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Preface

This book covers a broad area—the problems associated with female develop-
ment—from the appearance of gender abnormalities in the delivery room,
through the trials of pubescence, early maturation, and precocious child-
bearing.

Experts from many diverse fields of scholarship have contributed chapters
covering a wide range of subjects. The contributors have concentrated on their
areas of expertise. The broad range of this book is unique; no other textbook
covers as many areas. The diversity of subjects covered will help the reader
(gynecologist, pediatrician, nurse, health counselor, social worker, or psy-
chologist) to understand both the physical and psychological problems which
beset the female, from birth to adolescence. Because of the wealth of
information presented, we hope that this volume will serve as a reference source
and as a basis for further in-depth studies.

The editors wish to express sincere thanks for the efforts “above and beyond
the call of duty” on the part of many members of our staff. A special thank you
to Carrie Marcell R.N., our research nurse and University of Louisville
coordinator for this project, for her time and effort in putting up with the
vagaries of the editors; and to Betty Jones and Linda Grear for their fine
secretarial work. Special recognition is due Sue Koenig, whose patience with us
in adapting the text to our word processor made our job a great deal easier.
Mrs. Koenig recently passed away after a short illness, we will miss her. Our
further appreciation goes to the staff of Springer-Verlag for their support and
cooperation in this project, and to Herbert J. Buchsbaum M.D., initial
collaborator and senior editor of this series, whose thoughts, advice and
encouragement enabled this project to be completed.

J. Patrick Lavery
Joseph S. Sanfilippo
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Physical Maturation 1

Susan M. Coupey and Deborah S. Saunders

A girl’s late childhood and early teens are
years of rapid physical changes. Between ages
10 and 15, girls grow approximately 25 cm,
gain an average of 25 kg, and develop all of
the secondary sexual characteristics of physio-
logically adult women, including the capacity
to reproduce. However, while most 15-year-
old girls are physically mature, the majority
still are not emotionally, cognitively, and
socially mature. The physical maturational
changes of early adolescence are followed in
the midteenage years by dramatic changes in
behavior. Girls 15 to 18 often begin to explore
their newly acquired sexuality; dating, petting,
and sexual intercourse usually first occur in
this age group. The relative psychologic and
cognitive immaturity at this stage of mid-
adolescence contributes to the high frequency
of medical problems that result from sexual
behavior. By the early 20s, psychosocial ma-
turation begins to catch up with physical
maturation, so young women this age are
better equipped to make mature decisions,
especially regarding their sexuality.

While the above developmental timetable
represents the average maturational sequence,
there is wide variation in the timing of both
physical and behavioral milestones. Chrono-
logic age in girls 9 to 17 is not specific enough
for gynecologic assessment. One 12-year-old
girl may be entirely prepubertal with imma-
ture genitalia that require an examination
using pediatric gynecologic tehniques, where-
as another the same age may be fully physiol-
ogically mature and capable of undergoing an
adult pelvic examination. Yet both of these

girls are entirely within the normal range of
development, despite dramatically different
anatomy and physiology (Fig. 1-1). Cognitive
and psychosocial development do not neces-
sarily parallel physical development, nor do
they proceed at a similar rate. While these 12-
year-old girls are different physically, they may
be equally emotionally and cognitively im-
mature.

Components of Physical Maturation

The components of physical maturation in-
clude statural and ponderal growth, and the
development of secondary sexual character-
istics and menarche. Physical maturation is
influenced by various factors including hered-
ity, social class, nutrition and physical or
emotional stress.

Statural and Ponderal Growth
SKELETAL GROWTH

From age 2 years to the onset of puberty, girls
grow at the rate of approximately 5 cm per
year. When puberty begins, linear growth
accelerates and peaks at about 8 cm per year.'
In the average maturing girl, this growth
acceleration begins at about age 10 and
reaches its peak at 12. Linear growth decele-
rates between ages 12 and 14 and finally
ceases. Early- and late-maturing girls follow a
somewhat different growth pattern, with early
maturers having the highest peak height vel-
ocity (Fig. 1-2). It should also be noted that



2 Susan M. Coupey and Deborah S. Saunders

Figure 1-1. Three girls, all aged 12 3/4 years, who
demonstrate the normal variability in the rate of adoles-
cent physical growth and development. From Tanner JM,

early-maturing girls have considerable growth
potential left at menarche, whereas late ma-
turerers usually are nearly fully grown by the
time of menarche. This difference is important
when considering nutritional recommenda-
tions for very young, early-maturing girls who
become pregnant shortly after menarche, be-
cause the greatest maternal/fetal competition
for nutrients would be expected to occur in
these girls.

Serum alkaline phosphatase concentration
can be used as a biochemical marker of the
adolescent growth spurt. This enzyme is pro-
duced by growing bone, and the serum con-
centrations follow a developmental curve that
can be superimposed on the height velocity
curve for the individual girl.?* The normal
peak serum alkaline phosphatase concentra-
tion in growing girls is considerably higher
than the upper normal limit for adults and
care must be taken not to mistake a high value

cited in Smith DW: Growth and Its Disorders. Philadel-
phia, Saunders, 1977. Reproduced with permission.

in an adolescent as representative of liver
disease.

In addition to a growth spurt in height,
adolescent girls have a particularly large spurt
in hip width (Fig. 1-3).* This is the result of
differential growth of the pelvic bones, and it
occurs at a similar time as the height spurt. By
menarche, girls have passed the peak velocity
of their pelvic bone growth. As with linear
growth, however, early maturers will have
completed less of their pelvic growth at men-
arche than those who mature later.

WEIGHT AND CHANGE IN Bopy COMPOSITION

About 45% of the female’s final adult weight is
gained during adolescence. The weight gain
spurt is similar to the height spurt, but it peaks
about 6 months later. Thus, peak weight
velocity occurs at an average age of 12.5, at
approximately the time of menarche. Body



Figure 1-2. Demonstration of peak height velocities for
early-, average-, and late-maturing girls, as well as the
average interval between the peak height velocity and
menarche (M). M1, M2, M3, average age at menarche for
early, average, and late maturers, respectively. From
Simmons, K. and Greulich, W.W., cited in Tanner JM:
Growth at Adolescence, 2nd ed. Oxford, Blackwell Scien-
tific, 1962. Reproduced with permission.

Figure 1-3. The magnitude of the rate of growth of the bi-
iliac diameter in girls with peak height velocities between
12 and 13 years of age. Redrawn with permission from
Tanner JM: Growth at Adolescence, 2nd ed. Oxford,
Blackwell Scientific, 1962.
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composition also changes during adolescence
and girls become relatively fatter as they
approach physical maturity.

Frisch and McArthur, in a longitudinal
growth study of a large number of girls,
devised curves that show percentiles of body
fat by calculating the total body water as a
percentage of body weight (Fig. 1-4).° The
tenth percentile of fractional body water,
59.8%, is equivalent to about 17% body fat,
which is the minimal amount of fat found
clinically to be necessary for the onset of
menses. Thus, girls with primary amenorrhea
as a result of undernutrition must have at least
the weight for height that falls on this tenth
percentile line to begin menstruation.

Physiologically mature girls and women
aged 16 and over who have secondary amen-
orrhea due to weight loss must be about 10%
heavier than perimenarchial girls before men-
ses will resume. The tenth percentile of frac-
tional body water for mature girls and women
is lower, 56.1%, reflecting less water and about
22% of body fat. This indicates the minimal
degree of fat observed clinically to be necessary
for the restoration and maintenance of men-
strual cycles. Of course, there are other factors
that influence the onset and regularity of
menstrual cycles, the most notable of which is
psychologic stress. Thus, even though an
endocrinologically normal adolescent has the
minimal degree of body fat, she still may not
menstruate because of other factors.

The use of ideal weight for height is a less
complex and accurate but clinically useful
method of assessing the nutritional status of
adolescent girls and relating it to physical
maturation and menstruation. The girl’s mea-
sured height and weight are plotted for her
chronologic age on an appropriate growth
curve (Fig. 1-5). The ideal weight is the weight
for age on the same percentile as her height. In
the example in Fig. 1-5, the patient’s height is
at the 20th percentile, so her ideal weight
would be about 49 kg. The weight at which
menarche occurred was 43kg, 12% below ideal.
In general, menstruation does not occur in
girls who are more than 15% below ideal
weight for height. This method of nutritional
assessment is easily done, can be readily
understood by the teenager and her parents,
can reinforce the need for an increased caloric
intake, and can help to discourage the use of
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Figure 1-4. The minimal weight for height necessary for
the onset of menarche is shown on the tenth percentile
diagonal line as it crosses the vertical height lines. The
girl's height growth must be completed or close to
completion. From Frisch RE, McArthur JW: Menstrual

cycles: fatness as a determinant of minimum weight for
height necessary for their maintenance or onset. Science
185:949-951, 1974. Copyright 1974 by the American
Association for the Advancement of Science. Repro-
duced with permission.



hormonal therapy for amenorrhea caused by
malnutrition.

Development of Secondary Sexual
Characteristics

Each girl’s development of secondary sexual
characteristics and reproductive system matur-
ation occurs in an orderly sequence. The age at
onset and the duration of these anatomic and
physiologic changes vary among individuals.
A standard method for measuring and classi-
fying these changes has been described by
Tanner and usually is referred to as Tanner
stages 1 through 5."° Breast development,
which is influenced by estrogens, and pubic
hair growth, stimulated by androgenic hor-
mones, are the two characteristics chosen by
Tanner to indicate the development of the
female reproductive system (Figs. 1-6 and 1-7).
Other secondary sexual characteristics such as
axillary hair growth, uterine fundus growth,
and an increase in and redistribution of body
fat are either more difficult to measure or less
consistent in their development, and as such
are not useful for staging.

Breast development is the first visible sign of
puberty in approximately 75% of girls. Pubic
hair usually appears within a few months after
breast budding, although it may appear con-
currently with or before breast development in
some normal girls. The normal age range for
breast budding is between 8 and 12; less than
1% of girls in the United States have no sign of
breast development by age 13.° The initial
appearance of pubic hair usually occurs be-
tween ages 8 and 13. The following is a
description of the five Tanner stages, includ-
ing both breast and pubic hair stages as well as
other associated changes that are not staged
but which usually occur at a similar develop-
mental level. It should be noted that breast
and pubic hair development need to be staged
separately in each patient because they are not
necessarily concordant.

TANNER STAGE 1

There is no breast or pubic hair development.
The vaginal mucosa is thin, red, and some-
what dry. This is normal for the prepubertal
girl.

1. Physical Maturation 5

TANNER STAGE 2

Breast buds appear, and the areolar diameter
increases. The labia majora wrinkle, become
more vascular, and develop hair follicles. Fine,
downy pubic hair can be seen on the labia
majora. The vaginal mucosa starts to become
thick, pink, and moist. The uterine fundus
begins to enlarge. There is a change in the
distribution of body fat and the hips begin to
widen. The height spurt begins. This occurs in
the average girl between ages 10 and 11.

TANNER STAGE 3

The breasts continue to enlarge. The small
amount of pubic hair on the labia majora
becomes darker, coarser, and adultike in
texture. The labia minora becomes more
pendulous, the vaginal mucosa becomes
thicker, and the vagina lengthens. A white
vaginal discharge may appear. The fallopian
tubes increase in diameter, and the uterine
fundus continues to enlarge. The axillary
sweat glands begin to function. The sebaceous
glands of the facial skin become active and
acne may appear. Most girls are now in their
rapid growth phase and achieve peak height
velocity during this time. The average matur-
ing girl between ages 11 and 12 is in this
developmental stage.

TANNER STAGE 4

The breasts continue to enlarge, and the
areola forms a mound that is separate from
the rest of the breast tissue. Pubic hair covers
the perineum and mons veneris but does not
spread onto the thighs. The vagina and uterus
continue to enlarge. Menarche occurs. Linear
growth is decelerating but has not ceased. This
stage occurs in the average 12- or 13-year-old
girl.

TANNER STAGE 5

Breasts and genitalia now are adult. Pubic hair
spreads to the thighs. Ovulation begins and
becomes regular. Linear growth ceases. This
stage usually occurs between the ages of 13.5
and 15.
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Figure 1-5. Physical growth percentiles for girls aged 2 to
18 years. Adapted from National Center for Health
Statistics: NCHS Growth Charts, 1976. Copyright 1976,

Ross Laboratories, Columbus, Ohio. Reproduced with
permission.



Figure 1-6. The five stages of breast development,
according to Tanner and Marshall. From Van Wieringen
JC, cited in Styne DM, Kaplan SL: Normal and abnormal

Menarche

The average age at menarche in the United
States is 12.6, with a range of 8.5 to 16."° As
noted above, menarche most commonly oc-
curs at Tanner stage 4. However, menstrua-
tion occasionally begins earlier. For example,
menarche may occur in an adolescent with
Tanner stage 2 breasts and stage 3 pubic hair.
Menstruation does not, however, begin prior
to any secondary sexual characteristic devel-
opment; thus, vaginal bleeding in the pre-
pubertal girl always is abnormal. Similarly,

1. Physical Maturation 7

puberty in the female. Pediatr Clin North Am 26(1):
123-148, 1979. Reproduced with permission.

menstruation should begin no later than 1
year after a teenager has reached Tanner stage
5 for both breast and pubic hair develop-
ment.

The onset of menses is a dramatic event that
signals the possibility of fertility. However, it
does not mark the end of physical maturation
in adolescent girls. Breasts, pubic hair, and
internal genital structures continue to mature
for a year or two after menarche. Regular
ovulation usually is not established for several
months and in some girls as long as 3 years
after the first menstrual period."" In general,
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Figure 1-7. The five stages of pubic hair development in
the female, according to Tanner and Marshall. From Van
Wieringen JC, cited in Styne DM, Kaplan SL: Normal and

the girl who has her menarche at age 12.6 will
be fully physiologically mature at 15.

Factors Influencing Physical
Maturation

Both genetic and environmental factors in-
fluence the rate and timing of physical matur-
ation in the adolescent. On the average, girls
begin and end their adolescent physical
growth and development 2 years earlier than
boys.

abnormal puberty in the female. Pediatr Clin North Am
26(1): 123-148, Saunders, 1979. Reproduced with per-
mission.

Heredity

Heredity appears to play an important role in
the chronology of physical maturation. Girls
with early maturing mothers and sisters are
more likely to be early maturers. The mean
difference in age at menarche of 51 pairs of
identical twins was 2.8 months, whereas it was
12.9 months in sisters and 18.6 months in
unrelated women.'? Early-maturing girls tend
to have a more rapid and intense period of
physical development, often completing their
maturation in 8 years. On the other hand, late
developers may take up to 6 years to mature



physically.” The interval between peak height
velocity and menarche is about 7 months in
early maturers, 12 months in average-matur-
ing girls, and 18 months in late maturers (Fig.
1-2). Thus, both the onset and duration of
physical maturation is variable and strongly
influenced by heredity. The sequence of physi-
cal changes, however, remains relatively con-
stant, with the first menstrual period almost
always occurring after peak height velocity has
been reached.

An additional hereditary factor that influ-
ences maturation is race or ethnicity. How-
ever, this is responsible for relatively minor
variation and most previously reported racial
developmental differences were, for the most
part, the result of nutritional and socioeco-
nomic circumstances. For example, in 1942
Ito showed that Japanese girls born and
reared in California had their menarche an
average of 18 months earlier than did Japan-
ese girls born in California but reared in
Japan." This clearly demonstrates an envir-
onmental effect on maturational timing that
could have been misconstrued as a racial
characteristic. There are, however, some ap-
parently real but minimal racial or ethnic
differences in developmental timing. A study
of delinquent youth in New York City found
that the average age at menarche was 11.5 for
Hispanics, 11.8 for black girls, and 12.3 years
for whites."” Harlan et al° analyzed data from
the United States Health Examination Survey,
Cycle III, in which Tanner developmental
stages for breast and pubic hair were available
for a representative sample of girls between the
ages of 12 an 17. Black girls appeared signifi-
cantly more advanced in secondary sexual
characteristic development than were their
white counterparts. The difference was not
attributable to socioeconomic status, geo-
graphic region, or earlier menarche because
the relationships did not change when these
variables were controlled. This was considered
to represent a true racial difference in devel-
opmental timing.

Social Class

Social class has been shown to influence
adolesent physical development in many stud-
ies. Children from the higher classes usually
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mature earlier and grow taller and heavier.
This effect of social class reflects a complicated
mixture of genetic and environmental influ-
ences. A 1950 study in Stockholm found a
high correlation between parents’ social class
as measured by the father’s occupation and
children’s height and weight, but very little
correlation with the parents’ actual net in-
come.'® Thus, the growth and maturational
differences in the children were not simply a
reflection of the economic status of the family
but of the total environment. In the United
States Health Examination Survey from 1966
to 1970, socioeconomic status as measured by
annual income and educational level of the
parents had no significant effect on adolescent
development.’ This can be interpreted as
meaning that the socioeconomic status of the
country has reached a level where develop-
mental differences between rich and poor are
no longer significant.

Nutrition

Among the environmental factors that influ-
ence physical growth and the timing of matur-
ation, nutrition during childhood and at the
onset of puberty appears to play a key role. In
industrialized western society, the average age
at menarche is approximately 3 years less than
at the turn of the century.'” This earlier
menarche is associated with larger adult size
and has been attributed to improved diet.
Malnutrition in childhood causes growth re-
tardation and pubertal delay. Girls in poverty-
stricken third world countries have a later
average age at menarche than that of North
American girls (e.g., age 15.7 in Bangladesh
compared with 12.6 in the United States).'®"®
Even the poorest children in North America
rarely have this degree of malnutrition. How-
ever, it is found with some frequency in
malabsorption syndromes such as Crohn’s
disease, and in anorexia nervosa. The latter
condition is a common cause of severe mal-
nutrition that is associated with pubertal
arrest or delay in girls from developed na-
tions.

Exercise, Stress, and Physical lliness

Other environmental factors that affect the
timing of physical maturation include exer-
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cise, psychologic stress, and major physical
illness. Several recent studies have docu-
mented that rigorous physical training for
sports such as gymnastics, cross-country run-
ning, swimming, and ballet dancing is associ-
ated with pubertal delay and menstrual dys-
function. Frisch et al estimated that each year
of rigorous training prior to puberty delays
menarche by 5 months.'"” Many girls who are
amenorrheic during training have a menstrual
period within a few weeks after discontinuing
the exercise, despite no significant change in
body composition. This suggests an inde-
pendent effect of exercise on menstrual func-
tion (see Chapter 24).

Severe psychologic stress has been associ-
ated with growth failure in children, and even
lesser degrees of stress such as going away to
camp or college are associated with menstrual
irregularities in some adolescent girls. The
menstrual periods of girls with anorexia
nervosa sometimes cease prior to any signifi-
cant weight loss and do not resume with
adequate weight gain. In these cases, resump-
tion of menses is associated with psychologic
improvement and psychologic stress is as-
sumed to be the major cause of the amenor-
rhea (see Chapter 12).

Major physical illness may influence growth
and pubertal development. Girls who develop
diabetes mellitus prior to puberty have a later
menarche than do those who acquire the
disease later.?”” Delayed or arrested pubertal
development may be the presenting sign of a
major illness such as inflammatory bowel
disease or chronic renal failure. Girls with
myelodysplasia or intracranial lesions often
have accelerated pubertal development and
early menarche.”’ The mechanisms for the
effect of an illness upon physical maturation
vary depending upon the illness but may
include energy wasting, poor energy intake,
and psychologic stress.

Clinical Use of Physical
Maturational Staging

The following case studies illustrate the clini-
cal usefulness of physical maturational staging
in the differential diagnosis of gynecologic
symptoms in adolescents.

Case #1

A girl aged 15.7 years presented with primary
amenorrhea. She had no significant past or present
illness and was at the 60th percentile for her age for
both height and weight. Her mother reached
menarche at 14. The patient had begun breast
development at 12, the upper limit of the normal
range for this characteristic. She grew rapidly
between 12 and 14 and had only grown about 1
inch during the previous year. Therefore, she
probably reached her peak height velocity at about
18.5, 1.5 years later than average, an indication that
she was a late developer. This girl would be
expected to have her first menstrual period at about
age 15 or 18 months after reaching peak height
velocity (Fig 1-2). Physical examination revealed no
significant abnormalities. Her breasts were Tanner
stage 4 and her pubic hair Tanner stage 5. She was
virginal and a speculum examination was not
performed. However, a bimanual examination
revealed a small, mid-puberal-sized uterus with a
fundus to cervix ratio of about 2:1. It was con-
cluded that this girl was a normal late maturer in
the final stages of puberty with no evidence of
anatomic or endocrine pathology. Her menarche
occurred 3 months later, 1 week after she turned
16.

Case #2

A 16.2-year-old girl presented with primary
amenorrhea. However, this patient also complain-
ed of fatigue and weight loss ever since an episode
of “the flu” 5 months before. A family member
suspected anorexia nervosa. The patient’s mother
had been a late developer and had her menarche at
15.5. This teenager reported noticing pubic hair at
about age 18.5 and some beginning breast de-
velopment at the same age. She grew 2 inches from
15 to 16, an average growth rate and about half that
usually achieved at peak height velocity. Her breasts
had not increased in size in the past 2 years. She had
none of the psychologic features of anorexia ner-
vosa. Her height was at the 20th percentile for her
age but her weight was considerably below the fifth
percentile (Fig. 1-5). She had Tanner stage 2 breasts
and Tanner stage 3 pubic hair. This represents
significantly late development (only 0.2% of Ameri-
can girls aged 15 to 17 are at this stage). External
genitalia were normal and no other physical ab-
normalities were noted. She seemed to have begun
puberty normally, but her development should
have progressed beyond peak height velocity and to
Tanner stage 4 breasts and pubic hair. It was
concluded that this later maturer had an arrest in
her pubertal development probably related to
weight loss. Biochemical and radiographic studies
revealed Crohn’s disease. Three months after pred-



nisone and dietary therapy, she had her first
menstrual period at age 16.5, exactly 4 weeks after
she had reached the weight for height as deter-
mined by Frisch and McArthur to be the minimal
for menstrual onset (Fig. 1-6).

Summary

Adolescent girls undergo a period of rapid
statural and ponderal growth, the develop-
ment of secondary sexual characteristics, and
the maturation of the reproductive systemn.
The sequence of these events is relatively
constant but the onset and duration are quite
variable. Thus, the anatomy and physiology
may be very different among girls of the same
chronologic age. A good clinical description
of adolescent girls should include not only
chronologic age but also height and weight
percentiles, Tanner stages of breast and pubic
hair development and menarchal status. A
knowledge of developmental norms and fac-
tors that affect physical development is essen-
tial for the clinician who treats gynecologic
disorders in adolescents.

References

1. Tanner JM: Growth at Adolescence, 2nd ed.
Oxford, Blackwell Scientific, 1962, pp 1-10.

2. Krabbe S, Christiansen C, Rodbro P, et al:
Pubertal growth as reflected by simultaneous
changes in bone mineral content and serum
alkaline phosphatase. Acta Paediat Scand
69:49-52, 1980.

3. Salz JL, Daum F, Cohen MI: Serum alkaline
phosphatase activity during adolescence. J
Pediatr 82(3):536-7, 1973. )

4. Tanner JM: Growth at Adolescence, 2nd ed.
Oxford, Blackwell Scientific, 1962, pp 44-6.

5. Smith DW: Growth and its Disorders, Vol XV.
Major Problems in Clinical Pediatrics. Phila-
delphia, Saunders, 1977, pp 41-3.

6. Frisch RE, McArthur JW: Menstrual cycles:
fatness as a determinant of minimum weight
for height necessary for their maintenance or
onset. Science 185:949-51, 1974.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

1. Physical Maturation 11

. Marshall WA, Tanner JM: Variation in the

pattern of pubertal changes in girls. Arch Dis
Child 44:291-303, 1969.

. Tanner JM: Growth at Adolescence, 2nd ed.

Oxford, Blackwell Scientific, 1962, pp 31-9.
Harlan WR, Harlan EA, Grillo GP: Secondary
sex characteristics of girls 12 to 17 years of age:
the U.S. Health Examination Survey. ] Pediatr
96(9):1074-8, 1980.

Zacharias L, Wurtman R, Schatzoff M: Sexual
maturation in contemporary American girls.
Am J Obstet Gynecol 108:833-46, 1970.
Apter D, Viinikka L, Vihko R: Hormonal
pattern of adolescent menstrual cycles. J Clin
Endocrinol Metab 47(5):944-54, 1978.

Petri E: Untersuchungen zur erbbedingtheit
der menarche. Z Morph Anthr 33:43-8,
1985.

Tanner JM: Growth at Adolescence, 2nd ed.
Oxford, Blackwell Scientific, 1962, pp 94-5.
Ito PK: Comparative biometrical study of
physique of Japanese women born and reared
under different environments. Hum Biol
14:279-351, 1942.

Litt FF, Cohen MI: Age of menarche: a chang-
ing pattern and its relationship to ethnic origin
and delinquency. ] Pediatr 82(2):288-9, 1973.
Abramson E, Ernest E: Height and weight of
schoolboys at a Stockholm secondary school,
1950, and a comparison with some earlier
investigations. Acta Paediat (Uppsala) 43:235-
46, 1954.

Dann TC, Roberts DF: End of the trend? A 12-
year study of age at menarche. Br Med ]
4(3):265-17, 1973.

Bongaarts J: Does malnutrition affect fecun-
dity? A summary of evidence. Science 208:564—
9, 1980.

Frisch RE, Gotz-Welbergen AV, McArthur JW,
et al: Delayed menarche and amenorrhea of
college athletes in relation to age of onset of
training. JAMA 246(14):1559-63, 1981.
Schikler KN, Cohen MI, Finkelstein JW: The
menarchial event in an adolescent diabetic
population. Soc Adolesc Med News, Spring
1977, p 29.

Hayden PW, Davenport SL, Campbell MM:
Adolescents with myelodysplasia: impact of
physical disability on emotional maturation.
Pediatrics 64:53-9, 1979.



Neuroendocrine Maturation

The concept of puberty as a threshold event at
which time a switch turns on hormonal secre-
tion resulting in the onset of maturation of
sexual and reproductive function is no longer
tenable. Hormonal secretion is not negligible
until the age of puberty. It is apparent that
there is a dramatic, dynamic ongoing matura-
tional process involving a changing equilib-
rium between stimulatory and inhibitory fac-
tors regulating development which is appro-
priate for age throughout childhood.'”* The
net influences responsible for this change
primarily reside within the central nervous
system (CNS). These are expressed by inter-
mittent gonadotropin releasing hormone
(GNRH) secretion resulting in intermittent
luteinizing hormone (LH) and follicle-stimu-
lating hormone (FSH) secretion, which in turn
stimulate gonadal secretion. One can theorize
that the underlying pattern of such secretion is
regulated by a CNS oscillator which is influ-
enced by multiple factors, including gonadal
sex steroid secretion. Such an oscillator may
well begin function during fetal life, be active
in the neonatal period, become restrained
during prepubertal childhood years, and pro-
gressively acquire mature function throughout
puberty.

Thus, puberty represents the resurgence of
the intermittent gonadotropin secretion which
first develops and functions during fetal and
neonatal life. The central nervous system,
rather than gonadal function, is responsible
for this reactivation as well as the quiescence
during childhood years.

The theory of a gonadostat which under-

Peter A. Lee

goes a decrease in sensitivity to sex hormone
negative feedback resulting in a turning up of
hormonal synthesis and secretion, and thus
the initiation of puberty, is inadequate and
must be modified. This modification involves
a recognition of the complexcity of control-
ling factors so that the low levels of gonado-
tropins secreted in midchildhood years are not
primarily because of extreme sensitivity to the
minimal gonadal sex steroid secretion, but are
the result of an intrinsic CNS system which
results in less gonadotropin secretion during
this period even in individuals lacking gon-
adal secretion.* Thus, pubertal development
results from relative changes in CNS inhibi-
tory and stimulatory influences upon GNRH
and consequently LH and FSH. The apparent
change in feedback sensitivity then, at least in
part, should be viewed as the result of more
powerful cumulative stimulatory influences
from the CNS requiring more feedback for
suppression.

During fetal life, there is significant GNRH,
LH, and FSH secretion (Fig. 2-1). There is
evidence that this secretion can be influenced
by negative feedback of sex steroids. Such
feedback may account for differences in pitui-
tary and plasma gonadotropin levels between
the sexes, the lower levels found among male
fetuses resulting from a greater negative feed-
back effect of the markedly greater and earlier
sex steroid production and secretion by the
tetal testes. During the latter part of gestation,
the general pattern of gonadotropin secretion
drops, probably as a result of maturing of the
feedback mechanism responding to the high
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Figure 2-1. Circulating levels of FSH, LH and estradiol in relation to age. Data compiled from refs. 7, 9, 14, 21, 22, 24,

28, 73 and unpublished observations.

circulating levels of sex steroids of fetal and
placental origin. After birth and after an
abrupt rise and fall of LH and FSH associated
with that event and accompanied by a similar
phenomenon involving other pituitary hor-
mones, LH and FSH levels gradually rise over
the next several weeks, followed by a rise of sex
steroids of apparent gonadal source. This rise
is more dramatic for testosterone in males
than estradiol in females. Nonetheless, it
indicates the aggregate of influences which can
be viewed as a less sensitive gonadostat. Sub-
sequently, hormone levels fall with the lowest
levels occurring at about age 6, the time when
the gonadostat can be considered to be most
sensitive (Fig. 2-1). This pattern of falling
gonadotropin levels occurs, however, even in
the absence of gonadal sex steroid secretion
(agonadal individuals); hence, the driving
force of the adjusted secretion is primarily
CNS mediated and controlled.*
During late childhood, the profile shifts
from a progressive fall in circulating levels to a

rise (Fig. 2-1), this change reflecting a decrease
in inhibitory influences or an increase in
stimulatory factors or both. This results in an
increase in the episodic secretion of GNRH
with an increased responsiveness of LH and
FSH secretion, the latter due at least in part to
the self-priming effect of more regular and
intense episodic GNRH stimulation. Thus, the
stimulus for pubertal change resides within
the CNS via a decrease in the inhibition which
is independent of gonadal steroid feedback
since the increased release occurs in the ab-
sence of gonads.* The gonads respond to the
increased gonadotropin stimulation with in-
creased sex steroid secretion. This maturation
results in physical puberty, a progressive rise
in gonadotropin levels, and a resultant paral-
lel rise of sex steroid levels. The whole process
is the consequence of a progressively stronger
net stimulatory effect within the CNS which
can be viewed as a shifting, maturing gonado-
stat, if one considers the gonadostat as reflec-
tive of the total input influences affecting
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GNRH, LH, and FSH secretion resulting in
decreased sensitivity to gonadal secretion. The
process in the female is mature when a positive
feedback dynamic becomes a part of the
feedback scheme, so that regular cycling in-
volving phases of negative and positive feed-
back occurs. It is not clear that the potential to
release a surge of gonadotropins is a specific
female property; rather, it may be a result of
the influence of the particular hormonal
milieu which does not occur in normal male

physiology.

Fetal Hypothalamic-Pituitary-
Ovarian Development

Gonadotropin releasing hormone (GNRH) is
detectable in the hypothalamus of the 8- to
10-week-old fetus.>® Thus, GNRH is demon-
strable before or simultaneously with the
observation of pituitary LH and FSH.”® The
fetal pituitary can release LH and FSH in
response to GNRH as early as 10 weeks of
gestation.'® This suggests that pituitary gona-
dotropin production may be under hypothal-
amic control from the beginning. If so, how-
ever, the GNRH reaches the pituitary by
another route than a developed hypophyseal
portal system since the primary plexus of this
system is not formed until about 14 weeks."
The quantity of hypothalamic GNRH in-
creases from the time of detection until past
midgestation, and this rise parallels a con-
comitant rise in LH and FSH secretion.”*'? A
study which measured GNRH content in the
hypothalamus'® found differences based on
the sex of the fetus and the stage of gestation.
In the female fetus peak levels, which were
significantly greater than levels in the male
fetus, occurred from 22 to 25 weeks of gesta-
tion.

Pituitary concentrations of FSH peak from
20 to 23 weeks of gestation, levels in pituitaries
of female fetuses being greater than those
from male fetuses. Plasma FSH levels in
female fetuses are also significantly higher
than those from male fetuses until the last few
weeks of pregnancy.””® FSH levels in fetal
plasma from females begin to decline at about
28 weeks (Fig. 2-1) and after 34 weeks are not
different from those found in male plasma.
Pituitary fetal LH is also greater in the female

than the male, whereas plasma levels do not
differ significantly.”>'? These differences in
hypothalamic GNRH and pituitary and plas-
ma LH and FSH content may be related to
fetal testicular function and the effect of
significantly greater testosterone levels on the
development and function of the fetal hypoth-
alamic-pituitary unit. It has not been clearly
demonstrated whether this effect influences
only synthesis and secretion at this stage or
whether the androgen affects the differentia-
tion and functioning potential of the exposed
pituitary and hypothalamus.

Fetal gonadotropins, while not producing a
dramatic steroidogenesis in the ovary similar
to that occurring in the male, nonetheless may
stimulate some sex steroid production. While
most sex hormones in the female fetus are of
placental origin, the fetal ovary does secrete
some estrogen,'*'® progesterone,'® and andro-
gen.'” Such secretion is apparently unnecessary
for female internal and external genital dif-
ferentiation, however. Gonadotropin may be
necessary for germ cell division and the de-
velopment of follicles in the ovary, and hence
for normal ovarian development.'® There is a
temporal relationship between FSH levels and
germ cell division. Mitotic division of germ
cells in the developing ovary begins during the
sixth week, proceeds more actively during the
second and third month, and continues until
20 to 24 weeks. Prior to this time, some
oogonia begin meiotic division producing
oocytes. Oocytes become surrounded by gran-
ulosa cells and primary follicles are formed.
These may be identified by 6 months, and by 7
months antral follicles are present.”” This
process is inadequately developed in anen-
cephalic fetuses who have gonadotropin-
deprived ovaries.*® Hence, gonadotropins ap-
pear to be necessary for normal ovarian
development in utero.

Development During Infancy
and Childhood

Gonadotropin and sex steroid levels in neo-
natal circulation of both females and males
fall progressively during the first few days of
life.'"” However, beginning about the fifth day
of life, gonadotropin levels begin to rise (Fig.
2-1). The timing of this gonadotropin rise



coincides with the postnatal drop of estrogen
levels due to the cessation of the placental
source. This is evidence of an operative nega-
tive feedback dynamic at this age in both sexes.
During the next several months and peaking at
2 to 3 months, the female infant maintains
circulating LH and FSH levels higher than in
subsequnt childhood years.?"*® During this
postnatal period and the subsequent several
years of life, mean plasma LH and FSH levels
are higher in females than males, with signifi-
cantly greater FSH levels demonstrated in
some studies for up to 4 years and greater LH
levels up to 2 years.?>?*-%

Coincident with the increased circulating
gonadotropin levels during early infancy,
estradiol levels also rise detectably. After the
first 5 days of life, plasma estradiol concentra-
tions are highest during the first to third
months of life and higher during the first year
of life than during later childhood,?"*"%
suggesting greater ovarian function at this age
in response to higher gonadotropin levels.
Microscopic studies indicate that the ovaries
actively respond to this hormonal environ-
ment at this age.”” A greater number of
preantral and antral follicles are seen. Overall
ovarian size increases. Hormone profiles sug-
gest a different setpoint of the hypothalamic-
pituitary-gonadal feedback in early infancy
than later in childhood. This difference is
probably due to greater pituitary stimulation
of steroidogenesis and the subsequent waning
due to a CNS differentiation resulting in down
regulation of stimulation of LH and FSH
release as well as sex steroid suppression.
Evidence of the ovarian effect suppressing
gonadotropin secretion during infancy and
early childhood is seen in the fact that the
pattern of fall in gonadotropin levels is not
observed until much later in agonadal child-
ren.**"?! Levels in these children at this time
may be in the range found in postpubertal
castrated individuals. .

In normal individuals, the fall of LH and
FSH levels is not due to increased circulating
sex steroids. This fall may in part be due to
increased sensitivity of the hypothalamus to
circulating levels due to changes in receptors
or differentiation of CNS neuropathways re-
sulting in more specific and localized inhibi-
tory influences. Part of this change, however,
is CNS maturation independent of gonadal
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steroid production, because of the demon-
strable fall of very high gonadotropin levels to
levels slightly above normal for age by age 6
and for a few years thereafter among indiv-
iduals lacking gonads and thus gonadal ster-
oid secretion.*?%??

Although circulating gonadotropins are the
lowest at age 6 or 7 years, levels are not
completely suppressed, and FSH levels persist
at a relatively higher level than LH during this
period (Fig. 2-1). As noted above, levels are
lower than in agonadal children. There are
significant sex differences that could be ex-
plained by differences in feedback rather than
different CNS sex differentiation due to prior
imprinting, although both may occur. Specifi-
cally, the reason that girls during childhood
ages have greater FSH responsiveness to
GNRH?* may be because males have greater
teedback inhibition of FSH, perhaps via in-
hibin secretion by the seminiferous tubules.*®

The demonstration of a dramatic periodic
and episodic release of gonadotropin, particu-
larly LH among adults,***® with the demon-
stration of this pattern first occurring at the be-
ginning of puberty during sleep (Fig. 2-2),%%4°
led to the question of whether puberty results
from the establishment of an episodic release
or an increased amplitude of a preexisting
episodic release pattern. Subsequent studies
indicate the latter to be true. The prepubertal
child has been shown to have a pulsatile
secretion of LH with greater mean nocturnal
concentrations.*'™*®  This pulsatile release
during childhood can also be viewed as
evidence of an oscillator functional before the
onset of puberty. This pattern is more difficult
to demonstrate in childhood for FSH because
of the prolonged half-life dampening fluctua-
tions, although sleep or nocturnal concentra-
tions are greater.*’ Increased urinary excretion
of not only LH but FSH verifies this sleep-
waking pattern.**

Studies based on urinary excretion of
GNRH, LH, and FSH during prepubertal
years have also indicated that GNRH rises
gradually and is correlated positively with LH
and FSH.* One study found no significant
differences in secretion for sex, although a
subsequent study reported significantly greater
levels in prepubertal boys than girls.”

During the second half of the first decade of
life, the ovary undergoes ongoing growth and
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Figure 2-2. Circulating levels of LH and FSH during the
night in four females. Dashed lines indicate an awake
state; solid lines indicate sleep. Patient #1 was aged 7
years and prepubertal; she had minimal fluctuations of
gonadotropin levels. Patient #2 had delayed puberty;
skeletal age was 10 years and chronologic age 12. Patient
#3 was clinically prepubertal, had a bone age of 10 and

maturation.”® There is continual follicular
growth and regression with a greater number
of all stages of antral follicles, with the number
of large antral follicles increasing severalfold
during this period.

General Factors in Pubertal
Maturation

Puberty then involves a shift of the already
present, functioning, multifaceted physiology
involving GNRH, LH, and FSH secretion
which occurs in an episodic fashion. The key

was 13 years old, and had previously been chronically ill.
Patient #4 had early pubertal development and was 10
years old. These four examples show successively more
mature LH and FSH patterns with higher mean levels and
more episodic release. Unpublished data from the Endo-
crine Clinic, Children’s Hospital of Pittsburgh. Supported
by PHS Grant RR84.

function can be viewed as the intermittent
(every 90 minutes) pattern of GNRH secretion
generated by a neural oscillator in the region
of the arcuate nucleus of the medial basal
hypothalamus. This pattern in turn regulates
the periodicity of gonadotropin secretion
which in turn regulates adult ovarian activity.
This shift appears to involve primarily further
and impressive CNS maturation and can be
correlated with a variety of other factors which
may be causative, resultant, or coincidental.
One of these factors is the increase in GNRH
receptors in the pituitary.”’ CNS maturation
clearly results in stronger stimulation for



episodic gonadotropin release. Whether this is
primarily due to more forceful stimuli, a
marked reduction of inhibition, or a new
balance of these two factors is unknown. The
result is a shift in the setpoint of feedback
(gonadostat) so greater quantities of sex ster-
oids are required to suppress gonadotropin
levels. Hence, one could visualize the gonado-
stat not as a controlling center within the brain
or hypothalamus, but as a summation of the
input influences that result in GNRH release
and in turn LH and FSH release. The results
could be visualized as a reflection of decreased
restraint of the GNRH oscillator which re-
quires more sex steroid for feedback inhibi-
tion without implying any obligatory role of
sex steroids adjusting that feedback setpoint.

For years speculation concerning inhibitory
influences has involved the pineal gland be-
cause of the early pubertal development which
may occur when there are pathologic changes
in this gland during childhood.*? Because the
pineal is known to secrete melatonin, it has
been included as a possible inhibitory sub-
stance. Significantly lower serum daytime
melatonin levels have been reported in puber-
tal boys when compared with prepubertal
boys® but not verified by a subsequent study
which failed to demonstrate any changes in
daytime plasma melatonin levels in a large
number of prepubertal and pubertal males
and females.”* Another study found similar
24-hour profiles of plasma melatonin in stage
I (prepubertal) males aged 9 to 13 and stage
IIT (midpubertal) males aged 13 to 15.%
Further, the daily urinary excretion of con-
jugated 6-hydroxymelatonin, a metabolite of
the pineal hormone melatonin, has been
demonstrated not to be correlated with age
from 3 to 16.°°

However, a study of circulating melatonin
obtained at night reports a striking decrease in
melatonin synthesis with increasing age dur-
ing childhood and adolescence. Melatonin
levels at nigh were highest in children aged 1
to 5, and decreased steadily until the end of
puberty when values were one-quarter those in
early childhood. In contrast, daytime concen-
trations were uniformly low and unrelated to
age.”” Previous studies had not compared
night levels in children in the early childhood
years. These latter data are consistent with a
hypothesis of shifting influences throughout
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childhood years and a decreasing inhibitory
influence over time. Melatonin could be an
inhibitory influence which decreases over time
and results in increased GNRH secretion and
puberty. If so, this is yet to be demonstrated.

There are little specific data indicating the
role of neurotransmitters in gonadotropin
secretion. However, effects of endogenous
opioid peptides have been demonstrated.
Antagonism of endogenous opiates by nalox-
one results in increased gonadotropin levels in
adults,’® whereas enkephalin analog admin-
istration results in decreased levels.*® The role
of opiates in childhood and early puberty has
not been demonstrated. The effect of opiate
antagonism has first been shown to be detect-
able during puberty,*®®' but not during late
prepuberty or early puberty. However, in a
pubertal male naloxone has been shown
to produce an increase in plasma LH pulsatile
secretion, thereby suggesting an effect at the
hypothalamic level.®’ Dopamine also has a
suggested inhibitory effect on gonadotropin
secretion.’”® Whether effects of dopamine
and opioids exist in younger individuals but
have not yet been demonstrated because of
low secretory levels and infrequent low ampli-
tude pulses is unknown.

Nutritional status is generally related to
pubertal maturation and reflected by body
mass and composition. These latter factors
correlate with events reflecting pubertal ma-
turation more closely than height or chrono-
logic age. This information has led to much
speculation concerning the relationship of
pubertal maturation, particularly menarche,
and the effect of body mass, or composition
upon metabolic changes resulting in altera-
tion of feedback sensitivity.*-%® Although a
relationship exists between body composition
and pubertal events, a cause or effect relation-
ship with gonadotropins and sex steroids is
unclear and therefore this hypothesis is useful
only in a general sense. It is apparent that
nutritional or body weight status may be less
than optimal and pubertal development de-
layed or stopped because of lack of availability
of sufficient foodstuffs, increased require-
ment, or inadequate utilization because of
chronic disease. Psychiatric illness may result
in a deficit in nutrition and lack of pubertal
hormonal maturation or reversion to a pre-
pubertal hypogonad-like state may be a con-
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sequence of that malnourished state.®® Exces-
sive exercise with excessive utilization of ener-
gy similarly interferes with pubertal progres-
sion.”® Such factors suggest that pubertal and
adult gonadotropin secretion may regress not
because of lack of CNS maturation but as an
adaptation to environmental events. This
adaptation appears to be due to a change in
endogenous opioid peptides since nocturnal
sleep-related increase in LH secretion has
been shown to occur only during opiate
antagonism in such a patient.”'

These are other factors which affect or are
related to the onset of pubertal hormonal
maturation. These include hyper- or hypo-
thyroid states, growth hormone deficiency,
and increased sex steroid secretion as occurs in
forms of pseudosexual precocity and the
congenital adrenal hyperplasias. The mecha-
nisms whereby these factors affect brain ma-
turation are unknown. These effects can,
however, be monitored by skeletal age. Skele-
tal age reflects the degree of CNS-hypothala-
mic-pituitary maturation more closely than
chronologic age’' because bone maturation is
affected by the variety of input factors men-
tioned above. Undernutrition or deficient
thyroid or growth hormones delays skeletal
maturation; obesity and excessive estrogen,
androgens, and thyroid hormones advance
bone age. Onset of puh-rty in females then
occurswhen boneageis 10.5-11 years, whether
or not this coincides with chronologic age.
Menarche occurs in the average girl at a bone
age of about 13 years. ’

Physical and Hormonal Changes
of Puberty

The preceding information indicated that the
hypothalamic-pituitary-ovarian axis is active
and maturing from early fetal life in prepara-
tion for the dynamic changes which occur at
puberty resulting in reproductive capacity.

Increased circulating levels of gonadotro-
pins and ovarian and adrenal sex steroids have
been recognized for some time.?"?*’27® The
earliest changes occur before there is any
clinical evidence of puberty, the initial recog-
nized change being an increase of dehydro-
epiandrosterone sulfate (DHEA-S) indicating
the onset of adrenarche.

Adrenarche

Thus, the first recognized hormonal change of
puberty is the increased adrenal androgen
secretion known as adrenarche, resulting in
the growth of sexual hair or pubarche. The
development of sexual hair, pubic and axil-
lary, can result from adrenal androgen secre-
tion alone without a moiety of ovarian origin,
based on the occurrence of these character-
istics among agonadal patients such as in
Turner’s syndrome. Androgens also stimulate
the development of sebaceous glands and
apocrine sweat glands, particularly in the
axilla. These effects may serve as clinical
indications of adrenarche. Hormonal evi-
dence of adrenarche may precede clinical
evidence by several years. It is first detected at
age 6 to 7 in females by the increase in DHEA-
S with an elevation of dehydroepiandroster-
one (DHA) levels occurring subsequently.”*"’
Adrenarche does not appear to be a result of
gonadotropin stimulation.” Its occurrence is
independent of endogenous FSH levels or
exogenous LH administration.”® There is no
evidence that ACTH secretion changes with
the onset of puberty since cortisol production
for body mass remains the same. There is
evidence that the change is one of alteration of
the pattern of response to ACTH stimula-
tion.* ’

Greater amounts of 17-hydroxypregneno-
lone are present at this age than before and
more is converted to DHA proportionally
than to 17-hydroxyprogesterone. This in-
crease in DHA could reflect a change in
steroidogenesis which accounts for the rise in
DHEA-S as well as DHA seen with the onset of
chemical adrenarche. It has been postulated
that a specific pituitary-adrenal cortical an-
drogen-stimulating hormone causes these
changes. If such a hormone exists, its effect
should be to stimulate the development of the
zona reticularis which occurs concomitantly
with increased DHA and DHEA-S synthesis.®'
It also has been theorized that the adrenal
androgen may play a role in hypothalamic-
pituitary-ovarian maturation of puberty. The
increased adrenal androgens may have a
maturing effect upon the hypothalamus or
provide a substrate for ovarian steroidogene-
sis, but such an effect has not been clearly
demonstrated.



