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Preface

Advances in human genetics have had a major impact on many aspects of
medicine. In particular, obstetrician—gynecologists must be aware of the role
of genetics in reproductive failure, spontaneous abortion, and congenital an-
omalies. Furthermore, the availability of antenatal diagnostic techniques makes
it obligatory for obstetricians to appreciate the heritability of many disorders
as well as their potential for diagnosis in utero.

Despite the increasing importance of genetics, many physicians are not
thoroughly informed about genetics and its applications to clinical practice.
Most physicians, especially obstetrician—gynecologists, have received no for-
mal genetic training. Moreover, most available books do not address the par-
ticular needs of this specialty. To be sure, several volumes lucidly review
genetic principles, and still others discuss clinical aspects of rare genetically
determined conditions; however, these volumes are usually of interest pri-
marily to pediatricians. Thus, such books are often less than immediately rel-
evant to obstetrician—gynecologists and family physicians. In fact, no book on
genetics has previously been written expressly for obstetrician—gynecologists.

Because of this lack, we have attempted to prepare a practical vet accurate
volume on genetics and teratology as they relate to obstetrics and gynecology.
Specialists in other areas, such as surgery and general medicine, will also find
this book useful. Absolutely no prior knowledge of genetics is supposed, for
which reason a review of basic genetics is provided in Chapter 1. Throughout
the rest of the book, genetically determined disorders of clinical interest are
surveyed. Emphasis is placed upon genetic counseling and those clinical fea-
tures requiring attention by obstetrician—gynecologists. The current status of
prenatal diagnosis is considered, as are genetic aspects of spontaneous abortion
and twinning. Both clinical and genetic aspects of common gynecologic dis-
orders, pelvic cancers, and disorders of sexual differentiation are discussed.
Finally, potential human teratogens—radiation and physical agents, viruses
and infectious agents, and chemicals (drugs)—are considered in detail.

Obstetrician—gynecologists who are aware of the information in this vol-
ume should feel comfortable in handling most genetic problems that arise in
clinical practice. With the help of this volume, physicians will be prepared to
appreciate future genetic advances having major impact upon our specialty.

vii
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Principles of Human Genetics

Both normal phenotypic variation, such as blood pressure, and abnormal phen-
otypic variation, such as Down syndrome or cystic fibrosis, may be considered
in terms of several etiologic categories. These categories include (1) cytogenetic
disorders, which result from changes in the number or structure of the chro-
mosomes; (2) Mendelian disorders, which result from mutations at a single
genetic locus; (3) polygenic (multifactorial) disorders, which result in part from
the cumulative effects of more than one gene; and (4) teratogenic disorders,
which depend primarily upon environmental factors. These categories are use-
ful in classifying anomalies and other disorders (Lancet, 1974a). Other genetic
factors, such as cytoplasmic inheritance, are of less immediate relevance to
physicians.

MOLECULAR ASPECTS OF THE GENE

The principles of inheritance were discovered in 1865 by Mendel and were
subsequently “rediscovered” around 1900 by others. In 1902, Sutton and Boveri
first suggested that chromosomes served as the physical basis of inheritance.
The chemical basis of inheritance was not elucidated until several decades
later. In experiments involving genetic transformation of pneumococci (Griffith,
1928; Avery et al., 1944), deoxyribose nucleic acid (DNA) was shown to be the
hereditary material of all living organism except certain viruses. Subsequently,
several types of ribonucleic acid (RNA) were shown to be required to translate

the information inherent in the genes.

Structure and Replication of DNA

In 1953, Watson and Crick proposed that DNA existed in the form of a
double helix; this structural configuration helped explain how DNA could
replicate. The double helix may be envisioned as a twisted ladder (Fig. 1-1).
Each vertical column consists of alternating deoxyribose sugar residues and
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phosphate residues. The sugar and phosphate residues of opposite sides are
connected transversely—like ladder rungs—by various nitrogenous bases called
nucleotides. In DNA the nucleotides are composed of the purine adenine (A)
or guanine (G) and the pyrimidine thymine (T) or cytosine (C). Each transverse
connection consists of one purine and one pyrimidine, joined by hydrogen
bonds (base pairing). Adenine is bound to thymine by two hydrogen bonds.
Cytosine is bound to guanine by three hydrogen bonds. Thus, the ratio of
adenine to thymine, or guanine to cytosine, is always 1:1. The ratio of aden-
ine—thymine (AT) pairs to guanine—cytosine (GC) pairs varies not only between
species but also between different chromosomes in the same species.

The genetic information is coded by the sequence of nucleotides. Because
of the base pairing described above, the two DNA strands are complementary.
For example, if the sequence of bases on one strand is ATTGC
(adenine-thymine—thymine—guanine—cytosine), the sequence on the opposite
strand is TAACG. A codon, a sequence of three bases, signifies one and only
one of the twenty amino acids. The sequence of codons determines the amino
acid composition of a polypeptide. However, there are more codon permuta-
tions, namely 4° = 64, than there are amino acids; thus, different codons can
signify the same amino acid. Some codons initiate protein synthesis, and still
others apparently code for nothing (nonsense codons).

In humans and other mammals DNA is carried by the chromosomes. Chro-
mosomes consist of (1) at least two general classes of DNA—one class either
moderately or highly repetitive with respect to its nucleotide sequence (repet-
itive DNA), and another class not repetitive (unique-sequence DNA); (2] histone
proteins, which are believed to provide structural integrity for the chromo-
somes, and [3) nonhistone proteins, whose function is uncertain. The basic
structure probably consists of a single long strand of DNA that is tightly coiled
and branching. Unique sequence DNA is interspersed with intervening se-
quences of DNA. Prior to completion of translation (see below), the intervening
sequences (introns) must be removed. DNA replication occurs at different times
in different chromosomes and can be initiated at several different points along
a single chromosome.

RNA and Protein Synthesis

RNA directs polypeptide synthesis in the cytoplasm (translation). RNA is
structurally similar to DNA; however, the sugar in RNA is ribose rather than
deoxyribose, and one pyrimidine is uracil rather than thymine. There are sev-
eral types of RNA: messenger RNA (mRNA), ribosomal RNA (rRNA), transfer
RNA (tRNA), and heterodisperse RNA (hRNA). The function of hRNA is not
entirely clear, but it appears to be a precursor of mRNA. Messenger RNA con-
sists of a single-stranded molecule complementary to one of the two strands
of the DNA double helix. After its synthesis by complementary pairing from
a DNA strand, mRNA moves into the cytoplasm to associate with the ribosomes,
structures that consist of protein and a nonspecific high molecular weight RNA
(rRNA) (Fig. 1-2). Amino acids are prepared for protein synthesis by the reaction
of adenosine triphosphate (ATP) with the a-carboxyl end of an amino acid to
form an activated, amino acid-specific tRNA. This amino-acyl tRNA moves
toward the surface of the ribosome. Protein synthesis progresses by movement
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Figure 1-2. Schematic representation of the transcription and translation of DNA. One
DNA strand serves as a template for mRNA, which is complementary to DNA in its base
pair sequence. Thus, a DNA sequence of TTC corresponds to an RNA sequence of AAG.
In RNA uracil is present rather than thymine. After its synthesis mENA moves into the
cytoplasm to associate with ribosomes. Protein synthesis is completed with the aid of
activated structures specific for each amino acid (amino-acyl rRNA). When a given
triplet sequence on the mRNA strand is ready for translation, the appropriate amino-
acyl tRNA joins the ribosome complex. For example, the DNA codon for lysine (TTC)
is transcribed by mRNA in complementary fashion (AAG). This complementary se-
quence is then recognized. again through complementary pairing (UUC], by the amino-
acyl tRNA for lysine. (From Ford EHR: Human Chromosomes. New York, Academic
Press, 1973, p 103. Reprinted with permission.)

of the mRNA along the ribosome. When a given codon is recognized, the amino-
acyl tRNA joins the ribosome complex at the point specified by the appropriate
codon (Fig. 1-2). The amino acids comprising a polypeptide chain are thus
brought into their correct sequence. After bonds form between the amino acids,
the polypeptide chain is completed, free to detach from the ribosomes and
exert its action. Because a given protein is usually not coded by continuous
unique-sequence DNA, the introns must be spliced before protein synthesis
can proceed.

The enzyme reverse transcriptase allows complementary single-stranded
DNA (cDNA) to be synthesized from mRNA. This technique not only is useful
for nucleotide analysis but is also of clinical significance. Radioactively labeled



PRINCIPLES OF HUMAN GEMETICS / &

cDNA can serve as a “probe” that can pair (anneal) with DNA native to a given
cell, perhaps of unknown genetic constitution. Failure to anneal indicates ab-
sence of the DNA that should code for the gene. This technique allows diagnosis
of a-thalassemia (Kan et al., 1976b). Restriction endonucleases are a series of
enzymes, each of which recognizes specific sequences of four to six nucleotides.
Eco RI recognizes the sequence GAATTC; other endonucleases recognize dif-
ferent sequences. Exposing DNA to a given restriction enzyme thus cleaves the
DNA into fragments of differing lengths that can be separated according to size.
Using a specific cDNA probe, the fragment containing nucleotides coding for
a given gene (e.g., a-globin) can be identified. This knowledge can be exploited
to achieve antenatal diagnosis of certain hemoglobinopathies through analysis
of amniotic fluid cells. (Recall that all cells contain the same DNA, even though
ordinarily only red blood cells synthesize hemoglobin.) If the single-stranded
a-globin cDNA fails to hybridize as expected with an unknown amniotic fluid
DNA fragment expected to contain «-globin nucleotides, deletion of the «o-
globin locus exists («-thalassemia).

Exposing DNA to the restriction endonuclease Hpa I led to the unexpected
discovery that the fragment of DNA containing hemoglobin S was longer (13.0
kb) than the fragment containing hemoglobin A (7.0 or 7.6 kb) (Kan & Dozy,
1978). Linkage analysis taking advantage of this observation can be applied to
diagnose sickle cell anemia through DNA analysis of cultured amniotic fluid
fibroblasts. Restriction endonucleases can also be used to diagnose hemoglo-
binopathies caused by point mutations, i.e., alteration of a single nucleotide
without deletion of DNA. Restriction endonucleases also form the basis for
recombinant DNA work, a topic beyond the scope of this volume (Miller, 1981).

Regulation of Protein Synthesis

The regulation of mammalian protein synthesis is not fully understood.
In fact, the only well-understood mechanism for the control of protein synthesis
is in Eschericia coli. Jacob and Monod (1961) showed that synthesis of a given
protein in E. coli requires a regulatory gene, an operator gene, and a series of
structural genes. The control of protein synthesis is usually envisioned in a
negative fashion. A regulatory gene is thought to elaborate a repressor that
inhibits the operator gene from directing protein synthesis, which proceeds
only if the repressor is absent or if an effector prevents the repressor from
inactivating the operator gene. A repressor may or may not require other sub-
stances such as an end product that exerts negative feedback (corepression).
In mammals the situation is unclear, but probably is more complicated because
related genes are not always even on the same chromosome. For example, a-
globin is coded by No. 16, and B-globin by No. 11.

CHROMOSOMAL CONSTITUTION

The genetic information is carried by chromosomes, a characteristic num-
ber of which is present in each species. In humans there are 46 chromosomes:
22 pairs of autosomes (Nos. 1-22) and one pair of sex chromosomes (XX in
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Figure 1-3. Metaphase figure and karyotype of a normal male (46,XY) (G-banding
technigue).

females, XY in males) (Figs. 1-3 and 1-4). The chromosome number is different
in most other mammals. The aggregation of many genes in a limited number
of chromosomes facilitates the ability of parental cells to transmit identical
genetic information to daughter cells (mitosis), and to reduce their chromosome
number by half (meiosis) so that each gamete contributes a haploid (n) number
of chromosomes to the diploid (2n) zygote. (In humans n = 23). Errors of
meiosis and mitosis lead to abnormal differentiation.

Chromosomal analyses are usually performed on peripheral blood (lym-
phocytes) or fibroblasts cultured from skin, gonads, or amniotic fluid cells.
Cells are grown in nutrient media to which fetal calf serum and antibiotics are
usually added. After a period of growth appropriate for a given tissue (48-72
hours for blood, 2—4 weeks for skin or amniotic fluid fibroblasts), cells are
prepared for chromosomal analysis by the sequential addition of (1) colchicine
(or desoxymethylcolchine); (2) a hypotonic solution that causes cells to swell:
(3) an acetic acid—methanol fixative; and (4) a dye to enhance chromosome
visibility. Other procedures may be used to produce horizontal banding patterns
that allow a given pair of chromosomes to be distinguished from all others.
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Short arm (p)

Centromere

Long arm (q)

Figure 1-4. Parts of a chromosome.

Such bands are defined either by regions of fluorescent intensity differences
(Q-bands) or by regions that stain lighter or darker than adjacent regions (G-,
R-, or C-bands).

Additional cytogenetic information concerning sex chromosome consti-
tution can be obtained by analysis of interphase nuclei derived from buccal
epithelial cells and other tissues; however, these studies almost never suffice
without additional genetic studies. X chromosomes in excess of one become
inactivated and form X-chromatin masses (formerly known as sex chromatin
or Barr bodies] (Fig. 1-5). The manner by which inactivation is accomplished
is unknown, but it involves coiling because inactive X chromosomes are the
last of the complement to replicate their DNA (late-replicating X).

The number of Y chromosomes can also usually be determined from in-
terphase cells. After addition of quinacrine and analysis with fluorescent mi-
croscopy, the distal two thirds of the long arm of the Y chromosome fluoresces
brilliantly in interphase nuclei, in metaphase, and throughout the cell cycle.
The fluorescent spot produced by the Y during interphase is called Y-chromatin
(Fig. 1-6), and the number of Y chromosomes equals the amount of Y-chromatin
per cell. However, the testicular determinants are located not in the fluorescent
but in the nonfluorescent region of the Y, near the centromere (German, Simp-
son, & McLemore, 1973b; Simpson, 1976), so males lacking Y-chromatin may

Figure 1-5. Interphase cell showing X-chromatin
(arrow). (From Simpson JL: Disorders of Sexual
Differentiation. Etiology and Clinical Delineation.
New York: Academic Press, 1976, p 29. Reprinted
with permission.)
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Figure 1-6. Interphase cell showing Y-chromatin
[arrow). (From Simpson JL: Disorders of Sexual
Differentiation, Etiology and Clinical Delineation.
New York: Academic Press, 1976, p 31. Reprinted
with permission.)

be normal. In addition, regions of autosomal fluorescence may be mistaken for
Y-chromatin. Analysis of cells from the parents of the fetus or person being
studied could minimize these potential sources of error, but complete cyto-
genetic studies are still preferable.

CHROMOSOME IDENTIFICATION

Chromosomes are numbered according to their size and centromeric po-
sition (Fig. 1-3.). The centromere divides a chromosome into a short arm (ab-
breviated p) and a long arm (q). Based upon the position of the centromere,
one can classify a chromosome as metacentric (p and q equal in length), sub-
metacentric (q slightly greater than p), acrocentric (q much greater than p, the
centromere being nearly terminal), or telocentric (the centromere being ter-
minal). Prior to 1969 Nos. 1, 2, 3, 16, and Y could be identified. Other chro-
mosomes could only be placed in one of several groups: A (1-3), B (4-5), C
(6-12 and X), D (13-15), E (16-18), F (19-20), and G (21-22). The X is a
submetacentric chromosome intermediate in size between Nos. 7 and 8. The
Y is usually slightly larger than Nos. 21 and 22. With unbanded staining tech-
niques, chromosomes belonging to one group can be distinguished from chro-
mosomes of another group; however, within a given group chromosomes cannot
always be distinguished from one another.

Banding techniques (Table 1-1) can now produce horizontal stripes that
permit each chromosome to be distinguished from any other. The initial ad-
vances were made by Caspersson, Tomakka, and Zech (1971), who observed
that chromosomes stained with quinacrine and analyzed by fluorescent mi-
croscopy showed a distinctive staining pattern. Each chromosome consists of
bands, which human geneticists define as a region distinguishable from adja-
cent segments by appearing darker or lighter (Paris Conference, 1971). A darkly
staining or brightly fluorescent band is a positive band, whereas a lightly stain-
ing band is a negative band. Thus, a positive Q-band fluoresces after staining
with quinacrine. Several other methods are available (Table 1-1). A positive G-
band is produced by heating chromosomes in sodium chloride and sodium
citrate and staining with Giemsa or by pretreating cells with proteolytic en-
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Table 1-1

Selected Characteristics of Some Banding Techniques Commonly Used in Human

Cytogenetics

Mame Technique Pattern

Q-banding Staining with fluorescent dves  Positive bands fluorescent;
{e.g., quinacrine negative bands nonfluorescent.
dihydrochloride); analysis by
fluorescent microscopy

G-banding Pretreatment by (1) Positive bands darkly staining;
concentrated salt solutions at negative bands lightly
high temperature (e.g., 60°C), staining; pattern corresponds
(2) proteolytic enzymes, or closely to that of Q-bands.
other method.

R-banding Pretreatment by high Positive bands darkly staining;
temperature and controlled negative bands lightly
pH; staining with Giemsa. staining. Pattern usually the
Fluorescent methods may also  reverse of that seen with Q-
produce R-bands. and G-bands.

C-banding Pretreatment by bases, acids, Positive bands darkly staining;

or other method; followed by
staining with Giemsa.

negative bands lightly
staining. Positive bands

usually present only at
centromeric regions and Yq.

Modified from Simpson JL, Martin AO: Cytogenetic nomenclature. Am | Obstet Gynecol
128:167, 1977.

zymes like trypsin (GTG-bands). Q-bands are usually, but not always, present
in the same locations as G-bands. By a different technique, bands (R-bands)
complementary to Q- and G-bands can be produced. Thus, a dark (positive) G-
band or a brilliant Q-band corresponds to a light (negative] R-band. Another
commonly used technique (C-banding) utilizes denaturation with NaOH, fol-
lowed by Giemsa staining, to define darkly staining regions called C-bands. In
particular, the distal two thirds of Yq shows positive Q- or C-bands.

The banding techniques used by a given laboratory depend upon the avail-
ability of equipment and nature of the investigations to be undertaken. A given
pattern of bands (e.g., G-bands) can be produced by a variety of methods. In
addition, the same method of pretreatment (e.g., NaOH) can produce different
banding patterns, depending upon the length of exposure and various other
parameters. The obstetrician—gynecologist need not recall the details of specific
banding techniques, but should be aware that several methods exist and can
be used in complementary fashion.

Some components (DNA) of a chromosome code for the genetic informa-
tion, whereas other components [histone proteins and nonhistone proteins]
preserve the physical integrity of the chromosome. Several types of RNA
(mRNA, tRNA, and rRNA) are also associated with the nuclear complex. More-
over, there are several types of DNA. Most human DNA was once assumed to
be capable of coding for proteins, hence its designation unique-sequence DNA.
However, as noted previously, it is now known that most human DNA, like
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DNA of most eukaryotes, contains aggregates of repeated nucleotide sequences
that are not complex enough to code for proteins. This repetitious DNA may
protect DNA that codes for proteins or may synthesize simple structural com-
ponents like rRNA or histones.

The mechanism of chromosome banding has been reviewed by several
authors (Comings et al., 1973; O. J. Miller et al., 1973a, 1973b; Dutrillaux &
Lejeune, 1975). Positive C-bands probably represent one of several kinds of
repetitive DNA, but no single explanation is universally accepted for Q-, G-,
and R-bands. Banding may be related to variations in DNA base sequences
along chromosomes; in particular, positive Q- and G-band regions appear to
be rich in adenine-thymine (AT) pairs (O. J. Miller et al., 1973a). However,
base sequence changes cannot entirely explain banding patterns (Comings,
1974). Thus, Q-, G-, and R-bands may reflect variations not only in base com-
position but also in the nature or quantity of proteins bound to DNA; that is,
bands may reflect DNA—protein interaction.

CYTOGENETIC NOMENCLATURE

An official chromosomal nomenclature exists, adherence to which not only
permits the chromosomal complement to be designated in a standard manner
requiring no additional explanation, but also increases accuracy of commu-
nication.

Table 1-2 lists some symbols used to designate parts of chromosomes and
certain rearrangements. Chromosomes are identified by distinctive landmarks.
The areas between adjacent landmarks are called regions. Chromosome bands
are numbered according to a particular system, an example of which is shown
in Figure 1-7. A band is designated by listing the chromosome, the arm (p or

Table 1-2

Some Symbols Recommended by
the Paris Conference (1971) and
Supplement (1975)

Centromere cen Ring r
Short arm p Dicentric dic
Long arm q Duplication dup
Isochromosome i Inversion inv
Deletion del Break without
reunion (e.g.,
terminal
deletion)
Translocation t Break and join
Reciprocal
translocation rep From...to... —
Mosaicism mos
Chimerism chi

From Simpson JL, Martin AQ: Cytogenetic nomenclature.
Am | Obstet Gynecol 128:167, 1977. Reprinted with per-
mission.
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Figure 1-7. A reciprocal translocation between chromosome Nos. 3 and 4. Normal
chromosomes are shown at the top, along with diagrammatic representation of the
expected G- or Q-banding patterns. In the middle row the positions of the breaks are
designated by gaps, and the sections interchanged after breakage shown. The two trans-
location chromosomes formed as result of reunion and reciprocal exchange are shown
in the bottom row. An individual with both these translocation chromosomes, as well
as normal Nos. 3 and 4, is said to be a carrier of the translocation in its balanced state
(translocation heterozygote). Such an individual is phenotypically normal because nei-
ther duplication for deficiency of genetic material has occurred. (From Simpson JL,
Martin AQO: Cytogenetic nomenclature. Am | Obstet Gynecol 126:167, 1977. Reprinted
with permission.)
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g), the region, and the specific band. Bands are numbered consecutively from
the centromere distally.

The chromosomal complement—abnormal or normal—is designated by
writing (1) the total number of chromosomes, (2) a comma, and (3) the sex
chromosomal complement (XY in normal males; XX in normal females). Thus,
the normal male chromosomal complement is designated 46,XY (Table 1-3).
A complement containing an abnormal number of sex chromosomes is desig-
nated by listing the total number of chromosomes and the appropriate sex
chromosomal complement. For example, 45,X is the complement most com-
monly associated with Turner syndrome; “45,X0" is not a correct designation.
A complement containing additional or missing autosomes is designated by
writing (1) the total number of chromosomes, (2) the sex chromosomal com-
plement, and (3) a + or — sign followed by the number of the missing or

Table 1-3

Representative Chromosomal Complements Written According
to the Recommendations of the Paris Conference (1971) and
Supplement (1975)

Official Designation Description

46, XY Normal male karyotype

46,XX Normal female karyotype

45,X Monosomy X

47 XXX Polysomy X

47 XY, + 21 Trisomy 21

46,XX 1g + Increase in length of the long
arm of No. 1

46X, del(X)(p21) Terminal deletion of the short

or arm of X distal to band p21

46X, del(X)(gter—p21:)

46,X,i(Xq)

or

46,X,i(X)(gter—cent—qter)
Isochromosome of the long arm

of X
46,X,1(Y) Ring Y chromosome
46,X,1(X;3)(q21:q31) Balanced translocation between

band 21 of the long arm of X
and band 31 of the long arm of

MNo. 3
45,X/46,XX
or
mos 45,X/46,XX 45,X/46,XX mosaicism

The shortened system is illustrated for each complement; the detailed system is
also illustrated for deletions and isochromosomes. (From Simpson JL, Martin AO:
Cytogenetic nomenclature. Am ] Obstet Gynecol 128:167, 1977. Reprinted with
permission. )



PRINCIPLES OF HUMAN GEMETICS / 13

additional chromosome. Thus, a male with trisomy 21 (Down syndrome) is
designated 47 XY,+21: a female with monosomy 21 would be designated
45,XX, - 21.

Complement containing a structurally abnormal chromosome is designated
by (1) the total number of chromosomes, (2) the sex chromosomal complement,
(3) the symbol for the particular structural aberration present, and (4) the num-
ber of the aberrant chromosome. Two systems exist (Table 1-3). In the detailed
system, altered chromosomes are defined by their band composition; in the
shortened system, altered chromosomes are defined only by their break points.
For example, in the shortened system 46,XX,del(5)(g21) indicates that a ter-
minal deletion occurred at band q21 of No. 5 (i.e., long arm (q), region 2, band
1). The genetic material distal to band 5g21 was lost, with the remaining portion
of the 5q consisting of the entire short arm and the portion of the long arm
located between the centromere and band g21. In the detailed system the same
complement would be designated 46 XX,del(5)(pter—q21:), i.e., the portion of
5q remaining extends from the terminal (ter) portion of 5p (pter) to band Xq21,
where a break without reunion (:) occurred.

Standardized methods to designate translocations and other rearrange-
ments are reviewed elsewhere (Simpson & Martin, 1977).

CHROMOSOMAL DIVISION AND REPLICATION

Mitosis

Mitosis is the process by which daughter cells receive identical copies of
the parental genome. Each pair of chromosomes is said to be homologous, i.e.,
identical with respect to their constituent genetic loci and visible structure.

The four parts of a cell cycle are gap 1 (G1), synthesis (S), gap 2 (G2), and
division or mitosis (D). During G1, usually the longest part of the cell cycle in
humans, the cell accumulates nucleotides, amino acids, proteins, and other
substances in preparation for replication of its DNA. DNA synthesis occurs
during S, at the end of which the DNA content will be doubled. Initially each
chromosome consists of a single chromatid; eventually each chromosome will
consist of two sister chromatids, joined at the single centromere, with the DNA
content doubled. After DNA synthesis is completed, a resting period (G2) lasts
until mitosis. The fourth period, division (D) or mitosis, is relatively short.
Although it is continuous and lacks well-demarcated points, mitosis is tradi-
tionally divided into four stages: prophase, metaphase, anaphase, and telophase

(Fig. 1-8).

Prophase. At the onset of prophase, chromosomes are elongated, there-
after becoming shorter, more compact, and more darkly staining. Each chro-
mosome, which has already replicated its DNA prior to prophase, now consists
of two sister chromatids; however, by light microscopy a chromosome appears
to be composed of only a single unit. Toward the end of prophase a structure
called the centriole divides into two daughter centrioles, each of which migrates
to opposite poles in preparation for formation of the mitotic spindle, onto
which chromosomes will become oriented for division.
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Late Prophase Metaphase

Anaphase Telophase

Figure 1-8. Schematic representation of the stages of mitosis. Two chromosomes are
represented. After DNA synthesis, each chromosome consists of two sister chromatids.
After centromeric division in the longitudinal place, each chromatid passes to different
daughter cells. (From Simpson JL: Disorders of Sexual Differentiation. Etiology and
Clinical Delineation. New York: Academic Press, 1976, p 10. Reprinted with permis-

sion.)

Metaphase. This stage begins when the nuclear membrane disappears
and the mitotic spindle forms. The spindle, a structure synthesized predomi-
nately from proteins, extends between the two centrioles. It can now be seen
for the first time by light microscopy that chromosomes consist of paired sister
chromatids connected by a centromere. The chromosomes are arranged on the
spindle roughly equidistant between the centrioles, i.e., in the equatorial region.
At this stage mitosis can be arrested by addition of colchicine, which delete-
riously affects the spindle. This technique allows accumulation of metaphase
figures for chromosomal analysis. Following division of the centromere along
the longitudinal plane of the chromosome, sister chromatids pass to opposite
poles (Fig. 1-8).

Anaphase. This is the process of chromosome (chromatid) movement to
opposite poles.

Telophase. Telophase begins when the chromatids reach opposite poles.
The mitotic spindle disappears and nuclear membranes reform. Following cy-
tokinesis (division of the cytoplasm), two complete cells are formed, each of
which is again in G1.

Mitotic division is a relatively exact process, usually allowing a parental
cell to pass an identical copy of its genetic information to daughter cells.
However, major errors in division can occur, such as failure of chromosome
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separation (nondisjunction), loss of a chromosome at anaphase (anaphase lag).
centromeric misdivision, and chromosome breakage. These errors are important
causes of abnormal development, and they will be discussed in the section
Chromosome Errors later in this chapter.

Meiosis

The diploid number (2n) of chromosomes is derived from both paternal
and maternal sources. Since each parent contributes a haploid (n) number to
the zygote, there must exist a process by which a gamete (oocyte or sperma-
tozoon) receives a haploid (n) number of chromosomes; otherwise, the chro-
mosomal number of offspring would be twice that of its parent. This process
is called meiosis. Meiosis also provides a mechanism, called crossing-over, for
exchange of portions of homologous chromosomes. This generates genetic var-
iability, which can serve as the basis for natural selection. When crossing-over
occurs, daughter chromosomes have combinations of genes different from those
of either parent (recombination).

Meiosis has two divisions: I and II. During meiosis 1 the chromosome
number is reduced from 2n to n; during meiosis I each haploid germ cell
divides into two other haploid cells (Fig. 1-9). From a single diploid germ cell,
four haploid cells are formed. In males, all four cells form potentially functional
spermatozoa; in females one ovum and either two or three nonfunctioning polar
bodies are formed.

Meiosis I

A germ cell passes through the same periods of the cell cycle as somatic
cells: G1, S, G2, and D. Except for a small amount of DNA synthesis that occurs
during zvgotene (a subdivision of meiotic prophase) possibly related to recom-
bination, DNA replication is completed prior to meiosis. Meiosis 1 has four
stages—prophase, metaphase, anaphase and telophase—analogous to the four
mitotic stages.

