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Foreword

Three decades ago, “pediatric and adolescent gynecology” was not recognized as a
major field in medicine. In the 1960s and 1970s, a few pioneering pediatricians were
gaining the experience and knowledge needed to diagnose and treat common gyne-
cological problems they encountered in their young patients. In parallel, a small cadre
of gynecologists, often working at children’s hospitals, were exploring how gyneco-
logical disorders presented in children and adolescents. Today, there are thousands
of clinicians, many working in interdisciplinary teams composed of pediatricians, gy-
necologists and nurses, who have broad and deep expertise in both pediatric medicine
and gynecology. This vibrant field is served both by an active and growing national
society, the North American Society of Pediatric and Adolescent Gynecology,
founded in 1986, and a major journal, the Journal of Pediatric and Adolescent Gy-
necology. How did this field grow so quickly?

Often new fields develop at the intersection of two well established areas of
medicine when a pressing clinical need becomes apparent. Pediatric and adolescent
gynecology was born at the intersection of two existing fields; a medical field, pedi-
atrics, and a surgical field, gynecology. The pressing clinical need was the realization
that young patients with pediatric and adolescent gynecology problems are best
served by clinicians with expertise in both fields working in interdisciplinary teams.
Through close collaboration at Children’s Hospital Boston, Drs. Jean Emans and
Don Goldstein proved that an interdisciplinary team provides the best care to these
patients. In the first edition of Pediatric and Adolescent Gynecology, published in
1977, Drs. Emans and Goldstein committed to the written word their insights con-
cerning this new field of medicine. In the 1st Edition, every chapter but one was writ-
ten by either Drs. Emans or Goldstein. In the 4th Edition, Dr. Marc Laufer, a spe-
cialist in pediatric and adolescent gynecology, reproductive endocrinology, and
infertility, joined the editorial team, bringing his unique endocrine and surgical per-
spectives to the book. Due to the explosive growth in medical knowledge and sub-
specialty expertise, the 4th Edition also heralded the addition of many new contribu-
tors with special knowledge in key areas. The 5th Edition represents an extensive
revision of this valuable and enduring classic.

Pediatric and Adolescent Gynecology is the classic textbook in its field. It was a
catalyst to the growth of the field and it continues to lead the way, helping clinicians
be more proficient and knowledgeable in the care of the child and adolescent. It is a
joy to read, and can be quickly consulted to answer a specific question about a patient
in your office and serve as a thorough review of the field. Simply put, this is the best
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book about pediatric and adolescent gynecology. If you plan on owning one textbook
on pediatric and adolescent gynecology, this is the classic.

Forward by Robert L. Barbieri, M.D.

Kate Macy Ladd Professor of Obstetrics and Gynecology

Chairman, Department of Obstetrics, Gynecology and Reproductive Biology
Brigham and Women’s Hospital

Harvard Medical School

Boston, Massachusetts



Preface

It has been more than 25 years since the first edition of this textbook. With the pub-
lication of the fifth edition of Pediatric and Adolescent Gynecology, we continue to
strive to provide pediatricians, obstetrician-gynecologists, family practitioners, in-
ternists, nurse practitioners, residents and fellows with a complete text to address the
common and rare gynecologic problems of children and adolescents. Drawing from
the experience of the three editors and the many contributing authors, we have bal-
anced the medical and surgical approaches to the pediatric and adolescent patient.

Pediatric and adolescent gynecologic problems may present in a varied fashion.
Many gynecologic issues can be diagnosed on the basis of the history and physical
examination. Step-by-step descriptions of the techniques for examination, ancillary
testing, and suggested treatment plans are provided in each chapter of this text. In ad-
dition to updating all materials, we have added new chapters on urologic issues for
girls and young women, and information regarding complementary and alternative
medicine. New additional expert authors have been included in the 5th edition. We
are also honored that Catherine Gordon., M.D., M.Sc, has rewritten the puberty chap-
ter; W. Hardy Hendren, M.D. has contributed to the revised chapter on congenital
anomalies of the reproductive tract; Craig Peters, M.D. has authored the new urology
chapter; Lydia Shrier, M.D., M.P.H. has rewritten the STD chapter; Elizabeth
Woods, M.D., M.P.H. the vaginitis chapter; Jessica Kahn, M.D., M.P.H. and Paula
Hillard, M.D., have revised the HPV and Pap smear chapter; Angela Nicolletti, MS,
RN, NP, the chapter on teen pregnancy; Ranee Leder, M.D. has revised the sexual
abuse chapter; and the Honorable Judge Susan Ricci has participated in the legal is-
sues chapter.

As editors and authors, we want to stimulate the physician and nurse practitioner
to become knowledgeable and proficient in the gynecologic care of the child and
adolescent. The Divisions of Gynecology and Adolescent Medicine at Children’s
Hospital Boston have worked together for more than 25 years and have been able to
complement each other addressing the gynecologic needs of children and adoles-
cents. We are grateful to the pediatricians, family practice physicians, obstetrician
gynecologists, nurse practitioners, and others who have referred many patients to
our programs. We are also grateful to Dr. Judah Folkman for having the vision to
foster the creation of our pediatric and adolescent gynecology program at Children’s
Hospital Boston. The dialogue between medical and surgical specialties at Chil-
dren’s Hospital Boston, and the Brigham and Women’s Hospital fostered by our
Chiefs, Drs. Gary Fleisher, Robert Shamberger, Hardy Hendren, and Robert Barbi-
eri, has been an essential factor in providing excellent gynecologic care to children
and adolescents.

xVii
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The field of pediatric and adolescent gynecology has been greatly enhanced by the
formation in 1986 of the North American Society of Pediatric and Adolescent Gyne-
cology (NASPAG). The sharing of ideas, research, techniques, and protocols at an-
nual meetings and informally among members as well as the creation and support of
the Journal of Pediatric and Adolescent Gynecology, has been of significant impor-
tance to the future of this field. Advances in other professional organizations includ-
ing the American Academy of Pediatrics, the American College of Obstetrics and
Gynecology, the American Society for Reproductive Medicine, American Profes-
sional Society on the Abuse of Children (APSAC), Society for Adolescent Medicine,
and others have furthered the mission of provision of excellent care to children and
adolescents.

We have also aimed to improve health care educational materials available on the
internet. Our Center for Young Women’s Health provides educational handouts in
English and Spanish at www.youngwomenshealth.org. We encourage you to use this
website to provide your clients, friends, and families with age appropriate educa-
tional information that can be printed and distributed.

With these efforts we aim to improve the health care and education of girls and
young women around the world now and into the future.

S.J.H.E.
M.R.L.
D.P.G.
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1

Oftfice Evaluation of the Child
and Adolescent

S. Jean Emans

OFFICE EVALUATION OF THE CHILD AND ADOLESCENT

Gynecologic assessment and inspection of the external genitalia of the infant and
child provide an opportunity to provide preventive health care and to diagnose
important clinical conditions. Although gynecologic problems are uncommon in
young girls, palpation of the breasts, inspection for hernias, and assessment of the
external genitalia should be part of the routine physical examination. When the
child presents for an evaluation for a specific problem, there should be a “prob-
lem-focused” history and physical exam. The time of a “problem-specific” or a
routine exam can be utilized as an opportunity to teach anatomy and to provide
recommendations regarding hygiene. The presence of clitoromegaly, a hernia, early
signs of puberty, Candida vulvitis, vulvar dermatoses, or an abnormality in the
configuration of the hymen may be a clue to other problems.

A healthy dialogue between parents and children on issues of sexuality should
begin during the prepubertal years. Parents should be encouraged to answer the
questions of their young children with simple facts and correct anatomic termi-
nology. Appendix 1 contains a list of resources and Internet sites that may help
parents become more comfortable in talking with their children about sexuality.

Obtaining the History

Vaginal discharge or bleeding, pruritus, signs of sexual development, or an alle-
gation of sexual abuse should prompt a more thorough evaluation. The nature of
the history depends on the presenting complaint. If the problem is vaginitis, ques-
tions should focus on the timing of the onset of symptoms; the type of discharge;
perineal hygiene; skin conditions (e.g., eczema, psoriasis); antibiotic therapy;
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recent infections in the patient or other members of the family, including strepto-
coccal infection and pinworm infestation; masturbation; and the possibility of
sexual abuse (see Chapter 24). Behavioral changes and somatic symptoms such as
abdominal pain, headaches, and enuresis may suggest the possibility of abuse.
Information on the caretakers should always be elicited. If the problem is vaginal
bleeding, the history should include information about recent growth and devel-
opment, signs of puberty, the use of hormone creams or tablets, trauma, vaginal
discharge, and any previous finding of foreign bodies in the vagina or other ori-
fices. Although the history is usually obtained chiefly from a parent, the child
should first be asked questions about toys or school to put her at ease. Then, ques-
tions may be asked about genital complaints, genital contact, and, depending on
the complaint, whether she has ever placed something in her vagina. Eye contact
with the child should be maintained, and she should be told that she is an impor-
tant part of the team. Questions focusing on what has bothered the child, such as
itching or discharge, can help her understand why the examination is important.
She should be given the opportunity to ask her own questions. A questionnaire can
be used to speed the intake process so that the young child does not become fid-
gety while the history is being taken. However, the history-taking time can be used
advantageously to put the child at ease and to promote the understanding that the
clinician is acting in her best interests.

Gynecologic Examination

The gynecologic examination should be carefully explained in advance to the
child and parents/guardians. It is extremely important to tell the parent that the size
of the vaginal opening is quite variable and that the examination will be painless
and in no way alter the hymen. A diagram showing the vulva is often helpful, as
many parents still believe that the virginal introitus is totally covered by the hymen
(Fig. 1-1). Gynecologic assessment of the child typically involves inspection of the
genitalia, not instrumentation of the vagina.

Both parent and child should be told that the instruments to be used are spe-
cially designed for little girls and do not enter the vagina. The otoscope or hand
lens to be used for external examination should be shown to the child with an
assurance that the clinician will use these instruments “to look.” The child may
wish to look through the lens of the otoscope. If a colposcope will be used for an
evaluation of sexual abuse, the child should have a chance to look at the instru-
ment, turn the light on and off, and view fingers or jewelry through the binocular
eyepieces so that she will feel more comfortable with the examination.

The child can then be offered her choice of gown color and asked whether she
wishes to have her parent lift her onto the table or climb “up the big stairs.” In
our clinic, the parent typically stays in the room to talk with the young child and
assist in the examination. Although the father, mother, both parents, or a relative
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FIG. 1-1. External genitalia of the prepubertal child.

may accompany the child for the assessment, most commonly the mother plays an
active role during the examination. The older child should be asked whom she
prefers to have in or out of the room during the examination. Most children and
many young adolescents prefer their mothers in the room; most middle to late ado-
lescents prefer that their mothers not be present in the examination room.

The majority of children are comfortable on the examining tables with the
mother (or father or other caretaker) sitting close by or holding a hand. Some girls
are quite fearful, especially if they have previously been sexually abused or had a
prior painful genital examination. In this case, the mother or other caretaker can
sit on the table with the child or even with her feet in stirrups and have the child’s
legs straddle her thighs in a (semi) reclined position (Figs. 1-2 to 1-5). A hand
mirror can help the child relax and allows her to become an active participant in
the examination. The mirror can be used for both education and distraction. If the
clinician is confident and relaxed, the patient usually responds with cooperation.
An abrupt or hurried approach will precipitate anxiety and resistance in the child.
Sometimes it is necessary to leave the room and return when the patient feels ready.
Occasionally, a very anxious or fearful child needs to return several days later to
have the examination completed. The tempo of the examination depends on the
urgency of evaluating a problem and the degree of cooperation that can be elicited.
For example, if a child has had a discharge for months, the examination can extend
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—

FIG. 1-2. Positioning the prepubertal child in the frog-leg position. She can lie horizontally or
with the head of the examining table raised. [Courtesy of Dr. Trina Anglin, Office of Adoles-
cent Health, Health Resources and Services Administration (HRSA), Washington, DC.]

FIG. 1-3. Positioning the child in the lithotomy position with the use of stirrups. (Courtesy of
Dr. Trina Anglin, Office of Adolescent Health, Health Resources and Services Administration
(HRSA), Washington, DC.)



FIG. 1-4. Positioning the child in the frog-leg position with the aid of her mother. (Courtesy
of Dr. Trina Anglin, Office of Adolescent Health, Health Resources and Services Administra-
tion (HRSA), Washington, DC.)

FIG. 1-5. Positioning the child in the lithotomy position with the aid of her mother. (Courtesy
of Dr. Trina Anglin, Office of Adolescent Health, Health Resources and Services Administra-
tion (HRSA), Washington, DC.)
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over several visits, if necessary, so that the clinician can gain the confidence of
the child. If a child has significant vaginal bleeding, has experienced trauma, or
cooperation cannot be elicited, then an examination with sedation or under anes-
thesia may be necessary.

The examination of any child with gynecologic complaints should include a gen-
eral pediatric assessment including the child’s weight and height, skin, head and
neck, chest wall, heart, lungs, and abdomen. The breasts should be carefully
inspected and palpated. The increasing diameter of the areola or a unilateral ten-
der breast bud is often the first sign of puberty. The abdominal examination is
often easier if the child places her hands on the examiner’s hand; she is then less
likely to tense her muscles or complain of being “tickled.” The inguinal areas
should be carefully palpated for a hernia or gonad; occasionally, an inguinal gonad
is the testis of an undiagnosed male pseudohermaphrodite. The skin should be
examined for evidence of other skin conditions such as eczema, psoriasis, sebor-
rheic dermatitis, hemangioma, or café au lait spots.

Although the complete gynecologic examination of the child includes inspection
of the external genitalia, visualization of the vagina and cervix, and rectoabdomi-
nal palpation, the extent of the examination should be tailored to the presenting
complaint. Examination of the child is usually possible without sedation or anes-
thesia if the child has not been traumatized by previous examinations and if the
clinician proceeds slowly. The child should be explicitly told that the examination
will not hurt. For the initial examination, the young child should be in a supine
position with her knees apart and feet touching in the frog-leg position or in the
lithotomy position with the use of adjustable stirrups, with or without a caretaker
assisting (Figs. 1-2 to 1-5). Asking a child whether she has ever seen a frog and
whether she can say “ribbit” will often put her at ease so that she can assume the
correct position “like a frog.” Other young girls like to refer to this position as
“making your legs like a butterfly’s wings.” A colorful poster on the ceiling or
wall is a good distraction. During inspection of the external genitalia, the young
girl may be less anxious if she assists the clinician by holding the labia apart. Occa-
sionally, a child does not wish to remove her panties. The examination can still be
accomplished in many girls by gently moving the crotch of the underwear to one
side to allow inspection. The clinician should note the presence of pubic hair, the
size of the clitoris, the configuration of the hymen, signs of estrogenization of the
vagina and hymen, and perineal hygiene. The normal clitoral glans in the preme-
narcheal child is on average 3 mm in length and 3 mm in transverse diameter (1).
The normal external genital structures are usually easily visible with gentle lateral
traction downward and laterally (Fig. 1-6A). The hymen will often gape open if
the child is asked to cough or take a deep breath. If the hymenal orifice and edges
of the hymen are not visible, the labia can be gently gripped and pulled forward
in a traction maneuver to enable viewing of the anterior vagina (Fig. 1-6B). The
vaginal mucosa of the prepubertal girl appears thin and red in contrast with
the moist, dull pink, estrogenized mucosa of the pubertal girl. Frequently, the



FIG. 1-6. Examination of the vulva, hymen, and anterior vagina by gentle lateral retraction (A)
and gentle gripping of the labia and pulling anteriorly (B).
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FIG. 1-7. Configurations of hymens in prepubertal girls: (A) posterior rim or crescentic hymen,
(B) circumferential or annular hymen, and (C) fimbriated or redundant hymen. (From Pokorny
SF. Configuration of the prepubertal hymen. Am J Obstet Gynecol 1987;157:950; with per-
mission.)

perihymenal tissue is erythematous. Friability of the posterior fourchette as the
labia are separated can occur in children with vulvitis or a history of sexual abuse
or if the labia are separated widely and the tissue tears (2).

The configuration of the hymen should be noted and accurately described (Figs.
1-7 and 1-8; see also Color Plate 1). A hand lens or the light and magnification
of an otoscope, without a speculum, can be used (Fig. 1-9). Hymens can be clas-
sified as posterior rim (or crescent), annular, or redundant (3). In girls with a redun-
dant hymen, the edges of the hymen and the anterior vagina are often difficult to
visualize. Congenital abnormalities of the hymen, especially microperforate and
septate hymens, are not uncommon (Figs. 1-10 to 1-17; see also Chapter 10 and
www.youngwomenshealth.org/hymen.html). It may initially be difficult to estab-
lish the presence of an opening in a microperforate hymen. Several techniques are
useful: a small amount of warm water or saline can be squirted with a syringe or
an Angiocath, or the young girl can be placed in the knee—chest position (Fig. 1-
18). Probing can also be done with a small urethral catheter or feeding tube (see
Fig. 1-16), or a nasopharyngeal Calgiswab moistened with saline. If there is a small
slit-like opening inferior to the urethra, then the small swab needs to be inserted
in a fashion parallel to the hymenal tissue. Applying a small amount of lidocaine
jelly may reduce discomfort if probing is necessary and if vaginal cultures are not
needed as part of the evaluation. Congenital absence of the hymen has not been
documented (4,5).

Acquired abnormalities of the hymen usually result from sexual abuse and rarely
from accidental trauma (see Chapters 3 and 24; see also Color Plates 9-13, and
15-18). Chapter 24 reviews the most current literature on normal and abnormal


http://www.youngwomenshealth.org/hymen.html

FIG. 1-8. Types of hymens (photographed
through a colposcope): (A) crescentic
hymen, (B) annular hymen, and (C) redun-
dant hymen with crescent appearance after
retraction.
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FIG. 1-9. Otoscope (without a speculum) for visualizing
hymen and vagina.

A = = A ~

FIG. 1-10. Types of hymens: (A) normal, (B) imperforate, (C) microperforate, (D) cribriform,
and (E) septate.
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FIG. 1-12. Microperforate septate hymen.

FIG. 1-13. Microperforate septate hymen. FIG. 1-14. Imperforate hymen.



FIG. 1-15. Septate vagina.

FIG. 1-16. Microperforate hymen. A: Opening difficult to visualize. B: Opening gently probed.



FIG. 1-17. Hymenal tags.

FIG. 1-18. Examination of the prepubertal child in the knee—chest position.

13
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anogenital findings and the signs associated with sexual abuse. Signs of acute
trauma from sexual abuse include hematomas, abrasions, lacerations, hymenal tran-
sections, and vulvar erythema and irritation. Physical healing from trauma is often
complete by 10 to 14 days. Signs of previous sexual abuse may include acute and
healed trauma, hymenal remnants, scars, and hymenal transections, which may heal
in a V shape or a U shape. It should be remembered that in most girls with a his-
tory of substantiated sexual abuse, the findings on genital examination are normal.
Clinicians seeing girls for annual physical examinations should be encouraged to
inspect the genitalia and the hymen and, if possible, to make drawings in the office
notes of the configuration of the hymen. A change from previously noted anatomy
could provide an important clue to sexual abuse.

The significance of measuring the diameter of the hymenal orifice is controver-
sial. The transverse and anterior—posterior measurements are influenced by age,
relaxation of the child, method of examination and measurement, and type of
hymen. The older the child and the more relaxed she is, the larger the opening.
The opening is larger with retraction on the labia and when the child is in the
knee—chest position than with gentle separation alone when the supine position is
used. The orifice of a posterior rim hymen appears larger than the opening of a
redundant hymen. Measurements can be obtained with a small clear plastic cen-
timeter ruler or more accurately with a colposcope. Our study of 3- to 6-year-old
girls found a mean transverse measurement of 2.9 £ 1.3 mm (range 1 to 6 mm)
and mean anterior—posterior measurement of 3.3 + 1.5 mm (range 1 to 7 mm) (2)
(see Chapter 24 for other studies). Although a large hymenal orifice may be con-
sistent with a history of sexual abuse, a more significant finding is the absence of
hymenal tissue that has resulted to the enlarged opening.

The anus and labia should always be examined for cleanliness, excoriations, and
erythema. Perianal excoriation may be a clue to pinworm infestation. Normal find-
ings, as well as those associated with sexual abuse, are noted in Chapter 24.

For girls with vulvitis or lichen sclerosus (see Color Plates 2, 3, and 4), an exter-
nal examination may be all that is needed to make a diagnosis and formulate a
treatment plan (see Chapter 3). However, if there is discharge, bleeding, or any
other complaint that may be of vaginal origin, the clinician should proceed with
visualization of the vagina.

In girls over 2 years old, the knee—chest position provides a particularly good
view of the vagina and cervix without instrumentation (6). The patient is told that
she should lie with her chest on the table and her “bottom in the air.” She is reas-
sured that the examiner plans to “take a look at her bottom” but will not put any-
thing inside her. In the knee—chest position, the child rests her head to one side on
her folded arms and supports her weight on bent knees (6 to 8 in. apart). With her
buttocks held up in the air, she is encouraged to let her spine and stomach “sag
downward.” Some girls like to hear that they may have slept in this position when
they were “little.” A pillow can be placed under the girl’s abdomen if she desires.
A sheet can also be used so that she feels covered. An assistant or the mother helps
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hold the buttocks apart, pressing laterally and slightly upward. As the child takes
deep breaths, the vaginal orifice falls open for examination (see Fig. 1-18). In 80%
to 90% of prepubertal girls, an ordinary otoscope head, used without a speculum
(see Fig. 1-9), provides the magnification and light necessary to enable visualiza-
tion of the lower vagina and usually the upper vagina and cervix. The child’s anx-
iety will be allayed if she is again shown the otoscope light and efforts are made
to gain her full confidence before this part of the examination. A running conver-
sation about school, toys, and siblings often diverts the child’s attention and helps
her maintain this position for several minutes without moving or objecting. Since
the vagina of the prepubertal child is quite short, a foreign body or a lesion is often
easily detected. Similarly, a supine position with the child’s legs flexed on her
abdomen also enhances visualization of the hymen, vagina, and anus.

Vaginoscopy

If vaginal assessment cannot be accomplished in the office for the child with
vaginal bleeding or persistent discharge, an examination with sedation or under
anesthesia is the next step. An examination with sedation or under anesthesia may
also be important if vulvar biopsy is needed for suspected but not clear-cut vulvar
dystrophies or for obtaining typing of human papillomavirus (HPV) lesions, or
excision of a suspicious nevus or other vulvar lesion. A Killian nasal speculum
with a light source can be helpful for direct visualization of the vagina and cervix
(Fig. 1-19). The use of a hysteroscope, cystoscope, or flexible narrow-diameter

FIG. 1-19. (A) Examination of patient under
anesthesia, (B) using a Killian nasal speculum
with fiberoptic light (obtained from Codman and
Shurtleff, Inc., Pacella Drive, Randolph, MA).
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fiberoptic scope with liquid insufflation can be helpful for magnification and iden-
tification of vaginal or cervical lesions. As the vagina is filled with the liquid dis-
tention media, the labia are “pinched closed” so that the vagina will distend and
facilitate evaluation.

Depending upon the office setting, some clinicians do sometimes use a small
vaginoscope, cystoscope, hysteroscope, or flexible fiberoptic scope with water
insufflation of the vagina for visualization of the upper vagina and cervix in the
cooperative child. The child is examined in a supine position with her knees apart.
A step-by-step method of inserting the vaginoscope in the young child was origi-
nally described by Capraro (7). The child is first allowed to touch the instrument
and is told that it feels “slippery, funny, and cool.” The instrument is then placed
against her inner thigh and the same words are repeated. Next, the instrument is
placed against her labia, again with the statement, “This feels slippery, funny, and
cool.” As the vaginoscope is inserted through the hymen, the examiner repeats the
words and presses the child’s buttocks firmly with the other hand to divert her
attention. The application of lidocaine jelly makes insertion easier. Most
vaginoscopy is done under sedation or anesthesia. Very rarely, a narrow vaginal
speculum can be useful in examining the older child if insertion does not cause
pain or trauma.

Vaginal Samples

If a vaginal discharge is present, samples should be obtained for culture and for
saline and potassium hydroxide (KOH) preparations (see section on Wet Prepara-
tions, p. 37). Usually, the child prefers to lie on her back with her knees apart and
with her feet together or in the stirrups so that she can watch the procedure with-
out becoming excessively anxious. A nasopharyngeal Calgiswab moistened with
nonbacteriostatic saline, a soft plastic eyedropper, a glass eyedropper with plastic
tubing attached, a small feeding tube with a syringe, or a modified urethral catheter
attached to a syringe (8) can be gently inserted through the hymenal opening to
aspirate secretions or to obtain a vaginal wash sample. The child should be allowed
to feel a cotton-tipped applicator, Calgiswab, feeding tube, or catheter on her skin
before a similar sterile device is inserted into her vagina. For example, a cotton-
tipped applicator can be gently stroked over the back of her hand to allow her to
feel it as “soft” or “ticklish.” For the prepubertal child, we usually use a nasopha-
ryngeal Calgiswab moistened with nonbacteriostatic saline (such as ampules of
nebulizer saline) (Fig. 1-20A). If a small saline-moistened Calgiswab is used, care
should be taken to place it into the vagina without touching the edges of the hymen.
The child can be asked to cough as the examiner inserts the swab. This action dis-
tracts the child and makes the hymen gape open. The child will be amazed that no
discomfort is felt, and the three samples (one with a Dacron male urethral swab
gently scraping the lateral vaginal wall, if a sample for vaginal Chlamydia culture
is desired) can be quickly obtained and directly plated or sent for culture. Pokorny
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and Stormer (8) have described a modified syringe and urethral catheter
(Fig. 1-20B) in which the proximal 4-in. end of an intravenous butterfly catheter
is inserted into the 4-in. end piece of a no. 12 bladder catheter, and a syringe is
attached. The catheter is slid into the vagina, similarly to catheterizing the blad-
der. Sterile saline (0.5 to 1 ml) is injected into the vagina and aspirated. This device
is commercially available as the Pediatric Vaginal Aspirator from Cook ObGyn
(Spencer, IN). If necessary, a small amount of lidocaine solution can be applied to
the hymenal edges to facilitate insertion. For the child who will not allow an intra-
vaginal sampling, Muram has used a technique of squirting saline with an Angio-
cath (no needle) to fill the vagina followed by holding three swabs perpendicular
just outside the vagina with the labia held closed over the swabs by the examiner.
The child is asked to cough hard to expel the solution, and the wet swabs are used
for the needed tests.

A culture for Neisseria gonorrhoeae should be done on modified Thayer—
Martin—Jembec medium at the time of the examination. Cultures for other organ-
isms are done by placing the saline moistened Calgiswab into a transport Culturette
II with medium. The bacteriology laboratory should plate the swab on the standard
genitourinary media, which usually include blood agar, MacConkey, and choco-
late media. The laboratory should be notified that the Thayer—Martin—Jembec
medium being processed is from the vagina of a prepubertal child so that if a Neis-
seria species grows, it is properly and unequivocally identified as N. gonorrhoeae
for medicolegal purposes. Bacterial isolates initially identified as N. gonorrhoeae
from children may be other Neisseria species such as N. lactamica, N. meningi-
tidis, and N. cinerea (9,10).

Culture tests for Chlamydia trachomatis should be used in the diagnosis of pre-
pubertal infections, since false-positive results can occur with some nonculture

sl 3 ml Syringe I — 4" — No. 12 Red rubber catheter _— |
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FIG. 1-20. A: Calgiswab for obtaining vaginal specimens in the prepubertal girl. B: Assem-
bled catheter-within-a-catheter, for obtaining specimens from a prepubertal child. (From
Pokorny SF, Stormer LVN. Atraumatic removal of secretions from the prepubertal vagina.
Am J Obstet Gynecol 1987;156:581; with permission.)
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tests. The association of this organism with sexual abuse necessitates sensitive and
specific methods (see Chapters 3, 15, and 24). If culture is not available, some
research has indicated that nucleic acid amplification tests (NAATS) are acceptable
if another NAAT that targets a different sequence can be performed should the first
NAAT test be positive (11,12). For patients who complain of itching or have sus-
pected yeast infection, a Biggy agar culture can be incubated and read in the office.

Completing the Examination

After the vaginal samples have been obtained, a rectoabdominal examination
may be indicated for the child with persistent discharge, bleeding, or pelvic/
abdominal pain. The bimanual examination is performed with the child in stirrups
or supine with her legs apart. The examiner places the index or little finger of one
hand into the rectum and the other hand on the abdomen. The child can be reas-
sured that this examination will feel somewhat like having her temperature taken
rectally or having a bowel movement. She should be reassured that a finger has a
smaller diameter than a bowel movement. Except in the newborn infant, in whom
the uterus is enlarged secondary to maternal estrogen, the rectal examination in the
prepubertal child reveals only the small “button” or thickening of the cervix and
uterus. Since the ovaries are not palpable in the child and are located higher in the
pelvis than in the adult, masses should alert the physician to the possibility of a
cyst or tumor. At the end of the rectal examination, as the finger is removed from
the rectum, the vagina should be gently “milked” to promote the passage of any
discharge or extremely rare vaginal (sarcoma botryoides) tumors (Color Plate 8).