Gonadarche

The elevation of circulating levels of FSH, LH,
and estradiol at the onset of and during
puberty until cycling begins is well estab-
lished.?"#*"27 FSH rises prior to increases in
LH. The increased FSH secretion may stimu-
late follicular growth and maturation in the
ovary. These greater mean levels of LH and
FSH result from increased secretion in an
episodic fashion (Fig. 2-2).***3 The episodic
pattern is an accentuation of a previous much
lower, and probably more infrequent, pattern
of release. The dramatic change in this pattern
is first apparent in relation to sleep prior to
the physical onset of puberty.* Episodic fluc-
tuation of LH and FSH and augmented LH
levels during sleep have also been demon-
strated among pubertal-aged hypogonadal
individuals, further suggesting the role of the
CNS in this maturational phenomenon, inde-
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pendent of gonadal function.® With matura-
tion this episodic release occurs throughout
the 24-hour day.®

The responses of LH and FSH to exogenous
GNRH differ between prepubertal, pubertal,
and adult females (Fig. 2-3). The LH responses
progressively and markedly increase with
greater pubertal development, the increase of
FSH being less dramatic.??*#36 Thus,
change in the hormonal milieu at puberty
results from this greater secretion of gonado-
tropins causing increased gonadal develop-
ment and secretion. The increased LH and
FSH secretion results from more GNRH
stimulation; the rising pituitary responses to
GNRH stimulation demonstrable with exo-
genously administered GNRH apparently are
due primarily to the priming effect of ongoing
greater GNRH stimulation.

Infusion of GNRH in adult females causes a
rapid release of already synthesized stored
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Figure 2-3. GNRH-stimulated LH and FSH responses in
four girls. Numbers correspond with Tanner stage of
breast development. Increased responsiveness with pu-

berty is apparent. Unpublished data from the Endocrine
Clinic, Children’s Hospital of Pittsburgh. Supported by
PHS Grant RR84.
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gonadotropin in the pituitary and also stimu-
lates synthesis of more gonadotropin.®” This
has given rise to the concept of two pools of
gonadotropin. The portion of hormone re-
leased rapidly has been called the first pool,
and that due to the presumed induced syn-
thesis and release, the second. This pattern is
consistent with the responses seen after a
constant infusion of GNRH in which this two-
component curve is seen in pubertal but not
prepubertal children.* This implies a greater
pituitary reserve with puberty forming an
identifiable first pool plus the second pool
indicating stimulated synthesis. The increased
biphasic response to GNRH seems to result
from increased endogenous GNRH stimula-
tion and occurs consistently with increasing
circulating gonadotropin levels indicating
greater LH and FSH secretion.

The basis for the concept that the episodic
pattern of LH release apparently occurs as a
result of similar episodic release of GNRH
with a markedly enhanced episodic pattern
constituting the onset of puberty, is based
upon primate studies in which puberty was
induced using hourly pulses of GNRH which
resulted in episodic, similarly spaced increases
of LH and FSH, increased follicular develop-
ment, estradiol production, menstrual bleed-
ing, and ovulatory cycling.®

The administration mode (continuous or
episodic) causes a considerably different effect
upon gonadotropin release over time.* Con-
stant infusion does not cause sustained gona-
dotropin secretion, whereas intermittent ad-
ministration at regular intervals is followed by
pulsatile release and a marked rise in circu-
lating levels of both LH and FSH. Agonistic
analogs of GNRH have been synthesized and
administered in a variety of situations. These
drugs are delivered so that the CNS is exposed
to continuous high levels, rather than regular
intermittent bursts. The characteristic re-
sponse to long-term administration is an
initial augmentation of gonadotropin secre-
tion followed by a decreased responsiveness
with an obliteration of episodic release and a
drop of mean circulating levels.®*® The po-
tential of these GNRH analogs suggests a
variety of studies which can be used to evaluate
pubertal physiology. To date, the most dram-
atic studies are the trials in the treatment of
true sexual precocity.**~*® In these patients, the

episodic release of gonadotropoins is damp-
ened or deleted, and the responses to exogen-
ous GNRH revert to prepubertal patterns.

These findings demonstrate the cardinal
role the episodic release of GNRH plays in
pubertal progression and maintenance. The
obliteration of episodic GNRH stimulation
results in obliteration of episodic LH and FSH
responses and pubertal gonadal function. The
opposite is also demonstrable: pulsatile
GNRH treatment in hypogonadotropic indi-
viduals due to hypothalamic but not pituitary
disease results in episoidc release of LH and
FSH, increase of gonadal steroids, and physi-
cal pubertal maturation (Fig. 2-4).°"%

Physical Development

After the detectable hormonal changes at the
onset of puberty, the first physical signs of
puberty occur. These may be thelarche (breast
development) or growth acceleration.”
Among most females, breast development is
noticed first, although it may be after an
accelerated growth rate has been present.
Breast growth may begin unilaterally and
proceed asymmetrically. Breast maturation,
for documentation purposes, may be classified
into five Tanner stages.”® The five stages of
breast development do not necessarily coin-
cide with pubic hair development because
breast development reflects estrogen stimula-
tion and sexual hair androgen stimulation.
Therefore, staging of breasts and pubic hair
should be done separately (e.g., breast stage,
B-3; pubic hair stage, PH2). Breast staging
should be according to the following criteria:
stage 1, prepubertal without palpable breast
tissue, although papilla may be elevated; stage
2, a palpable and visible mound formed by
breast and papilla development with increased
areolar diameter; stage 3, further elevation of
the entire breast; stage 4, projection of areola
and papilla to form a secondary mound above
the level of the general contour of breast
tissue; stage 5, mature breast contour and size.
This staging serves to describe progressive
maturation, contour, and relative or actual
areolar size but not breast size. Size, of course,
differs at any stage. The time required for full
maturation varies considerably'®® and is gen-
erally a reflection of amount of estrogen
secretion over time. Development may be
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Figure 2-4. Data from the study of a hypogonadotropic
adolescence girl 18 months postresection of a cranio-
pharyngioma. The pituitary gland had been left in situ.
The study involved a week of GNRH pulsatile stimulation
(10 ng) every 90 minutes. The lower portion of the figure
demonstrates progressive increase of basal LH, FSH, and
E, levels to early pubertal levels. Above, GNRH stimu-

completed in as little as 2 years or may be
prolonged as long as 8 years. In the average
girl, it occurs in 3-3.5 years.

Pubic hair development reflects adrenarche,
at least when it occurs as the presenting sign of
puberty. When it begins, as occurs in most
females, 6 months or more after breast devel-
opment, androgens from both the adrenals
and ovaries probably contribute to its devel-
opment. Pubic hair can also be staged, based
on quantity and distribution. Staging is based
on the following criteria: stage 1, no pubic
hair, only fine, nonpigmented hair over the
pubis; stage 2, slightly pigmented straight or
slightly curled hair, longer than fine pre-
pubertal hair, usually present along labia;
stage 3, greater quantity of dark, coarse, curly
hair spread to the mons pubis; stage 4, adult
in quality, but not extended laterally as much

lated (100 pg) responses on day 1 and day 8 showing
change from no significant response to clear responses.
Levels in relation to two pulses at 90-minute intervals are
shown on day 4 and day 7 demonstrates increased
responses on the latter day. Unpublished data from the
Children’s Hospital of Pittsburgh Clinical Research Center.
Supported by PHS Grant RR84.

as in the fully developed female escutcheon;
stage 5, adult in quantity and type and distri-
buted in an inverse triangle—spread to the
medial surface of the thighs, but not extended
elsewhere above the base of the inverse tri-
angle.

The rate and onset of the pubertal growth
spurt among girls varies, usually beginning
during or before the early pubertal stages.
Pubertal growth rate is generally reflective of
the degree and constancy of estrogen secretion
and stimulation. The first endometrial
sloughing or menarche usually is the result of
a change in the pattern of estrogen stimula-
tion. Probably menarche does not usually
occur as the result of previous ovulation and
corpus luteum formation, but is merely the
endometrial shedding resulting from a dip in
estrogen levels or sloughing of endometrial
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overgrowth resulting from long-term unop-
posed estrogen stimulation. Because men-
arche may occur after varying amounts and
duration of the hormonally stimulated estro-
gen secretion growth before menarche differs
and hence the amount of growth which occurs
after menarche varies considerably from 1 to
10 cm. Females who have had abundant
prolonged estrogen stimulation causing con-
siderable skeletal maturation before menstru-
ation may grow minimally after menarche. On
the other hand, females who have been ex-
posed to fluctuations in estrogen levels caus-
ing endometrial proliferation and shedding
without ovulation relatively soon after the
onset of puberty can be expected to grow
considerably after menarche.

The average time from onset” of breast
development to menarche is 2 years, although
the interval may range from 1 to 6 years.
Ovulation, resulting from the attainment of
positive feedback, may occur before the first
menstrual period but usually does not occur
for months to years after the first bleeding per
vaginam. Maturity of the hypothalamic-pitui-
tary-ovarian axis is attained when a normal
menstrual cycle can be accomplished.

The attainment of a normal menstrual cycle
involves an intricate interplay between hypo-
thalamic-pituitary and gonadal function
which involves negative and positive feedback.
The positive feedback mechanism of estrogen
resulting in the midcycle surge of LH and FSH
occurs with high, now low, levels of estradiol.
Whether the potential for this effect is innate
or results from midpubertal hypothalamic-
pituitary maturation including pituitary
GNRH and sex steroid receptors is unclear.
The stimualtory effect of estradiol on LH and
FSH has not been demonstrated in girls before
or just after the onset of puberty'®' but may be
present in normal males.'”” To produce a
midcycle gonadotropin surge, it is apparent
that the ovary must be capable of producing
adequate estradiol and the pituitary reserve
adequate to deliver ample gonadotropin.
Estradiol inhibits gonadotropin release
throughout the menstrual cycle except mid-
cycle, although it may stimulate gonadotropin
synthesis and storage.’” However, when estra-
diol levels exceed 100 pg/ml for several days,
positive feedback and an acute gonadotropin
release ensues. This synchrony, which involves

a mature follicle, results in ovulation and the
potential for procreation. Puberty is then
complete.
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Psychologic Maturation 8

The psychologic developmental phase called
adolescence begins at the onset of puberty.
The basic task of adolescent maturation is to
move the individual from the passive, depend-
ent child to the independent, decision-mak-
ing, sexualized adult. Although physical ma-
turation has definite landmarks—increased
height, pubic and axillary hair growth, and
other alterations in physical development—
psychologic maturation has no such clear
markers. :

Although the physical signs of puberty have
changed little, the nature of adolescence has
been dramatically altered over the past 75
years by a changing society. When we moved
from an agrarian economy to an industrial
one, our adolescents’ entry into the adult
world was delayed so they could have time to
acquire the complex skills necessary to com-
pete. Value systems that set limits on what is
acceptable sexually and aggressively have
changed, partially as a result of television.
Contraceptives that are safe, inexpensive, and
available to even the very young have elimi-
nated one of the barriers to sexual intimacy—
the threat of pregnancy.

However, the most significant influence on
adolescent development appears to be the
breakdown of the family. Long-range statisti-
cal studies reveal an increase both in the
number and percentage of divorces. These
same statistics show that children from di-
vorced families have a much greater risk of
becoming divorced themselves. As the rate of
divorce increases, so does the number of
adolescent problems. Today’s increased so-
cietal pressures have influenced both the
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spread and progression of adolescent psycho-
logic maturation.

Mental health professionals in the past 10 or
15 years have increasingly focused more atten-
tion on the adolescent developmental stage,
probably because approximately 15% of the
population is between the ages of 13 and 20.
Ten percent of this group have problems
requiring psychiatric intervention.

Accidents, particularly automobile acci-
dents, are the leading cause of adolescent
death.! The contributing influence of drug
and alcohol abuse on these accidents, as well
as the extent of substance abuse in the adoles-
cent population, requires some scrutiny. In
addition, suicide is the third or fourth leading
cause of death in adolescents.'

The 7 to 10 years of adolescent development
are grouped into several “phases’ to best
illustrate the rapid and dramatic changes
which occur.

Early Adolescence

The early phase of adolescence, usually begin-
ning at 12 and ending after 14, is a period of
immediate response to puberty. The youngster
suddenly has strong sexual and aggressive
impulses that seem to come out of nowhere
and push for expression. During this early
period, the adolescent clings to the family
because her anxiety level is high and the family
is familiar territory. Sexually, the youngster is
increasingly aware that her body is maturing,
and that she can “actually do it.”” This is
frightening because the ability to relate to
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others is not established to the degree that the
youngster is ready or able to handle an
intimate relationship with the opposite sex.
Psychoanalytically, the anxiety is related to
sexual attractiveness to the parent of the
opposite sex. As a result of this anxiety the
adolescent is increasingly modest and often
avoids that parent.

This is also a stage during which the ability
to deal with abstract thinking, described by
Piaget’s stage of formal operations, is devel-
oped and put into practice. Major character-
istics of the early adolescent period as devel-
oped by the Group for Advancement of
Psychiatry® include (1) rebellion; (2) intense
narcissism and preoccupation with one’s own
body and self; (3) the vital importance of peer
groups; (4) intense sexual urges and feelings
that gain expression first in fantasies and then
in masturbation and other sexual activity; (5)
marked increase in aggressive urges, suppor-
ted by corresponding increase in physical size;
(6) marked increase in emotional and intel-
lectual capacity with parallel broadening of
interests in activities; and (7) attitudes and
general behavior characterized by unpredict-
able changes and experimentation.

While it is said that perhaps the best thing
about this phase is that it eventually ends, the
psychoanalytic school has proposed that the
fluidity with which one’s ego structures exist
during this period allows a second chance for
residual conflict resolution from earlier
years.

Middle Adolescence

The years 15, 16, and 17—middle adoles-
cence—are thought to be a time of settling
down. Cognitive development and intense
self-absorption begin to subside and are re-
placed by the ability to see things more
individually. Social skills are more highly
developed. The paradox is that this period is
usually one in which the teenager most ada-
mantly rebels against parental values. It ap-
pears that the teenager’s ego is forged by
buffeting up against the parents’ egos, espe-
cially the one of the same sex. Substance abuse
either as a form of experimentation or rebel-
lion peaks. Drugs or alcohol also can serve to
relieve the symptoms of anxiety that plague
most adolescents.

Late Adolescence

Late adolescence begins at 17 and lasts
through the resolution of adolescent struggles.
This is a phase that Erikson describes as
identity formation.* The concept elaborates
upon the psychologic work of weaving to-
gether and synthesizing a relatively unique,
coherent psychologic self. Here, major life
choices begin to be made. The adolescent
chooses and tries on different types of “being”
to test out the available options.

The adolescent in this phase vacillates be-
tween independence and dependence, having
less contact with the parents. As the adolescent
displays more emotional distance from the
parents by living away or just spending less
time at home, depression associated with
intrapsychic or psychologic loss of the parents
can occur. This loss is compensated for by
more meaningful and mature relationships
with peers.

Resolution of adolescence is described by
the Group for Advancement of Psychiatry as
being characterized by (1) separation and
independence from parents; (2) the establish-
ment of a sexual identity; (3) commitment to
work; (4) development of a personal moral
value systems; (5) capacity for lasting relation-
ships and both tender and sexual love in
heterosexual relationships; and (6) a return to
parents in a new relationship based upon
relative equality.’

As these tasks are continuing, adolescence
sometimes seems to just fade off into young
adulthood.

Female Adolescence—Special
Considerations

The onset of menarche is a definite landmark
in the maturational process of the female
adolescent. The timing of this phase appears
very important in terms of how rough the road
through adolescence will be. Those girls who
begin menstruating either much earlier or
much later than their peers are under extreme
stress. As noted earlier, identification with the
peer group is important, and girls who are out
of step with the group show an increase in
anxiety. Moreover, the earlier-developing fe-
male is much more advanced physically than
her slower-developing male peers, and thereby



usually seeks out older males who are at
another developmental stage. Thus, the early-
maturing adolescent female may be faced with
making decisions for which she is unpre-
pared.

Jones and Mussen in researching the timing
of maturation (in particular menstruation)
found that early-maturing girls tended to be
relatively submissive, listless, or indifferent in
social situations, as well as lacking in poise.’
Late maturers, on the other hand, were rela-
tively more outgoing and assured, with good
leadership abilities. Peskin concluded that
earlier pubertal onset was more stressful and
involved a turning away from social contacts.®
At the same time, however, these girls were less
fearful and guilt-ridden about aggressive feel-
ings than their later-maturing peers. In com-
paring these studies it is difficult to know
which group has the advantage, the major
point being that there is a difference in girls
who deivate from the “norm.”

Peskin also found that despite adolescent
difficulties, by the time the early maturers
reached 30 they were more psychologically
healthy than late maturers.® It seems that the
negative effects of early pubertal maturing do
not persist and indeed can become strengths in
adulthood.

Menstruation appears to enhance a girl’s
feelings of femininity and sexual identifica-
tion, and has been understood as an organiz-
ing force around which a clearer, better-
defined body image is built.” Adolescents’
questions to their obstetrician-gynecologists
or pediatricians about menstrual problems
are often requests for reassurance about their
“normalness.” This is also true when the
doctor is questioned about weight. The usual
intent of this question is to find out if their
figure, particularly their breast development,
is normal. When adolescent girls are asked
about sexual organs, breasts are usually men-
tioned frequently, probably because they are
so visible. In interviews with 30 “‘normal”
teenage girls, Rosenbaum found most of the
concerns about their bodies centered around
breasts.® All wanted to change some aspect,
usually size. As these girls passed into later
stages of development, they appeared to be-
come less preoccupied with their bodies and
more focused on their personalities.®

Anorexia nervosa often appears at the start
of menarche. One prominent rationale in the
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effort to lose weight is to prevent menstruation
and the development of mature body form
(see Chapter 12).

Adolescent Turmoil—Is It Necessary?

For years psychiatrists have been describing
adolescent development as a time of “‘tur-
moil.” Extreme mood swings were under-
stood to be the “norm” for this time of life.
This made it often almost impossible to define
what was “normal” in adolescent develop-
ment and what was psychopathologic. Many
of the suppositions about normal behavior in
this group had been drawn from studies of
adolescents who were in treatment. Erikson,
one of the major writers in the area of
development, describes adolescence as a
“normative crisis.”

The final assembly of all the converging
identity elements at the end of childhood
(and the abandonment of the divergent
ones) appears to be a formidable task: how
can a stage as “‘abnormal” as adolescence be
trusted to accomplish it? Here it is not
unnecessary to call to mind again that in
spite of the similarity of adolescent *‘symp-
toms” and episodes to neurotic and psy-
chotic symptoms and episodes, adolescence
is not an affliction but a normative crisis,
i.e., a normal phase of increased conflict
characterized by a seeming fluctuation in
ego strength, and yet also by a high growth
potential.*

Thus, Erikson suggests that we look at adoles-
cence not as a highly disorganized time of
turmoil but as a crisis that is a normal
phase.*

Others in the field doubt that all adolescents
have to have such an intense time of disrup-
tion. Offer postulates in his look at a group of
normal (not in treatment) high school stu-
dents that turmoil should be seen only as one
route for passing through adolescence.’ Re-
bellion, on the other hand, which he distin-
guishes from turmoil, is a prominent aspect of
adolescent development. However, this does
not necessarily lead to the amount of pathol-
ogic turmoil that is often described as normal.
He describes three types of adolescent devel-
opment, only one of which has major disrup-
tion as a component.

Offer found that development appeared to
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be continuous in 23% of his studied teenagers.'”
These teenagers had excellent genetic and
environmental backgrounds, with childhoods
unmarked by the death or illness of a signifi-
cant family member. The divorce rate was low
and there was a low incidence of psychiatric
illness. These teenagers showed steady pro-
gress through adolescence and into adult-
hood.

Thirty-five percent were found to have a
surgent type of development. This pattern
revealed a sequence of development that un-
folded in spurts. Their genetic background
was not as trouble-free as that of the contin-
uous group. There was a higher incidence of
death and divorce in their families.

Development was described as tumultuous in
21% of the teenagers. They had more intense
turmoil and the genetic and environmental
factors were less stable. There was also a
marked increase in marital conflict and di-
vorce, as well as a history of mental illness in
immediate relatives. These teenagers seemed
to rely more on peers, possibly because of their
less stable homes. The parents of these child-
ren appeared to have greater difficulty separ-
ating from their offspring.

Therefore, Offer summarizes that turmoil in
adolescent development varies in degree and
type, and it is not necessarily true that all
teenagers go through it with the same inten-
sity.” While this is in contrast to the analytic
theories of turmoil most presented by Blos'
and Freud, evidence indicates that Offer has a
valid point.

When Adolescent Turmoil Crosses
the Border into Pathology

Usually it is a matter of intensity and duration
that alerts one when it appears that adolescent
turmoil may be degenerating into overt psy-
chopathology. Masterson, in his study of 101
teenagers in the Paine University Clinic, found
that 5 years later 60-75% of the adolescents
remained impaired.'? His conclusion was that
adolescents brought for treatment were not
merely benign cases of adolescent turmoil, but
that psychopathology was truly present.

This raises the question of how a physician
decides that an adolescent is in need of
treatment. The most obvious way is by looking
at the overall picture. The physician needs to

consider the psychologic tasks of adolescence
and determine the degree to which an adoles-
cent has accomplished the tasks. Look at the
coping capacities and the adequacy of her
ability to relate to others outside the family.
Reflect on the adolescent’s ability for affect
control within the normal range. What is her
involvement in school? Is there any major
disorganization in the thinking pattern? Does
she exhibit any of the major symptomatology
of depression or other psychiatric illness?

The physician also must try to determine the
purpose of the behavior. Is it attention seek-
ing? Is it rebellion? Is it a cover-up for other
symptoms? Drug and alcohol abuse, promis-
cuity, and running away can all be looked
upon as attention focusing, or as ways of
covering up other symtoms. The physician
should seriously consider making a referral
for treatment when the adolescent is not
functioning adequately in all or a majority of
these areas.

Depression, along with anxiety, is one of the
most common teenage symptoms. With sui-
cide the third or fourth leading cause of
teenage death this is a significant problem.'
Depression may be transient, or it can be
chronic, with some of the same signs and
symptoms of adult depression such as de-
creased concentration, crying, insomnia, an-
orexia, and social isolation.

Sometimes the adolescent expresses the
feelings of depression rather than experiences
them—antisocial acting out. This includes
drug and alcohol abuse, delinquent behavior,
etc. The adolescent often has difficulty des-
cribing feelings, a result of a general disinclin-
ation to permit outside examination of private
internal experience. Anthony postulates that
relative immaturity in abstract conceptionali-
zation contributes to this difficulty.” There-
fore, the clinician must rely on the external
surface behavior to infer the presence of
affective illness.

Early schizophrenic symptoms in an adoles-
cent are often masked. Schizophrenia involves
a disintegration of the ego. But in the adoles-
cent the ego is still forming, so it is often only
over time that the definitive diagnosis can be
made. One of the most common initial symp-
tom clusters in adolescent-onset schizophrenia
is social withdrawal, decreased assertiveness,
concentration difficulties, and failure in
school."



Assessment of Adolescent Problems

Hersey, in his situational parenting concept,
has attempted to assist parents and profes-
sionals in assessing of adolescents.''"® An
element of this work is the ACHIEVE model.
Each letter represents a diagnostic area to
consider when evaluating problems and inter-
ventions. The following is a brief presentation
of the seven areas.

A

C

= ability. Does the child have the know-
ledge, skill, experience, and/or education to
accomplish a specific task or tasks? If the
child’s problem stem from an ability deficit,
the proper referral resources may well be
school counseling, educational testing, vo-
cational placement, or remedial or special
education. If there are emotional problems
stemming from lack of self-esteem as a
result of this lack of ability, then the child
may be referred to a psychiatrist, psycholo-
gist, or social worker for emotional counsel-
ing. However, the major problem in this
area is lack of skill development and some-
how they must be developed.

= Clarity of objectives. Does the child’s
problem arise from unclear expectations,
role confusion, and/or an uncertainty about
family, school, or other’s goals that include
her? We know that unclear and unrealistic
expectations are the major stress producer
in both business and family life. How can
these objectives be clarified? First, the
source of unclarity must be identified. Then
a referral for family therapy, school coun-
seling, or psychotherapy can be made.
Individual psychotherapy with psychiatrist,
psychologist, or social worker would be
proper only if the symptoms arise from
unclarity of personal values or conflicting
internal values. Basic interventions in this
area mainly come from family or school
counseling.

H = Help. Does the family or school provide

the organizational support to assist the
growth and development of the child? Do
the parents provide adequate housing, nu-
trition, special counseling, transportation,
and so on, allowing the child to use her
talents to the fullest? Or is the family or
school deficient in meeting these needs?
Many children today suffer from a lack of
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appropriate organizational resources. This
deficit must be dealt with before any type of
counseling is feasible. Referral of the family
to social/human resource programs such as
public housing, ADC, Medicaid, churches,
public welfare, or social organizations is
appropriate.

I = Incentive. Does the child’s problem origi-

nate from an unwillingness to perform
tasks, as a result of a negative attitude or
insecurity? The assessment of these areas is
critical because insecurity denotes a growth
problem, whereas negative attitude indi-
cates a problem in relationships and values.
Treatment is different in each case.

A. If the problem is negative attitude it
might be appropriate for both parents
and child to be present during interven-
tion so that problem attitudes can be
explored and appropriate expectations
developed. Family counseling would be
the primary intervention if parents were
willing and able to provide the support
and structure needed. Parenting educa-
tion also might be necessary initially if
parenting skills are too weak for the
family to enter therapy together. If all
communication between parent and
child has been damaged, then individual
therapy may be needed initially.

1. If the negative attitude is focused at
teachers or schoolwork then referral
to school counseling would be indi-
cated.

2. If the child or parents refuse to
change the negative attitude, then
referral to juvenile court or out-of-
home placement may be necessary. If
negative parental attitude results in
physical or emotional abuse, then
referral to protective services is man-
datory.

B. Insecurity originates from internal psy-
chic confusion or a lack of self-esteem
that forces the child to doubt herself and
her abilities. This calls for individual
evaluation by a mental health profes-
sional and subsequent individual or
group therapy. Family interventions are
possible after the child has developed a
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better understanding of the problem
through psychotherapy. Positive social

Child abuse, juvenile court, protective ser-
vices, or church institutional placements are

experiences are critical for the insecure
child, and placement in special educa-
tional and/or structured social groups is
indicated. The growth of self is the goal
of treatment.

E = Evaluation (Coaching). Does the child
have the day-to-day support from family
or significant others that she needs to
properly grow and develop through latency
and adolescence? Are parents available to

the referral agencies of choice.

Conclusion

The adolescent phase of psychologic matura-
tion is a crucial and complex step in a process
that continues throughout life. If later psy-
chologic maturation is to proceed, the person
must successfully resolve and complete the
identity vs. role confusion that is an issue in

provide the needed structure and to listen to adolescence.
the child’s concerns? The lack of parental
availability in our society leaves children to
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The Initial Gynecologic History
and Physical Examination

4

Najib Wakim and Frank D. DeLeon

Discussing the initial gynecologic examination
prior to and during the procedure can allevi-
ate the anxieties and fears of the pediatric or
adolescent patient and her parents. The ado-
lescent may be reluctant and embarrassed to
discuss personal matters such as sex, venereal
disease, pregnancy, and contraception. Thus,
it is extremely important for the physician to
establish good rapport with the patient and
create an environment that is as comfortable
as possible.

The physician’s approach to the history sets
the stage for the physical examination. By
gaining the trust of the patient, the physician
can lessen her anxiety over the pelvic examina-
tion. The physician or other health care
provider must be aware that the level of
maturity may vary among girls of similar age.
While a parent or guardian must be present
for the history on a pediatric patient, the
adolescent may be fully capable of providing
her own history and indeed may prefer to do
so. Thus, the approach to history taking
depends upon the patient’s age and matu-
rity.

History Taking of the Pediatric
Patient

A pediatric patient usually is brought to the
physician’s office by a concerned mother who
describes. the complaint. The most common
reasons for consulting a physician are vaginal
discharge, spotting, precocious breast devel-
opment, pubic hair and/or external genitalia,

or suspected sexual molestation. Less com-
mon complaints include lower abdominal
pain, the possibility of a foreign body in the
vagina, vulvar rashes, labial agglutination,
and fear of diethylstilbestrol (DES) exposure.

Many of the aforementioned diagnoses can
be quickly clarified by a gentle pelvic examina-
tion and simple laboratory tests such as vagin-
al smears and culture of discharge. The parent
of the pediatric patient typically answers ques-
tions regarding past medical and surgical
problems, medications, allergies, obstetric
course, delivery, and neonatal periods, sibling
and family histories, as well as developmental
milestones. The parent also reviews the child’s
symptoms. Nevertheless, it is important to
allow the pediatric patient to contribute to the
history.

Vaginal spotting and discharge often are
associated with a foreign body (most com-
monly small pieces of rolled toilet paper
inadvertently lodged in the vagina). This can
cause a local infection and should be investi-
gated during the history with inquiry about
past vaginal infections in family members.
Although a vaginal infection can be spread by
close nonsexual contact, this rarely occurs.
The physician should tactfully inquire about
the possibility of sexual molestation. It often is
difficult to get a young patient to explain any
sexual contact. Handing the child a doll and
asking her to point to areas of contact often
allows her to be more descriptive and less
inhibited. This probably will give the physi-
cian a better idea about whether sexual mole-
station has taken place.
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Labial agglutination occasionally is seen in
the young patient and may be associated with
vaginal discharge and urinary tract infection.
Although the cause is unknown, the low
estrogen environment may cause marked thin-
ness of the vulvar epithelium resulting in
irritation and adhesion formation of the labia.
Treatment is the application of estrogen cream
on the vulvar area for two weeks. Mild cases of
labial agglutination may spontaneously re-
solve during puberty.

Signs of precocious puberty, including pre-
mature thelarche, pubarche and external geni-
talia development are discussed in Chapter 5.

It is crucial that the health care professional
show concern and establish good rapport with
his adolescent patients. Teenagers often feel
insecure about the physician’s attitude regard-
ing issues as contraception, fear of pregnancy,
menstrual irregularity, or simply a vaginal
discharge. Adolescent patients must be given
an opportunity to be interviewed alone and
assured of the confidentiality of the physician-
patient relationship.

A sexual history should include age at first
coitus, methods of birth control used, any
history of venereal disease or possible expo-
sure, and whether dyspareunia occurs with
coitus.

The subject of sexuality is a very important
part of the interview. The physician should use
understandable language and be neither con-
descending nor opinionated. This should
enable the patient to volunteer questions that
she might otherwise feel too embarrassed to
ask. When a patient is comfortable with the
physician it often becomes apparent that her
initial complaint is not the real reason behind
her visit. After the patient’s anxiety is allayed,
the physician must play detective, using subtle
ways to determine why the patient is really
there. Perhaps she is concerned about an
unwanted pregnancy or whether she is indeed
pregnant. Or maybe her complaint of vaginal
discharge is merely a way of broaching the
subject of contraception. It is estimated that
approximately half of the 21 million teenagers
in the United States are sexually active, but
half of those use no contraception the first
time they have intercourse."?

Part of the initial interview should be de-
voted to explaining the pelvic exam. This
decreases the patient’s anxiety. The reasons

adolescents consult a gynecologist vary and
include the following in order of frequency:
vaginal discharge, menstrual irregularities,
contraception counseling, dysmenorrhea, pre-
cocious or delayed sexual development, preg-
nancy determination, DES exposure, and
vaginal abnormalities.

Like the interview with the pediatric patient,
the teenager’s interview should include ques-
tions about past medical, surgical, prenatal,
family, and sibling histories. Developmental
milestones are an integral part of the adoles-
cent history. Teenage girls should be encour-
aged to keep a record of their menstrual
periods to aid in evaluation during future
visits. They also should be asked questions
about any previous pregnancies and any living
or dead children. Additional questions should
include age of menarche, interval and dura-
tion of flow, first day of the last normal
menstrual period, and last vaginal bleeding
episode.

The Physical Examination

After the history, the patient should be given a
brief description of the examination. This is
important because this frequently is the pa-
tient’s first pelvic exam; a bad experience may
make her afraid of phyisicans and embar-
rassed by her body. If the patient is an
adolescent, she should be asked if she wants
her parent or guardian present during the
examination. If she is a child, a parent should
be in the examining room. In all cases, a nurse
with special training in pediatric and adoles-
cent gynecology is invaluable. The patient
should be asked to completely undress, but
should be well draped. She should not be
subjected to multiple pelvic examinations
because of potential psychologic trauma.

The height and weight always should be
recorded and plotted on the patient’s growth
chart. If endocrine abnormalities are sus-
pected, an arm span measurement is necessary
and should be compared to the patient’s
height. The upper-to-lower ratio U/L (the
length from the top of the pubic ramus to the
top of the head divided by the distance from
the top of the pubic ramus to the floor) also is
important in such cases. “The mean U/L ratio
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of white adults is 0.92 * 0.4 (S.D.) and that of
black adults is 0.85; there are no U/L ratio
differences between the sexes. ... In general,
hypogonadal patients have eunuchoid pro-
portions with a decreased U/L ratio.””’

The skin should be inspected for any ab-
normalities that might reflect general systemic
disease. Hair distribution (including any pu-
bic hair) and voice pitch also should be noted
because they frequently are signs of suspected
endocrine abnormalities that occur with ex-
cessive androgen production. If the patient
has delayed onset of puberty, any change in
her ability to smell is important.

After she has emptied her bladder, the
patient is placed in the lithotomy position with
her feet in stirrups. Adolescents frequently feel
more comfortable and are better informed if
they see what the physician is doing; this can
be easily achieved by using a hand-held mir-
ror. Explaining the pelvic exam step by step or
using a show-and-tell approach helps to calm
the girl by making her partly responsible for
the success of the examination. For example,
the physician can tell the patient beforehand
that when her ovaries are palpated her ab-
dominal muscles should be relaxed. If they are
not, the ovaries cannot be felt and the cause of
her problem may escape notice. When the
exam is actually being done, the physician
should keep reminding the patient to relax her
muscles, which allows adequate assessment of
the fallopian tubes and ovaries.

The external genitalia should be inspected
thoroughly yet gently. Any direct manipula-
tion of the clitoris, unless it is being assessed as
in cases of suspected virilization, should be
avoided. In the latter case, the clitoral size
should be determined by measuring the length
and width of the glans. Normal values for a
female between 11 and 15 are not more than 3
X 3 mm; for a girl between 15 and 19, no
more than 5 X 5 mm.” A width of 10 mm is
significant for virilization.? The urethral orifice
should be inspected for any abnormalities.
Usually it is easy to examine Bartholin’s and
Skenes glands because they are not normally
palpable. However if the duct or gland is
infected, it is easily located because it is
enlarged and thickened. The duct should be
milked to determine if there is a discharge,
and if so it should be cultured.

The hymen and its anatomy should be

examined for abnormalities, most of which
have symptoms ranging from amenorrhea
and pain with intercourse in the case of an
imperforate hymen to dysmenorrhea as occurs
with a septate or cribriform hymen. Depend-
ing upon the size of the hymenal perforation,
the physician must decide whether to intro-
duce a speculum. If a speculum is used, the
patient should be asked whether she uses
tampons with menstrual periods. If so, the
physician should emphasize that the diameter
of a pediatric speculum is no larger than a
tampon. The speculum should be thin bladed
(small Pederson) and lubricated either with a
jelly or warm water, the latter being preferable
because water does not affect the evaluation of
a Pap smear or assessment of vaginal dis-
charge. The speculum should first be placed
on the inner thigh, and the patient asked
whether it is warm enough. This allays anxiety
and avoids surprising her with a cold metallic
instrument on the perineum. As the speculum
is inserted the physician should spread the
labia and be certain that no pubic hair is in the
instrument’s path. The speculum is then in-
troduced through the introitus after it is
rotated in a 45° angle. The movement of this
instrument should be downward, while at the
same time rotating it back to a horizontal
position, with the posterior blade pressed
against the perineal body. This allows suffi-
cient visualization of the cervix. The anterior
blade should not be pressed upward because it
causes trauma to the urethra.

The cervix should then be inspected for any
abnormalities. A vaginal septum or cervical
hood should alert the physician to the possi-
bility of diethylstilbestrol (DES) exposure. An
erythematous area around the cervical os,
usually referred to as congenital eversion of
the mucosa, is normal. This is the result of an
endocervical columnar epithelium in the exo-
cervical area.

After inspecting the walls of the vagina and
the cervix, a cotton swab should be inserted
into the endocervix and kept there while it is
gently rotated for about 30 seconds. The swab
is then streaked on a modified Thayer-Martin
culture plate for Neisseria gonorrhea culturing.
If there is a vaginal discharge, a second swab
should be used to sample any abnormally
large amounts of vaginal secretions. It is then
placed in a separate test tube with 2 cc normal
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saline or potassium hydroxide (KOH). Micro-
scopic examination of this diluted exudate
should be done on a slide with a cover slip. A
Pap smear is then obtained with sampling
from the endocervical canal using both a
cotton swab and an Ayer’s spatula. In addi-
tion, a sampling of the posterior vaginal
fornix secretions should be obtained for the
Pap smear.

In the pediatric patient, proper visualization
of the vagina and cervix frequently can be had
by inserting an otoscope through the introi-
tus. This provides adequate visualization and
is less painful than the speculum.

The bimanual portion of the pelvic exam is
done last. With one well-lubricated finger
inserted into the vagina and the slightly curved
fingers of the other hand lightly on the
abdomen, the pelvic organs are gently and
quickly palpated. The cervix usually is felt
first, its' shape, consistency, and contour
noted. An important sign that alerts the
physician to a possible infection is pain upon
manipulation of the cervix. If there is bleeding
after the examination, this may be an indica-
tion of either a vaginocervical infection or
malignancy.

The size, shape, consistency, and position of
the uterine fundus are determined next. This is
done by ballottement of the cervix with the
intravaginal finger and concomitant light
pressure applied suprapubically on the ab-
domen with the other hand.

The adnexa usually are felt only if they are
abnormally enlarged. They are palpated by
moving the intravaginal finger to one vaginal
fornix, while at the same time the other hand
presses gently but firmly downward on the
same side of the pelvis. The same technique is
repeated on the other side. Then the lateral
walls and bony structures of the pelvis are
evaluated. If there are any masses, they should
be noted.

In the very young child, a well-lubricated
finger—usually the little finger—is inserted
into the rectum and the genital tract as-
sessed.

Postexamination Discussion

After the examination, the patient and health
care provider discuss the chief complaint and
associated findings. This may necessitate use
of visual aids. Emphasis is placed on the
confidentiality that exists in a doctor-patient
relationship. An adolescent should have the
option of letting her parent(s) be present
during the conference. All questions are an-
swered in a direct, simple manner. Any fears
or any misconceptions the adolescent may
have about her sexuality are allayed and
clarified. Questions posed by the parent(s) are
answered, preferably with the active participa-
tion of the adolescent. This allows the patient
to feel she is in control with her treatment.
This is one of the most important goals of the
initial gynecologic encounter.
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The Child with Ambiguous Genitalia 5

Richard H. Reindollar and Paul G. McDonough

Genital ambiguity in the newborn is a true
medical emergency. Life-threatening crises
may occur if a correct diagnosis is not made.
The emotional well-being of the family and
the long-term psychosocial development of
the infant are at stake. The medical, psychol-
ogic, and social implications surrounding the
delivery of the infant with genital ambiguity
make expert advice imperative for the ongoing
care of the child and family.

Normal sexual differentiation requires an
orderly and intricate development of the
gonads, internal ductal system, and external
genitalia. Such development depends upon a
multitude of events that begin as early as
gametogenesis and the first division of the
newly fertilized ova.

Ambiguity of the external genitalia may
present as overt, incomplete masculinization
of the male or overt virilization of the female.
It also may present with only minimal ana-
tomic alterations of the external genitalia such
as hypospadias and/or unilateral cryptorchid-
ism in the male and mild clitoromegaly in the
female. Either overt or minimal external
genital abnormalities must be considered
forms of ambiguity, implying associated ab-
normalities of sexual differentiation that may
originate in an abnormal germ cell chromo-
somal complement, faulty expression of gen-
etic gonadal determinants, abnormal gonadal
morphogenesis, or fetal adrenal endocrine
malfunction. In contradistinction, the normal
male and female phenotypes do not rule out
similar but hidden abnormalities of sexual

differentiation that may become evident dur-
ing later childhood or puberty.

Normal Sexual Differentiation

Sexual differentiation begins during gameto-
genesis. It requires normal meiotic activity in
both preconceptional oocytes and spermato-
gonia so that each gamete is endowed with
only one sex chromosome. Sexual differentia-
tion requires normal fertilization, and espe-
cially important is early mitotic activity of the
zygote. Normal mitotic activity assures that all
early embryonic cells, including the germ cells,
have a normal chromosomal complement.
Germ cells begin as a limited number of large
well-defined cells in the endoderm of the yolk
sac. Ameboid movement propels them to the
hindgut and on to the genital ridge. Mitotic
activity of oogonia appears to be influenced by
a rise of FSH and LH in the 46XX embryo.'
This is important in ensuring an adequate
total number of germ cells in the female.
Replenishment never occurs in extrauterine
life. In contradistinction, mitotic activity of the
spermatogenia is limited during intrauterine
life because replenishment begins at puberty
and continues throughout the male’s repro-
ductive life.

The initiation of testicular development at
approximately 4 to 6 weeks of gestation is
active and dependent upon testicular deter-
minant genes (Fig. 5-1). These important
genes are located on the short arm of the Y-
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Figure 5-1. Schematic timetable of events for in utero normal male sexual differentiation.

chromosome near the centromere. They ap-
pear to be either structural genes coding for
H-Y antigen production or regulatory genes
controlling X- or autosomal located H-Y
antigen structural genes.”* Animal studies
suggest that H-Y antigen produced under the
control of Y-located testicular determinants
engages its own receptors on gonadal cells.* It
is this receptor-mediated event that seems to
initiate medullary gonadal development along
testicular lines.

In contradistinction, the initiation of ovar-
ian development at approximately 6 to 8
weeks of gestation is passive (Fig. 5-2). Ovar-
ian determinants are not required for trigger-
ing cortical gonadal differentiation. In the
absence of testicular determinant gene expres-
sion, germ cells of XX and rarely XY comple-
ments will organize as the primitive ovarian
anlage.

The primitive genital ridge is a bipotential
gonad, and until gonadal differentiation be-
gins the fetus is sexually dimorphic. Once
gonadal differentiation begins, the prenatal
function required for completed sexual differ-
entiation in utero and at puberty differs
markedly between embryonal testis and ovary.

The testis has substantial endocrine activity
during development (Fig. 5-1), whereas the
ovary is capable of estradiol production, but
endocrine function is limited and not requisite
for further sexual differentiation. Unlike the
testis, the ovary demonstrates mainly exocrine
function (Fig. 5-2).

Once the primitive germ cells arrive in a
developing testis, minimal mitotic activity
increases their number. These spermatogonia
become rapidly enveloped by developing sem-
iniferous tubules, protected by the Sertoli cells
from further mitotic and meiotic activity and
atresia. Endocrine activity of the testis begins
with the elaboration by the Sertoli cells of a
nonsteroidal hormone, miillerian-inhibiting
factor (MIF). Shortly thereafter Leydig cells
appear and proliferate. As human chorionic
gonadotropin (HCG) peaks during the end of
the first trimester, steroidogenesis begins with-
in the Leydig cells. Experimental evidence
suggests that the early developing testis is an
autonomous endocrine organ. Initial andro-
gen production may be under intrinsic control
and independent of pituitary gonadotropins
or hormones such as HCG.” Cholesterol is
synthesized and subsequently converted by a
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Figure 5-2. Schematic timetable of events for in utero normal female sexual differentiation.

number of enzymes to the early A; and A,
androgen precursors, dehydroepiandrosten-
edione (DHEA)® and A,-androstenedione. Re-
quisite testicular endocrine function is com-
pleted with the conversion of A,-androstene-
dione to testosterone by 17-hydroxysteroid
dehydrogenase and the conversion of testo-
sterone to dihydrotestosterone (DHT) by 5a-
reductase.

Internal ductal systems accessory to the
gonads and the external genitalia also are
endowed at conception with a bipotential state
(Figs. 5-1 and 5-2). The undifferentiated em-
bryo develops primitive miillerian and wolfian
structures in parallel. Miillerian development
will progress until complete unless stopped by
the MIF. In contrast, wolfian development
progresses only under the direct effect of
testosterone. Elaborate rabbit experiments by
Jost have shown that each gonad is responsible
for the development of its own accessory
structures.® These effects of MIF and testoster-
one seemingly are only local and unilateral.
The external genitalia passively develops along
female lines unless testosterone is converted
intracellularly to dihydrotestosterone. Trans-
location of DHT into the nucleus by its own

cytosol receptors must follow for DNA activity
and protein synthesis. Leydig cells steroido-
genesis peaks after approximately 9 weeks of
gestation. Masculinzation of the external geni-
talia follows with labioscrotal fusion, exten-
sion of the urethral groove onto the genital
tubercle, and elongation of the genital tuber-
cle, and usually is completed by 15 weeks of
gestation. Testicular descent is controlled by a
number of morphologic and endocrine fac-
tors. Androgen production and gonadotropin
stimulation appear to be of prime import-
ance; descent usually is not complete until
after 32 weeks of gestation.

Unlike the testes, which function primarily
as fetal endocrine organs, the early ovary has
mainly exocrine activity centering around
germ cell mitosis and meiosis. Under the
influence of elevated gonadotropins, ovarian
germ cells markedly proliferate and reach a
maximum endowment of 6-7 million by 20
weeks of gestation.' Oogonia that enter meio-
sis I become oocytes. Most of the oocytes
continue the early meiotic activity to the point
of atresia. Only 500,000 oogonia are arrested
in prophase of meiosis I after birth. It is this
critical step, designed for preservation of the



follicular endowment, that requires ovarian
determinant gene action. Such genes are lo-
cated on both arms of both X-chromosomes
and probably also on autosomes. Jirasek has
shown histologically that germ cells that are
preserved in prophase of meiosis I become
surrounded by a mantle of follicular cells and
compact stroma.” Germ cells destined to
undergo atresia are incompletely surrounded
by this mantle of primitive granulosa cells.
Fetuses with Turner’s karyotypes that are
missing ovarian determinant genes rarely are
able to give their germ cells the protection of
this surrounding layer of cells. Their oocytes
are incompletely surrounded, the results of
which are premature follicular atresia and
germ cell depletion. The ovarian determinant
genes may control the development of this
mantle, which then elaborates a meiosis I
inhibitor. It also is possible that these genes
control the elaboration of a protective sub-
stance from the granulosa cells, and that a
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critical amount is necessary to arrest meiosis I.
A number of nonsteroidal regulators of ovar-
ian function have been studied. Oocyte ma-
turation inhibitor (OMI) is one such substance
that appears to be produced by the granulosa
cells and is essential for the suspended or
arrested state of meiosis I.* Such germ cells
remain in the immature dictyate stage of
meiosis I prophase until shortly prior to
ovulation. It is the lack of endocrine activity in
the fetal ovary that allows for the passive
development of the miillerian system and
female external genitalia. Similarly, it is this
excess exocrine germ cell activity that makes
future reproduction possible.