Prophase is longer and more complex than mitotic prophase, and during
meiosis homologous chromosomes are first attracted and then repulsed. Several
subdivisions of meiotic prophase can be identified. In an early stage, leptotene,
chromosomes are long, slender, and darkly staining. Although consisting of
two sister chromatids, each chromosome appears as a single unit. During zyg-
otene, homologous chromosomes pair longitudinally with each other, a process
known as synapsis. Synapsis occurs at homologous loci, that is, between allelic
forms of a gene (see Mendelian Inheritance later in this chapter). (The human
X and Y chromosomes have traditionally not been believed to synapse; how-
ever, the X and Y short arms undergo end-to-end association that might rep-
resent synapsis.) Prior to leptotene, each chromosome consists of two sister
chromatids; however, not until pachytene are the two sister chromatids of each
chromosome distinguishable. Pachytene chromosomes are characterized by te-
trads, groups of four chromatids, which are actually sister chromatids of two
homologous chromosomes. At some sites genes are exchanged between non-
sister chromatids of a tetrad (recombination). The sites of contact are called
chiasmata. Chiasmata are thus the visibly obvious sites of interchange, whereas
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MEIOSIS I :

Leptotene Zyqotene Pachytene

Seand

Diplotene Metaphase anaphase

PRODUCTS OF MEIOSIS IT

Figure 1-9. Schematic representation of the stages of meiosis I and the gametic products
present after meiosis II. The behavior of one pair of autosomes is shown. At zygotene
homologous chromosomes pair with each other along their longitudinal planes by a
process known as synapsis. Synapsis occurs between the various alleles at a single
locus. At some sites segments are exchanged between nonsister chromatids. During
diplotene chromosomes begin to separate. If crossing-over occurs, no two of the four
chromatids of a given chromosome pair are genetically identical, as illustrated by the
four different products of meiosis II. (From Simpson JL: Disorders of Sexual Differen-
tiation. Etiology and Clinical Delineation. New York: Academic Press, 1976, p 12. Re-
printed with permission.)

the term recombination is properly applied only to the process of exchange of
genetic information. Recombination permits exchange of genes between ho-
mologous chromosomes, providing a source for genetic variability; chiasmata
prevent homologous chromosomes from separating prematurely prior to me-
taphase. Premature separation could potentially lead to nondisjunction. During
diplotene one pair of sister chromatids separates from the other, premature
separation having been initially prevented by chiasmata. During diakinesis the
chromosomes shorten and chiasmata move toward the telomeres (terminali-
zation) to permit normal disjunction.

Metaphase. Onset is characterized by disappearance of the nuclear mem-
brane and orientation of the chromosomes on the mitotic spindle. In every
tetrad there are two chromosomes and two centromeres. In mitosis, centromeres
divide during each cycle, but in meiosis I, homologous chromosomes instead
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only repulse one another and move toward opposite poles [anaphase). Telo-
phase may or may not occur following meiosis I, its occurrence being species-
specific.

Meiosis IT

Between meiosis | and meiosis II, an interphase G1 may or may not occur.
Little or no DNA synthesis (S) is required, and the occurrence of G2 varies from
species to species. The stages of meiosis Il—metaphase, anaphase, and telo-
phase—are similar to the corresponding stages of mitosis. However, meiosis
Il lacks a prophase stage, chromosomes passing directly into metaphase. After
completion of meiosis II, a single original diploid cell will have divided into
four haploid cells. If recombination occurs, as it usually does, no two cells will
be genetically identical (Fig. 1-9).

CHROMOSOME ERRORS

Chromosomal errors may be divided into those characterized by numerical
changes (deviations from the normal number) or by structural changes (abnor-
malities in chromosome morphology).

Numerical Errors

If a haploid gamete or a diploid cell lacks the expected number of chro-
mosomes (n or 2n, respectively), aneuploidy exists. If the complement contains
one additional whole chromosome (2n + 1), trisomy exists. This term can be
applied to both autosomal or sex chromosomal anomalies. If the number of sex
chromosomes is increased, the term polysomy is sometimes used. If one entire
chromosome is lacking (2n — 1), monosomy exists. Polyploidy refers to the
presence of more than two haploid complements within a single cell; triploidy
(3n = 69) and tetraploidy (4n = 92) are the most common types of polyploidy
in humans.

Trisomy and monosomy may arise by several mechanisms. First, aneuploi-
dy may arise de novo, presumably following a meiotic or mitotic error, De novo
aneuploidy on this basis is called primary nondisjunction. During mitosis,
sister chromatids may not disjoin properly, one daughter cell receiving both
sister chromatids. Nondisjunction during mitosis can lead to more than one
cell line (mosaicism) (Fig. 1-10); nondisjunction during meiosis causes aneu-
ploid gametes, but the embryo will contain only one cell line (Fig. 1-11). Tri-
somic or monosomic parents would be expected to produce equal numbers of
normal (n) gametes and either n + 1 or n — 1 gametes, depending upon the
parental complement. If either of these gametes had been fertilized by a normal
gamete, the zygote would be chromosomally abnormal as a result of secondary
nondisjunction. This is a rare cause of aneuploidy in mammals, as aneuploid
mammals are usually either sterile or fail to produce aneuploid offspring in
the expected proportion. However, offspring of mothers with Down syndrome
may show trisomy 21, and 47, XXX may produce 47,XXX or 47, XXY offspring
(Simpson, 1981a). A third source of monosomic cells is anaphase lag, a situ-
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Figure 1-10. Diagrammatic representation of the products of (a) normal mitosis and
(b) mitosis characterized by nondisjunction of an X chromosome. If all daughter cells
survived, the complement would be 45,X/46 XY/47XYY. (From Simpson JL: Disorders
of Sexual Differentiation. Etiology and Clinical Delineation. New York: Academic Press,
1976, p 20. Reprinted with permission.)

ation in which one or more chromosomes fail to pass to daughter cells. Chro-
mosomes lacking a centromere (acentric chromosones) are usually eliminated
by anaphase lag.

Errors of ploidy may arise by several mechanisms, principally double fer-
tilization or incorporation of the second polar bady into the zygote. Triploidy
is detected frequently among spontaneous aborted fetuses but rarely among
neonates, and tetraploidy is even rarer.

Structural Errors

Some structural variation (polymorphism) exists in human somatic chro-
mosomes without apparent phenotypic consequence. However, clearly abnor-
mal variations (aberrations) are normally associated with phenotypic abnor-
malities. Aberrations may lead to genetic imbalance through deficiency or
duplication of genetic information. In deficiency and duplication only portions

a b
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Figure 1-11. Diagrammatic representation of the product of (a) normal meiosis and
(b) meiosis in which nondisjunction produced two aneupolid gametes: 24 XY and
22,-. ([From Simpson JL: Disorders of Sexual Differentiation. Etiology and Clinical De-
lineation. New York: Academic Press, 1976, p 20. Reprinted with permission.)
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Figure 1-12. Diagrammatic representation of the origin of terminal and interstitial
deletions. (From Simpson JL: Disorders of Sexual Differentiation: Etiology and Clinical
Delineation. New York, Academic Press, 1976, p 22. Reprinted with permission.)

of a chromosome are involved. Nonetheless, if the change is large enough to
be recognized by light microscopy, many genes are duplicated or deficient. A
phenotypic abnormality may also result if the position of a gene with respect
to its neighboring genes is altered [position effect).

A simple deficiency involves loss of one portion of a chromosome. A
deficiency can either be terminal or interstitial; only with banding can these
be distinguished (Fig. 1-12). Deficiency in an autosome often results in death
or malformation of the embryo, but deficiency in a sex chromosome is usually
less deleterious.

A ring chromosome arises following a break in both the long arm and the
short arm. The centromeric ends fuse; the telomeric fragments are acentric, and
thus are lost, causing a portion of each arm to be deleted. Ring chromosomes
are unstable because their replication can lead to double-sized rings, dicentric
rings, or loss of the entire chromosome.

Duplication may originate by duplication of a portion of a single chro-
mosome or by unequal crossing-over between nonsister chromatids. Duplica-
tion may also arise if a portion of one chromosome is interchanged with a
portion of another (translocation). Duplications are usually less lethal than
deficiencies, especially in lower animals; however, in humans duplications are
usually associated with phenotypic abnormalities.

If, following chromosome breakage, material is exchanged between two or
more chromosomes, a translocation is said to have occurred (Fig. 1-7). Both
chromosomes may appear structurally abnormal, one showing a duplication
and the other a deficiency. If no genetic material is lost, an individual carries
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areciprocal and presumably balanced translocation. Such an individual, known
as a translocation heterozygote, is phenotypically normal. During meiosis I
there are several ways in which the two translocation chromosomes and their
two structurally normal homologues may segregate. Gametes are genetically
balanced if both translocation chromosomes pass to one gamete, the two normal
chromosomes passing to the other gamete. However, if either of the translo-
cation chromosomes and one of the normal chromosomes pass to the same
gamete, the gamete will be genetically imbalanced. Translocations are an im-
portant cause of repetitive spontaneous abortions and developmental abnor-
malities.

In an inversion the order of genes on a chromosome is altered by two or
more break points, but no duplication or deficiency occurs. If all breaks occur
on the same side of the centromere (paracentric), the inversion can be recog-
nized only by banding techniques or by meiotic or genetic studies. An indi-
vidual carrying a paracentric inversion would be phenotypically normal unless
a position effect occurred. A paracentric inversion may, however, lead to un-
balanced gametes if crossing-over occurs within a paracentric loop. If an in-
version arises following breaks on both sides of the centromere, the relative
position of the centromere will be altered [pericentric inversion), assuming the
two breaks are not equidistant from the centromere. Inversions may also lead
to repetitive spontaneous abortions, because crossing-over within an inversion
may lead to unbalanced gametes.

Isochromosomes have identical arms. They arise following horizontal,
rather than longitudinal, division of the centromere (Fig. 1-13). The acentric
portion, composed of one entire arm, is lost; the remaining telocentric portion
is unstable, replicating at the next cell division to form a metacentric chro-
mosome. The two arms of an isochromosome are mirror images, both struc-
turally and genetically. An isochromosome thus consists of complete dupli-
cation of one arm and complete deficiency of the other arm. An isochromosome
can be composed of identical long arms (e.g., 46,X,i(Xq]) or identical short arms
(e.g., 46,X,i(Xp)), depending upon which arm remains with the centromere. An
isochromosome for the X long arm is the most common X-structural abnormality
in patients with gonadal dysgenesis.

a
b

lost

Replication

Figure 1-13. Diagrammatic representation of the origin of an isochromosome. (From
Simpson JL: Disorders of Sexual Differentiation. Etiology and Clinical Delineation. New
York: Academic Press, 1976, p 25. Reprinted with permission.)
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Figure 1-14. Dlagrammahc representation of one pnss:hle origin of a dicentric chro-
mosome. A dicentric can also arise following crossing-over within a paracentric inver-
sion loop. (From Simpson JL: Disorders of Sexual Differentiation. Etiology and Clinical
Delineation. New York: Academic Press, 1976, p 26. Reprinted with permission.)

A dicentric chromosome has two centromeres, and is usually thought to
arise following an isochromatid break (Fig. 1-14). After the telomeric acentric
fragment is lost, sister chromatids join. Following longitudinal division of the
centromere, the chromosome consists of a duplicated portion, a deficient por-
tion, and two centromeres. The presence of two centromeres (dicentric) is
associated with mitotic instability because the two might migrate to opposite
poles during telophase, stretching until breakage, followed by loss of chro-
mosomal material or secondary rearrangements (breakage—fusion-bridge
cycle).

Mosaicism

A mosaic individual has two or more genotypes, each originating from a
single zygote. Mosaicism usually arises following mitotic nondisjunction or
anaphase lag, with survival of at least two cell lines characterized by different
complements. Nondisjunction can result in as many as three cell lines (Fig. 1-
9), although loss of certain daughter cells may result in a less-complicated
mosaicism. Individuals with chromosomal mosaicism usually, but not invar-
iably, differ phenotypically from nonmosaic individuals, the differences pre-
sumably reflecting the distribution of various cell lines in different tissues.

Chimerism

Chimerism connotes the presence in a single individual of cells from dif-
ferent zygotes. Benirschke (1972a) distinguished three types of chimerism: (1)
blood chimerism, often due to interchange of blood cells between cotwins
through placental anastomoses or intrauterine transfusion; (2) transplacental
chimerism, due to interchange of fetal and maternal blood cells; and (3) whole-
body chimerism, presumably due to fusion of zygotes, and probably responsible
for 46,XX/46,XY true hermaphroditism.

Whole-body chimerism probably results from fusion of two zygotes or
embryos, which more often develop separately as dizygotic twins. A chimera
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could be formed by fusion after (1) fertilization of both an ovum and its polar
body, (2) fertilization of both within a single binucleated follicle, or (3) fertil-
ization of ova derived from different follicles. If two or more genotypes are
present in nonhematogenous tissues (skin, gonads) or persist in hematogenous
tissue for a long time, whole-body chimerism can be assumed.

The frequency of whole-body chimerism is probably underestimated, be-
cause chimeric individuals are usually discovered because of abnormal sexual
development, specifically true hermaphroditism. Almost all whole-body chi-
meras are heterosexual (unlike-sexed), whereas one might expect an equal
number of isosexual (like-sexed) chimeras.

Detection of Mosaicism and Chimerism

Detection of mosaicism or chimerism depends upon many factors, but most
importantly upon the number of cells analyzed per tissue and the number of
tissues analyzed.

The number of cells that needs to be analyzed depends upon the percentage
of the minority cell line, which itself depends upon the time the mosaicism
originates and whether any of the mosaic lines have a selective disadvantage
or advantage. Several investigators have calculated the number of cells statis-
tically necessary to exclude a minority cell population. For example, analysis
of fifty cells without detection of at least one cell representing a minor line
excludes any population comprising 10 percent or more of all cells in the tissue
studied (p < 0.05) (Ford, 1969).

If mitotic nondisjunction occurs relatively early in organogenesis, vet at
a time when the embryo contains at least several hundred cells (1- to 2-week-
old embryo), analysis of a single tissue might suffice, assuming absence of cell
selection. If, on the other hand, monosomy X originates by nondisjunction or
anaphase lag in the older fetus, mosaicisin may pass undetected if only a single
tissue were studied. Thus, ideally, multiple tissues should be studied; however,
practicality will more often dictate analysis of a single tissue.

CYTOLOGIC PROPERTIES OF SEX CHROMOSOMES

X Chromosome

The X chromosome is a submetacentric chromosome intermediate in length
between Nos. 7 and 8. Its banding pattern distinguishes it from all other chro-
mosomes. In addition, the late-replicating X (inactive) and the early-replicating
X (active) can be distinguished from one another by autoradiography or by
exposing cells to bromodeoxyuridine (BUdR]), staining with the fluorochrome
33258 Hoechst, and analyzing by fluorescent microscopy.

In females one of the two X chromosomes is the last of the complement
to complete DNA synthesis, probably because during interphase it is more
tightly coiled than other chromosomes. During interphase, this chromosome,
said to represent the heterochromatic X, forms a planoconvex body called X
chromatin (Fig. 1-5). In diploid lines the number of X-chromatin masses equals
the number of X chromosomes minus one.

All X chromosomes in excess of one are genetically inactive. The rela-
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tionship between X-inactivation and cytologic condensation was first eluci-
dated by Lyon (1961), who recognized that X chromosomes in excess of one
were inactivated, forming X-chromatin masses, and that determination of the
inactive X in a given cell is random if both X chromosomes are normal. (Except
for certain X-autosome translocations, structurally abnormal X chromosomes
are preferentially inactivated.) First derived from analyses of mice with mutant
coat color genes, the Lyon hypothesis was later extended to humans.

Although the Lyon hypothesis is generally accepted, some of its parts are
less valid than others. In humans some loci on the normal heterochromatic X
remain active, especially those on the distal short arm. By contrast, all loci on
structurally abnormal chromosomes may be inactivated (Polani et al., 1970).
The time of the onset of X-inactivation is also uncertain. X-inactivation has
been demonstrated in mammalian blastocysts by cytologic (Park, 1957) and
biochemical techniques (Epstein, 1969; Migeon and Kennedy, 1975); inacti-
vation earlier in embryogenesis has not been demonstrated. Whether X-inac-
tivation occurs in all cells is also unknown. Indeed, electrophoretic studies of
oocytes from adult females heterozygous for glucose-6-phosphate dehydrogen-
ase (G6PD) show a GBPD-A band, a GEPD-B band, and a band of the dimer that
indicates active synthesis of both G6PD-A and G6PD-B. Thus, both X chro-
mosomes appear to be active in oocytes (Gartler et al., 1972), explaining the
deleterious effect of a 45,X complement upon ovaries.

These caveats notwithstanding, X-inactivation probably accounts for the
relative viability of monosomy X and polysomy X embryos, compared to the
nonviability of embryos carrying a duplication or deficiency of autosomal ma-
terial.

Y Chromosome

The normal Y chromosome is a submetacentric chromosome whose overall
length is slightly longer than a group G (Nos. 21 and 22) chromosome. The
distal two thirds of the long arm are brilliantly fluorescent, and can be identified
during interphase (Fig. 1-6) as Y-chromatin.

The Y may vary in length from individual to individual. Length variations
are heritable. Variant Y chromosomes may be unusually long or unusually
short; the portion responsible for polymorphism is the distal Yq, specifically
the brilliantly fluorescent portion. In unrelated individuals the lengths of Yp
and nonfluorescent Yq are relatively constant, whereas the length of the flu-
orescent portion of Yq varies in a fashion proportional to the total length of the
Y (Bobrow et al., 1971). These observations imply that the fluorescent portion
of Yq is genetically inert or at least not essential for normal testicular and
somatic development.

MENDELIAN INHERITANCE

There are thousands of genes and only 23 pairs of chromosomes. Thus,
each chromosome must carry many genes. If a chromosomal aberration is large
enough to be detected by light microscopy, many genes are probably duplicated
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or deficient. Thus, the phenotypic consequences of chromosomal errors are
several steps removed from the cellular abnormality, because many genes and
their interactions can be considered responsible for an abnormal phenotype.
Mendelian inheritance involves gene mutation, which may involve only
a single genetic locus. A chromosome carrying a mutant gene usually appears
structurally normal because the change involves only a minute deletion or a
change in a single nucleotide sequence. Detection of mutant genes is, therefore,
accomplished not by cytogenetic studies, but rather by pedigree analysis or
biochemical assays that directly measure a gene product or its metabolites.

Linkage

Genes are located on chromosomes at given locations and in definite linear
sequences. Genes on the same chromosome are said to be linked or to exhibit
linkage. Two genes show linkage if during meiosis, with its opportunity for
recombination, they are more likely to remain on the same chromosome in
parental combination than to behave as if they were not on the same chro-
mosome. If the frequency of recombination between two linked genes is 1
percent, those genes are defined as being one map unit or one centimorgan
apart [percent recombination x 100 = centimorgans). Genes 50 centimorgans
apart on the same chromosome fail, by definition, to show linkage, being in-
distinguishable in segregation from genes on nonhomologous chromosomes.
However, the term linkage group has traditionally been used to designate all
genes on the same chromosome, including those more than 50 centimorgans
apart. [Two genes that show independent assortment can, nonetheless, be
shown to be on the same chromosome if each fails to assort independently with
another intermediate gene. For example, gene A might be 30 centimorgans from
gene B and 70 centimorgans from gene C. If B were 40 centimorgans from C
and 30 centimorgans from A, A and C would be in the same linkage group.)

The semantic confusion evident in the above has led some geneticists to
apply a new term, synteny, to describe all genes located on a single chromo-
some, irrespective of distance. In this monograph we are interested in linkage
because linkage analysis may permit antenatal diagnosis even if the trait in
question cannot directly be assayed by biochemical or other methods. Inci-
dentally, closeness of linkage is proportional to the propensity to form chias-
matic (crossover points) between those genes.

Homozygosity and Heterozygosity

Chromosomes exist in pairs, one member maternally derived and its hom-
ologue paternally derived. Thus, genes exist in pairs. Alleles are different states
of a gene. Alleles occupy identical loci on homologous chromosomes; thus, at
a given autosomal locus a gene ordinarily has at least two alleles. The normal
or native state of a gene, its most common state, is traditionally said to be the
wild type; however, this term is rarely used in human genetics. An abnormal
allele is a mutant. If both homologues possess identical alleles, homozygosity
exists; if homologues possess dissimilar alleles (e.g., one mutant and one wild
type), heterozygosity exists. If the alleles are dissimilar but both abnormal,
compound heterozygosity exists; its effect can be similar to homozygosity, and
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in fact the phenomena may be relatively common. An allele that can be ex-
pressed in its heterozygous state is dominant, whereas an allele that can be
expressed only if homozygous is recessive. A recessive trait whose allele is
located on the X chromosome is expressed by all males (46,XY) carrying the
allele. Affected males are said to be hemizygous. The terms dominant and
recessive are not intrinsic characteristics of genes but depend upon our methods
of detection of the gene product.

Familial Transmission of Mutant Genes

The familial patterns followed by Mendelian traits not only depend upon
whether the trait is dominant or recessive, but also upon whether the allele
controlling the trait is located on an autosome or a sex chromosome. The usual
patterns of transmission are autosomal dominant, autosomal recessive, X-linked
dominant, X-linked recessive, and Y-linked.

Autosomal Dominant Inheritance

The likelihood is 50 percent (p = 0.5) that an individual carrying a mutant
autosomal dominant gene (allele) will pass that allele to any given offspring,
male or female (Table 1-4). Therefore, an autosomal dominant allele might he
recognized by its ability to be expressed from generation to generation (Fig. 1-
15). If penetrance (see below for definition) is complete, no unaffected indi-
vidual will have an affected offspring. Males and females usually have an equal
probability of having an autosomal dominant trait. Unfortunately, autosomal
dominant patterns are not always associated with the characteristics described
above. First, some phenotypically normal individuals almost certainly carry
a mutant autosomal dominant allele because one parent and one or more off-
spring have the same rare dominant trait. Such a mutant allele is said to show
incomplete penetrance if present in a phenotypically normal individual.

Penetrance is a measure of the ability to recognize a mutant allele. It is the
frequency with which a heritable trait is manifested by individuals carrying

Table 1-4
Autosomal Dominant Inheritance*
Gametes
Affected
Parent
Unaffected
Parent A a
a Aa aa
a Aa aa

From Simpson JL: Disorders of Sexual Differentiation. Etiol-
ogy and Clinical Delineation. New York: Academic Press,
1976, p 34. Reprinted with permission.

*Progeny expectled of a mating between an affected parent
{Aa) and an unaffected parent (aa). A represents the mutant
allele, o the normal. The likelihood is 50 percent that an
affected parent will pass the mutant allele to any given

offspring.
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Figure 1-15. Patterns of familial transmission expected of autosomal dominant, au-
tosomal recessive, X-linked recessive, and X-linked dominant traits. (From Simpson JL:
Disorders of Sexual Differentiation. Etiology and Clinical Delineation. New York: Ac-
ademic Press, 1976, p 34. Reprinted with permission.)

a gene coding for it, irrespective of variation in degree of expression. If a trait
is detected in half the individuals who carry the allele controlling that trait,
the allele displays 50 percent penetrance. A single allele may be responsible
for several different phenotypic effects; this is pleiotropy. Likewise, phenotypic
variation may be associated with a given mutant allele, a phenomenon known
as variable expressivity. Variable expressivity occurs not only between families
but also among affected members of a single family (intrafamilial variability).
An autosomal dominant allele may affect individuals of only one sex (sex
limitation), a phenomenon of particular importance to gynecologists. Some-
times it is difficult to distinguish a male-limited autosomal dominant trait from
an X-linked recessive trait. Male-to-male transmission excludes X-linked in-
heritance.

At least 736 human genes, and probably many more, are autosomal dom-
inant (McKusick, 1978). An autosomal dominant allele in humans usually has
one of three clinical characteristics. (1) It does not interfere with reproductive
ability (e.g., polydactyly). (2) It is manifested only after the usual age of repro-
duction (e.g., Huntington chorea). (3) It is capable of variable expressivity (i.e.,
a minimally affected parent might have severely affected progeny). The more
severe the trait, the more likely that an affected individual has a new mutation.
All individuals with a trait causing sterility represent a new mutation. For
common autosomal dominant traits, mutation rates are usually estimated to be
10-° to 10-%/gamete/generation.
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Autosomal Recessive Inheritance

An autosomal recessive trait is not expressed unless an individual is homo-
zygous for the appropriate allele; that is, both alleles at a given genetic locus
have an identical mutation or are both dysfunctional. An individual with a
recessive trait is usually the product of a mating between parents heterozygous
for the same mutation (Fig. 1-15, Table 1-5). If two heterozygotes mate, the
likelihood is 25 percent that an offspring will be affected. If multiple siblings
of both sexes but no other relatives are affected, autosomal recessive inheritance
should be considered.

In plants and animals, recessive inheritance can be verified by analyzing
progeny from appropriate breeding experiments. For example, if a gene is re-
cessive, mating a homozygous son or daughter to a heterozygous parent (back-
crossing) should result in 50 percent affected progeny. In humans this method
is obviously not applicable; however, the probability of autosomal recessive
inheritance can be assessed by various statistical methods. Consanguineous
parents are more likely to carry an identical allele (mutant or normal) than
nonconsanguineous parents. An individual with a recessive trait is therefore
more likely to arise from a consanguineous than a nonconsanguineous mating.
The rarer a trait, the higher the proportion of affected individuals who arise
from consanguineous uniomn.

At least 521 autosomal recessive traits are known to exist in humans,
(McKusick, 1978), and many more are suspected. Relatively few clinical gen-
eralizations concerning recessive traits are valid, but one that is valid is that
enzyme deficiencies usually result from recessive genes, autosomal or X-linked.
Presumably a single gene codes for enough protein (enzyme) to permit normal
biosynthesis; thus, a deficiency does not become evident unless both alleles
are mutant. Variation in expression is also more characteristic of dominant
than recessive genes, and in homozygous form recessive genes are rarely non-
penetrant.

One clinically important concept is the relationship between the frequen-
cies of homozygotes and heterozygotes. This relationship is expressed by the
Hardy-Weinberg equilibrium, which was derived independently in 1908 by the
British mathematician Hardy and the German physician Weinberg. The normal
allele A has a frequency of p, and the mutant allele a has a frequency of g.
Since the total of all alleles is one, p + q = 1. By squaring both sides, p* +

Table 1-5
Autosomal Recessive Inheritance®
Parental Gametes A a
A AA Aa
a aA aa

From Simpson JL: Disorders of Sexual Differentiation. Etiol-
ogy and Clinical Delineation. New York: Academic Press,
1976, p 36. Reprinted with permission.

*Progeny expected of a mating between two individuals
heterozygous for the same mutant allele (a). A represents
the normal allele. The probability is 0.25 that a given off-
spring will inherit both mutant alleles (aa) and be affected.
The probability is 0.50 that a given offspring will be het-
grozygous [Aal.
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2pg + q* = 1; p?is the frequency of individuals homozygous for allele A (AA);
g? is the frequency of individuals homozygous for allele a (aa); and 2pq is the
frequency of the heterozygote (Aa). The frequency of a mutant allele (q) is
usually much less than the frequency of a normal allele. If g is less than 0.5,
q* is much less than 2pq because p is nearly equal to 1. Thus, a rare recessive
disorder almost always results from matings between heterozygous phenotyp-
ically normal individuals. It is rarely immediately related to a new mutation.
Likewise, most of the genetic load for a deleterious recessive trait lies in the
heternzygotes, not in the relatively few homozygotes. These data are relevant
to proposals to eliminate mutant alleles from the population by elimination of
homozygous or even heterozygous fetuses. Such proposals are not only im-
practical and ethically unwise, but also theoretically unwise because hetero-
zygous individuals might posess an advantage over homozygously normal in-
dividuals that was responsible for maintaining the mutant allele in the
population (see Simpson & Gerbie, 1977). In fact, all individuals may be het-
erozygous for at least 5 to 6 deleterious recessive genes.

X-Linked Recessive Inheritance

A mutant recessive gene located on the X chromosome is expressed by all
males [46,XY) who carry it. Such individuals are hemizygous. Females are
usually affected only if homozygous. A 46,XX individual can be affected if her
mother is heterozygous and her father hemizygous, but this mating occurs very
rarely for deleterious traits.

An X-linked recessive allele is transmitted through phenotypically normal
heterozygous females (Fig. 1-15, Table 1-6). The proband (the person through
whom a pedigree is ascertained) might have affected male sibs, affected ma-
ternal uncles, atfected maternal nephews, affected maternal first cousins, and

Table 1-6
X-Linked Recessive Inheritance*
Gametes
Normal
Heterozygous i
Female x Y
X XX XY
Heterozygous Affected
daughter son
X X XY
Normal Normal
daughter son

From Simpson JL: Disorders of Sexual Differentiation. Etiology
and Clinical Delineation. New York: Academic Press, 1976, p 38.
Reprinted with permission.

*Progeny expected of a mating between a normal male (XY) and
a female heterozygous for an X-linked recessive trait (XX). X rep-
resents an X chromosome carrying a mutant allele; X represents
the X chromosome carrying the normal allele. The probability is
0.5 that a given male offspring will inherit X and, hence, be af-
fected. Likewise, the probability is 0.5 that a female offspring will
inherit X and, hence, be heterozygous like her mother.
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Table 1-7
X-Linked Dominant Inheritance*
Affected Malet Affected Femalet
Gametes Gametes
Affected MNormal

Mormal il Affected Male
Female X Y Female X '

X XX XY X XX XYy

X XX XY X XX XY
From Simpson JL: Disorders of Sexual Differentiation. Etiology and Clinical Delineation. New

York: Academic Press, 1976, p 39. Reprinted with permission.