After assessing a patient’s chief complaint and the results of the examination,
the clinician should spend time with the parents and child to discuss the diagno-
sis, the proposed therapy, and the necessity of follow-up. Praising the young child
for her cooperation and bravery helps establish the clinician—patient relationship
so important during future examinations.

OFFICE EVALUATION OF THE ADOLESCENT

Evaluation of the adolescent requires different technical skills, including speculum
examination of the vagina, bimanual palpation, and an office environment that is wel-
coming to the adolescent patient. It is most important that the clinician have the inter-
personal skills, sensitivity, and time to establish a primary relationship with the ado-
lescent herself. The clinician must be willing to see the teenager alone and listen to her
concerns. For example, the patient with oligomenorrhea may ask at each return visit,
“Why am I not normal?” Listening to her describe her feelings is just as important as
drawing diagrams of the hypothalamic—pituitary—ovarian axis. The statement “Your
pelvic exam is normal” answers few of the adolescent’s questions.
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The office setting should have a welcoming group of administrative assistants
and clinical aides. A seating area for teens is optimal, since they may not feel com-
fortable sitting with babies in the pediatrician’s office or with pregnant women
older than themselves in the gynecologist’s office. Special times can sometimes be
reserved in the evening or late afternoon to respond to the needs of teens. In addi-
tion, a mechanism to receive telephone calls from teens needs to be arranged by
the office staff. In a pediatric, internal medicine, family medicine, or gynecologic
practice, examination rooms should be neutral. In a practice limited to adolescents,
the office can have posters and pamphlets (see Appendix 1) that are pertinent to
their concerns and, for example, give information on birth control, sexually trans-
mitted diseases (STDs), human immunodeficiency virus (HIV), nutrition, and how
to say “no” to premature sexual activity. Access to the Internet with appropriate
sites bookmarked also aids in patient education.

When a girl reaches the age of 11 or 12 years, the clinician can discuss with
her and her family the need for adolescent preventive health care, the opportuni-
ties for confidentiality, and the importance of communication among the health
care provider, the patient, and her family. The parents should be educated about
giving their adolescents the special time they need to discuss concerns with the
health care provider about peer relations, school, family, drugs, alcohol, and sex-
uality. The well teenager should have at least an annual visit; a patient with med-
ical or psychosocial concerns should be seen more frequently. The American Med-
ical Association (AMA) has published a set of 24 recommendations for annual
preventive health care for adolescents (Table 1-1), along with questionnaires for
patients and families on their Web site (13). A project under the sponsorship of
the Maternal Child Health Bureau with representatives from the American
Academy of Pediatrics (AAP), Medicaid, Health Care Financing Administration,
and other groups provided similar guidelines: Bright Futures—Guidelines for
Health Supervision of Infants, Children, and Adolescents, first published in 1994
and updated in 2000 (14). Subsequent companion volumes on nutrition, mental
health, oral health, and case studies for primary care clinicians (15-17) have also
been published for Bright Futures, and updated guidelines will be at www.aap.org.

Parents should be included as much as possible in important medical decisions,
but the adolescent’s need for medical privacy and confidentiality should be
respected. Parents should be encouraged to call in advance of an appointment if
they have special concerns, since an adolescent may sometimes be strikingly non-
verbal about troubling issues at home or in school. At the same time, parents may
need help communicating more effectively with their adolescent. Clinicians should
be explicit with both parents and adolescents about the extent of confidentiality.
In a survey of high school students, Cheng and colleagues (18) reported that 25%
of teens would forgo health care in some situations if their parents found out, and
only 57% of teens would go to their regular physician for questions about preg-
nancy. Thrall and colleagues, in a survey of over 2,000 ninth and twelfth grade
students in Massachusetts, found that students who believed that their physicians
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TABLE 1-1. Summary of recommendations of the AMA Guidelines
for Adolescent Preventive Services (GAPS)

General
1. Annual preventive services visit
2. Age and developmentally appropriate preventive services
3. Office policies regarding confidentiality

Health guidance

4. For parents or other adult caregivers at least twice during child’s adolescence

5. Physical growth, psychosocial and psychosexual development

6. Reduction of injuries

7. Dietary habits and safe weight management

8. Exercise

9. Responsible sexual behaviors (including abstinence), prevention of STDs, and
contraception

10. Avoidance of tobacco, alcohol, other abusable substances, and anabolic steroids.

Screening
11. Hypertension
12. Hyperlipidemia
13. Eating disorders and obesity
14. Use of tobacco products
15 Use of alcohol and other abusable substances
16. Sexual behaviors
17. Screening for STDs
18. Access to confidential HIV testing
19. Pap test
20. Depression and risk of suicide
21. Emotional, physical, or sexual abuse
22. Learning or school problems
23. Tuberculin testing

Immunizations
24. Appropriate immunizations

provided confidential care were much more likely to have discussed sexuality,
pregnancy prevention, and alcohol and tobacco use (19). Similarly, Ford and col-
leagues found that assurances of confidentiality increased the willingness to dis-
close information of sexuality, substance abuse, mental health, and to return to the
physician for care (20,21). Although explicit confidentiality is important, it is
essential that teens know the limits of confidentiality and that the clinician needs
to involve others in conditions that are life threatening or carry a significant health
risk. Letting teens know that the clinician will work with them if there are issues
that need to be shared can alleviate many of their concerns.

The transition from childhood to adolescence involves biologic, cognitive, and
psychological changes. The prepubertal latency-age girl undergoes major changes
in her body as she develops into the sexually mature young woman. The appear-
ance of pubic hair and breast development, over which the girl has no control, can
be exciting but also can cause concern. She may view asymmetry of breasts, acne,
or normal weight gain as problems. The fact that her pubertal changes occur at the
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same rate as in her peer group may offer some reassurance; to be early or late can
be troubling. A 12-year-old girl who looks 16 may be confronted with sexual
demands; a 16-year-old girl who looks 10 may be embarrassed to undress for phys-
ical education class or to interact with her peer group. Girls with lesbian attrac-
tions may feel uncomfortable in schools and office settings that speak only to the
needs and questions of heterosexual girls (22). The young adolescent may not
understand the reasons for her pubertal changes and may ask the same questions
at each visit. The older teenager is usually more capable of coping intellectually
with the physical examination, the diagnosis, and the treatment plan. Young ado-
lescents are concrete thinkers; thus, explanations and directions for medications
must take this into account. Even when an older teen, who is more capable of
abstraction and orientation to the future, is prescribed oral contraceptives, it is help-
ful to have the actual pill package in front of her so she can see how the pills look
and learn the calendar system of the individual package. The clinician must thus
be sensitive to the different needs of each patient and respond to her issues dur-
ing assessment, physical examination, and treatment plan.

Obtaining the History

The source of the medical history depends on the medical setting and the age
of the patient. The older adolescent tends to seek gynecologic care on her own ini-
tiative. In a clinic setting, the clinician may see the mother (and/or the father or
other caretaker) and the patient together initially to ascertain the nature of the chief
complaint and to ask about the girl’s medical history, school problems, and psy-
chosocial adjustment. A major portion of the visit should be devoted to seeing the
teenager alone, since her presenting complaint is quite often different from her par-
ent’s concerns. In other settings, the parent may make the appointment by tele-
phone, and then the teenager may appear alone for the examination.

The history should relate not only to gynecologic issues but to general health con-
cerns, risk behaviors, and a review of systems. The information can be gathered by
the clinician, a computer-aided questionnaire, or a health history form. Private space
is important if honest answers are expected. Prefacing the questioning with the state-
ment “T ask all my patients these questions” helps patients to feel they have not been
singled out or prejudged. Family history and psychosocial history are as important as
the medical history. With adolescents, it is best to first ask them why they are in the
office for an evaluation that day. Otherwise, the presenting complaint can be lost in
the review of systems, attention to birth control needs, and other issues. The clinician
should proceed from neutral areas such as review of systems, allergies, headaches,
and gastrointestinal problems to menstrual history and then to weight changes and
eating patterns, risky behaviors, sexual preference, and sexual activity. Risky behav-
iors often occur in clusters, and adolescents who begin smoking and using alcohol
early are also frequently involved in early sexual activity. It is often helpful to ask the
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patient first about risky behaviors in the peer group: “Do your friends smoke? Do
your friends use drugs? Are your friends having sex? Have any of your friends been
pregnant?” An adolescent’s sexual and drug-taking behavior frequently is similar to
that of her friends. Even if she is not currently involved in such behaviors, she may
be influenced by her peers to experiment in the near future. She may also need assis-
tance with ways to resist the pressure and later reassurance that she is making a sound
decision: “From what you are telling me, you have made a healthy choice to
avoid . ..”

In questioning the patient, the clinician can start with more neutral risk behav-
iors: “Do you smoke? Do you use a seat belt? Have you ever been in a car with
someone drinking? Do you have a sexual partner? Tell me about your partner.
Have you ever had sex? Have you ever been forced or pressured into having sex?
What would you do if you were feeling pressured to have sex? Have you ever felt
threatened, been slapped, or been hit in a relationship? Have you ever had a sex-
ually transmitted infection? Do you need birth control?” It is important that ques-
tions be carefully worded so they are not heterosexually biased or do not convey
the assumption that all patients are sexually active. The clinician should avoid writ-
ing down answers during the interview when asking about risky behaviors such as
drug and alcohol use, because the teen may feel reluctant to give honest answers
and the dialogue may be interrupted. Similarly, 10-15% of girls may have expe-
rienced unwanted sexual intercourse or dating violence (23,24). Other questions
might be “If you make a decision to have sexual relations, would you know how
to protect yourself from pregnancy? If you had a girl friend who didn’t want to
get pregnant, could you help her?” If she says, “Yes,” ask, “How?” Such discus-
sions require skillful handling, because adolescents who are not sexually active
benefit from support in maintaining their choice. Since many adolescents assume
that “everyone” is sexually active, they are often reassured when they learn that
many teens choose to postpone having sex until they are older or in a permanent
relationship. The messages conveyed are important: The clinician may want to
encourage the adolescent to postpone sexual intercourse but also wants to be there
to help her with sexual decision making and contraceptive choices. The question
“Tell me the things you are doing to stay healthy” also assures the teen that she
can make healthy decisions for herself.

As clinicians ask these questions, many feel frustrated by the time constraints
of the office setting and the slowness of behavioral change in their patients. It is
useful to know the content of curricula being taught in the local school system so
that messages can be built into community-wide norms. Office interventions can
then build upon the framework of the school, faith group, or community initiative.
Many clinicians find the Guidelines for Adolescent Preventive Services (GAPS)
algorithms (Table 1-2) and an understanding of the “stages of change” useful in
planning strategies for interventions with adolescents. The clinician gathers initial
information using the office interview and/or questionnaires, makes a further
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TABLE 1-2. GAPS algorithm for
office interventions for high-risk
behaviors

G = Gather information

A = Assess further

P = Problem identification
S = Solutions

assessment to determine the level of risk, and then identifies problems. The ado-
lescent’s goals and perception of risk are sought. It is important to find out whether
the teen is interested in change and what she is willing to do. Finally, the clini-
cian works with the adolescent to seek solutions, reinforcing self-efficacy (can the
patient make a change?) and solving barriers. Because an adolescent may have
more than one health problem, it is essential for the patient and clinician to work
together to prioritize health issues and address them over time.

For example, to address the problem of smoking, which is common in teen girls,
the clinician Gathers information (does the patient smoke?), Assesses the level of
risk (age started, packs per day, efforts to quit), solves the Problem (presents
choices, discusses with the teen such problems as impaired athletic performance,
stains on fingers and teeth, bad breath, respiratory disease, and cost of cigarettes),
and finds Solutions (sets a quit date; supports the teen in avoiding activities asso-
ciated with smoking; recommends chewing gum, exercise, or nicotine replacement
or pharmacological therapy; and arranges follow-up).

Many clinicians have also found an understanding of the stages of change, orig-
inally described as a transtheoretical model for substance abusers (Fig. 1-21), to
be valuable in conceptualizing interventions for teens (25). In order to move an
adolescent toward a particular behavior change, the clinician determines that stage
of change for that girl and then assists her to move from one stage to the next over
several visits. The clinician helps to personalize the risk for the individual adoles-
cent. Precontemplators do not consider the behavior in question to be a problem;
it is neither relevant nor a risk to their health. To move an adolescent to the next
stage, the provider should give information about the health consequences and pro-
mote the benefits of change. Contemplators consider that they may indeed have a
problem, realize that there are pros and cons to the behavior, and begin to weigh
the feasibility of change. The provider needs to address the teen’s barriers and con-
cerns about behavior change and to assist with achieving change in steps. “What
would happen if you quit smoking? What would happen if you used a condom?
How do you imagine your life could improve if you gave up using drugs?”

At the determination or preparation stage, the adolescent recognizes the need
to change (within a month), although the behavior itself remains unchanged. The
health care provider assists by emphasizing the importance of the pros and de-
emphasizing the value of the cons. In the action stage, the adolescent is actively
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FIG. 1-21. Stages of change. (Adapted from Prochaska JO, DiClemente CC. Transtheoreti-
cal therapy: toward a more integrative model of change. Psychother Theory Res Pract
1982;19:276.)

changing behavior. The action should be reinforced through visits and telephone
calls. In maintenance, the adolescent refrains from the risky behavior and is con-
fident in having made a change, which may lead to either a permanent exit (fer-
mination or recovery) from the cycle, or a relapse and entry into another cycle.
Relapse should be treated as a learning experience, not a failure. This framework
provides the clinician with the opportunity to think about a variety of interventions
for the risky or unhealthy behaviors noted during the interview.

The clinician providing gynecologic health care to adolescents needs to consider
not only the chief complaint for a visit but the more general psychosocial and
health needs of the teen. The interventions and recommendations for therapy must
be focused on family and life issues beyond those yielding to simple hormonal or
antibiotic therapy.

Gynecologic Examination

Once the history has been obtained and the problems have been identified, the
patient should be given a thorough explanation of a pelvic examination. The use
of diagrams or a plastic model of the pelvis or an Internet module (www.young-
womenshealth.org) is helpful. If the teen has ever used tampons or is sexually
active, she will find her first examination easier. However, a previous examination
that was uncomfortable or a history of sexual assault may make the examination
much more challenging. In explaining the first examination, the clinician should
acknowledge the feelings of the adolescent. Good communication can be estab-
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lished by a statement such as this: “Some girls I see are worried about pain or
embarrassment.” It helps to acknowledge that adolescents can be nervous: “A lot
of patients I see because of irregular periods are pretty nervous about these exams.
It takes only 2 or 3 minutes, and I will explain everything to you now, and then
again as I do the exam. I can’t do a good exam unless you are relaxed; so it’s my
job to help you feel comfortable. You are welcome to have someone in the room
with you during the exam.” Millstein and colleagues (26) noted that messages from
friends about pelvic examinations were usually negative and referred to pain, self-
consciousness, fear, anxiety, and physical or psychological discomfort. In contrast,
messages from mothers and health care providers were primarily descriptions of
procedures and their importance. The study underscored the necessity for clinicians
to discuss the physical sensations associated with the procedure and to suggest
methods of cognitive control. Such a discussion may include the use of imagery,
a complete explanation before and during the examination, a mirror, or distraction.
Each patient needs individualized attention, and adequate drapes and gowns are
important. Allowing the adolescent to control the tempo of the examination is
important to alleviate her concerns.

After the explanation, the patient should be asked if she needs to empty her blad-
der. She should then be given a gown and asked to remove all her clothes, includ-
ing bra and underpants. If she is covered appropriately and approached in a relaxed
manner, she will feel more able to cooperate with the examination. The young ado-
lescent may request that her mother stay with her during a pelvic examination.
Most older patients prefer their mothers to stay in the waiting room. The patient’s
wishes should be respected. It is important for male clinicians to be accompanied
by a female chaperone, who can aid in reassuring the patient and helping with sam-
ples. A chaperone should always be present if the patient desires one or needs sup-
port during the examination, or if medical or legal issues are a factor.

The general physical examination of a teenage girl should always include inspec-
tion of the skin, palpation of the thyroid gland, examination of the breasts and
abdomen, and a careful notation of the Tanner stages of breast and pubic hair
development (see Chapter 4). Demonstrating techniques of self-examination of the
breast to the patient during the actual breast examination (see Chapter 19) can be
used to put the young woman at ease. However, teaching breast self-examination
to the adolescent should not be a goal of preventive clinical services since time in
the office is better spent counseling around tobacco, alcohol, and sexual risk pre-
vention than breast self-examination teaching. Breast cancer is not a disease of
teenagers, so that teaching breast self-examination to the older teen and young
woman should be thought of as part of self-awareness and health promotion, not
as an effort to detect cancer. It is essential not to increase the anxiety of the young
teen or overload the adolescent with guilt when she does not follow instructions
for undertaking breast self-examination.

Inspection of the external genitalia in the adolescent is an important part of the
physical examination. Several medical conditions may be detected: folliculitis from
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shaving or other pubic hair removal methods; Candida vulvitis, which can be the
first sign of diabetes; vulvar dermatoses; obstructive congenital anomalies such as
an imperforate hymen; labial hypertrophy or asymmetry; or clitoromegaly. Simi-
larly, normal sebaceous glands and vulvar papillomatosis may have caused worry.
The actual examination frequently elicits questions that the teenager was embar-
rassed to ask, such as queries about a vaginal discharge, a lump, or irregular
periods. Equally important to inspection is reassurance of the adolescent that her
perineum is normal. A number of gynecologic conditions including vulvitis and
vaginitis can be diagnosed with simple inspection and cotton-tipped applicator
samples of vaginal secretions. Screening Chlamydia trachomatis and N. gonor-
rhoeae tests can be performed on urine samples in sexually active girls who are
not undergoing a speculum examination (see Chapter 15).

Other conditions require varying parts of the complete pelvic examination. For
example, in an adolescent girl presenting with primary amenorrhea, the most
important objective is to identify whether she has a normally patent hymen and
vagina and the presence of a cervix and uterus. Thus a determination of vaginal
length using a saline-moistened cotton-tipped applicator, followed by a one-finger
vaginal-abdominal examination or rectoabdominal examination, can establish nor-
mal or abnormal genital anatomy. If this examination is not possible, external gen-
ital examination to establish a patent hymen, exclusion of a transverse vaginal sep-
tum by insertion of a cotton-tipped applicator (if tolerated), and ultrasonography
of the pelvis can be used similarly to answer the question about genital anatomy.
For the non-sexually active teenager with unexplained abdominal or pelvic pain, a
bimanual vaginal abdominal or rectoabdominal examination, with the patient in the
lithotomy position, will help with the differential diagnosis.

A speculum examination followed by a bimanual examination is usually easily
accomplished in the sexually active teen with irregular bleeding, pelvic pain, severe
dysmenorrhea, or amenorrhea. Most non-sexually active girls, especially those who
have used tampons, can undergo a speculum examination, if needed for similar
complaints. The least invasive examination that will answer the question should be
performed. On the other hand, examinations should not be omitted solely because
of the age of the patient. Contrary to popular belief, rarely is a patient unable to
cooperate during a pelvic examination if she has received a careful explanation
about the procedure and its importance in evaluating her individual problem. How-
ever, it is also important to recognize cultural issues surrounding vaginal exami-
nations. Some families and adolescents are reluctant to permit examination with a
speculum because of the misconception that it will alter the hymenal anatomy and
virginity. After careful explanation that pelvic examinations have not been shown
to be associated with changes in hymens (27), some patients and families are com-
fortable with a pelvic examination; others are not. Flexibility and respect are the
key to good rapport.

As noted above, sexually active patients typically begin routine gynecologic
assessments and annual screening for sexually transmitted diseases (STDs) at ini-
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tiation of vaginal intercourse. It is important that good clinical preventive services
for adolescents be unlinked from the prescription of hormonal contraception. The
absence of a pelvic examination or Papanicolaou (Pap) test is not a contraindica-
tion to the prescription of contraception (28). If a pelvic examination is being per-
formed, cervical (rather than urine) screening for STDs is recommended.
Otherwise, urine screening for STDs should be obtained annually. Tests for M.
gonorrhoeae and C. trachomatis should be obtained more frequently when
the patient has changed sexual partners, experiences vaginal symptoms, has been
exposed to or has a history of STDs, or engages in high-risk behaviors (see Chap-
ter 15 for a discussion of cervical and urine screening tests for STDs). Pap tests
should be initiated within 3 years of onset of sexual activity or by age 21 years
(29) (see Chapter 17). Girls receiving episodic care, who are immunosuppressed,
or who are at increased risk should initiate Pap tests earlier.

An adolescent who is not sexually active can begin routine gynecologic exami-
nations whenever she feels comfortable about the procedure, with the hope that by
the age of 18 to 21 years she will have initiated routine care. Using tampons before
a first examination is helpful for the virginal patient and increases the ease of the
examination for the patient (27). It is important for patients to realize that the pelvic
examination and the Pap test are not synonymous, and that a pelvic examination to
assure the anatomy is normal does not mandate obtaining a Pap test.

The pelvic examination is done with the patient in the lithotomy position and
her feet in stirrups. A mirror can be offered to her. The external genitalia are
inspected first; the type of hymenal opening, estrogenization of the vaginal mucosa,
the distribution of pubic hair (if not shaved), and the size of the clitoris are
assessed. The pubic hair should be inspected for pediculosis pubis if itching is pre-
sent. Similarly, the mons and inner thighs should be inspected for folliculitis, which
can be associated with hair removal methods. The inguinal areas should be pal-
pated for evidence of lymphadenopathy. The estrogenized vagina has a moist or
thickened dull pink mucosa in contrast to the thin red mucosa of the prepubertal
child. The normal clitoral glans is 2 to 4 mm wide; a width of 10 mm is consid-
ered to indicate significant virilization. In a study of 200 consecutive normal
women, Verkauf and colleagues (30) reported a mean transverse diameter of the
clitoral glans of 3.4 + 1.0 mm, a longitudinal diameter of 5.1 £ 1.4 mm, and a
total clitoral length, including glans and body, of 16.0 £ 4.3 mm. The mean clitoral
index (the product of the glans width times glans length) was 18.5 mm?>.

The normal anatomy of the postpubertal external genitalia is illustrated in
Figs. 1-22 and 1-23. The hymen in the adolescent girl is estrogenized and
thickened. Minor changes due to sexual abuse or minor trauma that might have
been easily seen in the thin unestrogenized hymen of the prepubertal child may be
difficult to visualize or may have disappeared in the estrogenized vulva and hymen
of the adolescent. As the normal hymen is elastic, tampons can be inserted by most
adolescents. With very rare exceptions, tampon use does not cause lacerations of
the hymen (27). In the virginal adolescent, the hymenal opening is usually large
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enough to allow the insertion of a small Huffman speculum or a finger for palpa-
tion of the cervix, uterus, and ovaries. An adolescent who has been sexually active
may have a hymen without any obvious changes or may have transections (“com-
plete clefts” down to the base of the hymen), a narrow rim of hymen, or myrti-
form caruncles (small bumps of residual hymen along the lower edge) (Fig. 1-24).

The examination of the sexually abused adolescent should involve a careful
assessment of the vulva and hymen. The hymenal edges can be carefully exam-
ined by running a saline-moistened cotton swab around the edges (Fig. 1-25).
Another method used by some clinicians to facilitate examination of the hymen is
the use of a 12- or 14-gauge Foley bladder catheter with a 5- to 10-ml balloon and
a 10-ml syringe. The catheter is inserted into the vagina, the balloon filled to capac-
ity, usually to 10 ml, with water and the catheter pulled back gently (avoiding
extreme traction) just to the hymenal edge to enhance observation of hymenal dis-
ruptions, one side at a time (31). After the examination is completed, the catheter
is deflated and removed.

As with the prepubertal child, different configurations of hymens may be seen in
adolescents (see Fig. 1-10). A simple hymenotomy is required for the imperforate hy-
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FIG. 1-22. External genitalia of the pubertal female.
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FIG. 1-23. Normal estrogenized hymen.
(From Heger A, Muram D, Emans SJ. Eval-
uation of the sexually abused child. 2nd ed.
New York: Oxford University Press, 2001;
with permission.)

FIG. 1-24. Adolescent hymens. A: Complete cleft at 4 o’clock from prior sexual abuse.
B: Dilated hymenal opening from consensual sexual activity (no clefts on hymen). (From
Heger A, Muram D, Emans SJ. Evaluation of the sexually abused child. 2nd ed. New York:
Oxford University Press, 2001; with permission.)
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FIG. 1-25. Cotton swab used to examine
the edge of the hymen.

men (type B) at the time of diagnosis and for microperforate, cribriform, and septate
hymens (types C, D, and E) prior to tampon use or sexual intercourse. The septal band
may be excised in the office or in an outpatient operating room with the patient being
given intravenous sedation or general anesthesia; it may also break when a tampon is
removed or during coitus. It is important for the adolescent with any of the latter three
types to be aware of her anatomy so she is not traumatized by difficulty in the use of
tampons or in having intercourse. The timing of intervention should be decided by the
patient after discussion with her physician.

To avoid surprising the patient during the bimanual or speculum examination,
the clinician should precede the examination by a statement such as “I’'m now
going to touch your bottom” or “I’m now going to place this cool metal speculum
first against your thigh and then in your vagina.” In the virginal teenager, a slow,
one-finger examination will demonstrate the size of the hymenal opening and the
location of the cervix, and will allow subsequent easy insertion of the speculum.
It is helpful to warm the speculum and then touch it to the patient’s thigh to allow
her to feel its “cool metal” quality. The speculum should be inserted posteriorly
with a downward direction to avoid the urethra. Applying pressure to the inner
thigh at the same time the speculum or finger is inserted into the vagina is help-
ful. Experts have varying opinions about the value of showing the adolescent the
speculum before the examination. In our experience, the adolescent is often much
more fearful if she is shown the speculum in advance and does better if she merely
feels it initially against her thigh. The patient’s wishes should always be respected
if she wishes to view or handle a speculum.

If the hymenal opening is small, a Huffman speculum (1/2 X 4 1/4 in.) is used
to visualize the cervix. Occasionally, a latex glove with the tip cut off and placed
over the narrow speculum or a condom over a longer speculum is needed to keep
the vaginal walls from obstructing the view of the cervix. In the sexually active
teenager, a Pederson speculum (7/8 X 4 1/2 in.) or occasionally (in the postpar-
tum adolescent) a Graves speculum (1 3/8 X 3 3/4 in.) is appropriate. A child’s
speculum (5/8 X 3 in. or 7/8 X 3 in.) is rarely useful because of its inadequate
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FIG. 1-26. Types of specula (from left to right): infant, Huffman, Pederson, and Graves.

length and excessive width (Figs. 1-26 and 1-27). A plastic speculum with an
attached light source (Welch Allen) is also useful for facilitating the examination.

The stratified squamous epithelium of the cervix is usually a homogeneous dull
pink color; however, in many adolescents an erythematous area surrounding the os
is noted. The so-called ectropion is endocervical columnar epithelium on the cervix
with the squamocolumnar junction, instead of being inside the endocervical canal,
visible on the portio of the cervix. An ectropion does not represent a disease pro-
cess and may persist throughout the adolescent years, especially if the patient is
taking oral contraceptives; it gradually disappears through the process of squamous
metaplasia. Mucopurulent cervicitis (MPC) is characterized by purulent discharge
from the endocervical canal or on an endocervical swab specimen (and for some
specialists, friability of the cervix) (12). MPC may be caused by N. gonorrhoeae,
C. trachomatis, or other as yet undetermined inflammatory conditions or infections.
Small pinpoint hemorrhagic spots on the cervix (“strawberry cervix”) can be seen
with Trichomonas infection. The character of any discharge present should be
noted (see Chapter 14). Samples for the Pap test, cultures, pH determination, and
saline and KOH preparations are taken with the speculum in place; the techniques
are described in the section on diagnostic tests, below. The optimal sequence for
endocervical tests is Pap test, followed by tests for N. gonorrhoeae and then a test
for C. trachomatis. After the vagina and cervix have been visualized, the specu-
lum is removed, and the uterus and adnexa are carefully palpated with one or two
fingers in the vagina and the other hand on the abdomen: vaginal abdominal biman-
ual examination (Fig. 1-28). Normal ovaries are usually <3 cm long and are rub-
bery. The adolescent may complain of mild discomfort with palpation.
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FIG. 1-27. Speculum examination of the cervix. (From Clarke-Pearson D, Dawood M. Green’s
gynecology: essentials of clinical practice, 4th ed. Boston: Little, Brown and Company, 1990;
with permission.)
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FIG. 1-28. Bimanual abdominal vaginal palpation of the uterus. (From Clarke-Pearson D,

Dawood M. Green’s gynecology: essentials of clinical practice, 4th ed. Boston: Little, Brown,
1990; with permission.)
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A rectovaginal abdominal examination, if indicated, is performed with the index
finger in the vagina, the middle finger in the rectum, and the other hand on the
abdomen, and permits palpation of a retroverted uterus and assessment of the mobil-
ity of the adnexa and uterus (Fig. 1-29). The uterosacral ligaments and cul-de-sac
should be palpated carefully in patients with pain or dysmenorrhea, since tenderness
may be experienced by patients with endometriosis (see Chapter 11). The patient is
usually less anxious if she is told in advance that the rectal examination may cause
the somewhat uncomfortable sensation that she is “moving her bowels” or “going to
the bathroom.” Allaying this fear usually elicits better relaxation and cooperation. In
patients with a narrow hymenal opening, a simple bimanual rectoabdominal exami-
nation with the index finger pushing the cervix upward allows palpation of the uterus
and adnexa. In a relaxed patient, an examination revealing no abnormalities rules out
the possibility of large ovarian masses or uterine enlargement.