Abnormalities of Sexual
Differentiation

A classification of abnormalities of sexual
differentiation is outlined in Table 5-1. An

Table 5-1. Two Classifications for Patients with Abnormalities of Sexual Differentiation.

Original Classification

New Classification

Male pseudohermaphroditism

|. Deletion syndromes without Y cell lines

Il. Deletion Syndromes with Y cell lines
(45,X/48,XY)*

Il 46,XY

A. Gonadal dysgenesis (Swyer’s sydrome)
B. Empty pelvis; agonadia*
C. Enzyme deficiencies

1. 17-ketoreductase deficiency*

2. 17a-hydroxylase deficiency*

3. 5Ba-reductase deficiency*
D. Testicular feminization

1. Complete*

2. Incomplete*
E. Nonendocrine/non-sex chromosome defects*
F. 46,XY true hermaphrodite*

True hermaphroditism

Female pseudohermaphroditism V. 46,XX

IV. 46,XX/46,XY true hermaphrodite*

A. 46,XX true hermaphrodite*
B. 46,XX sex reversed male
C. Congenital adrenal hyperplasia
1. 21-hydroxylase deficiency forms*
2. 11B-hydroxylase deficiency*
3. 3B-ol-dehydrogenase deficiency*
D. Maternal androgen
1. Drug*
2. Tumors of pregnancy*
E. Nonendocrine/non-sex chromosome defects*

VI. 47, XXY

*Syndromes presenting with sexual ambiguity.
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older classification system wuses the terms
pseudohermaphrodite and hermaphrodite. A
male pseudohermaphrodite has a 46,XY kary-
otype and external genitalia contradictory to
that genetic sex. A female pseudohermaphro-
dite has a 46,XX karyotype and contradictory
external genitalia. A true hermaphrodite has
varying degrees of genital ambiguity and both
ovarian follicles and testicular tissue, i.e,
seminiferous tubules. A newer classification
demonstrates a degree of overlap between
some of these syndromes and is based purely
upon the patient’s karyotype. Those with
abnormalities of sexual differentiation present
because of deletion syndromes. These persons
are missing the X-chromosomal material im-
portant for preserving ovarian follicles within
the developing ovaries. Similar patients are
mosaics, with these deletion cell lines in
association with a 46,XY cell line. These
patients have asymmetric gonadal dysgenesis.
Those individuals with a 46,XY karyotype may
have abnormalities of sexual differentiation
that are manifested as varying degrees of
undermasculinization. Abnormalities produc-
ing any one of these syndromes may occur at
any of the steps for normal male sexual
differentiation. Similarly, patients with a
46,XX karyotype may demonstrate degrees of
overmasculinization and even a near normal
male phenotype. Such abnormalities may be
secondary to anomalous expression of testicu-
lar determinants, endogenous maternal over-
production of androgens, or exogenously
given androgens. True hermaphrodites may
have either a 46,XY karyotype, a 46,XX karyo-
type, or both 46,XX and 46,XY cell lines.
Miscellaneous syndromes unrelated to the
normal systems for sexual differentiation oc-
cur in both the 46,XY and 46,XX categories.
The 47,XXY patients also are included in this
classification system.

Deletion Syndromes

The first deletion syndromes described are
those missing X-chromosomal material. Pa-
ternal meiotic nondisjunction of the sex
chromosomes previously has been considered
etiologic “for Turner or quasi-Turner syn-
dromes associated with privation of X-chrom-
osomal material. It is evident that these ab-
normal karyotypes more commonly result

from such postfertilization errors as mitotic
nondisjunction and mitotic anaphase lag.
Anaphase lag of the X- or Y-chromosome and
its subsequent loss at the first cell division of
the zygote may result in a single cell line with a
45,X karyotype. Sometimes it appears that the
early zygote unsuccessfully attempts to develop
into identical twins, and one of the sex chrom-
osomes is either lost by anaphase lag or
carried along with the other sex chromosome
by nondisjunction. Mosaicism occurs as the
45,X cell line becomes associated with one or
more cell lines. Such an abnormal segregation
of sex chromosomes in an attempt at twinning
has been triggered by a structurally abnormal
Y- or X-chromosome. There is an increased
prevalence of normal identical twins in the
sibships of patients who have deletion syn-
dromes, which further suggests an inherent
predisposition for twinning. Identical twins
concordant and discordant for these syn-
dromes have been reported.” The patients
reported with Turner’s syndrome are classi-
cally noted to have a 45,X karyotype. More
often, however, these patients demonstrate
forms of mosaicism, with a 45,X cell line
accompanying other cell lines such as
46,X,i(Xq) or 46,XX. It really does not matter
what karyotype is present because the com-
mon denominator of these syndromes is the
deletion of important X-located ovarian de-
terminant genes. The end result of privation of
this chromosomal material is early follicular
depletion. Persons with Turner’s syndrome
generally have bilateral streak ovaries, a nor-
mal miillerian system, and external genitalia
that is unquestionably female.

Asymmetric gonadal dysgenesis is included
in this classification. These persons have mos-
aicism, with 45,X/46,XY cell lines. They may
have bilateral intraabdominal streak ovaries
or a unilateral intraabdominal streak gonad
associated with a contralateral intraabdomi-
nal dysgenetic testis. Others may have an
intraabdominal streak ovary and a contra-
lateral descended dysgenetic testis or bilateral
descended dysgenetic testes. These four possi-
bilities for gonadal differentiation are associ-
ated with the following respective phenotypes:
sexual infantile Turner phenotype at puberty,
Turner phenotype with isolated clitoromegaly,
ovary ambiguity, and male or near normal
male phenotype.'>'! Patients with mixed gon-



adal dysgenesis are natural experiments of
Jostian principles,® the internal ductal system
developing in accordance with the accom-
panying gonad.

The ovaries of those with privation of X-
chromosomal material will develop not unlike
those of normal females. The lack of ovarian
determinant genes is associated with incom-
plete formation of the primitive follicular
mantle around the oocytes and unarrested
meiotic activity.” Patients with Y cell lines have
early and complete follicular atresia and de-
pletion. They remain sexually infantile unless
given estrogen replacement. All other Turner
patients have premature oocyte depletion,
which most commonly occurs during intra-
uterine life or childhood. Most of these pa-
tients also are sexually infantile during adoles-
cence. Rarely, follicular depletion occurs after
spontaneous puberty, short menstrual lives,
and even more rarely, following pregnancy.
Privation of X-chromosomal material is asso-
ciated with short stature, the variable Turner
phenotype, and known cardiovascular/renal
malformation. Coarctation of the aorta and
horseshoe kidney sometimes occur. Patients
with a Y cell line have a 15-25% chance of
developing gonadal ridge tumors."

46,XY Abnormalities of Sexual Differentiation

The sexually undifferentiated fetus with a
46,XY karyotype depends upon a series of
events for normal male sexual differentiation
(Fig. 5-1). Abnormalities can occur at every
step of this process and result in fairly predict-
able syndromes.

46,XY GONADAL DYSGENESIS (SWYER SYNDROME)

Failure of germ cell migration, teratogenic
disruption of the early testis in a person
capable of H-Y antigen expression, repressor
gene action on the H-Y antigen locus, and
abnormal gonadal receptors for H-Y antigens
all have been implicated in this syndrome.*"
Gonads do not develop when germ cell migra-
tion does not occur. Teratogenic events may
leave only primitive streak testes incapable of
endocrine function. Failure of H-Y antigen
production or H-Y antigen-receptor engage-
ment may be associated with gonadal devel-
opment along ovarian streak lines.> These
patients produce neither MIF nor testoster-
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Figure 5-3. D.J., a 19-year-old girl with 46,XY gonadal
dysgenesis, normal stature, sexual infantilism, and bi-
lateral gonadoblastoma. Reproduced with permission
from Tho PT, McDonough PG: Pediatr Clin North Am
28:319, 1981.

one. They develop as normal phenotypic
females with intact miillerian systems and have
delayed puberty. They are at the highest risk of
any patient with dysgenetic testes and Y cell
lines for genital ridge tumor formation (Fig.
5-8).'"1%!1* Most cases are sporadic. A number
of kindreds have been reported in which this
syndrome is inherited as an X-linked recessive
or male-limited dominant disorder.'*'” Per-
sons in these kindreds have been reported as
H-Y antigen negative, an argument for the
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presence of X-linked genes capable of sup-
pressing testicular determinant genes.®> Most
persons affected in such kindreds reportedly
are H-Y antigen positive, an argument for X-
linked genes that code for abnormal gonadal
H-Y antigen receptors.® Still others are H-Y
antigen intermediate,® suggesting the deletion
of a critical number of testicular-inducing
genes.

46,XY INDIVIDUALS WITH STEROID ENZYME
DEFICIENCIES

Testicular development is not a guarantee that
endocrine function will be normal. Patients
with enzyme deficiencies in the major steroid-
ogenic pathways for androgen synthesis usual-
ly have varying degrees of abnormal wolfian
development and/or undermasculinization of
the external genitalia. These deficiencies usu-
ally are not complete but generally block
production of one or more of the androgens
necessary for sexual differentiation (testerone
and/or dihydrotestosterone). The most com-
mon enzyme deficiencies involve 17a-hydro-
xylase, 17-ketoreductase, or 5a-reductase.
17a-Hydroxylase deficiency is probably the
least common of the enzyme blocks.'®™"° In
males, the deficiency seems to be less marked
than in females. Testosterone, deoxycortisol,
and cortisol generally are decreased, and
hypokalemia often is present. Deoxycorti-
costerone (DOC) and corticosterone are se-
condarily increased. Renin and aldosterone
may be suppressed as a result of salt retention
and hypervolemia. Increased ACTH produc-
tion has been considered etiologic for the
exaggerated production of the zona fascicu-
lata mineralocorticoids as well as the zona
glomerulosa steroids.'” ACTH may have an
additional effect within the adrenal to impair
aldosterone synthesis, possibly at the level
of 18-hydroxylase (corticosterone-methyl-oxi-
dase type I) and 18-hydroxysteroid dehydro-
genase (corticosterone-methyl-oxidase type
I1)." Whereas females usually develop hyper-
tension, males rarely have blood pressure
problems because of their greater enzyme
activity.'” Despite the subnormal levels of
testosterone, the wolfian systems generally are
normal in 46,XY persons who have 17a-
hydroxylase deficiency. There are varying de-
grees of undermasculinization of the external
genitalia.'” Cryptorchidism may be present.

These persons usually are raised as males. The
risk of tumor is probably not increased except
as associated with cryptorchidism.

Persons with 17-ketoreductase deficiency
(17-hydroxysteroid dehydrogenase deficiency)
are relatively unable to convert androstenedi-
one to testosterone.””?' Serum testosterone
levels are low. The precursor compounds A,-
androstenedione and dehydroepiandrostene-
dione (DHEA) become elevated. 17-Dehy-
droxyprogesterone and estrone also may be
elevated. H-Y antigen assays are positive in
these patients suggesting that testicular devel-
opment mediated by H-Y antigen is not
dependent upon testosterone production.?
The phenotypic heterogeneity that exists de-
pends upon the degree of enzyme deficiency.
The external genitalia usually are more femi-
nine than those associated with other enzyme
deficiencies, and nearly all these infants are
reared as females. Testicular descent may
occur (Fig. 5-4). At puberty these patients may
develop hirsutism, marked clitoromegaly, and
voice cracking. Breast development is not
uncommon and believed to be secondary to
increased serum estrone and estradiol levels.
Patients with high testosterone/estradiol ratios
may not develop gynecomastia.

5a-Reductase deficiency has long been con-
sidered a relative inability to convert testoster-
one to dihydrotestosterone in utero. The
wolfian system develops normally under the

Figure 5-4. S.S., a newborn female infant with bilateral
labioscrotal gonads, labioscrotal fusion, and mild clitoro-
megaly. Undermasculinization of this 46,XY infant was
caused by 17-keto-reductase deficiency.



influence of testosterone. The external geni-
talia are undermasculinized but more male
than female.”’ Pseudovaginal perineoscrotal
hypospadias, the name often used for this
syndrome, is descriptive of the phenotype.
These persons have a clitoris-sized phallus, a
perineal urethral orifice, and a separate blind-
ending perineal pouch.?? This blind pouch
probably represents a vestige of the enlarged
prostatic utricle, which usually regresses under
the influence of dihydrotestosterone. Varying
degrees of testicular descent occur. These
persons usually are reared as males after
virilization at puberty. The phallus enlarges,
facial hair develops, and muscular hypertro-
phy and voice cracking occur.?”” It had pre-
viously been assumed that such virilization at
puberty is the result of enzyme maturation
during childhood, with increased production
of DHT. Recent evidence suggests that testo-
sterone and DHT share a common receptor,
and that testosterone has a lower affinity for it
than does DHT.” It is possible that testo-
sterone produced in utero has some effect in
the virilization of these males’ external geni-
talia. Increased levels of testosterone at puber-
ty may explain the increased masculinization
at that time. It may be the effect of testosterone
on the cytosol receptor rather than increased
enzyme activity and production of DHT that
causes the increased masculinization.” Tumor
formationin thesetesteshasnotbeen described.

46,XY EmMpTY PELVIS

A spectrum of syndromes has been described
in which persons have evidence of testicular
development and some degree of endocrine
function but have either absent or very rudi-
mentary testes.” Persons with agonadia seem-
ingly are affected during the critical period for
MIF and testosterone production. Their gon-
ads are absent. They develop neither normal
miillerian nor wolfian systems. Moreover,
their external genitalia appear markedly un-
dermasculinized. Sometimes the insult ap-
pears to occur after endocrine function has
been established. Some of these patients have
a small but well-formed penis, wolfian deriva-
tives, and rudimentary testes. Others have
unambiguous male external genitalia, normal
wolfian derivatives, and absent testes. The
latter are labeled with anorchia. Several hy-
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potheses attempt to account for these syn-
dromes. The insult causing agonadia and the
syndrome of rudimentary testes may be an
environmental agent or teratogen. Torsion
and testicular arterial occlusion after mascu-
linization of the external genitalia also might
account for rudimentary testes and those with
anorchia.

ANDROGEN INSENSITIVITY SYNDROME
(TESTICULAR FEMINIZATION)?

Normal testicular development and endocrine
function do not ensure the normal develop-
ment of internal and external genitalia. Pa-
tients with androgen insensitivity syndrome
are unable to convert the testosterone signal
into the target organ event of masculinization
because of cytosol androgen receptor defects.
Genetic heterogeneity has been described with
distinct variants, which produce a spectrum of
syndromes for complete and incomplete an-
drogen insensitivity.” The mutant genes that
produce these syndromes are located on the X-
chromosome, and inheritance is described as
X-linked recessive.”® A number of families
have been reported to have members with
these syndromes, but more than one form
does not exist within a family.?

The phenotype of the patient with androgen
insensitivity syndrome includes normal female
external genitalia, a female body habitus, and
normal pubertal breast development (Fig.
5-5).20% Inspection of the perineum reveals a
blind vaginal pouch, the vestige of an enlarged
prostatic utricle. Miillerian structures are ab-
sent. Pubic hair is scanty or absent in persons
with complete androgen insensitivity syn-
drome (CAIS). Those with the incomplete
form of this syndrome (ICAIS) may have
varying degrees of masculinization. Pubic and
axillary hair and moderate clitoral enlarge-
ment may be present in those previously
thought to have Lub’s syndrome or Reifen-
stein’s syndrome, an even more masculinized
form. Recently, phenotypic males with severe
oligospermia or azoospermia have been diag-
nosed with ICAIS, i.e., infertile male syn-
drome.*'?? Testicular development for all
forms is normal in utero and associated with
varying degrees of descent. Seminiferous tub-
ules are found but without evidence of sperm-
atogenesis. The number of Leydig cells may be
increased. Testicular endocrine function is
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normal for both nonsteroidal hormone pro-
duction (MIF) and steroidogenesis. Hormone
profiles reveal normal male levels of testo-
sterone, elevated serum LH, and normal or
slightly elevated FSH levels.””*® Serum estrone
and estradiol levels may be higher than ex-
pected for normal males, approaching female
levels. It is this conversion of androgens to
estrogens as well as the cellular perception of'a
low androgen/estrogen ratio that are respon-
sible for such good breast development in all
patients with androgen insensitivity syndrome.
Testicular tumors rarely develop prior to
puberty. A relatively high incidence of neo-
plasia, usually seminomas, has been reported
for patients with the female phenotype if the
testes are left in place after puberty.”

The initial literature generated confusion as
to whether the receptors involved in this
syndrome were for testosterone, DHT, or
both. The prototype of testicular feminization
has been described as having neither normal
wolfian nor miillerian systems. This suggests
that the receptor defect includes testosterone
cytosol binding. Kennon et al first docu-
mented a receptor defect in this syndrome.*
They developed a method for measuring
specific DHT binding in cultured skin fibro-
blasts and noted a deficiency of DHT-binding
protein in skin fibroblasts of some androgen-
insensitive patients. Testosterone binding was
not tested. A recent study of testosterone- and
DHT-binding characteristics to the androgen
receptor of genital skin revealed similar
maximal-binding capacity (B,,,,).” The appar-
ent dissociation constant (K,) of the receptor
was greater for testosterone than for DHT.
This study suggests that both testosterone and
DHT share a common receptor. Furthermore,
DHT has greater biologic activity because it
has a greater affinity for that receptor. It may
be concluded that the forms of androgen
insensitivity involve cytosol receptor defects
common for testosterone and DHT.

Genetic heterogeneity described for CAIS
involves two major variants,** androgen recep-
tor negative patients (CAIS, AR—) with un-
detectable or low DHT binding in target cells,
and those with positive androgen receptor
assays (CAIS, AR+). There are qualitative
differences in androgen receptors between
CAIS, AR+ patients and normal persons.
Such aberrant receptors have demonstrated a

Figure 5-5. J.S., an 18-year-old patient with Tanner IV
breast development, absent pubic and axillary hair, and a
blind vaginal pouch. This syndrome of complete andro-
gen insensitivity is the result of cytosol receptor defi-
ciency for androgens. :

lesser affinity for DHT, a temperature-labile
steroid binding site, and molybdate-labile
binding stabilization.*"**-* It is suggested that
families with a quantitative receptor defect or
in whom receptor abnormalities have not
been found may represent a mixture of intra-
cellular defects, which result in androgen
insensitivity. Such’ defects may include subtle



qualitative defects, quantitative abnormalities,
and defects in postreceptor events responsible
for triggering DNA translation.”

NONENDOCRINE GENITAL AMBIGUITY

Unknown teratogens have been implicated as
the cause of such isolated defects as agonadia,
congenital absence of the penis, duplicate
phallus, epispadias, and cloacal formation in
the 46,XY infant. Autosomal anomalies also
have been associated with numerous somatic
abnormalities, including the external geni-
talia. The D/G chromosome groups most
commonly are involved. In particular, dele-
tion of the long arm of chromosome 13, e.g.,
46,XY,del(13)(q) produces the most consistent
external genital abnormalities (Fig. 5-6).

True Hermaphroditism

Individuals who have both ovarian and testic-
ular tissue fit the definition for true herma-
phroditism. Ovarian follicles and semniferous
tubules must be present. The karyotypes of
such patients are characteristically 46,XY,
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46,XX/46,XY, or 46,XX (Table 5-1).8-%% Occa-
sionally, true hermaphrodites have forms of
mosaicism such as 45,X/46,XY.*® Most fre-
quently, however, those with true hermaphro-
ditism have a 46,XX karyotype.?’~*
Concomitant ovarian and testicular devel-
opment may occur within the same gonad,
producing an ovotestis, i.e., unilateral or
bilateral gonadal hermaphroditism.** While
there is often a sharp demarcation between the
ovarian and testicular components, occasion-
ally the testicular tissue is embedded in the
medullary portion of the gonad surrounded
by ovary.®’”-* Alternating gonadal herma-
phroditism also occurs with an ovary on one
side and a contralateral testis. In a review of
806 gonads of true hermaphrodites, 108 (22%)
were testes. The location was scrotal in 63%,
inguinal in 14%, within the internal inguinal
ring in 1%, and abdominal in 22%.* The
ovarian tissue in the gonads of true herma-
phrodites is typically better preserved histolo-
gically, endocrinologically, and exocrinologi-
cally than is the testicular component. Internal
ductal systems are dependent upon the associ-

Figure 5-6. J.B., a 6-month-old sex-of-rearing female (A)
whose genital ambiguity is associated with multiple
somatic anomalies and a 46,XY del(13)(q22),9gh™ karyo-
type. Genital abnormalities include two empty and separ-
ate scrotal tags anterior to the genital tubercle. The
urethra and a rectal fistula empty into a cloaca-like
posteriorly located orifice (B). The anus is imperforate.
Somatic anomalies consist of congenital disloacted hips,
clubbed feet, bilateral abnormal thumb placement, and
optic atrophy.
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ated gonad and its degree of differentia-
tion.*

Most true hermaphrodites have at least a
unilateral miillerian system accompanying an
ovary or an ovotestis that, if left intact, will
function at puberty. The wolfian system may
accompany the testis or ovotestis and occa-
sionally is on the same side as the miillerian
system. The development of miillerian and
wolfian derivatives on the side of an ovotestis
depend upon the amount of MIF and testo-
sterone produced. The external genitalia are
ambiguous and usually extremely undermas-
culinized because of suboptimal testosterone
production. Labioscrotal fusion may occur
and form a urogenital sinus into which the
urethra and vagina empty. More often the
vagina empties into the distal urethra. Genital
tubercle enlargement is suboptimal in devel-
opment and associated with severe hypospad-
ias and more often a perineal urethral orifice.
These infants have historically been reared as
males because the masculinization, although
usually poor, is often associated with a des-
cended gonad (Fig. 5-7).”* Pubertal mascu-
linization secondary to endogenously pro-
duced androgens or exogeneously given testo-
sterones is poor and often results in gender
identity problems. True hermaphrodites diag-
nosed after puberty demonstrate more femini-

Figure 5-7. D.P., a sex-of-rearing female true herma-
phrodite (A) with a 46, XX karyotype and a right labio-
scrotal ovotestis (C). Genitography (B) demonstrates a

zation than virilization. Breast develop-
ment*”*® and cyclic menstruation are com-
mon. This is further evidence that ovarian
endocrine function is better than that of the
testes. Whereas only a few normal germ cells
are identified in the testicular component,
numerous primordial follicles usually are
present. The ovarian exocrine activity often is
associated with normal gametogenesis. At
least six true hermaphrodites have been re-
ported in the world literature as having be-
come pregnant.*

Although the etiology for true hermaphro-
ditism is unclear, there are several hypotheses.
Patients with 46,XX/46,XY and 46,XY karyo-
types usually have alternating gonadal herma-
phroditism, i.e., an ovary on one side and a
contralateral testis.* It is believed that they
represent whole body chimerism, with longi-
tudinal fusion of 46,XX and 46,XY embryos.*'
Under this hypothesis, the 46,XY true herma-
phrodites have an undetected 46,XX cell line.
Occasionally, persons with 46,XY karyotypes
in peripheral blood have shown 46,XX cell
lines in ovarian tissue.’” Patients with 46,XX
karyotypes most often have unilateral or bi-
lateral gonadal hermaphroditism, i.e., ovo-
testes.*® True hermaphrodites usually are H-Y
antigen positive or intermediate.® This sug-
gests that testicular determinants for the

small vagina (small arrow) which empties into the larger
distal urethra (large arrow).



46,XX person are translocated onto the X-
chromosome or an autosome. Anomalous
inheritance of Xg blood groups in several
families suggests H-Y interchange.**' The
intermediate levels of H-Y antigen in the
tissues of some patients have led to the theory
that reduced H-Y antigen production might
be associated with ovotestis formation.**!
Several familial aggregates of 46,XX true
hermaphrodites suggest that a mutant auto-
somal gene, most likely dominant, may be
etiologic.*' It also has been proposed that
partial expression of such a gene might pro-
duce the 46,XX sex-reversed male.*' Finally,
the 45,X/46,XY mosaic true hermaphrodites
are not as well understood. By definition,
many fetuses with asymmetric gonadal dys-
genesis are true hermaphrodites. During mid-
gestation they may have a developing ovary
with multiple follicles undergoing unabated
meiotic activity and a contralateral developing
testis. At birth, true hermaphroditism is no
longer present because of ovarian follicular
depletion and streak formation. Conceivably,
the rare 45,X/46,XY fetus might have pre-
served a few follicles in the streak ovary and,
therefore, be classified a true hermaphrodite.
These persons may otherwise be no different
than the majority of persons with mixed
gonadal dysgenesis.

46,XX Abnormalities of Sexual Differentiation

The development of the 46,XX bipotential
embryo is passive. Unless testicular determin-
ants are expressed, cortical gonadal develop-
ment occurs; unless MIF and androgens are
elaborated, the miillerian system develops
until it is complete; and without androgens,
the external genitalia will feminize. Whereas
abnormalities of sexual differentiation in the
46,XY fetus require errors of deletion or
interruption, similar defects in the 46,XX fetus
require addition errors. As has previously
been discussed, the 46,XX true hermaphrodite
probably has translocation of testicular de-
terminants onto the X-chromosome or an
autosome. Normal female differentiation is
interrupted by the additional expression of
these testicular determinants. The 46,XX ab-
normalities of sexual differentiation are in-
fluenced by either the anomalous expression
of testicular determinants or by androgens.
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The 46,XX true hermaphrodite is discussed
above.

46,XX SEX-REVERSED MALE

Normal male phenotypic sexual differentia-
tion requires testicular determinant expres-
sion. This typically has been associated with a
46,XY karyotype. At least 135 phenotypic
males with a 46,XX karyotype have been
described in the literature.*? These men re-
semble the Klinefelter phenotype in a number
of ways, including masculine appearance,
small but well-differentiated penis and scro-
tum, and descended testes with abnormal
histology and azoospermia. Androgens may
be normal or low, and gonadotropin excre-
tion is normal. Unlike the Klinefelter patients,
these men may be shorter than normal XY
males. Furthermore, tooth size is smaller and
similar to that of females.*? Less than 10% have
hypospadias. Most of these men are infertile,
with small testes or abnormal secondary sex-
ual development. The etiology for this anoma-
lous expression of testicular determinants in a
46,XX individual is speculative. Mosaicism has
been considered, but evidence is not convinc-
ing. Mendelian gene mutation, translocation,
X-Y interchange, minimal deletions, or pref-
erential inactivation of an X-chromosome are
all possibilities.*?

CONGENITAL ADRENAL HYPERPLASIA

The most common abnormality of sexual
differentiation includes disorders of adrenal
steroidogenesis produced by enzymatic defi-
ciencies (Fig. 5-8). The estimated incidence of
congenital adrenal hyperplasia (CAH) in Eur-
ope and the United States is between one in
5000 and one in 15,000, respectively, with the
greatest. incidence found in Alaskan Yupik
Eskimos.** Gene frequency may be second
only to that of cystic fibrosis. CAH should be
suspected in all babies with genital ambiguity
because of its frequency and, more import-
antly, because it can be life threatening to the
newborn.

The most frequent enzyme deficiency is 21-
hydroxylase.**** Reports of CAH also have
included deficiency of 11B-hydroxylase, hy-
droxysteroid dehydrogenase, 17a-hydroxy-
lase, and cholesterol desmolase. Genital am-
biguity most frequently is found in the 46,XX
fetus who has 21-hydroxylase and 11B-hy-
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Figure 5-8. Schematic representation of the major ster-
oidogenic pathways. Common enzyme deficienciées in-
clude 21-hydroxylase and 11f3-hydroxylase deficiencies.
Less frequently, deficiencies for 18-hydroxylase, 18-

droxylase deficiencies. Subnormal levels of
cortisol stimulate ACTH release with further
adrenal steroid stimulation and the accumula-
tion of androgens.*® The fetal adrenal begins
to function during the third month of devel-
opment. By the time adrenal androgens are
significantly elevated, the ovaries are under-
going normal exocrine activity, the wolfian
system already has regressed, and the miiller-
ian system is completing development. The
high adrenal androgen level may influence
only the development of the external genitalia.
Labioscrotal fusion begins posteriorly to an-
teriorly, covering over the vaginal vestible and
forming a urogenital sinus (Fig. 5-9).** More
marked androgen overproduction may cause
varying degrees of clitoral hypertrophy and
occasionally displacement of the urethral ori-
fice onto the genital tubercle. The extent of
virilization of the 46,XX fetus varies, even
within the same family. There may be a
spectrum of anatomic changes that range
from minimal clitoromegaly and mild labio-
scrotal fusion to varying degrees of hypo-
spadias. In the extreme, the female may have a
normal penile urethra and lack only scrotal
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hydroxysteroid dehydrogenase, 17-hydroxylase, 3f-ol-
dehydrogenase, cholesterol desmolase, and 17-ketore-
ductase occur. )

Figure 5-9. Schematic drawing of the relationship be-
tween urethra and vagina in patients with congenital
adrenal hyperplasia. Typically, labioscrotal fusion occurs
posteriorly to anteriorly forming a urogenital sinus.
Varying degrees of clitoromegaly occur with occasional
placement of the urethra onto the genital tubercle.
Reprinted with permission from Jones HW Jr, Scott WW:
In Jones HW, Scott WW (eds): Hermaphroditism, Genital
Anomalies and Related Endocrine Disorders. Baltimore,
Williams & Wilkins, 1971, p 338.



gonads. It should be remembered that the
46,XX infant with one or two gonads in their
respective labioscrotal pouches does not have
CAH. Normal ovaries may herniate but do
not descend further than the inguinal liga-
ment. Infants left untreated will continue to
masculinize. Excess androgens will accelerate
childhood growth and cause early epiphyseal
fusion. If properly treated, these patients are
potentially fertile. Skin hyperpigmentation is
commonly associated with these defects, the
degree of pigmentation often reflecting the
severity of the disease.

The most common enzyme deficiency asso-
ciated with CAH is 21-hydroxylase.**™** This
enzyme is necessary for the critical first step in
converting progesterone to deoxycorticoster-
one (DOC) and 17-hydroxyprogesterone to
deoxycortisol. There are two forms of this
syndrome that may be responsible for abnor-
mal genital differentiation, i.e., simple and
salt-wasting. An adult onset form of 21-
hydroxylase deficiency and a cryptic form also
have been identified.*’~** While the extent of
virilization may differ within a given family,
the form of the deficiency does not. The genes
controlling these processes are located on
chromosome 6 in close association with the
HLA-B locus and between the loci for HLA-A
and glyoxalase 1.***° They act as autosomal
recessive genes with gene frequency of one in
100 and carrier frequency of one in 50. It was
once believed that the difference between the
two forms was quantitative, the salt-wasting
form resulting from a more severe enzyme
deficiency. An alternate hypothesis suggests
possible autonomy between zona glomerulosa
and zona fasciculata.” Negligible 17-hydroxy-
lase activity occurs in the outer zona glomeru-
losa. It is here that progesterone is converted
to aldosterone step by step. Control for aldo-
sterone formation in the zona glomerulosa
appears to be primarily through the renin-
angiotensin system and by the serum potas-
sium concentration. Only indirectly does
ACTH affect the zona glomerulosa. The inner
zona fasciculata layer has 17-hydroxylase ac-
tivity and under the stimulation of ACTH
converts 17-hydroxyprogesterone to cortisol.
The zona fasciculata also may produce the
aldosterone precursors from progesterone but
lacks the enzyme necessary for the terminal
step of aldosterone synthesis.
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The new hypothesis suggests that only the
zona fasciculata is affected in the simple 21-
hydroxylase deficiency. In salt wasting, it
appears that the defect also is present in the
zona glomerulosa. Whatever mechanism is
responsible for the biochemical differences
between these two forms of 21-hydroxylase
deficiency, it is the profound deficiency of
aldosterone that produces the resultant hypo-
natremia, hyperkalemia, and vascular collapse
in the severe form. This electrolyte imbalance
may not occur until the second week of life.
With increased ACTH stimulation of the zona
fasciculata, androgens accumulate in both
forms and virilize the external genitalia. Sup-
pression of ACTH by glucocorticoid replace-
ment usually will normalize androgen produc-
tion. Mineralocorticoid replacement is im-
portant in maintaining normal sodium and
potassium balance in this severe form. Sup-
pression of the renin-angiotensin system in
these persons will further fine tune androgen
production because it appears that angioten-
sin 1T also stimulates ACTH. Some persons
with the simple form also show increased
renin activity.***"%*

The use of mineralocorticoids in these pa-
tients also has brought about better androgen
suppression. While it was once thought that
11B-hydroxylase deficiency occurred in less
than 5% of all patients with CAH,* recent
evidence suggests that this form of CAH may
be underdiagnosed, and that as many as 16%
of CAH patients will have 11B-hydroxylase
deficiency. There are at least two types of this
syndrome in which deoxycorticosterone can-
not be hydroxylated to cortisol. One form
affects the cortisol pathway only (17-hydroxy-
lated steroids), whereas the other appears to
affect both the 17-hydroxy and 17-deoxy
pathways. Both forms can cause severe or
partial defects.*’ It is believed that in some
persons the defect occurs in both zona glom-
erulosa and fasciculata. Evidence is mounting
to suggest that the decreased 11B-hydroxylase
activity is limited to the zona fasciculata in
those with CAH.*® Recent studies also suggest
a concomitant defect of 18-hydroxylation in
patients with 11-hydroxylase deficiency.*

Hypertension has been the hallmark of the
syndrome with 11B-hydroxylase deficiency. It
previously was thought to be secondary to
excessive DOC production and its mineralo-
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corticoid effect.*** Hypertension may not
occur in the majority of persons with this
syndrome, and then only in later years. A large
series now refutes the idea that hypertension is
caused by DOC.* Those with adequate sup-
pression of DOC may have persistent hyper-
tension; also, DOC infused into animals does
not cause hypertension. Those with mild
defects and only moderate elevations of DOC
are sometimes hypertensive, whereas others
with high DOC values and severe defects may
be normotensive. The suggested association
of 18-hydroxylase deficiency with this syn-
drome has led some investigators to speculate
that hypertension may be caused by a DOC
metabolite with more marked mineralocorti-
coid action (18-hydroxydeoxycorticosterone).
Reports of salt-wasting in a few patients with
11B-hydroxylase deficiency*® have added fur-
ther confusion to the biochemical aspects of
this syndrome.

The diagnosis of CAH is made in the
newborn with genital ambiguity and undes-
cended testes by demonstrating elevated levels
of 17-hydroxyprogesterone and the andro-
gens A,-androstenedione, testosterone, and
dehydroepiandrostenedione-sulfate.”®  Corti-
sol levels may be depressed. The measurement
of 11-deoxycortisol and DOC may help to
differentiate 11B-hydroxylase deificency from
21-hydroxylase deficiency.” These immediate
precursors to cortisol and corticosterone are
elevated in 11B-hydroxylase deficiency. Renin
activity may be elevated in 21-hydroxylase
deficiency and suppressed in 11f-hydroxylase
activity. Moreover, ACTH stimulation studies
may make the specific enzyme deficiency more
evident, with a significant increase in the
precursor-to-product ratio.**** Serial electro-
lytes will identify the infant with the salt-
wasting form of 21-hydroxylase deficiency.
HLA genotyping in families who have a child
diagnosed with 21-hydroxylase deficiency can
confirm both the homozygote and heterozy-
gote states.***® The gene for 11f-hydroxylase
deficiency is autosomal recessive but not link-
ed to the HLA loc.** Glucocorticoid re-
placement is necessary in all those with 21-
hydroxylase deficiency and 11B-hydroxylase
deficieney. Mineralocorticoid replacement is
necessary for patients with salt-wasting 21-
hydroxylase deficiency; it possibly provides
better androgen control for those with simple

blocks for 21-hydroxylase, but who also have
increased renin activity.* These patients out-
grow their need for the mineralocorticoid as
they produce such natriuretic hormones as
progesterone. Blood levels of 17-hydroxy-
progesterone may provide relative informa-
tion for glucocorticoid control. However,
patients may be under good control and still
have elevated 17-hydroxyprogesterone values.
A,-Androstenedione appears to be the best
marker for control of androgen overproduc-
tion.*” Serum testosterone also is helpful in all
prepubertal patients and adult females.

MATERNAL ANDROGEN EXPOSURE

The placenta has the ability to aromatize
androgens to estrogens and prevent masculin-
ization of a female fetus. Under some condi-
tions, testosterone levels may become high but
usually do not affect the female fetus. Factors
that may overcome this normal protective
mechanism include exceedingly high andro-
gen concentrations, exposure during the criti-
cal end of the first trimester, and alterations of
the native androgen molecules, which may
make aromatization difficult.*®

The conditions most commonly associated
with increased endogenous production of
androgens (excluding CAH) include ovarian
and occasionally adrenal neoplasms.*®*” On
rare occasions, ovarian tumors have been
associated with high androgen levels and
masculinization of the female fetus. A few of
these tumors such as the arrhenoblastoma and
the Leydig cell tumor produce androgens.
Other epithelial tumors seem to stimulate
androgen production by the surrounding
ovarian stroma. This phenomenon appears to
be greatly enhanced during pregnancy, pre-
sumably by HCG. A few epithelial tumors,
often metastatic to the ovary, have been
reported during pregnancy that resulted in
masculinization of the female fetus. The
most common ovarian tumor that is etiologic
for androgen over-production and female
pseudohermaphroditism is luteoma of preg-
nancy.”**® This solid tumor appears to be
HCG-dependent and usually disappears after
pregnancy.”® It may become large, is usually
unilateral, and often produces very high levels
of androgens. While considerable maternal
virilization occurs, the female fetus most often
is spared. Most cases previoulsy labeled idio-



pathic ambiguity were probably the result of
luteoma of pregnancy. It is important to
distinguish luteoma of pregnancy from hyper-
reactio luteinalis. The multiple lutein cysts
associated with trophoblastic disease have
been associated with androgen overproduc-
tion and maternal virilization but not with
masculinization of the female fetus.

Exogenously given testosterone for condi-
tions such as endometriosis and the inadvert-
ent continuation of this drug during preg-
nancy rarely has masculinized the female fetus.
Synthetic hormones are the most common
culprit in teratogenesis resulting in fermale
pseudohermaphroditism.*®*® Ethisterone and
norethindrone, a 19-nortestosterone deriva-
tive, have been most often implicated in
masculinization of the female fetus.®* The
placenta does not appear to be as efficient in
aromatization of these synthetic hormones as
it is with the native steroids. Birth control pills
given prior to the 12th week of gestation have
the most masculinizing effects on the female
fetus.’® Given after 12 weeks, labioscrotal
fusion does not occur, and masculinization
may be limited to clitoromegaly.”® More re-
cently, danazol has been reported to masculin-
ize the female fetus.®"*? Genital ambiguity has
been significant. In one reported case, a
transient congenital adrenal hyperplasia-type
syndrome was produced by maternal danazol
ingestion.*’

The classification of abnormalities of sexual
differentiation associated with the 46,XX
karyotype includes a special cateogory. A
number of these infants have had multiple
somatic anomalies associated with masculini-
zation of the external genitalia.’®® Such
anomalies include the genitourinary, gastro-
intestinal, and nonreproductive endocrine
systems. These disorders usually are sporadic
and may be caused by unknown teratogens.
Several pedigrees of two affected infants asso-
ciated with consanguinity suggest an occa-
sional autosomal recessive etiology. Finally,
some infants have been labeled as having
idiopathic genital ambiguity (Fig. 5-10). These
infants are normal except for varying degrees
of virilization of the external genitalia. The
virilization, however, does not continue and
normal endocrine function occurs at puberty.
It is very likely that the mothers of these infants
had luteoma of pregnancy.
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Figure 5-10. Marked clitoromegaly in an 18-month-old
female infant. Evaluation revealed a 46,XX karyotype,
normal endocrine profile for age, and normal internal
female genitalia. The patient was labeled with idiopathic
ambiguity.

Klinefelter's Syndrome

The last category of abnormalities of sexual
differentiation are persons with classically a
47,XXY karyotype. Klinefelter’s syndrome ap-
plies to those with other karyotypes who also
have at least one Y-chromosome and two X-
chromosomes. The phenotype includes small
testes assoicated with azoospermia, normal
male external genitalia, suboptimal mascu-
linization at puberty, and development of
gynecomastia.®®® Patients with Klinefelter’s
syndrome tend to develop a eunuchoid body
habitus. These persons often have a higher
prevalence of poor intellectual performance
and social maladjustment than the general
population. The atrophic testes histologically
demonstrate hyalinization of the seminiferous
tubules, absence of spermatogenesis, and Ley-
dig cell hyperplasia. These findings are noted
in the postpubertal gonad. Prior to that time,
the testes appear histologically more normal
and may have primary spermatogonia within
the seminiferous tubules. Testosterone pro-
duction is subnormal and may be half that of
normal male levels. Abnormal testicular en-
docrine function also may be evident by
elevated gonadotropins.

The etiology for Klinefelter’s syndrome
appears to be diverse. Both maternal and
paternal nondisjunction during gametogene-
sis have been documented by Xg blood typ-
ing.** These abnormal karyotypes result from
parental structural rearrangement of the
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chromosomes. Postfertilization errors of mi-
tosis have produced both mosaic Klinefelter’s
syndrome (46,XY/47,XXY) and other Kline-
felter’s karyotypes.

The Importance of Early and
Accurate Diagnosis

The delivery of an infant with genital am-
biguity calls for an early and accurate diag-
nosis and appropriate long-term manage-
ment. Early diagnosis is necessary to rule out
life threatening processes. It is essential to
determine the sex of rearing for establishment
of gender identity. It will provide for the most
natural secondary sexual development in the
future and possibly preserve fertility. Finally,
an early diagnosis gives families at risk for
recurrence the opportunity for genetic coun-
seling.

Life-threatening problems are associated
with the syndromes of genital ambiguity,
including metabolic disorders, malignancies,
and emotional illnesses that result from gen-
der identity crises. Immediate metabolic dis-
turbances associated with salt-wasting in 21-
hydroxylase deficiency may begin during the
first several weeks of life. Infants have died
before congenital adrenal hyperplasia was
diagnosed. Others have died after insufficient
glucocorticoid treatment during a childhood
illness. Patients with dysgenetic gonads and a
Y-chromosome are at increased risk for a
gonadal tumor. Gonadoblastomas and germ
cell tumors such as dysgerminomas are found
more frequently in gonadal dysgenesis pa-
tients. Seminomas have been discovered in
patients with testicular feminization and true
hermaphroditism. Continuing gonadotropin
stimulation of Y-bearing germ cells, which
seemingly divide more rapidly than X germ
cells, provides a potential explanation for the
phenomenon of tumor formation. The in-
creased temperatures associated with the in-
traabdominal location of some of these testes
also have been implicated in tumor forma-
tion. As a rule, the more normal the gonad
and the greater its tendency for descent, the
less the risk of developing a tumor. Those with
46,XY gonadal dysgenesis are at the highest
risk for tumor formation, a 20-30% risk.?
Those with 45,X/46,XY gonadal dysgenesis

have a 15-20% risk.'? Persons with testicular
feminization have been reported to reach risk
figures of 20% after age 30 if the testes remain
in situ;* however, it is believed that the actual
tumor risk in these testes is much less and
perhaps similar to the risk for cryptorchid
testes. Although there is some gonadal tumor
risk for persons with gonadal dysgenesis prior
to puberty, this risk for the patient with
testicular feminization does not exceed 2-5%
until after puberty. Tumors have been re-
ported in true hermaphrodites but may not
occur more frequently than in the otherwise
normal cryptorchid male. Nongonadal mal-
ignancies also may occur more frequently in
some patients with abnormalities of sexual
differentiation. CAH has been associated with
adrenal cortical malignancies and adrenal rest
testicular tumors seeminlgy secondary to
ACTH stimulation.®* Other tumors of non-
adrenal origin also have been reported in
those with CAH, including pulmonary lipo-
sarcoma, giant cell bone tumor, hemangio-
endothelioma, and perirectal malignancy.®>-*’
Some investigators have questioned the rela-
tionship between the genetic linkage of 21-
hydroxylase deficiency and HLA antigens as
etiologic for these tumors.®” Patients with
Klinefelter’s syndrome develop breast malig-
nancy 20 times more often than do normal
males.®® Life-threatening crises for individuals
with abnormalities of sexual differentiation
also include the adverse psychologic sequelae
that may arise. A gender identity crisis, more
commonly in the earlier years of medicine, has
resulted in suicide for some persons aftlicted
with genital ambiguity at birth and subse-
quently inadequately diagnosed, treated, and/
or counseled.

Early evaluation and diagnosis also allows
for prompt assignment of sex of rearing. Prior
to the era of cytogenetics, some notable physi-
cians felt it necessary to base sex of rearing on
gonadal morphology.*® Thus, sometimes sex
of rearing was changed after the neonatal
period and occasionally during adolescence
and adulthood. Not surprisingly, adverse
emotional sequelae were common. In 1955,
Money et al published a series of psychologic
studies of patients with intersex disorders,*
which stated that adverse psychologic sequelae
may occur if sex of rearing is changed after the
neonatal period. They further noted that the



gender identity of these patients was consistent
with their sex of rearing if assigned as infants.
In these infants, gender identity was inde-
pendent of sex chromosomes, gonadal mor-
phology, and genitalia at birth. Two basic
tenets have developed concerning sex of rear-
ing. First, while sex assignment can be made
and apparently safely changed up to age 18
months, it should be done at birth prior to
discharge from the hospital. Children past this
age should not have sex of rearing changed
even if an error in judgment has been made.
Secondly, the single most important consider-
ation for rearing is the future sexual function
of the external genitalia. For example, true
hermaphrodites historically have been reared
as males. But is has now been shown that
adequate pubertal sexual development usually
is difficult, and that these patients fare much
better if reared as females.*’

Early diagnosis of a child with genital
ambiguity will allow for long-term planning
and provide for the most natural secondary
sexual development. Patients at risk of devel-
oping prepubertal tumor should have early
gonadal extirpation and steroid replacement
shortly after age 10. Those with testicular
feminization develop much better breasts
from endogenous conversion of testosterone
to estradiol than if given exogenous hor-
mones. If possible, their gonads should be left
in situ until after puberty. Early diagnosis also
will identify those patients who may be fertile.
If treated early, the fertility of CAH patients is
preserved. Occasionally, true hermaphrodites
may have enough follicles for pubertal devel-
opment, ovulation, and rarely even preg-
nancy.*’ It may be possible to more frequently
preserve ovarian tissue in these patients with
the use of the operative microscope and
frozen-section tissue studies during surgery.