*X carries an X-linked dominant allele; X does not carry the allele.
+100 percent females affected; 0 percent males affected.

%50 percent females affected: 50 percent males affected.

perhaps other affected maternal relatives. The probability is 0.5 that a heter-
ozygous female will pass an X-linked recessive allele to any given offspring.
Males receiving the allele will be affected; females will be heterozygous like
their mother. An affected male passes the allele to all his daughters but none
of his sons; all his offspring would be phenotypically normal, assuming his
mate is not heterozygous for the same allele. There are approximately 100 X-
linked traits, most bearing no apparent relationship to sexual development.
Examples include hemophilia and Duchenne muscular dystrophy. For genetic
counseling it is important to realize that many males have X-linked recessive
traits as result of a fresh mutation in a maternally derived X chromosome.

X-Linked Dominant Inheritance

A male carrying an X-linked dominant allele transmits the allele to all his
daughters but to none of his sons (Fig. 1-15, Table 1-7). The probability that
a female with an X-linked dominant allele will pass the allele to any offspring,
male or female, is 0.5. In X-linked dominant traits, females are twice as com-
monly affected as males, although sometimes less severely. Relatively few X-
linked dominant traits are known. The best example is vitamin-D resistant
rickets. Of interest to gynecologists is that Stein-Levanthal syndrome may be
an X-linked dominant (Wilroy et al., 1975).

Y-Linked Inheritance

A male passes a Y-linked gene to each of his sons but to none of his
daughters. Y-linked inheritance has been postulated for many traits, but proved
for none. Several characteristics are controlled by factors on the Y, notably
testicular determinants and the H-Y antigen (see Chapter 10).

POLYGENIC OR MULTIFACTORIAL INHERITANCE
Most disorders discussed in this monograph result from chromosomal er-

rors or from single-gene mutations. However, these factors cannot explain every
congenital abnormality, nor can they explain the heritability of normal ana-
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tomical and physiologic variation (e.g., age of menarche). The recurrence risk
of manv anatomic anomalies indicates a heritable tendency. For example, fol-
lowing the birth of one child with a neural tube defect (anencephaly or spina
bifida), the likelihood that any subsequent progeny will be similarly affected
is approximately 2 percent in the United States, assuming unaffected and non-
consanguineous parents. Similar recurrence risks have been empirically de-
rived for many other common anomalies unassociated with mental retardation.
That heritable tendencies, rather than shared intrafamilial environmental fac-
tors, are responsible for familial aggregates can be deduced from twin studies.
Monozygotic twins are more likely than dizygotic twins to be concordant for
anomalies limited to a single organ system, although in each circumstance both
twins were subject to a similar intra-uterine environment. However, the rela-
tively low recurrence risks (2 to 5 percent) suggest that either more than one
gene is involved or that both genetic and environmental factors are involved.
By contrast, if neural tube defects were inherited in an autosomal recessive
fashion, the recurrence risk would be 25 percent; if inherited in an autosomal
dominant fashion, 50 percent.

One explanation for a trait whose recurrence risk is 2 to 5 percent is that
the trait is influenced by several genes. This assumes that within the population
there is continuous variation with respect to a given trait. This model is at-
tractive because a relatively small number of genes can produce continuous
phenotypical variation. For example, consider the number of possible geno-
types if one (A) gene, versus two (A and B) genes, controls a single trait.* If the
gene frequency of A equals the gene frequency of a, then 25 percent of the
population is AA (p = q = 0.5; p* = g* = 0.25), 25 percent is aa, and 50
percent is Aa (2pq = 0.50). If two genes influence the trait, nine genotypes are
possible: AABB, AABb, AAbb, AaBB, AaBa, Aabb, aaBB, aaBb, aabb. The
population will contain only five classes of individuals if A exerts the same
effect as B and a exerts the same effect as b. The population will contain nine
classes of individuals if A and B, as well as a and b, exert dissimilar influences
(Table 1-8). As the number of genes controlling a trait increases, the histographic
representation of the proportion of individuals in each class will more closely
approximate a gaussian (normal) distribution. Figure 1-16 shows the situation
for three genotypes; for more genotypes, there would be more bars, eventually
showing gaussian distribution.

A trait controlled by more than one gene is said to be polygenically in-
herited. Continuous variation may also result from many alleles at a single
locus or from a single locus influenced by environmental factors. If both en-
vironmental and genetic factors influence a trait, many geneticists apply the
term multifactorial inheritance. Thus, continuous variation could result from
(1) more than one gene, (2) more than two alleles at a single locus, or (3) a
single gene influenced by environmental factors (multifactorial). Polygenic and
multifactorial inheritance usually cannot be distinguished, although compar-
isons between monozygotic and dizygotic twins theoretically permits a dis-
tinction.

Polygenic or multifactorial inheritance can explain the inheritance of nor-
mal anatomic and physiologic variables that display continuous variation

*Assume each gene has only two allelic forms, A and a, or B and b.
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Table 1-8

Relationship Between Numbers of Genes Controlling a Trait
and Numbers of Classes of Individuals in a Population

Number of Classes of Number of
Genes Individuals Classes
1[A.a) AA Aa,aa 3
2 [A.a;B.b) AABB, AABb, AAbb
AaBB, AaBb, AAbb ]
aaBB, aaBb, aabk
n an

From Simpson JL [1976): Disorders of Sexual Differentiation. Etiology and
Clinical Delineation. New York: Academic Press, 1976, p 39. Reprinted with
permission.

A and a represent alleles at one locus, B and b at another. If one gene controls
the presence or absence of a given trait the population consists of three ge-
notypes; if two genes control a trait the population consists of nine genotypes.
If there are more than two alleles at a given locus, the number of genotypes
would increase.

(height, skin color, hair color, blood pressure, age of menarche, the ability to
metabolize a given drug). However, polygenic inheritance cannot explain dis-
continuous variation, in which the population consists of two discrete groups,
one obviously affected and one unaffected (e.g., cleft palate—there is relatively
little variability in the degree of clefting, although some variation exists in all
traits.) To explain such dichotomies, one might postulate a threshold beyond
which the accrued liability for developing a specific trait is so great that a

50
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iy Aa aa

Percentage of Population

Od
Figure 1-16. Histogram showing the relative proportions of individuals with various
genotypes (AA,Aa,aa) if a trait is influenced by a single gene that can exist in two allelic
forms (A or a). If A=a = 0.5, A* = o = 0.25 and 2pq = 0.50 (Hardy-Weinberg
equilibrium). Thus, 25 percent of the population is AA, 25 percent is aq, and 50 percent
is Aa. If A = 0.9, 81 percent are AA, 18 percent are Aa, and 1 percent are aa. (From
Simpson JL (1976): Disorders of Sexual Differentiation. Etiology and Clinical Delinea-
tion. New York: Academic Press, p 43. Reprinted with permission.)
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malformation occurs (Fraser, 1976) (Fig. 1-17). Phenotypically normal parents
with an affected child thus presumably have liabilities nearer the threshold
than do most individuals in the general population. The liability might reflect
the rate of embryonic growth. If growth occurs too slowly, some essential
embryonic step might not be accomplished leading to anomalous development.
For example, if the two palatine shelves reach the midline before a given day
of development, they fuse and form the secondary palate. After that day the
shelves may be too widely separated to fuse, causing cleft palate. The inherited
factor (liability) might thus be the rate of growth, with the presence or absence
of an anomaly the consequence. Clearly, other factors—e.g., mandible size,
tongue size—also influence fusion or nonfusion of the shelves.

In humans, several empirical and statistical observations may lead one to
suspect that a trait is inherited in polygenic or multifactorial fashion and is
manifested only beyond a certain threshold:

® The trait, whose incidence is usually about 1 or 2 per 1000 births, usually
involves a single organ system.

e After one affected child, the risk of recurrence for subsequent sibs is usually
2 to 5 percent, depending upon the particular trait. The risk may increase
after two affected progeny but to less than the 25 percent expected for
recessive traits or the 50 percent expected for dominant traits.

® If the trait is more frequent among members of one sex, the risk for relatives
is higher if the proband belongs to the less frequently affected sex. For
example, pyloric stenosis occurs more frequently in males than females.
Thus, the recurrence risk for subsequent progeny is higher if the proband
is female.

® The more serious the anomaly, the higher the recurrence risk. For example,
bilateral cleft palate carries a higher recurrence risk than unilateral cleft
palate.

Threshold

Freguency

Liability
Figure 1-17. Schematic representation of one model for polygenic or multifactorial
inheritance, assuming a threshold beyond which liability is so great that an abnormality
is manifested. Parents of affected individuals presumably have a greater liability (i.e.,
are closer to the threshold) than most other individuals in the population. (From Simp-

son JL: Disorders of Sexual Differentiation. Etiology and Clinical Delineation. New York:
Academic Press, 1976, p 43. Reprinted with permission.)
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® The concordance rate (frequency of similarly affected cotwins) is higher
among monozygotic than dizygotic twins, although discordance (dissimi-
larly affected cotwins) nonetheless occurs among monozygotic twins.

® Asthe degree of relation decreases, the recurrence risk to relatives decreases
more rapidly than for autosomal dominant traits.

® Following the birth of one affected child, the probability that a sibling will
be affected is approximately V', where x equals the incidence of the trait
(Edwards, 1960). Such estimates have especially proved useful in congenital
heart anomalies (Nora et al., 1970a).

In humans it is nearly impossible to prove that a given trait is polygenic
rather than multifactorial in etiology. Medical geneticists are, moreover, often
guilty of loosely using the term polygenic to refer to any trait whose inheritance
is complex. In this volume we shall often invoke the concepts polvgenic in-
heritance and multifactorial inheritance, but we are fully aware that the genetic
complexities have usually not been elucidated.

Special mention should be made of heritability, a concept developed for
use in plant and animal breeding systems, in which matings and environment
may be controlled. Often applied in the context of polygenic inheritance, her-
itability refers to that part of the variation of a trait due to additive genetic
variation, i.e., the degree of genetic control preserved in gametes, the expression
of which is independent of dominance or epistasis. (Dominance refers to in-
teraction between alleles at a single locus as expressed in the phenotype. Ep-
istasis refers to interaction of alleles at different loci.) Dominance and epistasis
are created anew with the formation of each successive generation and are not
transmitted per se in gametes. Thus, they are not included in heritability (h?),
which rather is restricted to that portion of a trait which is genetically controlled
and can be transmitted as such from generation to generation. The concept of
h? has proved useful in predicting the success of selective matings in plants
and animals in producing desirable agricultural traits. Heritability is also often
invoked in human studies in twin analysis of continuous [(guantitative) traits
(e.g., height, blood pressure). However, when applied to human populations,
for which neither matings nor environment can be controlled, calculation of
heritability is only an approximation, subject to various potential errors. The
phenomenon actually approximated in human twin studies is the degree of
genetic determination, a term broader than heritability because it connotes and
encompasses not only heritability but also such genetic components as dom-
inance and epistasis. Indeed, the occurrence of complex (non-additive) genetic
interactions (i.e., dominance and epistasis) makes it difficult to infer genotype
from a phenotype expressed as a continuous (quantitative) trait. The results of
these interactions are generally included in twin studies in humans; therefore,
estimates of the genetic component are not directly equivalent to the heritable
component as defined by h? (proportion of additive genetic variance). How-
ever, such estimates are often referred to as “heritability.” Assuming environ-
mental influences are equivalent for the two types of twins and genotypic-
environmental interactions do not exist, the degree of genetic determination
is often estimated as
Voz = Vuz

H =
Viz
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where V refers to the variance of the differences between twin pairs for a
particular measurement being analyzed. However, no specific genetic inter-
pretation can be assigned to this value. The formulas used to compute herit-
ability and genetic determination for quantitative (continuous) traits that em-
ploy variances of the measurement differences between MZ and DZ twin pairs
exist also in more sophisticated forms (see Cavalli-Sforza & Bodmer, 1971;
Vogel & Motulsky, 1979). If there is a detectable genetic component to a meas-
urable trait, MZ twin pairs would be expected to differ less on the average than
DZ twin pairs. The variance in DZ twins should be due to both genetic and
environmental variation, whereas variances in MZ should be due only to the
latter. Therefore, subtracting Vy,, should theoretically result in an estimate of
the degree of genetic variation relative to total variation (Vy;). The interpretation
of these estimates of heritability (“genetic determination”) is, however, subject
to many assumptions, including (1) common environmental variation for both
MZ and DZ twins and (2) lack of genotype—environmental interaction. However,
both assumptions are probably violated. Moreaver, even if it could be correctly
estimated, heritability is not a fixed value even in experimental populations,
but may vary with age, sex, genetic, and environmental background. In other
words, heritability estimates need not be the same for the same trait in different
populations, or in the same population at different times, as is well known
from plant and animal breeding (Falconer, 1960). Thus, the absolute value of
heritability estimates for human population should not be accepted too rigidly.
Nonetheless, relative values for different traits or diseases may identify con-
ditions which might be fruitful to explore genetically with other methodologies.



2

Mendelian Disorders and their Influence
on Reproduction

The rapidity and intensity with which medical genetics has developed and has
come to influence the specialty of obstetrics and gynecology is remarkable. This
growth is mirrored in the numerical status of genetic nosology over the last
two decades; Table 2-1 lists the traits believed to be inherited in Mendelian
fashion in humans, which has increased sevenfold in the past 20 years, from
a synergism between the research laboratory and the clinician. Obviously, it
would be impossible to survey all of these Mendelian traits and their influence
on reproduction in one text, let alone in one chapter. Our more modest goal
is to discuss the more common, more noteworthy, and best understood Men-
delian traits causing disease states that can influence reproductive function.
Further details are available in a recently published volume (Schulman & Simp-
son, 1981).

HEMOGLOBINOPATHIES

Background

Hemoglobin is a tetrameric protein consisting of four globin chains. In
humans there are six structurally different types of globin chains, designated
alpha (a), beta (B), gamma (y), delta (3), epsilon (¢), and zeta ({) (Bunn, Forget,
& Ranney, 1977). The early embryonic globins € and { are rapidly replaced as
the fetus develops (Huehns et al., 1964). Two « and two non-a chains combine
to form each of the different hemoglobins.

The thalassemia syndromes are named and classified by the type of hemo-
globin chain that is inadequately represented. The thalassemias are quantitative
disorders of synthesis; the globin chains are structurally normal. The two major
groups are the a- and B-thalassemias, both of which affect the synthesis of HbA,
which contains two « and two B chains («:p.). There is no single etiology for

35
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Table 2-1
Mendelian Traits in Humans*
Year

Inheritance Mode 1959 1966 1968 1971 18975 1978
Autosomal dominant 285 B37 793 943 1218 1489
Autosomal recessive 89 531 629 783 947 1117
K-linked 38 119 123 150 171 205

Total 412 1487 1545 1876 2336 2811

Adapted from McKusick VA (1978): Mendelian Inheritance in Man (ed 5). Baltimore, Johns Hopkins
Press.

*In approximately half of the above traits, Mendelian inheritance is considered proved, and in the
remaining half it is quite possible.

these diseases. On the molecular level, a variety of defects have been dem-
onstrated, each involving a different step along the pathway of transcription
of DNA into RNA and translation of mRNA into globin chains.

The most common forms of a-thalassemia lack one or more of the four
structural genes that code for a-globin (Ottolenghi et al., 1974). In the homao-
zygous condition with all four alleles deleted, no chains are produced and the
fetus is unable to synthesize HbF (a,y,) or any of the adult hemoglobins (Weath-
erall, Clegg, & Wong, 1970). The result is high-output cardiac failure, hydrops
fetalis, and stillbirth. The most severe form of a-thalassemia compatible with
extra-uterine life is HbH (B,) disease, which results from the deletion of three
« genes (Kan et al., 1975a). Abnormal quantities of HbH and Hb Bart (y,)
accumulate, leading to a moderately severe hemolytic anemia. In a-thalassemia
minor (a-thalassemia-1), two genes are deleted, causing a mild hypochromia
and microcytic anemia, which must be differentiated from iron deficiency. A
single gene deletion (a-thalassemia-2) is clinically undetectable (Orkin & Na-
than, 1976). The etiology of a-thalassemia in blacks is somewhat modified. In
blacks with o-thalassemia-1, the deleted genes are in trans (on the opposite
chromosome) rather than in cis (on same chromosomes) position, which makes
both HbH disease and a-thalassemia per se rare (Dozy et al., 1979).

In B-thalassemia, no gene deletions have been demonstrated. There are two
forms of B-thalassemia, designated B* or B° depending on whether B-chain
production directed by the one B~ is reduced or entirely absent (Conconi et al.,
1972; Forget et al., 1974; Kan et al., 1975c). B-thalassemia major is the homo-
zygous state, in which there is little or no production of B-chains. The fetus
is protected from severe disease by y-chain production. However, this protec-
tion disappears rapidly after birth. The affected infant is anemic by three months
of age, develops hepatomegaly, requires blood transfusions every three to four
weeks, and dies by the third decade, usually of myocardial hemosiderosis.
Those female patients surviving until puberty are usually amenorrheic with
severely impaired fertility (Necheles, 1973).

B-thalassemia minor, the heterozygous state, results in a variable degree
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of illness, depending upon the rate of p-chain production. The condition may
be clinically subtle and frequently is diagnosed only after the patient fails to
respond to iron therapy or delivers a child with homozygous disease. Findings
include an increased erythrocyte count, microcytosis, hypochromasia, elevated
HbA; («8;) concentration, elevated serum iron concentration, and an iron
saturation over 20 percent.

Several hundred structural variants of a, B, vy, and & chains have been
identified. Most differ from normal by only one amino acid. The molecular
location of the substitution has a marked influence on the functional effect. If
an individual is homozygous for a mutated B chain (e.g., the S gene), all her
adult hemoglobin will contain S (B%) globin chains instead of normal B chains.
If heterozygous, one B* chain will be joined with a normal B* chain (e.g.,

a*BABS).

Reproductive Implications

Approximately 10 percent of American blacks are heterozygous for the
hemoglobin S gene; this state is referred to as the sickle cell “trait” (Motulsky,
1973). Whalley and colleagues (1963, 1964), Pritchard et al. (1973) and Blattner,
Dar, and Nitowsky (1977) have compared the outcomes of pregnancy in women
with normal hemoglobin and with sickle cell trait. They noted comparable rates
of spontaneous abortions, low birth weight infants, toxemia, low Apgar scores,
and perinatal mortality. However, gravidous women with sickle cell trait had
twice as many urinary tract infections as non-sickle-cell women. These women
do well during pregnancy and labor, but caution must be observed when using
anesthesia to assure good oxygenation and thus avoid sickling.

Patients homozygous for the HbS gene have sickle cell anemia (SCA) and
suffer from lifelong complications, in part due to the markedly shortened life
span of their red blood cells. Although maternal mortality is quite rare on
modern obstetrical services, the perinatal mortality (approximately 28 percent)
and the incidence of infants born weighing less than 2500 grams (approximately
45 percent) are high (Freeman & Ruth, 1969; Perkins, 1971a; Pritchard et al.,
1973). The spontaneous abortion rate does not appear to be increased. Most
observers feel that a woman's prepregnancy health is a good indication of how
she will do in pregnancy. The complications of SCA during pregnancy include
sickle cell crises, infections, toxemia (in 33 percent of pregnancies associated
with SCA, according to Pritchard et al., 1973), hemosiderosis, and folic acid
deficiency anemia. There is no support for early elective induction of labor,
and, in fact, some studies have shown the use of oxytocin to be associated with
decreased bone blood flow [Singer et al., 1951; Fraser & Watt, 1964). Anesthesia-
related hypovelemia and/or hypoxia can lead to serious complications, so re-
gional anesthetics should be administered with great caution.

Women who are heterozygous for both the B* and B© genes are said to have
HbSC disease (HbSCD). HbSCD during pregnancy has a 4 to 5 percent maternal
mortality rate (Golbus & Laros, 1981). Pregnant patients with HbSCD experience
rapid and severe anemia crises due to splenic sequestration. The clinical man-
ifestations of HbSCD are otherwise similar to SCA but milder. Pregnancy com-
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plications include urinary tract infections (70 percent), gross hematuria (30
percent), pvelonephritis (21 percent), pulmonary infection (50 percent), and
toxemia (20 percent) (McCurdy, 1964). Patients with HbSCD require increased
folate intake, as in SCA. However, those with HbSCD also require iron sup-
plements, and if they do not take them, they may develop iron deficiency
anemia.

Hemoglobin C trait (HbAC) is an asymptomatic state without reproductive
consequences. Hemoglobin C disease is a mild hemolytic anemia with the
hematocrit in the range of 25 to 35 percent and a constant reticulocytosis. There
is no morbidity or mortality associated with pregnancy.

In hemoglobin S-B-thalassemia the patient is heterozygous for both HbS
and B-thalassemia. The mutations are located on different homologues. Prit-
chard et al. (1973) described no maternal deaths and 91 percent fetal survival
in his study of 37 pregnancies. Laros and Kolstone (1971), on the other hand,
described one maternal death in 38 pregnancies (2.6 percent) and an 81 percent
rate of fetal survival. The problems are similar to those seen with HbSCD, and
the clinical severity usually is directly proportional to the HbS concentration.

Pregnant women with B-thalassemia minor, a-thalassemia minor, and HbH
disease appear to have normal deliveries and infants (Alger, Golbus, & Laros,
1979).

The major risks to a pregnant woman with SCA, HbSCD, and HbS-B-thal-
assemia occur during the third trimester, intrapartum, and postpartum. Hy-
pothetically, complications of the hemoglobinopathy might be avoided if one
were able to remove a significant portion of the patients’ whole blood and
replace it with fresh packed red blood cells at a critical time during gestation.
Experience with 36 patients undergoing partial exchange transfusion was re-
ported by Morrison and Wiser (1976a, 1976b). There were two cases of maternal
hepatitis, one associated with infant mortality. Overall, the results indicated
reduced prematurity and fewer low birth weight infants in the treated groups,
and a dramatic decrease in the perinatal death rate.

HEMOLYTIC ANEMIAS

In normal humans erythrocytes survive approximately 120 days. In a he-
molytic state the in vivo life span of the erythrocyte is shortened. The inherited
hemolytic anemias may be caused by either a structural or an enzymatic defect
in the red cell. The most common form of inherited (autosomal dominant)
hemolytic anemia is due to spherocytosis, and is characterized by intermittent
jaundice, splenomegaly, cholelithiasis, and spherocytes in the peripheral blood
smear. Over 650 pregnancies occur annually in the United States in women
with hereditary spherocytosis. A hemolytic crisis may be induced by pregnancy
and may be treated with replacement transfusions (Johnson & McAllister, 1951)
or with splenectomy (McElin, Mussey, & Watkins, 1950; Moore, Sherman, &
Strongin, 1976). Prenatal care of women with spherocytosis who have not had
a splenectomy should include folic acid supplementation for the increased
erythrocyte production and careful monitoring of the hemolytic state. In the
absence of severe untreated anemia, hereditary spherocytosis does not con-
tribute to prenatal or neonatal morbidity.
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Hereditary elliptocytosis is a somewhat milder hemolvtic anemia state
caused by an autosomal dominant structural defect of the erythrocyte. The
symptoms and signs are similar to those of spherocytosis, albeit not as severe.
Hemolysis may be precipitated by pregnancy, with no symptoms or signs be-
tween pregnancies. Only transfusion therapy has been required in the few
reported cases involving pregnancy (Weiss, 1963; Breckenridge & Riggs, 1968).

The most prevalent red blood cell enzyme deficiencies are those involving
the hexosemonophosphate shunt. Because this pathway supplies only a minor
component of the cell's energy, these deficiencies are associated with episodic
hemolysis secondary to oxidative damage. The most common deficiency in-
volves glucose-6-phosphate dehydrogenase (G6PD) and is an X-linked trait.
Pregnancy in patients with G6PD deficiency is associated with a number of
specific complications. There is decreased G6PD activity in one third of patients
in the third trimester (Vergnes & Clerc, 1968), predisposing to hemolytic epi-
sodes at this time. A study of 180 G6PD-deficient pregnant women reported
that 62 percent had a hematocrit of less than 309 (Silverstein et al., 1974).
Urinary tract infections were more common, which poses an additional risk,
because many drugs commonly employed to treat urinary tract infections are
oxidants. Exposure of the G6PD-deficient fetus to maternally ingested oxidants
may produce fetal hemolysis, hydrops fetalis, and death (Perkins, 1971b;
Mentzer & Collier, 1975). A reasonable course would be to screen pregnant
black women (3 percent are heterozygous for G6PD deficiency) who have uri-
nary tract infections for G6PD deficiency prior to starting therapy. The neonate
is at risk for anemia, hyperbilirubinemia, and kernicterus. The incidence of
severe jaundice in randomly selected G6PD-deficient newborn males is ap-
proximately 5 percent, but rises to 50 percent if there was a prior icteric sibling
(Fessas, Doxiadis, & Valaes, 1962).

Red cell enzyme deficiencies in the glycolytic pathway, which generates
93 percent of the cells’ ATP (Oski & Naiman, 1972), are rarer but are usually
associated with more severe hemolysis. Pyruvate kinase deficiency, an auto-
somal recessive trait, is the most common red cell glycolytic defect. A hemolytic
crisis may be precipitated by pregnancy (Collier, Ashford, & Bell, 1966; Kendall
& Charlow, 1977), and there are at least two reports showing that oral contra-
ceptives intensify the hemolytic process (Nixon & Buchanan, 1967; Kendall
& Charlow, 1977). Accentuation of hemolysis results in severe jaundice in the
newborn, often requiring exchange transfusion,

The genes for the other enzymes in the glycolytic pathway are inherited
in an autosomal recessive mode, except for phosphoglycerate kinase, which is
¥X-linked. There is insufficient experience with defects of these enzymes to
allow conclusions regarding their effect on reproduction.

DISORDERS OF HEMOSTASIS

Plasma Coagulation Factor Deficiencies

Hemophilia A (factor VIII deficiency) and hemophilia B (factor IX defi-
ciency) are X-linked traits that are similar in clinical appearance but that can
be differentiated by laboratory tests. Nonpregnant carriers of a hemophilia gene
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have, on the average, 50 percent of the deficient factor that control women
have. Since the carrier values approximate a normal distribution, some will
have levels low enough to cause a clinical disorder. The clinical problems are
mild and usually consist of bleeding associated with surgery, trauma, or dental
work. However, there are rare instances of women with clinical and laboratory
findings indistinguishable from those of males with hemophilia. The mecha-
nisms causing a female to manifest an X-linked disease include (1) homozy-
gosity for the deleterious gene, (2) heterozygosity in which the normal gene is
not functioning because the X chromosome bearing the normal gene is struc-
turally abnormal and has been preferentially inactivated or because the X chro-
mosome bearing the normal gene has been randomly inactivated in almost all
of the cells producing the clotting factor, or (3) hemizygosity with only one X
chromosome.

The female heterozygote with a low factor VIII or IX level must be prepared
for surgical procedures in the same manner as is a mild male hemophiliac. A
pregnant woman whose factor level has not risen over 40 percent of normal by
the third trimester may require cryoprecipitate transfusion during and imme-
diately following delivery. The hemophiliac fetus does not appear to be at risk
during gestation. Problems due to birth trauma are rare, but intracranial bleed-
ing and cephalohematomas have been reported in hemophiliac neonates (Rau-
sen & Diamond, 1961).

Detection of the heterozygous state for hemophilia has been reviewed re-
cently by Graham (1978). The considerable overlap between the range of factor
levels for heterozygous and homozygous normal women made carrier detection
difficult until recently. Zimmerman, Ratnoff, and Littell (1971) developed an
immunologic test that quantitates factor VIlI-related antigen, which is present
in normal amounts in hemophilia. Testing heterozygotes consists of comparing
the clotting activity and antigen activity, since a ratio of less than one indicates
the production of nonfunctional factor VIII. This technique allows identifica-
tion of 80 to 90 percent of heterozygotes for factor VIII deficiency (Klein et al.,
1977). Testing for the carrier state may also be performed during pregnancy
despite the fact that factor VIII clotting activity rises substantially, because
factor VIIl-related antigen levels appear to rise concordantly. Carrier detection
for factor IX deficiency is not as reliable, since the distribution of factor IX
activity levels in carriers is wide and there is substantial heterogeneity of factor
[X antigen levels among patients with hemophilia B (Barrow, Bullock, & Gra-
ham, 1960; Roberts et al., 1968). There is no reported experience in attempting
to diagnose the factor IX-deficient heterozygote during pregnancy.

Von Willebrand disease (VWD) is an autosomal dominant trait character-
ized by deficiency of factor VIII (causing a decrease in both coagulant activity
and factor VIll-related antigen levels) and deficiency of a plasma factor required
for normal platelet function. Bleeding in VWD usually involves the mucous
membranes and skin, in contrast to the deep tissue hemorrhages common in
hemophilia. Menorrhagia is a serious problem for many women with VWD but
is often controllable with oral contraceptives. Postpartum hemorrhage occurs
in approximately 25 percent of parturients (Noller et al., 1973). The treatment
of choice is cryoprecipitate, since it can correct the bleeding time as well as
the factor VIII deficiency and poses the least risk of hepatitis.
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For most of the plasma coagulation factor deficiencies, there is little or no
experience with pregnant patients. Deficiencies appear to be inherited as au-
tosomal recessive traits. No clinical problems have been reported in hetero-
zygous women. Homozygous affected women with factor X, XI, or XIII defi-
ciency may hemorrhage postpartum (Czapek, 1973; Rizza, 1976). A pregnancy
in a factor XIll-deficient woman resulted in a spontaneous abortion due to
severe decidual bleeding (Fisher, Rikover, & Noar, 1966).

