6	 46.9	 49.4 52.81	 64.54	 8-9	 •51.86	 62.41
47.82	 51.68	 6-7	 47.1	 49.87 52.99	 5 8-10	 52.0	 62.88
48.04	 52.16	 6-8	 47.3	 50.34 53.15	 65.5	 8-11	 52.15	 63.35
48.26	 52.64	 6-9	 47.5	 50.81 AGE NINE
48.48	 53.12	 6-10	 47.7	 51.28 53.3	 66.0	 9-0	 52.3	 63.8
48.7	 53.6	 6-11	 47.9	 51.75 53.47	 66.5	 9-1	 52.5	 64.35

AGE SEVEN 53.64	 67.0	 9-2	 52.7	 64.9
48.9	 54.1	 7-0	 48.1	 52.2 53.81	 67.5	 9-3	 52.9	 65.45
49.06	 54.6	 7-1	 48.3	 52.7 53.98	 68.0	 9-4	 53.1	 66.0
49.24	 55.1	 7-2	 48.5	 53.2 54.15	 68.5	 9-5	 53.3	 66.55
49.42	 55.6	 7-3	 48.7	 53.7 54.3	 69.0	 9-6	 53.5	 67.1
49.6	 56.1	 7-4	 48.9	 54.2 54.45	 69.48	 9-7	 53.68	 67.63
49.78	 56.6	 7-5	 49.1	 54.7 54.6	 69.96	 9-8	 53.86	 68.16
50.0	 57.1	 7-6	 49.3	 55.2 54.75	 70.44	 9-9	 54.04	 68.54
50.2	 57.6	 7-7	 49.48	 55.68 54.9	 70.92	 9-10	 54.22	 69.22
50.4	 58.1	 7-8	 49.66	 56.16 55.05	 71.4	 9-11	 54.4	 69.75
50.6	 58.6	 7-9	 49.84	 56.64 AGE TEN
50.8	 59.1	 7-10	 50.02	 57.2 55.2	 71.9	 10-0	 54.6	 70.3
51.0	 59.6	 7-11	 50.2	 57.6 55.33	 72.39 10-1	 54.8	 71.0

AGE EIGHT 55.47	 72.87 10-2	 55.0	 71.74
51.2	 60.1	 8-0	 50.4	 58.1 55.6	 73.36 10-3	 55.2	 72.46
51.38	 60.6	 8-1	 50.56	 58.58 55.74	 73.84 10-4	 55.4	 73.18
51.56	 61.1	 8-2	 50.73	 59.06

Calculations based on Stuart-Meredith Tables (from Nelson, 1964).
Used with permission of the Harvard School of Public Health, Department

of Maternal and Child Health, and the University Press, University
of Iowa.
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208a