Genetic counseling is extremely important
for the family who has a child with an
abnormality of sexual differentiation. Early
diagnosis will allow many families to be
reassured that a recurrence is unlikely, and it
will identify those conditions that may have a
genetic basis and increased risk for recurrence.
Most enzyme deficiencies are controlled by
autosomal recessive genes and have a 25% risk
of recurrence in subsequent pregnancies. CAH
is the most common of these disorders. Pre-
natal diagnosis is possible by measuring am-
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niotic fluid levels of 17-hydroxyprogester-
one.”” 2-Hydroxylase deficiency also has been
successfully diagnosed by HLA studies of fetal
fibroblasts as compared to HLA studies of
affected and nonaffected members of the same
family.”" Attempts at early prenatal diganosis
and in utero treatment have been made for
CAH.” Enzyme abnormalities such as 17-
hydroxylase deficiency, 17-hydroxysteroid de-
hydrogenase deficiency (17-ketosteroid re-
ductase deficiency), and 5a-reductase deficien-
cy also are autosomal recessive. Testicular
feminization syndrome and 46,XY gonadal
dysgenesis in a number of persons may be X-
linked recessive. Risk for recurrence in those
families with an X-linked recessive disorder is
25% of subsequent pregnancies and one-third
of all phenotypic females born. Similarly, one-
third of phenotypic females at birth may be
carriers of this disorder.

Identification, Evaluation, and
Treatment

The birth of a child with genital ambiguity
calls upon the immediate good judgment of
the obstetrician. When the sex of an infant is in
question, it is best to explain that sexual
development is incomplete, and that after a
few studies it will be easy to determine whether
the baby is a boy or girl. Spot guesses often
result in a change of sex of rearing. This
should be avoided at all cost because it leaves
open the nagging question of whether the
final decision was correct. Gender identity and
the eventual emotional well-being of the child
are largely dependent upon the comments
made during the first crucial moments of
life.

Evaluation should begin in the delivery
room. A review of the maternal history might
include questions regarding maternal andro-
gen ingestion, (e.g., oral contraceptives or
danazol), and signs or symptoms related to
maternal androgen overproduction, such as
acne or hirsutism during pregnancy. Answers
may reveal similarly affected infants or rela-
tives. Prior neonatal deaths might provide a
clue for the diagnosis of CAH. The mother’s
blood should be drawn in the delivery room
and tested for testosterone and DHEA-S to
uncover the possible luteoma, ovarian neo-
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plasm, or adrenal tumor. Similar studies on
cord blood may be helpful.

The infant should be given a general physi-
cal examination. Identification of Turner’s
stigmata or of findings such as areolar/scrotal
hyperpigmentation of CAH might provide
clues for diagnosis. Signs of chimerism—
rarely seen in the true hermaphrodite—might
include heterochromia of the iris and skin
mottling.

Genital evaluation must be thorough. The
genital tubercle should be placed on stretch
and measured in length and width. A penis
generally has a midline frenulum, whereas a
normal clitoris has two lateral folds. Careful
palpation for gonads is essential to determine
whether they are intraabdominal, within the
inguinal canals, or within the labioscrotal
fold. When possible, inguinal herniation of
accessory gonadal structures should be differ-
entiated from descent of a gonad with a
testicular element. Attempts should be made
to determine whether there is a miillerian
system and, if so, its relationship to the lower
urinary system. Rectal examination might
identify midline miillerian elements hypertro-
phied from the maternal estrogen production
of pregnancy. Perineal orifices can be probed
with infant feeding tubes. Once urine is ob-
tained, the location of this orifice should be
identified as the urethra. If no other orifices
are identified, a second feeding tube can be
inserted into the same opening and directed
posteriorly to the first feeding tube in an
attempt to identify a vagina. Identification of a
second canal and the finding of mucus might
reveal a vagina. Evaluation of this genitouri-
nary system can be completed with genito-
graphy during the first few days of life using
urethroscopy and vaginoscopy at the time of
surgery.

Initial laboratory studies should include a
karyotype. The buccal smear continues to
provide valuable information with regard to
Y-chromatin when properly obtained and
prepared during the neonatal period. All
infants without evidence of gonadal descent
must be considered to have CAH until proven
otherwise. Electrolytes should be followed
closely. The diagnosis can be made with serum
17-hydroxyprogesterone and cortisol values.
It is important to consider other enzyme
deficiencies in these children and to attempt to

diagnose them. Baseline studies for A,-andro-
stenedione, testosterone, and DHT should be
obtained. Subsequent administration of
HCG, 500 IU intramuscularly for 5 days, and
follow-up studies will provide precursor and
product information about these enzyme ac-
tivities. The short-term application of testo-
sterone cream to the genital tubercle also
might test the competency of cytosol androgen
receptors.

Once the diagnosis is made and the initial
genital evaluation is completed, sex of rearing
should be determined. Some institutions use a
team approach, with a committee composed
of a pediatrician, reproductive endocrinolo-
gist, urologist, and psychologist. The family
should be thoroughly informed about etiol-
ogy, sex of rearing, corrective surgery, and
possible problems. In addition, they should
be counseled by the most knowledgeable
person on the team concerning expectations
for future sexual development, sexual per-
formance, and fertility. The counseling should
be tailored to the education and degree of
sophistication of the family. While some data
might be helpful in the explanation, other
information can be equally detrimental. The
family should not be told that a child is a true
hermaphrodite. Detailed explanations can
cover the information without using that term
with its frightening and negative connotation.
Moreover, it is essential that the physician be
convincing in assigning sex of rearing to the
child. The infant always must be referred to as
a boy or a girl from that point on. The
physician should be able to answer all of the
family’s questions to their satisfaction so that
they too have no question about their child’s
sex. Occasionally it is important to tell an
educated family that the karyotype of a sex-of-
rearing female is 46,XY, because children
today learn in school about karyotypes and
the difference between 46,XX and 46,XY
chromosome complements. It is best to dis-
cuss with these families the fact that sexuality
depends upon a multitude of factors none of
which are dependent upon the sex chromo-
somes. Money’s studies support this conclu-
sion.”

Corrective surgery of the external genitalia
can be safetly done prior to the initial dis-
charge of the baby. It is important that the
family take home from the hospital a child



Figure 5-11. Surgery performed during the birth hospi-
talization might include extirpation of labioscrotal gonads
(A) and reduction clitoroplasty (B-E). B Semicircum-
ferential incision at the base of the genital tubercle. C
Dissection is carried back to the symphysis where the
suspensory ligament of the clitoris is transected along

with external genitalia concordant with the sex
of rearing. Such surgery might include extir-
pation of the labioscrotal gonads and/or
reduction clitoroplasty (Fig. 5-11). An intra-
abdominal gonad can be left in place and

removed later during infancy or early child-
hood.

Summary

Normal male and female sexual differentia-
tion begins with gametogenesis. Both male
and female sexual differentiation follow a
timetable of events with predictable develop-
ment of the gonads, internal genital ducts, and
the external genitalia. Completed sexual mat-
uration occurs during puberty. Abnormalities
of sexual differentiation may occur at any step
along the way and may result in abnormal
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with proximal clitoris. The neurovascular bundle is pre-
served. D Skin over the anterior aspect of the clitoris up to
the prepuce is removed and the distal tubercle is
recessed onto the symphysis. E Immediate postsurgical
result.

differentiation of the gonads, the internal
genital ducts, or the external genitalia. The
end results of these abnormalities produce
predictable clinical syndromes. While many of
these defects of sexual differentiation are
evident at birth, others will not be identified
until puberty when the adolescent may have
aberrant external maturation or remain sexu-
ally infantile.

Genital ambiguity in a newborn represents a
true medical emergency. Early and expedient
diagnosis is essential to avoid life-threatening
problems, to determine sex of rearing, to
provide for appropriate immediate and long-
term treatment, and to ensure that the family
obtains adequate genetic counseling. Medical
and surgical treatment should begin during
the birth hospitalization, and the child should
leave the hospital with its external genitalia
concordant with sex of rearing. Finally, the
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emotional well-being of the family unit re-
quires appropriate education and ongoing
counseling.
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Abnormal vaginal bleeding is one of the most
common adolescent gynecologic problems. It
is a cause of anxiety both for patient and
parent. This chapter presents an orderly ap-
proach to the differential diagnosis and treat-
ment of abnormal uterine bleeding. The
importance of defining an underlying endo-
crinologic or hematologic abnormality as well
as understanding the pathophysiology of the
problem is emphasized.

The amenorrheic patient also presents an
interesting endocrinologic challenge to the
physician. Hypothalamic-pituitary abnormal-
ities must be correlated with alteration of
ovarian function when considering the differ-
ential diagnosis of amenorrhea in the adoles-
cent. In addition, problems of oligomenor-
rhea and hirsutism frequently begin at this
age. Androgenic hyperactivity of the ovary and
the adrenal glands must be considered when
diagnosing menstrual aberrations.

Acute and chronic pelvic pain is a common
gynecologic problem in teenagers. Diagnostic
laparoscopy often is an integral part of the
assessment of pelvic pain. Dysmenorrhea ac-
counts for frequent absenteeism from school
and work. Because early diagnosis and treat-
ment of problems such as endometriosis is
important, the authors have devoted a large
part of the chapter to evaluation and manage-
ment of this problem. Because physicians now
have a greater understanding of the causes of
dysmenorrhea and are able to offer effective
therapy, the teenager no longer need fear
menstruation.

Dysfunctional Uterine Bleeding

The term dysfunctional uterine bleeding has
long been used to describe a large number of
varied irregular uterine bleeding episodes for
which no specific etiology can be found.
Simply put, dysfunctional uterine bleeding is
irregular, painless bleeding of endometrial
origin that is excessive, prolonged, or unpat-
terned, and for which no local or systemic
cause can be identified. Under this definition,
dysfunctional uterine bleeding affects 10-15%
of all gynecologic patients and accounts for
15% of gynecologic surgery. It is most com-
mon during adolescence. In an effort to be
more etiologically exacting, the American
College of Obstetricians and Gynecologists
has suggested that it be called anovulatory
uterine bleeding instead of the less explicit
term dysfunctional uterine bleeding.' Anovu-
latory bleeding accounts for more than 75% of
cases previously included under dysfunctional
uterine bleeding. Uterine bleeding episodes
secondary to blood dyscrasias, submucous
leiomyomata, endometrial polyps, uterine
malignancy, vaginal and cervical dysplasias
and adenosis, and accidents of pregnancy are
not considered dysfunctional.
Thehypothalamic-hypophyseal-ovarianaxis
has been discussed in Chapter 2. In response
to the cyclic ovarian steroids that are the end
products of this axis, the endometrium under-
goes a predictable sequence of changes that
was delineated in 1950 by Noyes et al.? The
major characteristic of the proliferative phase
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of the endometrial cycle is growth of the
endometrial glands in response to the rising
estrogen secretion from the developing folli-
cles. The glands initially are small and tubular
and lined with low columnar epithelium. As
the proliferative phase progresses, mitosis
becomes prominent. The stroma also proli-
ferates, and is characterized by a dense and
cellular appearance. Spiral arterioles, which
extend to just below the surface, supply this
proliferating epithelium. This proliferation is
the result of estrogen stimulation of the basal
endometrium left from the previous cycle’s
menstrual collapse. There is dramatic growth
in overall endometrial height. Following ovu-
lation, the corpus luteum continues to pro-
duce estrogen and introduces the effect of
progesterone, which initiates secretory activity
within the endometrial glands. Secretory
vacuoles proceed from the subnuclear to the
extraluminal space. Over the next 7 days, the
glands become very tortuous, ultimately
achieving a picket fence appearance. Several
days prior to menstruation the endometrium
becomes increasingly edematous. The arter-
ioles become tightly coiled and the stromal
cells large and polyhedral. Predecidual reac-
tion is evident around the spiral arterioles. In
the absence of the human chorionic gonado-
tropin (HCG) stimulus of pregnancy, the
withdrawal of ovarian steroids initiates arter-
iolar constriction, the result of which is endo-
metrial ischemia. There is rapid polymorpho-
nuclear infiltration into the stroma from the
capillary walls, and thrombin and platelet
plugs appear in the superficial vessels. Endo-
metrial breakdown ultimately occurs, which
leads to necrosis and sloughing of the endo-
metrium. There is a natural cleavage between
the basal endometrium and the more super-
ficial and hormonally responsive spongiosum
layer. It is the necrotic spongiosum that
collapses and desquamates, leaving the basalis
from which the next cycle’s endometrium
regenerates under estrogen stimulus from that
cycle’s developing follicles.

Exposure of the endometrium to progester-
one without preliminary preparation by estro-
gen will not evoke a withdrawal flow when the
progesterone is withdrawn. Estrogen stimula-
tion alone, however, will produce a prolifera-
tive endometrium capable of bleeding after

estrogen withdrawal or in response to des-
quamation of devascularized hypertrophic
superficial layers of the spongiosum.

There are several patterns of irregular va-
ginal bleeding:

Polymenorrhea: frequent irregular bleeding
at less than 18-day intervals

Oligomenorrhea: infrequent irregular bleed-
ing at intervals of more than 45 days

Metrorrhagia: intermenstrual bleeding be-
tween regular periods

Menorrhagia: excessive uterine bleeding oc-
curring regularly

Hypomenorrhea: decreased menstrual flow at
regular intervals

Menometrorrhagia: frequent, irregular, ex-
cessive, and prolonged uterine bleeding

Jones® reported on abnormal bleeding in
more than 500 adolescent girls followed over 5
years. Anovulatory cycling accounts for ap-
proximately 75% of irregular bleeding that is
without demonstrable organic cause, whereas
approximately 10% of cases are ovulatory.* In
Jones’s series 108 patients had oligomenor-
rhea or amenorrhea.? Seventy-one had irregu-
lar cycles, 23 of which were attributed to
psychologic causes, four to nutritional, three
to dietary, six to neurologic, and the remain-
der to organic problems such as hypothyroid-
ism, diabetes, congenital heart disease, and
vaginitis. Eight of the 71 (11%) patients with
irregular bleeding were ovulatory; the re-
mainder were anovulatory.

Several clinical features differentiate ovula-
tory from anovulatory cycles. Ovulatory cycles
are more consistent in length, duration of
flow, and amount of bleeding. Ovulatory
cycles also are frequently associated with mit-
tleschmerz (midcycle ovulatory pain), cyclic
midcycle cervial mucous discharge, and pre-
menstrual breast tenderness. Although dys-
menorrhea does not necessarily occur with
ovulatory cycles, it is notably missing in
anovulatory cycles. The most common feature
of anovulatory bleeding is the absence of the
progesterone effect on the estrogenized endo-
metrium. Under these circumstances, bleeding
occurs when endometrial growth surpasses the
vascular support on which it is dependent.
When this support becomes insufficient, de-
squamation and bleeding result, and the cycles



usually are longer and heavier than average.
With continuous low circulating levels of
estrogen, endometrial growth extends over a
longer period, and there is a greater interval
between flows. Unpredictable, and occasion-
ally profuse, uterine bleeding results from
irregular or fluctuating levels of estrogen.

The histologic appearance of the endome-
trium depends upon the duration and the
amount of exposure to estrogen in the absence
of the secretory stimulation from progester-
one. Without progesterone, the endometrium
maintains its characteristic proliferative ap-
pearance, with numerous stromal and glandu-
lar mitoses and pseudostratification of the
glandular epithelium. A hyperplastic pattern
may develop after prolonged exposure. Cystic
hyperplasia with large, dilated glands has little
significance. Adenomatous hyperplasia, how-
ever, demonstrates hyperplastic glands asso-
ciated with budding and an increased pro-
portion of glands to stroma. These patients
have an increased risk of developing atypical
endometrial hyperplasia, which is a precursor
of adenocarcinoma of the endometrium. In
a study of 1000 specimens from patients
diagnosed as having dysfunctional uterine
bleeding, 547 had proliferative endometrium
and, of the remainder, 265 had endometrial
hyperplasia.’

Perfectly regular periods should not be
expected even in girls who ovulate. Some
degree of midcycle spotting occurs in 60-90%
of ovulating females and frank bleeding at the
time of ovulation in 20%.° Normal cycle length
varies from 26 to 34 days.

Initial attempts at diagnosing anovulation
as the cause of irregular uterine bleeding
should be directed toward eliminating the
possibility of organic lesions of the reproduc-
tive tract and coagulation disorders. Organic
disorders that resemble simple anovulatory
bleeding include intrauterine benign neo-
plasia; reproductive tract malignancies;
bleeding with early pregnancy, such as in
threatened abortion, ectopic pregnancy, and
hydatidiform mole; and blood dyscrasias-such
as thrombocytopenic purpura, von Wille-
brand’s disease, and platelet defects. Cervical
polyps, chronic endometritis, and vaginal
lesions also may cause irregular bleeding.
Approximately 74% of irregular bleeding in
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adolescents is anovulatory. Nineteen percent
are primary coagulation disorders, and
approximately 7% are attributable to other
pathology.

The following should be included in the
differential diagnosis of adolescent irregular
bleeding associated with anovulation:

1. Pregnancy complications
2. Anatomic lesions
a. Cervical or endometrial polyps, cervi-
citis, lelomyomata, pelvic inflammatory
disease, vaginal adenosis, and cervical
changes associated with diethylstilbes-
trol (DES) exposure
b. Malignancies
c. Trauma or foreign bodies in the vagina
or uterus
3. Hypothyroidism, adrenal disorders, dia-
betes
. Coagulation disorders
. Polycystic ovary syndrome
. Miscellaneous factors affecting hypothala-
mic function
a. Emotional stress
b. Medications

S O

Irregular bleeding in the ovulatory patient
usually is the result of an anatomic abnormal-
ity. However, endocrinologic causes for irreg-
ular bleeding in an ovulatory cycle include a
short proliferative phase as determined by
early basal body temperature elevation and a
short luteal phase.

These hormonal abnormalities usually pro-
gress to oligomenorrhea and ultimately to
amenorrhea. An endometrial biopsy will de-
termine the cycle phase and diagnosis. The
long proliferative phase manifests as oligo-
menorrhea and infrequent ovulation and
usually is associated with entities such as
polycystic ovary syndrome. The mechanism is
thought to be a decreased follicular response
to gonadotropin, which results in abnormal
FSH/LH ratios. This frequently is seen in the
adolescent and is the most common cause of
chronic anovulation syndrome. Corpus lute-
um insufficiency, which results in the short
luteal phase syndrome, may have a variety of
causes, including primary ovarian enzyme
defect, primary central nervous system defi-
ciency of gonadotropin stimulus, and a defect
in luteal cell steroidogenesis. The end result is
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inadequate production of progesterone, but
estrogen production is unimpaired.

Ovulation may occur, but the corpus lute-
um does not undergo its normal 10- to 12-day
postovulatory regression. Thus, the corpus
luteum activity may be prolonged, creating an
excess of progestational activity. The resulting
irregular bleeding has been called irregular
shedding of the endometrium, the result of
increased luteinizing hormone activity. Hal-
ban’s disease may be the diagnosis if the
corpus luteum persists longer than 16 days;
this may result in ovarian cysts and abdominal
pain, which suggest a possible ectopic preg-
nancy. Jones describes two responses to this
prolonged corpus luteum activity,” a long,
slow rise in estrogen or an abrupt rise with a
prolonged progesterone level.

Persistent estrogenizing anovulatory cycling
is more common. Anovulation without or-
ganic disease may be the result of primary
ovarian dysfunction or may be secondary to
neuroendocrine regulation of ovarian func-
tions such as in polycystic ovary syndrome.
Dysfunction at the hypothalamic level is the
more common abnormality. Abnormal re-
sponse may be related to diverse environ-
mental and systemic influences.

In the adolescent, anovulatory cycling is
most often associated with failure of the
pubertal hypothalamic regulatory mecha-
nisms for gonadotropin secretion to mature.
Such maturation is initiated by body size,
pineal, and neural factors. In early puberty,
there is a noncyclic elaboration of steroid
production, gonadotropin releasing hormone
(GnRH), that stimulates production of follicle
stimulating hormone (FSH) by the ovary, with
resultant proliferative endometrial growth.
Estrogen ultimately develops a negative feed-
back on the hypothalamus that reduces GnRH
secretion. Alteration of the hypothalamus at
puberty allows increasing pituitary FSH re-
lease, with resulting estrogen action on the
endometrium. Unopposed continued produc-
tion of estrogen with endometrial stimulation
is the basic cause of anovulatory irregular
bleeding in the adolescent. At midpuberty,
new positive estrogen feedback effects develop
which allow rapidly rising midcycle estrogen
levels to- trigger luteinizing hormone (LH).
This leads to ovulation, the result of which is
the secretion of progesterone and cyclic endo-
metrial sloughing. If the new positive estrogen

teedback fails to develop because of a delay in
the maturation of this axis, the proliferative
pattern persists, and there is persistent estro-
genization and an anovulatory pattern of
irregular bleeding.® This common pattern of
adolescent anovulatory bleeding ends with
maturation of the cyclic feedback mechanism.
If it fails to mature, anovulation persists, the
result being anovulatory endometrial slough-
ing. In the first year after menarche, 55% of
cycles are anovulatory. It takes an average of
15 months to complete the first ten menstrual
cycles. The adolescent pattern ends around the
seventh postmenarcheal year and the usual
menstrual cycle becomes 21 to 40 days, with
the flow lasting from 3 to 8 days.” Although
there is a greater than 50% incidence of
anovulation immediately following menarche,
only a small number present as gross irregular
bleeding because of the large variation in
acceptable pattern of menstruation.

In evaluating irregular patterns of uterine
bleeding in the adolescent, a careful history is
necessary. It is important to note the time of
menarche, the interval between menstruation,
the duration of flow, and the age at which
thelarche and pubarche occurred. The patient
should be examined for associated hirsutism,
galactorrhea, and clinical evidence of endo-
crinopathy. The clinician should assess whe-
ther the ovaries are functioning, the absence of
ovulation, and the patency of the genital
outflow tract. The general physical examina-
tion and pelvic assessment are likely to be
normal. A Pap smear is mandatory in patients
who are sexually active and/or over 18. It often
is useful to take a simple vaginal smear for
cytology and to obtain the maturation index.
Such a smear might suggest a diagnosis other
than anovulatory bleeding. To complete the
laboratory evaluation of any patient who has
presumed anovulatory bleeding, thyroid hor-
mone tests such as T4 and TSH, urinalysis,
screening blood sugar, and a pregnancy test
are necessary.

Teenagers who have had normal menstrual
periods and later have heavy or prolonged
menstrual flow should have a hematologic
evaluation for bleeding diathesis. Therapy for
bleeding diathesis should be directed at imme-
diate control of the bleeding rather than at
further endocrinologic evaluation.

In evaluating irregular bleeding, one of the
most common problems that should be con-



sidered is pregnancy and its complications,
such as threatened abortion, spontaneous or
induced incomplete abortion, and ectopic
gestation. Vaginal and cervical abnormalities
and other sequelae of intrauterine exposure to
DES also should be considered.

Idiopathic thrombocytopenic purpura and
von Willebrand’s disease are the most com-
mon bleeding diatheses of adolescence. In
1980, a 9-year case review by Claessens and
Cowell examined all the admissions for acute
menorrhagia at a children’s hospital.'’ Preg-
nancy had been excluded. A primary coagula-
tion defect was found in almost 10% of 59
patients, a figure that far exceeded what had
previously been suggested. The coagulation
disorders include idiopathic thrombocyto-
penic purpura, von Willebrand’s disease,
Glanzmann’s disease (thrombasthenia),'" thal-
assemia major, and Fanconi’s anemia. Almost
half of the patients presented with severe
menorrhagia, defined by a hemoglobin of less
than 10 gm%. The mean initial hemoglobin
was 7.9 gm9%. The majority of girls who had
severe blood loss with their menstrual flow had
coagulation disorders. It is therefore particu-
larly important to rule out a coagulopathy
when severe menorrhagia occurs at menarche.
In addition to a careful history, with specific
questions about easy bruising and any family
history of bleeding diathesis, and a physical
examination, the patient with menarcheal
menorrhagia should have a blood smear and
coagulation screen routinely. The coagulation
screen should include prothrombin time,
partial thromboplastin time, bleeding time,
and a platelet count. These should be effective
in ruling out all but the rarest hemorrhagic
diathesis. In patients with severe bleeding,
these tests should be done prior to a trans-
fusion or hormonal therapy.

Gonadotropin testing should be done on
patients with persistent anovulatory bleeding.
Gonadotropins are released in a pulsatile
fashion, with a cyclicity of approximately 90
minutes. It has been suggested that to show
subtle changes three samples should be taken
at 10- to 30-minute intervals. Equal volumes
of serum from each sample may be combined
and sent to"the laboratory for more reliable
and economic results. Prolactin measurement
1s mandatory in patients with oligomenorrhea
and particularly in those that have progressed
to amenorrhea. Prolactin is a most dynamic
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hormone, its levels are highest during sleep
and the early hours of the morning and lowest
in the most active hours. Prolactin levels vary
slightly but not significantly throughout the
menstrual cycle. Several drugs, especially am-
phetamines, antihypertensive drugs, anesthet-
ic agents, and psychotropic drugs, may raise
prolactin levels. In addition, stress, surgery,
and stimulation of the chest wall and breast
also may cause an elevation of prolactin
levels.”? Although the clinician should be
aware of these normal physiologic variations
in the prolactin pattern, a prolactin-secreting
pituitary adenoma may be detected, never-
theless, with the finding of an elevated pro-
lactin on a random sample because with a
pituitary adenoma there is a loss of the normal
sleep-induced elevation of prolactin and
a decreased response to other prolactin-
stimulating stimuli.

With normal levels of pituitary gonadotro-
pins, the problem is hypothalamic dysfunc-
tion, whereas with an elevated FSH it may be
premature ovarian failure or gonadotropin-
resistant ovary syndrome. Decreased levels of
FSH indicate possible hypothalamic-pituitary
failure.'” Thus, in taking the history it is
important that the physician note any emo-
tional disturbance and alteration of body
weight that indicate a hypothalamic etiology.

Both hypothyroidism and hyperthyroidism
may lead to anovulatory bleeding. Primary
hyperthyroidism can provoke extremely heavy
bleeding. Although the pathophysiology is
not entirely understood, a derangement of the
metabolic clearance rate of estrogen is sug-
gested as the most likely cause.'

During the physical examination, any alter-
ation of body fat and hair distribution should
be assessed and discussed with the patient. In
addition to evaluating pubertal development
according to the Tanner staging, the breast
examination should include a check for galac-
torrhea. Attention should be focused on rul-
ing out early pregnancy, a common cause of
irregular vaginal bleeding and the most com-
mon cause of secondary ameorrhea. Women
with an erratic menstrual pattern can conceive
without a preceding menstrual flow.

Laboratory data are designed to determine
endocrine causes for the irregular bleeding,
including pituitary, thyroid, and adrenal
causes. Assays for thyroid stimulating hor-
mone (TSH), FSH, LH, and prolactin should
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be obtained. Those who show signs of defem-
inization or virilization should have an assay
for serum cortisol, total testosterone, and
DHEA-S (see Chapter 7).

The diagnosis of hypothalamic anovulation
implies that the pituitary-ovarian system is
operational and that the anovulation disturb-
ances result from hypothalamic dysfunction.
The most common etiology is psychogenic,
usually stress or difficulty in coping. The
patients have normal basal FSH and LH, but
dynamic studies show a greater pituitary FSH
sensitivity and reserve. Peripheral blood levels
of estrogen and cortisol are compared to levels
found in ovulatory women during the follicu-
lar phase. Basal levels of TSH and prolactin as
well as response to GnRH are within normal
limits. Hypothalamic dysfunction may result
in loss of cyclicity, which leads to anovulation.
The fact that appropriate counseling may
bring about restoration of ovulatory menses is
a clue that a suprahypothalamic dysfunction
may be related to stress.

When irregular vaginal bleeding has pro-
gressed to amenorrhea, in addition to preg-
nancy one should consider anorexia nervosa,
psychogenic-related stress, trauma, chronic
renal disease, congenital adrenal hyperplasia,
hyperthyroidism or hypothyroidism, and in-
flammatory bowel disease. There also are
varying causes such as chronic anovulation
syndrome (CAS) and premature ovarian fail-
ure, as well as uncommon entities such as the
gonadotropin-resistant ovary syndrome. '

Drugs such as gonadal steroids and phar-
macologic agents known to have an inhibitory
effect on ovulation also can cause irregular
bleeding. The latter include morphine, re-
serpine, phenothiazines, monoamine oxi-
dase inhibitors, and anticholinergic drugs.
Transient anovulatory intervals also may
follow the discontinuation of oral contra-
ceptives.

Emotional stress remains one of the most
common causes of irregular vaginal bleeding
in young women. Sheldrake and Cormack
observed that 21% of students at Edinburgh
University had irregular menstrual cycles.'®
Twenty percent of nursing students had oligo-
menorrhea, and almost 3% had secondary
amenorrhea in extremely stressful environ-
ments (prisoners awaiting execution, concen-
tration camp victims). However, less dramatic

stress also can cause similar problems. Such
irregular bleeding has been found in factory
workers, military recruits, hospitalized pa-
tients, and nursing students.'” In one study of
900 college students, 14.6% had menstrual
disorders.'® Oligomenorrhea and secondary
amenorrhea were the chief complaints in 73%,
which accounted for 10% of the total popula-
tion of the school. Most had elevated levels of
LH and normal-to-low levels of FSH, sugges-
tive of CAS. This is significant because of its
relation to two other clearly identifiable
groups—those with hypogonadotropism as-
sociated with weight loss and those with
normal gonadotropins considered to be
hypothalamic in origin.

Chronic anovulation syndrome, defined by
low FSH, elevated LH, and oligomenorrhea,
is the most common and identifiable syn-
drome in young women with irregular vaginal
bleeding. CAS was initially described in 1935
by Stein and Leventhal." The patients in this
initial study were sterile, amenorrheic, hirsute,
and had palpably enlarged ovaries. The syn-
drome was found in 1.4% of a random
population.” Elevated levels of LH and nor-
mal levels of FSH that are suggestive of this
syndrome were found in 47.6% of adolescents
with oligomenorrhea. Chronic anovulation
syndrome represents an exaggerated example
of a disturbed hypothalamic-pituitary-ovarian
relationship. In this syndrome estrogen from
the ovarian and peripheral sites interferes with
FSH release but does not suppress the syn-
thesis and release of LH. The altered FSH-to-
LH ratio results in the classical ovarian
changes with an increase in output of an-
drostenedione and dehydroepiandrosterone,
ovarian ‘‘prohormones.” These hormones
produce the clinical features—hirsutism and
irregular vaginal bleeding—characterisic of
the syndrome. The increased androgen con-
tent of the ovary produces follicular atresia.
The ovarian prohormones also serve as pre-
cursors for peripheral conversion to estrone
which increases LH production, thereby
completing the cycle of abnormal hypothala-
mic feedback. Adolescent obesity may cause
irregular bleeding because of emotional fac-
tors that may affect hypothalamic functioning.
In addition, the sequestration of estrogens in
the body fat of these girls alters the metabolic
clearance rate of estrogen and may prevent the



surge of LH that is required for ovulation. The
half-life of these stored hormones is approxi-
mately 10 hours.” Eventually, oligomenor-
rhea can progress to amenorrhea. Such
amenorrhea occurs in girls whose breast and
sexual development are normal.” In 75% of
cases, this type of irregular bleeding and
amenorrhea can be reversed by weight loss.?

Anorexia nervosa is an exaggerated example
of the stress-related menstrual aberration. An
estimated 1% of girls between 12 and 18 have
anorexia nervosa, the onset typically occurring
at 15. Boys also may be affected, but account
for only 5-10% of all cases. As described by
Lender et al,* the patient is preoccupied with
all aspects of food, particularly calories. Mis-
perception of body image and denial of
illness, feelings of inadequacy, perfectionism,
and obsessional thinking are primary psycho-
pathologic features. The physiologic outcome
of the starvation is hypoalbuminemia, re-
sulting in inadequate amino acids to the liver
and intravascular dilution. This accentuates
the low serum albumin with an expanded
plasma volume. Hypovitaminosis and hyper-
keratinemia may be present. Anorexia nervosa
usually is associated with hypogonadotro-
pism, which leads to oligomenorrhea and
ultimately secondary amenorrhea. Basal
plasma LH and FSH levels are low, the
decrease correlating with the degree of weight
loss. The LH response to GnRH and clomi-
phene citrate is suppressed in 44% of cases;
hypothalamic dysfunction is manifested as
partial diabetes insipidus. Cortisol levels are
normal, with loss of diurnal variation, and
thyroxin levels are low normal. Thyroid
stimulating hormone is normal. Plasma T,
levels are low and thought to reflect a change
in the peripheral metabolism of T, to T, with
a reciprocal increase in the active form of Ts;.
Theories of explanation include a lesion of the
ventromedial region of the hypothalamus and
hyperactivity of the postsynaptic noradrener-
gic receptors in the ventromedial region of the
hypothalamus.*

Such patients require expert nutritional
therapy and psychiatric care. Initally, behavior
modification is best done in a hospital; dis-
charge is contingent upon reaching a pre-
determined weight. Although prognosis for
the vast majority of patients is excellent, the
serious form of the disease may be fatal.*
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(Anorexia nervosa is discussed in detail in
Chapter 15.)

Extreme physical stress also may cause
oligomenorrhea and amenorrhea. In a survey
of 400 women on 25 college track and field
cross-country teams, the frequency of amenor-
rhea correlated with the number of miles run
per week. There was a dramatic increase in the
incidence of amenorrhea in patients who ran
20 miles a week. Forty-five percent of those
who ran 80 miles a week were amenorrheic.
After a weekly 20 miles there was almost a
straight-line increase. As mentioned earlier,
secondary amenorrhea can result from exces-
sive weight loss. Highly trained runners have a
low percentage of body fat; however, weight
does not seem to be correlated. For instance,
endurance-trained swimmers tend to have a
higher increase of body fat. An alternative
explanation is the emotional stress incurred
from arduous training and competition.?*
This oligomenorrhea and amenorrhea is in
addition to athletic girls’ reported delay in
menarche.”’

The apparent similarity beween patients
with anorexia nervosa and obligatory runners
was investigated by Yates et al.®® Obligatory
runners resemble anorexic individuals in
terms of family background, socioeconomic
class, and personality characteristics such as
inhibited anger, extraordinarily high self-
expectations, tolerance of physical discomfort,
denial of potentially serious disability, and the
tendency toward depression.

McArthur etal” examined amenorrheic
athletes and found that the normal body
composition of the amenorrheic athletes and
the controls suggests that factors other than
body weight or relative fat per se mediate the
alteration of menstrual function. The authors
suggested that an alteration in hypothalamic
control of gonadotropin release that is inde-
pendent of body composition plays a role in
the development of athletic amenorrhea. The
increased LH and simultaneous FSH pulse
following the endorphin inhibitor naloxone
indicate that athletic amenorrhea is at least
influenced by endorphins. The authors con-
cluded that the hypothalamus constitutes the
locus of interference. It was suggested that
stressful stimuli or situations that induce
excesses of the endogenous opiate beta-
endorphin also may induce certain habit
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patterns. The habituation of jogging and long
distance running suggests that stressful path-
ways may be habit forming.

For convenience’s sake secondary amenor-
rhea may be divided into hypergonadotrophic
and hypogonadotrophic types. Two types of
hypergonadotrophic hypogonadism can be
recognized, premature follicular depletion
(premature menopause) and gonadotropin-
resistant ovary syndrome.** Premature folli-
cular depletion may be divided into those that
are chromosomally normal and abnormal,
such as mosaics of 45X or 45,X/46,XY.
Normogonadotrophic patients also may be
found.

After measuring FSH, LH, and prolactin in
the amenorrheic patients, a progesterone
challenge test may be given. In the absence of
elevated levels of prolactin, further evaluation
for a pituitary tumor is usually unnecessary.
Although there are sleep-induced rises in
prolactin and some degree of menstrual
cyclicity of prolactin, a random sampling of
the hormone is sufficient because in hyper-
prolactinemic states, the physiologic varia-
tions are abolished. The classic technique for
determining whether the amenorrhea’s origin
is the central nervous system-ovarian axis or
lower genital tract is to do a challenge test with
progesterone. Patients are either given an
injection of 50 mg of progesterone in oil or 10
mg of oral medroxyprogesterone acetate for
10 consecutive days. If vaginal bleeding occurs
after the administration and withdrawal of
progesterone, adequate estrogenization of the
endometrium has taken place. This eliminates
the possibility of abnormalities of the outflow
tract such as Asherman’s syndrome. Other
processes that may disrupt the endometrium
such as genital tuberculosis may give similar
findings. With failure to bleed, 2.5 mg of
conjugated estrogen may be given daily for 25
days, with the addition of medroxyproges-
terone acetate, 10 mg daily for the last 10 days.
If withdrawal bleeding does not follow this
regimen, there is an abnormality of the lower
genital tract, whereas uterine flow indicates an
abnormality of the ovary or the central ner-
vous system pathways. The amenorrheic
patient’s inability to provide adequate stimu-
lation is then assessed by measuring serum
FSH levels. If the FSH is less than 5 mIU/ml
there is a hypogonadotrophic state; this may

be a hypothalamic or a pituitary dysfunction.
If the FSH is greater than 40 mIU/ml, it is a
hypergonadotrophic state, indicating either
premature ovarian failure or gonadotropin-
resistant ovary syndrome.

Occasionally the diagnosis is not clear.
Because of the lack of reliable therapies, the
routine screening of all oligomenorrheic
patients may not be cost effective. However, in
those who have vasomotor symptoms, or who
want to become pregnant, a normal FSH level
is insufficient to eliminate early ovarian fail-
ure. It has been emphasized by some authors
that repeated determinations around the time
the vasomotor symptoms occur may confirm
the clinically suspected diagnosis of ovarian
failure. The diagnosis of gonadotropin excess
in the younger woman should be followed by
determining a chromosome karyotype. Pa-
tients with 46,XY (Swyer’s syndrome) or 45,X/
46,XY karyotype have been reported to have
pubertal development without virilization.
Prior menstruation does not necessary mean
that Y-chromatin material is absent. When Y-
chromatin material is found, the patient
should have gonadal extirpation because of
the risk of neoplastic transformation. An
ovarian biopsy should be considered in those
with elevated gonadotropins and a 46,XX
karyotype who desire pregnancy. It has been
suggested that this can be done with the
laparoscope. However, we believe an adequate
ovarian biopsy can be accomplished only
by open laparotomy. Such biopsies have not
been valuable in determining response to
ovulation induction in patients with pre-
mature follicular depletion. Many authors
have attempted to induce ovulation in those
with hypergonadotrophic hypogonadism by
using menopausal gonadotropins. Although a
rare pregnancy has been reported, most
authors have failed to show any significant
response.’!

The gonadotropin-resistant ovary syn-
drome is characterized by primary or second-
ary amenorrhea before age 30, a normal
chromosome complement of 46,XX, an in-
creased endogenous production of FSH and
LH, numerous morphologically normal,
unstimulated follicles, and hypersensitivity of
the ovarian follicles to excessive stimulation
with exogenous gonadotropin.* In a series of
such patients, the average age of onset was 14.



There was evidence of hypoestrogenization as
shown by atrophic vaginal changes. The serum
concentrations of estradiol were low. The
biopsy findings in patients with gonadotro-
pin-resistant ovary syndrome indicate an
arrest following the early development of
primordial follicles. Occasional antral for-
mation appears here and in Kallman’s syn-
drome (anosmic hypogonadotrophic hypo-
gonadism). In Kallman’s syndrome, FSH is
biologically active as determined by bioassay,
and there appears to be no genetic basis for
the syndrome. The clinical presentation im-
plies an acquired disease in the gonadotropin
receptor. Although prolactin has been
thought to exert an antigonadotropin action,
elevated levels of prolactin have not been
found in these patients.

Sporadic ovulatory cycles have been re-
ported in women with gonadotropin-resistant
ovary syndrome after a variety of treatments,
which include wedge resection of the ovaries,
dexamethasone suppression, and estrogen
substitution therapy. Pregnancies occurred in
two cases. The substitution of low dose estro-
gen is based on the hypothesis that it is
capable of inducing FSH receptors in follicles.
Whether the estrogen concentration achieved
with replacement therapy is capable of induc-
ing FSH receptors has not been verified. Other
possible explanations of the beneficial effects
of estrogen therapy on follicle stimulation
include avoidance of down regulation after
continuous exposure to high concentrations
of gonadotropin and an increase in the
biologic-immunologic ratio of endogenous
gonadotropins.*

Retrospective reports of pregnancy follow-
ing estrogen therapy leave many questions
regarding its efficacy. Nonetheless, estrogen
and progestin therapy is indicated to prevent
metabolic changes resulting from estrogen
deficiency. Estrogen replacement therapy has
been strongly recommended in patients with
ovarian failure of all etiologies.***’

Nearly 10% of patients with premature
ovarian failure have a mother or grandmother
who had a similar problem.*® This random
positive family history indicates that pre-
mature oocyte depletion may be an inherited
disorder. Family histories of patients with
premature ovarian failure have suggested
either an autosomal recessive or dominant
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inheritance. In several families, ovarian failure
and neurocentric deafness have been reported,
whereas in others apparently unique ovarian
failure was associated with specific patterns of
somatic abnormalities. In cases of inherited
somatic anomalies associated with premature
follicular depletion, a genetic etiology appears
to be present.*® An antibody to the cytoplasm
of the ovum has been identified in serum, but
its specificity has not been confirmed.*

The mere presence of ovarian IgG anti-
bodies is not sufficient to implicate them as the
cause of follicular depletion. Humoral anti-
bodies generally are not cytotoxic. Another
possible immunologic cause for ovarian fail-
ure is a functional LH agonist and LH recep-
tor antagonist in serum from patients with
premature ovarian failure syndrome.® It is
hypothesized that excessive stimulation of
ovarian follicles may lead to premature fol-
licular depletion.

Other causes for premature ovarian failure
include gonadal irradiation. Between 1500
and 3500 rads have been associated with
amenorrhea. Chemotherapeutic agents also
have been implicated in ovarian failure, but
these results may be transient. Normal ovarian
function may return as late as 2 years follow-
ing drug exposure.

Infection also may be implicated in second-
ary amenorrhea. Approximately 5% of female
patients who have mumps have gonadal
involvement.”® Systemic diseases such as
mucopolysaccharidosis and galactosemia have
been implicated. Pelvic inflammatory disease
sufficient to cause chronic oophoritis results in
menstrual dysfunction.

Asherman’s syndrome is amenorrhea that
results from the destruction of the endo-
metrium following trauma. Although the
condition usually occurs after an overzealous
postpartum curettage, it may happen at other
times. A typical pattern shows multiple intra-
uterine synechiae by hysterosalpingogram or
hysteroscopy. Similar findings may be seen
tollowing endometrial tuberculosis, although
this is rare in the United States. In recent years,
the syndrome may occur following infection
related to the intrauterine device. Asherman’s
syndrome is treated with dilatation and curet-
tage (D&C) to disrupt the adhesions. There
currently are advocates of the hysteroscope
who claim that direct lysis may give better
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results. In any event, the adhesions should be
disrupted and some device inserted to prevent
the opposing uterine walls from readhering.
This may be done with a Foley catheter, an
intrauterine device, or with a prosthesis con-
structed for such a purpose. In addition to
mechanical lysis and the interposition of a
prosthesis, the patient should be given high
dose estrogens until some degree of endo-
metrial sloughing occurs.

In all cases of secondary amenorrhea, the
possibility of a prolactin-secreting pituitary
adenoma exists. The prolactin-secreting aden-
oma is the most common of the pituitary
tumors responsible for amenorrhea. Tumors
less than 1 cm are microadenomas. The older
classification of basophilic, acidophilic, and
chromophobe adenomas is no longer useful.
There is no demonstrated relationship be-
tween such adenomas and the use of estrogens
or oral contraceptives. Computed tomo-
graphy (CT) will reveal a pituitary adenoma in
approximately one-third of patients with
amenorrhea and galactorrhea. The amenor-
rhea associated with elevated prolactin levels
appears to be the result of prolactin inhibition
of the pulsatile secretion of GnRH. The
pituitary glands in these patients respond to
GnRH administration, indicating that the
mechanism of amenorrhea is a decrease in
GnRH secretion.*

Therefore, all patients with secondary
amenorrhea—not just those with galactor-
rhea—should be screened by a serum pro-
lactin level.*® Patients with prolactin elevations
should be followed with studies to visualize the
pituitary. Polytomography may be used, al-
though it is no longer efficient because it
exposes the patient to high levels of radiation
and is only 60% accurate. A coned-down view
of the sella turcica may be used in the absence
of more sophisticated methods that visualize
the sella turcica. Enhanced CT is the most
accurate and currently the most commonly
accepted method for visualizing the pituitary.
One should suspect a tumor in any patient
who has a prolactin level above 40 ng/ml and
be highly suspicious when the level is above
100 ng/ml.

A variety of tests are available to evaluate
pituitary function when a pituitary adenoma
has been found by CT and when there is a
significant elevation of prolactin. These in-
clude the GnRH stimulation test, TRH stimu-

lation test, and insulin tolerance test which
measures response of prolactin, growth hor-
mone, and cortisol. However, such tests rarely
yield additional useful information, although
there is some evidence that TRH stimulation
or the growth hormone response to insulin-
induced hypoglycemia may give some indica-
tion of pituitary reserve.*'

The increased ability to detect pituitary
tumor is accompanied by an improvement in
surgical technique and better performance of
transphenoidal resection. The ideal time for
excision is when the adenoma is small, making
an early diagnosis imperative. The trans-
phenoidal approach results in complete reso-
lution of hyperprolactinemia and resumption
of cyclic menstrual periods in approximately
40% of patients with macroadenomas and 80-
90% of those with microadenomas. Surgical
failure may be the result of incomplete resec-
tion, multiple focal origins of the tumor, and
continuing abnormality of the hypothalamus,
which gives rise to chronic stimulation of the
galactotroph. Radiation results are not as
good as those of surgery because response is
slow and hypopituitarism may occur as long
as 10 years after therapy.

Bromocriptine is a pharmacologically avail-
able dopamine agonist that is being used
more frequently in treating hyperprolactine-
mia of unknown cause and in the treatment of
prolactin-producing pituitary adenomas. It is
marketed as a 2.5-mg tablet. Absorption is
rapid, but side effects such as vomiting may
occur, the result of a central rather than local
effect. The usual dosage is 2.5 mg, two or three
times daily. Higher doses may be used as
necessary. In many clinical trials, 80% of
patients with amenorrhea and galactorrhea
associated with hyperprolactinemia had
normal restoration of menstruation.*” The
average treatment time to initiate a menstrual
period is less than 6 weeks. An increasingly
recognized problem with using Parlodel to
treat an adenoma is the recurrence of symp-
toms and regrowth of tumor after the
medication is discontinued. In one study,
amenorrhea recurred in 41% of patients within
4 weeks after stopping treatment, and ap-
proximately 70% recurred within 6 weeks.
Approximately 5% terminate treatment be-
cause of side effects.*?

Bromocriptine has been increasingly used as
premedication prior to resection of a pituitary



adenoma. It is expected that pretreatment will
cause the tumor size to regress and become
more circumscribed, making it easier to re-
move.

Irregular vaginal bleeding may be con-
trolled by oral contraceptives. With irregular
bleeding, it is best to use preparations con-
taining 35 pg of estrogen. This may be
increased to 50 pg if the original dose is
ineffective. Although this amount of estrogen
in oral contraceptives used for birth control is
not advocated initially, it is quite proper when
treating irregular uterine bleeding. The pre-
parations with higher estrogen content are
particularly recommended to control bleeding
in adolescent patients. Failure to control
hypermenorrhea with cyclic estrogen-proges-
tin therapy suggests the possibility of an
anatomic cause such as a myoma, polyp, or
bleeding diathesis.