Platelet Disorders

Qualitative platelet defects demonstrate reduced platelet adhesion or ag-
gregation. The Bernard-Soulier syndrome appears to be due to the absence of
a glycoprotein complex on the platelet surface that serves as the Von Willebrand
factor receptor (Nachman, 1977; Phillips, 1977). This autosomal recessive trait
results in moderate to severe membrane bleeding, excessive bruising, and men-
orrhagia. The risk of an affected woman having postpartum hemorrhage is
considerable, and platelet transfusions may be required.

Thrombasthenia probably represents a heterogeneous group of disorders
inherited in an autosomal recessive mode. The severity is variable, but men-
orrhagia may require hormonal suppression of menses (Cronberg & Nilsson,
1968: Vinazzer, 1974). Profuse bleeding at delivery has been described (Cron-
berg & Nilsson, 1968). An obstetrically indicated cesarean section has been
performed following platelet transfusion (Vinazzer, 1974).

The hereditary thrombocytopenias are all rare disorders. Danger during
pregnancy is directly related to the platelet count, and the therapy, if needed,
is platelet transfusion. There is virtually no literature on the effects of platelet
disorders on reproduction.

METABOLIC DISORDERS

Many metabolic disorders cause premature death, severe mental retarda-
tion, or impaired fertility. However, other metabolic disorders have been pres-
ent in pregnant women with no observable influence on either the mother or
fetus (e.g., acid maltase deficiency, arginosuccinic aciduria, galactosemia,
Gaucher disease, Hartnup disorder, hydroxyprolinemia, hyperornithinemia,
iminoglycinuria, McArdle syndrome, and xanthuria) (Lamon et al., 1981). There
are also a few metabolic disorders in which a maternal or fetal effect has been
demonstrated, and about which the obstetrician should be more knowledgeable.
These disorders will be discussed in this section.

Phenylketonuria

Phenylketonuria (PKU]) is an autosomal recessive trait usually caused by
a deficiency of the enzyme phenylalanine hydroxylase, which allows too much
phenylalanine to accumulate in the body, resulting in mental retardation and
other manifestations. However, there are other causes of hyperphenylalani-
nemia. A low-phenylalanine diet begun in the first few days of life prevents
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most of the neurologic and intellectual damage. In fact, the use of such diets,
in conjunction with newborn screening for PKU begun in the 1960s, has allowed
many individuals with PKU to reach adulthood without having experienced
any symptoms of the enzyme deficiency.

Mental retardation, microcephaly, congenital heart disease, and slow intra-
uterine growth are characteristic of genetically normal offspring of mothers
with PKU. The fetal damage is due to prenatal exposure to the high concen-
trations of phenylalanine and its metabolites in the maternal serum. The mag-
nitude of fetal damage appears to be related to the mother’s blood phenylalanine
level. A level equal to or greater than 20 mg/100 ml (true of most affected
individuals) results in a 92-percent incidence of mental retardation, 73-percent
incidence of microcephaly, 10-percent incidence of cardiac defects, and 40-
percent incidence of intra-uterine growth retardation (Hansen, 1978; Mabry,
1978; Lenke & Levy, 1979).

Affected women have been put on a low-phenylalanine diet before con-
ception or as soon as possible thereafter in an attempt to avoid the maternal
PKU syndrome. Thirty-four pregnancies have been so treated, with mixed re-
sults (Lenke & Levy, 1979). One problem is that treatment begun after concep-
tion may be too late to prevent microcephaly or cardiac defects. Of 11 preg-
nancies in which treatment began in the first trimester, 3 infants had
microcephaly and 4 had lethal cardiac defects. Of 16 pregnancies in which
treatment began in the second trimester, 9 infants had microcephaly and 2 had
cardiac defects. Even in the 3 pregnancies in which treatment began prior to
conception, 1 infant had borderline microcephaly. A second problem is that
the effect on the fetus cannot be predicted accurately on the basis of the con-
centration of phenylalanine in the treated mother. However, it would be pre-
mature to draw conclusions from this small series. To provide effective pre-
conception treatment, identification of affected women will be necessary,
requiring premarital urine screening to identify asymptomatic affected women.

Homocystinuria

Homocystinuria is caused by an autosomal recessive deficiency of the liver
enzyme cystathionine synthase. Manifestations include dislocated lenses, men-
tal retardation, skeletal abnormalities, and vascular occlusions. One form re-
sponds to large doses of pyridoxine (vitamin Bg). Thirty-eight pregnancies in
14 homocystinuric women have been reported (Lamon et al., 1981). Among the
20 untreated pregnancies, there were 16 fetal losses, 1 therapeutic abortion, 1
hydrocephalic stillborn, and 2 normal offspring. Of the 17 pregnancies in pyr-
idoxine-responsive women, there were 15 normal offspring, 1 with unrelated
brain damage, and 1 with trisomy 21. The 1 pyridoxine-unresponsive woman
who was treated with anticoagulants and folic acid had a normal child. Children
of men with homocystinuria have had no abnormalities (McKusick, Hall, &
Char, 1971; Brenton et al., 1977).

Histidinemia

Histidinemia is an autosomal-recessive deficiency of histidase. There is
some question as to whether histidinemia is associated with any symptoms
and whether treatment is necessary. Nine children born to 6 women with
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histidinemia have been normal (Lamon et al., 1981), but Lyon, Gardner, and
Veale (1974) found that 4 of the 5 children of a histidinemic woman had
depressed 1Qs. Additional information will be required before any conclusions
on the effect of histidinemia on the fetus can be made.

Galactokinase Deficiency

This condition is caused by an autosomal recessive deficiency. The only
manifestation is cataracts. Harley et al. (1974) suggested that maternal partial
deficiency of galactokinase may contribute to cataract formation in the fetus.
If this observation is verified, maternal milk restriction might be of value in
such pregnancies.

Refsum Disease (Phytanic Acid Storage Disease)

This autosomal recessive trait is manifested by night blindness, retinitis
pigmentosa, polyneuropathy, ataxia, nerve deafness, EEG abnormalities, and
ichthyosis. A drastic worsening of symptomatology has been described during
pregnancy (Steinberg, 1978), but there is no evidence that the maternal con-
dition affects the fetus. The usefulness of a low-phytonate diet during pregnancy
is undetermined.

The Porphyrias

There are six distinct forms of porphyria, five inherited as autosomal dom-
inant traits and one as an autosomal recessive trait. Acute intermittent por-
phyria is the most common form and is typical of the acute attack forms. There
is a chemical and symptomatic exacerbation of the disease associated with the
hormonal changes of pregnancy (Lamon et al., 1981). The birth weights of
infants whose mothers experienced an acute attack of porphyria during preg-
nancy were significantly lower than the weights of infants whose porphyric
mothers were asymptomatic during gestation (Brodie et al., 1977).

Hepatolenticular Degeneration

Hepatolenticular degeneration (Wilson disease) is an autosomal recessive
trait characterized by neurologic and renal dysfunction, liver disease, and Kay-
ser-Fleisher rings in the cornea. The disease appears to be due to a decrease
in the serum copper-carrier ceruloplasmin and to a secondary increase in serum
and urine copper concentration. Untreated symptomatic women d::_- not suc-
cessfully complete pregnancy (Walshe, 1977), and even asymptomatic women
are prone to spontaneous abortions (Klee, 1979). The copper dapuytmn_ in
affected organs can be reduced by chelating agents, the drug of ch{?me being
penicillamine. In addition to preventing symptoms in ashymp'enmatm women
and allowing improvement in symptomatic patients, penicillamine a]]n_nws preg-
nancy to proceed normally. Over 50 pregnancies have been reported in which
affected women were treated during at least part of the pregnancy with peni-
cillamine (Schienberg & Sternlieb, 1975; Mareck & Graf, 1976; Walshe, 1977).
All of the infants were normal. However, two other infants exposed in utero
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to penicillamine for maternal cystinuria or rheumatoid arthritis were born with
lax skin and unusual facies and subsequently suffered lethal neonatal intraab-
dominal catastrophes (Mjolnerod et al., 1971; Solomon et al., 1977). It is possible
that in hepatolenticular degeneration the excess maternal circulating copper
absorbs the penicillamine and thus protects the fetus.

ENDOCRINE DISORDERS

Hypogonadism Syndromes

The Lawrence-Moon-Biedl syndrome is inherited as an autosomal recessive
trait characterized by retinitis pigmentosa, mental retardation, obesity, syn-
dactyly, and hypogonadism in three fourths of affected males and one half of
affected females [Rimoin & Shimke, 1971). This defect is often categorized
under hypothalamic/pituitary disorders because of the obesity, hypogonadism,
and occasional diabetes insipidus; however, the etiology of the syndrome is
unknown. A number of affected women have had children without incident,
and because this is an autosomal recessive trait the offspring are not at an
increased risk for the disorder unless the father is heterozygous.

The Prader-Willi syndrome usually occurs sporadically but has been in-
herited as an autosomal recessive trait characterized by childhood-onset obes-
ity, hypotonia beginning in utero, and mental retardation. Affected males have
micropenises and delaved puberty, whereas affected females often have men-
strual irregularities. Pregnancy may occur in affected females, but no particular
complications are to be anticipated.

The Noonan syndrome is inherited as an autosomal dominant trait. It is
characterized by short stature, ptosis, micrognathia, dental malocclusion, hy-
pertelorism, pulmonic stenosis, skeletal abnormalities, mental retardation, and
variable hypogonadism. Affected males more often have cryptorchidism, de-
layed puberty, and hypogonadism, whereas affected females occasionally have
primary amenorrhea (Saez et al., 1974). The major complications during preg-
nancy relate to the presence of cardiac lesions, most often pulmonic stenosis.

Adrenal Disorders

Congenital adrenal hyperplasia is a group of disorders inherited as au-
tosomal recessive traits due to various enzyme deficiencies in the steroid bio-
synthesis pathways. Masculinization of the female external genitalia may occur,
causing female pseudohermaphroditism (see Chapter 10). However, the internal
genitalia are normal, and reproduction is usually possible after appropriate
replacement therapy is instituted. Treatment with cortisol or its analogs sup-
presses the synthesis of abnormal steroids and avoids cortisol deficiency. Mi-
neralocorticoids such as DOC or 9-a-fluorohydrocortisone are required in the
salt-losing forms of congenital adrenal hyperplasia. There have been many
successful pregnancies in patients with treated virilizing congenital adrenal
hyperplasia (Bongiovanni, 1978). The neonate should be observed carefully for
signs of adrenal insufficiency as result of chronic suppression in utero. The
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chance of an affected woman having an affected child is small (approximately
1/300) because the chance of marrying a heterozygote is low (approximately
1/150). Heterozygote identification is not perfect, but may be done in some
cases either by measuring serum 17-hydroxyprogesterone levels following
ACTH stimulation (Lee & Gareis, 1975) or by HLA-B linkage studies (L. 5.
Levine et al., 1978).

A syndrome of adrenocorticoid insufficiency, hypoparathyroidism, and
moniliasis is inherited as an autosomal recessive trait (Spinner et al., 1969).
Premature ovarian failure may occur in affected females (Golonka & Goodman,
1968; Schachner, 1974). Both the adrenal and the parathyroid deficiencies
require therapy. Maternal hypoparathyroidism produces hypocalcemia, and
decreased calcium produces parathyroid hyperplasia and subsequent mobili-
zation of calcium from the skeleton in the fetus. Treatment of the mother with
calcium and vitamin D prevents these fetal effects.

Thyroid and Parathyroid Disorders

Several defects in the biosynthesis of thyroxine are inherited in autosomal
recessive fashion. The treatment is thyroid, which both replaces the missing
hormone and suppresses the goiter. Adequately treated affected women should
have no pregnancy-related complications.

Hyperparathyroidism usually occurs sporadically but has been inherited
as an autosomal dominant trait (Cutler, Reiss, & Ackerman, 1964; Graber &
Jacobs, 1968). A substantially higher incidence of multiple gland involvement
occurs in the familial form than in the sporadic form. During pregnancy there
is maternal hypercalcemia and secondary fetal hypercalcemia, which sup-
presses the fetal parathyroids (Rasmussen, 1974). Johnstone, Kreindler, & John-
stone (1972) reported that fetal parathyroid hypoplasia leads to neonatal tetany
and sometimes to death; they also reported an increased incidence of spon-
taneous abortions and stillbirths. A potential maternal complication is a hy-
perparathyroid crisis immediately postpartum (Schenker & Kallmer, 1965). The
maternal, fetal, and neonatal morbidity and mortality rates indicate that preg-
nant women should have parathyroid surgery at the time of the diagnosis.

RENAL DISORDERS

Polycystic Kidney Disease

Adult polycystic kidney disease is an autosomal dominant trait that usually
manifests itself in the third or fourth decade of life. It is the third most common
cause of renal failure in the United States (Advisory Committee to the Renal
Transplant Registry, 1973). Increased kidney size is usually noted prior to the
development of hypertension, hematuria, and pyelonephritis. Sonography is
the best method for diagnosing asymptomatic disease.

In the largest series of pregnant patients with adult polycystic kidney
disease, it was demonstrated that the severity of maternal disease predicted the
outcome of pregnancy (Landesman & Scherr, 1956). Asymptomatic pregnant
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women had no increase in complications; women with renal hypertension but
normal renal function had an increase in both maternal morbidity and fetal
mortality, and the one woman with renal insufficiency had a stillbirth. This
suggests that women at risk of inheriting polycystic kidney disease should
become pregnant as early as possible.

Hereditary Nephritis

Hereditary glomerulonephritis is an autosomal dominant trait with variable
penetrance. If present in conjunction with bilateral VIII nerve deafness, it is
termed Alport syndrome. The nephritis tends to be considerably more severe
in males. Pregnancy may exacerbate the nephritis and cause development of
either preeclampsia or the nephrotic syndrome.

DISORDERS OF CONNECTIVE TISSUE
AND THE SKELETAL SYSTEM

Ehlers-Danlos Syndrome

Ehlers-Danlos syndrome includes at least eight specific entities (Bornstein
& Byers, 1980). Classic type I is an autosomal dominant trait characterized by
hyperextensible skin, joint hypermobility, fragile tissues, and a bleeding dia-
thesis. During pregnancy, affected women may manifest increased bruisability
(Samuel, Schwartz, & Meister, 1953), hernias or varicosities (Beighton, 1970),
or rupture of large blood vessels (McKusick, 1972). Delivery may cause sepa-
ration of the symphysis pubis (Beighton, 1970), and postpartum hemorrhage
may be severe (Stoddard & Myers, 1968). Episiotomy and laparotomy (e.g.,
cesarean section) incisions heal slowly, and perineal hematoma may occur
despite episiotomy. It is suggested that retention sutures be used in surgery on
these women and that the sutures not be removed for at least 14 days, to avoid
wound dehiscence.

Prematurity and precipitous deliveries are common complications, par-
tially due to lax cervical connective tissues. If the fetus is affected, the fetal
membranes will be involved; premature rupture of the membranes often occurs
at 32 to 36 weeks (Kanof, 1952; Mories, 1954; Barabas, 1966). Affected infants
tend to be hyperextensible and may have congenitally dislocated hips. Neonates
may even be misdiagnosed as having neurologic problems because of floppiness
and bleeding disorders [McKusick, 1972).

Gynecologic problems also are more common in women with Ehlers-Danlos
type I. Menorrhagia may be secondary to the bleeding diathesis. Uterine and
bladder prolapse or abdominal hernias occur because of abnormal supporting
connective tissue.

There is insufficient experience with the effects of other forms of the syn-
drome on reproduction to draw conclusions. Ehlers-Danlos type IV, which is
characterized by greater bleeding tendencies and vascular rupture, is inherited
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as an autosomal recessive trait. Menorrhagia has been reported in affected
women, and vessel rupture during pregnancy is of particular concern in such
women.

Marfan Syndrome

Marfan syndrome is an autosomal dominant disorder characterized by
variable degrees of skeletal, eye, and cardiovascular abnormalities (McKusick,
1972). Aortic aneurysm due to cystic medial necrosis is not uncommon, and
50 percent of the aortic aneurysms in affected women under age 40 occur during
pregnancy (Mandel, Evans, & Walford, 1954). Aneurysm rupture is most likely
to occur in the third trimester and is rare during labor or postpartum (Pedowitz
& Perell, 1957). Aortic valve replacement has been performed successfully
during pregnancy (Donaldson & de Alvarez, 1965). Affected women with aortic
valve changes or aortic dilation prior to pregnancy have a 10 to 20-percent
mortality rate during pregnancy, whereas women without aortic involvement
have less than a 5-percent mortality rate (Pedowitz & Perell, 1957; Tricomi,
1965; Sutinen & Piiroinen, 1971; McKusick, 1972). Splenic artery rupture also
occurs with increased frequency during pregnancy (Schnitker & Bayer, 1944;
Sheehan & Falkiner, 1948). In addition, in women with severe scoliosis, res-
piratory compromise may complicate the pregnancy. There is an increased
frequency of hernias in these patients, and retention sutures should be used
if surgery is performed.

The use of estrogens to cause premature ephiphyseal fusion and, hence,
decreased ultimate height has been suggested for affected girls (Skovby &
McKusick, 1977). This has been effective but requires careful monitoring for
scoliosis, which may be manifested during the growth spurt. Theoretical ques-
tions regarding the relationship of estrogens and cystic medial necrosis must
be considered, and long-term use of oral contraceptives may be relatively con-
traindicated.

Osteogenesis Imperfecta

There are at least four different types of osteogenesis imperfecta (Sillence,
Senn, & Danks, 1979), all of which involve osteoporosis and fracture of long
bones with minimal trauma. Type I is an autosomal dominant form with blue
sclera; type Il is a lethal autosomal recessive form; type IIl is an autosomal
recessive form with white sclera and progressive deformities; and type IV is
an autosomal dominant variety with white sclera and variable severity of frac-
tures. The expressivity of the autosomal dominant forms may vary greatly
among family members. :

Pregnancy complications include increasing respiratory compromise, es-
pecially in women with short stature and kyphoscoliosis, cephalopelvic dis-
proportion due to previous pelvic fractures, uterine rupture, and separation of
the symphysis pubis (Young & Gorstein, 1968; Sengupta et al., 1977). General
anesthesia is associated with an increased risk of malignant hyperthermia in
affected individuals (Solomons & Myers, 1971), and spinal or epidural anes-
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thesia may lead to fracture of osteoporotic vertebrae. A fetogram in the late
third trimester is advisable to diagnose an affected fetus with healing fractures,
in which case cesarean section to avoid fetal trauma is indicated. Forceps must
be avoided, since wormian bones will fracture and cause intracranial bleeding.

Achondroplasia

Achondroplasia, the most common form of short-limbed dwarfism, is in-
herited as an autosomal dominant trait. As many as 75 to 80 percent of cases
represent new mutations (Murdoch et al., 1970). Gynecologic problems, in-
cluding premature menarche, leiomyomata uteri, enlarged breasts, and pre-
mature menopause, are common. Pregnancy causes great reduction in mobility
because awkwardness, glucosuria, and cardiorespiratory compromise (due to
small chest cavity). All women with achondroplasia should have cesarean
section because of a contracted pelvis, and general anesthesia should be used
because spinal stenosis makes conduction anesthesia very difficult.

Other Short-Stature Syndromes

A number of other chondrodystrophies are compatible with pregnancy.
Asphyxiating thoracic dystrophy may be complicated by cystic renal tubular
dysplasia or glomerulosclerosis, and careful monitoring of renal status during
pregnancy is required. A few women with diastrophic dysplasia have had
children without complications. Chondroectodermal dysplasia (Ellis-van Crev-
eld syndrome) is often associated with cardiac defects, and appropriate mon-
itoring and prophylactic antibiotics are required. Affected women with Kniest
dysplasia have delivered without complications. Morquio syndrome (spon-
dyloepiphyseal dysplasia congenita) may be associated with retinal detach-
ments, and this should be considered during pregnancy. Odontoid hypoplasia
may make neck manipulation during general anesthesia very dangerous in this
disorder. Many women with chondrodysplasia punctata (Conradi-Hunermann
syndrome) have borne children without incident. Cartilage-hair hypoplasia
syndrome may cause such a short trunk that there is severe cardiac and res-
piratory compromise; periodic pulmonary function tests during pregnancy may
be of value.

A few general statements may be made about pregnancy in women with
chondrodystrophies: (1) Cesarean section will usually be required for cephal-
opelvic disproportion, and a trial of labor is often not advisable. (2) General
anesthesia must be done with special care because of odontoid hypoplasia with
secondary instability of C1 and C2. (3) Subluxation of C1 on C2 can occur
during general anesthesia. Unfortunately, conduction anesthesia also may be
problematic because of altered vertebral configurations. (4) Cardiorespira-
tory compromise may occur secondary to a small chest cavity. Despite these
caveats, most women with chondrodystrophies do remarkably well during preg-
nancy. Contraception can be practiced as in normal women.
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NEUROLOGIC DISEASES

Myotonic Dystrophy

Myotonic dystrophy is an autosomal dominant trait characterized by slowly
progressive neurologic degeneration with secondary muscle wasting, myotonia,
cataracts, early balding, hypogonadism, and mental retardation. Affected males
often have testicular atrophy, and affected individuals of both sexes appear to
have decreased fertility (Bundey & Carter, 1970; Bundey, 1974). Pregnancy
causes increased muscle weakness and myotonia in approximately two thirds
of affected women, usually in the last half of pregnancy (Hilliard et al., 1977).
Most patients improve immediately postpartum, an observation that has led
to speculation that progesterone may be involved in the deterioration during
pregnancy. Smooth-muscle involvement in myotonia dystrophy is suggested
in that almost one half of affected women have uterine inertia (Hilliard et al.,
1977). Polyhydramnios occurs in one half of the pregnancies of affected women,
and myotonia dystrophy should be considered as a rare cause of recurrent
polyhydramnios (Pearse & Howeler, 1979).

Affected children born of affected mothers may have more severe involve-
ment than those born of affected fathers (Harper & Dyken, 1972). This is thought
to be due to a maternal intra-uterine environmental factor. Infants not receiving
the mutant gene from affected mothers show no symptoms. Affected infants
may have joint limitations, hypotonia, and mental retardation. Approximately
one half of affected neonates were stillborn or died in the neonatal period from
respiratory insufficiency (Hilliard et al., 1977). Affected women should be cared
for in high-risk centers, and a neonatologist should be present at the delivery.

Neurofibromatosis

Neurofibromatosis (von Recklinhausen’s syndrome) is an autosomal dom-
inant condition characterized by abnormal cutaneous pigmentation and soft
tumors of peripheral nerves. Serious complications include scoliosis, pheo-
chromatosis, optic gliomas, malignant degeneration of neural tumors, seizures,
and mental retardation. Progression of both pigmentation and neural tumors
has been reported in association with pregnancy, with possible regression after
delivery (Swapp & Main, 1973; Ansari & Nagamani, 1976). This suggests that
oral contraceptives in affected women should be used only with great care and
careful observation. There is some evidence that affected infants born of affected
mothers are more likely to have severe complications of neurofibromatosis than
are infants either born of affected fathers or who represent new mutations

(Miller & Hall, 1978).

CARDIOVASCULAR DISORDERS

Congenital heart disease may be the result of multifactorial inheritance
(90 percent), chromosomal anomalies (5 percent), single gene defects (3 per-
cent), or environmental factors such as infections or drugs (2 percent) (Nora
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& Nora, 1978). Approximately 1 percent of pregnant women with congenital
heart disease will not survive the pregnancy (Kahler, 1975), and approximately
1 percent of all maternal deaths are attributable to congenital cardiac defects
(Copeland et al., 1963; Hibbard, 1975). A review of 490 patients with congenital
heart disease who underwent 1135 pregnancies revealed a 19 percent fetal
mortality rate (Kahler, 1975).

Table 2-2
Mendelian [nherited Syndromes Involving the Cardiovascular
System*

Autosomal dominant
Craniofacial dostosis
Ehlers-Danlos syndrome
Holt-Oram syndrome
Idiopathic hypertrophic subaortic stenosis [IHSS)
Marfan syndrome
Multiple lentigines syndrome
Neurofibromatosis
Noonan syndrome
Osteogenesis imperfecta
Treacher-Collins syndrome
Tuberous sclerosis
Ventricular fibrillation with prolonged QT intervals
Waardenburg syndrome

Autosomal recessive
Acrocephalopolysyndactaly (Carpenter syndrome)
Cardioauditory syndrome
Chondrodystrophia calcificans congenita (Conradi syndrome)
Chondroectodermal dysplasia (Ellis-van Creveld syndrome)
Cockayne syndrome
Kartagener syndrome
Lawrence-Moon-Biedl syndrome
Limb reduction-ichthyosis syndrome
Meckel-Gruber syndrome
Mucolipidosis III (psuedo-Hurler syndrome)
Mucopolysaccharidosis IV [Morguio syndrome)
Mucopolysaccharidosis VI (Maroteaux-Lamy syndrome)
Pseudothalidomide syndrome [Roberts syndrome)
Pseudoxanthoma elastica
Refsum syndrome
Smith-Lemli-Opitz syndrome
Thrombocytopenia-absent radius (TAR) syndrome

X-Linked
Aase syndrome
Duchenne muscular dystrophy
Ehlers-Danlos syndrome, type V
Focal dermal hypoplasia [(Goltz syndrome)
Mucopolysaccharidosis II (Hunter syndrome)

*See McKusick (1978) for details.
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Most single gene mutations that cause a cardiac defect are pleomorphic
and cause recognizable syndromes. The Mendelian disorders in which a cardiac
defect is part of a syndrome are listed in Table 2-2. Only a few Mendelian
disorders limited to the heart are known. Included are both autosomal recessive
and autosomal dominant conduction system abnormalities, autosomal reces-
sive hypoplastic left heart syndrome, and X-linked mitral and aortic insuffi-
ciency. The most common disorder is idiopathic hypertrophic subaortic ste-
nosis (IHSS), which is autosomal dominant. Although the symptoms of patients
with IHSS tend to worsen during pregnancy due to increased blood flow, ges-
tation can be managed successfully (Turner, Oakley, & Dixon, 1968; Kolibash,
Ruiz, & Lewis, 1975; Datta et al., 1978). The fetal risks involve not only IHSS
but also intra-uterine growth retardation and neonatal bradycardia and hypo-
glycemia secondary to propranolol, which is often administered to the mother.

Attempts at prenatal diagnosis of congenital heart defects are only now
beginning. A few instances of congenital heart block have been diagnosed (Patel
& Goldberg, 1976). Attention has turned now to utilizing ultrasonography to
visualize fetal cardiac structures in utero (Hobbins et al., 1979). A group at the
University of California at San Francisco (Golbus, unpublished data) employed
a Toshiba sector scanner to videotape the hearts of eight fetuses at high risk
of cardiac defects. Results thus far include prenatal diagnosis of a ventricular
septal defect in a trisomy 18 fetus, verified after termination of pregnancy;
diagnosis of a ventricular septal defect in a trisomy 9 fetus verified after abor-
tion, although coexisting pulmonary atresia was not detected; one study con-
sidered normal although the fetus had a ventricular septal defect and bicuspid
pulmonic and aortic valves; one study considered normal with the fetus having
a bicuspid aortic valve; and four normal studies that were confirmed after
delivery or abortion. These techniques must be considered experimental and,
hopefully, will be improved with experience.

RESPIRATORY DISORDERS

Cystic Fibrosis

Cystic fibrosis, an autosomal recessive condition, is the most common
lethal genetic disease of Caucasians, with an incidence in the United States of
approximately 1 in every 2000 newborns. The basic genetic defect is unknown,
although numerous hypotheses have been advanced (Nadler et al., 1978). The
major respiratory problems are mucous obstruction of the airways and secon-
dary bacterial infection. Pulmonary function progressively deteriorates, and 60
percent of the affected individuals die before they reach 10 years of age (Bearn
& Danes, 1978). Other manifestations include pancreatic insufficiency, neonatal
meconium ileus, hepatic cirrhosis, cholelithiasis, salivary gland obstruction,
and an elevated concentration of sweat sodium and chloride.

A national survey of cystic fibrosis centers reported the outcome of 70
pregnancies in women with cystic fibrosis (Cystic Fibrosis “"GAP” Conference
Reports, 1975). Maternal morbidity included worsening pulmonary symptoms
in 60 percent, cor pulmonale in 14 percent, and the onset of hyperglycemia in
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3 percent. Eight women died. Details of pulmonary function prior to conception
were reported for 18 women. Six women became pregnant in the presence of
a vital capacity known to be less than 70 percent of normal (“severely im-
paired”). Of these, 2 women developed pulmonary hypertension, 2 developed
diabetes, and 2 had fetuses that died perinatally. Five of these women died less
than 28 months after pregnancy. In contrast, 12 gestations occurred in the
presence of a vital capacity known to be 70 to 100 percent of normal; of these,
1 woman developed mild pulmonary hypertension and 1 developed diabetes;
there were no fetal losses or maternal deaths. Thus, preconceptual vital capacity
may be the best indicator of maternal complications during pregnancy.