If the adolescent has orthopedic or other disabilities, special attention may be
needed for proper positioning during a pelvic examination. The patient’s legs may
need to be held by one or two assistants rather than supported by her feet in the
stirrups. Other positions that may be helpful include the frog-leg position, the

FIG. 1-29. Bidigital rectovaginal examination. (Adapted from Clarke-Pearson D, Dawood M:
Green’s gynecology: essentials of clinical practice, 4th ed. Boston: Little, Brown and Com-
pany, 1990; with permission.)
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knee—chest position for patients with extreme spasticity, a V position (with the legs
abducted and straight or slightly bent), or a side-lying position with an assistant
helping to elevate the uppermost leg and the speculum inserted with the handle
toward the front or back of the body (see Appendix 1 for videotapes and mono-
graphs). An electric examination table that is accessible for adolescents with dis-
abilities is particularly helpful in providing gynecologic care, although with skill-
ful lifting, regular tables can be successfully used. If the adolescent is mentally
challenged, the clinician needs to proceed slowly and accomplish as much of the
examination as possible to answer the concerns of the patient, family, or caregivers.
This may include a bimanual examination, cotton-swab samples of the vaginal
secretions, or a Pap test, depending on the age of the patient and her chief com-
plaint. Often an office examination can be accomplished by gaining the confidence
of the adolescent with an unhurried, calm approach. Preparation at home before
the examination is helpful, and during the examination the adolescent can be
encouraged to help with holding the labia or a mirror. It is usually possible to insert
a small Huffman speculum. If the young woman will not tolerate a speculum exam-
ination, a sample for Pap test can be obtained by inserting a gloved finger moist-
ened with water into the vagina, palpating the cervix, and guiding a cotton-tipped
applicator over the finger to the cervical os. However, the percentage of samples
with endocervical cells present is much lower than when the standard Pap tech-
nique is used. In our experience, the aid of a friendly caretaker who can assist by
giving reassurance is preferred to sedation, although other centers have success-
fully used ketamine and midazolam. Ultrasound examination can help with the dif-
ferential diagnosis of some conditions. If vaginal examination is imperative and
cooperation cannot be elicited, then examination with the patient under anesthesia
is necessary (32,33). Most centers use an ambulatory operating room; some have
developed specific services within the gynecology clinic (32).

After the examination has been concluded and the patient has dressed, the
clinician should sit down and discuss in detail her complaint and the findings from
the examination. It is essential that the adolescent be treated as an adult capable
of understanding the explanation. If her parent or other caregiver has accompanied
her, the patient should be asked whether she would like to tell that person the
findings herself or whether she would prefer to have the clinician discuss the
diagnosis in her presence. It is extremely important for the patient to know that
the clinician and her parent will not have a “secret” about her and that confiden-
tial information will not be divulged to her parent.

DIAGNOSTIC TESTS

Papanicolaou Test

The 2002 American Cancer Society Guidelines have recommended that cervi-
cal cancer screening using a Papanicolaou (Pap) test begin approximately three
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years after an adolescent woman begins having vaginal intercourse, but no later
than 21 years of age (see Chapter 17) (29). The goal of Pap screening in adoles-
cents is to detect high-grade cervical intraepithelial lesions (HGSIL) to lessen the
risk of invasive cervical cancer. If an adolescent or adult woman is immunocom-
promised or has HIV infection, she should start before 3 years of sexual activity
and be screened more frequently. In addition, many favor initiating earlier screen-
ing in adolescents receiving episodic gynecologic care and those with a history of
high-risk behaviors and STDs. The decision to initiate Pap screening in the non-
sexually active woman > 21 years old can be individualized by the clinician and
the patient if the benefits of screening have been explained and the clinician is com-
fortable that the patient has never been sexually active or sexually abused (29). The
American Cancer Society recommends that cervical screening be done at minimum
annually with regular Pap tests or every 2 years using liquid-based tests. ACOG rec-
ommends annual Pap test screening for women under 30 years, regardless of the
method used. Because the results of Pap test may be falsely negative, the presence
of an abnormal growth on the cervix (regardless of Pap test results) should be fur-
ther assessed with colposcopy and biopsy as indicated.

For accurate cytologic diagnosis, the sample must be collected in such a way
as to be representative of normal and abnormal cell populations and must include
the squamocolumnar junction and the endocervix. The sample for Pap test should
be collected before samples for STD tests, and lubricant should not be used. Ide-
ally, the entire portio of the cervix should be visible. The sample should not be
taken during the menses. If vaginal discharge is present in a large amount, it
should be gently removed without disturbing the epithelium before the sample is
obtained. The laboratory should be given the patient’s essential history, such as the
date of the last menstrual period, the use of oral or other hormonal contraceptive
methods, the presence of an intrauterine device, and a prior abnormal Pap test or
treatment.

There are several techniques for obtaining and analyzing cytologic samples. With
the regular Pap smear, a spatula is rotated with pressure around the cervix in a cir-
cular motion, and the collected material is spread thinly on a slide, both sides of
the spatula being applied. In addition, an endocervical specimen should be obtained
by using a cytobrush, which is inserted into the os and gently rotated (a cotton-
tipped applicator is used by some clinicians for pregnant patients) (34). The sam-
ple is rolled onto a second glass slide, or a slide with a line down the middle can
be used for both the endocervical and exocervical samples. The slides from the exo-
cervix and endocervix must be fixed immediately with a spray fixative held 10 in.
from the slide to prevent dispersal of the cells or by placing the slides in a bottle
of Pap fixative (95% ethyl alcohol). Slides with a frosted end are preferred for easy
labeling.

Alternatively, a liquid-based technique is used for obtaining cervical cytologic
specimens for evaluation. The advantage of liquid based techniques is that the sam-
ple examined is more representative of the cells obtained. For Thin Prep, the sam-
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ple is obtained with a plastic spatula and cytologic brush or with a special broom
brush; the technique calls for thorough swishing of the broom or spatula plus brush
in the liquid medium to assure adequate transfer of cells. For the AutoCyte PREP
System, the broom brush is broken off into the medium. In both methods, the cells
are subsequently collected and applied to a glass slide for cytologic reading. Many
sites provide reflex HPV testing for ASCUS (atypia of squamous cells of unde-
termined significance) smears from the cytologic sample (see Chapter 17). Clini-
cians are encouraged to use the collection and fixation methods that are standard
in their communities and to communicate with their cytologists regarding the clas-
sification systems used.

Vaginal Smear to Determine Estrogenization

In the absence of inflammation, a vaginal smear is useful for evaluating the
patient’s estrogen status. The sample for the smear is obtained by inserting a saline
moistened cotton-tipped applicator or, in a small child, a moistened Calgiswab
through the hymenal opening and scraping the upper lateral sidewall of the vagina.
A similar technique can be used while a speculum is in place. The cells obtained
are rolled onto a glass slide, and the slide is sprayed with Pap fixative. The cytol-
ogist reads the smear by the number of parabasal, intermediate, and superficial
cells, and a percentage of each cell type is determined. The greater the estrogen
effect, the more superficial cells there are. The patient with little or no estrogen,
such as the prepubertal child or the adolescent with amenorrhea due to anorexia
nervosa, will have predominantly parabasal cells. The relationship between the per-
cent of superficial cells and the level of estrogenization can be characterized as
follows:

<5% Lack of estrogen effect
5% to 10% Slight estrogen effect
10% to 30% Moderate estrogen effect

>30% Marked estrogen effect

The smear can be correlated with the clinical situation (Table 1-3). The maturation
index reports the number of cells as a ratio of parabasal/intermediate/ superficial. In
the interpretation, the clinician should remember that the vaginal epithelium is influ-
enced by estrogens, androgens, and progestins and that different patients respond dif-
ferently to the same level. A preponderance of intermediate cells could be associated
with pregnancy, the luteal phase of the cycle, secondary amenorrhea, or long-term ad-
ministration of a low-dose estrogenic preparation. A scoring system has also proved
useful if it is combined with clinical information, especially in the follow-up of girls
evaluated and treated for precocious puberty and in those evaluated with secondary
amenorrhea. Meisels modified scoring system gives 1 point to superficial cells, 0.5 to
intermediate cells, and O to parabasal cells (35). The points are multiplied by the per-



37

TABLE 1-3. Percentage of parabasal, intermediate, and superficial cells in the vaginal smear

State Parabasal Intermediate Superficial

Childhood 60-90 10-20 0-3
Early puberty 30 50 20
Stage 5 puberty

Proliferative phase 0 70 30

Secretory phase 0 80-95 5-20
Pregnancy 0 95 5
Anorexia nervosa (depends on clinical status) 75 25 0
Isosexual precocity 20 50 30
Premature thelarche 60 30 5-10
Premature adrenarche 60-90 10-20 0-3

centage of that type of cell. A score of 90 to 100 is seen in hyperestrogenic patients,
31 to 50 in hypoestrogenic patients, 60 to 70 in newborns, 50 to 60 in pubertal girls,
and 0 to 30 in prepubertal girls.

Some clinicians perform the assessment of the vaginal smear at the time of the
examination, using a stain formulated by combining 83 ml of light green (5% aque-
ous solution) with 17 ml of eosin Y (1% aqueous solution). A saline-moistened
cotton-tipped applicator is used to obtain the vaginal sample and is then placed in
a test tube with 2 ml of saline and three drops of the stain. The tube is gently
shaken, and a large drop is applied to a slide and covered with a coverslip for
examination under a microscope (36). Since the epithelial cells in urine show the
same hormonal changes, the urine of a prepubertal child can be collected for a uro-
cytogram. The first morning urine specimen is centrifuged, and the sediment is
spread on a slide. The cytologist records the percentage of superficial, intermedi-
ate, and parabasal cells. Two methods of collection and staining have been
described (37,38).

Cervical Mucus

An examination of the cervical mucus is another method of evaluating a patient’s
estrogen status. The cervix is gently swabbed with a large cotton-tipped applica-
tor, and a small sample of cervical mucus is obtained with a saline-moistened
cotton-tipped applicator. Profuse, clear, elastic mucus is seen in the preovulatory
period and at ovulation. The elastic quality decreases rapidly following ovulation.
Thick, sticky mucus is characteristic of the secretory phase of the cycle (see
Chapter 4). The mucus is spread on a glass slide and allowed to air dry for 5 min-
utes. Under the microscope, beautiful ferning patterns will be seen in the smear
taken from the late proliferative phase of the cycle (Fig. 1-30). Ferning does not
occur in the presence of progesterone.
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FIG. 1-30. Microscopic evaluation of cervical mucus:
ferning during late proliferative phase of the normal
menstrual cycle.

Wet Preparations

The so-called wet preparations are useful in defining the etiology of a vaginal
discharge. In the prepubertal child, the discharge is usually collected with a saline-
moistened Calgiswab or a catheter. In adolescents, a cotton-tipped applicator is
inserted directly into the vagina or into the vaginal pool with the speculum in place.
The applicator is mixed first with one drop of saline on a glass slide and then with
one drop of 10% KOH on another slide. A coverslip is then applied, and the slides
are examined under the microscope (low and high dry power) (Fig. 1-31; see also
Figs. 14-3 and 14-4 in Chapter 14). On the saline slide, trichomonads appear as
lively, flagellated organisms, slightly larger than white blood cells. In bacterial
vaginosis, a saline preparation typically shows many refractile bacteria within large
epithelial cells (so-called clue cells) and rare leukocytes; mixing this discharge with
10% KOH may liberate an amine-like fishy odor (a positive “whiff” test result).
In contrast, physiologic discharge is characterized by numerous epithelial cells
without evidence of inflammation. On the KOH slide, the presence of budding
pseudohyphae and yeast forms is evidence of Candida vaginitis.

pH

The pH of the prepubertal vagina is neutral. In contrast, the pH of the vagina
of the pubertal adolescent is acid (<<4.5). A higher than normal pH (>4.5) occurs
with bacterial vaginosis and Trichomonas vaginitis. Testing postpubertal vaginal
secretions with pH paper can be very helpful in diagnosing the cause of the vagi-
nal discharge (see Chapter 14).
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FIG. 1-31. Fresh vaginal smears: (A) Trichomonas, (B) clue cells of bacterial vaginosis,
(C) normal vaginal discharge, and (D) Candida. A, B, and C are saline preparations; D is a
KOH preparation.

Tests for N. gonorrhoeae and C. trachomatis

Sexually active teenage girls should have screening tests for sexually transmit-
ted infections, including N. gonorrhoeae and C. trachomatis, at least annually.
These STD tests should be obtained more frequently if the adolescent changes sex-
ual partners, engages in high-risk behaviors, has had an STD or a history of expo-
sure, or has symptoms of cervicitis, breakthrough bleeding on the oral contracep-
tive pill (or patch or vaginal ring), or lower abdominal pain. In some low-risk
suburban and college populations, less frequent or no screening for N. gonorrhoeae
may be indicated. C. trachomatis is common in sexually active adolescents, and
thus at least annual screening is important.

In screening for N. gonorrhoeae, the optimal test with the best sensitivity and
specificity in females is a culture of the endocervix, followed by a nucleic acid
amplification test (NAAT) or nucleic acid hybridization test (11). A NAAT per-
formed on urine is an option for patients not undergoing gynecologic examination
or screening in nontraditional settings (e.g., schools) (11). For culture, a cotton-
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tipped applicator is inserted into the cervical os and then streaked directly onto
modified Thayer—Martin—Jembec or Thayer—Martin medium. The use of plain
Thayer—Martin plates requires immediate transportation of the culture to a bacte-
riology laboratory and incubation under increased carbon dioxide tension. The
Jembec medium, with a small carbon dioxide-generating tablet inserted into a well
of the plastic case, is easy to use and reliable; the medium can be transported after
an incubation of 24 to 48 hours or processed in the office. The nonculture tests
are similarly obtained and sent to the laboratory (see Chapter 15).

For C. trachomatis, endocervical samples using a NAAT are preferred if a pelvic
examination is being performed. If not, a NAAT can be sent on urine. Alternative
tests with less sensitivity and specificity include unamplified nucleic acid
hybridization tests, direct immunofluorescent smears, and enzyme immunoassays
(see Chapter 15 for sensitivities and specificities of each test). Some methods allow
for detection of Chlamydia and N. gonorrhoeae simultaneously. Culture on endo-
cervical samples in adolescents and vaginal specimens in prepubertal girls remain
important for diagnosis of Chlamydia in sexually abused girls; culture is less sen-
sitive than the newer methods but 100% specific. The nonculture tests should not
be used on rectal or pharyngeal specimens.

Other Cultures

Nickerson-Bismuth Sulfate-Glucose-Glycine-Yeast (Biggy) agar (PML Microbio-
logicals, Wilsonville, OR) helps confirm a Candida vaginitis if the result of the KOH
preparation is negative. A sample of the discharge is streaked on the medium, and the
tube is incubated at 35°C. The appearance of brown colonies 3 to 7 days later is a pos-
itive result for yeast; however, a positive culture suggests but does not prove infection,
since Candida may be part of the normal flora. Cultures for Trichomonas are signifi-
cantly more sensitive than the “wet prep” but are not widely available (see Chapter 14).
PCR tests may be available in the future. Aerobic cultures of the vagina are useful in
the diagnosis and treatment of vaginitis in prepubertal girls when respiratory pathogens
such as Streptococcus pyogenes play a major role, but such cultures are rarely indicated
in the diagnosis of vaginal discharge in the adolescent. Normal flora of the adolescent
vagina is discussed in Chapter 14.

Progesterone Withdrawal Test

The patient is given medroxyprogesterone, 10 mg orally once a day for 5 or 10
days, micronized progesterone 200 to 300 mg orally for 10 days, or rarely pro-
gesterone in oil, 50 to 100 mg intramuscularly once. If the patient has an estrogen-
primed endometrium and is not pregnant, she will have a period 3 to 10 days after
the last medroxyprogesterone tablet. Progesterone withdrawal is used as a diag-
nostic test for the evaluation of primary and secondary amenorrhea and typically
implies that the estradiol level is >50 pg/ml (see Chapter 7).
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Pregnancy Tests

Several highly sensitive, rapid pregnancy tests are available. Qualitative kits used
on urine samples are the most practical for office use (39—41). Most kits use spe-
cific monoclonal antibodies to human chorionic gonadotropin (HCG) and enzyme-
linked immunoassay techniques. For example, the positivity of ICON II HCG
(Hybritech) kits is associated with HCG levels of 20 mIU/ml or more; the tests are
not affected by blood or protein and have a built-in control (Fig. 1-32). In studies
of ectopic pregnancies, 26 of 27 and 95 of 95 ectopic pregnancies were detected
by ICON (39,40). Very low levels of HCG (10 to 20 mIU/ml), especially in urine
with low specific gravity (<1.015), may be missed. Testpack (Abbott) offers sim-
ilar advantages. Because of the sensitivity of such tests, the detection of early preg-
nancies and ectopic pregnancies is significantly enhanced. Pregnancy tests should
always be correlated with clinical information and examination (Table 1-4) (see
Chapter 21). Positive results may occur in nonpregnant patients because of luteiniz-
ing hormone (LH) (ovarian failure), lab error, and HCG-secreting tumors.

Blood tests for measuring HCG can be qualitative or quantitative. For example,
Tandem ICON can be used on serum to determine a positive or negative preg-
nancy test. Quantitative HCG levels are important in the diagnosis of ectopic preg-
nancy and some spontaneous abortions and threatened abortions and for the follow-
up of molar pregnancies and choriocarcinomas. Because not all laboratories use
the same units or methods in reporting HCG levels, sequential serum measures in
a patient should use the same laboratories (see Chapter 21 for evaluation of dis-
orders of early pregnancy).

FIG. 1-32. ICON office pregnancy test. The
center dot indicates a positive result; the dot
on the outer circle is the positive control.
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TABLE 1-4. Mean serum human chorionic gonadotropin levels throughout normal gestation

Weeks after last menstrual period Mean (mlIU/ml) SEM (miU/ml)
3-3.5 22 6
4-4.5 353 9
5-5.5 2270 390
6-6.5 6640 1160
7-7.5 13,610 2740
8-8.5 46,830 4710
9-9.5 44,710 3690
10-10.5 37,750 5420
11-11.5 38,360 8100

SEM = standard error of the mean.
(Adapted from Braunstein GD, Rasor J, Adler D, et al. Serum human chorionic gonadotropin
levels throughout normal pregnancy. Am J Obstet Gynaecol 1976; 126:678-681.)

Over-the-counter pregnancy tests have improved significantly, and most use
monoclonal antibody technology, which yields sensitive and specific results at the
time of a missed period or shortly thereafter. However, adolescents may misread
the instructions and the results and should therefore be encouraged to use primar-
ily office and laboratory tests and to confirm the results of at-home tests with a
medical assessment and a repeat office test.

Bone Age

The bone age is determined by comparing radiographs of the patient’s wrist
and hand (carpal and phalangeal ossification centers) with the standards in
Greulich and Pyle (42) or by applying the Tanner—Whitehouse method (43). A
radiograph of the iliac crest can be used in a similar way. At puberty, the epiph-
ysis along the iliac crest undergoes ossification. During adolescence, the ossifi-
cation progresses from the lateral to the medial part, and fusion occurs at 21 to
23 years of age. Growth hormone and thyroid deficiencies, glucocorticoid excess,
delayed puberty, and malnutrition result in delayed maturation; androgens pro-
duce an advanced bone age. In the absence of sex steroids (for example, in sex-
ual infantilism associated with Turner syndrome), the bone age will not advance
beyond 13 years.

Imaging Techniques

Ultrasonography of the pelvis is useful for evaluating suspected and known
gynecologic problems such as ovarian masses, pregnancy, and pelvic anomalies
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(44-54). Because an ill-defined adnexal mass in an adolescent may represent a
congenital abnormality of the miillerian system, ultrasonography should also
include views of the kidneys, as there is a high correlation of miillerian with renal
anomalies. Although ultrasonography is an extremely helpful technique, false-
positive findings do occur, as when bowel gas is read as an ovarian cyst.

The uterus should be identified in the prepubertal child, with measurements of 2.6
to 3.0 cm in length (50). The uterus is tubular in shape, with the fundus and cervix

FIG. 1-33. Ultrasound images of prepubertal and pubertal girls. A: Longitudinal view of a nor-
mal prepubertal uterus, between the asterisks (patient's head to the left). The fundus and
cervix are approximately the same size. The arrow points to the vagina. (B) With puberty, the
fundus enlarges. This is the longitudinal scan of a normal teenage girl with the fundus shown
between the asterisks. The arrow points to the vagina.
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FIG. 1-33. (Continued) (C) Both normal ovaries (between the asterisks) are seen on the
transverse scan of this prepubertal girl. It is not uncommon to see tiny areas of low density
in the ovary, presumably representing follicles. (D) Longitudinal view of a normal ovary
(between the asterisks) in a postpubertal girl. The curved arrow indicates a normal follicle.
(Courtesy of Dr. Jane Share, Children’s Hospital Boston.)

equal in size (typically, 1 cm or less in width). With puberty, the fundus increases in
size; the postpubertal uterus is 5 to 8 cmin length, and the fundus is up to 4 cm in width.
In the prepubertal girl, the ovaries are typically <1 cm? in volume, although slightly
larger ovaries are normal. Follicles are commonly present (51) (Fig. 1-33). In the pu-
bertal girl, the ovaries are 1.8 to 5.7 cm®, with a mean of 4 cm? (47). The average re-
productive ovary varies from 2.5 to 5 cm in length, 1.5 to 3.0 cm in width, and 0.7 to
1.5 cmin thickness; they may normally be slightly asymmetric. A progressive increase
in the proportion of normal girls with more than six follicles in each ovary (multicys-
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tic ovaries) occurs after the age of 8 1/2 years (48). Follicles of 1 to 3 cm occur nor-
mally in adolescent girls, and girls in early and midpuberty may have enlarged ovaries
with multiple small “cysts” throughout the ovarian stroma. Small amounts of fluid in
the cul-de-sac may be seen in normal girls and with ovulation (52). Cul-de-sac fluid
may also occur with bleeding, retrograde menstruation, a ruptured ovarian cyst, en-
dometriosis, or infection.

Ultrasonography is useful when bimanual examination is difficult, when a mass
is palpated, and to define the anatomy in patients with probable congenital anoma-
lies. A patient with gonadal dysgenesis should have her renal status assessed by
ultrasonography. A patient thought to have uterine agenesis can also be assessed
by this technique; the absence of the uterus can be confirmed, the presence of nor-
mal ovaries established (in Mayer—Rokitansky—Kiister—Hauser syndrome), and the
kidneys examined (see Chapter 10). In patients with androgen insensitivity, the
testes may sometimes be visualized as soft tissue densities behind the bladder or
in the inguinal areas.

Ultrasonography (both 2D and 3D) is also helpful in establishing the presence of uter-
ine, cervical, and vaginal anomalies with or without obstruction. Magnetic resonance
imaging (MRI), however, is the definitive test in assessing the complexities of the
anatomic abnormalities and planning potential operative approaches. In the assessment
of miillerian abnormalities, the kidneys should be scanned for unilateral agenesis, horse-
shoe kidney, and crossed-fused ectopia. Skeletal anomalies are also common in patients
with miillerian anomalies; they include abnormalities of segmentation and rudimentary
and wedge vertebrae. Conversely, patients with cervical spine anomalies or congenital
scoliosis, or both, should undergo ultrasonography to screen for renal and pelvic anoma-
lies in midpuberty before the menarche. A renal screen can be done much earlier, but
pelvic screening is easier in the pubertal child. The girl with unilateral renal agenesis
should undergo ultrasonography and gynecologic assessment before menarche. Uterine
hypoplasia, as well as ovarian failure, often occurs in patients treated with pelvic radia-
tion therapy for childhood malignancies. Uterine leiomyomas are rare in adolescents; ul-
trasonography may show uterine enlargement and alterations in the texture and contour.
Ultrasound imaging may also be indicated in establishing the gestational age of an in-
trauterine pregnancy or to sort out abnormalities such as ectopic pregnancy, threatened
abortion, and trophoblastic disease (see Chapter 21).

Ovarian enlargement and pelvic pain are often evaluated with ultrasonography
(53). The ovaries of patients with polycystic ovaries may be of normal size or
enlarged, with multiple cysts and a thickened capsule. Unlike the girl in early ado-
lescence, who may have “multicystic” ovaries, the adolescent with polycystic ovary
syndrome may have the small cysts in a “string of pearls” configuration just under-
neath the cortex (see Chapter 9). Simple ovarian cysts are very common in ado-
lescents. They are usually 3 to 6 cm in diameter, unilocular, and without internal
debris, and they often resolve spontaneously. Complex ovarian cysts may be a cor-
pus luteum cyst, a cystadenofibroma, a cystadenoma, a teratoma, a hemorrhagic
ovarian cyst, ovarian torsion (see Chapters 11 and 18 for discussion of Doppler
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ultrasound), ectopic pregnancy, tubo-ovarian abscess, ovarian tumor, or periap-
pendicular abscess. Hemorrhagic ovarian cysts have quite variable findings depend-
ing on when they are scanned; most are heterogeneous with mixed solid and cys-
tic areas, which may become more cystic as the clot resorbs. The ultrasound
findings in ovarian torsion are also variable; classically, there is a large solid mass
with peripheral follicular cysts. Pelvic inflammatory disease (PID) with tubo-
ovarian abscess may produce edema and loss of anatomic planes, giving a disor-
ganized pattern and adnexal enlargement, but PID alone cannot be distinguished
by ultrasound (44). An ovarian tumor with a cystic component may be easier to
visualize than a solid teratoma, which can be obscured by bowel gas. A radiograph
of the abdomen may help identify fat, calcifications, or teeth in these tumors (see
Chapter 18).

Transvaginal ultrasonography is used frequently in the evaluation of intrauter-
ine and ectopic pregnancy, spontaneous and incomplete abortion (see Chapter 21),
pelvic masses, PID, and uterine abnormalities. Signs of abnormal early gestation
include irregular decidua, pathologic double ring, subchorionic bleeding, degener-
ative changes of fetal pole and yolk sac, and absence of fetal heartbeat. Tubo-
ovarian disease can also be assessed and the actual tube examined in greater detail
in cases of both PID and ectopic pregnancy (54). The vaginal probe can be easily
inserted into the vagina of the sexually active adolescent. It can also be used for
selected girls who have never been sexually active but who have used tampons
and do not experience pain with insertion of the probe.

Computed tomography (CT) and MRI are important additional tests in pathologic
conditions of the pelvis when ultrasonography has not yielded sufficient diagnostic
information. CT is useful in staging malignancies and in defining abscesses. MRI
has become the prime modality for assessing congenital pelvic anomalies. 3D ultra-
sound is also being evaluated and appears to be very beneficial in the evaluation of
uterine and cervical anomalies.

Detection of Ovulation

Several methods have been used to detect ovulation. Most are used primarily in
the evaluation and treatment of infertility. Occasionally, in older adolescents with
conditions such as oligomenorrhea or Turner syndrome with normal gonadotropin
levels, or after exposure to chemotherapy or radiation therapy, the clinician may wish
to establish whether ovulatory cycles are occurring. The methods include measure-
ment of basal body temperature charts, determination of serum progesterone levels
during the luteal phase, urine or serum testing for LH, ultrasonography, and rarely,
endometrial sampling.

In using basal body temperature (BBT) charts, the patient is instructed to take
her temperature every morning as soon as she awakens. For accurate recording, a
basal thermometer is kept at the bedside, and the patient is told not to go to the
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FIG. 1-34. Basal body temperature charts.

bathroom, drink fluids, or have sexual activity before taking her temperature. The
temperature is recorded on a special chart. The typical ovulatory and anovulatory
cycles are shown in Fig. 1-34. BBT charts are useful if the patient shows a clas-
sic pattern, but some ovulatory patients may not have a biphasic chart, may be ill
during the recording, or may fail to use the proper method. Owing to the labor
intensive nature of BBT testing and its limited appropriate application for adoles-
cents, it is rarely used in this patient population.