In anovulatory bleeding, it is feasible to
substitute only the missing progestin. Prog-
esterone or progestins are antiestrogenic when
given in pharmacologic doses.** Progesterone
induces an enzyme (17-hydroxysteroid dehy-
drogenase) that in endometrial cells converts
estradiol to estrone. Progestins also diminish
the estrogen effect on target cells by inhibiting
augmentaiton of estrogen cytosol receptors
that ordinarily modulate estrogen action.
These influences account for the antimitotic,
antigrowth impact of progestins on the endo-
metrium. In the treatment of oligomenorrhea,
withdrawal flow can be initiated by a proges-
tational agent such as medroxyprogesterone,
10 mg daily for 10 days a month. If this
regimen fails to induce bleeding, further
evaluation is necessary. In the treatment of
menometrorrhagia or polymenorrhea, pro-
gestins are prescribed for 10 to 14 days to
induce stromal stability, which is followed by a
withdrawal flow.

With an acute anovulatory bleeding epi-
sode, the bleeding may be controlled with a
35-ug estrogen progestin oral contraceptive.
Therapy consists of one pill four times daily
for 1 to 5 days. If this does not stop the flow,
causes other than anovulatory cycling must be
ruled out, including myomata, polyps, and
complications of pregnancy such as incom-
plete abortion or ectopic pregnancy. If the
flow diminishes significantly or abates pre-
dictably, the oral contraceptive should be
continued once a day for the remainder of the
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21-pill package, after which withdrawal flow
will occur. The patient should be warned to
anticipate a flow after therapy, and may
continue on oral contraceptives if she desires
contraception. Otherwise, the cyclic use of
progestins for 10 days a month may be used to
induce withdrawal flow.

Intermittent vaginal bleeding frequently is
associated with low circulating estrogen levels
which result in breakthrough bleeding. Under
this circumstance, progestins do not control
the bleeding. This is common in the ado-
lescent patient in whom there has been
prolonged anovulation leading to persistent
desquamation, leaving little residual endo-
metrial tissue. Estrogen therapy must be given
prior to progestin. In acute and heavy bleed-
ing, up to three doses ot intravenous con-
jugated estrogen, 25 mg, may be given every 4
hours until bleeding stops.* After bleeding
has stopped, a progestin must be substituted.
In cases where the bleeding is less dramatic,
estrogen-containing oral contraceptives or
oral conjugated estrogens may be given. All
estrogen therapy, however, must be followed
by progestin.

One frequently encounters irregular bleed-
ing secondary to the previous administration
of Depo-medroxyprogesterone that had been
taken to control the bleeding or as a contra-
ceptive. Irregular bleeding occurs in 25% of
those who take this medication. Cyclic estro-
gen in the form of conjugated estrogen, 2.5
mg daily for 7 days during the cycle, should
control this bleeding.

Antiprostaglandins act upon the endo-
metrial vasculature. The concentrations of
PGE and PGF,, increase progressively in the
endometrium during the menstrual cycle. The
prostaglandin synthetase inhibitors decrease
menstrual blood loss.*® This may result from
altering the balance between the platelet pro-
aggregating vasoconstrictor thromboxane
and the antiaggregating vasodilator prostacy-
clin. Whatever the exact mechanism, prosta-
glandin inhibitors diminish menstrual bleed-
ing in normal women as well as the bleeding
of chronic endometritis secondary to IUDs.

Failure to respond to medical therapy usu-
ally occurs when progestins are used to control
bleeding in patients with a hypoestrogenic or
desquamated endometrium. Curettage is the
last line of defense in anovulatory irregular
bleeding in the adolescent patient and rarely
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necessary, except in the patient with a known
bleeding diathesis. Under these circumstances,
bleeding should be controlled immediately by
D&C, after which appropriate medical therapy
should begin. If bleeding persists, one must
suspect an anatomic abnormality not seen
during the D&C. Further diagnostic evalua-
tion such as hysterosalpingography or hyster-
oscopy should be considered.

The long-term prognosis for adolescents
with irregular bleeding can be described as
guarded at best. About 5% continue to have
severe episodes of anovulatory bleeding and
merit endocrinologic evaluation. The impor-
tance of continued follow-up is illustrated by a
60% rate of continued bleeding 2 years after its
onset. Persistent problems are evident in 50%
of patients after 4 years, and in 30% after 10
years.*” Except in cases of blood dyscrasia,
patients who had normal menses prior to
irregular bleeding have a more favorable
prognosis.*’

Pelvic Pain in the Adolescent

The diagnosis of pelvic pain in the adolescent
frequently is a clinical dilemma, and requires
6 or more months of persistent lower ab-
dominal pain.*® The problem often results in
multiple visits to the physician’s office by
distraught parents attempting to find the
cause of the pain. At the same time, the
adolescent may use chronic pelvic pain as a
way to attract attention, which makes it im-
portant that the physician assess interactions
between the patient and her parents and
siblings that could contribute to a psychologic
cause.

The initial evaluation of pelvic pain requires
a thorough history and physical examination.
The history should include specific infor-
mation regarding any gastrointestinal prob-
lems such as spastic colon or regional enteritis.
When evaluating the genitourinary system, the
clinician should look for evidence of recurring
cystitis or gynecologic disorders such as
persistent vaginal discharge, which may lead
to upper and lower reproductive tract infec-
tions. The patient should be asked about
dysmenorrhea during the history. Abnormal
uterine bleeding is important in the overall
assessment of pelvic pain because the dis-
comfort may be secondary to heavy vaginal

bleeding with clots. In addition, endomyo-
metritis can be associated with pelvic pain and
abnormal uterine bleeding. The pattern of
pubertal development and problems associ-
ated with obstruction to the outflow tract,
which may result in pelvic pain, also must be
determined. Childhood diseases rarely cause
pelvic pain; however, any infection such as
mumps oophoritis also must be related in the
history.?® Table 6-1 list the differential diag-
nosis that should be included in pelvic pain
assessment.

A general physical examination must be
done. A pelvic examination should be done to
determine if the pelvic area is tender or if there
are any masses. A rectovaginal examination
also is helpful if endometriosis is suspected;
nodular areas along the uterosacral ligaments
and cul-de-sac regions or cul-de-sac masses as
with abscess formation may be discovered.
The essential aspects of pelvic pain assessment
are presented in Table 6-2.

The necessary laboratory tests are deter-
mined by the symptoms and pelvic findings. It
may be necessary to radiologically assess the
gastrointestinal (GI) tract, i.e., upper GI, small

Table 6-1. Causes of Acute and Chronic
Abdominal Pain in the Adolescent.

Hematometra

Intussusception

Peritonitis

Perforation of a viscus

Urinary calculus

Hematosalpinx

Pelvic inflammatory disease

Imperforate hymen

Vaginal septum

Blind pouch of the vagina with hematometra and
hematocolpos

Ectopic pregnancy

Chronic pancreatitis

Regional enteritis

Meckel’s diverticulum with abscess

Ulcerative colitis

Constipation

Urinary tract infection

Porphyria

Sickle cell anemia

Mesenteric lymphadenitis

Hydronephrosis

Liver cysts (oral-contraceptive related)

Bowel obstructions

Splenomegaly

Neuroblastoma

Urachal cysts




Table 6-2. Pelvic Pain Assessment in the
Adolescent.

1. Rule out any significant pelvic pathology.

2. Perform a careful pelvic examination, including a recto-
vaginal exam.

3. Emphasize the importance of a thorough history.

bowel follow-through, and a barium enema
and gallbladder series if the pelvic pain is
associated with specific GI symptoms. In
addition, sigmoidoscopy may be indicated if
there is evidence of lower GI tract symptoms
such as hematochezia.

Diagnostic laparoscopy is an integral part of
the assessment of pelvic pain in this age
group. Goldstein et al*” used laparoscopy to
examine 109 adolescent girls between 10.5
and 19 who had unexplained chronic pelvic
pain. Forty-nine patients (45%) had endo-
metriosis, the most common finding, while 17
(16%) had postoperative adhesions, and 10
(9%) had congenital anomalies of the uterus.
Moreover, pelvic inflammatory disease with
adnexal adhesions was found in 9%, chronic
hemoperitoneum in 5%, functional ovarian
cysts in 5%, and uterine-related abnormalities
in 2%. No pelvic abnormality was found in ten
patients(9%).

The psychiatric aspects of chronic pelvic
pain have been evaluated by Gross et al,” in a
multidisciplinary study of 25 gynecologic
patients. While each patient had a normal
pelvic examination, a psychiatric assessment
found the most frequent diagnosis was ‘‘sig-
nificant pathology with boderline syndrome,
and hysterical character disorder.” A signi-
ficant incidence of early childhood family
dysfunction and incest also was noted. Psycho-
logic testing corroborated the high incidence
of psychopathology. Differences between
organic and psychogenic functional pelvic
pain have been found.*® Organic pain fre-
quently is sharp, crampy, waking the patient at
night, and has intermittent radiation, whereas
psychogenic pain is usually absent during
sleep. Some authors suggest that women with
chronic pelvic pain are psychiatrically dis-
turbed. The onset of pelvic pain can be linked
to a stressful event or life crisis.

Treatment of chronic pelvic pain often
involves reassuring the patient that there is no
pelvic pathology. The adolescent must be

6. Gynecologic Problems of Adolescence 73

apprised of the role of stress in her pain, and
she must be allowed to freely express her anger
and frustration.

Acute abdominal pain in the adolescent can
have any one of a number of etiologies (Table
6-1). Particular attention should be paid to
signs of acute appendicitis and torsion of an
adnexa, more commonly found on the right
side. Mittelschmerz also must be considered in
the differential diagnosis; this is typically
characterized by midcycle acute abdominal
pain. The pain associated with mittelschmerz
is ephemeral and associated with leakage of
fluid from the ovary around the time of
ovulation, resulting in peritoneal irritation. A
ruptured corpus luteum also is seen in this age
group; these patients present with acute ab-
dominal pain and evidence of intraabdominal
hemorrhage. Dysmenorrhea, either primary
or secondary, also must be considered. These
problems are discussed in Chapter 13. Acute

Table 6-3. Center for Disease Control Criteria for
Toxic Shock Syndrome.

1. Fever (temperature > 38.9° C[102° F}])

2. Rash (diffuse macular erythroderma)

3. Desquamation, 1 to 2 weeks after onset of illness,
particularly of palms and soles

4. Hypotension (systolic blood pressure < 90 mmHg for
adults, or < 5th percentile by age for children < 16 years
of age, or orthostatic syncope)

5. Involvement of three or more of the following organ
systems:

A. Gastrointestinal (vomiting or diarrhea at onset of
iliness)

B. Muscular (severe myalgia or creatine phosphokinase
level > 2 X ULN®)

C. Mucous membrane (vaginal, oropharyngeal, or
conjunctival hyperemia)

D. Renal (BUNP or CR® > 2 X ULN or > 5 white blood
cells per high-power field—in the absence of a urinary
tract infection)

E. Hepatic (total bilirubin, SGOT,® or SGPT® > 2 X
ULN)

F. Hematologic platelets < 100,000/mm?3

G. Central nervous system (disorientation or alterations in
consciousness without focal neurologic signs when
fever and hypotension are absent)

6. Negative results on the following tests, if obtained:

A. Blood, throat, or cerebrospinal fluid cultures

B. Serologic tests for Rocky Mountain spotted fever,
leptospirosis, or measles

aTwice upper limits of normal for laboratory.
bBlood urea nitrogen level.
CCreatinin level.

Serum glutamic oxaloacetic transaminase level.
€Serum glutamic pyruvic transaminase level.
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abdominal pain as a result of cystitis is
common in the child or adolescent and can be
associated with trauma to the urethra, in-
cluding contusion to the urethral meatus,
which provides a pathway for bacteria to enter
the bladder and produce cystitis. Infection of
the reproductive organs also must be con-
sidered when assessing the adolescent patient
with abdominal pain. The presentation and
clinical course of infectious problems in the
reproductive organs is addressed in Chapter
17.

Establishing the diagnosis of acute pelvic
inflammatory disease (PID) in the adolescent
may require a diagnostic laparoscopy. Klein-
haus et al®' diagnosed acute PID in 28 of 50
patients. Preoperative diagnosis was correct in
15 of 32 patients. The label “chronic PID”
frequently is misleading and should not be
determined solely by physical examination.

Toxic shock syndrome also must be con-
sidered in the differential diagnosis of ab-
dominal pain. This often is associated with
other signs and symptoms, as noted in Table
6-3.

Endometriosis

Endometriosis is a condition in which endo-
metrial tissue occurs aberrantly, implanting or
infiltrating various locations throughout the
pelvis. One of the first recorded cases is
mentioned in the Egyptian papyrus of 1600
B.C.»2

Although wusually confined to the pelvis,
endometriosis reportedly has been found in
the bladder,*® pleura,® subarachnoid space
and muscles,”® and even in the lungs.’® It
should be considered when an adolescent
female presents with pelvic pain. Goldstein
etal” reported a 47% incidence of endo-
metriosis in adolescent patients (10.5-19.25
years of age) evaluated for both cyclic and
acyclic chronic pelvic pain. They noted the
onset of pain occurred, on the average, 2.9
years after menarche. Chatman and Ward®
prospectively evaluated 43 consecutive laparo-
scopies done on black adolescents and found a
65% incidence of endometriosis.

Symptoms associated with endometriosis
include irregular menses, gastrointestinal and
bladder problems, and increased vaginal dis-
charge. The most common finding on pelvic

examination is cul-de-sac tenderness with or
without nodularity. Seventeen percent in the
series of Goldstein etal had normal pelvic
exams.”” The endometrial implants are not
always the typical brownish “powder burn”
type, but may appear to be hemorrhagic
areas; thus 20% of the lesions were not recog-
nized grossly as typical, but were confirmed
histologically.’’

Although laparoscopy is the way to diag-
nose endometriosis, it is not without its
dangers, i.e., a death rate of one in 44,000°°
and the risk of major complications in 5.4 of
every 1000 procedures.®

Gastrointestinal, uterine, and genitourinary
tract anomalies have been noted in adoles-
cents with endometriosis.®’ An ovarian cyst
(endometrioma) may present as an abdominal
mass in adolescents with endometriosis.®? This
possibility must be considered in evaluating
even the premenarchal adolescent. An im-
perforate hymen or vaginal septum, with
subsequent accumulation of hematocolpos,
hematometra, and endometriosis can cause a
subsequent endometrioma. The experience at
the University of Louisville with endometriosis
associated with a uterine anomaly may repre-
sent a different teleologic entity than endo-
metriosis associated with infertility because
complete remission of the condition occurred
when the uterine-vaginal defect is corrected.

A 12-year-old white female admitted to Kosair-
Children’s Hospital, Louisville, Kentucky, on
December 12, 1978, had menarche when she was
10. A second menstrual flow occurred 1 month
later. Both menses were characterized by 3 days of
vaginal spotting. The last flow was followed by the
sudden onset of right lower quadrant pain. A little
more than 2 weeks later she was admitted for
evaluation.

Findings on physical examination included an
abdomen without palpable masses; tenderness in
the right lower quadrant, but with no rebound; a
midline mass consistent with a uterus and a mass
involving the right adnexa revealed by rectal exam;
a vaginal transverse band immediately adjacent to a
nulliparous-appearing cervix; and a fixed and
retroverted uterus.

Laboratory data included an intravenous pyelo-
gram and barium enema, both of which were
normal. On December 18, 1978, the patient under
anesthesia underwent vaginoscopy, laparoscopy,
and colpotomy, with the. creation of a vaginal
window into an apparent hematocolpos. At that
time, vaginoscopy revealed a second cervix within



the blind pouch of the vagina. Diagnostic laparo-
scopy revealed extensive unilateral (right) endo-
metriosis. The vaginal window subsequently closed,
and 4 months later the patient again presented with
acute abdominal pain of a cyclic nature. She was
readmitted for a second vaginal window. Sub-
sequent dilatation of the vaginal window was done
in an effort to prevent closure. The vaginal window,
however, closed again, and the patient underwent
an exploratory laparotomy on March 10, 1980,
during which a right uterine horn, cervix, fallopian
tube, and ovary were removed and a vaginal cuff
created for drainage. At that time the endometriosis
was completely gone. The pathology report re-
vealed a right rudimentary horn consistent with a
didelphic uterus with endocervicitis, endometritis,
and acute adnexal inflammation. No evidence of
endometriosis was found. The patient did well as
noted at a postoperative follow-up 1 year later.

Uterine anomalies frequently are associated
with renal agenesis on the affected side.”
Endometriosis frequently is a chronic process
that begins at menarche and may be enhanced
by mechanical obstruction (imperforate vag-
inal septum or congenital atresia of the
cervix).”” Fallon hypothesized that endome-
triosis tends to develop after 5 or more years of
continued menses without pregnancy.®

Etiology of Endometriosis

First described as a specific disease in 1860 by
von Rokitansky,* the etiology of endome-
triosis even today is not clearly defined.
Sampson®® hypothesized that retrograde
menstruation was a cause. However, this
theory was challenged by Novak,*” who be-
lieved that menstrual discharge is necrotic,
autolyzed, and incapable of regeneration.
Markee®® evaluated the ability of aberrant
endometrium to proliferate by demonstrating
the development of endometrial tissue in the
anterior chamber of the eye. TeLinde and
Scott® gave Sampson’s theory further support
when they successtully diverted uterine men-
strual efflux into the peritoneal cavity.
However, Heim’®"' and Hartman’ were
unable to produce endometriosis from endo-
metrial cells placed in the peritoneal cavity of
humans and monkeys. Other theories on the
etiology of endometriosis include “‘imitational
metaplasia,” i.e., transplanted endometrial
cells stimulate metaplasia in tissues derived
from coelomic mesenchyme;®’* and Meyer’s
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hypothesis that totipotential mesothelium
stimulated by recurring menstrual insults
undergoes metaplasia into functional endo-
metrium. Table 6-4 provides further informa-
tion regarding endometriosis in adolescents.

Pattern of Inheritance of Endometriosis—
Genetic Aspects

Simpson et al’’ postulated a polygeneic/
multifactorial pattern of inheritance with a
6.9% recurrence risk for first-degree relatives.
Seventy-six percent of 113 patients (18-65
years old) had histologically diagnosed endo-
metriosis. Menorrhagia may be a predisposing
factor to endometriosis,”? in that clots enhance
retrograde menstruation. Fifty-seven percent
had associated dysmenorrhea, 26% dyspare-
unia, and 30% metrorrhagia. Oral contra-
ceptives are thought to provide prophylaxis
against endometriosis.®

Normal estrogen levels are reported in
patients with endometriosis.”® Selensky and
Liu®? hypothesized that endometriosis may be
caused by an increased sensitivity to estro-
gens.

Who Should Be Evaluated?

Not everyone with dysmenorrhea needs to be
evaluated for endometriosis. Patients who
should undergo evaluation are those pre-
senting with uterosacral nodularity and pro-
gressive dysmenorrhea that does not yield to
the standard methods of treatment—non-
steroidal, antiinflammatory agents (NSAID),
prostaglandin synthetase inhibitors, or ovula-
tion suppressive agents (oral contraceptives).
The latter treatment has an 80% subjective
response rate.” Androgens also have been
prescribed for endometriosis.* Pregnancy is
an effective therapy,” but the effects are not
predictable, as symptoms of endometriosis
increase in the first trimester and decrease
during the third trimester.”® Meigs” has said
that pregnancy at an early age is a prophylactic
measure in preventing endometriosis.

TeLinde®” has recommended that younger
patients have surgery early in the course of
their disease so that future fertility can be
preserved.
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Table 6-4. Endometriosis in Adolescents.

Author(s)

Findings

Schifrin et al”®

Fallon®3

Derryberry and Bonney””

Bullock et al’®

Meigs’®
Hanton et al®

Hanton et al8’
Moore et al®2

Bruser®®

Depp and Pope®*

TeLinde®

Sutton®

Sutton®”

McDonald®®
Mittal et al®®

King®®

Fifteen cases of endometriosis in patients 12 to 20 years
old and presenting with epigastric pain, lower quad-
rant abdominal pain, or dysmenorrhea. There was an
associated increased incidence of Gl and GU anom-
alies.

Four percent of teenage females (nine of 225) had
endometriosis. Four of the 9 had endometriosis at the
time of preoperative diagnosis of acute appendici-
tis.

Endometrioma in a 15-year-old black with a normal
vagina and introitus, and a stenotic cervical isth-
mus.

Symptomatic endometriosis in teenagers. Wilford Hall,
USAF Medical Center, four cases, 17 to 19 years
old.

Endometrial cysts in 13- to 19-year-old adolescents.

Sixty-eight young patients (63 had menarche 5 to 10
years before the diagnosis, and 6 had congenital
obstruction to menstrual flow) in a 30-year review of
cases at the Mayo Clinic.

Case report of endometriosis associated with complete
or partial obstruction of menstrual egress.

Seven of 127 patients with ovarian masses had endo-
metriosis; age range, birth to 17.

Appendectomy with inability to relieve symptoms.
Twelve patients, 19 to 31 years old. Subsequently
each was found to have endometriosis.

Of 233 patients between ages 10 and 19, 2.3% had
endometriosis.

Of 8789 pelvic laparotomies, 1.2% had microscropi-
cally diagnosed endometriosis within 10 years of
menarche.

A 14-year-old with imperforate hymen, hematocolpos,
hematometra (bilateral hematosalpinges), and peri-
toneal implants.

Etiologic factors in endometriosis—case of reflux men-
struation with a bicornuate uterus. Intensely dis-
tended left horn.

Endometriosis associated with didelphic uterus.

Endometriosis of the appendix, presenting as acute
appendicitis. Patients were 14 to 62 years old. Forty
percent (20 of 50) incidence of Gl tract involvement
with endometriosis.

Metastatic endometriosis in abdominal scars of a 17-
year-old female. Pain and tenderness in the right
lower abdominal quadrant with a preoperative diag-
nosis of acute appendicitis.




Table 6-5. Prostaglandins and Endometriosis.

Authors Findings

Endometriosis associated with in-
creased prostaglandin content.
Increased peritoneal fluid prosta-

glandin Fyq.

Increased peritoneal fluid prosta-
glandin F,, rabbit.

Increased peritoneal fluid volume
and increased prostaglandin
metabolites (thromboxane By, 6-
ketoprostacyclin Fg).

Peritoneal fluid revealed wide varia-
tion of prostaglandin E, and Fp,
metabolites. No correlation be-
tween the stage of endometriosis
and the concentration of prosta-
glandin E, or 13,14-dihydro-15-
keto-PGF,, (PGFM). No correla-
tion between the concentration of
PGE, and PGF,, metabolites dur-
ing different parts of the cycle.

Increased macrophages in the peri-
toneal fluid and increased peri-
toneal fluid volume with endome-
triosis.

Willman et al%
Meldrum et al®
Schenken et al'%?

Drake et al®?

Badawy et al'%®

Haney et al104

Endometriosis and Prostaglandins

There may be a correlation between endo-
metriosis and an alteration of prostaglandin
secretion and metabolism. It is undetermined,
however, whether the effect of endometriosis
on prostaglandin function is related to either
the etiology or the mechanism of action of
endometriosis in both the adolescent and
adult patient. Further information regarding
prostaglandins and endometriosis is presented
in Table 6-5.

Modalities of Treatment

Danazol (isoxazol derivative of ethinyltestos-
terone) is an effective treatment for endo-
metriosis. In a series of 39 patients with
laparoscopic biopsy-proven endometriosis,
treatment with 800 mg danazol for an average
of 6 months resulted in a marked decrease of
endometriosis: 59% showed no evidence of the
disease.'”® Twenty-six percent had peritoneal
adhesions and hemosiderin deposits but no
active endometriosis. Residual endometriosis
was noted in 15%. Severe endometriosis may
require up to 18 months of therapy. Dmowski
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Table 6-6. Classification of Pelvic Endometriosis
by Acosta et all%?

Classification Characteristics

Mild Scattered, fresh lesions (i.e., implants not
associated with scarring or retraction of
the peritoneum) in the anterior or poster-
jor cul-de-sac or pelvic peritoneum. Rare
surface implant on ovary, with no endo-
metrioma, without surface scarring and
retraction, and without periovarian adhe-
sions. No peritubular adhesions.

Endometriosis involving one or both ovar-
ies, with several surface lesions, with
scarring and retraction, or small endo-
metriomas. Minimal perivoarian adhe-
sions associated with ovarian lesions.
Minimal peritubular adhesions associ-
ated with ovarian lesions. Superficial
implants in anterior and/or posterior cul-
de-sac with scarring and retraction;
some adhesions, but no sigmoid inva-
sion.

Endometriosis involving one or both ovaries
(usually both) with endometrioma > 2 X
2 cm. One or both ovaries bound by
adhesions associated with endometrio-
sis, with or without tubal adhesions to
ovaries. One or both tubes bound or
obstructed by endometriosis; associated
adhesions or lesions. Obliteration of the
cul-de-sac from adhesions or lesions
associated with endometriosis. Thicken-
ing of the uterosacral ligaments and cul-
de-sac lesions from invasive endome-
triosis with obliteration of the cul-de-sac.
Significant bowel or urinary tract involve-
ment.

Moderate

Severe

and Cohen recommend danazol doses of 800
mg daily for 3 to 18 months, depending upon
the degree of disease.'*

Endometriosis has been classified according
to Acosta et al'”’ (Table 6-6), as well as by the
American Fertility Society'®” (see Table 6-7).

Danazol appears to be the treatment of
choice for endometriosis. Its effects are pre-
sented in Table 6-8.

Conclusion

Abnormal vaginal bleeding may begin at
menarche. Under such circumstances, coag-
ulopathy should be strongly considered. If
menstruation occurs at irregular intervals and
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Table 6-7. American Fertility Society Classification of Endometriosis.!%8

Location Characteristics
Peritoneum
Endometriosis <1cm 1-3 cm >3cm
1 2 3
Adhesions Filmy Dense with partial cul-de-sac Dense with complete cul-de-sac
obliteration obliteration
1 2 3
Ovary
Endometriosis <1cm 1-3 cm > 3 cm or ruptured endometrioma
R 2 4 6
L 2 4 6
Adhesions Filmy Dense with partial ovarian Dense with complete ovarian
enclosure enclosure
R 2 4 6
L 2 4 6
Tube
Endometriosis <1cm >1cm Tubal occlusion
R 2 4 6
L 2 4 6
Adhesions Filmy Dense with tubal distortion Dense with tubal enclosure
R 2 4 6
L 2 4 6

Stage |, mild (1-5); Stage Il, moderate (6-15); Stage llI, severe (16-30); Stage IV, extensive (31-54).
Reproduced with permission of the American Fertility Society.

is characterized by heavy flow, hormonal
therapy frequently alleviates the problem.

When faced with the clinical problem of

pelvic pain in the teenager, one should use a
systematic differential diagnosis with special
attention to the possibility of endometriosis.
With prompt diagnosis and medical manage-
ment the adolescent should no longer fear
menstruation and should function normally
throughout the menstrual cycle.
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Table 6-8. Effects of Danazol.
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Sex steroids
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Sex steroid receptors
Androgen @3
Progesterone '
Estrogen 4= Or no significant
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Dosage
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Androgens in the Adolescent

Adolescence is a time of unrest. Body image
and peer interaction are critical to the evolving
personality. In a society where the media is
constantly promoting certain physical attrib-
utes, the adolescent is pressured to look
perfect. Obesity, hirsutism, and acne can
thwart what is often an unobtainable goal. It
therefore behooves all health professionals
who treat adolescents to understand abnormal
androgen dynamics as found in patients with
polycystic ovarian syndrome (PCOS). Inter-
vention may prevent major health problems
and can contribute to psychological well-
being.

Definition of Terms

Polycystic ovaries are a sign, not a diagnosis.
They may be found in association with a
number of endocrinopathies. Polycystic ovary
syndrome has great biochemical and clinical
variability. Anovulation, infertility, hirsutism,
obesity, and bilateral polycystic ovaries are
associated with a number of endocrine dis-
orders that include hyperthecosis, androgen-
secreting tumors, Cushing’s syndrome, hypo-
thyroidism, chronic anovulation with hyper-
prolactinemia, congenital adrenal hyperplas-
ia, and certain CNS tumors. As described by
Merrill," polycystic ovaries are a normal find-
ing in the evolution of a mature hypothala-
mic-pituitary-gonadal axis.

Because antral follicles are formed, the
small prepubertal ovary is normally polycystic.
However, ovulation does not occur because of

Robert Wild

inadequate stimulation of the component
cellular elements of the ovarian follicle.? A
similar pattern is found in the ovaries of some
girls and young women who have functional
or hypothalamic amenorrhea when there is
incomplete follicular maturation and ovula-
tion as a result of inadequate and/or inappro-
priate gonadotropin stimulation. As a result
of inadequate luteinizing hormone (LH) stim-
ulation, these polycystic ovaries are not an-
drogen producing.

For purposes of this discussion of the dy-
namics of androgens, we will define PCOS as a
nontumorous, dysfunctional condition of the
ovary in which there is LH-dependent hyper-
secretion of androgens from the hyperplastic
theca and stromal cells.

The Polycystic Ovary Syndrome (PCOS)

Menstrual disorders associated with hirsutism,
acne, or obesity indicate the likelihood of
polcystic ovarian syndrome.** The case histor-
ies of many patients with PCOS indicate its
onset in adolescence.” Several cases of PCOS
have been diagnosed within the perimenarchal
period.®” When systematically evaluated in the
adolescent its prevalence is surprisingly high,
not only in patients with menstrual disorders,
acne, or obesity, but also in some who show
no symptoms or signs of hyperandrogen-
emia.*® PCOS now is considered to consist of
a spectrum of disorders characterized by func-
tional ovarian hyperandrogenism:' in the
more severe cases patients tend to have ana-
tomically large polycystic ovaries,'' or hyper-
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Figure 7-1. Proposed mechanism for the perimenarchal
onset of polycystic ovarian syndrome. Reproduced with
permission from James VHT: Functional aberrations of
the hypothalamic-pituitary system in polycystic ovary

thecosis;'? in milder cases no histologic ab-

normality is found."

Pathogenesis of PCOS

The dynamics of normal adrenarche have
been discussed in Chapter 2. Briefly, it remains
an open question whether adrenarche is a
consequence of changes in the adrenal respon-
siveness to adrenocorticotrophic hormone
(ACTH)'" or is secondary to a postulated
separate adrenal androgen stimulating hor-
mone (AASH)'®" that acts in conjunction with
ACTH. It is hoped that with the surge of
interest in the processing of the parent mole-
cule of ACTH (proopiomelanocorticotropin
or POMC)'® that this fascinating mystery can
be enlightened.

Adrenal androgens not only actively con-
tribute to secondary sex characteristics, but
may directly affect skeletal maturation and
growth.'

Obese prepubertal children and those at
Tanner stage P, of puberty have plasma levels
of adrenal and A; and A, steroids that are
higher than those found in normal children at
the same stage of sexual maturation.”’

Yen postulates that adrenal androgens are

syndrome: a consideration of the pathogenesis. In James
VHT, et al (eds): Endocrine Function of the Human Ovary.
Copyright 1976 by Academic Press Inc. (London) Ltd.

an important contribution to the perimenar-
chal onset of PCOS (Fig. 7-1).°

An exaggerated adrenarche with adrenal
androgen excess could result in inappropriate
nonovarian estrogen production. This dis-
order might be self-limiting were it not for
acyclic estrogen production (via peripheral
conversion of adrenal androgens) that induces
inappropriate gonadotropin secretion. This,
in turn, affects the ovary, causing an over-
production of ovarian androgens. Thus the
androgenic basis for the inappropriate estro-
gen feedback is eventually shifted from the
adrenal to the ovary, although an adrenal
contribution to androgen excess may continue
and combine with ovarian sources in PCOS
patients. Emotional stress at puberty as well as
obesity per se are associated with increased
adrenal activity.

Pathophysiology of Chronic Anovulation
in PCOS

A major characteristic of PCOS is chronic
anovulation. Elevated urinary LH was one of
the first abnormal hormonal findings docu-
mented in PCOS.?’ This early work used
bioassay methodology which relied on specific
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radioimmunoassays for plasma LH and folli-
cle stimulating hormone (FSH) to confirm the
elevated LH secretion.” Low or low-normal
FSH plasma levels were found and did not
exhibit the erratic fluctuations characteristic of
LH.

It has been suggested that a common bio-
chemical feature is a disturbance in the dy-
namics of androgen-estrogen conversion. The
cyclic changes in ovarian estrogen that are
normally responsible for appropriate feed-
back regulation of cyclic gonadotropin release
are overruled by a constant outpouring of
estrogen from extraovarian sources. Thus, the
secretion of excessive amountts of androgen
and its subsequent peripheral conversion to
estrogen form the basis for the development of
chronic anovulation in PCOS.

INAPPROPRIATE GONADOTROPIN SECRETION

Except. for the midcycle LH surge, PCOS
patients’ LH levels are usually higher than
those in normally cyclic women. The elevated
LH secretion results from an increased fre-
quency and/or amplitude of the secretory
pulse of LH.” A normal plasma LH occasion-

ally may be found, but LH levels are erratic in
PCOS and with frequent sampling the average
level is usually elevated. Rarely are normal LH
levels sustained and the LH-to-FSH ratio
usually is abnormally high.

The low FSH level in PCOS patients may
reflect both the known increased sensitivity of
the inhibition of FSH secretion by estrogens
and the relative insensitivity of the response of
FSH to gonadotropin releasing hormone
(GnRH). Since an inhibinlike material that
depresses FSH secretion is present in antral
fluid, the lowered FSH secretion could be due
to increased folliculostatin (inhibin).?* Re-
gardless of whether the increased LH-to-FSH
ratio or the hyperandrogenism is the primary
event, one reinforces the other, producing an
unending circle of hormonal and ovarian
follicle abnormalities that cause chronic ano-
vulation (Fig. 7-2).%

The Polycystic Ovary

The observation of polycystic ovaries has the
same general nonspecific diagnostic connota-

PROPOSED MECHANISM FOR PERSISTENT ANOVULATION
IN POLYCYSTIC OVARY SYNDROME

o
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Figure 7-2." Proposed mechanism for persistent anovula-
tion in the polycystic ovarian syndrome. Reproduced with
permission from James VHT: Functional aberrations of
the hypothalamic-pituitary system in polycystic ovary

syndrome: a consideration of the pathogenesis. In James
VHT, et al (eds): Endocrine Function of the Human Ovary.
Copyright 1976 by Academic Press Inc. (London) Ltd.



tion as an ‘“‘enlarged heart.” The polycystic
ovary reflects chronic oligoanovulation as a
result of delayed or deranged follicular ma-
turation. Follicular maturation and atresia are
finely balanced physiologic events controlled
by inhibitory and stimulatory factors that are
elaborated both externally and internally in
the follicle. Among those factors are the
hormones LH, FSH, prolactin, estrogens,
androgens, and insulin. Proper sequencing
and interplay of these controlling substances
are necessary for normal folliculogenesis.

The dominant follicle destined for ovula-
tion is primarily an estrogen-producing or-
gan. Estrogen biosynthesis by the follicles is
most efficiently accomplished through a co-
operative effort of theca and granulosa cells.?
This forms the basis for the so-called ““two-cell
theory” of estrogen production.?”” According
to this concept, the thecal compartment of the
follicle synthesizes androgens (primarily an-
drostenedione in response to LH, which then
diffuses into the granulosa compartment
where the aromatase enzyme converts andro-
gens to estrogens under the influence of FSH)
(Fig. 7-8).%

There are myriad other modifying factors
that influence follicular development.” For
example, recent data indicate that insulin
potentiates the effect of LH on the theca cells’
steroid synthesis.*® The production rate of
progesterone and androstenedione by theca
cells is enhanced under in vitro conditions
with the addition of insulin to the incubating
medium.*® This observation gives possible
insight into the relationship between insulin
resistance, hyperinsulinemia, and hyperan-
drogenism in females.

A fundamental principle of follicular ma-
turation is self-enhancement. Estrogen secre-
tion further potentiates the effect of FSH on
granulosa cells, permitting increased estrogen
production. Suboptimal androgen aromatiza-
tion leads to androgen excess, which also is
characterized by self-enhancement.®'

Androgens produced by theca cells under
the influence of LH increase the rate of atresia,
which adds more theca cells to the pool that is
capable of secreting androgens. Thus, the
polycystic ovary reflects the steady state lead-
ing to the excessive secretion of androgens.
Histologically, the ovary is characterized by a
smooth and thickened capsule and multiple
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Figure 7-3. Gonadotropin-ovarian interaction in the reg-
ulation of follicular maturation and steroidogenesis. From
Yen SSC, Jaffee RB: The human menstrual cycle. In Yen
SSC, Jaffee RB (eds): Reproductive Endocrinology: Phy-
siology, Pathophysiology and Clinical Management.
Copyright 1978 by W.B. Saunders Co., Philadelphia.
Reproduced with permission.

follicular cysts surrounded by abundant ovar-
ian stroma. The subcapsular cysts are lined
with a reduced number of granulosa cells,
early antrum formation, and hyperplasia of
the theca interna with luteinization (Figs.
7-4-7-6).

Excessive Ovarian Androgen
Production in PCOS

An essential feature of PCOS is increased
ovarian production of androgens.*** The
major androgens produced in excess are
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Figure 7-4. Granulosa and theca lining in polycystic
ovarian syndrome. From Givens JR, et al: Familial ovarian
hyperthecosis: a study of two families. American Journal

Figure 7-5. Subcapsular cyst and early antrum formation
in polycystic ovarian syndrome. Reproduced with per-
mission from Givens JR: Polycystic ovarian disease. In

Figure 7-6. Gross features of polycystic ovaries. From
Givens JR: Hyperandrogenism: diagnosis and therapy.
Research Resources Reporter 8:3, 1984 (a publication of

of Obstetrics and Gynecology 110:964, 1971. Reproduced
with permission.

Givens JR (ed): Gynecologic Endocrinology. Copyright
© 1977 by Year Book Medical Publishers, Inc., Chicago.

the U.S. Dept. of Health and Human Services). Courtesy
of J.R. Givens.



androstenedione, testosterone, and dehydro-
epiandrosterone—the same ones produced by
the normal ovary. Therefore, the androgen
abnormality differs from normal quantita-
tively, not qualitatively.’**®* The hormonal
derangement in PCOS is most likely a reflec-
tion of the steroidogenic capabilities and
limitations of the cells involved.* The ab-
normally high ratio of androgens to estrogens
is both a reflection of thecal cell and stromal
dominance and the relative deficiency of gran-
ulosa cell function.

Adrenal Hyperandrogenism
and PCOS

Broster observed that women with adreno-
genital syndrome had enlarged and polycystic
ovaries with diffuse thickening of the tunica.®®
This finding, however, has not been universal.
While others have reported an association
between the two disorders,®”*!' Blackman*?
and Jones* did not find classic PCOS in 17
cases of adrenogenital syndrome, although
two had some degree of perifollicular lutein-
ization. The ovaries of women with Cushing’s
syndrome do not exhibit classic findings of
PCOS because of the absence of cortical
stromal hyperplasia, thecal luteinization, and
surface fibrosis.** Enlarged polycystic ovaries
also are seen in the late onset or attenuated
form of 21-hydroxylase deficiency.** PCOS
may be related in some way to both the degree
of adrenal androgen excess and the time of its
appearance. The enzymatic deficiency may be
so mild that it is not evident when androgens
are sampled under basal conditions, yet the
characteristic hallmarks of 21-hydroxylase
deficiency are present with ACTH stimulation.
Enlarged polycystic ovaries have been report-
ed in patients with classical and late onset 11-
B-hydroxylase deficiency.***” Androstenedi-
one, however, competitively inhibits 11-B-
hydroxylase activity.*® Excessive androstene-
dione production and polycystic ovaries may
influence 11-B-hydroxylase activity secondar-
ily in the adrenal cortex.

Another cause of late onset congenital ad-
renal hyperplasia and polycystic ovaries is a
deficiency of 3-B-hydroxysteroid dehydrogen-
ase A,_; isomerase activity that is necessary for
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the conversion of A; to A, steroids in both the
adrenal cortex and ovaries.*

Hyperresponsiveness of urinary 17-keto-
steroids to ACTH with no evidence of any
enzymatic block was found in some patients
with PCOS before more specific assays were
available.”® Subsequently, hyperresponsive-
ness of adrenal androstenedione to ACTH has
been noted in hirsute women, many of whom
had enlarged polycystic ovaries.*'~**

Polycystic ovaries also have been associated
with a virilizing adrenal adenoma.*

We and many others have noted the fre-
quency of involvement of adrenal androgen
secretion in PCOS, independent of any dem-
onstrable classic adrenal enzyme deficiency or
tumor.

Obesity and Polycystic Ovary
Syndrome

Polycystic ovaries and anovulation may be
associated with simple obesity.’® An increased
LH-to-FSH ratio in moderately obese women
similar to that of PCOS has been reported.*’

In a large heterogeneous group of patients
suspected of having hyperandrogenism, plas-
ma total testosterone (T) and free testosterone
levels correlated positively with body weight.*®
A significant negative correlation also was
noted between body weight and sex hormone
binding globulin (SHBG) as measured by the
binding capacity. Weight was positively corre-
lated with T despite a negative correlation
between weight and SHBG.*® There is a high
incidence of obesity among hyperandrogenic
females, and animal studies have demon-
strated that T treatment increases body
weight.* Hyperinsulinemia and the decreased
binding capacity of plasma for testosterone
and estradiol are mechanisms by which obes-
ity could cause derangement of follicular
maturation and/or atresia. Weight reduction
corrects oligoanovulation and the increased
LH-to-FSH ratio.

Central Nervous System Disorders

and PCOS

Polycystic ovaries have been associated with
destructive lesions of the central nervous sys-
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tem. Bartuska et al® documented a history of
CNS injury in five patients with bilateral
polycystic ovaries. An 18-year-old female had
postencephalitis Parkinson’s disease with dif-
fuse injury of the basal ganglia, hypothala-
mus, and adjacent area. This is particularly
interesting in view of the increased sensitivity
of LH secretion to the suppressive effect of
dopamine in women with PCOS.®' Decreased
dopaminergic inhibition in the hypothalamus
is implied in at least some women with
PCOS.

Excessive prolactin secretion occurs in ap-
proximately 30% of females with PCOS. Hy-
perprolactinemia may be due to a pituitary
tumor or functional derangement of the con-
trol mechanism for prolactin secretion.®*
Thus the elevated prolactin levels in associa-
tion with polycystic ovarian disease may be
primary or secondary. Acromegaly with exces-
sive growth hormone is associated with low-
ered SHBG levels,®* and elevated free testo-
sterone can be associated with polycystic ovar-
ies.

PCOS Associated with Acanthosis
Nigricans and Hyperinsulinemia

Four types of presentation have been reported
for this syndrome: ovarian tumor and
PCOS;* PCOS without ovarian tumor;* pi-
neal gland hyperplasia, diabetes, and viril-
ism;®"* and congenital lipodystrophy with
diabetes.”” These four syndromes link acan-
thosis nigricans, insulin resistance, and hyper-

Figure 7-7. Acanthosis, insulin-resistance, and hyper-
insulinemia in polycystic ovarian syndrome. From Givens
JR, et al: Remission of acanthosis nigricans associated
with polycystic ovarian disease and a stromal luteoma. J

insulinemia to PCOS (Fig. 7-7). This is of
special interest because of the recent docu-
mentation that insulin potentiates the stimula-
tory effect of LH on the secretion of andro-
stenedione by theca cells.*® Whether this later
finding is pharmacologic or has physiologic
relevance remains to be determined.

Health Consequences of PCOS

If the androgen dynamics in PCOS are an
abnormality of quantitative rather than quali-
tative androgen production, what are the ill
effects? Hyperandrogenism has been corre-
lated with hyperinsulinism’®’" independent of
the known correlation between obesity and
hyperinsulinism. The obese hyperandrogenic
temale is likely to display hyperinsulinemia.
Some suggest that androgen levels correlate
with the lipid profile of cardiovascular risk.”>"
Hyperestrogenism associated with hyperan-
drogenism and anovulation forms the basis
for Korenman’s estrogen window hypothesis.”
(see Chapter 14) Anovulation may be a poten-
tial etiology in the endocrine background
conducive to breast carcinoma. Prolonged
anovulation with hyperandrogenism fre-
quently is associated with hyperestrogenism
and an endocrine background that promotes
endometrial carcinoma. The most frequent
endocrine history for the development of
endometrial carcinoma in women under 40 is
PCOS. The youngest patient with endome-
trial cancer that the author has diagnosed was
19, obese, anovulatory, and hirsute. The

Endocrinol Metab 38:352, 1974. Copyright © 1974, The
Williams & Wilkins Co., Baltimore. Reproduced with
permission. )
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Table 7-1. Plasma Total and Free Androgen Concentrations during Female Adolescence.

Testosterone

Stage n Total (ng/dl) Free (pg/ml) TEBG (nM) DHAS (ng/dl)
1. Prepubertal (10-11.8 yr) 16 175 3.8+ 1.1 29 + 14 68 * 42
(9-26)2 (2-6) (2-54) (11-150)
II. Early puberty (10.3-12.7 yr) 24 21 £ 10 48128 3015 93 + 62
(9-42) (2-11) (9-60) (22-240)
ill. Midpuberty (10.4-15.0 yr) 20 34 £ 13 7.5+ 3.1P 30+9 97 *+ 46
(16-59) (3-14) (14-48) (31-190)

IV. Postmenarcheal (11.4-15.6 yr) 26 40 + 9° 8.8 +2.3° 28+ 6 170 + 100P
(24-55) (5-13) (19-40) (51-390)
Adult follicular phase (18-25 yr) 21 49 + 18P 7.4+ 2.6° 40 + 15 170 + 80°
(23-86) (4-12) (12-63) (61-400)

Values are mean * SD.

aNormalized 90% population limits.

bSignificantly different (P, < 0.05) from stage Il

Reproduced with permission from Moll GW Jr: Plasma free testosterone in the diagnosis of adolescent polycystic ovary syndrome.
Journal of Pediatrics 102:462, 1983.

metabolic consequences of abnormal andro-
gen dynamics are likely to be substantial.

A problem of critical importance to the
adolescent is facial hirsutism and/or acne. It is
now recognized that acne is formed on a
background of increased androgenic activity.”
Facial hirsutism can be disfiguring and should
not be taken lightly because of its potential
effects on the developing personality.

How Should One Evaluate the
Adolescent with Signs and Symptoms
of Hyperandrogenism?