Alpha-1-Antitrypsin Deficiency

Alpha-1-antitrypsin (AAT) deficiency is inherited as an autosomal reces-
sive trait. This ubiquitous protein, whose synthesis is dictated by a series of
codominant alleles, inhibits a wide spectrum of proteolytic enzymes. Defi-
ciency of this protein is associated with 30-fold increased risk of chronic ob-
structive pulmonary disease as a young adult (Kueppers, 1978) and a 12 percent
greater risk of neonatal hepatitis and cirrhosis (Sveger, 1976). Giesler, Buehler,
and Depp (1977) reported the delivery of a fetus with retarded intra-uterine
growth to a woman with AAT deficiency and obstructive pulmonary disease,
but there is insufficient information to make any general statements about the
obstetric implications of the disease.
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Autosomal Chromosome Abnormalities

Approximately 1 of every 160 liveborn infants has a demonstrable chromosomal
abnormality (Table 3-1) (Jacobs et al.,, 1974; Hamerton et al., 1975: Hook &
Hamerton, 1977; Hirgurashi et al., 1979). At least half lead to conditions re-
quiring medical intervention. Chromosomal abnormalities are also associated
with 50 to 60 percent of first trimester spontaneous abortuses and 5 percent of
stillbirths (see Chapter 7). Moreover, frequencies of autosomal aberrations de-
tected by amniocentesis are even higher for any given maternal age group than
the frequencies found in newborn studies (Hook, 1978). This difference results
from many of these abnormal fetuses being “lost” as late abortions or stillbirths.

In this chapter we shall consider the spectrum of autosomal abnormalities
in live-born infants, as well as diagnosis, prognosis, and genetic counseling.
Other aspects of cytogenetics are discussed elsewhere in this volume (see Chap-
ters 1, 6, 7, and 10).

GENERAL COMMENTS

Diagnosis of chromosomal syndromes solely on the basis of clinical char-
acteristics is possible but not always reliable. Among the reasons for this are
the following: (1) No single anomaly is pathognomonic for a given syndrome.
(2) Patterns of anomalies for different chromosomal syndromes share common
features. (3) Phenotypic variation exists among individuals with apparently
identical abnormal karyotypes. (4) Malformations associated with chromosomal
aberrations can also be associated with normal karyotypes (etiologic hetero-
geneity). Nonetheless, some relatively common chromosomal syndromes can
be delineated. Irrespective of whether associated with duplication or deficiency
of genetic information, chromosomal syndromes are usually characterized by
multiple malformations. Among the deleterious effects consistently associated
with duplication or deficiency of genetic material are mental retardation, intra-
uterine and postnatal growth retardation, and anomalies of many organ systems,

53
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Table 3-1
Frequency of Chromosome Aberrations in Newborns*
Aberration Incidence
MNumerical
Sex chromosomes
47 XYY 1/1,000 MB
47 XXY 1/1,000 MB
Other (males) 1/1,350 MB
45 X 1/10,000 FB
47 XXX \ 1/1,000 FB
Other (females) 1/2,700 FB
Autosomes
Trisomies*™™
Nos. 13-15 (Group D) 1/20,000 LB
Nos. 16-18 (Group E) 1/8,000 LB
Nos. 21-22 [Group G) 1/800 LB
Other 1/50,000 LB
Structural
Balanced
Robertsonian
t(Dq;Dq) 1/1,500 LB
t(Dg:Gq) 1/5,000 LB
Reciprocol translocations and
insertional inversions 1/7,000 LB
Unbalanced
Robertsonian 1/14,000 LB
Reciprocal and insertional 1/8,000 LB
Inversions 1/50,000 LB
Deletions 1/10,000 LB
Supernumeraries 1/5,000 LB
Other 1/8,000 LB
Total 1/160 LB

LB = Live births, MB = male births, FB = female births.

*Modified from a summary of 6 surveys {Hook & Hamerton, 1977) including 56,952 new-
borns.

**Because most surveys did not employ banding techniques, individual chromosomes
within a group could not always be differentiated. However, Group D trisomies are generally
No. 13, group E No. 18, and group G Nao. 21.

especially the craniofacial, skeletal, cardiac, and genitourinary systems. In par-
ticular, abnormal facies, low-set or malformed ears, and certain digital anom-
alies (e.g., clinodactyly, polydactyly, syndactyly, and single palmar creases)
suggest autosomal imbalance, particularly if part of a spectrum of anomalies.
There is an increased frequency of antepartum loss, and reduced life expectancy
is to be expected among liveborns. However, survival to adulthood is com-
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patible with some abnormal chromosomal complements, and medical advances
continue to improve life expectancy.

Genetic counseling depends on whether the chromosomal aberration is
numerical or structural. Factors that increase the risk of nondisjunction in
humans are (1) increased parental ages, (2) parental mosaicism or aneuploidy,
and (3) a previous trisomic offspring. All these conditions constitute indications
for antenatal chromosomal studies. Sporadic (de novo) structural rearrange-
ments are believed to have a low risk of recurrence. If a familial structural
rearrangement exists, however, the risk of having offspring with chromosomal
imbalance is increased. The magnitude varies according to the specific rear-
rangement, but the risk is usually 2 to 10 percent.

Trisomies 13, 18, and 21 were the first autosomal syndromes described.
As laboratory techniques became more sophisticated, many other new chro-
mosomal syndromes were confirmed, and doubtless still more will emerge. In
this chapter we shall outline the major features of the most common and well-
established syndromes, as well as a few of the rare, recently delineated ones.
More complete descriptions appear in other publications (Hamerton, 1971; de
Grouchy & Turleau, 1977; Yunis, 1977; Bergsma, 1979).

NUMERICAL ABERRATIONS: TRISOMIES

Trisomy 21

Phenotype

The incidence of trisomy 21 (Down Syndrome, mongolism) the most fre-
quent autosomal chromosomal syndrome, is 1 of every 800 liveborn infants
(Hook & Hamerton, 1977). The disorder was a recognizable clinical syndrome
(Fig 3-1) long before its chromosomal etiology was elucidated. One of the
earliest descriptions was provided in 1866 by Langdon Down, who referred to
affected individuals as having “mongolism” because associated facial features
were evocative of Oriental faces. The use of the term “mongolism” is now
discouraged. Lejeune, Gautier, and Turpin (1959) first observed an additional
group G chromosome (G = Nos. 21-22) in affected patients, hence the older
term “trisomy G” syndrome. The additional chromosome has now been defined
as No. 21 by higher-resolution staining techniques. As seen in Figure 3-1,
characteristic craniofacial features include brachycephaly, oblique palpebral
fissures, epicanthal folds, broad nasal bridge, a protruding tongue, and small,
low-set ears with an overlapping helix and a prominent antihelix. At birth,
infants are usually hypotonic, but birth weight is not reduced as much as in
some autosomal syndromes. Other diagnostically helpful features are iridial
Brushfield spots; broad short fingers (brachymesophalangia); clinodactyly (in-
curving deflections resulting from an abnormality of the middle phalanx); a
single flexion crease on the fifth digits; and an unusually wide space between
the first two toes. Contrary to widespread opinion, a single palmar crease (Sim-
ian line) is not pathognumonic, being present in only 30 percent of individuals
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Figure 3-1. An infant with Down syndrome.

with trisomy 21 and in 5 percent of normal individuals. Relatively common
internal anomalies include cardiac lesions and duodenal atresia. Cardiac an-
omalies, increased suceptibility to both respiratory infections, and leukemia
all contribute to reduced life expectancy. In the past, approximately 20 to 30
percent of infants with trisomy 21 died during their first year of life, 50 percent
were dead by age 5, and less than 3 percent survived past age 50. Survival has
increased greatly as result of advances made in the treatment of infections,
leukemia, and heart disease. At present, mean survival is approximately 20
vears (de Grouchy & Turleau, 1977).

Patients with Down syndrome who survive beyond infancy invariably
show mental retardation; however, the degree of retardation is variable and
generally not so severe as that of many other chromosomal aberrations. Mean
IQ is 50 (range 25-70). Some patients even have been said to have an IQ in the
70-80 range, but in such instances 46/47, + 21 mosaicism should be suspected.
Growth retardation and hypotonia persist, and older patients often become
obese. Females are fertile but have a high risk of producing chromosomally
abnormal offspring. Although few have reproduced, 30 percent of the offspring
of trisomic mothers are also trisomic (Scharrer et al., 1975; Simpson, 1981a;
Van de Velde-Staquet et al., 1973). Affected males have not yet been proven
fertile.
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Because Down syndrome has been extensively studied, many anomalies
other than those discussed here have been described (Penrose & Smith, 1966;
Benda, 1969; Johnson & Abelson, 1969; Smith & Berg, 1976). Our brief descrip-
tion emphasized only those anomalies most useful for clinical diagnosis and
important for counseling.

Genetic Counseling

It is essential to obtain cytogenetic data on individuals clinically suspected
to have trisomy 21. Cytogenetic studies not only confirm the diagnosis but also
provide the basis for genetic counseling. Not only are several different mech-
anisms possible for triplication of No. 21, but other etiologies may be associated
with “clinical Down syndrome,” e.g., polysomy X (Carpenter, 1979; Gardner,
1979).

Down syndrome is the result of triplication of a small portion of the No.
21 chromosome, namely band g22 (Niebuhr, 1974a; de Grouchy & Turleau,
1977). This triplication may be caused either by the presence of an entire
additional No. 21 (primary or nondisjunctional trisomy) (Fig 3-2) or by the
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Figure 3-2. A trypsin-Giemsa (GTG)-banded karyotype with the complement
47 XX, + 21 (primary, nondisjunctional trisomy 21).
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addition of only band q22, which could occur by translocation or other struc-
tural rearrangement. Of all cases of Down syndrome, 93 to 95 percent have
primary trisomy (47 in lieu of the normal 46 chromosomes). These cases are
generally sporadic and show a well-known relationship to maternal age (Table
3-2). In addition, Stene (1970a) and Mikkelson and Stene (1970) estimated an
approximate 1 percent recurrence for women under 30 years of age when their
trisomic child was born, but for women older when the trisomic child was born
no detectable increase over that associated with age per se. This has recently
been confirmed with antenatal cytogenetic data (see Simpson, 1980c). The
chromosomal complements of parents of affected individuals is almost always
normal. However, occasionally parental mosaicism (46/47,+21) (Weinstein &
Warkany, 1963; Kaffe, Hsu, & Hirschhorn, 1974; see also Milunsky, 1979) or

Table 3-2
Risk of Having a Live-Born Child with Chromosomal Abnormalities

All Abnormalities

Maternal Age Down Syndrome Except 47, XXX
20 1/1923 1/526
21 1/1695 1/526
22 1/1538 1/500
23 1/1408 1/5300
24 1/1299 1/476
25 1/1205 1/476
26 1/1124 1/478
27 1/1053 1/455
28 1/990 1/435
29 1/935 1/417
30 1/885 1/384
31 1/826 1/384
32 1/725 1/322
33 1/592 1/285
34 1/465 1/243
35 1/365 1/178
36 1/287 1/149
37 1/225 1/123
a8 1177 1/105
a9 1/139 1/80
40 1/109 1/63
41 1/85 1/48
42 1/67 1/39
43 1/53 1/31
44 1/41 1/24
45 1/32 1/18
46 1/25 1/15
47 1/20 111
48 116 1/8
49 1/12 1/7

Data from Hook and Chambers {1977) and Hook (1981).
Because sample size for some intervals is relatively small, 95-percent confidence limits are some-
times relatively large. Nonetheless, these figures are suitable for genetic counseling.
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another aberration may be detected. In both instances risk is presumed to be
higher than for the appropriate parental age, but precise figures are not available.

Prenatal diagnosis for nonmosaic trisomy is extremely reliable and should
be offered all pregnant women aged 35 or older (see Chapter 6) as well as to
women who have had a previous trisomic offspring. A relationship between
advanced paternal age and nonmosaic, nondisjunctional trisomy 21 has been
found by some (Stene et al., 1977) but not by others (Erickson, 1978). Positive
association would not be surprising, because in at least 20 percent of cases,
two of the three No. 21 chromosomes are paternal in origin (Bott, Sekhon, &
Lubs, 1975; Hara & Sasaki, 1975; Mattei, 1979). However, a paternal effect does
not occur until the fifth or sixth decade, and even then only doubles the ma-
ternal age risk.

Mosaicism (46/47,+ 21) is detected in 2 to 3 percent of individuals with
Down syndrome [(Chitham & Maclver, 1965; Richards, 1969, 1974; Sutherland
& Weiner, 1972). Mosaicism may confer fewer phenotypic abnormalities than
nonmosaic trisomy, but this cannot be predicted in individual cases (Kohn et
al., 1970). Approximately 3 to 5 percent of cases of Down syndrome result from
translocations. Patients who have Down syndrome due to aneuploidy (47, + 21)
cannot be distinguished from those who have the disorder as result of trans-
location (Ong et al., 1967). Translocations show no definite relationship to
parental age and may be either sporadic or familial. The translocations maost
commonly associated with Down syndrome involve a D group chromosome
(Nos. 13—15), usually No. 14 (Hecht et al., 1968). With translocation D/G Down
syndrome, one parent may have the same translocation chromosome, e.g.,
45,t(14q;21q), in approximately 45 percent of such cases (de Grouchy & Turleau,
1977). The recurrence risk for unbalanced offspring of parents with a trans-
location generally greatly exceeds the risk for recurrence of nondisjunction,
but the risk varies according to the chromosomes involved. Thus, empiric
counseling is necessary, requiring identification of specific types of chromo-
somal abnormalities. If the proband is 46,—14,+1t(14q;21q) and one parent
45,1(14q;21q), the theoretical recurrence risk is 33.33 percent. However, the
empiric (observed) risk is considerably less. The recurrence risk is approxi-
mately 10 percent if the mother is the translocation carrier, but only 2 to 3
percent if the father is the carrier (Mikkelsen & Stene, 1970; Hamerton, 1971).
No explanation for this difference has been established.

Among the rarer forms of structural rearrangements resulting in Down
syndrome are (21q;21q), t(21q;22q), and translocations involving No. 21 and
a chromosome other than a member of group D (Nos. 13—-15) or G (Nos. 21-22).
Translocations between Nos. 21 and 22, or between two No. 21s, generally arise
de novo, whereas the rarer rearrangements are more often familial. The re-
currence risks for these situations are not so well established as that for
t(14q;21q). However, if the mother is a t(21g;22q) hetemz:-,rgqte, the risk of Down
syndrome is about 10 percent (Stene, 1970b). If the father is the heterozygote,
the risk is only 2 to 5 percent. In t(21q;21q) no normal gametes can be formed.
Thus, only trisomic or monosomic zygotes are produced, the latter presumably
appearing as preclinical embryonic losses.

Occasionally, individuals with trisomy 21 will also be trisomic for another

chromosome, usually an X (e.g., 48, XXY, +21).



Table 3-3
Major Features of Autosomal Syndromes

Chromosome Incidence
Aberration [Live Births) Growth Retardation  Mental Retardation Craniofacial Anomalies
Trisomy 21 1/800 ® Mean birth Mean IQ = 50 ® Hrachycephaly
weight - 2900 g* {range 25-70) ® Flat occiput
® Adult height ® Low-sol ears with angular
below average overlapping helix and
{154 cm males; prominent antihelix
144 cm females)* # Dblique palpebral
fissures
® Epicanthal folds
# Brushfield spols [irises)
# Broad nasal bones
® Flattened profile due to
hypoplasia of the nasal
bones
® Open mouth with
protruding tongue
[macroglossia)
Trisomy 13 1/20,000 ® Mean birth Severe*® ® Holoprosencephaly
weight - 2600 g* #* Microcephaly
#® Postnatal #® Scalp defects,
retardation hemangioma
® Low-set ears, abnormal
(flat, poorly defined)
helix
#® [eafness
& Micropthalmia,
anopthalmia, coloboma
® Cleft lip, palate
# Micrognathia
Trisomy 18 1/8000 & Mean birth Severe®® ® Doliocephaly
weight - 2240 g* ® Prominent occiput
® Postnatal ® Malformed (low-set,
retardation “fawnlike™) pinna
® Slender, upturned nose
#® Micrognathia
#® Small mandible
Trisomy 8 Rare [not detected & Mormal birth Mean I} = 50 ® Elongated facies, nearly
amang live-born weight and adult normal in apperarance
SUrveys) height ® Large, low-sel ears

® Thick, everted lower lip

“Data from de Grouchy |, Turleau C {1977): Clinical Atlas of Human Chromosomes. New York, Wiley & Sons.
**Because of the early death associated with this syndrome. actual [Q values are rarely obtainable.
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Skeletal Anomalies

Internal Anomalies

® Broad, short fingers
[brachymesophalangia)
® Clinodactyly of 5th finger

Other Features

Life Expectancy

# Cardiac [ventricular
septal defect, atrial
septal defects, patent
ductus arteriosis,
endocardial cushion
defects)

& Hypotonia

# Skin folds on nape of
neck

& Increased
susceptibility to
respiratory infections

® Axial triradius

# Acute leukemia

20-30% die in 15t year,
508 die in 1st five years,
2.6% live bevond age 50*

® Polydaciyly

# Hypoplastic fingernails

® Overlapping, flexed fingers

® Hypoplastic or absent ribs

® Hypoplastic pelvis,
flatiened acetabular angle

® “Rockerbottom” feet

# Cardiac [ventricular
septal defect, patent
ductus arteriosis, atrial
septal defects)

# Genital [cryptorchidism,
bicornuate uterus)

® Urinary [polycystic
kidnevs,
hydronephrosis, ureteral
duplication, renal
fusion|

# Single umbilical artery
& Apneic spells,
el Zures
# Single transverse
palmar crease

45% die in the 1st
month, 70% die by the
Gth month, less than 5%
survive 3 years (Magenis
et al., 1968)

= Overlapping fingers,
clenched fist

# Flexion deformities (ulnar
deviation]

# Short sternum

® Limited hip abduction

& Narrow pelvis

# Calcaneovalgus

# Short, dorsiflexed hallux

# “Rockerbotlom’™ feet

® Cardiac (ventricular
septal defect, patent
ductus arterinsis. atrial
septal defects)

o Genital [cryptorchidism)

# Urinary [ectopic or
“harseshoe” kidney,
hydronephrozis, dou ble
ureter or megaloureter)

# Hypertonia
® Females affected more
often than males (3:1)

30% die in the 1st
month, 50% die in the
2nd month, less than
109 survive 1 vear
[Goelin, 1977

® Short, wide neck

# MNarrow shoulder

# Long trunk

# Dorsolumbar
kyphoscoliosis

# Abnormal or
SUPErnUMEerary vertebrae

# Spina bifida

# Supernumerary ribs

# Hypoplastic and narrow
pelvis

# Brachydactyly or
arachnodactyly

# Ahsent or hyvpoplastic
patellae

* Clubfoot

#® Hallux valgus

® Dsteoarticular lesions

# Genital [cryptorchidism,
testicular hypoplasia)

® Deep palmar and
plantar flexion creases

® Hypoplastic, convex
nails

Mormal®
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Table 3-3 (continued)

Incidence
[Live Births)

Chromosome
Aberration

Growth Retardation

Mental Retardation

Craniofacial Anomalies

Rare (not detected
among live-born
Ellﬂ'E'_lr'S]

Trisomy 22

® Mean birth
weight - 2650 2*

# UInable to sit up
or walk

Mean 1Q = 20

® Microcephaly

® Large. posteriorly rotated
oars

® Preauricular tags or
sinuses

® Antimongoloid slanting
of the palpehral fissures

® Long beaked nose

® Long philtrum

® Cleft or high-arched
palate

® Micrognathia

Rare (not detected
among live-born
SuUrveys|

Trisomy 14

® Severe

Severe* "

# Microcephaly

® Low-set gars

& Wide, flat nose with
bulbous or wide tip

# Highly arched or cleft
palate

#® Large mouth with turned-
down corners

& Micrognathia

Rare (not detected
among live-born
SUrVevs)

Trisomy 9

® Mean birth
weight - 2630 g~

Severe®*

® Microcephaly

® Doliocephaly

& Low-set, round, soft sars

® Deep-sel eves

® Downward-slanting,
narrow, palpebral fissures

® Wide, bulbous nose

® Dwverlapping upper lip

® Micrognathia

Rare [about G0 cases
reported)

Dup(gp]

® Mean hirth
weight - 2000 g*

Mean IQ) = 55

® Microcephaly

® Brachycephaly

® Large, protruding ears

® Small, deep-set eyes

® Eccentric pupils

® Upward-slanting, oblique,
palpebral fissures

# Bulbous nose

& Everted lip

® Downward-turned mouth

# Unilateral “grin”

* “Worried"” look

Triploidy Frequent in
spontaneous
abortions, rare in

live-borns

® hean birth
weight - 2500g

[Wertelecki et al.,

1976)

Severe™"

® Cranial bone dysplasia

® Low-set, malformed ears

* Microphthalmia,
colobomata

# Mild hypertelorizm

® Cleft lip or palate

® Macroglossia

# Small mandible

Rare [about 50 cases
reported)

Del(4p) syndrome
(Wolf-Hirschhorn
syndrome)

* Mhean birth
weight - 2000 g*

Mean 1Q = 20

# Microcephaly

® Prominent glabella

® Low-set, simple ears

® Preauricular dimple or
sinus

® Ocular hypertelorism

® Cleft lip or palate

# Micrognathia

"Data from de Grouchy |. Turleau C (1977): Clinical Atlas of Human Chromosomes, New York, John Wiley & Sons.
**Because of the early death associated with this syndrome, actual I} values are rarely obtainable.
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Skeletal Anomalies

Internal Anomalies

Cther Features

!,i'(-: [".'1'|||1| fani ¥

# Dislocated hip

# Fingerlike, malopposed
thumb, long slender
fingers

# Cardiac [patent ductus
arteriosis, pulmonary
stenosis, coarciation
aorta, abnormal
subclavicular artery)

# Cryptorchidism

#® Hypotonia
* Amvotrophy
# Seizures, neonatal

33% die within 1st vear
Survival at least until
age 12 has been reporied
(Hsu and Hirschhorn,
1977)

® Short neck
# Digital contractions and
deviations

Insufficient data

# Hip dizslocation or limited
abduction

# Dislocations of elbows,
knees

# Spinal column and costal
anomalies

# Cardiac [patent ductus
arteriosis, ventricular
septal defect)

® Genital [cryptorchidism.

micropenis)

Few cases survive; muosl
die within a few months
(Rethoré, 1977)

® Brachymesophalangy
# Long palms
® Clinodactyly

# Single palmar crease

Normal [Rethoré, 1977)

& Syndaciyly

® Cardiac (ventricular
septal defects, atrial
septal defects)

& Omphalocele

# Meningomyelocele

# Genital [small penis,
hypospadias,
cryptorchidism)

& Hepatosplenomegaly

® Hypotonia

» Hydatidiform
degeneration of large
placenta

Short, but a few older
children with mosaicism

® Scoliosis

® Cardiac [atrial septal
defect, ventricular
septal defect, patent
ductus arteriosis)

® Genital [cryptorchidism,
hypospadias, absent
uterus, streak gonads)

& Hypolomnia
® Seizures

33% die within first 2
years, but survival into
2nd decade reported
{Warburton, 1973]
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Table 3-3 [continued]

Chromosome Incidence . :
Aberration [Live Births) Growth Betardation  Mental Retardation  Craniofacial Anomalies
Delisp) syndrome  1/20,000 ® Mean birth Mean IQ = 20 ® Microcephaly
cri-du-chat waight - 2650 g* ® Hypertelorism
syndrome) ® Epicanthal folds
& Wide, flat. nasal bridge
& Micrognathia
Del{13g) syndrome  Rare [about 70 cases & Mean birth Mean 10} = 50 # Microcephaly [often

reported)

weight - 2250 g*

severa)

® Holoprosencephaly

® Large cars, deep helix

# Retinoblastoma

® Micropthalmia

® Hypertelorism

® Ahsence of well-defined
nasal bridge

® Broad, protruberant nose

Del(18p) Hare [about B5 cases
syndrome reported)

# Mean hirth
weight - 2800 g*

Mean I() = 50
[range 25-73)

® Holoprosencephaly

® Microcephaly

® Low-set, large, floppy
Bars

& Hypertelorism

# Epicanthal folds

® Strabismus

® Plosis

Del{18q) syndrome  Rare (about 85 cases
reported)

# Mean birth
weight - 2940 g~

Mean [0 = 50

& Microcephaly

o Midfacial hypoplasia

# Deep-set eves

® Visual defects (glaucoma,
strabismus, nystagmus,
optic atrophy)

® Atretic external auditory
canal

® “Carp-shaped” mouth

& Cleft lip or palate

Del(21g) syndrome  Rare (about A5 cases
reported)

Severe*®*

o Microcephaly

® Large, low-set,
abnormally formed ears

® Downward-slanting
palpebral fissures

# Blepharocholosis

# High-arched or cleft
palate, cleft lip

# Micrognathia

*Data from de Grouchy |. Turleau C (1977): Clinical Atlas of Human Chromosomes. New York, Wiley & Sons.

**Because of the early death associated with this syndrome, actual 1Q values are rarely oltainable.

Trisomy 13

Trisomy 13 was one of the first chromosomal syndromes to be described
(Patau et al., 1960; Smith, Patau, & Therman, 1961). Synonyms include D
trisomy, D, trisomy, and Patau’s syndrome. Although rare, trisomy 13 is still
among the more common chromosomal abnormalities in liveborns (1 of every
20,000 live births). It is also detected relatively frequently in spontaneous
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Internal Anomalies

Other Features

Life Expectancy

# Hypolonia at birth
# Hypertonia with
increasing age

MNormal*®

® Thumb aplasia

® Agenesis of first
metacarpal

# Fusion of fourth and fifth
metacarpals

® hMalformed feet

# Syndactyly

® Cardiac [ventricular
septal defect, atrial
septal defect)

® Genital [ambiguous,
crypltorchidism,
hypospadias,
epispadias)

® Hvpoplastic kidney

® Anal atresia

20% die prior o 6

months of age (Miehuhr,

1977

® Hypotonia

MNormal (Miller, 1973)

# Dimples on patellas
(lateral epitrochlea). back
of hands

#® Supernumerary ribs

® Long, tapered fingers

® Talipes equinovarus

# Cardiac anomalies
# Hypoplastic external
genitalia

# Hvpotonia
® Seizures

10% die within a few

months, but several have

reached adolescence*®

® Hypotonia

Insufficient data

abortuses. In this syndrome, intra-uterine and postnatal growth retardation are
pronounced, and developmental retardation is severe. Nearly 50 percent of
affected children die in the first month, and fewer than 5 percent survive past
3 years of age. (Magenis, Hecht, & Mulham, 1968).

Anomalies characteristic of trisomy 13 include holoprosencephaly, eye
anomalies (microphthalmia, anopthalmia, or coloboma), cleft lip and palate,
polydactyly, and cardiac defects (Fig. 3-3, Table 3-3). Other relatively common
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Figure 3-3. An infant with trisomy 13.

features include cutaneous scalp defects, hemangiomata on the face and fore-
head or neck, low-set ears with abnormal helix, and “rockerbottom” feet (convex
soles and protruding heels). No anomaly is unique to trisomy 13, but in ag-
gregate the aforementioned anomalies suggest the diagnosis. However, cyto-
genetic analysis is necessary to confirm the diagnosis and ensure accurate
counseling.

Genetic Counseling

Trisomy 13 is usually (in 80 percent of cases) associated with nondis-
junctional (primary) trisomy (47, + 13) (Fig 3-4). As in trisomy 21, maternal age
and previous offspring are major factors in determining risk. Counseling is
similar to that offered following nonmosaic trisomy 21.

Translocation, which occurs in most of the remaining 20 percent of cases,
usually involves two group D (Nos. 13-15) chromosomes and is another ex-
ample of translocation resulting from two acrocentric chromosomes joined at
their centromeric regions. Other rearrangements associated with the trisomy
13 syndrome include rings and inversions. In these instances, only a portion
of No. 13 may be present in triplicate. Not surprisingly, the phenotypic an-
omalies may differ from those usually associated with typical trisomy 13, but
features are generally evocative of part of the spectrum associated with complete
trisomy (Moore & Engel, 1970; Taylor et al., 1970). Life expectancy may be
greater then for typical trisomy 13 (Niebuhr, 1977). Only rarely does trisomy
13 syndrome occur as result of familial translocations, but these should none-
theless be excluded. If neither parent has a rearrangement, the recurrence risk
for subsequent progeny approaches zero. Nonetheless, it is prudent to offer
prenatal diagnosis to families with apparently de novo rearrangements as well
as to those few with inherited ones. If either parent has a t(13q;14q), the re-
currence risk of an affected offspring increases, although probably less so than
for Down syndrome among carriers of t(14q;21q).
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Figure 3-4. A trypsin-Giemsa (GTG) banded karyotype with the complement
47 XY, + 13 (primary, nondisjunctional trisomy 13).

Infants with clinical trisomy 13 have been observed to have 46/47 +13
mosaicism. A better prognosis has been claimed for mosaic cases (Fryns, Casaer,
& Van Den Berghe, 1979), and this indeed appears to be true, particularly if the
predominant cell line is normal. However, not only is mosaicism difficult to
quantitate, but usually only one tissue is analyzed; thus, attempts to correlate
severity of anomalies with presence or degree of mosaicism are hazardous.

Trisomy 18

First detected by Edwards et al. (1960), this disorder occurs with a fre-
quency of 1/8000 live births. Trisomy 18 is also the most frequent chromosomal
aberration detected among stillborn, infants, who interestingly usually are not
clinically suspected of being trisomic (Bauld, Sutherland, & Bain, 1974; Machin,
1974). Among live-born infants, females are affected more often than males
(3:1), but the ratios are more equal among stillborns and abortuses.