APPENDIX H-1

GROWTH VELOCITY IN THE MARFAN CHILD COMP',RED
WITH AVERAGE GROWTH VELOCITY DGRING EARLY CHILDHOOD

Age
Months
During
Given
Period

STATURE	 WEIGHT

Measurement
in Inches

Increment of
Growth

During Given
Period

Difference!	 !Increment of
in	 i	 Measurement	 i	 Growth

IIncrement	 in Pounds	 ,luring Given
of Growth ,	 I	 Period

Difference
in

Increment
of Growth

Marian Average Marian Average M	 -	 A	 narfan .Vreragearfan Average M	 -	 A

BIRTH *9 22.5	 19.9 22.5	 19.9 +2.6	
I	 I	

9-1	 7-8	 9-1	 7-5 +1-9

0-3 3 26.0	 23.8 3.5	 3.9 -0.4	 1	 13-1.5 12-10	 i	 4-0.5	 5-2 -1-1.5

0-6 3 28.0	 26.1 2.0	 2.3 -0.3	 j	 15-11	 16-11	 2-9.5	 4-1 -1-7.5

1-0 6 30.75	 29.6 2.75	 3.5 -0.75	 j 22-0	 22-3	 6-5	 5-8 +0-13

1-4 4 32.75	 31.33 2.0	 1.73 +0.27	 24-8	 24-3	 2-8	 2-0 +0-8

2-1 9 36.0	 34.72 3.25	 3.39 -0.14	 i	 27-0	 28-1	 i	 2-8	 3-14 -1-6

3-8 19 42.0	 39.76 6.0	 5.04 +0.96	 j	 35-8	 35-0	 i	 8-8	 6-15 +1-9

4-7 12 45.75	 42.25 3.75	 2.49 +1.26	 38-0	 39-0	 2-8	 4-0 -1-8

5-3 8 47.5	 44.25 1.75	 2.0 -0.25	 f	 44-8	 43-13 6-8	 4-13 +1-11

6-8 17 52.5	 48.04 5.00	 3.79 +1.21	 I 50-0	 52-2.5 5-8	 8-5.5 -2-13.5

8-2 18 57.0	 51.56 4.5	 3.52 +0.98	 60-0	 61-1.5 10-0	 8-15 +1-1

9-6 16 60.5	 54.3 3.5	 2.74 +0.76	 69-0	 69-0 9-0	 7-14.5 +1-1.5

10-4 10 62.25	 55.74 1.75	 1.44 +0.31 73-0	 73-13.5 4-0	 4-13.5 -0-13.5

*Pregnancy term of nine months is assumed.

** Based on Table	 in Appondix6-2.	 Extrapolation
assumption that normal growth is evenly distributed

CASE IDENTIFICATION

calculated as indicated
during each given

T	 Male

based on the
time period.
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APPENDIX H-2

COMPARISON OF GROWTH RATES IN STATURE AND WEIGHT OF INDIVIDUAL

MARFAN CASES WITH THE AVERAGE INDIVIDUAL. LEVELS SHOWN
INDICATE AGE WHEN GIVEN STATURE OR WEIGHT WAS REACHED.
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APPENDIX H-3

GROWTH VELOCITY IN Tun MARFAN CHILD COMPARED
WITH AVERAGE GROWTH VELOCITY DURING EARLY CHILDHOOD

211

Age
Months
During
Given
Period

STATURE WEIGHT

Mensuument
in Inches

Increment of	 Difference
Great:	 '	 in

During Given	 Increment
Period	 of Growth 1

Increment of
Measurement

in Pounds	 IDur Girriogliven
.	 Period

Difference
in

Increment
of Growth

Marfan average Marfan Average	 M	 -	 A Marfan nerageiMarfan Average M	 -	 A

22.0 19.9 22.0 19.9	 +2.1 8-7 7-8 8-7 7-8 +0-15

25.0 23.8 3.0 3.9 -0.9 13-4.5 12-9.51	4-13.5 5-1.5 -0-4

28.25 26.1 3.25 2.3 +0.95 15-3 16-11	 ,	 1-14.5 4-1.5 -2-3

31.0 29.6 2.75 3.5 -0.75 21-0 22-3 5-13 5-8 +0-

2-6 37.5 36.3 66.5 6.7 -0.2 30-8 30-0 9-8 7-13 +1-11

45.5 42.75 8.0 6.45 +1.55 43-12 40-3 13-4 10-3 +3-1

49.5 46.10 4.0 3.35 +0.65 52-8 47-13.5 8-12 7-10.5 +1.15

51.75 47.4 2.25 1.3 +0.95 55-8 50-10.5 3-0 2-13 +0-3

53.25 48.7 1.5 1.3 +0.2 62-0 53-9.5 !	 6-8 2-15 +3-9

56.0 50.8 2.75 2.1 +0.65 70-0 59-1.5 8-0 5-8 +2-8

59.0 52.99 3.0 2.19 +0.81 86-8 65-1 16-8 5-15.5 +10-8.5

61.0 54.45 2.0 1.46 +0.54 99.8 69-8 13-0 4-7 +8-9

63.0 55.33 2.0 .88 +1.12 72-6 2-14

*Pregnancy term of nine months is assumed.