Home kits are available for testing the urine to detect the midcycle rise of LH
(55). These kits, which use monoclonal antibody technology, are helpful in infer-
tility evaluations, since the time from the detected surge to ovulation is typically
about 12 to 24 hours. However, as will be noted in Chapter 4, an LH surge in an
adolescent may not be evidence of normal ovulation and a normal luteal phase.
Similarly, a random serum progesterone level may be suggestive but not definitive
evidence of a normal luteal phase. A luteal progesterone level >10 ng/ml estab-
lishes ovulation with normal corpus luteum function. Endometrial sampling, with
a small catheter (e.g., Pipelle endometrial suction curette), can be difficult for the
physician to perform in the virginal patient. It is uncomfortable for the adolescent
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and is rarely indicated. Clearly, the use of any of these tests necessitates discus-
sion with the patient of the problems and likely benefits from the results.
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Ambiguous Genitalia
in the Newborn
Ingrid Holm

Although most clinicians rarely see an infant with ambiguous genitalia at birth,
the need to assess the situation as quickly as possible makes this subject essential.
Any deviation from the normal appearance of male or female genitalia should
prompt investigation, since apparent but incomplete male or female external gen-
itals may be associated with the gonads and genotype of the opposite sex. Even a
slight doubt that arises during the initial examination of the newborn should be
pursued systematically to prevent the possibility of later confusion. Bilateral cryp-
torchidism, unilateral cryptorchidism with incomplete scrotal fusion or hypospadias,
labial fusion, or clitoromegaly requires evaluation.

DETERMINING SEX ASSIGNMENT

Abnormal sexual differentiation presents medical and psychological issues that need
to be addressed in an urgent fashion. Two of these major issues need to be immediately
addressed: the relationship of the sexual ambiguity to a possible life-threatening disease
and the sex of rearing. In the delivery room, it is critical not to make a gender assignment
but to postpone that determination until the necessary data have been collected. Clearly,
most parents will react with dismay and anxiety. It is important to reassure the parents
that they have a healthy baby but that the development of the external genitals is in-
complete and tests are necessary to determine the sex. They should be reassured that tests
will show the cause of the problem and identify the baby as a girl or a boy and that a def-
inite answer should be possible within a few days, or at most in 1 or 2 weeks. The pos-
sibility of an intersex disorder (hermaphroditism) does not need to be raised initially.
Speculation about the possible assignment of sex could be psychologically damaging to
the parents. The child should be referred to by all caretakers as the baby rather than as a
boy or girl. Parents should be encouraged to tell other family members and friends, when
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they ask about the sex of the baby, that the baby is sick, and to delay sending out birth
announcements until the gender options have been considered. The physician should ex-
amine the baby in the presence of the parents, explain the common genital anlage for
boys and girls, and educate the family about normal sexual development. Once the di-
agnosis is made, the natural history, prognosis, and therapeutic options should be dis-
cussed with the parents. Full disclosure and communication is essential. Decisions re-
garding sex assignment must be made with the parents, taking into account their cultural
and religious beliefs and level of understanding. Parents should be made aware of recent
controversies in this area of sex assignment and provided with educational information
and resources. Once the sex of rearing has been determined, the physician should help
the family put aside issues of sexual ambiguity. Parents should be encouraged to use the
names previously selected for a boy or girl. Names that are definitely male or female
help the family see the child unequivocally as belonging to that sex. As long as parental
attitudes toward the child’s sex remain unequivocal, the child usually assumes his or her
gender role without difficulty, regardless of the genotype.

Although a diagnosis of the patient’s condition requires knowledge of the geno-
type (karyotype), sex assignment is generally based on other criteria as well. The
main issues are the potential for an unambiguous appearance, the potential for nor-
mal sexual functioning, and fertility. The female pseudohermaphrodite has normal
ovaries and uterus, is potentially capable of bearing children, and thus should usu-
ally be given a female gender identity. In general, the male pseudohermaphrodite
should be raised as a male, unless there is complete androgen resistance, the gen-
italia are almost completely or completely feminized, or the family makes an
informed decision to raise the child as a female. In gonadal disorders in which fer-
tility is not possible, the decision regarding sex assignment is based in part on the
potential for reconstructive surgery. In general, surgical techniques are more suited
to reduction of the size of the phallus and, later, to the creation of a vagina, than
to the construction of a normal male phallus.

In the evaluation of children with ambiguous genitalia, it is critical to provide a mul-
tidisciplinary approach. Psychiatrists and social workers should be included as sex as-
signment is being determined, and in the long-term management. The decision to make
a sex assignment must be carefully considered with the knowledge that there are those
who advocate making no sex assignment and allowing the child to choose for him/her-
self, when old enough to do so. This approach is advocated by intersex societies. Thus,
the family must be made aware of all options, even as the medical team has come to a
consensus as to the best sex assignment. (See Ref. 1 for a review of the psychological
ramifications of sex assignment in children with ambiguous genitalia.)

REVIEW OF EMBRYOGENESIS

The bipotential gonads develop prior to the fifth to sixth week of gestation.
Steroidogenic factor 1 (SF1) and Wilms tumor 1 (WT1) are critical for the devel-
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FIG. 2-1. Embryologic events in male sex differentiation depicted in temporal fashion. The
line depicts the increase in fetal serum testosterone concentrations. The word activity refers
indirectly to the action of AMH in causing mdllerian duct regression and androgens to induce
male sex differentiation. (From Hughes IA. Minireview: sex differentiation. Endocrinology
2001;142:3282; with permission of The Endocrine Society.)

opment of the genital ridge into the bipotential gonad prior to sexual differentiation
(2). Mutations in SF1 and WT1 are associated with abnormal gonadal development,
resulting in 46,XY sex-reversal or ambiguous genitalia (3). Other genes proposed to
be involved in gonadal development include LIM1 and EM X2, although no mutations
responsible for sex reversal have been found in these genes (4) (Fig. 2-1 and Table 2-
1). Anexcellent review of genes involved in sex determination and differentiation, and

TABLE 2-1.

Gene Localization Gene Family Putative Function Phenotype of Mutations
SRY Ypi1 HMG protein Transcription factor XY gonadal dysgenesis
DAX1 Xp21.3 Nuclear receptor Transcription factor  Duplication: XY gonadal

dysgenesis
Mutation: adrenal
hypoplasia congenita
SOX9 17q24 HMG protein Transcription factor ~ Duplication: XX sex reversal
Mutation: campomelic
dysplasia with XY
gonadal dysenesis
SF-1 9933 Nuclear receptor Transcription factor ~ Gonadal dysgenesis and
adrenal insufficiency

WT-1 11p13 Zinc finger protein  Transcription factor ~ Denys-Drash and

Frasier syndromes
DMRTA 9p24 DM domain, DNA  Transcription factor XY sex reversal?
binding protein

WNT-4 1p35 Wnt Signaling molecule XX sex reversal

From Dewing P, Bernard P, Vilain E. Disorders of gonadal development. Semin Reprod
Med 2002;20:198; with permission.
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of the clinical characteristics resulting from mutations in these genes, is presented by
MacLaughlin and Donahoe in their 2004 review article (4).

The bipotential gonads differentiate into either testes or ovaries. In general,
maleness is imposed upon the innate tendency of the fetal gonads to develop along
female lines. There are three major components to sex determination and differ-
entiation: chromosomal sex, gonadal sex, and phenotypic sex. Chromosomal sex
refers to the karyotype, 46,XY or 46,XX, which under normal circumstances deter-
mines whether the individual is male or female. More specifically, the chromoso-
mal sex refers to genes important in sex determination, i.e., the events that lead to
the differentiation of the gonads into either an ovary or testis (4). The first criti-
cal gene in the cascade of genes involved in sex determination is the sex-
determining region of the Y chromosome (SRY), which is located on the short arm
of the Y chromosome (Yp) just centromeric to the pseudoautosomal region (the
region where the X and Y chromosomes pair during meiosis) (Fig. 2-2). SRY is
required for differentiation of the gonad into a testis (5,6). If it is absent or abnor-
mal, the gonad differentiates into an ovary. The importance of SRY in sex deter-
mination is demonstrated by 46,XX males who have SRY present (6) and 46,XY
females with mutations or deletions in SRY (5,7). The SRY protein activates tran-
scription of genes on the sex chromosomes and autosomes that are important in
sex determination (5-9). Defects in genes activated by SRY are postulated to be
responsible for sex reversal in 46,XX males who have no Y sequences detectable
(10,11), including no SRY, and in 46,XY females with normal SRY (12,13).

Sex reversal occurs in patients with abnormalities in SOX9, a gene that functions
downstream of SRY. SOX9 encodes a transcription factor related to SRY, and is
involved in testicular development. Mutations in SOX9 disrupt male development
and cause 46,XY sex reversal as well as camptomelic dysplasia (14—16). SFI and
WT1 interact and are also involved in testicular development. The dosage sensitive
sex reversal gene on the X chromosome (DAX/) antagonizes this interaction and
inhibits the gonad from developing into a testis (2,17) (see Fig. 2-1). In addition,
mapping of the Y chromosome has identified regions involved in spermatogenesis
(18-20), although the nature of these genes is unclear.

The presence of two X chromosomes appears to be important for development
of a normal functioning ovary. 46,XX and 45,X fetuses initially have oocytes.
However, in the 45,X fetus, oocyte atresia is accelerated in the second half of
intrauterine life and in the prepubertal years. This suggests that two copies of genes
on the X chromosome are necessary for oocyte maintenance. Mapping of the
X chromosome has identified regions of the X chromosome responsible for short
stature, some of the stigmata of Turner syndrome, and ovarian function (Fig. 2-3).
Duplications in DAX] in 46,XY individuals leads to sex reversal. It now appears
that DAXI functions by inhibiting the gonad from developing into a testis, and is
not an ovary-determining gene (2,21,22). WNT4 is another gene that may be
involved in ovarian development (4). Overall, however, the genes involved in the
development and maintenance of the ovary are still largely unknown.
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FIG. 2-2. The distal short arms of the X and Y chromosomes exchanging material during meio-
sis in the male. The region of the Y chromosome in which this crossover occurs is called the
pseudoautosomal region. The SRY gene, which triggers the process leading to male gonadal
differentiation, is located just outside the pseudoautosomal region. Occasionally, the crossover
occurs on the centromeric side of the SRY gene, causing it to lie on an X chromosome instead
of the Y chromosome. An offspring receiving this X chromosome will be an XX male, and an
offspring receiving the Y chromosome will be an XY female. (From Jorde LB, Carey JC,
Bamshad MJ, et al. Clinical cytogenetics: the chromosomal basis of human disease. In:
Schmitt W, ed. Medical genetics. St. Louis, MO: Mosby, 2000; with permission.)

The gonadal sex is established under the influence of the chromosomal sex. The
first sign of gonadal differentiation occurs in the male with the appearance of
Sertoli cells at 6 to 7 weeks (23); Leydig cells appear at about 8 weeks (Fig. 2-4).
In the female at this stage, the only sign of ovarian differentiation is the absence
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FIG. 2-3. Schematic diagram of the X chromosome showing ovarian function of nonmosaic
terminal deletion. Earlier references are provided elsewhere by the author (Simpson, 1987b).
Nonmosaic cases described since that report include Naguib et al. (1988). Massa et al.
(1992), Veneman et al. (1991), and Schwartz et al. (1987), which is actually a molecular
update of Fitch et al. (1982), Tharapel et al. (1993), Zinn et al. (1997), Zinn et al. (1998),
Ogata and Matsuo (1995), Marozzi et al. (1998), Davison et al. (1998), James et al. (1998),
and Susca et al. (1999). In familial aggregates all affected cases are included because their
phenotypes are not always concordant (e.g., Zinn et al.). In some cases, patients are
described as having premature ovarian failure, but no information is provided on fertility; in
the absence of explicit information it is assumed no pregnancy has occurred. In some
younger patients (e.g., =14 years but <20 to 25 years), there has been little opportunity to
demonstrate pregnancy, nor is there assurance regular menses will continue. Nonetheless,
they are designated as having “regular menses/fertility.” (From Simpson JL, Rajkovic A.
Ovarian differentiation and gonadal failure. Am J Med Genet 1999;89:186; with permission
of John Wiley & Sons.)

of Sertoli and Leydig cells. The ovarian cortex does not begin to develop until
12 weeks, and primordial follicles appear at 13'2 weeks (23). In contrast to the
male, in whom testicular cords form in the absence of germ cells, the ovary does
not develop if germ cells are not present.

The end result of gonadal differentiation (testis or ovary) determines the
hormone that will be secreted to lead to the phenotypic sex. Sex differentiation is
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FIG. 2-4. Factors controlling gonad determination. DAX-1 may have an indirect role in ovarian
development by acting as an antitestis factor. (From Hughes IA. Minireview: sex differentia-
tion. Endocrinology 2001;142:3283; with permission of The Endocrine Society.)

the process by which hormone secretion, and the response of end organs to these
hormones, results in the phenotypic sex (Fig. 2-5). Testosterone and antimiillerian
hormone (AMH), secreted from the Leydig cells and the Sertoli cells of the testes,
respectively, induce differentiation of the genital primordia into the male pheno-
type. In the absence of a functioning testis, whether or not an ovary is present, the
genital primordia will differentiate into the female phenotype. However, although
the presence of a functioning testis is necessary, it is not sufficient for the devel-
opment of a male phenotype. Normal androgen metabolism is also required, includ-
ing normal androgen receptors and Sa-reductase activity.

The internal genitalia are derived from the miillerian ducts in the female and the
wolffian ducts in the male (Fig. 2-6). The first phenotypic sign of differentiation of
the male internal genitalia is the regression of miillerian ducts at 8 weeks of ges-
tation, mediated by AMH (24). This hormone, a high-molecular-weight glycopro-
tein secreted from the Sertoli cells, prevents the differentiation of the miillerian
duct structures (the fallopian tubes, uterus, and upper vagina); the miillerian duct
structures are almost completely absent by 10 weeks. Testosterone secreted from
the Leydig cells is responsible for the differentiation of the wolffian ducts (the vas
deferens, seminal vesicles, and epididymis). High concentrations of AMH and
testosterone are required locally around the miillerian and wolffian ducts, respectively,
and androgen receptors must be functional, for differentiation of the male internal
genitalia to occur. In the female, or in the absence of testicular tissue secreting
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FIG. 2-5. Male and female gonadal differentiation. Gonadal primordia, under the influence of
the sex-determining region (SRY), become a testis; the presence of antimillerian hormone
(AMH) and testosterone causes the regression of mullerian ducts and the formation of male
internal and external genitalia. In the absence of SRY, an ovary differentiates, and in the
absence of AMH and testosterone, female internal and external genitalia are formed.

AMH and testosterone locally, miillerian duct differentiation and wolffian duct
regression occur. This explains why female pseudohermaphrodites, who do not
have testes, develop female internal genital structures.

External genital development occurs between the 8th and 12th weeks of gestation
(Fig. 2-7) and in the male does not require high local concentrations of testosterone. Nor-
mal differentiation of the male external genitalia requires high circulating levels of
testosterone, the conversion of testosterone to dihydrotestosterone (DHT) by Sa-re-
ductase in the target organs, and functional androgen receptors. In the male, under the
influence of DHT, the urogenital sinus gives rise to the prostate, the genital tubercle
forms the glans penis, the labiourethral folds form the urethra and ventral shaft of the
penis, and the labioscrotal folds fuse to form the scrotum. In the female, or in the ab-
sence of testicular tissue secreting bioactive testosterone, functioning androgen re-
ceptors, or Sa-reductase, the genital tubercle forms the clitoris, the labiourethral folds
form the labia minora, and the labioscrotal folds form the labia majora.

Thus, from this brief review of embryogenesis, it is clear that a defect in any
one of many steps along the pathway of sex determination and differentiation can
result in ambiguous genitalia.

ASSESSMENT OF THE NEONATE

The initial evaluation of the newborn with ambiguous genitalia includes a careful
history, physical examination, karyotype determination, serum hormone analyses,
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FIG. 2-8. Steps in the diagnosis of intersexuality in infancy and childhood. (From Grumbach
MM, Conte FA. Disorders of sex differentiation. In: Wilson JD, Foster DW, Kronenberg HM, et
al., eds. Williams textbook of endocrinology. Philadelphia: WB Saunders, 1998; with permission
of W.B. Saunders Company.)

and radiographic studies (Fig. 2-8). The direction of further studies, including the
performance of a human chorionic gonadotropin (HCG) stimulation test, more
extensive hormone analyses, DNA studies in a search for SRY or mutations in other
genes, laparoscopy, or gonadal biopsy, depends on the results of the initial evalu-
ation. Tables 2-2 and 2-3 provide summaries of clinical information regarding
gonadal abnormalities and androgen abnormality/insensitivity syndromes.

History

A careful history should be obtained from the parents, particular attention being
given to the following points:

TABLE 2-2. The androgen abnormality/insensitivity syndromes

Syndrome 5a-reductase  Complete Incomplete Reifenstein Infertile

Inheritance Autosomal X-linked X-linked X-linked X-linked
recessive recessive recessive recessive recessive

Spermatogenesis Decreased Absent Absent Absent Decreased

Mdillerian Absent Absent Absent Absent Absent

Wolfflan Male Absent Male Male Male

External Female Female Female Male Male

clitoromegaly hypospadias
Breasts Male Female Female Gynecomastia Gynecomastia

(Adapted from Giriffin JE. Androgen resistance—the clinical and molecular spectrum. N Engl J
Med 1992;326:611-618; and Kim HH, Laufer MR. Developmental abnormalities of the female
reproductive tract. Curr Opin Obstet Gynecol 1994;6:518-525; with permission.)
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TABLE 2-3. A clarification of the terminology for gonadal abnormalities

Time of event

(days after Mdillerian Wolffian External
Event fertilization) Nomenclature duct duct genitalia
Early embryonic <43 Pure gonadal Present Absent Female
testicular dysgenesis
regression
Late embryonic 43-59 Swyer Present Absent Female
testicular syndrome
regression
Early fetal 60—69 Agonadism Present Absent Ambiguous
testicular 70-75 Testicular Present Present Ambiguous
regression dysgenesis
75-84 Testicular Absent Present Ambiguous
regression
Midfetal 90-120 Rudimentary Absent Present Male
testicular testis infantile
regression
Late fetal >140 Vanishing Absent Present Male
testicular testis, infantile
regression anorchia

(Adapted from Speroff L, Glass RH, Kase NG. Normal and abnormal sexual development.
In: Mitchell C, ed. Clinical Gynecologic Endocrinology and Infertility, 5th ed. Baltimore: Williams
& Wilkins, 1994; and Kim HH, Laufer MR. Developmental abnormalities of the female
reproductive tract. Curr Opin Obstet Gynecol 1994;6:518-525; with permission.)

1. Family history (See Tables 2-1 and 2-4 for a summary of the inheritance of
disorders leading to ambiguous genitalia.).

a.

b.

d.

Other family members, especially siblings, with congenital adrenal
hyperplasia (CAH).

A history of early neonatal death. The diagnosis of CAH may be missed
in males, since there are often no physical signs at birth except, occa-
sionally, increased scrotal rugae, pigmentation, or a large phallus. Thus, a
brother may have died in early infancy of vomiting and dehydration, not
recognized as secondary to adrenal insufficiency.

Consanguinity, which makes an autosomal recessive disorder, such as
CAH or Sa-reductase deficiency, more likely.

Aunts or other relatives with amenorrhea and/or infertility, which may sug-
gest male pseudohermaphroditism.

2. Maternal history

a.

Maternal ingestion of drugs during pregnancy (particularly androgens or
progestational agents).
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TABLE 2-4. Patterns of inheritance: ambiguous genitalia

Disorder Heredity

Female pseudohermaphroditism

Congenital adrenal hyperplasia Autosomal recessive
Male pseudohermaphroditism

Testosterone biosynthetic defects Autosomal recessive

Leydig cell hypoplasia Autosomal recessive

S5a-reductase deficiency Autosomal recessive

Androgen insensitivity syndrome X-linked recessive
Gonadal disorders

Gonadal dysgenesis Sporadic and familial

True hermaphroditism Sporadic and rarely familial

b. Maternal exposure to chemical endocrine disrupters in the environment (25)
c. Maternal history of virilization or CAH.

Physical Examination

The physical examination of the infant starts with a general examination and a
search for the stigmata of a malformation syndrome (e.g., intrauterine growth
retardation, dysmorphic features, and abnormal body proportions). If a malforma-
tion syndrome is identified, further hormonal evaluation may not be necessary (for
example, if the suspected diagnosis is trisomy 13). Other signs to look for on the
general examination include hypertension, areolar hyperpigmentation, and signs of
dehydration, all suggestive of CAH.

The genitalia should be carefully examined. The number of gonads and the size,
symmetry, and position are crucial (Table 2-5). A palpable gonad below the
inguinal canal is almost always a testis and, if present, generally rules out the diag-
nosis of female pseudohermaphroditism. An undescended gonad could be a testis,
ovary, or ovotestis. Asymmetric labioscrotal folds with a unilateral gonad make
mixed gonadal dysgenesis or true hermaphroditism more likely. The infant should
be examined for the presence of a hernia, as it may contain a uterus, ovary, or
testis. Precise measurements of the phallus should be made, including the stretch
penile length (along the dorsum of the stretched phallus from the pubic ramus to
the tip of the glans) and the midshaft diameter. The mean stretched penile lengths
in normal males are as follows (£1 standard deviation):

2.5 (£0.4) cm for a 30-week newborn
3.0 (£0.4) cm for a 34-week newborn
3.5 (£0.4) cm for a full-term newborn
3.9 (£0.8) cm for a 0- to 5-month old
4.3 (£0.8) cm for a 6- to 12-month old

A good rule of thumb in evaluating the full-term newborn is that the normal
male penis should be >2.5 cm (2.5 standard deviations below the mean).
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TABLE 2-5. Patient with intersex state: clinical assessment

Family history, general examination for dysmorphic features
Examination of external genitalia
No gonads palpable
Female pseudohermaphroditism: congenital adrenal hyperplasia (21-hydroxylase
deficiency)
Male pseudohermaphroditism
One gonad palpable = abnormal gonadal differentiation
Male pseudohermaphroditism
Mixed gonadal dysgenesis (X0/XY)
True hermaphroditism
Two gonads palpable = male pseudohermaphroditism
Impaired testosterone biosynthesis
Androgen receptor defect
5a-Reductase deficiency
True hermaphroditism

From Sultan C, Paris F, Jeandel C, et al. Ambiguous genitalia in the newborn. Semin
Reprod Med 2002;20:181; with permission.

The thickness and degree of development of the corpora should be assessed. If
a clitoris is present, the length and width should be measured. The location of the
urethral opening should be noted. In first-degree hypospadias, the urethra opens on
the glans of the phallus; in second degree hypospadias, on the shaft; and in third
degree, on the perineum. Hypospadias is usually accompanied by chordee, a teth-
ering of the phallus due to incomplete closure of the tissue layers that constitute
the covering over the urethra. Any child with hypospadias or a small phallus, bilat-
eral cryptorchism, and a neonatal hernia should be evaluated for the possibility of
an intersex disorder. It should be determined whether a vaginal opening or uro-
genital sinus is present. The labioscrotal folds should be examined for hyperpig-
mentation, the presence of gonads, and the degree of labial fusion. Labioscrotal
folds range in phenotype (from the least to most virilized) from normal labia
majora, to labia majora with posterior fusion, to a bifid scrotum, to a fully fused
scrotum. Fusion of the labioscrotal folds is an androgen effect and can be assessed
by measuring the anogenital ratio: the distance from the anus to the fourchette (AF)
divided by the distance from the anus to the base of the clitoris (AC) (i.e., AF/AC).
An anogenital ratio greater than 0.5 falls outside the 95% confidence limits (26)
and represents fusion of the labioscrotal folds. A rectal examination should always
be performed, since if a uterus is present, it is often easily palpable at birth because
of uterine stimulation in utero by placental and maternal estrogens.

Laboratory and Radiographic Tests

The most important tests in the initial evaluation include the determination of the
blood karyotype, electrolytes, 17-hydroxyprogesterone (17-OHP), dehydroepiandros-
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terone (DHEA), testosterone, dihydrotestosterone (DHT), luteinizing hormone (LH),
and follicle-stimulating hormone (FSH), and performing radiographic studies. The
results of the blood karyotype determination are usually available in 2 to 3 days if
the laboratory is alerted and processes the blood expediently. Polymerase chain reac-
tion (PCR) analysis of SRY on the Y chromosome is performed in some hospitals,
as the results can be available in one day. However, an analysis of the karyotype is
still mandatory. Buccal smears should not be performed, as they are inaccurate. In
primary gonadal defects, and possibly in androgen-resistant states, LH and FSH are
elevated. To define the internal structures, an ultrasound examination and a contrast
study, either a retrograde genitogram (retrograde injection of contrast material via
the urogenital orifice) or a voiding cystourethrogram, should be performed. The loca-
tion of the gonads and the presence of a uterus and endometrial stripe can be deter-
mined by ultrasound examination. The contrast study will delineate the anatomy of
the urethra and vagina (if present), the urogenital sinus, and at times, the cervix. Once
it has been determined whether the infant is a male or female pseudohermaphrodite,
or has a disorder of gonadal differentiation, other studies are usually indicated.

The most common cause of ambiguous genitalia is female pseudohermaphroditism
due to CAH, and the majority of patients with this condition have 21-hydroxylase
deficiency resulting in a markedly elevated 17-OHP level. If gonads are not palpable,
17-OHP and DHEA determinations should be obtained after 24 hours of life. In the
normal infant, 17-OHP is elevated in cord blood but decreases to 100 to 200 ng/dl
after 24 hours of life; this decrease may take longer in premature infants. The
early-morning 17-OHP is generally greater than 10,000 ng/dl in infants with
21-hydroxylase deficiency. If the 17-OHP is not diagnostic, and CAH is suspected,
a repeat level should be obtained a few days later, and fluid and electrolyte balance
monitored daily. In infants with 21-hydroxylase deficiency, androstenedione and
DHEA are elevated, serum cortisol may be very low or at the lower end of the
normal range, and adrenocorticotropic hormone (ACTH) is elevated. Given the
frequency of the CAH gene in the population (varying from 1:300 in Alaskan
Eskimos to an average of 1:14,500 worldwide), screening of newborns for
21-hydroxylase deficiency has been implemented in most states by measurement
of 17-OHP on the neonatal blood filter specimens (27). If the patient is a female
pseudohermaphrodite but the etiology is unclear, other steroid precursor levels are
measured after ACTH (Cortrosyn) stimulation and may delineate a specific adrenal
enzyme defect.

In the male pseudohermaphrodite, testosterone is low in any defect in testosterone
production. The testosterone/DHT ratio is elevated in Sa-reductase deficiency.
AMH correlates with the degree of miillerian duct development and is a reliable
marker for the presence of functional testicular tissue (28-31). AMH is nonde-
tectable in normal females, detectable in normal males, and detectable but low in
true hermaphrodites and patients with other disorders of testicular dysgenesis
(30,31). In patients with androgen insensitivity syndrome (AIS) and those
with defects in testosterone production, AMH is elevated (32). In the persistent
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miillerian duct syndrome, AMH is nondetectable in patients with defects in AMH,
and is detectable in patients with end-organ resistance to AMH (33).

An HCG stimulation test is useful for determining the defect in the male pseudo-
hermaphrodite. Several protocols for intramuscular HCG administration are avail-
able, including giving 1,500, 2,000, or 3,000 U/m? once a day for 3 to 5 days (34,35)
or giving 5,000 U/m? for 1 day (36). Testosterone and DHT are measured 24 hours
after HCG, and they both increase in the normal male; a sample of serum should be
saved for further hormone analyses. In patients with Sa-reductase deficiency, the
basal testosterone/DHT ratio may be normal, but the ratio is elevated after HCG stim-
ulation. Failure of testosterone and DHT to rise after HCG stimulation suggests a
defect in testosterone biosynthesis, Leydig cell hypoplasia, or gonadal dysgenesis. In
this case, steroid hormone precursors should be measured in the serum saved from
the test to look for inborn errors of testosterone biosynthesis. Fibroblasts from a scro-
tal skin biopsy can be assayed for Sa-reductase activity if Sa-reductase deficiency
is suspected, or for androgen receptor binding capacity if AIS is suspected. If the
patient has a primary gonadal abnormality, a skin biopsy or scrotal skin biopsy may
be indicated for a karyotype analysis to rule out mosaicism. A gonadal biopsy may
be indicated to determine whether ovarian or testicular tissue is present, or to confirm
Leydig cell hypoplasia.

Several genetic studies are now available that may aid in the evaluation of
ambiguous genitalia in the infant. A DNA probe for SRY will demonstrate whether
SRY is present in the 46,XX male, and it is useful in determining whether Y mate-
rial is present in a 45,X individual, placing the patient at risk for gonadoblastoma
(see section on gonadal abnormalities below, and Chapters 6, 7, and 18). Muta-
tions have been identified in the 21-hydroxylase gene in CAH, the Sa—reductase
2 gene in patients with Sa-reductase deficiency, the androgen receptor gene in AIS,
and the AMH gene in persistent miillerian duct syndrome.