Anomalies characteristic of trisomy 18 (Table 3-3, Fig. 3-5) include mi-
crocephaly; prominent occiput; low-set, abnormal, somewhat pointed (“fawn-
like") ears; and micrognathia. There are also skeletal anomalies, including
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(

Figure 3-5. Craniofacial appearance and characteristic digital overlapping in an infant
with trisomy 18.

overlapping fingers (V over IV, II over III), short sternum, shield chest, narrow
pelvis, limited thigh abduction or congenital hip dislocation, and “rocker-bot-
tom" feet with protrusion of the calcaneum. In addition, the great hallux is
often short and dorsiflexed (“hammer toe”). Cardiac and renal anomalies are
also common.

Although these infants vary considerably in appearance, the skull shape,
facies, and skeletal anomalies of feet and hands generally are similar (Fig. 3-5).
As in many other autosomal imbalance syndromes, birth weight is below av-
erage. Postmaturity is not rare. At birth, fetal movement is feeble, and the mean
survival time is only a few months (Weber, 1967). Those surviving show pro-
nounced developmental and growth retardation (Smith, 1978). Fewer than 10
percent survive long enough for IQ evaluation, but neurologic findings suggest
severe retardation.

Genetic Counseling

Approximately 80 percent of cases of trisomy 18 syndrome are caused by
primary nondisjunction (47, XX, + 18 or 47,XY, +18) (Fig. 3-6) (Gorlin, 1977).
In such cases, genetic counseling should be analogous to that offered following
trisomy 21. The recurrence risk is about 1 percent due to previous trisomy,
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Figure 3-6. A trypsin-Giemsa (GTG)-banded karyvotype with the complement
47 XX, + 18 (primary, nondisjunctional trisomy 18).

with consideration of additional risk depending upon the age of the mother.
Mosaicism has been detected in at least 10 percent of trisomy 18 cases. Such
individuals are said to be less severely affected and survive longer than cases
without a normal cell line (Shih et al., 1974; Eaton et al., 1975). Most of the
remaining cases result from translocations, usually sporadic. Unless a familial
chromosomal aberration also coexists, the recurrence risk does not increase.

Trisomy 8

Prior to the use of banding techniques (Caspersson et al., 1970), chromo-
somes were grouped mainly by relative size and position of the centromere.
Chromosomes of the C group (Nos. 6-12,X) generally could not be distinguished
from one another, which probably explains why trisomy 8 was not verified
until the advent of banding techniques (Bijlsma, Wijfels, & Tegelaers, 1972;
Caspersson et al., 1972). Approximately 70 cases have since been described.
Trisomy 8 is not only associated with congenital malformations and mental
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retardation but also with certain malignant hematologic disorders (de la Cha-
pelle, Schroder, & Vuopio, 1973b; Hsu, Alter, & Hirschhorn, 1974; Lindquist,
1978: Riccardi, 1979). Mosaicism for No. 8 has been detected in phenotypically
normal individuals (Caspersson et al., 1972) and in malformed individuals of
normal intelligence (de Grouchy & Turleau, 1977). In fact, in contrast to other
autosomal trisomics, approximately two-thirds of all cases are mosaics. Fre-
quency of mosaicism may vary among tissues and change over time (Reyes,
1978), but there is little ostensible correlation between degree of mosaicism
and clinical severity (Berry, 1978). Most known cases of mosaicism appear to
have arisen sporadically.

Trisomy 8 syndrome (Table 3-3) is characterized by facial dysmorphia and
osteoarticular anomalies, the latter more characteristic of this chromosomal
complement than of other abnormal complements (Pfeiffer, 1977; Silengo,
1979). If present, hypoplasia or aplasia of one or both patellae is considered
a highly specific sign. A long, slender trunk and limbs are characteristic, and
dysmorphia is more subtle than in trisomies 13, 18, and 21. The face is some-
what elongated, the lower lip everted, and the ears large and low-set. Micro-
gnathia, hypertelorism, strabismus, and anteverted nares may be present.
Skeletal anomalies include dorsolumbar kyphoscoliosis, abnormal or super-
numerary vertebrae, spina bifida, and supernumerary ribs. Brachydactyly,
arachnodactyly, clinodactyly, camptodactyly, ankylosed articulations, club
foot, and hallux valgus have also been noted. Deep palmar and plantar flexion
creases are commonly present. Nails mayv be hypoplastic, convex, or absent.
Cardiac and urinary anomalies have been noted, but less frequently than skel-
etal anomalies.

Mental development ranges from normal to severe retardation, but average
IQ is 50. Most cases of trisomy 8 show some degree of mental retardation, but
this could reflect bias of ascertainment, because some individuals with trisomy
8 mosaicism show a normal 1Q and no anomalies suggestive of a chromosomal
syndrome. Moreover, life expectancy does not appear to be decreased. Many
cases of trisomy 8 may thus pass unrecognized, although no cases were detected
in prospective surveys of over 50,000 neonates (Table 3-1).

Genetic Counseling

Most cases of trisomy 8 syndrome occur sporadically, as the result of
nondisjunction in parental meiosis (nonmosaics), mitosis during embryoge-
nesis (mosaics), or both. There is a suggestion of elevated maternal and paternal
ages. Irrespective of the presence or absence of mosaicism, recurrence risk for
the same or other trisomies is not greatly increased; thus, counseling is anal-
ogous to that following the occurrence of trisomy 21. Triplication of only a
portion of No. 8 has also been reported, and there have been attempts to define
these syndromes: short arm [dup(8p)] or long arm [dup(8q)] triplication. There
are too few cases for accurate generalizations, but many of the anomalies are
similar to those characteristic of trisomy 8. Dup(8p) and dup(8qter) often result
from familial structural rearrangements, in which case the recurrence risk
would be expected to be appreciably increased over the general population risk
and over that following primary trisomy 8.
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Trisomy 22

Additional G group (Nos. 21-22) chromosomes not associated with Down
syndrome had been recognized prior to the use of banding techniques. Because
the associated phenotype differed from Down syndrome, trisomy for a group
G chromosome different from No. 21 was postulated. However, until banding
techniques were applied, the precise origin could not be confirmed. Delineation
of a trisomy 22 syndrome is now accepted. Affected individuals show many
nonspecific features characteristic of all chromosomal syndromes: develop-
mental retardation (IQ averaging 20), hypotonia, microcephaly, low-set mal-
formed ears, cleft palate, strabismus, cardiac defects, and cryptorchidism. Facial
dysmorphia results from micrognathia, a long beaked nose, a long philtrum,
and an antimongoloid slant of the eyes (Table 3-3) (Alfi, Sanger, & Donnell,
1975; Hsu & Hirschhorn, 1977; Iselius, 1978). However, facial features are less
characteristic than for most other trisomies. Other common features include
preauricular skin tags or sinuses, hypoplastic, low-set nipples, and congenital
hip dislocations. Developmental retardation is pronounced, most affected in-
dividuals never being able to walk or sit up. Survival to 20 years of age, however,
was reported in a woman who learned to walk but was severely retarded [Wel-
ter, 1978).

Genetic Counseling

Couseling should probably reflect not only a slightly increased (1 percent)
risk due to the occurrence of a trisomic offspring but also risk appropriate to
parental ages. No extensive empiric data are available, but the mean parental
age is slightly increased (Hsu & Hirschhorn, 1977; Shokeir, 1978b). In addition,
46/47,+ 22 mosaicism has been reported in parents of some of the cases (Hsu
et al., 1971; Uchida et al., 1968). Presence of parental mosaicism presumably
increases the recurrence risk, but the magnitude of the increase is unknown.
Although rare, cytogenetic analyses of parents should be performed to exclude
mosaicism. Occasionally a structural rearrangement produces the phenotype
characteristic of trisomy 22. In this context, a clinical condition worth men-
tioning is the “cat-eye” syndrome. This appellation was originally applied to
children showing coloboma, anal atresia, and usually developmental retarda-
tion. The etiology was unknown, although often an additional small acrocentric
chromosome was present. It is now recognized that individuals with this syn-
drome also may show other features suggestive of trisomy 22: preauricular skin
tags, antimongoloid obliquity, and congenital heart disease. Unlike most cases
of trisomy 22, however, familial aggregates of cat-eye syndrome are not rare,
possibly reflecting familial translocations. Indeed, some of these translocations
have involved No. 22, perhaps explaining occasional similarities in anomalies
between trisomy 22 and cat-eye syndrome (Cervenka et al., 1977).

Trisomy 14

Very few cases of this syndrome have been reported, and only one was
claimed to have nonmosaic primary trisomy (Murken et al., 1970). However,
other cases are said to be mosaic or trisomic for the proximal part of No. 14,
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enabling characterization of a syndrome produced by triplication for 14q (Mar-
tin et al., 1977; Rethoré, 1977; Wyandt, Magenis, & Hecht, 1977; Johnson, Aceto,
& Likness, 1979). Most individuals reported to have trisomy 14 have a wide
flat nose with bulbous tip, large mouth with down-turned corners, protruding
lips, retrognathia, low-set ears, and developmental retardation. Digital anom-
alies (e.g., contractures), palatal anomalies, and cryptorchidism have also been
reported. Like trisomy 22, these features suggest a chromosomal aberration but
are relatively nonspecific, except possibly for the shape of the mouth.

Trisomy 14 seems much rarer than trisomy 13. This could reflect increased
prenatal lethality of trisomy 14, a concept supported by the observation that
the complement is the most common of the D (Nos. 13-15) trisomies among
spontanteous abortuses (Kajii et al., 1973; Therkelsen et al., 1974). Trisomy 14
also might occur in live births more frequently than is generally appreciated,
producing so few phenotypic abnormalities that affected individuals are not
necessarily referred for genetic consultation. Although unlikely, this possibly
would be analogous to trisomy 8, a disorder detected among older children
who show few of the anomalies that usually initiate chromosomal analysis
(Caspersson et al., 1972).

Chromosome 14 has also frequently been involved with rearrangements
observed in certain malignancies (e.g., Burkitt lymphoma), and in some chro-
mosomal breakage syndromes, (e.g., ataxia-telangiectasia) (McGaw et al., 1975).

Genetic Counseling

Too few cases have been identified to determine the relationship between
maternal age and nondisjunction of No. 14, but offering counseling similar to
that used for mosaic or nonmosaic trisomy 21 seems reasonable because of
increased maternal age associated with trisomies for acrocentric chromosomes
(groups D and G). Structural rearrangements leading to triplication of No. 14
should be excluded because familial translocations would increase the recurr-
ence risks. Indeed, most structural rearrangements detected leading to excess
No. 14 material have been familial. Prenatal diagnosis obviously should be
offered such families.

Trisomy 9

Trisomy 9 is another syndrome for which very few cases have been reported
in live births. Most reported individuals have shown mosaicism or triplication
for only a portion of No. 9. The malformations observed reflect the nonspecific
features generally associated with many other chromosomal aberrations (Table
3-3): microcephaly, low-set malformed ears, narrow and upward-slanting pal-
pebral fissures, anophthalmos or microphthalmos, broad nose with overlapping
upper lip, high arched palate, and micrognathia. Cardiac, skeletal, and uro-
genital anomalies have been reported, and hypotonia and developmental re-
tardation are usually present. Of interest is that sufficient cases of triplication
of the short arm (9p) have been reported to characterize an associated syndrome
(Rethoré, 1977). These individuals show severe retardation but have no re-
duction in life expectancy. Interestingly, adults with various hematologic dis-
orders, including malignancies, have also been reported to have trisomy 9
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mosaicism. Moreover, translocations involving No. 9 are associated with some

leukemias, (e.g., the “Philadelphia” chromosome [t(9q;22q)] and chronic mye-
logenous leukemias [Rowley, 1977]).

Genetic Counseling

Too few cases exist to determine specific risk figures. Counseling similar
to that offered following the occurrence of any trisomy seems appropriate.
Similarly, familial structural rearrangements should be sought.

TRIPLOIDY AND TETRAPLOIDY

The presence of additional haploid sets of chromosomes (polyploidy) is
rarely compatible with survival in humans; however, both tetraploidy (4n =
92) and (especially) triploidy (3n = 69) (Fig. 3-7) are not uncommon among
spontaneous abortuses (see Chapter 7). Triploidy may arise from various cy-
tologic mechanisms (Beatty, 1978), including (1) mitotic irregularities in germ
cell precursors, (2) lack of normal division in either the first or second meiotic
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Figure 3-7. A trypsin-Giemsa (GTG)-banded karyotype illustrating a triploid (3N =69)
complement.
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division of either parent, or (3) dispermy. The last appears to be the most
common mechanism for triploidy in humans (Kajii & Nikowa, 1977). Delayed
fertilization can cause triploidy in animals, (Yamamoto & Inglass, 1972) but is
not a proved cause of triploidy in humans (Simpson, 1978d).

Live-borns with a triploid cell line usually have a coexisting normal diploid
line (46/69 mosaicism), although sometimes only a triploid cell line has been
detected (Simpson et al., 1972; Niebuhr, 1974b). Live-born cases usually show
severe retardation and multiple anomalies, including hypertelorism, holopro-
sencephaly, microphthalmia, colobomata of the iris and choroid, low-set mal-
formed ears, cleft lip and/or palate, retrognathia, hydrocephalus with hypo-
plasia or aplasia of the falx cerebri and corpus collosum, myelomeningocele,
ambiguous external genitalia in males, cystic degeneration of the kidneys,
aplasia of the adrenals, and syndactyly. An association between triploidy and
hydatidiform degeneration of the placenta also exists (see Chapter 7); thus,
coexistence of an anomalous infant and hydatidiform changes in an enlarged
placenta suggests triploidy (Wertelcki, Graham, & Sergovich, 1976).

One case of nonmosaic tetraploidy survived past 1 vear of age (Golbus et
al., 1976), and diploid/tetraploid mosaicism has been reported (Kelly & Rary,
1974; Kohn et al., 1967). Multiple congenital anomalies characteristic of chro-
mosomal syndromes were again noted in these few cases. No recurrences of
live-born polyploidy have occurred in families, but antenatal cytogenetic stud-
ies should nonetheless be offered following a triploid or tetraploid live-birth,
especially if nonmosaic. This counseling is presumably also appropriate fol-
lowing detection of the more common polyploid abortus because of the pos-
sibility of increased risk of both polyploidy as well as other chromosomal
aberrations (e.g., trisomies) (Alberman et al., 1975; Hassold, 1980).

DELETION SYNDROMES

Del(4p) Syndrome

The “4p deletion syndrome” [del(4p)] results from absence of the distal
portion of 4p, specifically band 4p16 (de Grouchy & Turleau, 1977). Inde-
pendently described by Wolf et al. (1965) and Hirschhorn, Cooper, and Fir-
schein (1965), the syndrome is sometimes referred to as the Wolf-Hirschhorn
syndrome.

Although many of the craniofacial anomalies are similar to those observed
in other chromosomal aberrations, a distinctive facial appearance is often pres-
ent. The forehead is high with frontal bossing; the glabella is prominent. Hy-
pertelorism, bilateral epicanthus, horizontal or downward slanting palpebral
fissures, and protruding eyes also contribute to the characteristic facies. The
nose has a square apex and a bridge whose length is nearly equal to its width;
the overall facial appearance is thus said to resemble the helmets of ancient
Greek warriors. Microcephaly and micrognathia are also common. QOcular mal-
formations (Wilcox, 1978) include iridoschisis, iris coloboma, cataracts, and
strabismus. The philtrum is deep and narrow, and cleft lip and palate are
frequently observed. Other malformations include cardiac defects, hypo-
spadias, umbilical hernias, skin dimpling (sacral region, shoulder, elbow, knuc-
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kles) and various skeletal anomalies. Hypotonia and especially seizures are
regular features in neonates. In addition to the facial features, the combination
of low birth weight and midline fusion defects (e.g., cleft palate, cardiac defect,
hypospadias, umbilical hernias) suggests del(4p). This deletion produces very
severe developmental retardation; IQ is usually below 20. Life expectancy var-
ies; A few individuals have survived to adolescence, but most die in the first
few years of life (Warburton, 1973). This syndrome is summarized in Table 3-
3 and described in more detail by Leao et al. (1967), Miller et al. (1970), and
Guthrie et al. (1971).

Genetic Counseling

Most cases (90 percent) have been de novo; thus, the risk of chromosome
aberrations in subsequent offspring is no greater than that expected on the basis
of parental age. Specifically, risk of trisomic offspring is greater than risk for
subsequent del(4p) offspring. However, if parental mosaicism or translocation
is present (10 percent of cases), the recurrence risk is presumably higher. In
these circumstances, antenatal diagnosis certainly should be offered, despite
lack of empiric data. In fact, because small structural rearrangements (notably
inversions) and low-frequency mosaicism in parents are difficult to exclude,
it is reasonable to offer antenatal diagnosis to all families with a previously
affected child.

Del(5p) Syndrome “Cri-Du-Chat” (“Cat Cry”) Syndrome

Many cases of the del(5p) syndrome have now been reported, and 1 percent
of institutionalized individuals with IQs below 35 (mean 1Q 20) have been said
to have del(5p) (Gorlin, 1977). Because of a distinctive, monotonic, cat-like cry
in the neonatal period, this syndrome is also referred to as the “cri-du-chat”
(“cat cry”) syndrome. During infancy, facies become rounded (“moon-like”)
because of microcephaly, hypertelorism, broad nasal bridge, downward slant-
ing of the palpebral fissures, and micrognathia. Ears are low-set. As the indi-
vidual becomes older, facies become elongated, the philtrum shorter, and the
cry nonspecific in character. Despite severe mental and growth retardation,
many patients reach adulthood (Niebuhr, 1971).

Genetic Counseling

Although the size of the deleted segment varies, bands 5p14 and 5p15 are
always deficient (Niebuhr, 1972). The deletion is usually (90 percent) sporadic,
in which case counseling is based on general risks of a chromosomally abnormal
offspring based on parental ages. However, in 10 percent of the cases, mosai-
cism, unbalanced translocations, rings, or recombinants from inversions (see
Chapter 1) are present. In some instances these rearrangements are familial, as
determined by analysis of parental chromosomes, in which case antenatal chro-
mosomal studies are appropriate. As previously mentioned for del(4p), it also
might be prudent to offer antenatal diagnosis to families in which no parental
aberration has been detected because small rearrangements or low-frequency
mosaicism cannot categorically be excluded.
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Del(13q) Syndrome

Although a number of individuals have been reported with deletion of
chromosome No. 13, not all show the same phenotype. This could reflect either
differences in the length of the deleted segment, erroneous identification of the
chromosomes involved, or unrecognized complex rearrangements causing im-
balance of chromosomes other than No. 13.

Anomalies usually include ambiguous external genitalia and thumb aplasia
(unilateral or bilateral). In other cases microcephaly, trigonocephaly or holo-
prosencephaly, obliterated sutures, closed fontanels, large abnormally shaped
ears, coloboma, hypertelorism, and midface hyperplasia are present (Niebuhr,
1977) (Fig. 3-8). Retinoblastoma also may be associated with deletion of 14q
(Yunis & Ramsay, 1978). Although developmental heterogeneity is consider-
able, depending on the size and position of the deleted segment, the mean 1Q
is about 50. Twenty percent of affected infants die before reaching 6 months
of age (Niebuhr, 1977).

Genetic Counseling

At least half the cases of del(13q) syndrome are associated with ring for-
mation (Niebuhr, 1977), which invariably causes deficiencies. Moreover, rings
are often unstable and lead to different-sized deletions in different cell lines.
Other cases result from a simple deletion of 13q (Fig. 3-9). Parental karyotypes
are usually normal, with the recurrence risk thus no greater than that expected
on the basis of parental age. Familial translocations and inversions have oc-
casionally been detected, for which reason parental karyotypes should be ob-

o

Figure 3-8. Craniofacial anomalies of an infant with del(13q).
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Figure 3-9. Partial karyotypes (D group chromosomes 13-15) from the 46,XX,del(13q)
patient shown in Figure 3-8

tained. Prenatal diagnosis should be offered to all families with a previously
affected offspring because of the possibility of undetected parental mosaicism
or a small structural rearrangement.

Del(18p) Syndrome

Although at least 85 cases have been reported, no distinctive features exist
(Gorlin, 1977). Mental retardation is usually severe but varies (IQ range 25-75).
Facies are rounded, with a wide mouth and large ears. Severer craniofacial
anomalies (e.g., holoprosencephaly) occur less frequently. Many affected older
patients are small and reportedly stand with widespread legs, leaning slightly
forward (Table 3-3) (de Grouchy & Turleau, 1977). Life expectancy is generally
normal (Miller, 1973). Some investigators have reported features reminiscent
of the Turner syndrome. Almost all cases are sporadic, with the recurrence risk
believed to be no greater than that expected on the basis of parental ages.
However, mean maternal and paternal ages are elevated (Miller, 1979).

Del(18q) Syndrome

At least 95 cases have been reported (Schinzel, Hayashi, & Schmid, 1975;
de Grouchy & Turleau, 1977; Wilson et al., 1979). Nonspecific craniofacial
anomalies similar to those present in other chromosomal syndromes have been
reported: microcephaly, midface hypoplasia, cleft lip or palate, and a mouth
that turns inferiorly at the lateral margins (“carp-like” mouth). The nose tends
to be short and the eyes deeply set. Ocular defects include coloboma, optic
atrophy, and corneal anomalies. The ears show deep sulci and atresia of the
external auditory meatus, an unusual and thus diagnostically helpful feature.
Osteoarticular malformations are frequently present, including supernumerary
or hypoplastic ribs and spina bifida occulta. Dimples occur over the subacromial
and epitrochlear areas, lateral to the knees, and on the hands. External genitalia
are often hypoplastic, and cardiac anomalies occur in most cases.

Failure to thrive, hypotonia, and seizures are characteristic of surviving
infants. Mental retardation is generally severe (mean IQ 50), but a few cases
show IQ levels of 70 or greater. About 10 percent die in the neonatal period,
but several cases have survived until the second decade (Table 3-3) (de Grouchy
& Turleau, 1977). Most cases are sporadic, and several have exhibited mosai-
cism. Translocations and pericentric inversions have also been reported, some
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familial (Simpson et al., 1979). If parental rearrangements are not present, risks
of chromosomally abnormal offspring are those expected on the basis of parental
age.

Del(21q) Syndrome

Deletions of No. 21 have been caused by ring formations, simple deletions,
or translocations. Mental retardation, growth retardation, hypertonia, and skel-
etal, genital, and craniofacial anomalies are frequently present in affected in-
dividuals. Because of the presence of downward-slanting palpebral fissures,
micrognathia, large ears, and prominent nasal bridge, it has been suggested that
the del(g21) phenotype is opposite to that of trisomy 21 (so-called contretype).
Irrespective of the validity of this concept, malformations are severe and life
expectancy short (de Grouchy & Turleau, 1977; Yamamoto et al., 1979). Many
cases are associated with familial structural rearrangements, obviously having
a relatively high recurrence risk. For cases not associated with such rearrange-
ments, the risk of a chromosomally abnormal offspring is probably not greater
than that expected on the basis of parental age.
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Single Anatomical Malformations Usually
Inherited in Polygenic/Multifactorial Fashion

Many disorders clearly show heritable tendencies but do not manifest distinc-
tive modes of transmission. That is, the chromosomal complements are normal
and the recurrence risks for relatives are much lower than they would be if the
disorder resulted from mutation at a single locus. Most of these disorders
involve only one organ system. They are presumed to result from the cumulative
effects of many genes (polygenic) or (perhaps more likely) from interaction of
environmental and genetic factors (multifactorial). Almost none of the disorders
discussed in this chapter has been proved to be polvgenic or multifactorial,
but these mechanisms provide the most likely explanation for the observed
recurrence risks.

In this chapter we shall discuss common polygenic/multifactorial disor-
ders, specifically those most likely to be encountered by obstetrician—
gynecologists. The only clinical details provided are those necessary for ori-
entation; other texts should be consulted for complete descriptions and
therapeutic recommendations. These disorders are not only the most common
birth defects, but they are also among those most amenable to counseling by
physicians who lack special training in genetics. Counseling requires confir-
mation of the diagnosis, knowledge of the recurrence risks, and awareness of
the principles of multifactorial inheritance. One must, however, exclude chro-
mosomal, Mendelian, and teratogenic factors that produce different risks and,
perhaps, a different potential for antenatal diagnosis. For example, cleft palate
as the sole anomaly carries a recurrence risk for sibs of 4 percent, whereas the
disorder encompassing both cleft palate and lip pits is inherited in autosomal

dominant fashion.

NEURAL TUBE DEFECTS

The neural tube defects include anencephaly, encephalocele, and spina
bifida and are the most frequently encountered malformations of the central
nervous system. Anencephaly is the partial or complete absence of the cranial
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vault with a rudimentary brain, and is lethal. Encephalocele is the protrusion
of brain and its covering membranes through the skull, most commonly in the
occipital region. Encephalocele may not be lethal, but serious neurologic def-
icits, including mental retardation, occur. Spina bifida is failure of the neural
arches to close and most often involves the lumbar region. Spina bifida cystica
(myelomeningocele) results in the protrusion of meninges, usually with spinal
cord and nerves in a cystic sac. This form accounts for over 90 percent of the
cases of spina bifida cystica. Less commonly, the cord remains exposed as a
flat structure (a myelocele). Spina bifida cystica varies in extent and level.
Small, well-covered, inferior lesions may allow normal development with little
physical handicap. However, 90 percent of lesions lead to seriously handicap-
ping neurologic impairment of the lower extremities and rectal and urinary
sphincters. Hydrocephalus is a frequent complication, and is seen in 70 percent
of patients with myelomeningocele. Twenty-five percent of individuals with
spina bifida are mentally retarded.

The neural tube defects are the result of failure of the neural tube to close.
This occurs in the first four weeks after conception (Lemire et al, 1975). Closure
normally begins in the cervical region of the cord and proceeds cephalad and
caudad, carrving along the anterior and posterior neuropore until the closure
is complete and the surface ectoderm becomes a continuous sheet on the surface
of the embryo. The anterior neuropore and posterior neuropore close 24 and
26 days after conception, respectively.

The true incidence of neural tube defects is difficult to ascertain, as ap-
proximately 50 percent of anencephaly is spontaneously aborted (Nishimura
et al., 1966). Incidence figures are also greatly influenced by geography: Wales
and Ireland have the highest incidence, almost 1 percent of newborns being
affected. In the United States, incidence generally decreases from north to south
and from east to west. (For example, the incidence is about 2/1000 newborns
in New York and 1/1000 in Los Angeles.) Neural tube defects are more common
in Caucasians than in blacks, and more common in firstborn than later-born
children (Janerich, 1972). The male/female ratio is 0.7:1 for spina bifida and
0.45:1 for anencephaly (Leck, 1974).

Recurrence risk is directly associated with incidence of a disorder, since
both reflect the frequency of genes for that disorder in the total gene pool. The
often-quoted recurrence risk of 5 percent after one affected sibling and 12
percent after two affected siblings is derived from the British Isles and is not
applicable to other populations. The recurrence risk in the United States ap-
pears to be 1.5 to 2 percent after one affected sib and 4 to 6 percent with two
affected sibs. It does not matter if a proband had anencephaly or spina bifida,
for the defects appear to be etiologically identical.

The Meckel syndrome deserves special mention. It consists of an occipital
encephalocele, polycystic kidneys, polydactaly, cleft palate, and congenital
heart defects, although not all features are invariably present. The syndrome
is inherited as an autosomal recessive trait and therefore has a 25 percent
recurrence risk. Accurate genetic counseling requires accurate diagnosis. There-
fore, a stillborn infant with encephalocele requires a post-mortem examination
to determine the presence or absence of other anomalies. This syndrome is
especially important to obstetricians because antenatal diagnosis is so readily
available.
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HYDROCEPHALY

Hydrocephaly is characterized by an increase of free fluid in the cranial
cavity. The most common form, internal hydrocephaly, is an accumulation of
excessive cerebrospinal fluid within the ventricles of the brain that may be
caused by aqueductal stenosis, atresia of the foramina of Luschka and Magendie,
an Arnold-Chiari malformation, or fluid overproduction. Clinically, an enlarged
head, bulging fontanelles, and frontal bossing are common. Diagnosis is usually
by a CT scan or pneumoencephalogram. The incidence is approximately
1/1000 newborns, with a predominance of males.

There has been much debate about recurrence risk for isolated hydro-
cephalus. Hydrocephalus secondary to spina bifida cystica or part of a syndrome
must be considered separately, and the appropriate recurrence risk is that of
the primary diagnosis. There is a well-established X-linked form of hydro-
cephalus secondary to aqueductal stenosis (Bickers and Adams, 1949). This
has been estimated to represent 2 percent of all cases of uncomplicated hy-
drocephalus. The recurrence risk after birth of a male with an agueductal
stenosis caused by hydrocephalus is 6 percent (0 percent females, 12 percent
males). This suggests aqueductal stenosis represents an admixture of multifac-
torial cases (with a very low recurrence risk) and a few X-linked cases (Burton,
1979). Families who have had offspring with communicating hydrocephalus,
a Dandy-Walker malformation, or hydrocephalus of unknown etiology have a
recurrence risk of no more than 2 percent (Bay, Kerzin, & Hall, 1979; Burton,
1979). There are also suggestions that the risk of neural tube defects may be
1 percent following the birth of a proband with hydrocephaly.