** Based on Table	 in Appondixei-X.	 Extrapolation calculated as indicated based on the
assumption that normal growth is evenly distributed during each given time period.

CASE IDENTIFICATION II Male
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APPENDIX H-4

COMPARISON OF GROWTH RATES IN STATURE AND WEIGHT OF INDIVIDUAL
MARFAN CASES WITH THE AVERAGE INDIVIDUAL. LEVELS SHOWN
INDICATE AGE WHEN GIVEN STATURE OR WEIGHT WAS REACHED.
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APPENDIX H-5

GROWTH VELOCITY IN THE MARFAN CHILD COMPARED
WITH AVEaAGE GROWTH VELOCITY DURING EARLY cnyLm000

Age
Months
During
Given
Period

STATURE WEIGHT

Measurement
in Inches

Increment of	 !Difference
Growth	 1	 in

During Given	 !Increment
Period	 ■of Growth

,Increment of
Measurement	 Growth
in Pounds	 'During Given

Period

Difference
in

Increment
of Growth

Marfan average Marfan Average! M	 -	 A Marfan IGrage Marfan Average M	 -	 A

BIRTH *9 20.5	 19.9 20.5	 19.9	 +0.6	 i 8-9	 7-8	 8-9	 7-8	 I +1-1

0-6 6 28.0	 26.1 7.5	 6.2	 +1.3 16-4.75	 16-11	 7-1175 9-3 -1-7.25

0-9 3 29.5	 28.0 1.5	 1.9	 -0.4 18-9	 20-0	 2-4.25 3-5 -1-0.75

1-2 5 32.0	 30.46 2.5	 2.46	 +0.04 22-1	 23-3	 3-8	 3-3 +0-5

1-7 5 34.0	 32.57 2.0	 2.11	 -0.11 1 24-10.5 25-10	 2-9.5	 2-7 +0-2.5

2-1 6 36.75	 34.72 2.75	 2.15 i +0.60 27-4	 28-1.5	 2-9.5	 2-7.5 +0-2

2-10 9 38.5	 37.38 1.75	 2.66 j	 -0.91 1 30-0	 31-7.5	 2-12	 3-6 -0-10

3-10 12 42.5	 40.22 4.0	 2.84 j	 +1.16 36-0	 35-11	 6-0	 4-3.5 +1-12.5

4-11 13 46.25	 43.25 3.75	 3.03	 +0.72 41-8	 41-6.5	 5-8	 5-11.5 -0-3.5

5-5 6 -0.5 45-0	 45-0	 3-8	 3-9.5 -0-1.5

9-9 28 +1.9 60-0	 58' 9.5;1
-J

-0	 13-9.5

114-8	 10-14

+1-6.5

+3-109-7 22 59.0	 54.45 4.0	 3.85 +0.15 74-8	 69-7.5

10-0 5 60.25	 55.2 1.25	 .75 +0.5 79-8	 71-14.5	 5-0	 2-7 +2-9

*Pregnancy term of nine months is assumed.

** Based on Table	 in Appendix C,-2	 Extrapolation
assumption that normal growth is evenly distributed

CASE IDENTIFICATIONITi

calculated as indicated
during each given

Male

based on the
tine period.
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APPENDIX H-6

COMPARISON OF GROWTH RATES IN STATURE AND WEIGHT GF INDIVIDUAL
MARFAN CASES WITH THE AVERAGE INDIVIDUAL. LEVELS SHOWN
INDICATE AGE WHEN GIVEN STATURE OR WEIGHT WAS REACHED.
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APPENDIX H-7

GROWTH VELOCITY IN THE MARFAN CHILD COMPARED
WITH AVERAGE GROWTH VELOCITY DURING EARLY CHILDHOOD

Age

STATURE WEIGHT

Months
During.
Given
Period

Measurement
in Inches

Increment of .,. Difference
Growth	 in

During. Given	 Increment
Period	 of Growth

Measurement
in Pounds

increment of
Growth

During Given
Period

Difference
in

Increment
of Growth'

Marfan Iterage Marfan Average	 H	 -	 A Marfan Ierage Marfan Average M	 -	 A

BIRTH *9 17.0	 19.9 17.0	 19.9	 -2.9 4-10	 7-8 4-10	 7-8 -2-14

0-9 9 28.75	 28.0 11.75	 8.1	 +3.65 17-10	 20-0 13-0	 12-8 +0-8

1-0 3 --	 -) 29.6
I.