Differential Diagnosis of Ambiguous Genitalia in the Newborn

The differential diagnosis of the newborn with ambiguous genitalia can be
divided into four broad categories:

1. Female pseudohermaphroditism

2. Male pseudohermaphroditism

3. Disorders of gonadal differentiation
4. Malformation syndromes

The female pseudohermaphrodite has a 46,XX karyotype, ovaries, no wolffian
duct structures, well-developed miillerian duct structures, and virilized external gen-
italia. The male pseudohermaphrodite has a 46,XY karyotype; wolffian duct struc-
tures that are normal, hypoplastic, or absent; no miillerian duct structures; and
undervirilized external genitalia. Patients with disorders of gonadal differentiation
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have either both ovarian and testicular tissue (true hermaphrodite) or one dysgenetic
testis, one streak gonad, and no ovarian tissue (mixed gonadal dysgenesis [MGD])
(see Table 2-6 for the differential diagnosis of the infant with ambiguous genitalia).

FEMALE PSEUDOHERMAPHRODITISM
Congenital Adrenal Hyperplasia

Congenital adrenal hyperplasia (CAH) is the most common cause of ambiguous
genitalia in the 46,XX newborn (see Ref. 37 for a review of CAH). It is caused
by a deficiency in one of the adrenal cortical enzymes involved in the synthesis
of cortisol (Fig. 2-9) and is inherited in an autosomal recessive manner. The
enzyme deficiency results in inadequate cortisol synthesis, inadequate negative
feedback to the hypothalamus and pituitary, and increased ACTH secretion. High
levels of ACTH leads to adrenal gland hyperplasia, and the block in adrenal cor-
tisol production results in shunting of the adrenal steroid precursors toward adrenal
androgen production. The enzyme blocked and the degree of block vary, and ambi-
guity may range from labial fusion, with or without slight clitoromegaly, to a male-
type phallus with labial fusion and rugae on the labioscrotal folds (Fig. 2-10).

More than 95% of CAH is due to 21-hydroxylase deficiency in the adrenal cortex
(38). Mutations in the CYP21 gene on chromosome 6p, which encodes the P450c21
enzyme, leads to the activity of the enzyme being severely reduced or absent. Both al-
leles of the gene must be affected for classic CAH to occur. Classic 21-hydroxylase
deficiency presents in the newborn period, and salt losing is seen in about three-fourths
of patients. In salt-losing CAH, the enzyme deficiency is more severe, and aldosterone
secretion from the adrenal glomerulosa is decreased as well. Decreased aldosterone
secretion decreases renal electrolyte exchange, resulting in hyponatremia, hyper-
kalemia, and metabolic acidosis. The extent of virilization is not a reliable indicator of
the degree of adrenal insufficiency. Thus, the electrolyte status of all infants with 21-
hydroxylase deficiency should be monitored.

Congenital adrenal hyperplasia can also be due to 11B3-hydroxylase deficiency.
Mutations in the CYPI/IBI gene disrupt the activity of the P450C11B1 enzyme.
11-Deoxycortisol and 11-deoxycorticosterone levels are high, and these moderately
salt-retaining compounds result in salt retention, volume expansion, and hyperten-
sion. Another rare form of CAH, 3B-hydroxysteroid dehydrogenase deficiency
(mutations in HSD3B2 gene), results in severe adrenal insufficiency and increased
ACTH. Pregnenolone, 17-hydroxypregnenolone, and DHEA are increased. Viril-
ization is quite mild, since the block occurs in the initial steps of hormone syn-
thesis and thus only the weak androgen DHEA can be produced in excess.
Aldosterone deficiency may also occur and lead to salt wasting. Testosterone
biosynthesis is decreased; therefore, 33-hydroxysteroid dehydrogenase deficiency
is also a cause of male pseudohermaphroditism.
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TABLE 2-6. Classification of anomalous sexual development

Disorders of gonadal differentiation
A. Seminiferous tubule dysgenesis (Klinefelter syndrome)
B. Syndrome of gonadal dysgenesis and its variants (Turner syndrome)
C. Complete and incomplete forms of XX and XY gonadal dysgenesis
D. True hermaphroditism
Female pseudohermaphroditism
A. Androgen-induced
1. Congenital virilizing adrenal hyperplasia
2. CYP19 (P45,,,m) aromatase deficiency
3. Androgens and synthetic progestagens transferred from maternal circulation
B. Other teratologic factors (non-androgen-induced) associated with malformations of
intestine and urinary tract
Male pseudohermaphroditism
A. Testicular unresponsiveness to hCG and LH (Leydig cell agenesis or hypoplasia due
to hCG/LH receptor defect)
B. Inborn errors of testosterone biosynthesis
1. Enzyme deficits affecting synthesis of both corticosteroids and testosterone
(variants of congenital adrenal hyperplasia)
a. StAR deficiency (congenital lipoid adrenal hyperplasia)
b. 3p-Hydroxysteroid dehydrogenase/A® isomerase type Il (38-HSD Il) deficiency
c. CYP17 (P450.47 [17a-hydroxylase/17,20 lyase]) deficiency
2. Enzyme defects primarily affecting testosterone biosynthesis by the testes
a. CYP17 (P450.47 [17,20 lyase]) deficiency
b. 17B-Hydroxysteroid dehydrogenase type 3 (173-HSD 3) deficiency
C. Defects in androgen-dependent target tissues
1. End-organ resistance to androgenic hormones
a. Syndrome of complete androgen resistance and its variants (testicular
feminization and its variant forms)
b. Syndrome of incomplete androgen resistance and its variants (Reifenstein’s
syndrome)
c. Androgen resistance in phenotypically normal males
2. Defects in testosterone metabolism by peripheral tissues; 5a-reductase-2
(SRD5A2) deficiency (pseudovaginal perineoscrotal hypospadias)
D. Dysgenetic male pseudohermaphroditism
. XY gonadal dysgenesis (incomplete)
. XO/XY mosaicism, structurally abnormal Y chromosome, Xp+, 9p—, 10—
. Denys-Drash syndrome (WT1 mutation)
. WAGR syndrome (WTT1 deletion)
. Campomelic dysplasia (SOX9 mutation)
. ? SF1 mutation
. Testicular regression syndrome
E. Defects in synthesis, secretion, or response to antimillerian hormone: persistent
mullerian duct syndrome (female genital ducts in otherwise normal men; herniae
uteri inguinale)
F. Maternal ingestion of progestagens and estrogens
G. ?Environmental chemicals

NO O~ WN =

. Unclassified forms of abnormal sexual development

A. In males
1. Hypospadias
2. Ambiguous external genitalia in XY males with multiple congenital anomalies
B. In females, absence or anomalous development of the vagina, uterus, and uterine
tubes (Rokitansky-Kuster syndrome)

(From Grumbach MM, Conte FA. Disorders of sex differentiation. In: Wilson JD, Foster DW,

Kronenberg HM, et al., eds. Williams textbook of endocrinology. Philadelphia: WB Saunders,
1998:1303; with permission.)
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FIG. 2-9. Pathways of steroid biosynthesis in the adrenal cortex. The pathways for the synthesis
of progesterone and mineralocorticoids (aldosterone), glucocorticoids (cortisol), and androgens
(testosterone) are shown. Enzymes that are encoded by a single gene are shown in boxes. For
activities mediated by specific P-450 cytochromes (CYP), the systematic name of the enzyme is
given in parentheses. CYP11B2 and CYP17 have multiple activities. The planar structures of
cholesterol, aldosterone, cortisol, and testosterone are shown. Deficient 21-hydroxylase activity
prevents the synthesis of aldosterone and cortisol and shunts precursors such as 17-
hydroxypregnenolone into the pathway for androgen biosynthesis. Androstenedione is secreted
by the adrenal cortex and then converted to testosterone in the periphery. Testosterone may be
aromatized to estradiol or converted by 5a-reductase to dihydrotestosterone (From Speiser PW,
White PC. Congenital adrenal hyperplasia. N Engl J Med 2003;349:777; with permission.)

Glucocorticoid treatment should be instituted as soon as possible in the female
pseudohermaphrodite once the laboratory studies have been obtained. Hydrocorti-
sone, 2.5 mg two or three times daily (10 to 20 mg/m? per day), is the usual ini-
tial treatment. Since salt losing does not occur until day 6 to day 14 of life, the
baby’s weight, electrolytes, fluid status, and plasma renin activity (PRA) should
be closely monitored. Salt losing is demonstrated by decreased serum sodium,
increased serum potassium, decreased aldosterone, and elevated PRA; the elevated
PRA is the most sensitive indicator of aldosterone deficiency. If salt losing is doc-
umented, salt (2 to 4 g per day) should be added to the formula, and a mineralo-
corticoid, fludrocortisone acetate (Florinef) 0.05 to 0.1 mg daily, should be given.
In some children, the PRA is elevated in the absence of low aldosterone levels and
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FIG. 2-10. Two newborn girls with virilization and salt-losing congenital adrenocortical hyperpla-
sia: (A) and (B) patient S.C., (C) patient M.T.
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salt wasting. In these children, the addition of fludrocortisone acetate normalizes
the PRA, improving hormonal control and growth.

The hydrocortisone dose is adjusted on the basis of growth parameters (length,
weight, skeletal maturation) and adrenal steroid precursor levels, including serum
17-OHP, A*-androstenedione, DHEA, DHEA sulfate (S), and (except in infants and
adolescent boys) testosterone. Therapy should be aimed at keeping the 17-hydroxy-
progesterone well below 1000 ng/dl; levels <200 ng/dl in the morning usually
indicate oversuppression. In patients in good control, A*-androstenedione is normal,
and DHEAS is below the normal range. However, DHEAS is not sensitive for detect-
ing overtreatment. Although not usually used, 24-hour urinary 17-ketosteroid deter-
minations can be used to monitor therapy in older children and should be in the low
normal range (for bone age). Overtreatment with glucocorticoids results in growth
retardation and delayed skeletal maturation. Undertreatment leads to accelerated
skeletal maturation and virilization. The glucocorticoid dosage must be increased at
times of stress, such as during illness and in the event of surgery. The adequacy of
mineralocorticoid replacement is most accurately determined by measuring the PRA.
New approaches include standard therapy plus antiandrogens and aromatase
inhibitors (39,40), treatment with growth hormone to improve final adult height (41),
and laparoscopic adrenalectomy, which allows for use of lower doses of glucocorti-
coid replacement (42,43). All of these are considered experimental at this time. (See
Chapter 9 for a discussion of late onset congenital adrenal hyperplasia.)

It should be emphasized that female pseudohermaphrodites with CAH are
females with ovaries, and are potentially fertile. Thus, regardless of the appearance
of the external genitalia, the sex assignment should be female. Surgery, which may
include clitoroplasty, labioplasty, and vaginoplasty, is discussed in Chapter 10.

Testing for mutations in CYP2I and the pseudogene CYP21P are commercially
available, and can be useful for prenatal diagnosis in future pregnancies. Prenatal
treatment with high doses of glucocorticoids (dexamethasone) given to the mother be-
fore the sixth to seventh week of gestation is a somewhat controversial therapy de-
signed to prevent virilization of an affected female (see Refs. 44 and 37 for a review).

Exogenous Androgens

The 46,XX infant with no evidence of CAH may have been exposed to exoge-
nous androgens from either maternal ingestion or production. Androgens, danazol,
and synthetic progestins (in doses much higher than in oral contraceptive pills) given
before the fourteenth week of gestation can cause labial fusion and clitoromegaly;
such therapy after the fourteenth week causes clitoromegaly only. If the maternal
drug history is noncontributory, the mother should undergo a careful physical exam-
ination and laboratory testing for hyperandrogenism. In the absence of a maternal
history of virilization or hormone ingestion, the internal genital anatomy should be
evaluated to determine whether there is a primary gonadal abnormality (see below).
Placental aromatase deficiency is another rare cause of fetal virilzation, accompa-
nied by virilization of the mother during pregnancy, which resolves postpartum (45).
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MALE PSEUDOHERMAPHRODITISM

Understanding the steps involved in the development of normal male genitalia
facilitates the diagnosis of the specific defect in the male pseudohermaphrodite
(Fig. 2-11). However, it should be noted that in 46,XY individuals, a definitive
diagnosis cannot always be made. In one study (46) of 67 patients with ambigu-
ous genitalia and a 46,XY karyotype or testicular tissue, a definitive diagnosis was
made in only 48%, and included testicular dysgenesis, true hermaphroditism PAIS,
or 17B-hydroxysteroid dehydrogenase.

If the testis is unresponsive to HCG and LH because of absence of LH recep-
tors or abnormal Leydig cell development (Leydig cell hypoplasia or agenesis),
wolffian duct structures do not differentiate owing to lack of testosterone (36).
Miillerian duct structures regress under the stimulus of AMH, which comes from
the Sertoli cells, and testes are present in the abdomen. Testosterone is low, LH is
elevated, and testosterone does not rise in response to exogenous HCG. The exter-
nal genital phenotype is usually female, with a urogenital sinus and a short vaginal
pouch. Biopsy of the testicles reveals no distinct Leydig cells, normal Sertoli cells,
and spermatogenic arrest in the seminiferous tubules.

Defects in testosterone biosynthesis can be due to deficiencies in one of several en-
zymes in the pathway toward testosterone synthesis, all of which are inherited in an au-
tosomal recessive manner (see reference 47 for a review). Steroidogenic acute regula-
tory protein (StAR) regulates the rapid influx of cholesterol in the mitochondria, acutely
regulating steroidogenesis (47). Mutations in StAR are responsible for most cases of
congenital lipoid adrenal hyperplasia, a rare, often fatal, condition where no steroid hor-
mones are made and severe salt wasting occurs (47,48). Mutations in the cholesterol side
chain cleavage enzyme (P45scc or CPY11A) have also been described to cause con-
genital lipoid adrenal hyperplasia (49). 33-hydroxysteroid dehydrogenase (HSD3B2)
deficiency causes male pseudohermaphroditism, as well as female pseudo-
hermaphroditism, since the large amounts of DHEA produced are not able to compen-
sate for the lack of testosterone production. The P45¢17 enzyme, encoded by the CYP17
gene, is now known to be the one enzyme that carries out functions previously thought
to be mediated by 17a-hydroxylase and 17,20-lyase, and patients have been described
who lack the 17a-hydroxylase activity, 17,20-lyase activity, or both (47). Cortisol lev-
els are decreased, and increased deoxycorticosterone levels can lead to hypertension and
hypokalemia. Finally, 173-hydroxysteroid dehydrogenase, or 17-ketosteroid reductase,
deficiency is due to mutations in 17@3-HSD-III (HSD17B3), and affected individuals
show no signs of CAH. Defects in testosterone production result in absence of wolffian
duct structures, regression of miillerian duct structures (AMH is normal), and external
genitalia that are either female or ambiguous. Testosterone and DHT are low and do not
increase in response to HCG. For all of these enzyme deficiencies, the specific defect
can be determined by measuring steroid hormone precursors after HCG stimulation. En-
zyme deficiencies that also lead to CAH can be confirmed by an ACTH (Cortrosyn)
stimulation test.
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FIG. 2-11. Steps in the differential diagnosis of male pseudohermaphroditism. Patients with
dysgenetic male pseudohermaphroditism may manifest varying degrees of testicular dys-
genesis with consequent testosterone/DHT and/or AMH deficiency. Therefore, not all
patients may manifest either ambiguous genitalia or the presence of millerian ducts. CYP17
(P450c17) catalyzes the 17-hydroxylation of progesterone and pregnenolone to 17-
hydroxyprogesterone and AS5-17-hydroxypregnenolone as well as the scission (lyase) of 17-
hydroxypregnenolone to DHEA. Patients with 17,20-lyase deficiency have elevated levels of
17-hydroxyprogesterone and AS-17-hydroxypregnenonlone in relation to androstenendione
and DHEA either before or after HCG stimulation. The StAR (steroidogenic acute regulatory)
protein is involved in the transport of cholesterol from the outer to the inner mitochondrial
membrane where the enzyme CYP11A1 (P450scc) resides. Patients with a mutation in the
gene for this protein have a markedly diminished ability to convert cholesterol to A®-17-
hydroxypregnenolone, although their CYP11A1 enzymatic activity is intact, and they mani-
fest congenital lipoid adrenal hyperplasia. WAGR, Wilms tumor, aniridia, genital anomalies,
and mental retardation; SF-1, steroidogenic factor-1; CYP17, 17a-hydroxylase/17, 20-lyase;
3B-HSD I, 3B-hydroxysteroid dehydrogenase/AS-isomerase;17B-HSD 3, 17-hydroxysteroid
dehydrogenase (oxidoreductase); T, testosterone; DHT, dihydrotestosterone; AMH, antimiil-
lerian hormone; SHBG, sex hormone binding globulin; DHEA, dehydroepiandrosterone. (From
Grumbach MM, Conte FA. Disorders of sex differentiation. In: Wilson JD, Foster DW, Kro-
nenberg HM, et al., eds. Williams textbook of endocrinology. Philadelphia: W.B. Saunders,
1998:1303; with permission.)
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Defects in androgen-dependent target tissues include androgen insensitivity
syndrome (AIS) and Sa-reductase deficiency, and are the most common causes of
male pseudohermaphroditism (see reference 50 for a review). In AIS, binding of
testosterone and DHT to the androgen receptor is impaired because of a receptor
defect (see Table 2-2 for a summary of findings). Testosterone levels are normal
and increase normally after HCG stimulation. Complete AIS (CAIS) gives the clas-
sic picture of testicular feminization and is not manifested by ambiguous genitalia
at birth, although occasionally testes may be noted in a hernia sac early in life. The
phenotypic female infant with a hernia should undergo an evaluation to determine
what is in the hernia; 7% of females with a hernia have no cervix by palpation or
vaginoscopy, and they are either male pseudohermaphrodites (usually CAIS) or
have mixed gonadal dysgenesis. In CAIS, the testes function normally, producing
AMH (miillerian ducts regress) and testosterone, which is converted into DHT.
However, since androgen-dependent target tissues are unresponsive to testosterone
and DHT, wolffian duct structures do not develop, and the external genitalia develop
along female lines (Table 2-2). Partial AIS (PAIS), on the other hand, results in a
spectrum of ambiguous genitalia syndromes, including the Gilbert—Dreyfus, Reifen-
stein, Rosewater, and Lubs syndromes. Patients with PAIS have some degree of
wolffian development and labioscrotal fusion. The androgen receptor (AR) has been
well characterized, and molecular defects in AIS have been described in the AR
gene. The AR gene is located on the short arm of the X chromosome, and AIS is
inherited in an X-linked recessive manner. Over 250 mutations in the AR gene have
been described (51). Of interest, AR mutations are found in 85% to 90% of patients
with CAIS or familial PAIS, but in only 10% to 15% of patients with sporadic PAIS
(50), suggesting that the diagnosis of PAIS, without the help of a family history of
PAIS, is difficult.

Sa-Reductase deficiency is an autosomal recessive disorder in which the enzyme
that converts testosterone to DHT in androgen-dependent tissues is defective.
Testosterone levels are normal, DHT levels are low, and the T/DHT ratio is elevated,
especially after HCG stimulation. Since DHT is responsible for the masculiniza-
tion of the external genitalia, patients with Sa-reductase deficiency have undervir-
ilized external genitalia but develop normal male internal genitalia (wolffian duct
structures differentiate, and miillerian duct structures regress). The phenotype is
characterized by a bifid scrotum, a clitoris-like phallus, hypospadias, a urogenital
sinus that opens onto the perineum, and a blind vaginal pouch. In some families,
children with this condition have been initially raised as females, but due to mas-
culinization at puberty (the testes descend, the scrotum enlarges, and the phallus
lengthens), take on a male gender identity (52). The disorder is due to mutations
in the steroid Sa-reductase 2 gene (SRD5A2)

The persistent miillerian duct syndrome occurs in a 46,XY individual with testes
and either defective AMH or end-organ resistance to AMH (33,53,54). Such a patient
does not often have ambiguous genitalia but may have cryptorchidism or hernia uteri
inguinale (presumably due to the mobilization of miillerian derivatives during tes-
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ticular descent into the inguinal canal or scrotum). Wolffian duct development varies
among individuals. Few males are fertile, and there is a high incidence of postnatal
testicular degeneration. Mutations have been found in the AMH and AMH receptor
II (AMHR-II) genes and are transmitted in an autosomal recessive manner (55).

As discussed in the section on laboratory and radiographic testing, the evaluation
of the 46,XY male with ambiguous genitalia should include an HCG stimulation
test. An increased testosterone/DHT ratio is characteristic of Sa-reductase defi-
ciency and can be confirmed by measurement of Sa-reductase activity in cultured
genital skin fibroblasts. If the testosterone and DHT are both low, steroid precur-
sors in the testosterone biosynthetic pathway should be measured. If a testosterone
biosynthesis defect that also leads to CAH is suspected, an ACTH stimulation test
can confirm the diagnosis. If all hormone levels are low, and there is no adrenal
insufficiency, Leydig cell hypoplasia is likely and can be verified by testicular
biopsy. If hormone levels are normal, the diagnosis of AIS is suggested and can
be confirmed by identification of a mutation in the androgen receptor gene or by
measurement of androgen receptor binding in scrotal skin.

Sex assignment is usually based on the patient’s potential to achieve unambiguous
appearance of the external genitalia and normal sexual function after reconstruc-
tive surgery and hormonal therapy. Conte and Grumbach (56) have recommended
that any child with a 46,XY karyotype be raised as a male, except in the presence
of CAIS, completely feminized genitalia, or if there is some other reason, includ-
ing an informed parental decision, not to do so. In certain rare circumstances,
another approach is to use HCG and testosterone, to assure adequate function in
puberty and adulthood. In this case, a male gender would be assigned to patient
with micropenis or PAIS who respond to a 3- to 5-day HCG stimulation test with
adequate penile growth, achieving a length of >2.0 cm (34). Under rare circum-
stances, sex assignment may be delayed until the patient is given three monthly
intramuscular injections of testosterone enanthate, 25mg, which should produce
lengthening of the penis by >0.9 cm (56), and in this case, the patient is assigned
a male gender. The phallus may not grow well at puberty in patients with
PAIS who do not respond to testosterone in the newborn period. In patients with
Sa-reductase deficiency, topical DHT cream applied to the external genitalia causes
phallic growth (57). If the sex assignment is female, the gonads should be
electively removed early, once the diagnosis has been made.

DISORDERS OF GONADAL DIFFERENTIATION

The true hermaphrodite has both testicular and ovarian tissue (with follicles) and
represents the rarest intersex disorder. The gonads consist of either one ovary and
one testis, two ovotestes, or one ovotestis and one ovary or testis. Over half of
patients have a 46,XX karyotype, one-third are chimeric 46,XX/46,XY (two dis-
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tinct populations of cells with different genetic origins) or mosaic (46,XY/47,XXY
or 45,X/46XY), and only a few have a 46,XY karyotype (58). Only a few 46,XX
true hermaphrodites have detectable SRY in the blood (59,60), although in some,
mosaicism for SRY has been demonstrated in gonadal tissue (58,61). Differentia-
tion of the internal ducts depends on the amount and location of functional testic-
ular tissue; wolffian duct structures differentiate on the side with testicular tissue,
and miillerian duct structures on the side with no testicular tissue. A uterus (fre-
quently hypoplastic or abnormal) is present in 90% of patients. Although a few
patients have normal female external genitalia or have a penile urethra, the major-
ity have ambiguous genitalia. In the past, most have been reared as males. At
puberty, three-quarters of patients develop gynecomastia, and one-half menstruate.
Decisions about sex assignment should be based on the internal and external gen-
italia, and the organs of the opposite sex should be removed. If the patient is to
be reared as a male, the phallus must be adequate in size and the testis or testes
brought down into the scrotum.

Patients with pure gonadal dysgenesis are phenotypic females, lack the stigmata
of Turner syndrome (see Chapter 6), and do not have ambiguous genitalia at birth.
The karyotype is either 46,XX or 46,XY; individuals with a 46,XY karyotype are
sometimes referred to as having complete gonadal dysgenesis. Individuals with
pure gonadal dysgenesis have dysgenetic (streak) gonads consisting of ovarian
stroma, fibrous tissue, and no primordial follicles. Pure gonadal dysgenesis is
usually diagnosed during adolescence when a girl presents with primary amenorrhea
and is found to have elevated gonadotropins. In the past, pure gonadal dysgenesis
has been referred to as Swyer syndrome. Approximately 15% of 46,XY females with
pure gonadal dysgenesis have a mutation in the SRY (62), and in most patients
the SRY is intact and the etiology is unknown.

Mixed gonadal dysgenesis (MGD) is characterized by one normal or dysgenetic
testis and one streak ovary. All patients have a Y chromosome, and the karyotype
is usually 45,X/46,XY mosaic but can be 46,XY (sometimes referred to as partial
gonadal dysgenesis). The phenotype reflects the level of functioning of the fetal
dysgenetic testis. The internal genitalia are usually asymmetric, with miillerian duct
differentiation on the side with the streak ovary and variable wolffian duct differ-
entiation on the side with the testis. Approximately one-half of patients with MGD
are born with ambiguous external genitalia, which may be asymmetric with an
enlarged labioscrotal fold on the side with the testis. The dysgenetic testis is not
capable of completely virilizing the external genitalia, but it is capable of producing
androgen levels sufficient to virilize an apparent female at puberty (63). Most
patients have been raised as females.

The choice of gender in gonadal disorders depends on the external genitalia and
the possibility for future coital adequacy. Once the sex assignment has been made,
the gonads that conflict with the assignment are electively removed. Any patient
with a dysgenetic gonad and a Y-bearing cell line is at high risk for developing a
gonadal tumor (64—66). Even if a Y chromosome is not visible cytogenetically,



77

DNA probes for SRY may detect Y material. Gonadoblastomas occur in 20% to
30% of 46,XY patients with pure gonadal dysgenesis and one-third of patients
with MGD, and they may develop into malignant tumors (dysgerminomas or
seminomas) in about one-third of patients (65,66) (see Chapter 18 for a further
discussion of ovarian masses). True hermaphrodites are also at risk for developing
gonadoblastomas, although the risk is lower. All patients with a dysgenetic gonad
and a Y-bearing cell line should have the intraabdominal dysgenetic gonads
removed in infancy or at the time of diagnosis. Dysgenetic testes may be left in
place only in the child with bilateral descended dysgenetic testes given a male sex
assignment; in this case, the risk of malignancy is less, and the testes should be
routinely examined.

MALFORMATION SYNDROMES

Chromosomal abnormalities that can be associated with ambiguous genitalia
include trisomy 13 and 18, triploidy, and 4p- syndrome (67). Monogenic disorders
can be associated with ambiguous genitalia, including Smith-Lemli—Opitz and
camptomelic dysplasia (67). Associations of defects, such as the CHARGE associ-
ation (Coloboma, Heart defect, Atresia choanae, Retarded growth and development
with or without central nervous system anomalies, Genital anomalies with or with-
out hypogonadism, and Ear anomalies with or without deafness) can include
ambiguous genitalia (see Table 2-7 for a summary of malformation syndromes
associated with genital ambiguity). Genital abnormalities can be associated with
other anomalies, especially those of the urinary tract (see Chapter 10).

HYPOSPADIAS AND CRYPTORCHIDISM

The incidence of hypospadias in newborn males ranges from 1 in 300 to 1 in
800. Familial clustering has been reported, and hypospadias is present in a second
individual in 21% of families (68). Variable modes of inheritance suggest that
familial hypospadias represents a heterogeneous group of disorders. Defects in the
androgen receptor have been described in isolated hypospadias, but are rare (69),
and the majority of patients with hypospadias have normal androgen receptors (70).
Severe forms of hypospadias, especially if accompanied by unilateral or bilateral
cryptorchidism, defects in scrotal fusion, or a cervix palpable by rectal examina-
tion, necessitate a complete evaluation.

Cryptorchidism occurs in 2.7% of full-term newborn males and in 21% of pre-
mature infants. The incidence decreases to 0.8% by 1 year of age, and descent is
unlikely after that time. Malignancy is more common in undescended testes than
in scrotal testes (71-73). These two facts have led to the recommendation that eval-
uation for cryptorchidism occur before 2 years of age (72,74). It should be noted
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TABLE 2-7. Conditions associated with genital ambiguity

Chromosomal
Trisomy 13
Trisomy 18
Triploidy
4p-, 13g-
Aniridia-Wilms
Single gene
Ellis van Creveld
Smith-Lemli-Opitz
Opitz
Opitz-Frias
Rieger
Robinow
Carpenter
Meckel-Gruber
Camptomelic dysplasia
Androgen insensitivity
Congenital adrenal hyperplasia
Associations
CHARGE
Vater

that both the cryptorchid testis and the contralateral testis have an increased risk
of cancer even with surgery. Cryptorchidism can occur in Kallmann syndrome,
hormonal deficiencies, dysgenetic or “vanishing” testes, persistent miillerian duct
syndrome (33), and congenital syndromes. Thus, disorders of sexual differentia-
tion need to be considered in the infant with cryptorchidism.