Girls usually have female adult levels of free
testerone by the time they achieve Tanner stage
8 of breast development (Chapter 8) and
within the year before menarche (Table 7-1).
In an evaluation of 138 patients suspected of
having hyperandrogenism, we found elevated
free testosterone in 82%. This was the most
frequently elevated parameter.’’” Dehydroepi-
androsterone sulfate (DHEA-S) was elevated
in 59%, and 93% had hyperandrogenism on
the basis of free T and DHEA-S levels (Fig.
7-8).”” Serum total testosterone and DHEA-S
determinations are a useful screening test to
rule out a tumorous source of hyperandro-
genism. Total testosterone greater than 200
ng/dl or DHEA-S greater than 700 pg/dl
requires more complete evaluation to rule out
an adrenal or ovarian tumor.
Dexamethasone suppression and/or ACTH

stimulation studies may be helpful as an
adjunct in selected cases. Three-a-androstene-
dione glucuronide may prove a useful reflec-
tion of peripheral androgenicity.”® Recent
years have brought to the forefront the idea

Figure 7-8. Frequency of elevation of each of the andro-
gens in 138 women suspected of having hyperandrogen-
ism. From Wild RA, et al: Androgen parameters and their
correlation with body weight in 138 women thought to
have hyperandrogenism. American Journal of Obstetrics
and Gynecology 146:604, 1983. Reproduced with permis-
sion.
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that the skin is a significant endocrine organ.
Androgen receptors and estrogen receptors
are present. Local growth factors are being
recognized as playing a significant role in
hirsutism even in cases where hyperandrogen-
ism cannot be documented. Androgens can
induce 5-a-reductase activity in an amplifica-
tion effect.”” Thus, relatively weak androgens
can be converted to more potent androgens
tollowing androgen exposure. Salivary testos-
terone correlates well with free testosterone in
plasma’® and appears a useful and increasingly
available determination in the adolescent.

Treatment of Hyperandrogenism
in the Adolescent

The first task when encountering PCOS is to
identify and treat any underlying endocrino-
pathy. Obesity is best handled through a team
approach that uses a nutritionist who is
sensitive to the emotional needs of the adoles-
cent. Weight reduction can in and of itself
contribute to reversing the abnormal endoc-
rine dynamics seen in patients with PCOS.

If cystic acne is the main concern, isotreti-
noin, a synthetic vitamin A analog, may be
used in its treatment.” If birth control is
required, suppression of hyperandrogenism is
noted at multiple sites. Oral contraceptives (35
ug preparations) increase SHBG, diminish
free testosterone, and suppress LH-dependent
hyperandrogenism.*® They not only suppress
the ovarian component to hyperandrogenism,
but also suppress the adrenal component to
androgen excess in hirsute patients.”® This
finding has recently been confirmed® and has
significant practical application in the treat-
ment of the hirsute patient. Low dose oral
contraceptives have been shown to diminish
free testosterone levels.®' Spironolactone (100-
200 mg daily) can be used to diminish hir-
sutism.* Although cost may be a factor, it is
now known that the drug has a longer half-life
than originally suspected. One-time admini-
stration of increasingly smaller doses has
proven effective. When given cyclically and
discontinued with menses, surprisingly high
continuation rates have been noted. Because
ovulation frequently is not inhibited, the
possibility of pregnancy should be discussed.
Cyproterone acetate with ethinyl estradiol has

been effectively studied and widely used in
Europe. The likelihood of wide usage and
acceptance in the United States, however,
seems minimal in light of the FDA’s concern
about progestin-associated teratogenicity and
carcinogenesis.

For these women with documented congen-
ital adrenal hyperplasia, or a significant ad-
renal component to their androgen excess,
glucocorticoid suppression (dexamethasone
0.5 mg po qod), at physiologic to subphysio-
logic levels, has been helpful. Long-acting
glucocorticoids can have profound adrenal
gland suppression. The individual’s metabol-
ism of dexamethasone must be monitored. If
cortisol levels are maintained greater than 2
pg/dl on alternate day morning assays, signifi-
cant long-term problems with prolonged
adrenal suppression are unlikely.®

Summary

Problems of hyperandrogenism are becoming
increasingly recognized in the adolescent fe-
male. Manifestations of androgen excess can
have both far-reaching metabolic implications
and significant effects on body image. At a
crucial time in personality development, these
problems should not be taken lightly. A
common pathophysiology associated with
androgen excess is the polycystic ovary syn-
drome. Awareness of this fascinating syn-
drome and its metabolic implications can alert
health care professionals so that the adoles-
cent’s metabolic, physical, and psychologic
needs are best addressed. Individualization of
treatment is the rule. Team approaches to the
diagnosis and treatment of the disorder have
proven effective in reversing the pathophysiol-
ogy that has led to hyperandrogenism.
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Many of the problems brought to the atten-
tion of the physician concerning the adoles-
cent breast involve variations of normal devel-
opmerit that are accentuated by varying de-
grees of emotional and social overlay. Al-
though they may appear minor to the physi-
cian, these problems are often quite real and
distressing to the patient.! Less common are
true congenital or acquired abnormalities of
the breast, some of which require surgical
attention. Although few of these problems are
life threatening, they are of great importance
to the patient and deserve proper considera-
tion and management. Knowledge of both the
variations of normal breast development and
congenital and acquired disorders is essential
for proper management of these young peo-
ple. Partly as a consequence of the importance
society has placed on breast development,
disorders of this organ in the adolescent are of
great importance to their self-image and
sexuality. In addition, there is often a fear of
being different or less attractive than one’s
peers. Thus emotional support as well as
appropriate surgical, endocrinologic, or psy-
chiatric consultation is necessary for optimal
care for each individual patient.

Embryology

Beginning around the sixth week of fetal
development, epidermal cells migrate into the
underlying mesenchyme forming the primitive
mammary ridges or “milk lines.” This thick-
ening of the ectoderm extends from the axilla
to the groin. By the tenth week, atrophy of
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the upper and lower portions of the ridges
occurs, leaving the pectoral area to develop
secondary buds, lactiferous ducts, and mam-
mary glands. Later, the developing breast is
augmented by growth of the surrounding
mesenchyme which provides fibrous connec-
tive tissue and fat.

Normal Development

In childhood, the breast is confined to the area
beneath the areola. It is made up of epithel-
ium lined ducts surrounded by connective
tissues. This fact is critical in the management
of real or suspected lesions of the prepubes-
cent breast. An injudicious biopsy may well
destroy a substantial portion of breast tissue.
With the onset of puberty, increasing amounts
of hormones are released by the hypothala-
mus, pituitary, ovaries, and adrenal glands;
the result is breast development. In addition
to the well-recognized effects of estradiol,
prolactin, and progesterone, breast develop-
ment is also dependent upon the interactions
of testosterone, cortisol, insulin, thyroid, and
growth hormones.?? Thelarche (breast devel-
opment) is frequently the first clear-cut sign of
the onset of puberty.

There is considerable variation in the timing
of the onset of puberty. Breast development
occurs in most girls between years 8.5 and 13.*
Failure of initiation of breast development by
age 14 is generally considered to be abnormal
and a cause should be sought. The rate of
breast growth also varies. Some girls pass from
stage 1 to stage 5 in only 2 to 3 years, whereas



Table 8-1. Marshall-Tanner Classification of
Breast Development.*

Stage 1
Stage 2

Preadolescent; elevation of papilla only

Breast bud stage; elevation of breast and papilla
as a small mound; enlargement of areolar diame-
ter

Further enlargement of breast and areola, with no
separation of their contours

Projection of areola and papilla to form a second-
ary mound above the level of the breast

Mature stage; projection of papilla only, due to
recession of the areola into the general contour of
the breast

Stage 3
Stage 4

Stage 5

others may take until the early 20s for com-
plete breast development (Table 8-1).

Both of these factors should be taken into
consideration in counseling a developing ado-
lescent. As described subsequently, what may
appear to be abnormal early in development
may become normal with time. Four-and-
one-half years may be required for the com-
pletion of the pubertal process, i.e., the onset
of menarche. This information must be taken
into account in decisions regarding the evalu-
ation of abnormal pubertal development. An
integral part of the physical examination in
this age group includes careful assessment of
the breast and an attempt to elicit any nipple
discharge. The formation of breast tissue is
integral to both the physical and the psychol-
ogic development of the female. Thus, when
breast abnormalities occur, health care pro-
viders must address the psychologic as well as
the physical aspects. Early surgical interven-
tion in cases of abnormal breast development
is also ill-advised and may require later revi-
sion due to ongoing growth of the adolescent
breasts.

Congenital Anomalies

Congenital absence of a breast (amastia) is
quite rare. If present, it is usually unilateral
and often associated with other abnormali-
ties such as found in Poland’s syndrome
(aplasia of the pectoralis muscles, rib deformi-
ties, webbed fingers, and radial nerve aplasia).
Absence of a breast is much more likely to be
secondary to iatrogenic causes as discussed
later. Surgical reconstruction in amastia varies
in complexity depending upon the degree of
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Figure 8-1. Supernumerary nipples in a 21-year-old
female.

chest wall and muscle abnormalities.” Absence
of a nipple (athelia) is likewise rare and may or
may not be associated with absent breast
tissue.® Treatment of congenital anomalies
usually requires surgical correction.
Supernumerary breasts (polymastia) or su-
pernumerary nipples (polythelia) are relatively
common (Figs. 8-1 and 8-2). These occur
along the “milk lines” and are usually asymp-
tomatic. Polythelia is found in approximately
2% of the population while polymastia is less
common. Both entities may be familial. There
appears to be an association between poly-
thelia and anomalies of the urinary and
cardiovascular systems.” This additional tissue

Figure 8-2. Supernumerary nipple closely attached to
the superior outer quadrant of the right breast in a 15-
year-old female.
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is rarely functional, but accessory breasts and
nipples are, in theory, subject to the same
physiologic and pathologic changes as the
normal breast.® Surgical excision of accessory
breasts or nipples is usually not necessary.
However, if these structures should become
symptomatic, i.e., an axillary breast, or cos-
metically important, removal can be easily
performed. If the accessory breast tissue does
not have an accompanying nipple, diagnosis
of this mass lesion may be difficult. It is
important to differentiate this condition from
hidradenitis suppurativa. Its location in the
“milk line” may be a useful sign, but often
excisional biopsy is necessary to clarify the
diagnosis.

Breast Abnormalities

Asymmetry

A difference in size between the developing
breasts is common during early adolescence
(Fig. 8-3). These differences usually decrease as
development progresses and are barely notice-
able by the time development is complete.
Reassurance is often all that is necessary; but
should the asymmetry persist, either unilateral
breast reduction or augmentation may be
indicated after completion of breast growth.
Early surgical intervention is not recommend-
ed since further breast growth may either
make the procedure unnecessary or require
revision.

Hypoplasia

Hypoplasia of the breast varies in degree from
near complete absence of breast tissue to well-
formed breasts considered by the patient or
others to be “too small” (Fig. 8-4 and 8-5).
There are three general causes of poor or
absent breast development. Some girls simply
have delayed onset and slow breast develop-
ment but are otherwise normal. There may be
a family history of late development which
helps in both diagnosis and in reassuring these
patients. Others with normal breast tissue
have disorders causing failure or suppression
of ovarian function. These patients usually
have primary amenorrhea and poorly devel-
oped secondary sexual characteristics. Diag-
nosis and treatment of the underlying dis-
order, as discussed elsewhere, will often stimu-

Figure 8-3. Asymmetric breast development in a 19-
year-old female.

Figure 8-4. Nineteen-year-old female with asymmetric
breast development: right hypoplasia and left ptosis.

Figure 8-5. Hypoplasia of the breast in a 19-year-old
female.

late breast development. These disorders in-
clude chromosomal abnormalities, androgen
producing tumors, gonadal dysgenesis, and
adrenal hyperplasia. A third and less well-



defined group includes those in which hypo-
plasia seems to be secondary to a partial
failure of end-organ response. These breasts
are small, but have normal sensation and
function. In response to pregnancy, they
enlarge and often produce milk for the infant.
Following cessation of lactation, the breasts
return to their prepregnancy state.

Because of the large emotional and self-
image component to the problem of idio-
pathic breast hypoplasia, simple reassurance
may not be adequate. The emphasis on the
female breast by the entertainment and adver-
tising industries has perpetrated the concept
that happiness and sexual fulfillment are
dependent upon “‘socially acceptable” breast
development. There may be pressure from the
adolescent and her family for surgical inter-
vention. It may be helpful to the young person
to speak with older women who have achieved
these goals without the need for surgical
intervention. If augmentation mammoplasty
is recommended, it should be delayed—if
possible—until breast development is com-
plete. One measure of this end point is the lack
of measurable breast growth over a 6-month
interval in the late adolescent.’ Generally,
augmentation will not interfere with lactation,
and breast feeding is possible.

Atrophy

Breast atrophy is occasionally seen in adoles-
cents and is almost uniformly secondary to
dietary changes. Reduction in protein intake
either from a ““crash diet” or anorexia nervosa
results in the loss of subcutaneous tissue and
an apparent weakening of the fibrous sup-
porting tissue. This atrophy can be reversed
with adequate nutritional support. If dieting is
desirable, a balanced intake of nutrients is
essential to the health of the developing
adolescent. Thickening of the skin caused by
swelling and thickening of fibrous tissue with
eventual atrophy of the epidermis of the breast
(scleroderma) may be considered with breast
atrophy (Fig. 8-6). Treatment of breast atro-
phy secondary to scleroderma may require
surgical intervention.

Hypertrophy

Massive breast enlargement (macromastia)
which occurs during puberty and early adoles-
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Figure 8-6. A Thirteen-year-old female with scleroderma
of the left breast. B After breast reconstructive surgery.

cence is called virginal hypertrophy (Fig. 8-7)
to distinguish it from hypertrophy of preg-
nancy. The etiology is unknown, but unsus-
pected pregnancy must be ruled out as the
cause of the hypertrophy. Hormonal imbal-
ance is thought to be a major etiologic factor.
Virginal hypertrophy occurs over a relatively

Figure 8-7. Virginal hypertrophy in a 17-year-old fe-
male.
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brief period of time and is usually bilateral. A
giant fibroadenoma may be mistaken for
unilateral hypertrophy. Girls between 13 and
17 are most commonly affected. Breast hyper-
trophy poses both physical and psychologic
problems for the adolescent. The size and
weight of the breasts often cause posture
problems in addition to discomfort. More
troublesome, however, are the changes in
self-image and the social consequences of
extremely large breasts in a young girl. Treat-
ment is reduction mammoplasty, but must be
accompanied by strong emotional support
since a delay in surgery is often indicated.
Ideally, the operation should be delayed until
late adolescence to allow for complete breast
development, especially in cases of marked
asymmetry, but this may be difficult because
of pressure from the adolescent and her
family. They should be made aware of the fact
that, although the cosmetic results of reduc-
tion mammoplasty are often quite good, the
extensive tissue resection and relocation of the
nipple may result in decreased sensation and
altered lactation. In general, breast feeding is
not recommended in these patients. Successful
treatment requires a close working relation-
ship between physician, surgeon, patient, and
her family. A possible alternative to surgical
correction is medical treatment with danazol
(Danocrine), an isoxazole derivative of testos-
terone.'®"!

Inverted Nipples

Upon completion of breast development,
inverted nipples are occasionally seen. This
condition may pose a cosmetic problem for
the late adolescent. Therapy requires surgical
correction. The patient must understand,
however, that the probability of successful
breast feeding is virtually nil once surgical
correction is performed for this problem (Fig.
8-8).

Neonatal Breast Abnormalities

The neonate in the first 2 weeks may have
bilateral breast hypertrophy secondary to the
elevated circulating endogenous steroid hor-
mones of late gestation. This condition is self-
limited and requires observation only.'? In

Figure 8-8. Twenty-year-old female with inverted nipple
preoperatively (A) and postoperatively (B).

addition, breast milk, known as ‘‘witch’s
milk,” may be elicited from the nipple. It may
be exacerbated by repeated manipulation of
the breasts. Occasionally, mastitis may de-
velop. This is generally due to staphylococcus
and will respond to parenteral antibiotics and
manual expression of purulent material.

Premature Thelarche

Premature thelarche sometimes may occur in
a pediatric patient. It is characterized by
bilateral breast development before 8.5 years.
It is not accompanied by other signs of
pubertal development. No treatment other
than observation is required." This condition
is most likely the result of an increase in
end organ sensitivity to estrogen produced by
luteinized or cystic ovarian follicles. Premature



breast development also may be a symptom of
precocious puberty (see Chapter 14).

Mastodynia

Painful breast engorgement (mastodynia) may
occur at puberty. It frequently has a cyclic
pattern; analgesics, nonsteroidal antiinflam-
matory drugs such as naproxen sodium (Ana-
prox) and ibuprofen (Motrin), as well as
supporting brassieres often are helpful in
alleviating discomfort. For the adolescent of
adult height and weight, a-tocopherol (vita-
min E) in doses of 600 1U daily is beneficial.

Galactorrhea

The spontaneous flow of milk from the nip-
ples is called galactorrhea. The evaluation of
this condition is the same for adolescents and
adults. Assessment consists of determining a
serum prolactin level, preferably in the early
morning and ideally not immediately after
examination' or meals.” If prolactin is ele-
vated, a serum thyroid stimulating hormone
(TSH) should be obtained to rule out primary
hypothyroidism and increased prolactin se-
condary to an increase in thyroid releasing
hormone (TRH), which stimulates both TSH
and prolactin release. Serum prolactin levels
greater than 100 ng/ml should necessitate
computerized tomographic scanning of the
sella turcica to provide detailed assessment of
the pituitary gland; diagnosis of microaden-
omas (less than 10 mm in diameter) or macro-
adenomas (greater than 10 mm), with or
without suprasellar extension, may be deter-
mined. If the prolactin level is less than 100
and the TSH normal, a coned-down view of
the sella turcica may be obtained to rule out a
pituitary tumor greater than 13 mm. Treat-
ment of galactorrhea depends upon the etiol-
ogy and the desires of the patient. Does she,
for example, want to become pregnant? If the
prolactin level is normal and the patient has
no spontaneous galactorrhea, observation is
the treatment, with serum prolactins every 6
months and a yearly coned-down view of the
sella turcica. Further assessment may be indi-
cated if a pituitary tumor is found. Treatment
may consist of observation, medical therapy
with bromocriptine mesylate (Parlodel), sur-
gery, or radiation therapy.
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Trauma and Inflammation

Breast trauma in adolescent females, while
uncommon, is increasing because of more
frequent participation in contact sports. Usu-
ally these sports injuries result in a local
contusion or hematoma which resolves with-
out incident. Occasionally fat necrosis occurs,
resulting in either late cystic changes in the
breast or fibrosis with retraction of the skin or
nipple over the injured area. These late
changes may mimic those found with malig-
nancy.'® A biopsy may be necessary to differ-
entiate the two in the older adolescent or
young adult.

Even more deforming are burns to the chest
wall in children and adolescents. Most burns
do not destroy the glandular tissue of the
breast, but the subsequent scarring and con-
traction of the skin can lead to marked
deformity of the developing breast. Generally
speaking, the younger the patient and the
deeper the burn, the more severe the ultimate
deformity. Staged scar releases with skin graft-
ing as breast development progresses may
lessen the deformity, but formal breast recon-
struction may be necessary once development
is complete.'’

Iatrogenic trauma, usually the result of ill-
advised biopsy or excision of breast tissue, is
an especially catastrophic and worrisome
problem.'® The scenario is one of an 8- or 9-
year-old girl in whom the mother has found a
“lump” under one nipple. This discovery is
followed by interpretation of the “lump” as
disease by an inexperienced surgeon. An
incisional or excisional biopsy of the normal
breast bud is then performed. Because of the
resulting loss of breast tissue, there is a marked
deformity in the breast as normal develop-
ment occurs. Breast biopsies in the prepu-
bertal child are rarely indicated and should
only be performed after appropriate consider-
ation and consultation.

Mastitis and Abscess

Both mastitis and breast abscess require ap-
propriate antibiotic thérapy. The spectrum of
antibiotic coverage should include staphylo-
coccus, streptococcus, and Escherichia coli. Inci-
sion and drainage may be necessary. On
occasion, Pseudomonas may be cultured, and
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appropriate antibiotic
administered.

therapy must be

Mammary Dysplasia (Chronic Cystic
Mastitis)

Mammary dysplasia is a diagnosis found by
examination. It is a common lesion in the
female breast, characterized by changes asso-
ciated with the normal menstrual cycle. The
etiology may be related to “hormonal im-
balance,” possibly a relative excess of estrogen
and deficient corpus luteum activity. This
produces exaggerated responses in the breast
tissue. It is especially common in the upper
outer quadrants of the breast and is associated
with premenstrual pain and tenderness. Ano-
vulatory cycles also can produce these symp-
toms.'” Mammography often is helpful in
establishing the diagnosis. Treatment depends
upon the degree of symptomatology. Danazol
therapy in daily doses of 100-800 mg is
frequently beneficial.* Avoiding methylxan-
thines (coffee, tea, cola), chocolate, and dairy
products also may help.*' Brassieres that offer
firm support may ease the discomfort.

Tumors

Breast tumors in the prepubertal girl occur
very infrequently. Although more common in
adolescence,”** the probability of malignan-
cy is low.”**” However, Gogas et al found in a
series of 63 breast masses in adolescents one
angiosarcoma, one lobular carcinoma, and
one lymphosarcoma.”

The most common neoplasm of the ado-
lescent breast is the fibroadenoma. These vary
in size from a small, firm nodule to a large
mass which may have quite rapid growth and
is usually painful. Most fibroadenomas are
firm, mobile, solitary lesions, but may be
multiple in approximately 20% of patients.
These tumors appear to be hormonally de-
pendent as evidenced by the fact that they may
become larger or smaller during the men-
strual cycle or with exogenous estrogens.
Treatment of a fibroadenoma is excisional
biopsy, but unless the mass is quite large or
painful there need be no rush in removing it.
Often a period of observation extending
through several menstrual cycles is helpful in
distinguishing small fibroadenomas from so-

called adolescent mastopathy which spontan-
eously resolves.

Solitary or multiple cysts of the adolescent
breast are uncommon. They are usually asso-
ciated with antecedent fat necrosis or ductal
ectasia and not with fibrocystic disease of the
breast. The diagnosis of breast cysts is made by
needle aspiration. If the cyst fluid is clear and
does not recur, no further treatment is neces-
sary. However, if the fluid is bloody or the cyst
recurs, the possibility of malignancy increases
and excision of the cyst is indicated.

Cystosarcoma phylloides is an uncommon
breast tumor of adults which has been report-
ed to occur in adolescents.* It is characterized
by asymmetric breast enlargement with a firm,
mobile circumscribed mass. The overlying
skin may be stretched and shiny with distend-
ed veins. It is the second most common cause
of massive breast enlargement in the adoles-
cent age group.” The tumors frequently rap-
idly enlarge and can become quite sizeable.
Fixation of the tumor to the skin or chest wall
is rare. The majority of these tumors are
benign, but malignant cystosarcoma phyl-
loides with eventual metastases has been re-
ported.* Since local recurrence of cystosar-
coma phylloides often occurs following simple
removal, excision of the mass plus a margin of
normal tissue is recommended. If malignancy
is noted, a simple mastectomy is the preferred
treatment.®!

Other more uncommon tumors may occur
in the adolescent breast. Most of these, includ-
ing intraductal papillomas and neurofibro-
mas, are benign.

Fat necrosis presents as a firm, hard lump
that is often tender but rarely enlarges after it
is first diagnosed. It is frequently associated
with trauma. The problem lies in differentiat-
ing it from carcinoma. Skin retraction, irregu-
lar edges, and fine stippled calcification may
be found by mammography.'® Treatment of
choice is an excisional biopsy.

Hamartoma is a mass that resembles a
tumor but is assumed to represent the anoma-
lous development of tissue natural to the
breast rather than a true tumor. The presenta-
tion is similar to that of a fibroadenoma, and
treatment is an excisional biopsy.

Malignant breast tumors are very rare in
children and adolescents. Approximately 2%
of breast cancers occur in women less than age



25. As in older women, a strong family history
of breast carcinoma increases the risk, and
these young women should be followed more
closely. It usually presents as a unilateral,
hard, tender mass that is slow growing. Diag-
nosis can be made by biopsy. In general,
young females with breast carcinoma have an
excellent prognosis.**** Mastectomy, simple or
radical, is the standard operative procedure.
Due to the relatively small number of cases
reported, lesser operations have uncertain
benefit. Simple excision also has been report-
ed as adequate therapy.*

Women who develop breast cancer and
whose mothers had breast cancer do so 10 to
12 years earlier than women with negative
family histories.?® Familial breast carcinoma
has been diagnosed in a 21-year-old female.
Prophylactic mastectomy in a sibling should
be considered if females in each generation of
a family have had breast carcinoma. The use
of adjuvant chemotherapy has not been well
defined in this age group due to the small
number of cases.?**®

Breast carcinoma may be related to expos-
ure to unopposed estrogen. Korenman’s est-
rogen window hypothesis® notes that during
both early puberty and perimenopausal peri-
ods of a female’s lifespan unopposed estrogen
provides periods of maximal inducibility for
breast environmental carcinogens. The latency
period for breast cancer is 15 to 20 years, and
may be initially associated with unopposed
estrogen. In addition, anovulation has been
associated with an increased incidence of
breast carcinoma,” the hypothesis also being
that unopposed estrogen produces breast
neoplasms. Gambrel et al*® have reported a
protective effect when adding progestin ther-
apy to exogenous estrogen treatment. While
this specifically addressed postmenopausal
women, it is logical that the addition of
progestin therapy (e.g., in gonadal dysgenesis)
may also prevent breast carcinoma in adoles-
cents. Thus, administration of a progestin for
10 or more consecutive days should be pres-
cribed with exogenous estrogen therapy.

Secondary malignancies of the breast are
uncommon. Malignant lymphoma and acute
leukemia may be associated with breast masses
in adolescence.®® In 2-8% of cases, Burkitt’s
lymphoma presents with breast masses. Usual-
ly, the breast involvement is part of the overall
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picture of the underlying leukemia or lym-
phoma and therefore should not be confused
with a second disease process.

Summary

In treating adolescents with breast complaints
or abnormalities, a conservative approach is
often the most prudent. This must be accom-
panied by appropriate attention to the emo-
tional and social consequences for the young
person of both the problem and the proposed
solution. Occasionally, surgical intervention
may be indicated. The timing of this decision
is often complicated by pressure from the
patient and her parents. Evaluation and ex-
planation of potential long-term develop-
mental consequences vs. potential short-term
benefits are necessary for proper decision
making and optimal results.
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Surgical Emergencies

in the Newborn

Thomas R. Weber and Jay L. Grosfeld

Many congenital anomalies can present as
emergencies in the period immediately after
birth. Prompt recognition and therapy fre-
quently can mean the difference between life
and death in these seriously ill neonates. Thus,
it is important that physicians involved in
childbirth have a thorough knowledge of these
defects and their early management. It is the
purpose of this chapter to both describe the
various congenital anomalies that require
surgical repair at or shortly after birth and to
outline their appropriate early management.
Frequently this means resuscitation and sta-
bilization of the infant, with subsequent trans-
port to a medical center where surgeons with
special expertise can do the surgery, and the
infant can receive the neonatal intensive care
that is often critical for survival. It is rare that a
newborn cannot be stabilized enough to allow
transport to such a center. The recent dramatic
improvement in survival for infants with many
of these anomalies is mainly a result of
advances in preoperative and postoperative
care, which is best rendered at hospitals
equipped to handle seriously ill neonates.

Esophageal Atresia and
Tracheoesophageal Fistula

There are five variants of this anomaly (Fig.
9-1). The most common form is type C which
occurs in 88% of cases. This includes a blind
upper esophageal pouch and a tracheoeso-
phageal fistula (TEF) that represents a direct
route from the stomach to the tracheobron-
chial tree. This defect occurs in one in 1500

births, with males and females being equally
affected. One-half of these infants are either
premature or small for gestational age, while
more than 70% have other anomalies. These
additional factors make the management of
these infants exacting and difficult.

Maternal hydramnios (greater than 1000-
1500 cc amniotic fluid) can be an early clue to
this defect. More than 90% of babies with
esophageal atresia without a fistula (Fig. 9-1,
types A and B) have hydramniotic mothers,
whereas only 20% of pregnancies with types C
and D defects result in hydramnios. In the
latter cases, swallowed amniotic fluid spills
over into the tracheobronchial tree, through
the TEF, and into the gastrointestinal tract
where it is normally absorbed.

Esophageal atresia (EA) should be suspected
in any newborn who appears to have difticulty
swallowing saliva and other liquids. This can
occur at birth, or within several hours after

Figure 9-1. The five types of esophagal atresia and
tracheoesophageal fistula. Type C is the most common
form, comprising 88% of cases seen.
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delivery. The babies frequently are seen “bub-
bling” at the mouth, which can quickly pro-
gress to coughing and gagging and may result
in apneic or cyanotic spells. The source of the
respiratory distress is twofold: First, secretions
and saliva that cannot be swallowed spill over
through the vocal cords causing upper res-
piratory obstruction. The ability of a newborn
to clear his airway by coughing is limited, and
frequent suctioning of these infants is neces-
sary. Secondly, the TEF is a direct route for
gastric acid secretions to enter the tracheo-
bronchial tree. The consequences of gastric
acid aspiration are well known, and the new-
born lung is particularly susceptible to this
type of severe injury. The risk of aspiration is
increased by placing the baby in the supine
position, as is routinely done shortly after
birth, and by gastric distension caused by a
flow of air from the trachea to the stomach
through the TEF.

An immediate but gentle attempt at passing
an orogastric tube with a soft radiopaque
catheter should be done in any infant sus-
pected of esophageal atresia. If there is
resistance, a chest radiograph should be taken
to assess the level of obstruction. Most cases of
esophageal atresia can be diagnosed this way;
an injection of contrast material is unnecessary
and may be dangerous if it spills into the
tracheobronchial tree. The radiographic de-
tection of air in the gastrointestinal tract
confirms a type C or D TEF, whereas an
absence of air indicates a type A or B defect.

Once the diagnoses of EA and TEF are
made, several simple maneuvers will decrease
the possibility of severe respiratory distress. A
small sump catheter (Replogle) should be
positioned carefully in the upper esophageal
pouch and put on gentle continuous suction.
This will keep the airway clear. The child
should be positioned so the head and chest are
upright (such as in an infant seat), using
gravity to keep gastric secretions within the
stomach. An intravenous line should be estab-
lished and broad-spectrum antibiotics admin-
istered (gentamicin and ampicillin). Oxygen
should be given by mask as needed, while
endotracheal intubation and positive pressure
ventilation of the infant must be avoided
unless absolutely necessary because much of
the tidal volume will travel through the TEF
into the baby’s stomach and gastrointestinal

tract. This may worsen the respiratory distress
by elevating the diaphragm.

After the infant arrives at a tertiary care
center, the placement of a gastrostomy tube
under local anesthesia should be considered.
This is a safe and efficacious procedure that
keeps the stomach empty of secretions and air,
thereby greatly reducing the chances of in-
creasing respiratory distress from aspiration
or an elevated diaphragm. Infants who are
small for gestational age or premature or who
have associated anomalies, sepsis, respiratory
distress, or pneumonia should undergo care-
ful evaluation, hydration, pulmonary toilet,
and antibiotics prior to a thoracotomy to
repair the defect. This delay usually lasts 1 to 4
days but should be as long as necessary to
prepare the infant for this major operation.
During this period catheter suction of the
upper pouch is continued, the baby is kept
upright, and the gastrostomy is maintained on
gravity drainage. Intravenous hyperalimenta-
tion may be necessary if the delay is more than
2 or 3 days. A considerable reduction in
operative mortality has occurred in recent
series using this protocol.'

An extrapleural approach is used during the
thoracotomy to avoid violating the pleural
space should the anastomosis leak. The TEF is
carefully divided and the opening in the
trachea oversewn. The upper esophageal
pouch is mobilized to or above the thoracic
inlet to allow approximation of the ends of the
esophagus. A one- or two-layer anastomosis is
then done, usually with fine silk sutures. In the
event the two ends cannot be approximated,
there are several alternatives. If the gap is a
centimeter or less, a circular myotomy
through the muscle of the upper pouch but
not into the lumen will gain a centimeter of
length. If there is a larger gap the distal
esophagus can be closed and the two ends
brought as close together as possible. The area
should be reexplored after spontaneous
stretching, usually anywhere from 4 to 6
weeks. Other techniques such as electromag-
netic or manual stretching of the proximal
pouch over 6 to 8 weeks occasionally are
successful in salvaging an esophagus. If the
two ends cannot be approximated even then, a
cervical esophagostomy should be done to
enable the baby to swallow secretions. The
infant is maintained on gastrostomy tube



feedings until 18 to 24 months, at which time
an esophageal replacement is done with a
segment of colon, stomach, or small bowel.
The results for primary repair of EA and
TEF have improved markedly over the past 40
years, with survival rates of 85-90% in most
large pediatric surgical centers. Many infants
with associated anomalies require other sur-
gery for these defects, which makes a careful
follow-up mandatory.? Long-term problems
of anastomotic stricture, gastroesophageal
reflux, and abnormal esophageal motility
require careful reevaluation and occasionally

surgery.
Abdominal Wall Defects

Omphalocele

An omphalocele is a covered defect within the
umbilical cord into which intraabdominal
contents herniate.”> The sac is composed of
amnion externally and peritoneum internally
and usually is intact unless ruptured during
birth. This defect is associated with a greater
than 50% incidence of associated anomalies
and syndromes, including defects in the
alimentary tract and genitourinary, musculo-
skeletal, cardiac, and nervous systems. It also
is seen in infants with the Beckwith-Weide-
mann syndrome (gigantism, macroglossia,
omphalocele, and hypoglycemia), trisomy 13-
15 and 16-18, and exstrophy of the bladder or
cloaca.

The size of the defect can vary from 1 to 2 cm
to greater than 10 cm, and therapy depends
upon the defect’s size. The most immediate
problems after birth are preserving body
temperature, preventing excessive fluid loss
and infection, and protecting the omphalocele
sac and its contents. Thus, immediate coverage
of the sac with moist sterile gauze is important.
An intravenous line should be established and
antibiotics (gentamicin and ampicillin) given.
Unless the infant has aspirated gastric contents
or meconium, endotracheal intubation usu-
ally is not required. An orogastric tube should
be used and kept on intermittent suction to
decrease the risk of aspiration.

When the defect is large and a large eva-
porative surface is exposed to the air, the
baby’s legs and abdomen (to the axillae) can
be placed within a “bowel bag,” a plastic bag
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with drawstrings that is available in most
operating rooms. This effectively controls the
loss of fluid and heat and allows safe transport
to the pediatric surgery center.

The definitive therapy for the defect depends
upon the condition of the infant, whether
there are other anomalies, prematurity, and
the size of the defect. Small omphaloceles in
otherwise healthy infants usually can be closed
primarily, whereas larger defects may require
staged closure, which is accomplished by
fashioning a Dacron-reinforced Silastic ““silo”
around the abdominal contents that cannot be
reduced primarily. Over the ensuing 7 to 10
days the “silo” is squeezed gently from the top
to gradually reduce the sac contents into the
abdominal cavity, at which time the infant is
returned to the operating room and the
abdominal wall closed. Frequently, only skin
coverage of the abdominal wall is possible,
but this is satisfactory and allows secondary
repair of the fascial defect when the infantis 12
to 24 months old.*

For infants with defects larger than 10 cm or
those with other serious or life-threatening
anomalies or trisomy syndromes, a non-
operative approach frequently is chosen. This
consists of a twice-a-day application of an
escharotic agent (0.5% silver nitrate), which
will cause gradual epithelialization over the
defect. Mercurichrome should be avoided
because its use for this purpose has resulted in
several cases of renal failure due to mercury
poisoning.® Infants treated with silver nitrate
should be kept in an infant warmer because of
increased heat loss as a result of the wet
dressing and carefully monitored for changes
in serum sodium because of the hypotonic
nature of the silver nitrate solution.

The overall mortality rate for infants with
omphalocele approaches 85% in most series,
with deaths resulting primarily from asso-
ciated anomalies or trisomy syndromes.® Pre-
maturity and giant defect also are adverse
factors that must be considered in the man-
agement of these neonates.

Gastroschisis

Gastroschisis (belly cleft) is characterized by a
full-thickness defect in the abdominal wall—
usually to the right of the umbilicus—that
results in extraabdominal evisceration of
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intestine in utero.” Unlike omphalocele, the
herniated gut is not covered, and the contact
of the bowel wall with amniotic fluid (pH 7)
results in a chemical (sterile) peritonitis. The
eviscerated gut is thickened, edematous, and
inflamed, and the bowel length is shortened.
In addition, malrotation always is present. If
the abdominal wall defect is small, the blood
supply to some or all of the eviscerated bowel
can be impaired causing bowel ischemia,
frank necrosis, or intestinal atresia (10% of
cases). However, usually the defect is suffi-
ciently large to allow normal circulation to the
bowel. The liver is virtually never part of the
exposed viscera. In contrast to omphalocele
the incidence of associated anomalies is very
low. Forty percent of these infants are either
premature or small for gestational age, which
makes their management exacting and fre-
quently complicated.

The immediate life-threatening problems
that might occur after birth include hypo-
thermia, hypovolemia due to loss of fluid
from the exposed viscera, traumatic injury to
the viscera with possible perforation or
hemorrhage, and sepsis. With rapid recogni-
tion, management, and prevention of these
various complications more than 90% of in-
fants with gastroschisis survive.

The baby should be put in a warm environ-
ment immediately after birth. After an open
airway and oxygenation are assured—using
endotracheal intubation if necessary—the
lower half to two-thirds of the baby should be
put in a sterile drawstring bowel bag to help
decrease heat and evaporative fluid loss and
reduce the risk of infection. The use of moist
(not dripping wet) saline-soaked gauze over
the herniated viscera is acceptable. An intra-
venous line should be established quickly and
broad-spectrum antibiotics (gentamicin and
ampicillin) given. In addition, a fluid bolus of
20 cc/kg of 5% dextrose in lactated Ringer’s
solution should be given over the first hour. In
severe hypovolemia, albumin 0.5 g/kg or
plasma 10-15 cc/kg can be added to restore
intravascular volume. A blood gas analysis
should be done when possible and metabolic
acidosis corrected with sodium bicarbonate (1
mEq/kg). An orogastric tube should be put in
the stomach to prevent aspiration of gastric
contents and decrease gut distension caused by
swallowed air. A baby prepared in this way

usually can be transferred safely to a pediatric
surgery center for repair of the defect.

In 40-50% of cases, the gut can be reduced
into the abdomen and primary repair of the
abdominal wall defect done. This is successful
if a small amount of bowel is eviscerated or if
the gut is not excessively distended or edema-
tous. In the remainder of cases, the abdominal
cavity is too small to accommodate the her-
niated gut because of the loss of “right of
domain.” In these instances, construction of a
reinforced Silastic silo to partially reduce the
viscera is necessary, with subsequent staged
reduction of the contents over 7 to 10 days.
The abdominal wall then can be repaired.
Compression of the inferior vena cava and
respiratory distress caused by upward pressure
on the diaphragm are two possible compli-
cations of either primary or staged reduction
which make adequate hydration and meticu-
lous pulmonary care extremely important.
Frequently, endotracheal intubation and
ventilatory support are necessary in the im-
mediate postreduction period. Because of
edema and inflammation within the bowel
wall, prolonged adynamic intestinal ileus is
common in these infants. A period of 2 to 6
weeks usually is necessary before bowel func-
tion is adequate for feeding. Thus, total
parenteral nutrition via either the peripheral
or central venous route is necessary. Most
infants are able to tolerate oral feedings by 1
month, and hospitalization after that is
unusual except in complicated cases. With
appropriate perioperative support, current
survival is 90%.

Congenital Diaphragmatic Hernia

Congenital posterolateral diaphragmatic her-
nia through the foramen of Bochdalek is the
most common surgically correctable cause of
severe respiratory distress in the newborn. One
in 2200 babies is born with this defect, which
in 85% is on the left side, in 13% on the right
side, and bilateral in 1-2%. Most infants with
diaphragmatic hernia are term babies. There-
fore any “large’” baby with severe respiratory
distress should be suspected of having this
congenital defect.

The anomaly forms as the gut makes its
normal return to the abdominal cavity from
the yolk sac, the diaphragm forms, and the



Figure 9-2. A Initial chest radiograph in a newborn with
diaphragmatic hernia. Note opacification of the left
hemithorax, and shift of the heart into the right chest.
Insufficient air has been swallowed by the infant to fill the

lung buds develop. Failure of the diaphragm
to completely close allow the viscera to hern-
iate into the hemithorax, which prevents the
development of the ipsilateral lung. If the
mediastinum is shifted, compression of the
contralateral lung occurs and interferes with
its development as well. The result is
moderate-to-severe respiratory distress that
usually is present immediately at birth or
shortly after. The degree of distress tends to
quickly worsen as swallowed air distends the
gut within the chest, causing further lung
compression and mediastinal shift. Cyanosis,
tachypnea, pallor, gasping respirations, re-
tractions, or complete cardiorespiratory arrest
are the usual findings as the baby struggles to
expand his lungs. Breath sounds usually are
absent on the side of the hernia, and heart
sounds are shifted to the opposite hemithorax.
The baby frequently appears to have a barrel
chest and scaphoid abdomen.

The differential diagnosis upon clinical
examination will be pneumothorax, chylo-
thorax, meconium or other aspiration syn-
drome, and congenital cystic lung lesions
(lobar emphysema or cystic adenomatoid
malformation). If possible, at the first sign of
respiratory-distress a chest radiograph should
be taken before any invasive resuscitative
procedures are performed. Occasionally, the
film will show an opacified hemithorax if the
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loops of bowel within the chest. B Repeat film 30 minutes
later. Air within the loops of bowel now demonstrates the
diaphragmatic hernia. Immediate repair was successful.

infant has not swallowed sufficient air to
demonstrate the gastrointestinal tract (Fig. 9-
2A). If the radiographic findings are con-
fusing, the film should be repeated to further
define the problem. Frequently this will show
the gut within the chest (Fig. 9-2B).
Newborns with diaphragmatic hernia
should be stabilized prior to surgical reduc-
tion of the hernia and repair of the defect.
Most infants with diaphragmatic hernia bene-
fit from a brief period of preoperative stabili-
zation that should include direct endotracheal
intubation with ventilatory assistance.’ As-
sisted ventilation with a mask and bag should
be avoided because it may introduce excessive
amounts of air into the portion of the gastro-
intestinal tract herniated into the chest, caus-
ing further lung compression. After intuba-
tion, the child should be rapidly ventilated
with 100% oxygen and a blood gas determina-
tion made to assess the effectiveness of venti-
lation (pCO, level). Excessive airway pressures
should be avoided during ventilation because
the development of pneumothorax from lung
“blowout” can be fatal in infants with mar-
ginal pulmonary reserve. A nasogastric tube to
empty the gastrointestinal tract should be
placed early during resuscitation. A warm
environment is crucial for preserving body
temperature. An intravenous line should be
inserted quickly and sodium bicarbonate used
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to correct any metabolic acidosis. The use of
these few extra minutes to stabilize the infant’s
metabolic status greatly improves his chance
of a successful operation and ultimate sur-
vival.?

The operative approach is straightforward.
A transverse or vertical upper abdominal
incision is made on the side of the hernia and
the viscera gently reduced out of the chest. A
tube thoracostomy is inserted through the 5th
or 6th interspace and the diaphragmatic defect
closed using nonabsorbable sutures. In rare
cases the defect is too large for primary
closure, and a prosthesis or abdominal wall
muscle flap must be used. If the abdominal
cavity is small, a ventral hernia can be created
by simply closing the skin and subcutaneous
tissue over the abdominal viscera. When pro-
longed, vigorous ventilation is anticipated, a
chest tube is placed prophylactically in the
contralateral chest to prevent the development
of a tension pneumothorax in the event of
perforation.

The postoperative management of these
infants is demanding and often frustrating.
Arterial blood gas monitoring should be done
frequently, and appropriate changes in venti-
lator settings made immediately. Because
many of these infants develop pulmonary
artery hypertension, pharmacologic adjuncts
such as tolazoline, chlorpromazine, and ace-
tylcholine frequently are used in an attempt to
decrease pulmonary vascular resistance and
the resultant right-to-left shunting through
the atrial foramen ovale and patent ductus
arteriosus. The efficacy of these agents, how-
ever, is not known. Rapid ventilatory rates, as
high as 150-200 breaths per minute, also have
been used with some success to lower pCO,
and dilate pulmonary vasculature. As a last
resort, extracorporeal membrane oxygenators
(ECMO) have been used when death appears
imminent.'® However, few have survived using
this experimental procedure. The role of
ECMO in the management of infants with
diaphragmatic hernia remains unknown.

The overall mortality rate for infants with
diaphragmatic hernia who develop respiratory
distress within the first 24 hours after birth
remains 40-60%, with little or no improve-
ment made in the past 10 to 15 years. On the
other hand, infants presenting after the first
day of life have a 90% chance of survival. The

marked difference probably is the result of this
latter group’s cardiopulmonary reserve and
smaller degree of pulmonary hypoplasia. It is
hoped that continued improvements in post-
operative care will decrease the mortality in
infants with this defect.

Exstrophy of Cloaca and Bladder

Exstrophy of the bladder and cloaca are
congenital malformations of the lower ab-
dominal wall that result from the failure of
components of the caudal fold to develop.
Although these defects are thought too com-
plex to be the result of a single embryologic
event, many authors feel they are caused by an
incomplete fusion of lateral mesoderm that
comprises the genital tubercle, anterior blad-
der walls, the symphysis pubis, and the lower
abdominal wall."' These defects are repre-
sented in varying degrees of severity within a
spectrum of anomalies that also may include
malformations of the sacrum, neural canal
(myelomeningocele), lower extremities, and
genitalia. In both defects the anterior (ventral)
bladder wall is absent. Males with exstrophy of
the bladder also frequently have epispadias.
To simplify the anatomy, exstrophy of the
cloaca can be considered a bladder exstrophy,
with the addition of an omphalocele, imper-
forate anus, microcolon, and a vesicointestinal
fissure, a peculiar opening of the gastro-
intestinal tract between the two halves of the
bladder (Fig. 9-3).

The immediate postpartum care of infants
with exstrophy is similar to that for infants
with omphalocele. Fluid maintenance, heat
preservation, and a clean, aseptic environment
are important. An intravenous line should be
established and broad-spectrum antibiotics
given. Moist sterile gauze should be placed
over the abdominal defect and the bowel bag
(as outlined in the section on omphalocele)
reserved for those infants with cloacal ex-
strophy and large omphalocele. An orogastric
tube is advisable until patency of the gastro-
intestinal tract is ensured.

Because these infants require demanding
intraoperative and postoperative manage-
ment, they should be transferred to a pediatric
surgical/urologic center. Many infants born
with these defects are premature, and the
potential problems of prematurity (respiratory



Figure 9-3. A newborn with exstrophy of the cloaca. An
omphalocele at the most cephalad portion of defect and
two bladder halves with a centrally placed vesicointestinal
fissure are seen. Staged complete repair was suc-
cessful.

distress, hyperbilirubinemia) must be con-
sidered. In addition, the genitalia of infants
with both defects, particularly those with
cloacal exstrophy, frequently are significantly
deformed, making chromosomal analysis
mandatory. An evaluation by a multidisci-
plinary gender assignment committee, which
usually is found in children’s hospitals, also is
routine. Obviously, sex assignment should not
take place until this evaluation is completed,
and this should be fully explained to the
parents shortly after birth.

The operative approach to these infants
depends upon the embryologic defects. Thus,
treatment is highly individualized. Infants
with exstrophy of the bladder but with an
intact gastrointestinal tract can. undergo
staged reconstruction of the bladder and
genitalia either early in life or later. Pre-
viously, permanent urinary diversion with
ureterosigmoidostomy or ileal loop proce-
dures were done in combination with cystec-
tomy and genital reconstruction. However,
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pediatric urologists and surgeons now take a
more aggressive approach to bladder salvage
by “turning in” the lateral aspects of the
bladder wall anteriorly, thereby creating a
closed bladder. This usually is combined with
bilateral iliac osteotomies so that the pubic
symphysis can be repaired. In those children
with severe epispadias and absent urethra, a
urethra can be formed by tubularizing a
portion of the bladder, and later on creating
an artificial sphincter.