--	 1.6 --

+0.70

19-0	 22-3

36-0	 33-15

1-6	 2-3

17-0	 11-12

-0-13

+5-43-5 29 40.5 J 39.05 11.75	 9.9.„10'

3-11 6 42.0	 40.45 1.5	 1.4	 +0.1 38-0	 36-1 2-0	 2-2 -0-2

4-10 11 45.5	 43.0 3.5	 2.55	 +0.95 44-8	 40-13 6-8	 4-12 +1-12

5-11 13 49.0	 46.1 3.5	 3.1 +0.4 49-0	 47-13._ 4-8	 7-0.5 -2-8.5

6-11 12 51.5	 48.7 2.5	 2.6 -0.1 53.12	 53-9.5 4-12	 5-12 -1-0

7-8 9 53.5	 50.4 2.0	 1.7 +0.3 60-0	 58-1.5 6-4	 4-8 +1-12

8-2 6 54.75	 51.56 1.25	 1.16 +0.09 62-8	 61-1.5 2-8	 3-0 -0-8

9-2 12 56.75	 53.64 2.0	 2.08 -0.08 63-0	 67-0 0-8	 5-14.5 -5-6.5

9-5 3 57.25	 54.15 0.5	 0.51 -0.01 66-0	 68-8 3-0	 1-8 +1-8

10-0 7 59.0	 55.2 1.75	 1.05 +0.7 69.0	 71-14.!	 3-0	 3-6.5 -0-6.5

*Pregnancy term of nine months is assumed.

** Based on Table	 in Arpondix6-2..	 Extrapolation
assumption that normal growth is evenly distributed

CASE IDENTIFICATION

calculated as indicated

during each given

IV	 Male

•

based on the
time period.
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APPENDIX H-8

COMPARISON OF GROWTH RATES IN STATURE AND WEIGHT OF INDIVIDUAL

MARFAN CASES WITH TEE AVERAGE INDIVIDUAL. LEVELS SHOWN

INDICATE AGE WHEN GIVEN STATURE OR WEIGHT WAS REACHED.
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60-4	 63-5.5	 2-4	 3-5

+0-4.5

19-8	 18-2	 111-13 10-11.5	 +1-1.5

	

32.75	 30.93	 4.25	 3.97	 +0.28	 23-8	 23-8	 4-0	 5-6	 -1-6

	

34.75	 33.7	 2.0	 2.77	 -0.77	 26-0	 26-10.5 2-8	 3-2.5	 -0-10.5

36.75	 36.0	 2.0	 2.3	 -0.3	 28-0	 29-9.5	 2-0	 2-15	 -0-15

	

36-0	 36-15.51 8-0	 7-6	 +0-10

	

39-0	 40-11	 3-0	 3-11.5	 -0-11.5

	

44-0	 44-13.5 5-0	 4-2.5	 +0-13.5

	

48-0	 49-6.5 4-0	 4-9	 -0-9

-0-12.5

BIRTH

0-8

	

1-4	 8

	

1-11	 7

	

2-6	 7

4-2

4-11

5-8

6-6

7-4

8-4

	

8-11	 7

9-7

+0.34

1.5	 1.53

Marfan Menge Marten Average H - A IMarfan Ierage;Marfan Average H - A

55.5	 52.15	 1.5	 1.09	 +0.41

Measurement
in Inches

STATURE

Increment of	 Difference
GrowthI	 in

During Given Increment
Period	 of Growth

APPENDIX H-9

GROWTH VELOCITY IN TILE MARFAN CHILD comrnen
WITH AVERAGE GROWTH VELOCITY DURING EARLY CHILDHOOD

217

*Pregnancy term of nine months is assumed.