If one testis is absent but the genitalia are otherwise completely normal, a rectal
examination should be performed to rule out the remote possibility that there is a
cervix or large utricle. If a midline structure is not palpated, ultrasonography of
the pelvis will rule out the presence of miillerian duct structures. If this is normal,
no further evaluation is indicated. If both testes are missing but the genitalia appear
to be that of a normal male, karyotype determination and hormone analysis should
be performed to rule out female pseudohermaphroditism. If the karyotype is 46,XY
and the genitals adequate for male function, the infant should be raised as a male.
An HCG stimulation test should be performed to determine whether or not func-
tional testes are present; a lack of rise in testosterone indicates primary testicular
failure or an agonadal state. Some of these patients may have congenital anorchia,
in which the testes presumably functioned at least until the sixteenth week of ges-
tation and then disappeared. In these patients, serum LH and FSH are elevated,
and testosterone and AMH are low. Testosterone therapy at puberty is necessary
for the development of secondary sexual characteristics. Testicular implants may
be helpful as well. Other patients may have bilateral undescended testes that are
capable of function. A 4- to 6-week course of HCG or gonadotropin-releasing hor-
mone can be given to induce descent of the testes. However, this therapy remains
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controversial; success rates are low with truly cryptorchid testes in contrast to
retractile testes, which usually descend with hormonal stimulation (75). Laparoscopy
is useful in locating intraabdominal testes or cord structures entering the inguinal
canal (76), which suggests a descended but probably atrophic organ. Surgical treat-
ment can be carried out using either open or laparoscopic techniques. There seems
to be an inverse correlation between the age of surgery and the degree of fertility;
the younger the patient is at surgery, the higher the rate of fertility (72).
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Vulvovaginal Problems in the
Prepubertal Child

S. Jean Emans

VULVOVAGINITIS

Vulvovaginitis is a common gynecologic problem in prepubertal girls. Vulvar
inflammation, termed vulvitis, may occur alone or may be accompanied by a vagi-
nal inflammation, vaginitis. A child may acquire a primary vaginal infection, and
the discharge may cause maceration of the vulva and secondary vulvitis. The pre-
pubertal child is particularly susceptible to vulvar and vaginal infections because
of the physiology of the genital tract. In the newborn period, the vagina is well
estrogenized from maternal hormones. For several months to several years beyond
the newborn period, the infant has fluctuating gonadotropin levels, which can result
in stimulation of the ovaries to produce low levels of estrogen. As the estrogen
levels wane, the hymen becomes thin and the vagina atrophic with a pH of 6.5 to
7.5. The prepubertal child is thus susceptible to both nonspecific and specific vagi-
nal infections and a variety of vulvar skin abnormalities (dermatoses) (Table 3-1)
(1-7). Contributing factors are poor hygiene, the proximity of the vagina to the
anus, the lack of protective hair and labial fat pads, and the lack of estrogeniza-
tion. The vulvar skin is susceptible to irritation and is easily traumatized by chem-
icals, soaps, medications, and clothing. Vulvar itching is a common complaint and
frequently does not have a specific etiology (8). Nonabsorbent nylon underpants,
nylon tights, nylon bathing suits, close-fitting blue jeans, and ballet leotards may
result in maceration and infection, particularly in hot weather. Little girls who are
overweight are particularly likely to experience these symptoms. The vulvar irri-
tation of the child with vaginitis may appear similar to the diaper dermatitis seen
in infants. Bubble baths and harsh soaps may cause vulvitis and a secondary vagini-
tis. Girls typically urinate on the toilet with their knees together, increasing the
possibility that urine will reflux into the vagina. It has been suggested but not
proven that either a high, small hymenal opening that does not allow normal
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TABLE 3-1. Etiology of vulvovaginal symptoms in the prepubertal child

“Nonspecific” vulvovaginitis
Specific vulvovaginitis
Respiratory pathogens
Streptococcus pyogenes (Group A B-streptococcus)
Staphylococcus aureus
Haemophilus influenzae
Streptococcus pneumoniae
Branhamella catarrhalis
Neisseria meningitidis
Enteric
Shigella
Yersinia
Other flora
Candida
Sexually transmitted diseases
Neisseria gonorrhoeae
Chlamydia trachomatis
Herpes simplex
Trichomonas
Condyloma accuminata (human papillomavirus)
Pinworms, other helminths
Foreign body
Polyps, tumors
Systemic iliness: measles, chickenpox, scarlet fever, Stevens-Johnson syndrome,
mononucleosis, Kawasaki disease, histiocytosis, Crohn disease
Vulvar skin disease: lichen sclerosus, seborrhea, psoriasis, atopic dermatitis, scabies,
contact dermatitis (nickel allergy), zinc deficiency, bullous pemphigoid
Trauma
Psychosomatic vaginal complaints
Miscellaneous: draining pelvic abscess, prolapsed urethra, ectopic ureter, disposable
diapers

vaginal drainage or a gaping hymenal opening that allows easy contamination of
the vagina might predispose a girl to nonspecific vaginitis.

Normal Vaginal Flora

Several studies have provided information on the normal flora of the prepuber-
tal vagina (2, 9-12). Paradise and colleagues (2,12) cultured vaginal specimens
from 52 premenarcheal girls without genitourinary signs or symptoms (Table 3-2);
11 of 40 had Bacteroides species (B. bivius, B. fragilis, B. melaninogenicus) (2).
Bacteroides species were as commonly found in control subjects as in those with
vulvovaginitis. Gardner (10) studied a group of 77 girls, 3 to 10 years of age, who
were undergoing minor nongynecological procedures under general anesthesia. She
defined normal flora as lactobacilli, Staphylococcus epidermidis, enteric organisms
(Streptococcus faecalis, Klebsiella species, Proteus species, Pseudomonas species),
and viridans species of streptococci other than Streptococcus milleri. Additional
isolates from the control group included Escherichia coli (two girls), Streptococcus
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TABLE 3-2. Aerobic bacteria and yeasts recovered from vaginal cultures of
52 girls without genitourinary symptoms or signs

Microorganisms isolated n (%)
Normal flora? 52 (100)
B-Hemolytic streptococci (not group A or B) 2 (4)
Escherichia coli 4 (8)
Group B streptococcus 1(2)
Coagulase-positive staphylococcus 1(2)
Candida tropicalis or “yeast’” 2 (4)

(Source: J. Paradise. Unpublished data; with permission.)

2Includes diphtheroids, a-hemolytic streptococci, and lactobacilli.

bIf fewer than one-third of the colonies in a culture are yeasts, the laboratory did not identify
their species.

pneumoniae (five), Staphylococcus aureus (four), S. milleri (one), and Gardnerella
vaginalis (three). No isolates of Haemophilus influenzae, Streptococcus pyogenes,
or mycoplasmas were identified. However, since 43% of girls among the 108 con-
trols in all age groups were undergoing ear, nose, and throat procedures and 14%
had received antibiotics during the previous month, it is unclear whether the under-
lying diagnosis or antibiotic therapy given to some girls more than a month pre-
viously (percent not specified) may have influenced the flora of the vagina.
Another study of vaginal flora in prepubertal girls (mean age 9 years, range 3
months to 16 years) found that the most common aerobic organisms were S. epi-
dermidis, enterococci, E. coli, lactobacilli, and Streptococcus viridans (11). The
anaerobes included Peptococcus species, Peptostreptococcus species, Veillonella
parvula, Eubacterium species, Propionibacterium species, and Bacteroides species.
Other organisms found in asymptomatic girls included Proteus mirabilis (3.2%),
Pseudomonas species (6.5%), and Candida albicans (3.2%).

Etiology of Vulvovaginitis

The spectrum of diagnoses causing vulvovaginal symptoms is quite broad (see
Table 3-1). “Nonspecific” vulvovaginitis accounts for 25% to 75% of the cases of
vulvovaginitis seen in referral centers (2-7). The pathogenesis and associated alter-
ation in vaginal flora have not been well defined, but the absolute number of colonies
of fecal aerobes or an overpopulation with anaerobes may contribute to the symptoms
of odor and discharge. Gerstner (11) found Candida, Peptococcus, Peptostreptococ-
cus, and Bacteroides species more commonly in girls with vaginal discharge and/or
vulvovaginitis than in asymptomatic girls. The vaginal culture from girls with
vaginitis typically grows normal flora (lactobacilli, diphtheroids, S. epidermidis, or
a-streptococci) or gram-negative enteric organisms (usually E. coli). The significance
of E. coli and other enteric organisms is unclear. Gerstner and colleagues (11) also
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found that 23% of asymptomatic girls had E. coli in the vagina, compared with 36%
of girls with vaginitis. Hammerschlag and co-workers (9) reported that 90% of girls
under 3 years of age had vaginal colonization with E. coli compared to 15% of 3- to
10-year-old asymptomatic girls. In a study in our program, 47% of 3- to 10-year-old
girls with nonspecific vaginitis had E. coli on culture (3). Thus, poor hygiene and
contamination with bowel flora may play a role in the persistence of symptoms. In
addition, pinworms appear to be a major contributor to nonspecific infections in some
populations. In a British study, 32% of girls with vulvovaginitis had pinworms
detected (6). Children susceptible to recurrent vulvovaginitis may have other factors
that promote adherence of bacteria to epithelial cells.

The specific infections that occur in the prepubertal child are typically respiratory,
enteric, or sexually transmitted pathogens. The most common respiratory pathogen
is Streptococcus pyogenes (group A B-hemolytic streptococci), which is isolated
from 7% to 20% of girls with vulvovaginitis (6,7,13-18). Vaginal S. pyogenes
infections may be associated with nasopharyngeal, perianal, or skin infections.
Although throat cultures from 28% to 92% of girls with S. pyogenes vaginitis are
positive, only 25% to 30% have symptoms of pharyngitis (16,18). Specific strains
have been identified in some series (18). Scarlet fever and guttate psoriasis can also
be associated with streptococcal vaginitis. In New Hampshire, perineal S. pyogenes
infections peaked in the late winter and early spring (18). Symptoms may include
pruritus, dysuria, pain, and vaginal or rectal bleeding. The vulva and perianal areas
often have a distinctive bright red (“beefy red”) inflamed appearance.

More rarely, vaginal infection may result from H. influenzae, S. aureus, Branhamella
catarrhalis, S. pneumoniae, and Neisseria meningitidis (2,3,6,19). In most series, H.
influenzae appears to cause infection and not to be part of normal flora (6,20). In the
Pierce and Hart study (6), H. influenzae was the most commonly isolated organism in
girls with vulvovaginitis. S. aureus also appears to cause vaginal infections, and asso-
ciated impetiginous lesions on the vulva and the buttocks are often observed. Shigella
infection can result in amucopurulent, sometimes bloody vaginal discharge. In only one-
fourth of cases, the discharge occurs in association with an episode of diarrhea (21). Be-
tween 70% and 90% of Shigella vaginitis is caused by S. flexneri (22,23). Yersinia en-
terocolitica has also been reported to be associated with vaginitis (24); whether other
enteric pathogens play a role is not known. Although Candida vulvovaginitis is com-
mon in pubertal, estrogenized girls, it is uncommon in prepubertal children unless the
girl has recently finished a course of antibiotics, has diabetes mellitus, is immuno-
suppressed, is still in diapers, or has other risk factors. Candida appears to be present
in the normal flora of 3% to 4% of girls.

Sexually acquired vulvovaginal infections occurring in the prepubertal child in-
clude Neisseria gonorrhoeae, Chlamydia trachomatis, Trichomonas, herpes simplex,
and human papillomavirus (condyloma acuminatum) (these infections are also dis-
cussed in Chapters 14, 15, and 24 ) (25-36). Gonococcal infection in the prepubertal
child usually causes a green purulent vaginal discharge; occasionally the discharge is
mucoid. Confirmatory tests are crucial in prepubertal girls whose vaginal culture ap-
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pears to be positive for N. gonorrhoeae. Gonococcal vaginal infections in prepuber-
tal girls are typically identified by culturing samples from girls presenting with vagi-
nal discharge, not by culturing asymptomatic victims of sexual abuse (31) (see Chap-
ter 24). The prevalence of N. gonorrhoeae in girls with vaginitis varies from 0% to
26%. Siblings of individuals with known gonococcal infections are also at risk of in-
fection and should be cultured (34). The perpetrator is often a family member who is
identified only by culturing samples taken from the entire family. All children with V.
gonorrhoeae vaginitis should be reported to child protection agencies (25-27,35).

Chlamydia trachomatis may be acquired from sexual contact or from perinatal ma-
ternal infant transmission (28,29,37-40). Schachter and associates (37) found that 14%
of infants born to Chlamydia-positive mothers had vaginal/rectal colonization; none of
these infants still had positive cultures at 12 months of age. Bell and colleagues (38)
reported that among 120 infants born vaginally to infected women, 22% had positive
cultures from the conjunctiva and 25% from the pharynx in the first month of life. Pos-
itive rectal and vaginal cultures were obtained during the third and fourth months of
life. In a study of 22 infants in Seattle, positive rectal and vaginal cultures were not
seen beyond 383 and 372 days, respectively, but positive cultures from the nasophar-
ynx, oropharynx, and conjunctiva persisted up to 866 days (40). Ocular infection may
persist for 3 to 6 years (33). However, because the majority of girls will have been
treated for other infections by the age of 2 or 3 years with antibiotics to which Chlamy-
dia is sensitive (e.g., erythromycin, azithromycin), persistence becomes an unlikely
explanation in most girls. Girls over age 2 to 3 are thus likely to have acquired a
Chlamydia infection from sexual contact. In a study of sexually abused and control
girls, Ingram and associates (28) reported that 10 of 124 sexually abused girls and 0
of 90 control girls had a positive introital culture for C. trachomatis. In a subsequent
study of 1,538 children evaluated for possible sexual abuse, Ingram found Chlamydia
infections in 1.2% (35). As in adolescents, C. trachomatis can occur as a coexisting
infection in girls with N. gonorrhoeae (41).

How frequently C. trachomatis is responsible for signs of vaginitis is a subject
of controversy. In a study of 622 girls under 12 years of age who were evaluated
for sexual abuse or who had a sexually transmitted disease, six girls had
Chlamydia without gonorrhea and only one had a discharge on examination
(although four gave a history of discharge) (31). Ingram et al. (35) found that
only 6 of 17 girls with positive Chlamydia cultures had a vaginal discharge at
presentation or a history of vaginal discharge in the previous 6 months. Culture
tests should be used in the diagnosis of prepubertal infections, since false-positive
results can occur with some nonculture tests (42—45). If culture is not available,
some research has indicated that nucleic acid amplification tests (NAATS) can
be used if another NAAT that targets a different sequence can be performed if
the first NAAT test is positive (42,43).

Herpes simplex type 1 (oral-labial herpes) can cause lesions in the mouth and vulva
of young girls, with the vulvar infection occurring through self-inoculation. Both types
1 and 2 can be acquired by sexual abuse, although type 2 is more likely to be acquired



88 VULVOVAGINAL PROBLEMS IN THE PREPUBERTAL CHILD

FIG. 3-1. Human papillomavirus infections
in prepubertal girls: (A) perianal condylo-
mata and (B) hymenal condyloma.

by sexual contact. In a study of six cases of genital herpes (five type 1 and one type 2),
Kaplan and colleagues (46) reported that infection resulted from sexual abuse in four
of six patients. Recurrent lesions may occur with either type of herpes but are more
likely with type 2. Varicella-zoster infections in the genital area have been confused
with herpes simplex (47). Condylomata acuminata (venereal warts) are caused by hu-
man papillomavirus, usually HPV subtypes 6 or type 11, and can occur in the genital
and perianal area (Fig. 3-1) (see also Chapters 17 and 24 and Color Plate 14).
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Trichomonas vaginalis can be transmitted from the mother to the child at birth
and rarely can cause urethritis and vaginitis, which usually resolves spontaneously
with the waning of estrogen levels. Occasionally, persistent symptoms require
treatment (36). This pathogen is rarely seen in the prepubertal child because the
unestrogenized vagina is relatively resistant to infection. It occurs primarily in the
sexually active teenager (see Chapter 14). Although Trichomonas can theoretically
be spread by wet towels and washcloths, it is primarily a sexually transmitted
infection.

The role of G. vaginalis in causing vaginitis in the child has been controversial
(10,48,49). Bartley and co-workers (48) found that the isolation of G. vaginalis
from the vaginas of prepubertal girls appeared to be more likely in sexually abused
girls (14.6%) than in control subjects (4.2%) or in patients with genitourinary com-
plaints (4.2%). However, they did not find any association of this organism with
vaginal erythema or discharge. In contrast, Ingram and associates (49) found
G. vaginalis in the vaginal cultures of 5.3% of 191 sexually abused girls, 4.9% of
144 girls evaluated for possible sexual abuse, and 6.4% of control girls (daughters
of friends of the authors). The isolated finding of G. vaginalis on vaginal culture
should not be confused with a diagnosis of bacterial vaginosis. Bacterial vaginosis
is characterized by an alteration of the bacterial flora with the presence of increased
concentrations of G. vaginalis and anaerobes and in adolescents is characterized
by a high vaginal pH and clue cells (see Chapter 14). Bacterial vaginosis has been
rarely reported in girls who presented with vaginal odor after an episode of rape;
the diagnosis was made by the observation of clue cells on microscopic examina-
tion of the discharge and the presence of a characteristic amine (fishy) odor on the
“whiff” test (see p. 38).

Other causes of vulvovaginal complaints include vaginal foreign bodies; vagi-
nal and cervical polyps and tumors; cavernous lymphangioma; urethral prolapse;
systemic illnesses such as measles, chickenpox (47), scarlet fever, mononucleo-
sis, Crohn disease, Kawasaki disease (50), or histiocytosis; anomalies such as
double vagina with a fistula, pelvic abscess or fistula, or ectopic ureter; and vul-
var skin diseases such as seborrhea, psoriasis (Fig. 3-2), atopic dermatitis (Fig.
3-3), lichen sclerosus, scabies, contact dermatitis, impetigo, or autoimmune bul-
lous diseases (9) (see Table 3-1, Color Plates, and Chapter 14). Zinc deficiency
from insufficient intake (51), urinary loss, or malabsorption (acrodermatitis
enteropathica) can result in vulvar dermatitis. Seborrheic dermatitis is associated
with seborrhea in other parts of the body; fissures within the folds of the labia
can lead to bleeding. Both psoriasis and seborrheic dermatitis can become sec-
ondarily infected. Psoriasis in the groin may also be mistaken for diaper der-
matitis. Atopic dermatitis usually occurs in other parts of the body as well as the
vulva; vulvar lesions are pruritic, dry, papular, scaly patches. Bullous pemphigoid
occasionally occurs in young children with recurrent ulcers and erosions; two
girls with symmetric ulcers responded to fluocinonide 0.05% cream (52). Chronic
bullous disease of childhood is rare and is associated with pruritic and burning
vesicles and bullae in the genitals, face, trunk, and extremities. Vesicular lesions
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FIG. 3-2. Psoriasis in two girls, (A) mons and (B) vulva (note erythema of labia). (Photo cour-
tesy of Jonathan Trager, M.D.)

FIG. 3-3. Atopic dermatitis in a 10 year old. (Photo courtesy of Jonathan Trager, M.D.)
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in the perineum secondary to nickel allergy from an enuresis alarm has also been
reported (53). Histiocytosis can present with firm, yellow, and often purpuric
papules in the vulvar area and also has been associated with a persistent 2-cm
X 2-cm labial ulcer (54). Epstein-Barr virus infection has been associated with
labial ulcers in children (55); we have identified a number of early pubescent
girls and adolescents with vulvar ulcers who were found on further evaluation to
have mononucleosis (see Color Plate 26). Crohn disease may present with painful
asymmetric swelling of the labia, perineal induration (56), and ulcers. Gelatin-
like beads from superabsorbent disposable diapers can simulate vaginal discharge
(57).

An ectopic ureter may cause daytime wetness, sometimes in quite minimal
amounts (see Chapter 13); occasionally ectopic ureters can present in late child-
hood or adolescence with purulent discharge and without enuresis (58). If the
kidney is infected, purulent perineal discharge will result, and the initial diag-
nosis may be vaginal discharge. The ectopic ureter usually empties on the per-
ineum adjacent to the normal urethra, but it may also open into the vagina,
cervix, uterus, or urethra. The clinician should look for a small drop of urine
(or pus) adjacent to the urethra after the child drinks a large amount of a bev-
erage, especially one containing caffeine. Ultrasonography of the kidneys will
suggest the anomaly in most cases with obstruction and a purulent discharge.
An intravenous pyelogram (IVP) is particularly helpful as an initial test if day-
time “dampness” or dribbling (not purulent discharge) is the presenting com-
plaint. Even if the double collecting system cannot be visualized because of
poor function in the upper pole, the contour of the kidney is likely to provide
the key to diagnosis. It should be noted that there have been at least five cases
of clear cell cancer of the vagina in adolescents who have had an ectopic ureter
into the vagina from a dysplastic kidney (59,60). We at Children’s Hospital
Boston thus promote every-other-year exam under anesthesia and Pap tests for
children and biyearly vaginal exams and yearly vaginal Pap tests in adolescents
with this condition.

Edema of the clitoral hood and labia may occur because of hypoproteinemia,
chronic sitting without the ability to move position, inflammation/infection, and
obstruction of lymphatic or venous return. Adherence of the clitoral hood, proba-
bly secondary to poor hygiene, can cause clitoral pain and itching. Occasionally,
children have vaginal or vulvar complaints of itching, tingling, or tickling, some-
times associated with posturing, scissoring, and masturbation. The behavioral
changes can precipitate great concern in parents. Psychosomatic complaints may
also occur in the absence of any definable signs of vulvovaginal change. In a study
of 44 premenarcheal girls presenting with vulvar itching, Paek and colleagues
reported that 33 (75%) had no specific cause (negative cultures and no skin dis-
ease); five (11%) lichen sclerosus, four (9%) bacterial infection, one (2%) yeast,
and one (2%) pinworms (8). At a 2- to 3-year follow-up, symptoms had cleared
in 15, were improved in 13, and were unchanged in four.
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True vulvovaginitis should not be confused with physiologic pubertal discharge.
Newborns and pubescent girls often have copious secretions from the effect of
estrogen on the vaginal mucosa. In newborns, maternal estrogen is primarily
responsible for the discharge, which typically disappears within a few weeks after
birth.

Obtaining the History

In most cases of vulvovaginitis, the parent brings the child to the clinician with
a complaint of discharge, dysuria, pruritus, or redness. A complete history is
obtained before the examination; a questionnaire may speed the process so that the
child does not become fidgety or nervous before the examination. The clinician
should elicit information on the quantity, duration, odor, and type of discharge
(clear, yellow, green, bloody, etc); perineal hygiene; recent use of medications or
bubble baths or harsh soaps; symptoms of anal pruritus (associated with pinworm
infection); enuresis; history of atopic dermatitis or allergies; and recent infections
in the patient or family. A history of recent infections is important because, for
example, group A B-hemolytic streptococcal (S. pyogenes) vaginitis, perianal cel-
lulitis, or, rarely, proctocolitis may follow a streptococcal upper respiratory or skin
infection in the child or other family members. Girls with recurrent viral URIs also
seem to be susceptible to recurrent vaginitis. Overvigorous cleansing of the vulva
in a girl with mild vaginal symptoms or odor can lead to significant vulvitis. Ques-
tions about caretakers that may give a clue to sexual abuse should be asked. The
parent should be asked about behavioral changes, nightmares, fears, abdominal
pain, headaches, and enuresis, all of which may suggest the possibility of abuse or
other stressors. The vaginal discharge may be copious and purulent, or it may be
thin and mucoid.

The child should be included in the history taking by being asked about her
symptoms, frequency and amount of discharge, bathing, use of soaps, type of cloth-
ing (for example, tights, leotards, blue jeans), and perineal hygiene. She can be
asked to demonstrate her motion of wiping and whether she has ever placed
anything within her vagina. A child’s scratching because of vulvar pruritus may
cause conflict between parent and child. Compulsive masturbation may also cause
vulvar irritation and erythema and guilty feelings for the child and parents. A cycle
of itching and scratching may have started with a vaginal infection and then
persisted with resultant chronic vulvitis. The child should be asked about the
possibility that someone has touched her in the vaginal area.

The history may give a clue to the diagnosis. For example, a foul-smelling dis-
charge may result from a foreign body (usually toilet paper), a necrotic tumor
(rare), or vaginitis. Both Shigella and group A B-streptococcal infections can cause
bleeding. An odorless, bloody discharge may result from vulvar irritation (from
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scratching), trauma (from playground equipment, bicycle, or sexual abuse), gran-
ulation tissue from prior trauma, precocious puberty, a foreign body, vaginitis,
condylomata acuminata, or, rarely, a tumor (adenocarcinoma, sarcoma botryoides)
(22,61). A greenish discharge is usually associated with a specific cause of the
vaginitis, such as group A 3-streptococci, N. gonorrhoeae, H. influenzae, S. aureus,
Shigella, or a foreign body. Itching and redness are usually nonspecific signs of
irritation. However, a history of pruritus and “blood blisters” suggests lichen scle-
rosus (p.100). In our experience (3), a short duration of symptoms (<1 month) is
associated more often with specific diagnoses, perhaps because the parent notices
an abrupt change in the vulvovaginal area. Girls with nonspecific vaginitis often
have symptoms that have lasted for months or, in some cases, for years before clin-
ical presentation. The discharge on the underwear may appear white or yellow.
Nonetheless, even a long history of symptoms calls for a careful assessment and
examination.

Physical Examination

For children with symptoms of vulvitis, a brief history and external genital
examination in the office and instructions to the parent on improved hygiene,
avoidance of irritants, and/or treatment of pinworms are all that are needed. A sim-
ilar approach is appropriate for many little girls with vulvitis and minimal vaginal
discharge. The only findings on external examination are usually a scanty mucoid
discharge and an erythematous introitus. Small vulvar papillomatosis should not
be mistaken for condylomata acuminata. The cause is usually poor perineal
hygiene, which results in infection with mixed bacterial flora. Cultures are unnec-
essary if the condition responds promptly to improved hygiene.

Any child with persistent, purulent, or recurrent vaginal discharge deserves a
thorough gynecologic assessment. The physical examination of the prepubertal
child is described in Chapter 1. It is important to ask the child to point to the
area of discomfort since it may be clitoral rather than vaginal pain. To diagnose
the vaginal complaints, the physician should undertake a stepwise approach: (a)
do a general physical examination; (b) inspect the perineum, vulva, and vaginal
introitus with the patient supine; (c) visualize the vagina and cervix with the
patient in the knee—chest position; (d) obtain specimens for wet preparations and
cultures; and (e) if indicated, do a rectoabdominal examination with the patient
supine, knees apart, and feet together or in stirrups. Providing a mirror for the
child, asking her to assist in the examination, or encouraging the parent to engage
in conversation with the child can help her relax. A visible discharge at the time
of the examination increases the likelihood that the vaginal culture will be pos-
itive for a specific pathogen (2). If the knee—chest position does not allow ade-
quate visualization and the symptoms are significant or persistent, an examina-
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tion with sedation or under anesthesia is usually the next step for complete
assessment (see Chapter 1). Some clinicians have experience with using a hys-
teroscope, cystoscope, or flexible endoscope in the cooperative child in the
office. Anesthetic ointment is usually applied to the vulva prior to insertion, after
cultures have been obtained. It should be remembered that although visualiza-
tion of the vagina and cervix is optimal and usually easily performed, this part
of the examination can be deferred if mild symptoms of vulvovaginitis improve
in 2 to 3 weeks of good perineal hygiene. The rectal examination is usually
reserved for girls who have persistent discharge, bleeding, or pelvic/abdominal
pain. During a rectal examination, the clinician may be able to express discharge
from the vagina not previously seen, palpate hard foreign bodies, or detect an
abnormal mass.

Laboratory Tests

If the vaginal discharge is persistent or purulent at the initial office visit, cul-
tures and, if possible, wet preparations should be done. A nasopharyngeal Cal-
giswab moistened with nonbacteriostatic saline, a soft plastic eyedropper, a glass
eyedropper with plastic tubing attached, a small feeding tube, or a small urethral
catheter attached to a syringe can be gently inserted through the hymenal opening
to aspirate secretions or a vaginal wash sample (see Chapter 1). If a small saline-
moistened Calgiswab is used, care should be taken to place it into the vagina with-
out touching the edges of the hymen. The three samples (one with a Dacron male
urethral swab if a sample for vaginal Chlamydia culture is desired) can be quickly
obtained and directly plated or sent for culture. Alternatively, a small amount
of saline can be squirted into the vagina with an Angiocath (no needle) and three
swabs held right outside the vagina and the child asked to cough hard to expel the
solution.