FACIAL CLEFTS

Cleft lip and cleft palate are the single most common defects affecting the
oral facial structures of humans. They have been the subject of much investi-
gation regarding etiology, and have served as a model for teratogen-induced
defects. Many syndromes include cleft lip and/or palate as one feature. Gorlin,
Cervenka, & Prozonksy (1971) found 30 percent of these syndromes to be dl._l&
to a single mutant gene. However, less than 3 percent of all cases of cleft lip
and/or cleft palate fall into this category.

Cleft Lip with or without Cleft Palate

Cleft lip may be unilateral or bilateral and may extend a variable distance
posteriorly to include all or part of the maxillary alveolar process. The cleft of
the palate may involve only the uvula or may extend through the ‘hard palate
and alveolar ridge. The prevalence varies with race from 1.7/1000 mh]apanese
newborns to 0.4/1000 in black infants. The sex ratio also varies, with males
predominating among Caucasians and females predominating among blacks.
Approximately 80 percent of clefts are unilateral a_nd occur more often on tlrle
left than the right. At birth 7 to 13 percent of patients with isolated cleft lip
have associated anomalies, and 11 to 14 percent with cleft lip and palate have
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associated defects. Associated defects are more common in infants with bilat-
eral clefts than in those with unilateral clefts.

The recurrence risk is 4 percent with a prior affected sib or parent, 9 percent
with two prior affected sibs, and 17 percent with an affected parent and sib.
The risk is slightly higher if the propositus is female and slighity lower if male,
as expected from the sex ratio of affected individuals. The severity of the lesion
in the affected proband also alters the recurrence risk. If the original defect is
bilateral clefts of the palate and lip, the recurrence risk is 5.7 percent; if uni-
lateral clefts of both palate and lip the risk is 4.2 percent; if a unilateral cleft
lip, the risk is 2.5 percent (Poole, 1975).

In counseling the parents of an affected newborn it is important to recognize
that their first concerns will be care of the child at home, the age for surgical
intervention, embarrassment, and the possibility of other existing anomalies.
(Winter & Tal, 1974 ). Only later will their attention turn to how the cleft was
caused and recurrence risks. Parents who are told of the child’s deformity
immediately and see the child within a short time adapt better; withholding
the infant will only cause parental resentment (Dar, Winter, & Tal, 1974).

Cleft Palate

A cleft palate may extend through the hard palate, the soft palate, or both,
or may be submucosal with a failure of fusion of the underlying mesodermal
elements. Isolated cleft palate is etiologically different from cleft lip with or
without cleft palate. The prevalence of isolated cleft palate extends from 80/
1000 newborn American Indians to 0.2/1000 newborn blacks, and in Caucasians
is 0.4/1000 neonates. There is a slight female predominance. As many as 35 to
50 percent of affected individuals have associated defects.

The recurrence risk is 2 percent with a prior affected sib, 6 percent with
a sib with other affected relatives, 7 percent with an affected parent, and 15
percent with an affected parent and sib, at least in Caucasians.

Cleft Lip or Palate and Lip Pits

Lip depressions or pits are usually paramedian on the lower lip. This entity
is inherited as an autosomal dominant trait with a 50 percent recurrence risk
(assuming the proband is not a new mutation). Prior to counseling families
regarding the recurrence risk of cleft, one must be certain the cleft is not part
of one of the more than 30 syndromes that include clefting and that are inherited
in a Mendelian fashion.

CARDIAC ANOMALIES

Congenital heart disease occurs in approximately 0.1 to 0.5 percent of live-
borns, depending upon the number of years children are followed before being
termed normal. Numerous different cardiac anomalies have been reported, but
10 to 15 of these account for most cases. About 20 percent of children with
congenital heart disease have a ventricular septal defect, 10 percent have an
atrial septal defect, 10 percent tetralogy of Fallot, 10 percent patent ductus
arteriosus, and 10 percent pulmonic stenosis. Forty percent have other an-
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Table 4-1
Recurrence Risks in Sibs of Probands with Congenital Heart
Lesions

Affected Sibs
Anomaly Proband [No.) No. o,
Ventricular septal defect 212 24/543 4.4
Patent ductus arteriosus 204 17/505 3.4
Tetralogy of Fallot 157 9/338 2.7
Atrial septal defect 152 11/342 3.2
Pulmonic stenosis 146 10/345 2.9
Aaortic stenosis 135 71317 2.2
Aortic coarctation 128 5/272 1.8
Transposition of the great 103 4/209 1.9
vessels
Atrioventricular canal anomaly 73 4/151 2.6
Tricuspid atresia 51 1/96 1.0
Ebstein anomaly 42 1/96 1.1
Truncus arteriosus 41 1/86 1.2
Pulmonic atresia 34 1/77 1.3
Total 1478 95/3376
Adapted from Nora J] (1971): Eticlogic factors in congenital heart disease. Pediar Clin North Am
18:1059.

omalies, e.g., aortic stenosis, coarctation of the aorta, transposition of great
vessels, tricuspid atresia, the Ebstein anomaly, and truncus arteriosus.

Congenital heart disease usually results from polygenic/multifactorial
causes, most lesions carrying a recurrence risk for first-degree relatives of 2 to
5 percent (Table 4-1). About 4 percent of children with congenital heart disease
have a demonstrable chromosomal abnormality. Perhaps 4 percent result from
a Mendelian mutation and 2 percent from known teratogenic factors.

Briefly defined below are the cardiac anomalies obstetrician—gynecologists
are most likely to encounter. Readers desiring more details should consult
standard pediatric and cardiology texts.

Ventricular Septal Defect

Ventricular septal defect (VSD) is one of the most common cardiac an-
omalies, accounting for approximately 20 percent of all cases of congenital
heart disease. The defect may be the only anomaly or it may be one of several
coexisting cardiac anomalies (e.g., tetralogy of Fallot). Presumably resulting
from failure of closure of the ventricular septum during embryogenesis, ven-
tricular septal defects may be located at various sites. The most common site
is the membranous portion beneath the aortic valve. Symptoms depend upon
the size of the defect. A small VSD may be asymtomatic, but larger defects
produce (1) left-to-right shunts because right ventricular pressure and resistance
are less than left ventricular pressure and resistance, hence causing (2) in-
creased pulmonary blood flow, (3) pulmonary hypertensilﬂn, and {-%} ultimately,
congestive heart failure. The diagnosis is usually not evident at birth, because
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the increased pulmonary resistance present in all neonates causes a high right
ventricular pressure and prevents left-to-right shunting. Diagnosis is made by
auscultory, electrocardiographic and angiographic studies familiar to pediatric
cardiologists. Surgery is required in only 20 percent of cases, the remaining 80
percent closing spontaneously. Surgical repair is relatively successful and mor-
tality 1 to 2 percent.

Tetralogy of Fallot

This disorder consists of ventricular septal defect, overriding aorta, infun-
dibular pulmonic stenosis or atresia, and resulting right ventricular hypertro-
phy. Cvanosis develops as result of right-to-left shunting and becomes accen-
tuated as the right ventricle hypertrophies. Tetralogy of Fallot accounts for 10
percent of all cases of congenital heart disease; males are affected more often
(3:2) than females. Surgery is essential, for persisting cyanosis carries a very
poor prognosis.

Atrial Septal Defect

An atrial septal defect (ASD) may be of the ostium secundum type or the
ostium primum type. Ostium secundum defects result from failure of closure
of the embryologically patent septal ostia, usually the fossa ovalis. By contrast,
the rarer ostium primum defects are caused by abnormalities of the endocardial
cushion. Ostium secundum ASD may be relatively asymptomatic, but a left-to-
right atrial shunt will lead to increased pulmonary flow if the ASD is sufficiently
large. Congestive heart failure rarely occurs, and cyanosis is not present. Surg-
ical correction is quite successful, with an operative mortality of 1 percent or
less. Females are more likely to be affected than males.

Endocardial Cushion Defects

Endocardial cushion defects (ECDS) result from anomalous development
of the atrioventricular cushions, embryonic structures crucial for normal de-
velopment of septa and valves. The defects range from isolated ostium primum
atrial defects to a common atrioventricular canal with incompetencies of several
valves. Mitral incompetence and pulmonary stenosis are especially common.
Clinical features and prognosis depend upon the specific anomalies. ECD is
one of the most common cardiac anomalies in trisomy 21.

Patent Ductus Arteriosus (PDA)

This anomaly results from persistence of the duct that, during embryoge-
nesis, directs blood from the pulmonary artery to the descending aorta. PDA
is essentially physiologic, especially in premature infants, but it is also a rel-
atively frequent cardiac anomaly in full-term infants, and is commonly asso-
ciated with rubella embryopathy.

Hemodynamic changes are similar to those associated with VSD. Left-to-
right shunting increases pulmonary flow, leading to pulmonary hypertension.
Congestive heart failure is unusual, and cyanosis is absent unless pulmonary
hypertension is so great that compensatory right-to-left shunting occurs across
the ductus. Females are more likely than males (2:1) to be affected. Ligation
or division of the PDA is relatively simple, and prostaglandin inhibitors also
facilitate closure.
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Pulmonic Stenosis and Atresia

Pulmonic stenosis (PS) may be subvalvular, valvular, or supravalvular.
Valvular defects are most common, and occasionally the valve may be almost
completely atretic. Clinical findings reflect the severity of the obstruction and
the concomitant presence or absence of septal defects. Some patients are asymp-
tomatic and develop normally, but those with significant obstruction develop
symptoms by 2 to 3 vears of age. Right heart failure may develop and cyanosis
occur as result of right-to-left shunting through ASD or VSD, or as result of
decreased cardiac output (peripheral cyanosis). Surgical correction is usually
necessary. Pulmonic stenosis occurs commonly in rubella embryopathy and
in Noonan syndrome (see Chapter 4), an autosomal dominant condition in
which external features are reminiscent of Turner stigmata (Chapter 10).

Aortic Stenosis (AS)

Aortic stenosis may be subvalvular, valvular or supravalvular. Valvular A5
is likely to be the type responsible for infants with cardiac problems. Usually
the valve is bicuspid. Valvular AS is often asymptomatic, but obstruction may
ultimately lead to left ventricular hypertrophy and left heart failure. Death may
occur suddenly, probably because of myocardiac ischemia and conduction
abnormalities. Aortic value replacement is usually indicated, especially if the
valve is bicuspid.

Supravalvular Aortic Stenosis

In supravalvular AS narrowing of the ascending aorta, focal or diffuse,
occurs distal to the sinuses of Valsalva. Because the coronary arteries arise
proximal to the site of narrowing, they are subjected to increased pressure and
prone to development of arteriosclerosis. Features are otherwise similar to those
observed in valvular AS. Males and females are affected in equal numbers. A
form of supravalvular AS associated with coarse facial features and dental
anomalies apparently results from hypercalcemia and possibly hypervitamin-
osis D during either pregnancy or early infancy.

Subvalvular Aortic Stenosis

In this disorder a fibrous ring encircles the left ventricular outflow tract.
The disorder is often asymptomatic. Many cardiologists consider subaortic AS
to be relatively common, based upon cardiac changes in asymptomatic relatives
of individuals with overt subvalvular AS. Subvalvular AS occurs twice as often
in males as in females. The fibrous ring can usually be excised with relative
ease. The condition may be autosomal dominant.

Hypoplastic Left Heart Syndrome

This term is applied to individuals who show hypoplasia of the left ven-
tricle, which may coexist with aortic valvular atresia, aortic valvular stenosis,
mitral atresia, mitral stenosis, or atresia of the aortic arch. This syndrome is
probably the most common cause of heart failure in t!‘l& first week nf_ life.
Symptoms usually become evident 48 to 72 hours after birth. The defect is not

amenable to surgical repair, and prognosis is poor.
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Transposition of the Great Vessels

In this anomaly the aorta arises from the right ventricle and the pulmonary
trunk arises from the left ventricle. Mixing of the two circulations is obviously
a prerequisite for survival; thus, if the neonate is surviving, VSD, ASD, or a
patent foramen ovale must coexist. Despite shunting, severe cyanosis develops
by the second or third day of life. Although transposition used to be considered
inoperable, surgical repair may now be possible in some cases by the Mustard
procedure, which redirects blood by means of several surgical steps. Operative
mortality is 10 to 20 percent, however, which is considerably higher than that
of most other cardiac anomalies.

Truncus Arteriosus

In this defect, which affects twice as many males as females, a single
vascular trunk gives rise to aortic, pulmonary, and coronary circulations. A
ventricular septal defect is always present, and the common truncal valves are
usually incompetent. Oxygen saturation is equal in all three circulations. Cy-
anosis and congestive heart failure occur, and only about 30 percent of affected
individuals survive bevond infancy. This condition was formerly considered
inoperable, but corrective techniques now offer a more encouraging prognosis.

Coarctation of the Aorta

In coarctation the aorta is constricted, usually near the ligamentum arter-
iosum. Most patients have a bicuspid aortic valve. Patent ductus arteriosus and
ventricular septal defects often coexist. Arterial pressure is decreased distal to
the obstruction, resulting in such compensatory mechanisms as peripheral
vasoconstriction and collateral circulation that bypasses the obstruction. None-
theless, left ventricular overload may lead to congestive failure. Aortic coarc-
tation is said to be the most common cause of congestive failure in the second,
third, and fourth weeks of life, and affects more males than females. Infants
surviving beyond four weeks may do relatively well. Surgical end-to-end an-
astomosis is best delayed until 4 to 5 years of age. Coarctation and VSD are the
most common cardiac defects of Turner stigmata (Chapter 10).

Ebstein Anomaly

In Ebstein anomaly an enlarged tricuspid valve is not only ectopically
inserted but is also adherent to the wall of the right ventricle. Blood flow across
the valve is obstructed, resulting in shunting through the foramen ovale to the
left atrium. Cyanosis thus occurs because of the presence of deoxygenated blood
in the circulation. Prognosis depends upon the degree of obstruction, severe
obstruction usually leading to death during infancy or early adult life.

Genetic Counseling for Cardiac Anomalies

Genetic counseling for any cardiac anomaly should be undertaken only
after establishing the diagnosis and considering the potential etiologies. Most
investigators estimate that approximately 3 to 4 percent of cardiac anomalies
result from a chromosomal abnormality, 4 percent from a single mutant gene,
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and 1 percent from teratogenic factors. The remainder are presumably polygenic
or multifactorial in origin.

Confirmation of polygenic/multifactorial inheritance is difficult, because
derivation of empiric risk data is subject to more pitfalls than usual for such
studies; specifically, confirmation of diagnosis is often uncertain. Chromosomal
studies are often not performed and known Mendelian traits have not always
been excluded. If a relative was stillborn, an anomaly may have gone unde-
tected. Nonetheless, several studies show consistent results. Moreover, the
theoretical recurrence risk predicted for first-degree relatives of probands with
a polygenic trait (see Chapter 1) agrees quite well with empiric data (Table 4-
1) (Nora, McGill, & McNamara, 1970a; Nora, 1971; Nora & Nora, 1976, Nora
& Nora, 1978).

The largest series are those reported by Nora and colleagues (1970a; 1976)
and by Zetterqvist (1972), who surveyed hospitalized samples of children and
adults with many types of cardiac anomalies. Data are also available for coarc-
tation of the aorta (Boon & Roberts, 1976; Campbell & Polani, 1961), tetralogy
of Fallot (Boon, Farmer, & Roberts, 1972), atrial septal defect (Williamson, 1969;
Sanchez-Cascos, 1972), patent ductus arteriosus (Wilkins, 1969), and hypo-
plastic left heart syndrome (Brownell & Shokeir, 1976).

Recurrence risk for liveborn first-degree relatives is 1 to 4 percent, de-
pending upon the trait in question. In about half the cases the same anomaly
recurs in relatives (Fraser & Hunter, 1975), whereas a different cardiac anomaly
is involved in the rest. Data are usually not subdivided according to sex of the
proband or relatives in question, although some disorders are more likely to
affect members of a given sex. For such disorders recurrence risks should ideally
be derived as a function of sex. Recurrence risks for second- and third-degree
relatives are predictably lower, usually 1 percent or less. However, these figures
apply only if cytogenetic studies are normal, if no extracardiac anomalies are
present, and if Mendelian disorders are excluded. (See Elias and Yanagi (1981)
for tables of Mendelian disorders.)

Common Mendelian disorders characterized by cardiac anomalies include
Noonan syndrome with pulmonic stenosis, autosomal dominant subaortic ste-
nosis, and the Holt-Oram syndrome. Many rarer syndromes are also charac-
terized by cardiac anomalies. Occasionally a cardiac anomaly in a given family
may appear to result from a single gene (Zetterqvist, 1972), but usually the data
in Table 4.1 are appropriate. Again, these risk figures should be applied only
after diagnostic confirmation and exclusion of chromosomal and Mendelian
disorders.

TRACHEOESOPHAGEAL FISTULA AND
ESOPHAGEAL ATRESIA

These two anomalies usually coexist, although esophageal atresia or tra-
cheal anomalies may occur separately. In 90 percent of cases in which both
occur together, the proximal esophagus terminates blindly near the thorax (T-
2 level) and the distal esophagus communicates with the trachea. Newborns

manifest excessive secretions. After feeding, the infant coughs, gags, regurgi-
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tates, and often becomes cyanotic; aspiration pneumonia is common. A na-
sogastric tube cannot be passed. Various roetgenographic procedures readily
confirm the diagnosis. Surgical repair is usually successful, but multiple pro-
cedures may be necessary if the infant is severely ill or if more complicated
anomalies are present. Esophageal atresia may also occur as an isolated defect,
and the esophagus may also be stenotic rather than completely atretic. Trach-
eoesophogeal fistula may be one component of the VACTERL (Vertebral, Anal,
Cardiac, TracheoEsophageal, Renal, Limb) syndrome, which is claimed to be
related to progestin teratogenicity (see Chapter 15).

Few genetic studies concerning these anomalies have been conducted, but
available data suggest recurrence risks similar to those for other disorders pre-
sumed inherited in polygenic fashion. Among 35 probands with esophageal
atresia with or without tracheoesophogeal fistula, Schimke, Leape, and Holder
(1972) noted one kindred in which 2 sibs, 2 third cousins, and 1 second cousin
once removed had both. Other familial aggregates were later reported (Dennis,
Nicholas, & Kova, 1973; Chen, Goei, & Hertzlon, 1979). Recurrence risks of 1
to 2 percent for first-degree relatives are probably appropriate (Chen, Goei, &
Hertzlon, 1979).

DUODENAL AND INTESTINAL ATRESIA

Atresia or partial stenosis of the duodenum, jejunum, or ileum leads to
bile-stained emesis, distention proximal to the obstruction, and eventually
dehydration and electrolyte imbalance. If a fetus has one of these anomalies,
hydramnios is often present. Diagnosis depends upon appropriate roentgeno-
grams, especially upright films. Prompt surgical repair is essential. Duodenal
atresia is especially common in trisomy 21, and may be associated with an
annular pancreas or malrotation of the colon.

Several of these anomalies may be inherited in Mendelian fashion. Familial
aggregates of duodenal or intestinal atresia are especially common, and affected
sibs usually have atresia in similar locations. Based upon reports of affected
sibs whose parents were consanguineous, McKusick (1978) believes that sep-
arate autosomal recessive genes cause (1) duodenal atresia (Mishalany, Der
Kaloustian, & Ghandour, 1970; Der Kaloustian, Slim, & Mishalany, 1974), (2)
multiple intestinal atresias characterized by obstructions at several sites from
the stomach to anus (Dallaire & Perreault, 1974), and (3) jejunal atresia [Mish-
alany & Najjar, 1968; Blyth & Dickson, 1969). However, most cases of intestinal
atresia do not result from an abnormality in one of these genes. For purposes
of genetic counseling it is perhaps best to suggest that the risk to subsequent
sibs is increased, probably by only 2 to 5 percent but possibly as much as 25
percent. If 2 sibs are affected, autosomal recessive factors should be assumed
to be present in that particular family.

PYLORIC STENOSIS

Muscular hypertrophy at the pylorus produces pyloric stenosis, one of the
most common congenital anomalies. Affected infants are normal at birth, but
around 2 to 3 weeks of age begin vomiting in a projectile-like manner. The
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vomit is not bile-stained. Dehydration, hypokalemic alkalosis, weight loss, and
stool changes develop. The presence of visible gastric peristalsis or palpable
pyloric hypertrophy suggest the diagnosis, and roentgenographic studies con-
firm it. Longitudinal division of the hypertrophied muscle mass (Ramsted pro-
cedure) is relatively simple, and the mortality is very low.

Genetic studies of pyloric stenosis have helped elucidate the principles of
polygenic inheritance, specifically for traits in which one sex is more likely to
be affected than another. A relatively common trait (2/1000 live births), pyloric
stenosis is five times more likely to oceur in males than females. Various studies
(Carter, 1976; Siebers, 1978) have shown that the recurrence risk depends upon
whether the proband is male or female. If male, the risk for subsequent male
sibs is 5 percent, whereas the risk for subsequent female sibs is only 2.5 percent.
If the proband is female, the risks for subsequent male sibs may be as high as
20 percent, whereas the risk for subsequent female sibs is only 7 percent. Sons
of female patients have a 20-percent risk, whereas daughters have only a 7
percent risk. Sons of male patients have a 5-percent risk, whereas daughters
have only a 2- to 5-percent risk. Similar sex differences apply to second- and
third-degree relatives. Irrespective of sex of the proband, nephews are more
likely to be affected than nieces, and male first cousins are more likely to be
affected than female first cousins. These sex differences are predictable if one
assumes that the threshold on the curve of genetic liability is closer to the mean
for males than for females (Chapter 1).

HIRSCHSPRUNG DISEASE (COLONIC AGANGLIONOSIS)

This disorder results from absence or deficiency of intramural myenteric
ganglionic plexuses of the distal colon and rectum. The colonic segment prox-
imal to the defect becomes dilated and hypertrophied: the portion lacking
ganglia maintains normal caliber. Aganglionosis is distal to the splenic flexture
in 84 percent of cases and confined to the rectosigmoid in 70 percent of cases.
Constipation is the usual presenting complaint, but other gastrointestinal
changes occur secondarily. Following roentgenographic diagnoesis, the agan-
glionic segment may be excised, followed by reanastomoses of normal seg-
ments. Affected individuals who survive infancy have a normal life expectancy.

Males are affected about twice as often as females.
Hirschsprung disease may occur in isolation or it may be associated with

other defects. Risks depend not only upon sex but also upon the length of the
aganglionic segment (Passarge, 1967). If the proband is male, the risk is 5
percent for subsequent male sibs, and 2 percent for subsequent female sibs. If
the proband is female, the risks for subsequent male and female sibs are 11
percent and 14 percent respectively. If the aganglionic segment extends above
the splenic flexure, the risk is even higher.

MECKEL DIVERTICULUM

The yolk stalk, a structure that during embryonic life connects the umbil-
icus to the intestine partially persists in 1 to 2 percent of live births, and is
termed Meckel diverticulum. It arises 18 to 36 inches proximal to the ileocecal
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junction. Most individuals are asymptomatic, but symptoms may arise because
of torsion, perforation, infection (mimicking appendicitis), intussusception, or
ulceration due to ectopic gastric or pancreatic tissue. Complete resection can
be performed easily. Familial aggregates have occasionally been reported, but
it is difficult to determine whether the prevalence of this common disorder is
higher in relatives than expected for the general population.

INTUSSUSCEPTION

In intussusception a proximal portion of intestine “prolapses” into an
adjacent segment. It usually occurs between 4 and 14 months of age and is
manifested by vomiting, abdominal cramps, bloody, mucoid jelly-like stools,
and shock. The blood supply may become interrupted, leading to gangrene,
which requires bowel resection. After roentgenographic diagnosis and correc-
tion of fluid and electrolyte imbalance, intussusception can be reduced.
MacMahon (1955) estimated that the recurrence risk for sibs is about 2 to 3
percent,

DIAPHRAGMATIC HERNIA

Defects in diaphragmatic musculature most often occur in the left poster-
iolateral portion (90 percent), but other portions may also be defective. As
result of the defect, abdominal viscera are displaced to the thorax. The amount
of displacement depends upon the size and location of the defect. Severe life-
threating symptoms—tachypnea, dyspnea, even cyanosis—usually occur
shortly after birth. Respiratory or circulatory collapse may occur. Males are
affected more often than females. This condition may be suspected on the basis
of decreased breath sounds, percussion dullness, and displacement of thoracic
structures. Chest roentgenograms confirm the diagnosis. If the defect is large
enough to warrant surgery, it must be performed immediately, and is successful
about half the time.

Relatively few familial aggregates of diaphragmatic hernia characterized
by absence or deficiency of only part of the diaphragm have been reported
(Phillipp & Skelton, 1952; Crane, 1979; Wolff, 1980). However, unilateral age-
nesis of the diaphragm, a rarer condition producing similar symptoms, may be
autosomal recessive (Daent] & Passarge, 1972).

OMPHALOCELE

Failure of the anterior abdominal wall to close permits evisceration of
abdominal organs. The viscera are usually covered by a thin membrane, which
often ruptures during vaginal delivery. Intestinal malrotation is invariably pres-
ent. The defect may or may not be amenable to primary closure; if not, silastic
prostheses are required. Few genetic studies have been performed, but familial
aggregates have been reported (Rott & Truckenbredt, 1974; Osuna & Lindham,
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1976). A recurrence risk for first-degree relatives of about 1 to 2 percent seems
appropriate (Jorgenson % Salinas, 1979). An omphalocele may also be one
component of Beckwith-Wiedemann syndrome, which is probably autosomal
dominant.

UMBILICAL HERNIA

Failure of the fascia of the embryonic umbilical ring to close completely
produces umbilical protuberance. This relatively common defect most often
occurs in blacks and premature infants. Umbilical hernia may also be associated
with hypothyroidism, Down syndrome, and some Mendelian disorders. No
treatment is necessary prior to age 5, at which time surgical repair should be
considered. No formal genetic studies have been reported, but a recurrence risk
of about 5 percent seems reasonable.

INGUINAL HERNIA

Inguinal hernias in children are usually indirect and either bilateral or
right-sided. Hydrocele may be present in males, who constitute 90 percent of
cases.

About 50 percent of testicular feminization (androgen insensitivity) pa-
tients have inguinal hernias; however, relatively few females with hernias have
testicular feminization (German et al., 1973). Nonetheless, females with in-
guinal hernias should be screened by cytogenetic studies to exclude testicular
feminization. Although affected individuals are often asymptomatic, intestinal
incarceration can lead to pain and possible gangrene. Surgical repair is therefore
eventually necessary.

Genetic aspects of otherwise normal individuals with inguinal hernias
have received relatively little attention. However, affected males in successive
generations were reported by Weimer (1949) and Edwards (1974). Simpson,
Morillo-Cucci, and German (1974) reported two families in which inguinal
hernias occurred only in females. Recurrence risks are probably no greater than
2 to 5 percent.

RENAL ANOMALIES

The most common renal anomalies appear to be renal agenesis and “horse-
shoe” kidney. Bilateral renal agenesis is obviously fatal, but unilateral renal
agenesis may be asymptomatic and is often associated with Millerian aplasia,
incomplete Miillerian fusion, or other malformation patterns. Males are more
likely to have bilateral renal agenesis than females. As expected, the recurrence
risk is higher for sibs if the proband is female; Pescia and Evans (1977) estimate
that the recurrence risk is 10 percent if the proband is female but only 3 percent
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if male. Bois et al. (1975) estimated the recurrence risk for unilateral renal
agenesis to be 6.3 percent.

If the metanephrosis fails to ascend, fusion of the paired metanephric
structures leads to a horseshoe-shaped kidney, which remains in the pelvis.
It is usually asymptomatic, and may be mistaken for a pelvic tumor. Few
empiric data are available, but Bois et al. (1975) estimated the recurrence risk
for first-degree relatives to be 5.1 percent.

URETERAL AND BLADDER ANOMALIES

Obstruction of urinary outflow produces dilation of the organs proximal
to the obstruction and predisposes to infection and pyelonephritis. Children
with urologic obstruction may be asymptomatic or show growth retardation,
but they rarely complain of pain or dysuria. The obstruction may be located
at the ureteropelvic junction, ureterovesical junction (leading to ureterocele),
bladder neck, or posterior urethral valves. Ureteral duplication is sometimes
associated with obstructive uropathies. Diagnosis requires a high index of sus-
picion, and can be confirmed with various roentgenographic procedures. Surg-
ical correction is usually possible, and prognosis depends upon the extent of
pre-existing renal damage.

Familial aggregates of the various anomalies responsible for urologic ob-
struction have been reported by several groups (Simpson & German, 1970; Bois
et al., 1975; Bredin et al., 1975). Accurate derivation of specific recurrence risks
is difficult, because different anomalies may occur in the same kindred. Bois
et al. (1975) estimated the recurrence risk for sibs to be 4.2 percent for ureter-
opelvic junction obstruction and 5.3 percent for ureteral duplication. Bredin
et al. (1975) noted that only 2.2 percent of sibs of probands with vesicoureteral
reflux had complaints similar to those of the proband; however, roentgeno-
graphic studies in a small series revealed 8 of 60 sibs (16 percent] to have
reflux. DeVargas and Evans (1977) reported that 10 percent of sibs with vesi-
coureteral reflux had a renal or urologic disorder confirmed by roentgenogra-
phy. Recurrence risks of between 5 and 10 percent seem appropriate for first-
degree relatives of probands with ureteropelvic junction obstruction, ureteral
duplication, vesicoureteral reflex, and bladder neck obstruction.