** Based on Table	 in Appendix62.	 Extrapolation calculated as indicated based on the
assumption that normal growth is evenly distributed during each given time period.

CASE IDENTIFICATION V Female
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APPENDIX H-10

COMPARISON OF GROWTH RATES TN STATURE AND WEIGHT OF INDIVIDUAL
MARFAN CASES WITH THE AVERAGE INDIVIDUAL. LEVELS SHOWN
INDICATE AGE WHEN GIVEN STATURE OR WEIGHT WAS REACHED.
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APPENDIX H-11

GROWTH VELOCITY IN THE MARFAN CHILD COMPARED
WITH AVERAGE GRCWTH VELOCITY DURING EARLY CHILDHOOD

Age
Months
During
Given
Period

STATURE

Increment of	 IDifferencei
Growthi	 in

During Given	 !increment 1
Period	

!Incremen
 Growth

WEIGHT

Measurement
in Inches

Measurement
in Pounds.

Increment of
Growth

During Given
Period

Difference
in

Increment
of Growth

Marian Iterage Marfan Avera g e	 M	 -	 A	 marfan AZ,crace Marfan Average M	 -	 A

BIRTH 18.5	 19.8 18.5	 19.8	 -1.3	 6-13	 7-6.5	 6-13	 7-6.5 -0-9.5

0-1 1 21.25	 21.0 2.75	 1.2	 +1.55	 I	 9-0	 9-1.5	 2-3	 1-11 +0-8

0-4 3 25.5	 24.17 4.25	 3.17 +1.08	 14-4	 13-9.5	 5-4	 4-8 +0-12

2-10 30 40.0	 37.12 14.5	 12.95 +1.55	 31-4	 31-1.5	 17-0	 17-8 -0-8

3-6 8 42.5	 39.2 2.5	 2.08 +0.42	 34-8	 33-14.1	 3-4	 2-13 +0-7

4-3 9 45.25	 41.29 2.75	 2.09 +0.66	 38-0	 37-5.5	 3-8	 3-9 +0-1

5-3 12 49.0	 43.8 3.75	 2.51 +1.24	 45-8	 42-8 7-8	 5-2.5 +2-5.5

*Pregnancy term of nine months is assumed.

** Based on Table	 in Appendix (3 -2.	 Extrapolation calculated as indicated based on the
assumption that normal g r owth is evenly distributed during each given time period.

CASE IDENTIFICATION lit	 Female
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APPENDIX H-12

COMPARISON OF GROWTH RATES TN STATURE AND WEIGHT OF INDIVIDUAL
MARFAN CASES WITH THE AVERAGE INDIVIDUAL. LEVELS SHOWN
INDICATE AGE WHEN GIVEN STATURE OR WEIGHT WAS REACHED.
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APPENDIX H-13