The management of infants with cloacal
exstrophy is more complex. The initial prob-
lems of omphalocele and imperforate anus
require surgery shortly after birth. Repair of
the omphalocele (which usually can be done
primarily), reduction of the vesicointestinal
fissure, recentralization of the right and left
hemibladders, and colostomy are done at the
same time. Resection of duplications of
cecum, colon, or appendix—common find-
ings in these infants—also can be done at this
time. After the first stage is completed, the
patient is left with a bladder exstrophy that
can be treated surgically in the ways outlined
above. Again, each infant’s problems are
unique and treatment should be tailored to
the specific situation.

There has been no long-term follow-up for
cloacal exstrophy because until recently the
defect was considered incompatible with life.
Recent experience, however, suggests that
aggressive surgical repair is fully warranted. A
50% mortality rate reported in 1979'" prob-
ably is less now because of improved intra-
operative and postoperative management.

Simple bladder exstrophy without cloacal
deformity has a brighter prognosis. A recent
large series'” showed a 4% mortality, 80%
normal upper urinary tracts, and more than
50% urinary continence at 5-year follow-up.
Further improvements in survival and quality
of life for these infants clearly are forth-
coming.

Sacrococcygeal Teratoma

Sacrococcygeal teratomas are large, firm tu-
mors that arise from the coccyx or anterior
sacrum. They typically extend posteriorly,
laterally into the gluteus muscles, and ceph-
alad between the sacrum and rectum. The
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Figure 9-4. Massive sacrococcygeal teratoma in a newborn. Note anal opening at the base of the tumor. One-stage

resection of the entire tumor was performed.

tumor may be entirely external or may contain
pelvic and even intraabdominal extensions.
These tumors can reach massive proportions,
at times approaching the baby’s own length
and weight (Fig. 9-4).

The incidence of sacrococcygeal teratoma is
one in 85,000 births, with females accounting
for 60-75% of all cases. Approximately 60% of
tumors are diagnosed at birth, while the
remainder are discovered as late as adulthood.
Early diagnosis depends on the extent of
tumor visible on the exterior. More than 10%
of tumors are presacral and intrapelvic, dis-
covered only by rectal exam or lower abdom-
inal palpation. Early diagnosis is desirable
because there seems to be a true malignant
degenerative potential of the tumor in infants
older than 4 months.

Because the external tumor is often massive,
a difficult delivery and dystocia frequently
occur. In the largest series of sacrococcygeal
teratomas reported (the Surgical Section
Survey of the American Academy of Pedi-
atrics),' 9% of 405 infants required delivery by
cesarean section. Ninety-two percent of these
were term babies.

Trauma at birth to the tumor and baby can
be a major cause of morbidity and mortality.
Laceration or contusion of the tumor result-
ing in massive hemorrhage is a risk during the
vaginal delivery of infants with moderate or
large tumors. Most infants who undergo a safe
delivery appear asymptomatic. Although rare,

symptoms related to obstruction of the rectum
or lower urinary tract from presacral and
intrapelvic extensions also may be present
early.

The early management of these infants
includes putting the infant on its side, main-
taining its temperature, and inserting an
intravenous line. A blood specimen for typing
and cross-matching should be obtained early
because contusion to the tumor during
delivery may cause occult bleeding within the
mass. Preoperative blood specimens also
should be taken for a-fetoprotein and human
chorionic gonadotropin, two tumor markers
that are frequently elevated preoperatively but
fall to normal after the tumor is excised. These
markers also are useful in follow-up because
an increasing level is excellent evidence of
recurrent tumor or the development of
metastases. If the rectum is severely compressed
or obstructed, an orogastric tube should be
placed. Because the majority of infants are
term and have a low incidence of other
anomalies, no other specific care is necessary
prior to surgical removal of the tumor.

The surgical approach depends on the
extent of the tumor. The rare newborn with a
large intraabdominal or pelvic extension
should have an abdominal exploration first to
dissect and “free up” that portion of the
tumor. For the excision of posterior tumors,
the infant must be prone on the operating
table, after appropriate intravenous and intra-



arterial lines have been secured. A transverse
“chevron” or longitudinal incision is used
and the capsule of the tumor dissected
directly. Careful dissection of tumor off the
rectum is necessary to avoid injury. A finger or
balloon catheter (Foley) within the rectum
frequently will facilitate this dissection. The
coccyx must be removed en bloc with the
specimen to deter recurrence. Likewise, the
tumor capsule should not be entered so as to
prevent tumor spill. Recurrences frequently
are malignant even when the primary tumor
was benign, making it imperative that all of
the tumor be removed during the first opera-
tion.

After the tumor is removed, suction cathe-
ters are left in place for several days to drain
the large cavity. Bowel and bladder functions
usually return promptly, and the infant begins
feeding within 2 days.

The results for resection of benign tumors
are excellent. The recurrence rate is low.
Recurrence usually can be detected early by
serum o-fetoprotein determinations before
the tumor mass is felt. Unfortunately, the
outlook for malignant tumors is not as favor-
able. A 60% mortality rate was noted in the
American Academy of Pediatrics survey, with a
mean life span of only 10 months after
diagnosis."” It is hoped that more aggressive
multimodal chemotherapy with drugs such as
cis-platinum and bleomycin that are active
against germ cell tumors will improve survival.
Because the incidence of malignancy increases

Figure 9-5. Posteroanterior and lateral chest radio-
graphs in a newborn with respiratory distress. There is a
hyperlucent right hemithorax with slight shift of the
mediastinum to the left. On the lateral view, a large lucent
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dramatically after the infant is 3 months old,
earlier diagnosis and resection is critical to
survival.

Congenital Lung Cysts

Congenital cystic lesions of the lung, which
include congenital lobar emphysema, cystic
adenomatoid malformation, and true lung
Cysts, can present shortly after birth with
respiratory distress that at times is severe.
These anomalies form as the lung buds
develop from the primitive foregut. Because
early operative intervention often is critical for
survival, rapid recognition of these conditions
and early initiation of therapy are extremely
important.

These infants frequently have signs of
respiratory distress shortly after birth, the
amount of distress depending upon the size of
the lesion and the degree of lung compression.
The distress may be mild initially but progress
raidly over several hours as air becomes
trapped in the cyst, causing increasing lung
compression. Tachypnea, grunting, cyanosis,
and sternal retractions are early indications of
respiratory difficulty. Breath sounds on the
side of the lesion are poor or even absent,
which can lead to a mistaken diagnosis of
pneumothorax. A chest radiograph should be
taken before doing a needle or tube thora-
costomy.

The radiographic appearances of true lung
cyst and congenital lobar emphysema are

area just below the sternum is seen. At operation, right
middle lobectomy was performed for congenital lobar
emphysema.
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similar. Unilateral hyperlucency, often with
lung compression and mediastinal shift, is the
typical picture (Fig. 9-5). This can be confused
with pneumothorax, but careful inspection of
the film usually will reveal a visible cyst wall.
Cystic adenomatoid malformation, on the
other hand, is a hamartomatous lesion that
has both solid and cystic areas. On radio-
graphy this lesion’s appearance has been
described as a ““Swiss cheese wedge.” In all
lesions, a single upper lobe usually is affected.
In congenital lobar emphysema, the order of
most frequent involvement is the left upper
lobe, right upper lobe, and right middle
lobe.

The therapy for these various cystic lesions is
operative resection, sparing as much normal
lung as possible. Nonoperative therapy has an
unacceptably high mortality in these infants,'*
whereas resection can be done with low mor-
bidity and mortality. For solitary lung cysts,
excision usually is all that is necessary.
Congenital lobar emphysema and cystic ade-
nomatoid malformation usually require a
lobectomy for complete removal. An occa-
sional case of congenital lobar emphysema is
the result of extrinsic compression—usually
from a mediastinal bronchogenic cyst—on the
bronchus supplying that lobe. The majority of
these lesions, however, have no specific eti-
ology.

The long-term results after resection are
excellent. Lung tissue has the ability to grow
for the first few vyears of life. Thus,
the pulmonary function in these children is
excellent.

Summary

The congenital anomalies discussed in this
chapter are the most frequently encountered
problems that can be life threatening if not
recognized and treated early. With ultrasound
and other imaging techniques continuing to
improve fetal diagnosis, prompt perinatal care
should improve survival rates in the seriously
ill neonate with congenital malformations.
Early recognition and resuscitation, frequently
by the physician who delivers the child, will
continue to play a major role in the survival
and improved quality of life of these new-
borns.
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Practitioners involved in the care of pediatric
and adolescent patients are frequently called
upon to help in the diagnosis and manage-
ment of female pelvic disorders. The differ-
entiation between medical and surgical causes
of pelvic symptoms such as pain, constipation,
and diarrhea and the appropriate workup and
prompt initiation of therapy demand a knowl-
edge of the most common disorders that
produce such symptoms. The purpose of this
chapter is to review the differential diagnosis
of abdominal and pelvic pain and other pelvic
symptoms in children and adolescents, to
examine the diagnostic modalities available to
help differentiate between the various causes
of pelvic disorders, and to discuss the basic
surgical approaches to pelvic abnormalities in
the female pediatric and adolescent patient.

Differential Diagnosis

The most common disorders that produce
pelvic pain in the child include gastroenteritis,
urinary tract infection, constipation, pelvic
inflammatory disease, mesenteric adenitis,
inflammatory bowel disease, ovarian torsion,
and appendicitis.' The following general dis-
cussion of these various disorders will provide
a differential diagnosis for pelvic pain in
pediatric and adolescent patients.

Gastroenteritis

This is probably the most common reason for
an emergency room visit prompted by ab-
dominal or pelvic pain.’ Fever, vomiting,

diarrhea, anorexia, and abdominal pain may
all be present in various combinations, and
the entire clinical picture may appear identical
to appendicitis, especially in the younger
child.

Urinary Tract Infection

Urinary tract infection may be present in
female patients of any age, although it is
probably more prevalent in the older child
and adolescent. High fever, flank pain, bi-
lateral or midline tenderness, dysuria, and
pyuria will alert the clinician to this diag-
nosis.

Constipation

Constipation is one of the most common
causes of abdominal pain in children of all
ages. A carefully obtained history, palpation
of a stool-filled colon on abdominal examina-
tion, and relief of pain with an enema all help
to make this diagnosis.

Pelvic Inflammatory Disease

Pelvic inflammatory disease has become more
common over the past several years in the
sexually active adolescent. The onset of pain is
often preceded by menses, and the pain begins
in the lower quadrants. Severe cervical and
adnexal tenderness, purulent vaginal dis-
charge, and high white blood cell count and
sedimentation rate are typical for pelvic in-
flammatory disease. Differentiating between
pelvic inflammatory disease and appendicitis
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is extremely difficult; not infrequently the
diagnosis is made by removal of a normal

appendix.

Mesenteric Adenitis

Enlargement of mesenteric lymph nodes after
a viral illness is common and can produce
right lower quadrant pain.® It is probably best
to make this diagnosis only affer appendec-
tomy.

Inflammatory Bowel Disease

In approximately 10% of cases, ulcerative
colitis will present as an acute illness without
previous symptomatology, but this presenta-
tion usually includes a fulminant course of
bloody diarrhea, high fever, and abdominal
distension rapidly progressing to inanition.*
However, most cases have an insidious onset
that is easily differentiated from other dis-
orders.® On the other hand, Crohn’s disease
has an extremely variable presentation that
may include recurrent abdominal colic,
diarrhea, acute abdominal pain mimicking
appendicitis, and growth retardation.® Extra-
intestinal manifestations (arthritis, skin les-
ions, uveitis, liver disease, stomatitis) are
frequently present, occasionally even before
the onset of intestinal symptoms, and may be a
clue to the diagnosis.

Ovarian Torsion

An extremely abrupt onset of unilateral pelvic
pain in the adolescent female is suggestive of
ovarian torsion.”® Frequently an ovarian cyst
is present which enlarges the ovary sufficiently
to allow twisting.® Rarely, a cystic ovarian
teratoma (dermoid) in a younger child will
present initially as torsion.'>"

Appendicitis

Acute inflammation of the appendix can occur
at any age, from newborn to the very elderly.
Numerous monographs through the years
have reaffirmed the diagnostic challenge of
appendicitis, the various clinical pictures
which it  can present in childhood, and the
serious sequelae if the appendix perfor-
ates.>'*”'* A normal appendix removal rate of
3-5% is still acceptable in this modern era of

sophisticated diagnostic procedures," while

there can be no excuse for a patient perfor-
ating while under the observation of a physi-
cian. Even with recent advances in antibiotic
and intensive care support, a mortality rate in
perforated appendicitis of 0.1-1.0% persists in
most children’s hospitals, whereas the mor-
tality rate from removal of a normal or
nonruptured inflamed appendix approaches
zero.

Evaluation

The evaluation of the pediatric patient with
pelvic pain or other symptoms begins with a
complete history and physical examination.
Table 10-1 summarizes some aspects of the
history and physical examination of these
various disorders. In utilizing a table such as
this, several factors must be kept in mind.
First, each patient is unique; the “classic”
presentation of a specific disease is rarely seen.
Anatomic variations; differing responses to
pain and tenderness; fear of hospitals, physi-
cians, and nursing personnel; unpleasant
diagnostic studies; and fear of punishment
may have profound modifying effects on all of
the signs and symptoms presented. Because
younger childeren frequently cannot or will
not relay accurate information concerning the
onset of symptoms, localization of pain, and
chronicity, the clinician must obtain such
information secondhand from anxious and
sometimes confused parents. In spite of these
drawbacks, Table 10-1 is useful in empha-
sizing that the history and physical examina-
tion of the patient remains the most important
part of the diagnostic workup. There are
enough unique features for each disorder to
allow a definite clinical diagnosis in most
instances.

Several aspects in the history of the onset of
pain deserve emphasis. In appendicitis, the
pain is virtually always periumbilical initially,
only later migrating to the right lower quad-
rant as the parietal peritoneum becomes irri-
tated. Vomiting usually comes after the onset
of pain. In contrast, children with gastro-
enteritis may have a similar abdominal pain
pattern, but the pain doesn’t localize well and
frequently occurs after vomiting rather than
before. With urinary tract infection, the pain is
more flank or deep pelvic in origin, and is
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Table 10-1. Signs and Symptoms of Pediatric Pelvic Disorders.
Urinary Tract Inflammatory Ovarian
Infection Appendicitis Gastroenteritis Constipation = Bowel Disease Torsion
Chronicity Acute or Acute Acute Chronic Chronic Very acute
chronic
Diarrhea None Mucous, low Frequent, None Frequent, None
volume high volume usually
mucous
or bloody
Vomiting Infrequent Frequent, Frequent, None Infrequent Frequent, with
after pain before onset of pain
starts pain
starts
Pain pattern Pelvic, Umbilical, Diffuse Bilateral lower  Diffuse, Diffuse
frequently migrating quadrants may localize
bilateral to right to pelvis
lower
quadrant
Tenderness Mild Moderate to  Mild to Mild or Mild to Moderate to
severe moderate none moderate severe
Other signs Dysuria May have None None Weight loss, None
or symptoms dysuria joint pains,
malaise
Localization Poor Right lower  Diffuse Poor Diffuse Localized to
of pain quadrant right or left
pelvis
Peritoneal signs  Absent Present Mildly present Absent Present Present
Fever Elevated Elevated Elevated Normal Normal to Normal
slight
elevation

often preceded by dysuria. The pain associated
with constipation and inflammatory bowel
disease (ulcerative colitis and Crohn’s disease)
is usually insidious in onset, chronic or inter-
mittent over a period of weeks or months, and
in the case of inflammatory bowel disease
associated with so many other signs and
symptoms that confusion rarely exists. Tor-
sion of an ovary represents an abrupt inter-
ruption in the blood supply to the ovary and
fallopian tube that produces intense pain and
vomiting. Frequently the patient or her family
can tell the physician the exact time the pain
began. The severity of the pain is out of
proportion with the physical findings, and
vomiting accompanies the onset of pain.

The successful physical examination of the
pediatric patient is considerably difterent than
in the adult. Because of the child’s feelings of
fear, guilt, or pain, examination for ab-
dominal tenderness, peritoneal signs, or ab-
dominal mass can be frustrating and non-
rewarding. Allowing younger children to

localize an area of maximal tenderness by
using their own hands is sometimes useful,
whereas older children will point to the spot.
In all cases the most unpleasant or painful
part of the examination, such as palpation
directly over the area of pain or the rectal
exam, should be done after a complete history
is obtained and at the end of the physical
examination. The administration of Seconal
(1 mg/kg) intramuscularly will provide seda-
tion without analgesia, so that a more thor-
ough evaluation can be performed.

Frequently the initial physical examination
is nonspecific or confusing; a repeat examina-
tion 30 to 60 minutes later is more definitive.
Admission to the hospital for several examina-
tions spaced over a period of a few hours is
sometimes necessary.

In eliciting signs of peritoneal irritation, the
stretch receptors in the parietal peritoneum
respond to the rate of stretching. Thus, slow
deep palpation in the area of question fol-
lowed by quick release will elicit either a visible
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wince or verbal expression of pain, or both. As
peritoneal irritation becomes more severe,
there will be guarding (voluntary stiffening)
and spasm (involuntary rigidity) within the
rectus muscle, both of which are readily
apparent on palpation of the abdomen. Re-
bound tenderness, guarding, and spasm are
evidence of severe intraperitoneal irritation
and are usually indicative that a surgical
process is present. Blood, fecal material, and
pus are all extremely irritating to the parietal
peritoneum, producing these physical signs.

No physical examination in a child with
pelvic pain is complete without rectal exa-
mination. Because of the shortness of rectal
length, a finger gently inserted through the
rectum can frequently explore the entire
pelvis; pelvic masses, areas of tenderness, and
organomegaly can be readily found. In the
adolescent female with suspected pelvic in-
flammatory disease, rectal examination seems
to produce less anxiety and is usually less
threatening and uncomfortable for the pa-
tient. More gentle palpation of the inflamed
cervix can be performed through the rectal
wall in this manner.

Laboratory studies can be helpful in differ-
entiating the various causes of pelvic pain.
Urinalysis is perhaps the most important
study; if more than 30 white blood cells per
high power field are found, urinary tract
infection is suggested and should prompt a
Gram’s stain and urine culture. If purulent
material is expressed from the vagina, suggest-
ing pelvic inflammatory disease, it too should
be cultured and Gram-stained. If either urin-
ary tract infection or pelvic inflammatory
disease is suspected, one or two doses of
intravenous antibiotics can be administered,
followed by reassessment of the abdominal
examination. In most cases significant im-
provement in physical findings will occur in
these infectious processes, while surgical le-
sions such as appendicitis will progress.

The white blood cell (WBC) count and cell
differential are elevated in most cases involv-
ing inflammatory or infectious processes, and
therefore are not particularly helpful. In addi-
tion, many cases of appendicitis have a normal
or slightly decreased WBC count, creating
additional confusion. In general, a WBC
count greater than 20,000 suggests urinary
tract infection or pelvic inflammatory disease

rather than appendicitis, unless the latter is
perforated. The WBC count is usually normal
or slightly elevated in constipation, inflam-
matory bowel disease, and ovarian torsion.

Radiologic Evaluation

With the onset of newer imaging modalities,
the radiologic evaluation of the patient with
pelvic pain can become complicated, time
consuming, and expensive. However, it must
be kept in mind that the disorders outlined in
this chapter are primarily clinical diagnoses,
and radiologic procedures are utilized in
confusing cases or where clinical evaluation is
difficult, such as in brain-damaged children
or the very young child.

Supine and upright abdominal radiographs
should be the initial radiologic studies ob-
tained. Significant findings related to pelvic
pathology include abnormal gas patterns, air-
fluid levels (localized paralytic ileus), peri-
toneal fluid, scoliosis toward the side of an
inflammatory process, psoas muscle obscura-
tion, thickening of abdominal wall, presence
of fecalith, and signs of a mass or abscess (Figs.
10-1-10-38).'

Figure 10-1. Upright abdominal radiograph in a 14-year-
old girl with signs and symptoms suggesting appendicitis.
Note the “sentinel loop” of small bowel, with an air-fluid
level in the right lower quadrant. Acute appendicitis was
confirmed surgically.



Figure 10-2. Supine abdominal film in a 16-year-old girl
with right lower quadrant tenderness. A large, round
appendicolith is seen in the right lower quadrant, asso-
ciated with obliteration of the psoas muscle shadow and
scoliosis to the right. An acutely inflamed appendix with
appendicolith was removed.

Contrast studies, primarily of the lower
gastrointestinal tract, are occasionally needed
when plain films are nondiagnostic. In the
workup of patients with right lower quadrant
pain in whom physical examination is not
definitive for appendicitis, barium enema can
be helpful."” If the appendix fills with barium,
appendicitis is excluded as a diagnosis. On the
other hand, nonfilling of the appendiceal
lumen with barium, or the presence of a mass
(Fig. 10-4), are signs suggestive of appendi-
citis. In addition, the diagnosis of inflamma-
tory bowel disease, either ulcerative colitis or
Crohn’s disease, can be made by barium
enema (Figs. 10-5 and 10-6). In inflammatory
bowel disease and other severe inflammatory
disorders such as salmonella/shigella gastro-
enteritis, extreme care must be utilized in
performing “the barium enema; perforation
may result if too much pressure is used to fill
the colon with the contrast material. Severe
spasm in the rectosigmoid which prevents
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Figure 10-3. Pelvic radiograph in a 13-year-old girl with
abrupt onset of midline pelvic pain. Note the scattered
calcification in the region of the left ovary, and the “mass
effect.” Torsion of an ovarian teratoma was found at
surgical exploration.

total filling of the colon is strongly suggestive
of significant colonic inflammation in a child,
and persistence in attempting to fill such a
colon will frequently lead to disaster.

The role of ultrasound and computed
tomography is less clear than that of plain
films and contrast studies. In the patient with
chronic pain and the presence of a mass on
physical examination, one or both of these
studies might be useful in deciding what organ
is involved, whether the mass is cystic or solid,
and directing further workup and therapy. For
the patient with acute pelvic pain, these studies
have a limited role and are usually not needed
to make a diagnosis.

Surgical Approaches

Strong consideration should be given to using
a transverse incision on the pediatric or
adolescent patient undergoing pelvic surgery.
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Figure 10-4. Barium enema in a child who subsequently
was found to have perforated appendicitis. The cecum
fills poorly and has a mass indenting its medial wall. The
appendix did not fill, and there is diffuse spasm and
irregularity in the terminal ileum.

Figure 10-5. Barium enema in a child with a 3-day history
of abdominal pain and diarrhea. The mucosa in the left
colon is irregular, and there is a “pipe-stem” appearance
to the left colon due to shortening from ulcerative
colitis.

Figure 10-6. Barium enema in a 10-year-old child with
right lower quadrant tenderness, fever, and a mass felt on
rectal exam. The entire right colon and terminal ileum are
diffusely narrowed and irregular, with near total obstruc-
tion at the ileocecal value. Further history revealed weight
loss and arthritis, confirming the suspicion of Crohn’s
disease.

A transverse incision is cosmetically more
acceptable, can be kept below the bikini line in
many instances, affords excellent exposure,
and heals more soundly than a midline in-
cision. If a midline incision is desired, a
Pfannenstiel approach, using a transverse skin
incision, and midline fascial opening is satis-
factory. In any case, careful hemostasis and
gentle handling of tissues is the best insurance
against wound infection and its associated
complications. A urinary catheter should be
placed prior to every pelvic surgical pro-
cedure, but is not routinely needed for appen-
dectomy.

During the procedure, conservativeness and
restraint should be practiced if at all possible.
Limited resections, preservation of normal
tissue and organs, and debridement and



drainage rather than removal are the prin-
ciples that should be applied. Since the lesions
discussed in this chapter are not malignancies,
there is very little indication for radical re-
sections. In the following discussion, each
disorder requiring surgery will be examined
with these principles in mind.

In unruptured appendicitis, simple removal
of. the appendix is all that is necessary. In
contrast, the perforated appendix with abscess
formation is more complicated. Appendec-
tomy, irrigation of the abscess cavity, and
placement of drains is the most efficacious way
of managing this common disorder. If the
perforation is longstanding, significant in-
flammatory response within the organs form-
ing the abscess cavity (loops of bowel, bladder,
uterus, fallopian tube, and ovary) and the
formation of a pelvic phlegmon are common,
making removal of the appendix extremely
difficult and risky. In these instances, simple
irrigation and drainage of the cavity is accept-
able, with interval appendectomy performed 4
to 6 weeks later. At that time, removal of the
appendix is usually straightforward.

In cases of pelvic inflammatory disease and
tuboovarian abscess, debridement, irrigation,
and drainage combined with high dose
antibiotic therapy are preferred to bilateral
salpingo-oophorectomy, the latter (frequently
combined with hysterectomy) being the com-
mon recommendation for adults with this
disease. If sepsis persists reexploration several
days later is preferable to more radical
procedures initially. Many children will have
only unilateral tuboovarian abscess, in which
case a single salpingo-oophorectomy can be
utilized. Obviously the safety of the child must
be kept in mind whenever these conservative
approaches are used for pelvic infectious
processes.

For cases of torsion of the ovary, the fal-
lopian tube and ovary are frequently necrotic
and infarcted by the time the lesion is dis-
covered, and salvage is usually not possible
(Fig. 10-7). However, a trial of detorsion, with
15 to 20 minutes of observation of the appear-
ance of the ovary, might be advisable if the
onset of the torsion is less than 4 hours prior
to exploration. The use of the Doppler probe
intraoperatively for the detection of pulses
within the ovary is also useful. In all cases of
ovarian torsion secondary to cyst formation,
the contralateral ovary should be carefully
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Figure 10-7. Operative findings of patient whose radio-
graph is shown in Fig. 10-3. A large ovarian cystic
teratoma which had undergone torsion around the fallo-
pian tube was resected successfully. Note several areas
of hemorrhage and ischemia on the surface of the cyst.

inspected, and cystic lesions within that ovary
extirpated. However, bilateral oophorectomy
should be avoided.

When inflammatory bowel disease is unex-
pectedly discovered at the time of pelvic
exploration, the best approach in most cir-
cumstances is to simply close the incision and
perform a more complete workup, including
contrast radiologic procedures and procto-
scopy and biopsy. This is particularly true for
Crohn’s disease, where even minor manipula-
tion of the bowel may lead to acute exacerba-
tion of the disease.* If enlarged lymph nodes
are present within the mesentery of the
affected bowel, biopsy of one of these may
demonstrate granulomas histologically, con-
firming Crohn’s disease, but under no circum-
stances should the bowel be biopsied in an
area of active inflammatory process. In addi-
tion, appendectomy in patients with Crohn’s
disease is not advisable unless the cecum is
completely normal in appearance. Appendec-
tomy in patients with active Crohn’s disease in
the cecum usually results in the formation of
an enterocutaneous fistula that can be difficult
to manage.'®

Wound Closure
Closure of the wound can be performed in a
wide variety of ways, using any one of an ever-
increasing selection of suture materials. In
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general, absorbable suture (catgut, polygly-
colic acid) should be used to close the
peritoneum, usually in a running fashion. The
fascia should be closed with a longer-lasting
suture material, as the strength of the wound
closure relies on adequate fascial apposition.
Monofilament suture is used for operative
procedures involving drainage of abscesses or
other gross contamination, while polyfilament
suture is satisfactory for clean cases. In gen-
eral, permanent suture material is used for
fascial closure, although many surgeons have
had excellent results with long-lasting absorb-
able suture such as polyglycolic acid and
polydioxanone. These latter materials have
the advantage of eventually disappearing,
decreasing the risk of the development of
troublesome suture granulomas months or
even years after the procedure. Because of the
paucity of subcutaneous fat in most children,
the knots of the fascial closure should be
inverted and buried under the fascia itself.
This seems to decrease the incidence of painful
subcutaneous knots. An interrupted suture
technique, rather than a running suture, is the
safest approach for fascial closure.

Skin closure is also a matter of personal
preference for the surgeon. In most cases
involving gross contamination, the skin and
subcutaneous tissue should be left open to
heal by secondary intention or be closed with
tapes or suture 3 to 5 days later. Saline ‘‘wet to
dry” dressings, changed two or three times per
day, will gently debride the wound, allow
drainage of purulent material, and prepare
the wound for later closure. If desired, this
technique can be continued until the wound is
completely healed. As an alternative, very
loose closure with monofilament suture can be
used, with careful observation postoperatively
for the development of deep wound infection.
For clean cases, running or interrupted ab-
sorbable suture (plain or chromic catgut) in
the subcutaneous tissues will help relieve
tension on the skin sutures and make for a
more cosmetically satisfactory skin closure.
Although skin sutures or skin staples can be
used to approximate the skin edges, sub-
cuticular_ sutures, either runninng or inter-
rupted, using absorbable suture obviate the
need for later suture removal (frequently a
traumatic event for a child), and generally

make a smaller surgical scar. The use of paper
tapes over the wound after the subcuticular
closure adds strength to the suture line and
allows more exact approximation of the skin
edges. An occlusive dressing over the wound
for 24 to 48 hours completes the procedure.

Drains

The use of postoperative drains in cases in-
volving drainage of abscess is a well-accepted
adjunct to overall surgical care. Ruptured
appendix with abscess formation and tubo-
ovarian abscess associated with pelvic inflam-
matory disease are the most common indica-
tions for postoperative drains in pediatric
pelvic surgery. Either nonsuction (Penrose) or
suction drains can be used, but the drain
should be soft and pliable to limit the risk of
perforation through inflamed bowel wall ad-
jacent to the abscess cavity. The drains should
be placed in the most dependent portion of
the abscess cavity, or if the abscess is not
located deep within the pelvis, a second drain
can be placed in this latter position to help
prevent the development of a postoperative
pelvic abscess. The drains can be exteriorized
either through the wound or through separate
stab incisions; the latter approach obviously
has the disadvantage of creating additional
scars, whereas the former may lead to wound
dehiscence and evisceration. If the drains are
brought out through the wound, placing them
in the most lateral aspect of the wound is the
best insurance against evisceration. The drains
are usually removed after 2 to 4 days.

Summary

Lower abdominal and pelvic pain and other
symptoms are common in children and can be
caused by a variety of disorders. Thorough
history and physical examination should de-
velop a differential diagnosis which can be
further narrowed by radiologic procedures.
The basic surgical approach to the pediatric
patient should be one of conservative resec-
tions, keeping in mind that the child faces 50
to 70 years of lifetime after the operation,
mandating careful thought before radical
procedures are undertaken.
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Malignant neoplasms are very uncommon in
children. Annual incidence rates range from
124.5 per million in white children to 97.8 per
million in black children.' Although the distri-
bution of childhood malignant tumors varies
with age, race, sex, and geography, leukemias
are the most common, followed by central ner-
vous system tumors, lymphomas, neuroblas-
tomas, soft tissue sarcomas, Wilm’s tumors,
and bone tumors, respectively."? Collectively,
these cancers are the second most common
cause of death in children under 18 years.
Only 2-5% of malignant pediatric tumors
occur in the female reproductive organs. Of
these, ovarian cancer is the most frequent (65—
70%), although cancers also arise in the va-
gina, vulva, or uterus.'™* The ovarian malig-
nancies are most likely to occur at puberty,
whereas other reproductive tract tumors ap-
pear in younger children and infants. Al-
though most gynecologic cancers appear to be
random occurrences, there are several child-
hood syndromes in which they are more
common. For example, those with Peutz-
Jeghers syndrome are at an increased risk for a
particular sex cord tumor, and children with
dysgenetic gonads develop gonadoblastomas
and other malignant germ cell tumors. The in
utero exposure to diethylstilbestrol has been
associated with an increased risk of clear cell
adenocarcinoma of the cervix.**

~ Qvarian Neoplasia

Ovarian cancer is the most commonly found
gynecologic malignancy in childhood and

John A. Carlson

adolescence. Understanding this neoplasm has
been complicated by the variety of ovarian
tumors, the difficulty in differentiating be-
tween physiologic changes and neoplasia, and
the relative inaccessibility of the ovary. The
following brief discussions of embryology and
anatomy are intended to help simplify this
subject.

Embryology

Embryology is the key to understanding ovar-
ian neoplasms. During the fourth week of
embryonic life, a pair of longitudinal ridges
(gonadal ridges) arise between the dorsal
mesentery and the mesonephros. The ridges
form from a condensation of mesenchyme
and a proliferation of primitive coelomic
epithelium. During the sixth week, the germ
cells, which apparently arise in the yolk sac
near the allantois, migrate to the gonadal
ridge. As the coelomic epithelium proliferates
and becomes the more prominent component
of the ovary (the future cortex), cords of
epithelium interdigitate with the mesenchyme
forming the sex cords. With further differen-
tiation, the sex cords eventually separate from
the surface epithelium, while the germ cells
multiply and establish permanent follicles.
Some sex cord epithelial cells that grow deeper
into the mesenchyme do not contain germ
cells and eventually regress, persisting as rud-
imentary tubules in the mesenchyme, the
future medulla of the ovary. By the 12th week
of development, the gonad is recognizable
as an ovary that has been developed from



coelomic epithelium, mesenchyme, and germ
cells.”

Anatomy

The developing ovary lies between the 10th
and 12th thoracic segments and is suspended
from the posterior abdominal wall by the
infundibulopelvic ligament, which contains
vessels and nerves. Later, the ovary is drawn to
a more caudal position, and is eventually
located on either side of the uterus in the
ovarian fossa in close proximity to the iliac
vessels and the ureter. The ovary does not
descend into the true pelvis until after puberty.
Thus, its abdominal location in the prepubes-
cent patient may lead to some difficulty in
diagnosing ovarian neoplasms.®

In the normal adolescent or preadolescent
the uterus usually is quite small, midaxial, and
easily palpated. The fallopian tube is not pal-
pable, and the ovary may vary. Prepubertally
the ovary is approximately 1.5-2 cm in length
and 0.5 cm in width. After menarche the ovary
is much larger, measuring 3-3.5 cm in length
and 1.5-2 cm in width, with a thickness of
approximately 1.0-1.5 cm. During the repro-
ductive years the size of the ovary varies with the
phase of the menstrual cycle, but the normal
ovary rarely exceeds 6.0 cm in diameter.*®
" The blood and nerve supply to the ovary
originate between the 10th and 12th thoracic
vertebrae in close proximity to the kidney. The
ovarian arteries arise from the aorta, below
the renal vessels. The left ovarian vein empties
into the left renal vein and the right ovarian
vein into the inferior vena cava. The ovary’s
primary lymphatic drainage is to the upper
aortic and caval lymph nodes,’ which may be
an important site of occult metastasis even in
apparently early stages of ovarian cancer.'

The nerve supply to the ovary comes from
the sympathetic plexus, so a patient with an
ovarian tumor may complain of vague mid-
abdominal discomfort rather than pelvic pain.
Pelvic pain usually reflects pressure on contig-
uous organs from direct extension or extrinsic
pressure.

Histologic Classification of Ovarian
Neoplasms

The classification of ovarian tumors in this
chapter is that adopted by the World Health
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Organization (WHO) (Table 11-1). The epi-
thelial tumors derive from the coelomic
(germinal) epithelium. In women of all ages
epithelial malignancies account for 75-90% of
all ovarian cancer, whereas germ cell tumors
and stromal tumors comprise 15-20% and 5-
10%, respectively. However, in children under
18, germ cell malignancies account for 63—
74% of malignant tumors, whereas stromal
tumors represent 17-20% and epithelial can-
cers 4.5-12.5%.%>!'-1

The majority of ovarian tumors found in
children or adolescents are benign. In fact,
many series have found the overall malignancy
rate to be only 15-32%.'"'*' One notable
exception, however, is the large series from
The Armed Forces Institute of Pathology in
which 200 of 353 neoplasms were malig-
nant.'®

Symptomatology of Ovarian Tumors

The diagnosis of ovarian neoplasia is hindered
by the abdominal and pelvic location of the
ovary and the relatively asymptomatic nature
of the disease. Even in the advanced stages of
ovarian carcinoma, the patient may relate a
history of only vague gastrointestinal symp-
toms such as early satiety, intermittent bloat-
ing, altered intestinal motility, dyspepsia, or
nondescript abdominal discomfort. Pressure
upon adjacent organs sometimes promotes
symptoms such as constipation and frequent
urination. However, even in the adult patient
in whom this constellation of symptoms
should prompt an evaluation for ovarian
cancer, the diagnosis frequently is not made
until the disease is in an advanced stage.’

In women under 18, the diagnosis of ovar-
ian carcinoma is often delayed because the
rarity of the lesion makes it an unlikely
possibility, and a pelvic examination may be
physically and psychologically uncomfortable
for the young patient. Therefore, if a reliable
gynecologic examination cannot be done
because of anxiety or discomfort, an examina-
tion under anesthesia or by laparoscopy
should be done to evaluate the ovaries once
the diagnosis of ovarian carcinoma has been
entertained. Occasionally an ovarian tumor
presents with acute abdominal symptoms
from infarction as a result of gonadal torsion.
Rapid growth and/or hemorrhage into the



Table 11-1. Histoligic Classification of Ovarian Tumors.

Common “epithelial” tumors
A. Serous tumors
1. Benign
a. Cystadenoma and papillary cystadenoma
b. Surface papilloma
c. Adenofibroma and cystadenofibroma
2. Of borderline malignancy (carcinomas of low
malignant potential)
a. Cystadenoma and papillary cystadenoma
b. Surface papilloma
c. Adenofibroma and cystadenofibroma
3. Malignant
a. Adenocarcinoma, papillary adenocarcinoma,
and papillary cystadenocarcinoma
b. Surface papillary carcinoma
c. Malignant adenofibroma and cystadenofib-
roma
B. Mucinous tumors
1. Benign
a. Cystadenoma
b. Adenofibroma and cystadenofibroma
2. Of borderline malignancy (carcinomas of low
malignant potential)
a. Cystadenoma
b. Adenofibroma and cystadenofibroma
3. Malignant
a. Adenocarcinoma and cystadenocarcinoma
b. Malignant adenofibroma and cystadenofib-
roma
C. Endometrioid tumors
1. Benign
a. Adenoma and cystadenoma
b. Adenofibroma and cystadenofibroma
2. Of borderline malignancy (carcinomas of low
malignant potential)
a. Adenoma and cystadenoma
b. Adenofibroma and cystadenofibroma
3. Malignant
a. Carcinoma
i. Adenocarcinoma
ii. Adenoacanthoma
ii. Malignant adenofibroma and cystadeno-
fibroma
b. Endometrioid stromal sarcomas
¢. Mesodermal (miillerian) mixed tumors, hom-
ologous and heterologous
D. Clear cell (mesonephroid) tumors
1. Benign: adenofibroma
2. Of borderline malignancy (carcinomas of low
malignant potential)
3. Malignant: carcinoma and adenocarcinoma
E. Brenner tumors
1. Benign
2. Of borderline malignancy (proliferating)
3. Malignant
F. Mixed epithelial tumors
1. Benign
2. Of borderline malignancy
3. Malignant
G. Undifferentiated carcinoma
H. Unclassified epithelial tumors

. Sex cord stromal tumors

A. Granulosa-stromal cell tumors

.
V.

VI.
VII.
VIII.
IX.

1. Granulosa cell tumor
2. Tumors in the thecoma-fibroma group

a. Thecoma

b. Fibroma

¢. Unclassified

B. Androblastomas; Sertoli-Leydig cell tumors
1. Well differentiated

a. Tubular androblastoma; Sertoli cell tumors
(tubular adenoma of Pick)

b. Tubular androblastoma with lipid storage;
Sertoli cell tumor with lipid storage (follicu-
lome lipidique of Lecene)

c. Sertoli-Leydig cell tumor (tubular adenoma
with Leydig cells)

d. Leydig cell tumor; hilus cell tumor

2. Of intermediate differentiation
3. Poorly differentiated (sarcomatoid)
4. With heterologous elements
C. Gynandroblastoma
D. Unclassified
Lipid (lipoid) cell tumors
Germ cell tumors
. Dysgerminoma
. Endodermal sinus tumor
. Embryonal carcinoma
. Polyembryoma
. Choriocarcinoma
. Teratomas
1. Immature
2. Mature
a. Solid
b. Cystic
i. Dermoid cyst (mature cystic teratoma)
ii. Dermoid cyst with malignant transforma-
tion
3. Monodermal and highly specialized
a. Struma ovarii
b. Carcinoid
c¢. Struma ovarii and carcinoid
d. Others
G. Mixed forms

mTmOOw >

. Gonadoblastoma

A. Pure
B. Mixed with dysgerminoma or other forms of germ
cell tumor

Soft tissue tumors not specific to ovary

Unclassified tumors

Secondary (metastatic) tumors

Tumorlike conditions

. Pregnancy luteoma

. Hyperplasia of ovarian stroma and hyperthecosis

. Massive edema

. Solitary follicle cyst and corpus luteum cyst

. Multiple follicle cysts (polycystic ovaries)

. Multiple luteinized follicle cysts and/or corpora
lutea

. Endometriosis

. Surface-epithelial inclusion cysts (germinal inclu-
sion cysts)

|. Simple cysts

. Inflammatory lesions

K. Parovarian cysts

I® Mmoo w>»

[

From Scully.5



tumor also may cause pain. The clinical
appearance of excessive estrogen or androgen
should alert the physician to possible ovarian
pathology.*'?

The Adnexal Mass

When a mass is found in the region of the
adnexal organs (the ovaries and fallopian
tubes) a plan must be established to reach a
diagnosis. This plan must protect the patient
against a delay in diagnosis, yet also must be
tempered with a rational conservativeness
since most adnexal masses are nonneoplastic
and may undergo spontaneous resolution. !’

The physical examination and menstrual
status of the patient guide the decision for
operative intervention. The only pelvic mass
that should be temporarily observed in the
female pelvis is the unilateral, cystic, mobile,
nontender adnexal mass which is less than 5
cm in largest diameter.'®'* This mass is usually
a physiologic follicular or corpus luteal cyst of
the ovary. However, such a cyst can be ob-
served only in the appropriate clinical setting.
For example, neither a prepubertal child nor a
postmenarchal patient taking oral contracep-
tives should develop a physiologic cyst. Specif-
ic indications for immediate removal of an
adnexal mass in a child or adolescent are (1)
an adnexal mass before puberty; (2) an ad-
nexal mass in a patient who takes oral contra-
ceptives; (3) any solid, fixed, or tender mass;
or (4) a mass, cystic or solid, greater than 6 cm
in diameter.>'%!

The use of hormones in the differential
diagnosis of the adnexal mass that does not
meet the criteria for immediate laparotomy
has proven quite effective in eliminating the
functional ovarian cyst without laparotomy.!’
The functional cyst will spontaneously resolve,
while oral contraceptives prevent the occur-
rence of a second physiologic cyst by suppres-
sing the pituitary-gonadal axis. This suppres-
sion avoids confusing a second, unrelated cyst
with a cystic lesion that has failed to resolve. In
a series from Los Angeles County in which
patients who presented with a solitary, cystic,
mobile adnexal mass were given hormonal
therapy preoperatively for 6 weeks, 205 of 286
patients (71.6%) had regression in the adnexal
lesion and did not require surgery. Of the 81
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patients explored, none had a physiologic
cyst, while 34.5% had an endometrioma,
50.6% had benign ovarian neoplasms, 8.6%
had either tubal pathology or parovarian
cysts, and 6.2%—including one girl who was
16—had ovarian malignancies."

The physical examination of an adnexal
mass is at times inconclusive, and the clinician
may seek further evaluation prior to estab-
lishing a course of action. Although a roent-
genogram of the abdomen occasionally may
be beneficial, if calcifications or the semilucent
nature of a dermoid cyst are appreciated, these
findings cannot guarantee benignity becaue
dysgerminomas, gonadoblastomas, and sero-
cystadenocarcinomas can calcify or occur ad-
jacent to an otherwise benign tumor.'® Ultra-
sonography can be extremely useful in that it
may better define the cystic or solid nature of
the mass.'>*® A purely cystic lesion satisfies the
criteria for a functional cyst, whereas a cystic
lesion with internal echoes or a solid lesion
warrants immediate laparotomy.

If the adnexal mass appears malignant on
examination (e.g., the mass is fixed, hard,
multinodular, or associated with ascites), a
more thorough radiographic evaluation is
necessary preoperatively to study adjacent
organs for either an occult primary or meta-
stases. Chest roentgenograms and an intra-
venous pyelogram are essential; a barium
study of either the upper or lower intestine or
a computerized tomogram is determined on
an individual basis. Venograms, arteriograms,
and lymphangiograms may be necessary on
rare occasions.

Surgical Approach to the Adnexal Mass
in Childhood and Adolescence

When an exploratory laparotomy is conduct-
ed for an adnexal mass, a Pfannenstiel incision
(low transverse) is appropriate only when there
is an unequivocal diagnosis of benign disease.
For example, such a patient might have had a
dermoid documented by roentgenogram or
endometriosis confirmed by laparoscopy.
When the mass exceeds the size of the trans-
verse incision, however, or when malignancy is
suspected, the operating surgeon must use a
vertical incision. If a wrong decision has been
made initially and a malignant ovary found
through a Pfannenstiel incision, the incision
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must be converted to a vertical opening to
allow for adequate visualization and access to
the upper abdomen and retroperitoneal
lymph nodes.?"*

Upon opening the abdominal cavity, the
operating surgeon should collect ascites, or if
none is present, wash the pelvis and pericolic
gutters with normal saline and submit each
specimen separately for cytologic review. The
abdomen should be thoroughly evaluated for
evidence of malignancy distant from the ovary
or for a primary tumor that might have
metastasized to the ovary. After evaluating the
abdomen, the initial approach to the pelvic
organs should include a thorough inspection
to determine the tumor’s origin, sites of
attachment, or evidence of extraovarian
spread and careful inspection of the contra-
lateral adnexa. If extraovarian disease is not
identified and malignancy not suspected, ei-
ther an ovarian cystectomy or oophorectomy
should be done. In general, the surgical
approach in this age group should be conser-
vational until a malignancy is diagnosed. If a
diagnosis cannot be made by frozen section,
then it seems proper to end the operative
procedure until the permanent pathology can
be studied and thoroughly reviewed. Reex-
ploration for surgical staging and complete
expiration of the reproductive organs may be
necessary subsequently but appears prefer-
able to what may be unnecessary castra-
tion.10,18,19,21,22

If a malignancy is diagnosed by frozen
section evaluation, then the ipsilateral ovary
and tube should be evaluated and probably
biopsied, and a careful search made for
extraovarian spread. Since most tumors that
occur in women under 20 are malignant germ
cell tumors that have a relatively low incidence
of bilaterality, hysterectomy and contralateral
oophorectomy may not be necessary. If there
is obvious malignant involvement of the con-
tralateral ovary, it should be excised after
histologic confirmation. Because it is not
uncommon to find a benign teratoma in the
ovary opposite to a germ cell malignancy,
extirpation of the contralateral ovary should
be avoided until a malignancy is unequivo-
cally documented.*'*'%19

When extraovarian disease is not obvious
but ovarian cancer is confirmed, biopsies in
search of occult malignant spread should be

obtained from the parietal peritoneal surfaces
in the pelvic, pericolic, and subdiaphragmatic
spaces.'®"*? The omentum should be biopsied
and an infracolic omentectomy performed in
the absence of overt tumor involvement. A
total omentectomy usually is required for
more advanced cases. Any suspected malig-
nant deposits on the visceral surfaces should
be biopsied and/or excised. In this age group
the exact incidence of lymph node metastasis
in ovarian cancer is uncertain, so it is necessary
to excise the lymph nodes immediately adja-
cent to the aorta and vena cava.