A culture for N. gonorrhoeae is typically done on modified Thayer—Mar-
tin—Jembec medium at the time of the examination. Cultures for other organisms
are done by sending the small Calgiswab, a moistened cotton-tipped applicator
(used only if easily inserted without discomfort), or a small amount of aspirated
secretions to the bacteriology laboratory for plating on genitourinary media
(blood, MacConkey, and chocolate media). The swab can be kept moist in a Cul-
turette II transport tube during transport to the laboratory. Samples for Chlamy-
dia culture are generally obtained from girls with persistent symptoms and those
with a history of sexual abuse. For suspected Candida infection, a sample of the
discharge is plated directly onto Biggy agar slant; this culture is incubated in the
office and observed for the growth of brown colonies 3 to 7 days later. Patients
with vulvar or anal pruritus can be screened for pinworm infestation. Material is
obtained in the morning by pressing the sticky side of a piece of cellophane tape
against the perineal area. The tape is affixed to a slide and examined under the
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FIG. 3-4. Pinworm eggs (Enterobius
vermicularis).

microscope for the characteristic eggs (Fig. 3-4). The parent should also check
the child’s anus late at night (with a flashlight) for adult pinworms. Radiogra-
phy of the pelvis in a search for foreign bodies should be avoided, since most
foreign bodies are not radiopaque, and usually cannot be identified even on ultra-
sound evaluation.

Treatment

As noted in the section on etiology, no specific cause is found in a substantial
portion of prepubertal girls with vulvovaginal symptoms, so-called nonspecific vul-
vovaginitis. The culture may grow gram-negative enteric organisms such as E. coli
or normal flora. Treatment of nonspecific vulvovaginitis should focus on improved
hygiene (white cotton underpants or cotton crotch, front-to-back wiping, loose-
fitting skirts, no nylon tights or tight blue jeans, avoidance of prolonged sitting in
nylon bathing suits), hand washing, and sitz baths. The child should be asked to
urinate with her knees spread apart so the labia are separated and urinary reflux
into the vagina is minimized. The vulvar skin of the prepubertal child is extremely
sensitive to drying, chapping, and irritants, including heat, medications, and soaps.
The clinician should keep in mind, however, the many causes of vulvar disease
noted above.
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The child should be instructed to sit in a tub of clear, warm (not hot) water for
10 to 15 minutes once or twice daily. At the end of that time, she should be washed
with a bland soap (such as Basis, unscented Dove, Lowila, Oilatum, Aveeno, or
Neutrogena), with little or preferably no soap being applied to the vulva. The vulva
should not be scrubbed. Hair should be shampooed over a sink or in the shower,
rather than in the bathtub while the child is bathing. If neither is possible, the
shampooing should occur at the end of the bath and the child rinsed in clear water.
A handheld sprayer is helpful. If the child is not afraid of showers, the optimal
course is for her to soak for 10 to 15 minutes in several inches of clean water in
the tub and then stand up to wash her body in the shower. Some clinicians prefer
cleaning the perineum gently with cotton pledgets and Cetaphil cleanser. Bubble
bath crystals and solutions should not be used, since the irritant soap may exacer-
bate the symptoms. After a bath, the child should pat her vulva dry or air dry it
with her legs spread apart; a hair dryer on cool setting for 10 to 15 seconds can aid
drying. Sleeper pajamas should not be used if possible, since the associated heat
and poor air circulation frequently cause maceration of the vulva. Underwear
should be washed in a mild detergent (no color, no added scents) and double-rinsed
in clear water, and no rinse or dryer additives should be used.

A small amount of A and D ointment, Vaseline, Desitin, or Theraplex emollient
can be used to protect the vulvar skin. Loose-fitting clothes such as skirts and knee
socks or loose pants or shorts should be worn during the daytime. During the sum-
mer, the girl should not spend long periods of time in a wet swimsuit; a change
to a pair of shorts or a dry suit should be suggested. Some girls have persistent
vaginal discharge despite enhanced hygienic and other measures. Generally, if a
discharge persists more than 2 or 3 weeks after such measures have been under-
taken, the possibility of pinworms should be excluded or, in the girl with perianal
or vulvar itching, empirically treated with mebendazole. A trial of oral antibiotics,
such as amoxicillin, amoxicillin/clavulanate, or a cephalosporin, may be given for
10 days. Other clinicians have used topical mupirocin or gentamicin ointment or
oral or topical metronidazole or clindamycin. Neomycin containing preparations
should be avoided because of the risk of sensitization.

Some children have persistent or frequently recurring symptoms even though a
specific cause has been excluded. A variety of measures have been advocated, but
none have been studied in clinical trials. We often prescribe a 1-month course of
a small dose of an antibiotic at bedtime or even 3 nights a week, similar to the
regimen used for suppression of urinary tract infections. Occasionally, estrogen-
containing creams (e.g., Premarin cream) can be used to thicken the epithelium,
making it more resistant to infection; the cream is applied to the vulva but should
be used only briefly (2 to 3 weeks at a time). This cream can also be applied for
a brief course to the periclitoral area if erythema and adhesions from a previous
inflammation appear to cause sensations of pulling and tingling. The parent should
not be given a refillable prescription, since systemic absorption of estrogen does
occur. Hygiene needs to be emphasized to all these gitls, since the prescription of
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medication sometimes suggests to parents and child that the other measures can be
discontinued. Intravaginal medications are rarely indicated and may be difficult for
the parent and child to administer. In some unusually persistent cases, irrigation of
the vagina with a 1% povidone—iodine solution, using a syringe and a small infant
feeding tube or urethral catheter, may be helpful.

Nonspecific vaginitis often recurs when the child develops an upper respiratory
infection or has poor hygiene. Obese girls with inadequate hygiene are particularly
prone to recurrences. Other causes of recurrent discharge, though rare, need to be
considered, including pelvic abscess and ectopic ureter. Thus, the child with recur-
rent vaginitis often needs a careful reexamination and a search for a foreign body
or an ectopic ureter. Other tests, such as pelvic ultrasonography, IVP, vaginoscopy,
or cystoscopy, may be necessary to establish the more unusual diagnosis. Recur-
rence of vaginitis may become a source of considerable anxiety for the parent, who
may express fear that the child’s future reproductive capacity will be harmed. In
particular, the mother may have concerns about whether her own gynecologic prob-
lems of recurrent vaginitis, pelvic infection, or abnormal bleeding are hereditary
or are related to the child’s symptoms. The clinician can offer important reassur-
ance by performing an adequate physical examination, obtaining vaginal cultures,
and outlining a treatment plan.

Some girls without vaginal discharge have recurrent episodes of vulvar irrita-
tion, dysuria, and pain (transient vulvitis). Symptoms usually last for 12 to 24 hours
and respond to tepid sitz baths and one or two applications of hydrocortisone cream
1% to 2.5% or lidocaine gel, and/or an oral antihistamine at bedtime. These
episodes of vaginal pain often occur in the middle of the night and may be trig-
gered by irritants or a long period of time in tights, leotards, or sleeper pajamas.

Specific causes of vulvovaginitis are listed in Table 3-1, and treatment is
outlined in Table 3-3. The treatment of group A B-streptococci (S. pyogenes) is oral
penicillin. Perianal streptococcal infection may occur with a vaginal infection or
alone and may require a longer treatment course of 14 to 21 days if symptoms recur.
Impetiginous lesions of the buttocks or vulva can be treated topically with
mupirocin ointment or systemic oral antibiotics. Recurrences of folliculitis may be
prevented by using chlorhexidine (Hibiclens) to wash in the shower, and
eradication of nasal carriage of Staphylococcus with mupirocin. H. influenzae and
S. aureus can be treated effectively with any of several antibiotics, although symp-
toms do not always clear up even when the organism has been eradicated. With in-
creasing methicillin resistant S. aureus (MRSA) in the community, antibiotic
choices may be limited. S. pneumoniae is increasingly resistant to penicillin, and
alternative therapy may be necessary if the symptoms do not resolve and the or-
ganism is resistant. Prolonged symptoms have been reported with Shigella vulvo-
vaginitis despite multiple antibiotics; a 14-day course of ciprofloxacin was suc-
cessful in one case report (62). The finding of N. gonorrhoeae should prompt careful
evaluation for sexual abuse and mandated reporting. The girl should be examined for
C. trachomatis as a coinfection and given appropriate treatment to cover both in-
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TABLE 3-3. Treatment of specific vulvovaginal infections in the prepubertal child

Etiology Treatment
Streptococcus pyogenes Penicillin V potassium 250 mg b.i.d—t.i.d.
PO x 10d
Haemophilus influenzae Amoxicillin 40 mg/kg/d X 7 d

Alternate: amoxicillin/clavulanate, cefuroxime axetil,
trimethoprim-sulfamethoxazole, erythromycin-
sulfamethaxazole

Staphylococcus aureus Cephalexin 25-50 mg/kg/d PO X 7-10 d

Dicloxacillin 25 mg/kg/d PO X 7-10 d

Amoxicillin-clavulanate 20-40 mg/kg/d (of the
amoxicillin) PO X 7-10 d

Cefuroxime axetil suspension 30 mg/kg/d divided
b.i.d. (max 1 g) X 10 d (tablets: 250 mg b.i.d.)

Streptococcus pneumoniae Penicillin, amoxicillin, erythromycin, trimethoprim-
sulfamethoxazole, clarithromycin
Shigella Trimethoprim/sulfamethoxazole or ampicillin X 5 d
For resistant organisms: ceftriaxone
Chlamydia trachomatis =45 kg Erythromycin 50 mg/kg/d (4%/d) X 14 d

=45 kg, <8 yr: Azithromycin 1 g PO
=8 yr Azithromycin 1 g PO
OR doxycycline 100 mg b.i.d. PO X 7 d
Neisseria gonorrhoeae <45 kg Ceftriaxone 125 mg |.M.
(alternate: Spectinomycin 40 mg/kg
(max 2 g) I.M. once
PLUS
If Chlamydiia infection not ruled out
Rx for chlamydia as above.
=45 kg: treated with adult regimens

Candida Topical nystatin, miconazole, clotrimazole, or
terconazole cream; fluconazole orally

Trichomonas Metronidazole 15 mg/kg/d given t.i.d. (max 250 mg
tid) X 7d

Pinworms (Enterobius vermicularis) Mebendazole (Vermox), 1 chewable 100-mg tablet,

repeated in 2 wk

fections (see Chapter 15). Since sexual abuse often involves genital fondling, oral
seXx, or vulvar coitus rather than vaginal penetration in young girls, normal findings
on examination of the girl with N. gonorrhoeae or C. trachomatis should not be
taken as evidence against sexual abuse (see Chapter 24). A history of prior antibi-
otic therapy that would have been expected to eradicate Chlamydia transmitted at
birth can help establish the likely timing of acquisition.

In contrast to the frequent occurrence of Candida vaginitis in the estrogenized
pubertal girl, the presence of this infection in the toilet-trained prepubertal girl who
has not recently taken systemic antibiotics should prompt laboratory tests to
exclude diabetes mellitus. Topical antifungal creams for the external genitalia are
often successful, and if not, oral fluconazole is an effective, easy to administer
alternative. For tinea cruris and other dermatophyte infections, topical preparations
of terbinafine or naftifine are indicated.
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Pinworms (Enterobius vermicularis) always need to be kept in mind as a specific
cause of recurrent nonspecific vaginitis and are easily treated with oral medication.
Mebendazole is not recommended for children under the age of 2 years. Family
members may also need to be treated. Occasionally, other helminthic infections
require treatment.

A purulent and/or bloody discharge is often the presenting complaint in a girl
with a vaginal foreign body, most commonly toilet paper. The child should be
questioned alone to determine whether another child or an adult placed the object
in her vagina, since sexual abuse may be involved. If the child herself repeatedly
places objects in her vagina, a psychosocial assessment is important. Toilet paper
in the bathroom can be replaced with witch hazel pads (Tucks) to prevent acci-
dental or purposeful shredding of toilet paper (see page 108 for removal).

Summary of Therapy for Nonspecific Vulvovaginitis
General Measures

1. Good perineal hygiene (including wiping from front to back after bowel
movements).

2. Frequent changes of white cotton underpants to absorb discharge.

3. Avoidance of bubble baths, harsh soaps, and shampooing hair in the bathtub.

4. Loose-fitting skirts; no nylon tights or tight blue jeans. Sleep in loose cloth-
ing at night.

5. Sitz baths one to three times daily with plain warm water. The vulva should
be gently washed (no soap) using soaking alone if possible. If soap is needed,
only a mild, nonscented soap (Basis, unscented Dove, Lowila, Oilatum,
Aveeno, or Neutrogena) should be applied. The bath should be followed by
careful drying (patting, not rubbing). The child should then lie with her legs
spread apart for approximately 10 minutes to complete the drying, or a hair
dryer used on the cool or low setting for 10 to 15 seconds. Cetaphil Gentle
Cleanser can also be used for improving hygiene and removing smegma.

6. Urination with legs spread apart and labia separated (consider having the
child sit “backwards”—facing the toilet—which forces her to separate her
legs).

7. Even after the discharge clears up, daily sitz baths and other hygiene mea-
sures should be continued.

Measures for Nonspecific Pruritus of the Vulva
1. Avoidance of soapy bath water and bubble baths; showers after sitz bath in

clear water.
2. Switching to mild or no soap to vulva.
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3. Application of a low- to mid-potency topical corticosteroid such as
hydrocortisone 2.5% ointment or cream for a short course.

4. A nonsedating antihistamine (such as cetirizine) can be used in the morning
and a sedating antihistamine in the evening. Hydroxyzine hydrochloride,
2 mg/kg per day divided into four doses, or diphenhydramine hydrochloride,
5 mg/kg per day divided into four doses are sedating antihistamines.

Therapy for Severe Allergic Contact Dermatitis of the Vulva

[y

Elimination of the offending agent.

2. Sitz baths every 4 hours (with plain water or with a small amount of Aveeno

colloidal oatmeal or baking soda added). Soap should not be used, and the

vulva should be air dried. Powders should be avoided. Petroleum jelly in a

lotion (e.g., Theraplex emollient) can be helpful.

Prednisone orally in a 14-day tapering course can be prescribed.

4. After the acute phase of 1 to 2 days has passed, if there is no oozing, the sitz
baths can be alternated every 4 hours with painting on a bland solution such
as calamine lotion.

5. Infection should be treated with an oral antibiotic; a topical antibiotic such

as mupirocin ointment may be added for additional antibacterial activity and

for a local soothing effect.

w

Therapy for Persistent Nonspecific Vulvovaginitis

1. Oral antibiotics, such as cephalosporin, amoxicillin, amoxicillin/clavulanate,
or clindamycin for 10 to 14 days; a 1- to 2-month low dose of bedtime
cephalexin, cefuroxime axetil, amoxicillin/clavulanate, or trimethoprim/sul-
famethoxazole may be helpful in the child with many recurrences; or

2. Antibacterial cream or ointment applied locally (mupirocin, gentamicin,
metronidazole, clindamycin); or

3. Estrogen-containing cream (e.g., Premarin cream), applied nightly to the
vulva for 2 weeks and then every other night for 2 weeks; a repeat course
may be necessary.

4. Hygiene must be emphasized. A petrolatum cream can help avoid recurrences
of vulvitis.

LICHEN SCLEROSUS

Lichen sclerosus occurs in prepubertal children, and the diagnosis may be
delayed (63-73). Patients usually complain of itching, irritation, soreness, bleed-
ing, and dysuria. Less commonly, they may have bowel symptoms and a vaginal
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discharge. Some girls have painful defecation, constipation, encopresis, or anal
stenosis (64). The vulva characteristically has white, atrophic, parchment-like skin
and evidence of chronic ulceration, inflammation, and subepithelial hemorrhages.
As the disease progresses, there is loss of normal vulvar architecture: loss of the
demarcation of the labia, scarring of the clitoral hood, and thickening of the pos-
terior fourchette. Bleeding without a history of trauma has often caused suspicions
of sexual abuse. The friction involved with physical and sports activities can pro-
duce bleeding. Often, the involvement of the perianal area along with the labia
may give the affected area an hourglass (or so-called figure-of-eight) configura-
tion. Secondary infection may occur. The condition should be distinguished from
vitiligo, which causes loss of pigmentation but not inflammation or atrophy. The
occurrence of vulvar lichen sclerosus in monozygotic twin girls and in other fam-
ily members suggests that genetic factors play a role (63). In addition, some girls
have other autoimmune diseases such as vitiligo, thyroid disease, and alopecia
areata as well as autoantibodies.

The diagnosis of lichen sclerosus is made clinically and rarely, if necessary,
by examining a biopsy specimen (Fig. 3-5; see also Color Plates 2 to 4). Since
the etiology is unknown, the best form of therapy is controversial. A graded
approach based on the symptoms and clinical appearance seems best. For mild
cases, treatment is aimed at elimination of local irritants and improved hygiene.

FIG. 3-5. Vulva of girl with lichen sclerosus.
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Soaps should be used only minimally in the vulvar area; the child should be encour-
aged to wear cotton underpants and loose-fitting pants or skirts to minimize local
maceration and irritation. A protective ointment such as A and D ointment or
petroleum jelly in lotion (e.g., Theraplex emollient) is helpful, and a sedating
antihistamine such as oral hydroxyzine hydrochloride is given 1 hour before
bedtime to lessen the child’s nocturnal scratching. Nails should be trimmed. The
child is encouraged to become an active participant by applying the ointment and
avoiding scratching. If this therapy is not adequate, a 1- to 3-month course of a
topical steroid cream or ointment such as hydrocortisone 2.5% can be used with
close followup. If the response is good, the hydrocortisone can be tapered to 1%
for several additional months and then discontinued in favor of scrupulous
hygiene and emollients. If flare-ups occur or symptoms continue, hydrocortisone
cream can be reapplied. Oral antibiotics are prescribed for significant superin-
fections.

For moderate to severe lichen sclerosus, the use of the potent steroid clobetasol
propionate (Temovate) 0.05% cream or ointment or halobetasol propionate (Ultra-
vate) 0.05% ointment has dramatically changed the course and outcome of lichen
sclerosus in girls (69,70,72). The high-potency ointment is typically prescribed to be
applied sparingly twice a day for 2 weeks; after an assessment of the response, the
topical medication is continued for another 2 to 4 weeks or tapered to once a day for
2 weeks, and then once every other day for 2 weeks. Other clinicians have used sim-
ilar high-potency ointments twice daily for 6 to 10 weeks (treating until the disease
is nonvisible and nonsymptomatic), and then tapered or discontinued the medication.
A less potent steroid such as hydrocortisone 2.5% is then prescribed and tapered over
several months. A burning sensation may be reported by patients using the clobeta-
sol gel (especially with some generic preparations); this side effect seems to be less
common with ointments, including halobetasol ointment. Recurrences do occur and
can be retreated with short courses of topical steroids (72,73). Secondary infection
can be treated with oral antibiotics or topical mupirocin combined with the topical
steroid. Close supervision is mandatory to prevent adverse effects from the topical
steroids. Recently, tacrolimus 0.1% ointment has been used successfully in a few pre-
pubertal girls (68); more studies are needed.

Occasionally surgical intervention is needed later because of loss of vulvar
architecture from the lichen sclerosus and adhesions around the clitoris burying it
beneath the scar tissue. If pain occurs from a clitoral entrapment syndrome, a
clitoroplasty can be performed to release the scar tissue and permit expansion of
the clitoris with excitation. If a lysis of scar tissue is performed, Surgicel can be
sewn between the lysed edges to help decrease the chance of re-adherence (74).

In some girls, lichen sclerosus improves with puberty; in many, the symptoms
and signs persist (63—66). Among 15 girls (aged 18 months to 9 years) followed
up for more than 43 months, seven improved, seven showed no change, and one
was worse; there was a trend toward improvement with increasing age (67). Ridley
(66) has questioned whether the absence of active lesions really represents
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disappearance of the condition. The long-term risks of vulvar malignancy in girls
with lichen sclerosus have not been well studied (75). A few anecdotal cases have
been reported in adolescents (66,67), and in one series of 350 females (mean age
56 years, range 1 to 90 years) with lichen sclerosus, 5% developed squamous cell
carcinoma (76).

VAGINAL BLEEDING

Vaginal bleeding in the prepubertal child should always be carefully assessed.
In the neonate, vaginal bleeding that can be significant, with clots, sometimes
occurs in the first week of life secondary to withdrawal from maternal estrogen.
After that, the causes to be considered include vaginitis, lichen sclerosus (Color
Plates 2 to 4 and 22), condyloma (Fig. 3-6 and Color Plate 14); trauma (Color Plates
9 to 13, 15 to 18, 25), foreign body (Fig. 3-7), tumor (Color Plate 8), precocious
puberty, hypothyroidism, hematological disorders, hemangioma (Fig. 3-8), polyp,
and urethral prolapse (Fig. 3-9) (Table 3-4) (77-84). A good history and physical
examination are important to the differential diagnosis. Questions should focus on
onset and duration of the bleeding, history of trauma, pubertal development and
growth, hematuria, rectal bleeding, vaginitis, and sexual abuse. Acceleration of height

FIG. 3-6. Condyloma acuminatum, present-
ing as vaginal bleeding.
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FIG. 3-7. Toilet paper within the vagina,
visualized through an irregular hymenal ori-
fice of a prepubertal girl.

and weight or signs of pubertal development before the age of 7 to 8 years suggest
precocious puberty (see Chapter 5). A history of foreign bodies in the ears or
vagina may implicate another foreign body, which may have been placed by the
child or by an abuser. Patients with thrombocytopenia or bleeding disorders typi-
cally have other signs of bleeding, such as epistaxis, petechiae, or hematomas.
The physical examination should include a general assessment and a careful
gynecologic examination. Trauma, vulvovaginitis, and hemangiomas are usually
evident on inspection. Congestion of the vulva with a dark purplish discoloration
has been noted in girls with prolonged sitting in wheelchairs with western saddle
inserts. A straddle injury typically causes ecchymoses in the vulva and pericli-
toral folds. A laceration of the labia minora and periurethral tissue may be seen
(Color Plates 17 and 18). It is extremely uncommon for a child to have a tear in
the hymen without having suffered a penetrating injury (e.g., from a nail, a
broom handle, a bedpost). Therefore, in the absence of an appropriate history,
sexual abuse should be strongly considered when a hymenal tear is noted

FIG. 3-8. Hemangioma of the vulva.
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FIG. 3-9. Urethral prolapse. A: Schematic drawings (from Nussbaum AR, Lebowitz RL. Inter-
labial masses in little girls: review and imaging recommendations. AJR 1983; 141:65-71; with
permission). B: Photograph (courtesy of Dr. Arnold Colodny, Children’s Hospital Boston).

(77,78,80). Significant vaginal tears, however, can occur with water skiing, water
slides, and other high pressure water injuries with sometimes minor injuries to
the hymen (81,82), and this type of injury frequently necessitates an examina-
tion under anesthesia to assess to extent of the injury.
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TABLE 3-4. Differential diagnosis of vaginal bleeding in the prepubertal girl

Trauma
Accidental
Sexual abuse
Vulvovaginitis
Irritation, pinworms
Nonspecific vulvovaginitis
S. pyogenes, Shigella
Endocrine abnormalities
Newborn bleeding due to maternal estrogen withdrawal
Isosexual precocious puberty
Pseudoprecocious puberty
Precocious menarche
Exogenous hormone preparations
Hypothyroidism
Dermatoses
Lichen sclerosus
Condyloma acuminatum (HPV)
Foreign body
Urethral prolapse
Bleeding disorders
Hemangioma
Tumor
Benign
Malignant

Evaluation and Treatment of Bleeding Resulting from Trauma

Evaluating the girl with active bleeding from the vulva following trauma can be
challenging. Some suggestions for examining the child are to wipe 2% lidocaine
jelly over the cut, place warm water in a syringe to irrigate the tissue gently, and/or
irrigate using IV tubing and solution. The child can also assist by holding cool
compresses with strong pressure. As noted in Fig. 3-10, the irrigation allows blood
that may have collected in the vagina from a labial laceration to be washed out
and the source of bleeding to be identified. If the bleeding is from an abrasion and
it is oozing, it can often be treated with ice and compression. If the oozing
continues, then Gelfoam or Surgicel can be applied.

If a laceration exists, and sutures are necessary for repair, most emergency wards
have a protocol for anesthesia (conscious sedation). Lidocaine 1% to 2% can then
be injected locally with a 25-gauge needle and the repair done with no. 4 chromic
or Vicryl interrupted sutures. If cooperation is not possible and an intravaginal tear
or a periurethral laceration is noted, an examination and repair may need to be
performed while the child is under general anesthesia. Straddle injuries may cause
deep lacerations in the periurethral tissue; repair may require the placement of a
Foley catheter and meticulous suturing. Significant penetrating injuries may have
occurred to the upper vagina without obvious symptoms or signs other than a
hymenal tear at presentation. Most vulvar injuries heal after repair with little or no
residual scarring or other sequelae.
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FIG. 3-10. Irrigation of the vulva and vagina with saline to identify the source of bleeding.

Injuries to the vulva can also result in large vulvar hematomas (Color Plate 25).
Ice packs should be applied immediately, and if the injury is significant, a Foley
catheter for urinary drainage should be inserted before genital anatomy is distorted
by the swelling. Patients can be managed as “outpatients” with ice, narcotics, a leg
bag for the Foley catheter, and bed rest. Surgical drainage should be avoided in
order to prevent the introduction of infection. The swelling and discoloration may
take several weeks to resolve. Healing is usually complete without residual defect
or long-term adverse effects.

Bleeding Resulting from Nontrauma

Most bleeding in the prepubertal girl occurs not because of major trauma but
because of vulvovaginitis, scratching due to pinworm infection, or a vaginal for-
eign body. Vaginitis caused by group A B-streptococci (S. pyogenes) or Shigella
is especially likely to be accompanied by bleeding. If drops of blood have only
recently been seen on the underwear, it is important to visualize the vagina (e.g.,
with the patient in the knee—chest position) and to obtain specimens for vaginal
culture before anesthesia examination is recommended. If excoriations are noted
around the anus and vulva, a cellophane tape test should be done to search for pin-
worms, or the patient should be treated empirically if pinworms are strongly sus-
pected. Intravaginal foreign bodies are usually wads of toilet paper (see Fig. 3-7),
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but may be pins, paper clips, tampon cartons, beads, marker tips, crayons, or
batteries. An irritative vulvitis with sharp demarcation of redness on the vulva may
occur secondary to the chronic discharge associated with a foreign body. The upper
vaginal mucosa may show a papillary response with small projections of 1 to 2 mm.
A study by Paradise and Willis (61) found that 18% of girls under 13 years with
vaginal bleeding with or without discharge, and 50% of those with vaginal bleeding
and no discharge, had a foreign body. Most girls with a foreign body do not have
a foul-smelling discharge with the bleeding. A tumor is a rare cause of bleeding,
but the possibility of this diagnosis makes adequate assessment of the vagina
important in the child with unexplained bleeding.

Urethral prolapse usually presents with bleeding, often thought by the parent to be
vaginal bleeding (see Fig. 3-9 and discussion under Interlabial masses below). Cyclic
vaginal bleeding without signs of pubertal development, termed “precocious menar-
che” (83,84) is rare and usually associated with slightly elevated estradiol levels (see
Chapter 5). However, complete examination, with the girl under anesthesia if neces-
sary, is essential before vaginal bleeding can be considered an idiopathic or benign dis-
order. Bleeding secondary to vulvitis should respond promptly to local measures.
Vaginitis due to organisms such as S. pyogenes or Shigella requires oral antibiotics.

A foreign body may be removed in the outpatient setting if the patient is
cooperative. Soft foreign bodies can often be easily removed by twirling a dry
cotton-tipped applicator within the vagina with the patient in the lithotomy or
knee—chest position. Gentle irrigation of the vagina with saline or water can usually
be accomplished with the child supine, using a small urethral catheter or infant
feeding tube attached to a 25-ml syringe or an Angiocath attached to a syringe.
Lubricant or lidocaine jelly (or liquid) can be applied to the introitus to aid in
insertion of the small catheter. It may be possible to remove metallic items such
as safety pins with bayonet forceps avoiding the hymenal edges. If the child is
frightened or the foreign body cannot be easily removed, general anesthesia is nec-
essary. Sitz baths for a few days after are generally adequate to clear any residual
symptoms. Therapy for a tumor depends on the extent of the lesion and requires
referral to a tertiary care medical center.

INTERLABIAL MASSES

The causes of interlabial masses include urethral prolapse, paraurethral cyst
(Fig. 3-11), hydro(metro)colpos, rhabdomyosarcoma of the vagina (botryoid
sarcoma) (Color Plate 8), prolapsed ectopic ureterocele (Fig. 3-12), condyloma
acuminatum (see Figs. 3-1 and 3-6 and Chapters 17 and 24), urethral polyp,
congenital perineal lipoma, and vaginal or cervical prolapse (85-91).

Urethral prolapse (Fig. 3-9) usually presents with bleeding, and the characteristic
friable red-blue (doughnut-like) annular mass is visible in the perineum. The vaginal
orifice is sometimes obscured and may be visualized only when the girl is in the
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FIG. 3-11. Paraurethral cyst in a neonate.