GROWTH VELOCITY IN THE HARFAN CHILD COMPARED
WITH AVERAGE GROWTH VELOCITY DURING EARLY CHILDHOOD

Age
Months
During
Given
Period

STATURE WEIGHT

Measurement
in Inches

Increment of
Growth

During Given
Period

Difference
in

Increneat
of Growth

Measurement
in Pounds

Increment of
Growth

During Given
Period

Difference
in

Increment
of Growth

MarfanMrage Marfan Avery M	 -	 A Marfan nerage Marfan Average M	 -A

BIRTH *9 21.25	 19.8 21.25	 19.8 +1.45 8-15	 7-6.5 8-15	 7-6.5 +1-8.5

0-11 11 30.5	 28.66 9.25	 8.86 +0.39 24-8	 20-12 15-9	 13-5.5 +2-3.5

1-3 4 33.0	 30.5 2.5	 1.84 +0.66 27-8	 23-0 3-0	 2-4 +0-12

1-8 5 35.75	 32.56 2.75	 2.06 +0.69 30-0	 25-6 2-8	 2-6 +0-2

2-2 6 39.25	 34.74 3.5	 2.18 +1.32 36-12	 27-15 6-12	 2-9 +4-3

3-2 12 43.75	 38.2 4.5	 3.46 +1.04 42-0	 32-8 5-4	 4-9 +0-11

4-5 15 49.75	 41.75 6.0	 3.55 +2.45 50-12	 38-1.5 8-12	 5-9.5 +3-2.5

5-9 16 53.0	 45.0 3.25	 3.25 0 58-8	 45-4 7-12	 7-2.5 +0.9.5

6-10 13 55.75	 47.7 2.75	 2.7 +0.05 63-8	 51-4.5 5-0	 6-0.5 -1-0.5

7-4 6 57.5	 48.9 1.75	 1.2 +0.55 68-0	 54-3 4-8	 2-14.5 +1-9.5

8-4 12 60.0	 51.06 2.5	 2.16 +0.34 74-0	 60-0.5 6-0	 5-13.5 +0-2.5

9-6 14 62.75	 53.5 2.75	 2.44 +0.31 83-8	 67-1.5 9-8	 7-1 +2-7

10-0 6 63.75	 54.6 1.0	 1.1 -0.1 86-4	 70-5 2-12	 3-3.5 -0-7.5

._,

*Pregnancy term of nine months is assumed.

** Based on Table	 in App(ndix6-2,	 Extrapolation
assumption that normal b rowth is evenly distributed

CASE IDENTIFICATION

calculated as indicated
during each given

VII	 Female

based on the
time period.
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APPENDIX H-14

COMPARISON OF GROWTH RATES IN STATURE AND WEIGHT OF INDIVIDUAL
MARFAN CASES WITH THE AVERAGE INDIVIDUAL. LEVELS SHOWN
INDICATE ACE WHEN GIVEN STATURE OR WEIGHT WAS REACHED.

222

Average
	

Mar fan
	 Average
	

Mar fan
Female
	

Female

CASE VII



1

-
	....

-

10-310-4 9-6
S.-.7.:... r..7.

1 (),..
9-6 8-48-10 ' 9-7  1 ov	 ,

8-2 9-.5 9-7 7-47-10
9-2

lOy 8-11 6-10 -lOy	 .
-

.
8-27 8-49y 6-11 7-8 -

-.
6-8 6-5 7-4 5-9 9y	 -

8y 6-11 -
- 5-11 R \	 -

5	 11
6-6 

D -3 -
7	 ..5-3 5-5 5-86y 4-11

4-7 4-9 4-10 4-11
__,-----

4-3
.

6y	 .-
- 5y 3- 5y

3-8 3-10 3-11	 	 4-2 3-6 .

4y 3-5 4y	 -_

2 -1a -.2-2 --
2 _ 2-10

,:	 -
-

2-1 2-1 Z. - 0 .

- 1-11
1-82y  -.1-

- 18m 16m 16m 	
1-2

1-4 1-3	 	
18m	 '.12m 12m llm

12m qm 12m
9m 8m

- •6m 6m 6m

.fir

6m
	  IQ .. 	  	

3 6m	 •

Bir Bir -
lm Bir

BirBir Bir
Bir Bir	 -

Bir -

6060

4848

36

C

.0
24 

co

12 12

2
Case Case Case \verage
V	 VI	 VII Girls

Case Case
III	 IV

2
Average Case Case
Boys	 I	 II

APPENDIX H-15

COMPARATIVE SUMMARY OF AVERAGE AND MARFAN SUBJECTS IN STATURE

LEVELS INDICATE AGE WHEN STATURE WAS REACHED
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APPENDIX H-16

COMPARATIVE SUMMARY OF AVERAGE AND MARFAN SUBJECTS IN WEIGHT
LEVELS INDICATE AGE WHEN WEIGHT WAS REACHED
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