BLADDER EXSTROPHY

In this anomaly a defect in the lower abdominal wall exposes the interior
of the bladder. Affected males usually show epispadias and affected females
a bifid clitoris. The pubic rami are widely separated. The clitoris may be bifid,
but usually the child’s true sex is not in doubt. Urinary incontinence is almost
invariably present. Complete surgical correction is not always possible, for
sometimes the ureters must be transposed to the rectum or the rectosigmoid.
If reimplantation is performed, pyelonephritis occurs frequently. Although fam-
ilial aggregates have been reported (Glaser & Lewis, 1961), they are apparently
rare (Ives, 1978). A recurrence risk of about 1 percent seems appropriate.
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ISOLATED CRYPTORCHIDISM

Testes failing to descend as expected during embryogenesis may be located
along the normal path of descent or may be displaced ectopically. Cryptor-
chidism is common in premature infants, but only 1 percent of full-term live-
born males are cryptorchid. In most cases, descent subsequently occurs. Re-
tractile testes are much more common. Failure of descent may occur because
testes are morphologically abnormal. After age 5, descent does not diminish
the likelihood (0.3 percent) of testicular neoplasia associated with persistent
intraabdominal position. Chorionic gonadotropin has traditionally been ad-
ministered to facilitate descent, but surgery is often required.

Familial aggregates of cryptorchid but otherwise normal males have been
reported (Perrett & O'Rourke, 1969). Before concluding that an individual has
uncomplicated cryptorchidism, one should be certain the external genitalia are
normal and that none of the sex differentiation disorders are present (see Chap-
ter 10). If such disorders are excluded, a low but definite recurrence risk may
be offered, perhaps 2 to 5 percent.

IMPERFORATE ANUS

Imperforate anus refers to one of several anorectal anomalies involving the
terminal rectum. The anus may be stenotic, ectopic, or imperforate. If imper-
forate, a dimple may be identified. Intestinal obstruction develops shortly after
birth, requiring immediate surgical intervention. Ease of repair is inversely
related to the length of the absent segment.

Reported familial aggregates of imperforate anus have included multiple
affected sibs (Van Gelder & Kloepfer, 1961; Winkler & Weinstein, 1970), affected
mother and daughter (Cozzi & Wilkinson, 1968), and males affected in X-linked
recessive fashion (Weinstein, 1965). Although imperforate anus may occasion-
ally result from a single gene, the disorder appears to be polygenic; thus a
recurrence risk of 2 to 5 percent for sibs or offspring seems appropriate. Anal
stenosis, without complete obliteration, may occasionally result from an au-
tosomal dominant gene (Cozzi and Wilkinson, 1968).

Imperforate anus may also occur as part of the VACTERL syndrome or as
one end of the spectrum of caudal regression. The VACTERL syndrome may
be related to progestin teratogenicity (see Chapter 15), and the caudal regression
syndrome is definitely related to maternal diabetes mellitus (Simpson, 1978c).

CONGENITAL DISLOCATION OF THE HIP

Dislocation of the hip is the most common congenital skeletal deformity.
A typical affected neonate displays dysplasia of the hip: a flat acetabular roof
and an underdeveloped proximal end of the femur, which predisposes to dis-
location. At least 80 percent of dislocated hips diagnosed at birth will resolve
with adequate hip abduction and thigh flexion, allowing the acetabulum to
deepen and the ligaments to achieve normal tension (Clarren & Smith, 1977).
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In the United States the condition is rare in blacks but frequent in Indians
(Record & Edwards, 1958). An incidence of 1/1000 newborns can be assumed
for Caucasian populations (Woolf, Koehn, & Coleman, 1968). Seasonal variation
in incidence has been noted, with the highest incidence in winter, probably
reflecting the tendency to swaddle infants with their hips extended and ad-
ducted. Fetal breech position enhances the likelihood of hip dislocation about
14-fold for the full-term infant; that the fetal position and not delivery causes
this predisposition follows from observations that neither external version nor
Caesarian section markedly influences predisposition for hip dislocation
(Dunn, 1976). There is a 5:1 ratio in favor of females (Woolf & Turner, 1969),
presumably due to a hormonally induced joint laxity in the female in the fetal
and early neonatal periods. Approximately one third of the children are affected
bilaterally, and in the remainder the left hip is involved much more frequently
than the right (Finlay, Mautsley, & Busfield, 1967).

The overall recurrence risk is approximately 6 percent: 4 percent for broth-
ers and 8 percent for sisters. If the proband is male, recurrence risks are higher
for both males and females. If one parent and one sib are affected, the recurrence
risk is 10 to 15 percent.

CLUBFOOT

Talipes equinovarus is the most common form of clubfoot; the heel is
inverted, the forefoot supinated, and the ankle plantar flexed. The second most
common form is talipes calcaneovalgus, in which the foot is everted and the
ankle dorsiflexed. This deformity is bilateral in approximately one half of cases.
Incidence is about 1 to 2/1000 newborns, and the disorder atfects twice as many
males as females. Some 20 percent of infants with clubfoot die because of
severe associated congenital malformations, particularly spina bifida cystica.
An additional 10 to 20 percent have associated malformations compatible with
life. Isolated clubfoot has a recurrence risk in sibs of 2 percent (McIntosh et al.,
1954).
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Mental Retardation and
Multiple Malformation Patterns

Parents who have had one mentally subnormal child, a child or stillborn infant
with multiple anomalies, or a child with both mental retardation and anomalies
often seek advice regarding the risk of having another similarly affected off-
spring. Unfortunately, a specific diagnosis frequently cannot be established.

GRADATIONS OF MENTAL RETARDATION

Intelligence shows a continuous gradation following a gaussian distribu-
tion that is skewed to the lower range. Such a distribution presumably results
from the additive effect of many factors, environmental and genetic, each ex-
erting a small influence. This is consistent with polygenic/multifactorial in-
heritance. There is no sharp distinction between mental retardation and nor-
mality. However, the following guidelines are generally used: mild retardation,
IQ 75 to 50; moderate, IQ 49 to 35; severe, IQ 34 to 20; and profound, 1Q 19
to 0. One percent of newborns are severely or profoundly retarded. However,
many of these die in the early years of life, so that by age 7 years only 0.3 to
0.4 percent have an IQ less than 50 (Kirman, 1975; Laxova et al., 1977).

A different spectrum of etiologies may be responsible for mild and mod-
erate retardation than for severe retardation. Many individuals with mild or
moderate retardation may simply be those people who fall at the lower end of
the gaussian curve. This concept is supported by observations that the intel-
ligence quotients of the sibs of persons with mild to moderate retardation often
fall between those of the affected sibs and that of the population mean. In
addition, there is a strong familial and presumably genetic tendency for mild
mental retardation. On the other hand, at the extreme lower end of the curve
there are more individuals than would be expected on the basis of gaussian
distribution (Penrose, 1963). This excess of individuals with severe mental
retardation is presumably due to gene mutations, chromosome abnormalities,

895
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and such major environmental etiologies as birth injuries and teratogens. In a
significant number of retarded individuals, perhaps 40 percent, there is no
readily apparent explanation.

MENTAL RETARDATION WITH OR WITHOUT
MULTIPLE ANOMALIES

The relative frequencies of various causes for mental retardation have
usually been deduced from surveys of mentally retarded individuals residing
in institutions (Berg, 1963; Kaveggia et al., 1975; Laxova & Ridler, 1975; Penrose,
1938), attending outpatient clinics (Turner, 1975), or both (Laxova et al., 1977).
Moreover, the diagnoses reflect the skills of the examiner and the sophistication
of biochemical and chromosomal studies. Because of the lack of uniform criteria
and ascertainment, the proportions cited below only represent estimates.

Chromosomal Abnormalities

Between 10 percent (Opitz, 1977) and 32 percent (Laxova et al., 1977) of
severe mental retardation is due to chromosomal abnormalities. The difference
in surveys can usually be explained by the method of ascertainment. Opitz
(1977) studied Central Wisconsin Colony, an institution where the patients
require medical and nursing care and have severe or profound mental retar-
dation. Laxova et al. (1977) studied institutionalized mentally retarded children
and children living in the community.

Of the 145 cases known to have chromosome abnormalities reported by
Opitz (1977), 107 (74 percent) had Down syndrome, including one 46/47,+ 21
and three 46,t(D;G) translocations. Two individuals had trisomy 18, two had
sex chromosomal aneuploidy, eight had 46,del(5p), and 26 had various struc-
tural chromosomal abnormalities. By contrast, Laxova et al. (1977) observed
that 32 percent (47/146) of their sample had Down syndrome. In a survey of
mentally retarded children attending special schools in New South Wales,
Down syndrome was detected in 18 percent of all students (Turner, 1975).
Although autosomal abnormalities like trisomy 21 and trisomy 18 cause severe
or profound retardation, some of the more recently recognized deletion or
duplication syndromes are often associated with moderate or even mild retar-
dation. The latter are also characteristic of certain sex chromosome polysomies
(e.g., 48, XXXY).

Thus, chromosomal abnormalities are frequently associated with mental
retardation. Down syndrome is by far the most common, but other complements
are detected not infrequently. In 8 to 10 percent of individuals with idiopathic
mental retardation (IQ 75 or lower), three developmental anomalies, no known
genetic explanation, and no history of external insult (e.g., encephalitis) a
chromosome abnormality is likely the etiology (Summitt & Patau, 1964: Sum-
mitt, 1969; Daly, 1970; Doyle, 1976; Magnelli, 1976).
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Table 5-1

Diagnostic Categories in Three Groups of Severely Retarded
Children: Madison, Wisconsin [CWC), Hertfordshire [Herts),
and Sydney, Australia [Aust).

Etiologic Group CWC (%) Herts (%) Aust (%)
Chromosome
Down syndrome FT 32.2 —
Other autosome 2.6 0.7 1.3
Sex chromosome 0.3 == —
Total 10.6 32.9 1.0
Single gene
Autosomal dominant 2.3 4.8 5.0
Autosomal recessive 70 4.8 11.0
X-linked recessive 2.5 4.8 9.0
Total 12.3 14.4 25.0
Other MCA/MR* syndromes 13.2 13.0 14.0
CNS defects 14.7 7.6 5.0
Cerebral palsy 20.9 4.1 14.0
Seizures 9.7 10.3 14.0
Mental retardation alone 4.0 12.3 0.0t
Environmental factors 13.0 4.1 18.0
Grand Total 98.4 98.7 65.0

Modified from data in Laxova et al. (1977].
*MCA/MR = Multiple congenital anomalies/mental retardation.
tincluded in X-linked recessive.

Mendelian Mutations

Some 12 to 14 percent of cases of mental retardation are due to a single-
gene mutation (Table 5-1) (Turner, 1975; Laxova et al., 1977; Opitz, 1977).
Turner (1975) estimated that the incidence of Mendelian mutation may be as
high as 25 percent: 5 percent autosomal dominant, 11 percent autosomal re-
cessive, and 9 percent X-linked recessive.

Autosomal Dominant Disorders

Autosomal dominant disorders account for about 5 percent of severely
mentally retarded individuals. Tuberous sclerosis, acrocephalosyndactyly
(Apert syndrome), neurofibromatosis, and Waardenberg syndrome are among
the more common traits. Most affected individuals—4 of 7 cases of tuberous
sclerosis reported by Laxova et al. (1977) and 13 of 14 cases reported by Turner
(1975)—represent new mutations. It is important in terms of counseling to
identify new mutations, for the recurrence risk would be essentially zero in
such cases. To determine if the condition is a new mutation, the affected
person’s sibs and parents must be carefully examined to exclude a minimally
expressed form of the disease. De novo gene mutations are associated with
older paternal age; thus, parental ages should be noted at the time of evaluation.
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Autosomal Recessive Disorders

At least 5 percent of mentally retarded patients, and possibly more (Turner,
1975), have an autosomal recessive condition. Most inborn errors of metabolism
are inherited in this fashion. Children with metabolic disorders often appear
normal at birth, only to deteriorate thereafter (e.g., phenylketonuria, galacto-
semia, maple syrup urine disease, mucopolysaccharidoses, leucodystrophies,
and lipidoses). In a few metabolic disorders, dietary treatment can alter outcome
substantially. Other syndromes of unknown cause are considered autosomal
recessive on the basis of multiple affected sibs or parental consanguinity. There-
fore, it is important to obtain a pedigree and to examine all sibs in cases in
which the cause for mental retardation is “unknown.” Turner (1975) believes
that the proportion of retarded patients with autosomal recessive conditions
approximates 11 percent even though a definite diagnosis can be made in only
6 percent. Unless a specific diagnosis directs otherwise, however, chromosomal
studies of parents and offspring are also indicated to exclude parental rear-
rangements (e.g., translocations) that could lead to multiple affected sibs.

X-Linked Conditions

X-linked recessive conditions possibly account for at least 3 to 5 percent
of severely retarded children (Turner, 1975). Examples of X-linked conditions
causing mental retardation include the Lesch-Nyhan syndrome, X-linked hy-
drocephalus (aqueductal stenosis), and so-called X-linked mental retardation.
The last was formerly considered to be without associated malformations, and
was termed Renpenning syndrome. However, the situation is now recognized
to be more complicated. The importance of X-linked recessive mental retar-
dation is emphasized by observations that there is an excess of males in almost
all series of mentally retarded individuals, which is presumably accounted for
by this disorder (Turner, 1975). In X-linked recessive mental retardation no
biochemical error(s) has been elucidated; however, about 30 percent of cases
are associated with a tendency for chromosomal fragility at band Xq27 (X fragile
site) (Gerald, 1980; Sutherland et al., 1979). Affected males are distinguished
from retarded males lacking the fragile site on the basis of coexisting normo-
functional testicular hyperplasia and prominence of their ears and jaw. Some
heterozygous females also show mental retardation (Turner et al., 1980), prob-
ably reflecting inactivation of the normal X in a high proportion of cells. It is
helpful for counseling purposes to identify those mentally retarded males who
possess the fragile X. The phenomenon can be reproducibly expressed in fi-
broblasts, making prenatal diagnosis possible.

In many X-linked disorders, affected male fetuses cannot be distinguished
from unaffected ones. If such an X-linked recessive disorder is suspected, one
should attempt to determine the likelihood that the mother is a heterozygote
and, if so, offer antenatal chromosomal diagnosis to determine fetal sex.

Polygenic/Multifactorial Etiology

Among polygenic/multifactorial conditions characterized by mental retar-
dation are abnormalities limited to the central nervous system—neural tube
defects, hydrocephaly, and idiopathic epilepsy. Six to 15 percent of severely
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mentally retarded children are presumed to have a primary CNS developmental
defect (Laxova et al., 1977; Opitz, 1977) (see Chapter 4). In addition, several
other recognizable syndromes—de Lange syndrome, Prader-Willi syndrome,
Rubenstein-Taybi syndrome—have recurrence risks (2 to 5 percent) consistent
with polygenic/multifactorial etiology; however. in each, subtle chromosomal
abnormalities are suspected.

Teratogenic Etiology

Known environmental causes account for 4 to 13 percent of mentally re-
tarded individuals. These causes include birth trauma, chemical teratogens,
infectious teratogens (rubella, toxoplasmosis, cytomegalovirus), postnatal in-
fections (meningitis, encephalitis), birth injuries, and postnatal nutritional or
stimulatory deprivation. The recurrence risk should be negligible. The pro-
portion of cases due to birth trauma and prenatal infections should decrease
with improved prenatal and intrapartum care.

Genetic Counseling

The most important single prerequisite for genetic counseling is an accurate
diagnosis. To accomplish this one must consider prenatal and intrapartum
records, developmental history of the proband, and a thorough physical ex-
amination with particular attention to minor developmental defects. Cytoge-
netic studies are obligatory, and other studies are often necessary. In particular,
an attempt should be made to exclude prenatal teratogens. Selected biochemical
studies may be appropriate.

If a specific diagnosis is made, counseling is based upon genetic etiology
or empiric data, if applicable. If no diagnosis is possible, the birth of a child
with mental retardation, no physical anomalies, no neurologic symptomatol-
ogy, and no inborn error of metabolism (pure mental retardation) carries a high
recurrence risk for sibs—14 percent (Becker et al., 1977) to 19 percent (Bartley
& Hall, 1978). Such a high recurrence risk suggests a relatively high proportion
of recessive disorders. As noted previously, in X-linked recessive mental re-
tardation cytogenetic studies should be undertaken to identify the “X-fragile
site” that could provide the basis for genetic counseling. If the proband has
both mental retardation and multiple congenital anomalies, the recurrence risk
for sibs is lower, perhaps 4 percent (Bartley & Hall, 1978). If microcephaly or
abnormal facial contours coexist with mental retardation, the recurrence risk
for sibs is 6 to 11 percent (Bartley & Hall, 1978).

MULTIPLE ANOMALIES WITHOUT
MENTAL RETARDATION

Some individuals show unusual facial features and multiple anomalies but
no mental retardation. Such a pattern could result from a mutant gene, but is
not likely from a chromosomal aberration. For the clinician the significance is
that parents of an infant with multiple malformations should not be counseled
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to expect their child to show mental retardation. Thorough diagnostic evalu-
ation is thus always obligatory. In a small series of 27 probands with multiple
anomalies but normal intelligence, Bartley and Hall (1978) recorded no simi-
larly affected sibs. Thus, empiric recurrence risk is low. However, dysmorphic
syndromes not associated with mental retardation can result from mutant genes.

GENETIC COUNSELING FOLLOWING STILLBORN
INFANTS WITH MULTIPLE MALFORMATIONS

Not infrequently parents seek genetic counseling following stillbirth or
neonatal death. Malformations may or may not have been obvious. Unfortu-
nately, a diagnosis is often impossible because no adequate description of the
proband exists. If an autopsy was not performed, the counselor must rely on
the memory of the couple and their physician concerning the infant's appear-
ance. In our opinion, almost the only reliable diagnosis obtained in this fashion
is anencephaly. If an accurate diagnosis cannot be obtained, counseling is
obviously hazardous. To avoid such a dilemma, photography, full-body X-rays,
autopsy, and chromosomal studies should ideally be performed on all stillborn
infants. Such results would greatly facilitate counseling prior to the next preg-
nancy.



6

Prenatal Genetic Diagnosis

Recent advances in prenatal and neonatal care have improved perinatal mor-
tality rates, and consequently birth defects represent a larger component of the
residual mortality rate. Simultaneously, our ability to obtain information about
the fetus has increased dramatically. This combination has produced great
interest in the prenatal diagnosis of genetic defects. These techniques have
made it possible, in many instances, to convert genetic counseling from an
essentially passive endeavor to one in which the counselors and parents, in
concert, can take steps to alter the genetic risks to which the offspring of the
prospective parents are exposed (Epstein, 1974). As the name implies, the
objective of prenatal diagnosis is to determine whether a fetus at risk for some
genetic disease is or is not actually affected.

The test results are negative in more than 95 percent of cases (see Table
6-1), and in these cases some pregnancies that might have been terminated in
the past because the fetus was at risk of being abnormal may now be completed.
On the other hand, a positive diagnosis allows the expectant parents to choose
their subsequent course of action: aborting the fetus, treatment of the fetus (in
the few cases where this is possible), continuing the pregnancy and treating
the neonate, or continuing the pregnancy and having the neonate adopted or
institutionalized. This decision ultimately is the right and responsibility of the
prospective parents and will be influenced by their social and ethical concepts.
Although the ultimate goal of prenatal diagnosis is the treatment and care of
the genetically ill fetus, this goal is still distant. In the interim, difficult deci-
sions will have to be made by couples who find they have conceived a genet-
ically abnormal fetus.

Prenatal diagnosis usually relies upon the cytogenetic or biochemical anal-
ysis of cultured amniotic fluid cells. Amniocentesis was introduced initially
in the 1930s, and by 1950 it was being utilized for the management of eryth-
roblastosis fetalis (Bevis, 1950). The technique gained widespread acceptance
for studyving Rh isoimmunization, since it caused minimal maternal or fetal
morbidity. Fuchs and Riis (1956) demonstrated the prenatal diagnosis of fetal
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Table 6-1
Cumulative Experience of Prenatal Detection Centers
Pregnancies “Affected” “Abnormal”
Monitored Fetuses Fetuses
Indication (No.) (No.) (%)
Chromosomal abnormalities
Translocation carriers 370 37 10
Mother 35-39 yr* 5301 79 1.5
Mother 35 yr or more* 3012 79 2.6
Mother 40 yr or more* 2796 116 4.2
Previous trisomy 21 2583 30 1.2
Miscellaneous 2446 44 1.8
X-linked diseases 527 235t 44.6
Biochemical defects 1032 255 24.7
Neural tube defects (NTD) 4344 233% 4.0§
Total 22411 1098 4.9

*The pregnancies are divided into these three groups because of the methods of reporting employed
by different centers.

tincludes one trisomy 21 fetus.

fincludes 14 feluses with NTD found at routine screening of fluid drawn for another genetic
indication, 3 fetuses with NTD when the indication was family history of NTD, and 66 fetuses
with NTD when the indication was an elevated maternal serum AFP level.

&Indication was a first-degree relative with a NTD.

sex by examination of X-chromatin bodies in amniotic fluid cells. The ability
to culture amniotic fluid cells in tissue culture and acquire sufficient viable
cells for karyotype analysis and biochemical studies was demonstrated in 1966
(Steele & Breg).

Amniocentesis must be preceded by the careful recording of a family
pedigree and appropriate genetic counseling. The counselor should be able to
verify the diagnosis of previously affected relatives, determine the applicable
genetic facts, and be able to recognize and deal with the psychosocial impli-
cations of the material with which he or she is dealing. The genetic counseling
should include discussion of the risks of having a genetically defective fetus,
the dangers of amniocentesis, and any reservations about the results that may
be obtained. The father should be urged to be present for the counseling session
and to take part in the decision of whether or not to have amniocentesis per-
formed.

INDICATIONS FOR AND RESULTS OF
PRENATAL DIAGNOSIS

Chromosome Disorders

The incidence of chromosome aneuploidy varies with the population se-
lected for study. A number of surveys have been performed on unselected
neonates, with the cumulative finding of 326 major chromosomal abnormalities
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among 54,749 newborns (0.59 percent) (Jacobs, 1977) (see Table 3-1). The in-
cidence rises to 2.2 percent if the population considered is full-term, growth-
retarded infants (Chen & Falek, 1974), to 5.8 percent in cases of perinatal death
(Machin, 1974; Sutherland, Bauld, & Bain, 1974), and to 32.2 percent of children
studied because of a suspected cytogenetic abnormality (Mulcahy & Jenkyn,
1972). Obviously, the size of this last figure will depend upon the degree of
suspicion required to order a karyotype at different institutions.

The most common indication for prenatal diagnosis is advanced maternal
age. The relationship between the incidence of the Down syndrome and ma-
ternal age (see Table 3-2) was noted long before the chromosomal etiology of
the syndrome was known (Penrose, 1933). The risk of having a newborn with
other chromosomal trisomies (trisomy 13, trisomy 18, 47 XXY, 47 XXX, or
47, XYY) also rises with increasing maternal age, but to a lesser degree (Smith,
Patau, & Therman, 1961; Smith, 1964). These increases are all relative, however,
and the risk never becomes great in absolute terms. There also is no dividing
line above which maternal age should be considered “advanced,” but most
centers use 35 or 37 years as their criterion of “advanced.” Over 11,000 preg-
nancies have been monitored on account of maternal age as tabulated by the
authors; 2.47 percent of the fetuses were found to be aneuploid. Golbus et al.
(1979a) found the age-specific risk of fetal trisomy rose from 0.9 percent for
mothers aged 35-36 to 7.8 percent for mothers aged 43—44 (Fig. 6-1). These
figures are approximately twice the reported maternal age-specific incidence
of neonatal trisomy (Hook & Chambers, 1977). The difference appears to be due
to late abortions and stillbirths of aneuploid fetuses (Hook, 1978a, 1978b).

10 - & ALL AMEUPLOIDY o
A ALL TRISOMIES
9 & TRISOMY 21

AMEUPLOID FETUSES FOUND AT AMMNIOCENTESIS
(percent)
o
T

35.36 37-38 39-40 41.42 43-44
MATERNAL AGE

Figure 6-1. Age-specific risk that amniocentesis will
demonstrate an aneuploid fetus.
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Women who previously have borne a trisomic child may be at an increased
risk for having another. Mikkelson and Stene (1970) found a 1- to 2-percent
recurrence risk, irrespective of maternal age. The prenatal detection program
data on recurrent trisomy 21 usually are not reported according to maternal
age, but available data suggest the recurrence risk is approximately 0.5 percent
for women =35 years old and is equal to the age-specific risk for women =35
vears old. Parents who have had one trisomic child manifest great anxiety about
fetal well-being, and in these cases it has been considered appropriate to provide
prenatal diagnosis in subsequent pregnancies. The cumulative experience has
been that 1.2 percent of these at-risk fetuses are chromosomally abnormal (Table
6-1). This, of course, includes the abnormalities expected in any random pop-
ulation.

The greatest risk of producing a chromosomally abnormal fetus exists for
those individuals who are carriers of a balanced translocation. The magnitude
of the risk is different for each specific translocation. While there is presumably
an equal chance of a monosomic or trisomic fetus, monosomy does not have
the same clinical significance, because a monosomic fetus is extremely unlikely
to be carried to the stage of viability. The risk of producing an abnormal child
is greater if the female rather than the male is the translocation carrier (Ham-
erton, 1970). In this heterogeneous group as a whole, 37 of the 370 fetuses
studied showed chromosomal imbalance.

Specific empiric risk data may not be available for a specific translocation.
Figures are, however, available for the most common translocations requiring
antenatal studies. About 25 to 45 percent of individuals who have the Down
syndrome as result of a 14/21 translocation have a parent with the same trans-
location chromosome. The actual (empiric) risk that a parent carrying a 14/21
(or 13/21, 15/21, or 21/22) translocation will have a child with the Down syn-
drome is considerably less than the theoretical risk (33 percent). Specifically,
if the father is the carrier of the translocation the risk is only 2 to 3 percent,
whereas if the mother is the carrier the risk is about 10 percent (Hamerton,
1971). These risks are sufficiently high to justify amniocentesis.

Reciprocal translocations, which usually do not involve acrocentric chro-
mosomes, can also lead to chromosomally abnormal offspring. Genetic coun-
seling should ideally be based upon the particular translocation present. To
generalize, however, if a parent with a reciprocal translocation is ascertained
through a chromosomally abnormal individual, the likelihood that any sub-
sequent offspring of a mother with such a translocation will have a chromo-
somal abnormality is about 10 percent; the likelihood when a father has a
similar translocation is about 2 to 3 percent (Jacobs et al., 1975). If a reciprocal
translocation is ascertained through a phenotypically normal individual, there
are usually no phenotypically abnormal individuals in the kindred (Jacobs et
al., 1975); unbalanced gametes presumably lead invariably to spontaneously
aborted fetuses, only the balanced zygotes surviving.

One problem noted in the cumulative experience is that of the many am-
niocenteses performed for unspecified miscellaneous indications, 1.8 percent
of the fetuses were aneuploid. In future reports, it would be beneficial if the
miscellaneous indications were identified, so that statistics could be accu-
mulated as to which indications increase the risk of an abnormal fetus. Golbus
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et al. (1979a) reported two trisomy 18 fetuses among pregnancies tested because
of severe intrauterine growth retardation in the second trimester, one triploid
fetus when the indication was a prior child with Turner syndrome, and one
trisomy 21 fetus when the indication was hydramnios. Simpson (1980c¢) has
reviewed additional possible indications for antenatal chromosomal studies.

X-Linked Disorders

Another chromosomal indication for prenatal diagnosis is determination
of fetal sex for a woman known or suspected to be a heterozygote for a dele-
terious X-linked gene. Currently, an affected male fetus can be distinguished
from an unaffected one by study of the amniotic fluid cells only for the Fabry
syndrome, the Hunter syndrome, the Menke syndrome, and the Lesch-Nyhan
syndrome, all of which are enzymatically defined. For all other X-linked dis-
orders the parents should understand that there is, at most, a 50 percent chance
that any male fetus identified prenatally actually will have the disorder in
question.

For X-linked disorders in which the affected males do not reproduce, one
third of the affected individuals represent new mutations, and the mother is
not a heterozygote for the trait. Therefore, she is not at increased risk having
future sons with the disorder. In some instances the mother’s carrier status is
demonstrable by pedigree analysis (e.g., her father is affected, she has an af-
fected son and an affected brother, or she has two affected sons). If the pedigree
is not conclusive, an attempt should be made to clarify whether or not the
mother is a carrier of the deleterious trait.

The results in Table 6-1 indicate that close to the expected 50 percent of
fetuses monitored for X-linked disorders were male. One error in fetal sex
determination occurred when X-chromatin analysis was used for fetal sexing
(Fuchs, 1966). This method of fetal sex determination is now discouraged.

Metabolic Disorders

A significant step in molecular genetics was the demonstration that a dis-
ease state could be due to the absence of a normally functioning enzymatic or
structural protein. Since this was first demonstrated to be true for humans in
1952, there has been a virtually logarithmic growth in the number of conditions
found to result from such a molecular defect. Most of these disorders are in-
herited in an autosomal recessive or X-linked manner. Approximately 0.8 per-
cent of newborns have such metabolic disorders (Polani, 1973).

The prenatal diagnosis of a biochemical defect is generally performed by
assay of enzyme activities in cultured amniotic fluid cells. Cultured amniotic
fluid cells are usually fibroblastic in their grow