In patients with metastatic carcinoma, ag-
gressive surgical resection of all metastatic
disease improves tumor responsiveness to
chemotherapy and prolongs survival.'®?'-%*
This favorable result of aggressive tumor
reductive surgery is believed to be from the
excision of masses of nonproliferating but
potentially clonagenic cells that are exposed to
sublethal concentrations of chemotherapeutic
agents because they reside within partially
necrotic and devascularized tumors.®% In
addition, the growth behavior in these tumor
nodules may be altered following tumor re-
ductive surgery, resulting in an increase in the
percentage of proliferating cells, which makes
the tumor more vulnerable to chemotherapy.
Other changes after tumor reduction may
favorably influence the immunologic respon-
ses of the host.?? The value of aggressive
surgical resection in nonepithelial ovarian
malignancy is less well established because of
the paucity of cases with advanced stage
malignancy. However, several authors report
poorer responses in patients with advanced
unresectable germ cell and stromal tumors
than in those with a similar disease status in
whom the cancer had been radically resected
prior to chemotherapy.?*!

The Surgical Staging of Ovarian
Cancer

Ovarian cancer is the only gynecologic tumor
that is completely staged by surgical explora-
tion. It is therefore necessary to become
familiar with the staging system adopted by
the International Federation of Gynecologists
and Obstetricians (Table 11-2).



Table 11-2. Stage Grouping for Primary
Carcinoma of the Ovary in Common Epithelial
Ovarian Cancer.

Stage 1 .
Growth limited to the ovaries
IA Growth limited to one ovary; no ascites
1. No tumor on the external surface; capsule intact
2. Tumor present on the external surface and/or
capsule ruptured
IB Growth limited to both ovaries; no ascites
1. No tumor on the external surface; capsule intact
2. Tumor present on the external surface and/or
capsule(s) ruptured
IC Tumor either stage IA or IB, but with ascites?® or
positive peritoneal washings

Stage |l
Growth involving one or both ovaries with pelvic
extension
IIA° Extension and/or metastases to the uterus and/or
tubes

IIB Extension to other pelvic tissues
IIC Tumor either stage IIA or 1IB, but with ascites? or
positive peritoneal washings
Stage IlI
Growth involving one or both ovaries with intraperi-
toneal metastases outside the pelvis and/or positive
retroperitoneal nodes; tumor limited to the true pelvis,
with histologically proven malignant extension to small
bowel or omentum
Stage IV
Growth involving one or both ovaries with distant
metastases; if pleural effusion is present, there must be
positive cytology to allot a case to stage IV; paren-
chymal liver metastases are classified in stage IV
Special Category
Unexplored cases which are thought to be ovarian
carcinoma

3Ascites is peritoneal effusion which in the opinion of the surgeon
is pathologic and/or clearly exceeds normal amounts.
From Young RC, et al.1®

Germ Cell Tumors of the Ovary

Germ cell tumors (GCT) of the ovary arise
from the primitive germ cells of the gonad.
The origin has been derived from observing
the common histogenesis of these tumors, the
concurrence of histologically different tumor
elements within the same neoplasms, the
presence of similar tumors in extragonadal
locations along the primitive germ cell’s line
of migration from the yolk sac to the gonadal
ridge, and the similarity between various
tumors of the ovary and testis.’® As a group,
GCT represent 15-20% of ovarian tumors.
They are much more common in the younger
cohorts, however. Sixty percent of ovarian
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tumors in women under 20 are germ cell
neoplasms. Although most germ cell tumors
(approximately 95%) are benign cystic or
mature teratomas, the discussion in this chap-
ter deals with only malignant neoplasms.**?
Despite the rarity of malignant GCT, differ-
ent histologic types are well recognized and
distinguishable by clinical and biochemical
association. The dysgerminoma is a malignant
tumor derived from primordial germ cells
prior to any differentiation. Other germ cell
tumors have been subclassified depending
upon neoplastic differentiation, either toward
embryonal structures (teratomas, mature and
immature) or extraembryonal structures (en-
dodermal sinus tumors, choriocarcinoma,
embryonal carcinoma, and polyembryoma).
Mixed germ cell tumors that have more than
one histologic type present represent approx-
imately 8% of germ cell malignancies.***%

Dysgerminoma

Although dysgerminoma represents only 3-
5% of all malignant ovarian tumors it is the
most common ovarian malignancy in the
adolescent female. Fewer than 10% occur prior
to menarche, yet 45% occur before age 20.
Although dysgerminoma occasionally is
found during pregnancy, the occurrence re-
flects the frequency of the tumor in this age
group and does not signify any risk factors
from pregnancy itself.>*2%*

Dysgerminoma is composed of primordial
germ cells that are sexually indifferent and
hormonally inert. Whereas 15-20% of dys-
germinomas may be mixed with other malig-
nant germ cell elements, this current discus-
sion is limited to the pure dysgerminoma
because of the marked biologic difference
between the pure and mixed forms. For
example, Gordon et al documented 83% and
74% 5- and 10-year survivals for all patients
with pure dysgerminoma as opposed to 31%
and 24% 5- and 10-year survivals for dys-
germinoma mixed with other germ cell ele-
ments.** Consequently, any discussion of
treatment for dysgerminoma requires suffi-
cient histologic evaluation of the tumor to
exclude more aggressive germ cell elements.
Some authors have suggested that germ cell
tumors should be evaluated with one micro-
scopic slide per centimeter of tumor, concen-
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trating on the solid and hemorrhagic tumor
areas.’?%%

The symptoms associated with dysgermin-
oma usually are vague, nonspecific abdominal
and pelvic discomfort. Dysgerminoma, with
or without a concomitant gonadoblastoma,
occasionally may occur in patients with dys-
genetic gonads with either pseudoherma-
phroditism or incomplete genital develop-
ment.>***  On occasion, pure dysgermi-
noma is associated with a positive pregnancy
test resulting from the secretion of HCG
from multinucleated syncytiotrophoblastic-
like cells.>*%%

Dysgerminoma spreads by either perfora-
tion of the ovarian capsule and direct exten-
sion to other pelvic structures or by lymphatic
embolization, primarily to the periaortic
lymph nodes.?*** Bilateral ovarian involve-
ment occurs in 10-15%, which is more com-
mon than with any other GCT.*** Most
patients (55-75%) are stage I upon diagnosis,
approximately 10% stage II, 10% stage III, and
5% either stage IV or stage unknown.?***

The treatment of pure dysgerminoma de-
pends upon the stage. The initial treatment is
surgical extirpation of the tumor with thor-
ough surgical staging. When postoperative
therapy is indicated, radiation therapy is
preferred. In the multiparous patient or
someone with bilateral ovarian involvement, a
total abdominal hysterectomy and bilateral
salpingo-oophorectomy is the best surgical
procedure. However, several authors encour-
age a conservative surgical approach in the
nulliparous patient and recommended only
a unilateral salpingo-oophorectomy in those
with stage IA disease.>'®****3% The contrala-
teral ovary should be biopsied, however, due
to the relative frequency of occult bilateral
involvement.

The recurrence rate among patients treated
conservatively ranges from 17 to 22%, com-
pared to 10% for those receiving more aggres-
sive initial surgical therapy.***** However,
due to a 50-60% salvage rate in patients
developing recurrence subsequently treated
with radiation therapy, the 5- and 10-year
survival for this tumor still approaches 90%,
regardless of whether the initial surgery
included a unilateral or bilateral salpino-
oophorectomy. Since 80% of patients treated
conservatively maintained reproductive func-

tion, this outline of treatment still is encour-
aged because reproductive capacity is pre-
served in many, yet the overall 5-year survival
rates are not compromised.

In patients with greater than stage IA dys-
germinoma, a total abdominal hysterectomy
and bilateral salpingo-oophorectomy should
be done in addition to surgical debulking.
Postoperative radiation therapy is useful in
treating unresectable tumor and metastases.
Since dysgerminoma is very radiosensitive,
2500-3500 rads delivered in 2.5 to 4 weeks
usually is tumoricidal.?*3°

Five-year survival for dysgerminoma devoid
of any other germ cell elements ranges from 80
to 90%.%*%3% Even advanced stage tumors can
be treated successfully with aggressive surgical
resection and radiotherapy.*!

Tumor recurrences frequently are identified
within the initial 24 months following treat-
ment. Recurrence sites are the abdomen,
pelvis, and periaortic and supraclavicular
nodes. Radiation therapy frequently is success-
tul in managing recurrence including, if neces-
sary, reirradiation of body regions.*** Al-
though chemotherapy is less often used, com-
binations of vincristine, actinomycin, and
cyclophosphamide or vinblastine, bleomycin,
and cis-platinum appear active.*>*

Endodermal Sinus Tumors

The endodermal sinus tumor (EST) is the
second most common malignant germ cell
tumor (22%). The tumor occurs after the malig-
nant degeneration of the multipotential germ
cell toward extraembryonal structures, form-
ing a histologic pattern reminiscent of the
endodermal sinuses of the yolk sac. EST may
occur in a pure form or mixed with other
germ cell elements. When coexisting with
other malignant germ cell elements, it fre-
quently is the most malignant and metasta-
sizing component.®*?®

The median age for patients with EST is 16
to 19, with an age range from 13 months to 57
years. Seventy-seven percent of the patients are
white, 18% are black; 60% are postmenarchal,
40% of whom are parous. Seventy-seven per-
cent of patients present with pain, 74% with an
abdominal or pelvic mass, and 24% have fever.
In 66%, symptoms began less than 2 weeks
prior to seeking medical help. Approximately



71% of the tumors are stage I (16% with
ascites), 6% stage II, and 23% stage III. Most
series have an occasional stage IV patient.
Stage IB disease is rare, allowing for conserva-
tion of the contralateral gonad and uterus in
stage I patients. Five percent may have a
dermoid in the contralateral gonad.>*****
Pure EST is hormonally inert. However, tu-
mor production of a-fetoprotein has been
demonstrated by immunoperoxidase tech-
niques. Serum levels of a-fetoprotein correlate
well with residual cancer volume, and as such,
a-fetoprotein is a reliable tumor marker
for both diagnosis and for monitoring the
course of subclinical disease during chemo-
therapy.**’

The prognosis for EST has been poor.
Without modern adjuvant chemotherapy,
85% of apparent stage I disease recurs, with
death occurring within 24 months of diagno-
sis.>*2* Overall 3- and 5-year survival rates
have been reported at 9-13%.***° There are no
universally recognized histologic or clinical
characteristics that portend a good prognos-
is.

In stage I disease survival does not improve
by removing the uninvolved uterus and con-
tralateral ovary. In fact, because bilateral
ovarian involvement is quite rate, unilateral
salpingo-oophorectomy often is encouraged
except in institutions that recommend post-
operative pelvic radiation.*****? Aggressive
tumor reductive surgery for advanced stage
malignancy may be beneficial.?’-%

Patients in many institutions now receive
postoperative multiagent chemotherapy, and
the previously dismal prognosis is improving.
Neither the optimal chemotherapy regimen
nor the duration of treatment is known.
Vincristine, dactinomycin, and cyclophos-
phamide (VAC) have been given for as long as
2 years with a 72-75% long-term survival.?°
Recently, another regimen consisting of vin-
blastine, bleomycin, and cis-platinum (VBP)
has been promoted and appears quite ac-
tive.2**5% Other regimens, including the Duke
protocol of methotrexate, dactinomycin, and
chlorambucil (MAC), which is given only for
three courses, also have been favorably re-
ported.?®3%

The role of radiation therapy in EST is
unknown. Although postoperative radiation
therapy alone has been unable to control EST,
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several authors recommend that postoperative
radiation therapy be given in combination
with chemotherapy to enhance local responses
in both the pelvic and periaortic areas.?****!
However, in a disease that frequently requires
intensive chemotherapy, any sacrifice of bone
marrow tolerance by pelvic or abdominal
radiation therapy eventually may limit the
patient’s tolerance for systemic treatment.
Moreover, routine postoperative radiation
therapy to the pelvis eliminates conservative
pelvic surgery for the preservation of repro-
ductive function.

Patients with EST should be monitored
during chemotherapy with serum a-fetopro-
tein (AFP) levels. When serum AFP is unde-
tectable following chemotherapy, it is advis-
able for that patient to undergo a laparotomy
to confirm the disease-free status.?*%° At
present, a second-look operation still is con-
sidered necessary since the tumor burden may
be sufficiently low to prevent detection of
serum AFP despite the presence of viable
tumor, or because the initial tumor may have
been mixed with other germ cell elements that
are not protein secreting.

Immature Teratoma

Immature teratoma (IM) accounts for 15% of
malignant GCT. The tumor is somewhat more
frequent in children under 15. IM is hor-
monally inert and symptoms relate only to a
rapidly growing abdominal mass. The neo-
plasm contains variable amounts of immature
tissue derived from one or all of the three
germ cell layers. The tumors usually are large
(medium size, 18 cm), unilateral, and fre-
quently contain mature elements such as hair,
bone, and cartilage. This tumor should not be
confused with an extremely common dermoid
tumor with its benign germ cell elements, or
the dermoid which has undergone malig-
nant degeneration of one histologic ele-
ment.5’33’52—55

The immaturity of the tissue indicates the
metastatic capability of this tumor, and this
malignant potential is reflected in the grading
system that has been developed. Since im-
mature neuroepithelium is the most common
element usually identified in an immature
teratoma, some pathologists concentrate on
this particular component of the histology
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when assigning grades, whereas others evalu-
ate the amount of all embryonal tissue pre-
sent. Grade 0 is assigned to tumors that are
composed totally of well-differentiated tissue.
This tumor is benign and does not metasta-
size. Grade 1 tumors contain a rare and small
focus of embryonal tissue. Consequently, these
tumors have a substantial amount of mature
tissue and may be confused with a dermoid.
Grade 2 tumors have a moderate quantity of
embryonal tissue, while grade 3 tumors are
made up mostly of embryonal tissue.>2-%*

Norris has demonstrated that the grade of
the tumor predicts metastatic spread, whereas
the grade of the metastasis determines sur-
vival. In his series of 58 cases, most stage IA
tumors were either grade 1 or 2, whereas most
patients with stage III disease had either grade
2 or 3 neoplasms. The prognostic relationship
of grade is evident in stage IA patients—100%
of patients with grade 1 tumors survived, but
only 70% of patients with grade 2, and 33% of
patients with grade 3 neoplasms survived.
When all stages were considered collectively,
survival for grades 1, 2, and 3 were 82, 63, and
30%, respectively.®

The treatment of immature teratoma de-
pends upon the stage, the histologic grade of
the primary tumor, and if present, the grade of
the metastatic lesions. Stage I neoplasms are
almost exclusively unilateral and therefore
the initial surgical treatment can be a uni-
lateral salpingo-oophorectomy. Since 5% of
patients may have a benign dermoid in the
contralateral ovary, a contralateral lesion
should be biopsied before excision of the
adnexa. Stage IA , grade 0 and 1 neoplasms do
not appear to require postoperative therapy.
However, because recurrence rates in untreat-
ed patients with stage IA, grade 2 or 8 tumors
appear in excess of 45%, postoperative chemo-
therapy is indicated in all patients with this
stage or more advanced disease. Chemother-
apy also may be indicated when a tumor has
ruptured during surgical removal.’**

Combined chemotherapy has improved sig-
nificantly the long-term outlook for this dis-
ease. The most common regimens have been
either VAC or MAC. Prior to combination
chemotherapy the mortality rate for this
tumor approached 90 to 100%. However, the
current literature indicates a survivorship of
greater than 75%. The duration of chemo-

therapy still is unsettled, ranging from 3 to 24
months at various institutions. A second-look
operation is highly recommended. Retrocon-
version of malignant metastasis to mature,
grade 0 implants at second-look laparotomy
has been identified in isolated cases. These
lesions appear benign and most authorities do
not believe that they require further chemo-
therapy, although Curry et al*® have found one
case that was progressing.*?%30:56562,57

A consensus of the literature does not
support the use of radiation therapy for this
disease.

Embryonal Carcinoma

Embryonal carcinoma is a rare malignant
germ cell tumor of the ovary (4-5%), with a
unique clinical constellation and distinctive
histologic features similar to the more com-
mon embryonal carcinoma of the testis. In the
15 patients reported by Kurman and Norris,*®
the median age was 14 years with a range from
5 to 28. In addition to the symptoms of
abdominal enlargement and pains similar to
all ovarian germ cell tumors, 60% had associ-
ated hormonal manifestation, which included
isosexual precocious puberty in seven (42%),
mild hirsutism and amenorrhea in one, and
either oligomenorrhea or menstrual irregular-
ities in five. All tumors appear to synthesize
human chorionic gonadotropin, and most
(70%) synthesize a-fetoprotein.’’* Consequent-
ly, pregnancy tests frequently are positive in
this group. Both AFP and HCG are useful
tumor markers. Most patients present with
stage I disease (60%), and initial surgery can be
limited to a unilateral salpingo-oophorec-
tomy. Kurman recommends a wedge biopsy of
the contralateral ovary, however. Patients with
stage II or III disease require tumor reductive
surgery. Although the number of published
cases is small, radiation therapy does not
appear effective. Postoperative chemotherapy
should include one of the multiagent regimens
(VAC, MAC, or VBP) effective against other
germ cell tumors. The actuarial survival is
39% for all stages and 50% for stage I pa-

tients.5’33’56’563’57

Polyembryoma

This is an extremely rare tumor. Most re-
ported cases are those where the polyembry-



oma pattern has been intermixed with other
germ cell elements. Histologically, the tumor
consists of embryoid bodies that attempt to
replicate the early embryo cell mass. The
tumor has been noted to secrete HCG and
AFP. Because so few cases have been reported,
it is best to treat this tumor similar to other
malignant germ cell tumors.>*%

Choriocarcinoma

Pure nongestational choriocarcinoma of the
ovary is very rare, although choriocarcinoma
frequently is mixed with other malignant germ
cell tumors. Pure choriocarcinoma is seen
most frequently in children and young adults,
but this age distribution may be biased by the
difficulty in distinguishing between the gesta-
tional and nongestational types in women
who are sexually active. Due to the secretion of
HCG, isosexual precocious puberty is com-
mon in children with this tumor. HCG is an
effective tumor marker.

Nongestational choriocarcinoma of the
ovary is a very malignant tumor. The operative
and postoperative management of this tumor
should be consistent with treatment of other
malignant GCT. Chemotherapy regimens
containing methotrexate and actinomycin
have been advocated because of prior success
in treating gestational choriocarcinoma. In
general, however, nongestational choriocar-
cinoma is less responsive to chemotherapy
than its gestational counterpart, although
long-term successes have been reported.>***

Mixed Germ Cell Tumors

Mixed germ cell tumors contain more than
one germ cell type and represent 8% of all
malignant GCT. In the 30 patients studied by
Kurman and Norris, dysgerminoma was iden-
ified in 80%, endodermal sinus tumor in 70%,
immature teratoma in 53%, choriocarcinoma
in 20%, and embryonal carcinoma in 16%.%
Consequently, patients not only present with a
common symptomatology such as enlarging
abdominal mass or abdominal pain, but some
also have precocious puberty, menstrual alter-
ations, or a positive pregnancy test. Serum
HCG and AFP levels frequently are elevated,
and can be valuable tumor markers. More
than 60% of patients present with stage I
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tumor, and survival for stage I has ranged
from 23 to 50%. For patients with stage I
disease, prognosis depends upon the tumor
size and composition. In one study, all pa-
tients whose tumors measured less than 10 cm
in diameter and contained less than 33% of the
notoriously more malignant element (e.g.,
EST, choriocarcinoma, or grade 3 IM) sur-
vived, as opposed to no survivors when the
opposite characteristics were identified. Ac-
cording to these authors, the mere presence of
these more malignant components within the
mixed GCT was not as significant clinically as
their quantity.®

Most stage I patients have only unilateral
ovarian involvement; therefore unilateral sal-
pingo-oophorectomy has been recommended
for women who desire children in the future.
However, since dysgerminoma is a fre-
quent constituent of the tumor, wedge biopsy
of the contralateral ovary has been recom-
mended'5,33,60—62

In most series, surgical therapy alone ap-
pears to be inadequate. Jimerson and Wood-
ruff reported that nine of 11 patients with
stage I disease died of their tumor following
surgical extirpation alone.®' Similarly, in ano-
ther series all eight patients who were treated
with surgery alone had recurrences.® In con-
trast, however, Kurman and Norris reported
seven survivors of 13 patients treated only with
surgery,® and they recommend adjunctive
postoperative chemotherapy in only those
with adverse prognostic features such as a
tumor larger than 10 cm or a tumor in which
more than one-third is comprised of EST,
choriocarcinoma, or grade 3 IM.

The chemotherapy recommended for these
tumors is the same as that mentioned for EST,
IM, and embryonal tumors. The role of
radiation therapy is unknown.*?8:80:60-62

Gonadoblastoma

A gonadoblastoma is a tumor that almost
exclusively arises in patients with sex chromo-
some abnormalities and gonadal maldevel-
opment. This tumor consists of germ cells
histologically similar to those seen in dys-
germinoma but lacking invasive properties
and cells of sex cord origin.*** The age range
is from 6 to 38. Eighty percent of tumors are in
phenotypic women and 20% in phenotypic
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males who may show cryptorchidism, hypo-
spadias, or rudimentary internal female re-
productive organs. Both estrogens and andro-
gens have been synthesized by these tumors.
Consequently, phenotypic females may dem-
onstrate virilization, isosexual precocity,
amenorrhea (usually primary but occasionally
secondary), and breast development.®*%%-"!

The gonadoblastoma may be clinically
diagnosed in the intersex patient by palpating
an abdominal mass or identifying calcified
masses in the lower abdomen by roentgeno-
gram. However, 25% of tumors have been
microscopic and diagnosed only after the
surgical removal of an abnormal gonad.
There is a 33% incidence of bilateral gonadal
involvement.**%

Pure gonadoblastoma is biologically benign
and has been described as a germ cell tumor in
situ because it does not tend to invade contig-
uous organs or metastasize. However, 50% of
gonadoblastomas may have associated dys-
germinomas, and 20% have been associated
with other malignant germ cell tumors. There-
fore, although surgical removal of the ovaries
is the only required treatment in patients with
pure gonadoblastoma, those who have other
germ cell elements intermixed with this tumor
must have therapy that is directed toward the
most malignant component.?2%>¢

Karyotype investigation in phenotypic fe-
males with gonadoblastoma reveals a 46,XY
pattern in 50% and a 45,X/46,XY pattern in
25%. Overall, 90% of patients with gonado-
blastoma are sex chromatin negative.**® The
estimated risk for an intersex patient with a Y-
chromosome developing either a gonado-
blastoma or other malignant germ cell tumor
is approximately 15 to 25%. Gonadoblast-
omas have been identified in true hermaphro-
dites. Schellhas® has found that dysgenetic
gonads without a Y-chromosome (e.g.,
45,X,45,X0/46,XX) are at very low risk for
developing a tumor.®*%%7

Because of the potential for either gonado-
blastoma or other malignant germ cell tumor
development, most authorities recommend
that the Y-bearing dysgenetic gonad be re-
moved.***676%7% Bilateral salpingo-oophorec-
tomy is the indicated procedure since there is a
33% incidence of bilaterality, almost universal
infertility, and the associated hormone pro-
duction that frequently can virilize a pheno-

typic female. Hysterectomy is not always indi-
cated because some clinicians foresee a psy-
chologic advantage to exogenously controlled
menstruation. Patients with more malignant
germ cell tumors obviously should have both
the operative and postoperative therapy tail-
ored for their type and stage of ovarian
tumor.

Manuel et al studied the age gonadal tu-
mors occurred in intersex patients with Y-
chromosomes to determine when gonadec-
tomy should be done.”” In patients with
gonadal dysgenesis, asymmetric gonadal dif-
ferentiation, or male hermaphroditism, the
rate of tumor occurrences rises sharply at
puberty. Thus, it is recommended that these
patients’ ovaries be removed prior to puberty.
However, in those with testicular feminization,
the risk of an ovarian neoplasm is only 4%
until age 30, so it has been suggested that if
one is willing to assume this risk the gonads
should remain until the patient has been
allowed to spontaneously feminize.**%7

Talerman has described several mixed germ
cell-sex cord stromal tumors in normal 46,XX
children, some of whom have developed iso-
sexual precocious puberty.® This tumor ap-
pears clinically distinct from the gonadoblas-
toma, although it resembles the latter histo-
logically. Bilateral salpingo-oophorectomy
should be avoided since this tumor does not
appear to be associated with other malignant
GCT and occurs in a genetically normal
person with normal gonads. This tumor ap-
pears to have an extremely low malignant
potential, if any at all. Several patients have
been followed from 2 to 9 years following
unilateral salpingo-oophorectomy and have
had no recurrence. Obviously, the number of
cases reported is extremely small. Therefore,
each patient must be evaluated thoroughly
prior to assigning her to such a category.®®

Sex Cord Stromal Tumors

The sex cord stromal tumors (SCST) represent
5-10% of all ovarian neoplasms and approxi-
mately 12% of ovarian tumors in childhood
and adolescence. In this age group, the SCST
are much less common than germ cell tumors
but occur almost as frequently as the epithelial
carcinomas.'""""* The frequency of SCST ap-



pears related to age. In one series of 648
ovarian tumors in children, 48% of ovarian
neoplasms in those younger than age 4 were
SCST, whereas SCST represented only 30% in
children 5 to 9, 8% between ages 10 to 14, and
16% for those 15 to 17.7% Seventy-five percent
of the prepubertal SCST are hormonally active
and lead to precocious puberty, but this is an
extraordinarily uncommon etiology for pre-
cocious puberty. Hormone activity is less
pronounced clinically after puberty but may
manifest by menstrual irregularity, breast
stimulation, and hypermenorrhea.>’%"

The SCST are composed of a variety of sex
cord and stromal elements and may differen-
tiate toward ovarian tissue as granulosa or
thecal tumors. SCST may differentiate toward
testicular tissue as a Sertoli-Leydig tumor
(arrhenoblastoma).”

Granulosa Cell Tumors

Granulosa cell tumors are the most common
of the SCST and usually are associated with
estrogen production, although an occasional
tumor has been androgenic.”*’® The tumor
generally is described as a low grade malig-
nancy because most tumors are stage I at
presentation, 10-year survival is nearly 80%,
and recurrences are common more than 10
years following initial treatment.>’®

Several factors are related to prognosis. The
stage is most significant with a 10-year survival
rate for patients who have stage I disease
ranging from 85 to 95%, whereas those pa-
tients with more advanced stages are reported
to have a 26 to 49% chance of survival.”>’*"®
Bjorkholm reported a decrease in the 25-year
survival from 86% for intact tumor to 60% for
tumors ruptured either spontaneously or dur-
ing surgical removal.”” The 5-year survival also
has been reported to decrease from a range of
78 to 100% for tumors less than 5 cm in
diameter to 34 to 53% for tumors larger than
15 cm.”* The influence of histologic type on
survival is uncertain, although some report a
worsened prognosis with poorly differentiated
or sarcomatoid pattern.”

Only 10% of granulosa cell tumors occur
before the age of 20 years and half of these
occur before puberty. Although a clinical
curiosity, the tumor is an infrequent cause of
isosexual precocious puberty. Clinically, 15%
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of patients present with hemoperitoneum as a
result of tumor rupture. Five percent have
bilateral ovarian involvement.”**"* Because of
the low malignant potential of this tumor,
many oncologists recommend a unilateral
salpingo-oophorectomy when the tumor is
confined to one ovary and future reproduc-
tion is desired. However, because of the risk of
delayed local recurrence, hysterectomy and
excision of the contralateral ovary are recom-
mended for those who are through with
childbearing, even though no obvious malig-
nancy persists.””’® Prior to conservative sur-
gery, however, an endometrial biopsy should
be done to exclude any synchronous endome-
trial carcinoma resulting from the granulosa
cell tumor’s chronic estrogen secretion.”’’
Moreover, conservative surgery may carry
some risk; several authors have observed a
higher local recurrence rate in women treated
with unilateral salpingo-oophorectomy than
in those who have had a total abdominal
hysterectomy and bilateral salpingo-oopho-
rectomy as the initial surgical treatment.””’®

Patients with advanced stage or recurrent
granulosa cell carcinoma have been treated
with chemotherapy and radiation. The most
effective chemotherapy regimen is unknown,
but multiagent or doxorubicin-containing
regimens are preferred.*** However, due to
the limited number of metastatic and recur-
rent cases reported, specific recommendations
cannot be made regarding radiotherapy or
precise chemotherapy regimens.

Juvenile Granulosa Cell Tumors

Scully has called attention to a clinically and
histologically distinctive granulosa cell tumor
that occurs 72% of the time before age 20 and
almost 50% before 10.”® Seventy percent of the
tumors occurring before puberty are associ-
ated with isosexual precocious puberty. Bi-
laterality occurs in 3%, and many tumors are
palpable preoperatively.”®*

The clinical behavior of this tumor appears
less aggressive than adult granulosa cell tu-
mors, although approximately 5% are clini-
cally malignant and either present with or
develop metastasis within several years. Con-
servative surgery such as unilateral salpingo-
oophorectomy appears an effective treatment
for most patients. Due to the indolent nature
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of granulosa cell tumors and the infrequent
occurrence of this tumor, considerably more
follow-up is necessary before more definitive

statements can be made about its biologic
behavior.”?#28¢

Thecoma-Fibroma Tumors

The tumors classified in this category almost
always are benign. On rare occasions a fibro-
sarcoma or malignant thecoma may occur.
The tumors occur with relatively high fre-
quency in women with basal cell-nevus syn-
drome. Fibromas that are 10 cm in diameter
may be associated with ascites and hydro-
thorax, the so-called Meig’s syndrome. In
Meig’s syndrome, the effusions resolve after
the involved gonad is removed and are not
indicative of malignancy.”

Sertoli-Leydig Cell Tumors
(Arrhenoblastoma)

Sertoli-Leydig cell tumors are quite uncom-
mon (0.2% of all ovarian neoplasms), with a
peak incidence at age 25. One-fourth of these
tumors are in women under 20. It is possible
that a familial pattern exists in women who
also have thyroid disease. Three percent of
these tumors are bilateral and in almost all
reported series were confined to the ovary at
initial diagnosis.”?

Clinically, the tumor usually is androgenic
but may be estrogenic or hormonally inert.”#
In postpubertal patients, the initial manifesta-
tion of an androgenic tumor is defeminiza-
tion; actual masculinization is a late devel-
opment.*” The more poorly differentiated
tumors may be more common in the younger
patients and more likely to cause hormonal
alterations. Some attribute a more malignant
clinical course to the poorly differentiated
tumor. Heterologous tissue is present in ap-
proximately 20% of tumors and also may
indicate a more malignant nature.”?#"8

Patients desiring future childbearing usually
are treated with unilateral salpingo-oophorec-
tomy for stage I disease, and more aggressive
surgical treatment is reserved for more ad-
vanced stage tumors or older women. Recur-
rence rates vary from 12 to 22%, and the
mortality rate ranges from 3 to 33%. Most
recurrences are recognized within 5 years of

initial therapy, in contrast to the more com-
mon granulosa cell tumor that is notorious
for late recurrences. The optimal management
for patients with metastatic or recurrent dis-
ease is unknown. Several combination chemo-
therapy regimens appear active. The role of
radiation therapy also is unknown.’?8%87.88.8%

Gynandroblastoma

This is an extremely rare tumor, diagnosed
only when a single tumor contains unequi-
vocal foci of both granulosa cell and Sertoli-
Leydig cell elements. These tumors may be
hormonally inert, androgenic, or estrogenic
and appear to be low grade malignant tu-
mors."

Sex Cord Tumors with Annular Tubules

This tumor appears unique among the SCST
because of its pathologic characteristics and
frequent association with the Peutz-Jeghers
syndrome (PJS). (In this regard, PJS also is
associated with increased frequency of aden-
oma malignum of the cervix, a well-differenti-
ated mucin-producing adenocarcinoma of the
endocervix.*?) The sex cord tumor with annu-
lar tubules (SCTAT) occurs in almost all
female patients with PJS. The tumors are small
(usually less than 3 cm), but 66% are bilateral.
These tumors frequently are multifocal and
discovered only incidentally after the ovaries
are removed for unrelated conditions. When
associated with PJS, SCTAT appears almost
benign. In 47 patients with SCTAT without
PJS, the tumors were usually large, unilateral,
and associated with hyperestrinism. Twenty

percent were metastatic, and 10% proved
f‘atal 73,89-91

Epithelial Carcinoma

In childhood epithelial ovarian cancers repre-
sent only 12% of all malignant ovarian tumors,
which is in sharp contrast to ovarian cancers
found in other age groups where approxi-
mately 75% are epithelial.>'""'>'® Epithelial
tumors show a wide range of biologic behav-
ior dependent upon histologic grade, stage,
and postoperative residual tumor. In general,
younger patients usually have better-differen-



tiated tumors and earlier stage cancers, and
therefore better 5-year survival rates.?*%2

In 1971, the International Federation of
Gynecologists and Obstetricians recognized a
group of epithelial tumors that were histologi-
cally distinct and biologically less malignant
than other invasive epithelial ovarian cancers.
These tumors were labeled cystadenomas of
low malignant potential, or borderline can-
cers. Histologically, borderline tumors have
extensive papillary growth patterns with se-
condary and tertiary branching and stratifica-
tion of the epithelium with cytologic atypia.
The distinctive feature, however, is the lack of
identifiable stromal invasion.’**% In some
cases, the distinction between borderline and
well-differentiated cancer may be quite diffi-
cult, and multiple sections of an ovarian
tumor should be reviewed.” Importantly, the
diagnosis of a borderline tumor is based upon
the histologic appearance and not the clinical
presentation. Approximately 70% of border-
line tumors are stage I, 20% stage 11, and 10%
stage III. The 5-year survival rates for border-
line epithelial tumors have been reported as
95% for stage I, 72% for stage 11, and 50% for
stage III. Consequently, advanced stage bor-
derline tumors are biologically malignant,
although less than the frankly invasive epi-
thelial malignancies for which survivals are
63% stage I, 38% stage II, and 7% stage
III.]3'98’95

The extent of the tumor at the time of
diagnosis and the amount of postoperative
residual cancer are critical factors that influ-
ence survival in epithelial ovarian malignan-
cies."»*"#* Surgical staging must be thorough
and include histologic and/or cytologic evalu-
ation of all visceral and parietal peritoneal
surfaces, omentum, and retroperitoneal
nodes."*?"* For the young nulliparous patient
with apparent stage IA epithelial ovarian
cancer, conservation of the contralateral ovary
and uterus may be done but can carry some
risk because epithelial cancers are more fre-
quently bilateral than other types of ovarian
malignancies.'®'** Since occult malignancy in
an otherwise normal-appearing ovary has
been reported in from 12 to 24% of cases, the
contralateral ovary must be biopsied before
preservation.'®!'%%% Other guidelines for con-
servative management in young, nulliparous
patients are an otherwise normal pelvis, a
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desire to have children, a borderline or well-
differentiated histology, a tumor that is en-
capsulated, unruptured, and free of adhe-
sions and external excrescence, and a cytologic
evaluation of the abdomen and pelvis that is
negative of malignant contamination.?

Conservative surgery should not be con-
sidered until a complete surgical staging has
been done. It has been recommended that the
residual ovary be excised when childbearing is
over.'"® When these guidelines have been fol-
lowed, preservation of the contralateral ovary
and uterus has not adversely affected 5-year
survival rates.

The clinical significance of rupturing during
removal of an otherwise stage I malignant
epithelial ovarian tumor is unknown. Al-
though earlier reports did not indicate that
rupture was detrimental to 5-year survival, a
recent report from the Mayo Clinic suggests
that it might be.'"**% Since malignant cells
can potentially implant and germinate, it is
plausible that rupture is detrimental. At pre-
sent, however, there are no strict clinical
treatment guidelines after the rupture of such
a tumor. Some authorities prefer the intra-
peritoneal instillation of radioactive chromic-
phosphate suspension, whereas others suggest
a 6- or 12-month course of single agent
chemotherapy followed by a laparotomy to
make sure there is no persistent viable can-
Cer.}3’18’22’97

Once extraovarian malignancy is identified,
surgery should consist of the extirpation of all
recognizable disease if possible or a sufficient
resection to reduce residual deposit to a
maximum size of less than 1-2 cm in diame-
ter. Such tumor reduction is substantiated by
improved response rates to chemotherapy in
the adequately resected group. Postopera-
tively, the preferred treatment consists of a cis-
platinum-containing combination chemo-
therapy regimen or whole abdominal radia-
tion as performed at the Princess Margaret
Hospital.?""#?*% Whole pelvis radiation ther-
apy as the sole postoperative treatment usually
is unsatisfactory because ovarian cancer affects
the entire peritoneal cavity.

The 5-year survival rate for adults with stage
III epithelial ovarian cancer was 5-9% in an
October 1983 report by the American College
of Obstetrics and Gynecology.”” This survival
rate should be improving, however, since the
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full impact of aggressive surgical resection and
cis-platinum-containing multiagent regimens
has not yet been realized. In several recent
studies, complete response rates have ranged
from 37 to 47%. Also, the 2- and 3-year
absolute survival rates appear improved after
multiagent chemotherapy, and the time to
relapse is markedly prolonged compared with
either historical controls or patients random-
ized to single agent regimens.*-'%
Second-look laparotomy or laparoscopy is
considered most important in evaluating pa-
tients who have a complete response to
chemotherapy. In most series, 50-65% of
apparent complete responders will have ident-
ifiable disease upon surgical reevaluation of
the peritoneal cavity.”'? The second-look
operation could begin with laparoscopy, but
should that fail to identify residual disease, a
formal abdominal operation that includes
retroperitoneal node sampling is impera-
tive.'”® Patients in whom the second-look
operation is negative may discontinue chemo-
therapy, although close observation is manda-
tory. 299100102 Approximately 90% of these
patients will remain in clinical remission.
Patients with persistent disease require addi-
tional postoperative treatment with either
chemotherapy, radiation, or a combination.
Tumor markers so far have been unsuccess-
ful in monitoring epithelial ovarian cancer.
The search continues for an epithelial ovarian
cancer antigen that will allow for the early
detection of a malignancy or the chance to
monitor patients who are apparently in clini-
cal remission. Unfortunately, at present the
ideal tumor marker has not been identified,
and responding patients who have no clinical
evidence of cancer following chemotherapy
require operative exploration to determine if
persistent subclinical disease is present.'®-'%

Ovarian Lymphomas and Leukemias

Patients with leukemia or lymphoma fre-
quently have metastatic involvement of the
ovaries revealed during autopsy.'”” However,
it is rare for these diseases to present as ovarian
tumors.'”*'% When an apparent primary
ovarian lymphoma does occur, it is initially
often misdiagnosed as a dysgerminoma or
stromal tumor because it is rare and fre-

quently lacks B-type symptoms or associated
adenopathy.'”'® It also is highly probable
that often apparent primary ovarian lym-
phomas actually represent metastatic in-
volvement of the ovaries from inapparent
systemic disease. This argument is strength-
ened by the relative frequency (55%) of ovarian
bilateral involvement.® Nevertheless, primary
ovarian lymphomas probably do occur, since
an occasional long-term survivor has been
reported following surgical excision of the
ovary with or without postoperative pelvic
radiation therapy. One recent survey of pri-
mary ovarian lymphomas concludes that an
entity of primary ovarian lymphoma is likely
because the histologic appearance of the
lymphoma in children’s ovaries is so dissim-
ilar to that usually seen in lymph nodes.'” For
example, 38% of the ovarian lymphomas in
children under the age of 20 consist of a
diffuse, small cleaved-cell lymphoma (Bur-
kitt’s and non-Burkitt’s type), which contrasts
sharply with the 9% incidence of similar
histology in lymph nodes in this same age
group. Also, primary ovarian Hodgkin’s and
lymphoblastic lymphomas were rarely, if ever,
seen.'”’

According to several authorities, if primary
ovarian lymphoma is bilateral, a bilateral
salpingo-oophorectomy and hysterectomy
should be done in combination with ei-
ther postoperative chemotherapy or radia-
tion.>'"1% In the patient with unilateral dis-
ease, conservation of the contralateral ovary
and uterus is recommended, although post-
operative chemotherapy still is advised.

Soft Tissue Sarcomas Arising from
the Genital Tract

Approximately 6% of all malignant neoplasms
in children are soft tissue sarcomas (STS), and
the genital tract is a fairly common site of
origin.” The peak incidence is between ages 1
and 5, with 70% occurring in the first decade.
Most female children with genital STS present
with vaginal bleeding or a polypoid mass
projecting from the vaginal orifice. Micro-
scopically, there is loose edematous stroma
and primitive rhabdomyoblasts. Cartilage or
bone also may be present. The frequency of
lymph node metastasis in genital STS is 19%



for both sexes, but appears much more often
in boys.2!"®!""" Norris and Taylor have re-
ported a vaginal polyp with stromal atypia
that has been seen in children and mistaken
for sarcoma botryoides. The nonmalignant
nature of this polyp is validated by the long-
term survivorship after local excision only.'"?

Initially, genital sarcomas were treated by
local resection, but local and distant recur-
rences were frequent. The addition of local
radiation therapy only moderately improved
local control, but did not prolong survival.>'"?
Despite more radical surgical resection, in-
cluding pelvic exenteration, the survival rates
remained dismal."'®'"* The current experience
as reported by several investigators, including
those involved in the Intergroup Rhabdomyo-
sarcoma Study (IRS), demonstrates improved
survival when chemotherapy is coupled with
surgical resection of the tumor, regardless
of whether local radiation therapy also is
used.''¢!E4EI6 Vineristine,  dactinomycin,
and cyclophosphamide is the most commonly
administered chemotherapy regimen. Due to
improved survival with postoperative chemo-
therapy, it is now recommended that surgery
be less radical, and although complete exci-
sion of the primary tumor is still the ultimate
goal of the surgeon, considerable emphasis
also is placed on preserving as much normal
tissue as possible. Radiation therapy currently
is reserved for patients with postoperative
residual disease, locally or in the regional
lymph nodes.''""'® In some cases, chemother-
apy has been given preoperatively for cyto-
reduction and then continued postoperatively
as maintenance therapy.'"” Although the op-
timal treatment regimen has not been devel-
oped, there has been marked improvement in
survivorship; 3-year relapse-free survival re-
cently has been reported between 82 and 84%
for patients with completely resected localized
disease, 62 and 70% for patients with micro-
scopic residual or regional nodal disease, 57%
for patients with residual macroscopic disease,
and even 29% for those who have distant
metastases.”

Premalignant and Malignant Lesions
of the Cervix, Vagina, and Vulva

Premalignant or dysplastic lesions of the lower
reproductive organs are asymptomatic and
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often inconspicuous on examination. Histo-
logically, there is disarray of the architectural
structure of the epithelium and cytoplasmic
and nuclear atypia. The etiology of the lesion
is not known, although a viral agent is sus-
pected.''*'"? Historically, these lesions have
been seen most often in women over 35;
however, the incidence is increasing dramati-
cally in teenagers.'?0-'%?

The malignant potential of cervical intra-
epithelial neoplasia is unknown. Spontaneous
regressions do occur, especially in grades I and
IT (mild or moderate dysplasia). Although the
high grade intraepithelial lesions (severe dys-
plasia and carcinoma in situ) are more likely
to progress than the lower grades, progression
is seen in all grades and there is no predicting
which lesion will progress or the time interval
of progression.'?-'#

Most cervical and vaginal intraepithelial
lesions are first recognized cytologically after a
routine Pap smear. Colposcopy is the pre-
ferred method of evaluation for the recognized
lesion unless it is a visible exophytic lesion or
ulcer that can be biopsied without magnifica-
tion. Because of the unpredictable false-nega-
tive rate in Pap smear evaluations, there is no
justification for deferring colposcopy until
another Pap smear has confirmed the ab-
normality.'?0-!%3

Colposcopy is the technique whereby the
cervix is viewed with magnification and the
epithelial and vascular pattern is examined to
identify the origin of the abnormal cells. The
most abnormal area can be precisely deline-
ated and biopsied to allow the most accurate
assessment of the cervix. If the entire area at
risk (transformation zone) and the lesion have
been seen and invasive cancer has been ex-
cluded, the intraepithelial lesion can be man-
aged conservatively with either cryosurgery or
laser surgery.'?"'?" If invasive cancer cannot be
excluded or if a lesion extends into the cervical
canal and is beyond visualization, cervical
conization must be done. Conization should
be avoided as a routine evaluation in young
women since the anatomic disruption of the
cervix has been associated with subsequent
pregnancy complications.'?8-1%0

Cryosurgery and laser surgery have been
used extensively to treat vaginal and cervical
intraepithelial lesions Essentially 90% of pa-
tients are successfully treated with either me-
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thod. Cryosurgery is less expensive and re-
quires less training. Colposcopically directed
laser surgery, however, allows for better vis-
ualization of the lesion during treatment.
Laser treatment has been associated with less
cervical scarring, allowing for more thorough
posttherapy colposcopic examinations.'**'?’

For multifocal vaginal disease the topical
application of 5-fluorouracil has been used
successfully, and occasionally total excision of
the vaginal epithelium with skin grafting has
been required.'?'-'#

Vulvar intraepithelial lesions may be treated
by localized excision of the individual lesions
with either traditional or laser surgery. Occa-
sionally, a patient with diffuse multifocal
disease will require superficial ‘“‘skinning”
vulvectomy with skin grafting.'?*'%

Invasive epithelial carcinoma of the cervix,
vagina, and vulva is extremely uncommon in
adolescence and childhood. Such lesions
should be treated by traditional radiotherapy
or radical surgery, depending on the indiv-
idual case.””

Precancerous and Invasive Cancer
of the Uterine Corpus

Although endometrial adenocarcinoma is the
most frequent gynecologic malignancy, it
rarely appears in women under 20. Isolated
cases have been reported, however. The pre-
disposing factor for this malignancy appears
to include a hormonal milieu of unopposed
estrogen stimulation. The estrogen may be
either exogenous or endogenous. It is un-
known whether the estrogen is a carcinogen or
cocarcinogen.'38-14%

Young women with either endometrial hy-
perplasia, carcinoma in situ, or endometrial
cancer have an unopposed estrogen stimula-
tion of the uterus. Clinically this occurs in
those with Turner’s syndrome who are given
exogenous estrogens or in women with poly-
cystic ovarian disease (PCO).'***2 Women
with PCO have estrogen excess resulting from
extraglandular aromatization of biologically
inactive androgens that are converted to est-
rone. Dué to the hormonal milieu, ovulation
is very infrequent, so the progesterone pro-
duction needed to counteract the estrogen
influence is limited.'**-'*!

When a young woman has an endometrial
hyperplasia or carcinoma in situ diagnosed by
endometrial curettage, the preinvasive lesion
can be treated with pr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>