FIG. 3-12. Prolapsed ectopic uretero-
cele. Schematic drawings. A: Cross
section of pelvis. B: View from vulva.
(From Nussbaum AR, Lebowitz RL.
Interlabial masses in little girls: review
and imaging recommendations. Am J
Roentgenol 1983;141: 65-71; with per-
mission.) C: Photograph of prolapse.
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knee—chest position. The patient may complain of dysuria, bleeding, and pain that
has occurred after coughing or straining or following trauma. The peak age of
prolapse is 5 to 8 years; for unclear reasons the condition has been reported to
occur more commonly in black girls in the U.S. The youngest case reported was
in a 5-day-old infant (89). Prolapse usually resolves with nonsurgical treatment.
Most centers use sitz baths and application of topical estrogen cream. Resolution
takes 1 to 4 weeks. Prolapse with tissue necrosis requires surgical resection of the
necrotic distal urethra, but surgical intervention is very rarely required.

Paraurethral cysts (Fig. 3-11) may occur in children, especially during the
newborn period, and arise from obstruction or cystic degeneration of embryonic
remnants of the urogenital sinus: paraurethral glands, Skene duct, mesonephric duct
(Gartner duct), or miillerian duct (89). In the newborn, the cysts usually disappear
or spontaneously rupture without requiring any treatment. Before surgery is under-
taken, the possibility of a urologic or gynecologic problem such as urethral diver-
ticulum, ectopic ureterocele, hymenal or vaginal cyst, or obstructed hemivagina
should be excluded by preoperative examination and ultrasonography of the
kidneys and bladder. Intraoperatively, radiopaque dye such as Renografin should
be injected into the cyst and imaged to enable detection of an anomaly.

A prolapsed ectopic ureterocele (Fig. 3-12) is a congenital anomaly that includes
cystic dilatation of the terminal (intramural) part of a ureter; 90% are associated
with a duplex collecting system (89). Hydro(metro)colpos (Fig. 3-13) may present
in the nursery with a bulging imperforate hymen or obstruction from a low vaginal
septum (a midvaginal or high vaginal septum will not usually present with an
interlabial mass). An imperforate hymen is not usually associated with other

FIG. 3-13. Hydrocolpos in a newborn.
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anomalies, but a transverse septum is often associated with genitourinary and
gastrointestinal anomalies (89). Neonatal vaginal prolapse has been reported in a
healthy neonate. The mass was restored to normal position with the examiner’s
small finger, and the mother was trained to reinsert the vagina subsequently; after
6 months there was no further prolapse (90).

Sarcoma botryoides (Color Plate 8) is a malignant tumor that involves the
vagina, uterus, bladder, and urethra of very young girls and is also known as
embryonal rhabdomyosarcoma. The symptoms include vaginal discharge, bleeding,
abdominal pain or mass, or the passage of grape-like lesions. The peak incidence
is in the first 2 years of life, and 90% of cases occur before the child is 5 years
old. The tumor usually originates in the lower vagina or urethra in younger girls.
In those diagnosed when they are older, the growth usually starts on the anterior
vaginal wall near the cervix, and as the tumor grows larger it fills the vagina.
On examination, the tumor appears as a prolapse of grapelike masses through
the urethra or vagina. Growth of the tumor can be rapid. The prognosis has
markedly improved over the past few decades. A combination of chemotherapy
and conservative surgery, along with radiation therapy for some patients, can
result in a survival rate of 80% to 90% in girls with localized pelvic rhab-
domyosarcoma (87,92). In a study of 151 patients with rhabdomyosarcoma of
the female genital tract treated with Intergroup Rhabdomyosarcoma Study (IRS)
protocols I-IV, Arndt and colleagues reported that noninvasive tumors, being 1
to 9 years old at the time of diagnosis, and the use of IRS-II or IRS-IV treat-
ments were associated with better outcomes (92). The 5-year survival rate for
the 1- to 9-year-old girls was 98% (92). In early-stage vulvovaginal rhab-
domyosarcoma, systemic vincristine, actinomycin-D, and cyclophosphamide
(VAC) have resulted in high cure rates and retention of fertility. The prognosis
is poorer in patients with regional or distant spread or recurrences.

CLITORAL LESIONS

The clitoral hood may occasionally develop an infection with intense edema and
erythema. An antibiotic such as dicloxacillin or a cephalosporin with antistaphy-
lococcal efficacy should be given orally, and warm soaks should be applied.
Surgical incision and drainage are necessary if the abscess becomes fluctuant. In
girls with lichen sclerosus, subepithelial hemorrhages may occur around the clitoris
and labia minora, and adhesions and scarring may lead to a “buried” clitoris and
clitoral pain. Trauma may cause an ecchymotic clitoris and clitoral hood. Edema
of the clitoral hood may occur from hypoproteinemia resulting from nephrotic
syndrome or gastrointestinal disease. Hypertrophy of the clitoral hood and clitoris
can be due to neurofibromatosis (93,94), congenital lipoma (95), congenital heman-
giopericytoma (a rare vascular tumor) (96), dermoid cyst (97), or rhabdomyosar-
coma (98). A “clitoral tourniquet syndrome” has been described in which a hair
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had become wrapped around the clitoris, resulting in edema and severe pain
(99). After removal of the hair, the clitoris returned to normal size. Recurrent
episodes have been reported (100). The syndrome is similar to strangulation by
hair of other parts of the body, such as fingers, toes, or the penis. Clitorism, a
persistent painful erection of the clitoris, has been reported in one 11-year-old
with acute nonlymphocytic leukemia and extremely elevated leukocyte count
(196,000/mm?) (101).

LABIAL ADHESIONS

Agglutination of the labia minora, termed labial adhesions or, in the lower half,
vulvar adhesions, occurs primarily in young girls aged 3 months to 6 years
(Fig. 3-14 and Color Plate 5). Labial adhesions are not seen in newborns because
of estrogen effects on the vulva. Occasionally, adhesions occur for the first time
after age 6, and adhesions presenting at any age may persist to the time of puberty.
Vulvar irritation may play a role in causing the formation of the adhesions or the
progression from an initially small posterior adhesion to a near-total fusion. The
vaginal orifice may be completely covered, causing poor drainage of vaginal secre-
tions. Parents often become alarmed because the vagina appears “absent.” It has

FIG. 3-14. Labial/vulvar adhesions with small
opening below the clitoris.
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been suggested (although not proved) that fondling and the irritation from sexual
abuse may predispose the older girl to labial agglutination (102,103).

The diagnosis of labial adhesions is made by visual inspection of the vulva. The
treatment of labial adhesions remains controversial. Spontaneous separation may
occur, particularly with small vulvar adhesions at the posterior fourchette and with
estrogenization at puberty. If the opening in the agglutination is large enough for
good vaginal and urinary drainage, lubrication of the labia with a bland ointment
such as A and D ointment, and gentle separation applied by the mother over sev-
eral weeks, may be helpful. For adhesions that impair vaginal or urinary drainage,
the most effective treatment is the application of an estrogen-containing cream
(104). We prescribe an estrogen-containing cream (e.g., Premarin) twice daily for
3 weeks and then at bedtime for another 2 to 3 weeks. Approximately half of adhe-
sions will resolve in 2 to 3 weeks (105), and therapy can then be changed to A
and D ointment. The other half require a longer course of therapy, as indicated
above. The parent must be shown exactly where the labial adhesion is (“a line”)
and shown how to rub in the cream with gentle separation. The use of a long
cotton-tipped applicator may facilitate correct application of the cream and gentle
separation (the child may appreciate that the cream is “painted on”). Separating
the labia and applying gentle pressure with the applicator in an up and down direc-
tion for 10 strokes may improve the chance of success of the treatment. Most failures
result when the parent applies the cream over the entire vulva without specific
attention to the adhesion or from lack of utilization of enough cream. After sepa-
ration has occurred, the labia should be maintained apart by daily baths, good
hygiene, and the application of a bland ointment (such as A and D ointment) at
bedtime for 6 to 12 months. Forceful separation is contraindicated because it is
traumatic for the child and may cause the adhesions to form again.

In occasional patients, the extensive, dense labial adhesions fail to respond to
estrogen cream, even when proper technique of application of the estrogen
cream is used. This is particularly likely if surgical separation has been previously
used. In the cooperative patient, separation can be accomplished in the office at
the end of the 6-week course of estrogen cream. Approximately 5 minutes after
the application of 5% lidocaine ointment, or 30 minutes after EMLA (a eutectic
mixture of local anesthetics, lidocaine, and prilocaine) application, the physician
can slide a Calgiswab gently along the adhesions thinned by the estrogen cream,
teasing them apart in an anterior-to-posterior direction (Fig. 3-15). It is essential
that this be atraumatic for the child. If this is not easily accomplished or if the
girl has acute urinary retention, separation in an ambulatory surgical setting is
recommended. Estrogen cream should be applied for 1 week after the proce-
dure. Rarely, patients in early adolescence who have had labial adhesions since
early childhood do not have the usual spontaneous separation, despite their own
endogenous estrogen levels and/or topical application of estrogen cream. Our
oldest patient with persistent adhesions was 16 years old and required general
anesthesia for separation.
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FIG. 3-15. Atraumatic separation of a labial adhesion that failed to separate.

MISCELLANEOUS ENTITIES

Four other entities that should be recognized by the physician are labial abscesses,
labial masses, melanoma, and congenital failure of midline fusion. Labial abscesses
(Fig. 3-16) in immunocompetent girls are usually caused by infections with
S. aureus or S. pyogenes. The abscesses are treated with antibiotics, sitz baths, and,
as indicated, incision and drainage. Immunocompromised and diabetic girls can
develop abscesses and life-threatening necrotizing fasciitis. Aggressive shaving of
pubic hair in at-risk patients should be discouraged.

Labial masses can also result from a number of conditions, including a hernia,
embryonic duct remnants, benign tumors such as a lipoma (Fig. 3-17), fibroma,
granular cell tumor, neurofibromatosis, lymphangioma, hamartoma, and heman-
gioma, and rare malignant tumors (106). Lipomas often present with asymmetry
of the labia majora and may initially be mistaken for a hernia. Treatment is obser-
vation or excision. Benign granular cell tumors of the labia are of neural origin
and may recur locally, and thus close follow-up is important (107). Evaluation and
treatment include careful physical examination looking for evidence of hernia or
intersex state, ultrasound and occasionally MRI to better define the nature of the
enlargement, and observation or excision.

Pigmented lesions of the vulva are fairly common. Since these lesions are difficult
for self-monitoring, they often require surgical excision. It is important that the sur-
geon resect the lesion with adequate margins owing to the possible recurrence of
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FIG. 3-16. Labial abscess.

atypia. Melanoma is rare in prepubertal girls. However, there have been several case
reports on vulvar melanoma in this age group, in two cases in association with lichen
sclerosus (108), the significance of which is unknown.

Failure of midline fusion is congenital and may be confused with trauma or
sexual abuse; the child in Color Plate 7 underwent excision of the base of the

FIG. 3-17. Lipoma of labia in an 8-year-old girfl who had had a labial mass for 1 year.
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separation, and suturing of the edges to give a normal vulvar appearance, at the
age of 4 years.
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The Physiology of Puberty

Catherine M. Gordon and Marc R. Laufer

Puberty is the natural life transition from childhood to adulthood. Change can be
stressful, and puberty is no exception. As a young woman proceeds through this
time of change she, her parents, guardians, or teachers may have questions about
what is normal or abnormal. In order to gain the needed information, she may
approach the family pediatrician, gynecologist, or other health care provider. An
understanding of the physiology of puberty and menarche is essential for all health
care providers so that they can dispense accurate information and help dispel myths.
Once normal development is understood, the foundation is set for the diagnosis
and management of precocious puberty (see Chapter 5) and menstrual abnormalities
(see Chapters 6 to 9).

HORMONAL CHANGES AT PUBERTY

Normal female pubertal development requires the elaborate orchestration of
the hypothalamic—pituitary—gonadal axis. The physical signs of puberty in girls are
accelerated growth and the appearance of secondary sex characteristics. Before
signs of puberty are visible, hormonal changes result from activation of the
hypothalamic pituitary axis and the secretion of ovarian sex steroids. The hypotha-
lamus is responsible for the synthesis and release of gonadotropin-releasing hor-
mone (GnRH), historically referred to as luteinizing hormone-releasing hormone
(LHRH) (Fig. 4-1). GnRH is a decapeptide with a serum half-life of 2 to 4 minutes
and is released in a pulsatile fashion into the pituitary portal plexus. Higher corti-
cal centers and the limbic system influence the synthesis and secretion of GnRH.
In addition, neurotransmitters, sex steroids, and gonadal peptides also affect the
synthesis and secretion of GnRH. This hormone binds to surface receptors on
anterior pituitary gonadotrophs, which synthesize and store the glycoprotein
gonadotropins: follicle-stimulating hormone (FSH) and luteinizing hormone (LH).
Pulses of electrical activity have been recorded from the hypothalamus coincident
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FIG. 4-1. Hormones responsible for the onset of puberty. GnRH, gonadotropin-releasing
hormone; FSH, follicle-stimulating hormone; LH, luteinizing hormone. The stimulus for the rise
in adrenal androgens is unclear.

with LH pulses (1). The pulsatile GnRH stimulation results in a pulsatile secretion
of gonadotropins, as was demonstrated in the classic studies comparing pulsatile
versus continuous administration of GnRH to oophorectomized rhesus monkeys
(Fig. 4-2) (2). The pulsatile release of gonadotropins is thus responsible for ovarian
stimulation and the resultant maturation of the germinal epithelium and synthesis
of gonadal steroid hormones.

Sex steroids are produced in the follicles and theca cells of the ovary. In addition,
the ovary produces insulin-like growth factor (IGF), inhibin, activin, follistatin, and
cytokines. These ovarian products exert a feedback effect upon gonadotropin
secretion (Fig. 4-3). The feedback occurs both at the level of the hypothalamus,
modulating the frequency and amplitude of GnRH release, and at the level of the
pituitary, affecting the amount of LH and FSH released in response to GnRH pulses.
Inhibin and activin are structurally similar. Each are disulfide-linked dimers com-
posed of peptide subunits that are encoded by separate genes (3,4). Despite the struc-
tural similarity between these factors, they may function as antagonists, with activin
stimulating and inhibin inhibiting FSH secretion (3,4). Follistatin is structurally
unrelated to inhibin and activin, but acts as a regulator of the activin—inhibin system,
decreasing FSH biosynthesis (3,4). Significant changes in these FSH-regulatory
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FIG. 4-2. Effect of pulsatile administration of luteinizing hormone-releasing hormone (LHRH)
in contrast to continuous infusion of LHRH in adult oophorectomized rhesus monkeys in which
gonadotropin secretion has been abolished by lesions that ablated the medial basal hypotha-
lamic LHRH pulse generator. Note the high concentrations of plasma luteinizing hormone (LH)
and follicle-stimulating hormone (FSH) in monkeys given one LHRH pulse per hour, the sup-
pression of gonadotropin secretion by continuous infusion of LHRH even though the total dose
of LHRH was the same, and the restoration of FSH and LH secretion when the pulsatile mode
of LHRH administration was reinitiated. (From Belcheltz PE, Plant TM, Nakai Y, et al.
Hypophysial responses to continuous and intermittent delivery of hypothalamic gonadotropin
releasing hormone. Science 1978;202:631-633; with permission.)

peptides accompany the onset of puberty (4). Serum inhibin A levels increase in
midpuberty, while levels of inhibin B peak during midpuberty and decline there-
after (4). Serum inhibin B levels correlate positively with age many years before
the clinical onset of puberty, suggesting increasing follicular activity in late
prepuberty (4). During the pubertal period, inhibin B levels increase with breast
development, suggesting high follicular activity before the onset of ovulatory
menses (4). Levels of activin do not appear to vary across pubertal stages or across
gender (4,5). Therefore, this factor does not appear to be involved in the endocrine
modifications of pubertal development (5). Follistatin levels do not appear to
change during puberty but increase with the establishment of regular menses (6).
Ultimately, estrogen from the ovary suppresses gonadotropin secretion by negative
feedback. Although both FSH and LH are released in pulses, LH pulses are
recognizable by minute-to-minute serum measurements, as the half-life of LH is
approximately 30 minutes compared with the 300-minute half-life of FSH.

The hypothalamic—pituitary—ovarian system is remarkably well-developed at the
time of birth. In fact, the hypothalamic portal system is intact by 14 weeks of
gestation. The negative feedback effect of gonadal steroids on the hypothalamus
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FIG. 4-3. Hypothalamic—pituitary—ovarian axis interaction in the regulation of follicular maturation
and steroid biosynthesis. GnRH, gonadotropin-releasing hormone; LH, luteinizing hormone;
FSH, follicle-stimulating hormone; E,, estradiol; A, androstenedione; E4, estrone; I, inhibin;
Ac, activin. The ovary shows the various stages of growth of the follicle and the formation
and regression of the corpus luteum.

and pituitary is apparent by midgestation. The production of gonadotropins and
ovarian sex steroids is important in the stimulation of germ cell division and follic-
ular development. By 5 to 6 months of gestation, 6 to 7 million oocytes are present,
and through the process of atresia, the neonate has approximately 1 to 2 million
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FIG. 4-4. Variations in number of oogonia and oocytes, and fluctuations in levels of hormones
throughout gestational, neonatal, childhood, pubertal, adolescent, and adult life. DHEA,
dehydroepiandrosterone; FSH, follicle-stimulating hormone; HCG, human chorionic gonadotropin;
LH, luteinizing hormone. (Adapted from Speroff L, Glass RH, Kase NG. Clinical gynecologic
endocrinology and infertility, 5th ed. Baltimore: Lippincott Williams & Wilkins, 1994; with
permission.)

oocytes at birth; by puberty only 0.3 to 0.5 million oocytes remain (Fig. 4-4) (3). By
5 days after birth, gonadotropin levels rise sharply to levels considerably higher than
those found in the prepubertal child, probably in response to the fall in placental
estrogen. Transient rises in plasma FSH and estradiol are apparent in female infants,
especially during the first 3 months of life. Thereafter, gonadotropin levels gradually
fall to prepubertal levels, although FSH levels may not be maximally suppressed for
1 to 4 years. Girls have an elevated FSH/LH ratio compared with boys (7).

During the prepubertal childhood years, there is a down-regulation of the
hypothalamic—pituitary system, with reduction of the amplitude and frequency of
GnRH pulses (Fig. 4-5) and a decreased pituitary responsiveness as seen on a
GnRH stimulation test (single 2.5-mg/kg IV dose of native GnRH) (8). Table 4-1
shows the method for GnRH stimulation testing (9). Figure 4-6 shows a prepu-
bertal versus a pubertal serum FSH and LH response to GnRH stimulation testing.
Prepubertal girls often show little LH response to a single dose of GnRH but a
considerable rise in FSH; however, if GnRH is administered in a physiologic manner
over the course of time, the pituitary is then “primed” and capable of a pubertal
response. This inactivity appears to be in response to a central nervous system
signal, with endogenous opiates serving as one of the primary inhibitory influences
over GnRH secretion (10). In prepubertal girls, GnRH pulses continue to persist
at low levels with enhancement during sleep, and the FSH/LH ratio is higher than
in earlier or later stages. Levels of FSH and LH in Turner syndrome, which are
markedly elevated in the neonatal period, are suppressed between the ages of 4 and
10 years, although the mean levels are higher than in normal children of similar
ages. In some agonadal children between the ages of 5 and 11 years, basal levels
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FIG. 4-5. Gonadotropin levels from the age of 6 years to menopause. FSH, follicle-stimulating
hormone; LH, luteinizing hormone.

of LH and FSH, and responses to GnRH are comparable to those in normal
prepubertal children; this similarity precludes a definitive diagnosis of gonadal
failure by hormonal tests alone at this age (11).

The ovary increases in size during the prepubertal years and demonstrates evidence
of active follicular growth and atresia. The vagina, which is approximately 4 cm
long at birth, grows only 0.5 to 1.0 cm during early childhood but increases in
length to 7.0 to 8.5 cm in late childhood. The uterus is about 2.5 cm long in
infancy. The corpus/cervix ratio is slightly <1:1; it reaches 1:1 at menarche and
the adult ratio of 3:1 postmenarcheally.

An early change associated with pubertal maturation is the secretion of adrenal
androgens—dehydroepiandrosterone (DHEA), its sulfate (DHEAS), and
androstenedione—between the ages of 6 and 8 years. Termed adrenarche, this pro-
cess involves the regrowth of the zona reticularis (the zone that was large in the
fetal adrenal cortex and regressed after birth) of the adrenal cortex with increases
in activity of the microsomal enzyme p450c17. Recent data suggest that adrenar-
che is not the result of sudden rapid changes in adrenal enzymatic activity but
rather may be a gradual maturational process that begins in early childhood (12).
In a group of preadrenarchal young girls on GnRH agonist therapy to suppress
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TABLE 4-1. Normal responses to luteinizing hormone (LH) in adult women following
FACTREL administration in the early follicular phase (days 1-7) of the menstrual cycle

Subcutaneous administration

LH peak: mean 67.9 = 27.5 mIU/ml
100% = 12.5 mIU/ml
90% = 39.0 miU/ml

Maximum LH increase: mean 52.8 + 26.4 mlU/ml
100% = 7.5 miU/ml
90% = 23.8 miU/ml

LH % response: mean 374 = 221%, range 108-981%
90% = 185%

Time to peak: mean 71.5 £ 49.6 min

Intravenous administration?

LH peak: mean 57.6 = 36.7 mIU/ml
100% = 20.0 miU/ml
90% = 24.6 miU/ml

Maximum LH increase: mean 44.5 + 31.8 miU/ml
100% = 7.5 miU/ml
90% = 16.2 miU/ml

LH % response: mean 356 *= 282% range: 60-1300%
90% = 142%

Time to peak: mean 36 = 24 min

4The results are based on 31 tests in women between the ages of 20 and 35 years, inclusive.
LH peak (mlU/ml)=highest LH value after FACTREL administration.
Maximum increase (mlU/ml)=peak LH value-LH baseline value.
eak LH-baseline LH 5
: baseline LH x100%
Time to peak (minutes)=time required to reach LH peak value.
(Adapted from Ayerst Laboratories, Inc. FACTREL (Gonadorelin Hydrochloride) Package
Insert. New York, 1990.)

LH % response=(

precocious puberty, gradual increases in 17,20-lyase activity and decreasing
activity of 3p-hydroxysteroid dehydrogenase was seen, even in this young cohort.
Adrenal androgens continue to rise through ages 13 to 15 years and are primarily
responsible for the appearance of pubic and axillary hair in girls (pubarche)
(13,14). Acne vulgaris may be an early sign of puberty, resulting from rising levels
of DHEAS (15,16). The ovarian androgens androstenedione and testosterone also
stimulate growth of pubic and axillary hair.

At approximately 8 years of age or thereafter, although no physical changes are
present, GnRH secretion is enhanced, at first during sleep (17). There is a resultant
increase in pituitary responsiveness and increased secretion of LH and FSH (18).
Baseline luteinizing hormone levels and responsiveness to exogenous GnRH (as
seen on GnRH stimulation tests) also increase at this time and allow differentia-
tion between a pubertal and prepubertal pattern (see Fig. 4-6). It also appears that
the increase in LH bioactivity at puberty exceeds the changes seen in studies that
examine the more commonly used radioimmunoassay. Lucky and associates (19)
found that bioactive LH increased 23.1-fold, while immunoreactive LH increased
only fourfold during puberty, which suggests a role of the pituitary in controlling
the maturational process of puberty.
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FIG. 4-6. Serum luteinizing hormone (LH) (A) and follicle-stimulating hormone (FSH) (B)
responses as measured following an intravenous bolus of gonadotropin-releasing hormone in
prepubertal and pubertal girls. [Adapted from Ayerst Laboratories Inc., Factrel (gonadorelin
hydrochloride) package insert. New York: 1990.]

The age-related rise in gonadotropins with an initial sleep enhancement also
occurs in patients with Turner syndrome, and menopausal levels of LH and FSH
pulses occur at this time (20). It does not appear that ovarian sex steroids play a
critical role in the onset of puberty, since patients with Turner syndrome experience
adrenarche (the rise of adrenal androgens) and an age-related rise in gonadotropins.
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Prepubertal patients with Addison disease can experience normal gonadarche (the
activation of the hypothalamic—pituitary—ovarian axis) but not adrenarche. Patients
in whom precocious puberty begins before age 6 years typically exhibit gonadarche,
but not adrenarche. Patients with constitutional delay of puberty frequently have
delays in both adrenarche and gonadarche (21). Sex steroids are important for the
development of functional feedback mechanisms (18).

During early puberty, there is a gradual augmentation of episodic peaks of LH
and FSH during sleep. The onset of puberty is associated initially with a greater
increase in LH pulse amplitude compared to frequency (22). There is a gradual
increase in daytime pulsatility. LH pulsatility is GnRH dependent at all ages, while
there is a decrease in GnRH regulation of FSH pulsatility as there is an increase
in ovarian activity (3,23). Luteinizing hormone stimulates the ovarian theca cells
to synthesize precursors, and FSH increases the enzyme aromatase, which is
responsible for the conversion of androgen precursors to estrogen. Estrogen peaks
10 to 12 hours after gonadotropin secretion (18). In addition, inhibin, activin, and
follistatin interact in this complex regulatory system. These peptides are secreted
in the highest levels by the gonads. In addition to effect on pituitary FSH secretion,
they also act locally in the gonad, affecting steroid biosynthesis and gametogenesis
(6,24,25). The ovaries are marked by increased follicular growth and on ultra-
sonography may appear as “enlarged and multicystic” ovaries. As puberty progresses,
the ovaries amplify the gonadotropin message and release greater amounts of sex
steroids for a given level of gonadotropins.

Breast budding, estrogenization of the vaginal mucosa, and lengthening and
enlargement of the uterus occur with estrogen exposure. The physiologic vaginal
discharge of puberty is the result of the desquamation of epithelial cells and mucus
from the estrogenized mucosa. The pubertal process is accompanied by a growth
spurt; both growth hormone and sex steroids appear to contribute to the growth
spurt. The levels of growth hormone and IGF-1 increase during puberty, largely
dictated by the rise of serum estrogen (26-29). The effect of estrogen on growth
hormone and growth is dose related; low doses of estrogen stimulate growth,
growth hormone, and IGF-1, while high doses of estrogen decrease them. This
observation has led to the use of large pharmacologic doses of estrogen in an
attempt to diminish final adult height in girls who are predicted to have exces-
sively tall stature. In contrast, low doses of estrogen replacement in hypogonadal
patients result in increased IGF-1 levels and growth. Since bone age, as determined
by the Greulich and Pyle standards (30), correlates best with pubertal age, when an
individual with delayed or advanced puberty is evaluated, it is important to obtain a
radiograph of the wrist and hand for bone age interpretation. An increase in weight
accompanies the growth spurt in normal girls, and body composition changes through
late childhood and adolescence with a particularly apparent increase in percentage
of body fat.

As puberty progresses, the levels of FSH and LH reached at night are gradually
carried over into the waking hours until the sleep augmentation disappears. Even
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before menarche, circulating estrogen concentrations in pubertal girls have some
cyclicity; eventually, these periodic fluctuations are sufficient to result in uter-
ine bleeding. The first 1 to 2 years following menarche are often characterized
by anovulatory menses (31-35). This time period coincides with the rapid
growth of the uterus, vagina, fallopian tubes, and ovaries. With maturation, a
mechanism known as the biphasic positive feedback system develops; in this
system, a rise in plasma estrogen during the latter part of the follicular phase
of the menstrual cycle triggers the surge of LH and FSH, which is responsible
for ovulation. Historically, the change in the sensitivity of the feedback system
was demonstrated by the use of clomiphene citrate, a nonsteroidal, agonist—antag-
onist estrogen, which when administered to prepubertal and early pubertal girls
caused further suppression of gonadotropin levels (36-38). However, in late
pubertal adolescents and adults, clomiphene causes a rise in gonadotropin levels
and ovulation, a property that makes it useful as a fertility drug. It is noteworthy
that this test is no longer used to determine the normal pubertal status, but the
clomiphene challenge test is still used as a predictor of ovarian reserve for women
desiring to conceive (37).

Leptin, a hormone secreted by adipose tissue, plays an important role in
reproductive physiology. In animal models, it has been shown to stimulate the
reproductive system by reversing the sterility of leptin-deficient mice and accel-
erating the onset of puberty in normal mice (39). In humans, serum leptin
concentrations increase during childhood in both sexes and may be involved in the
initiation of puberty (40). Serum leptin concentrations show diurnal variation
throughout pubertal development in both girls and boys, and these changes follow
a gender-specific pattern (41). Ankarberg-Lindgren and colleagues found a posi-
tive correlation between both estradiol and testosterone and leptin in girls through-
out puberty, while no correlation was noted between estradiol and leptin in boys
or between testosterone and leptin in pre- or early pubertal boys (41). To evaluate
the relationship between leptin and the onset of puberty, Palmert and colleagues
(40) measured serum leptin in children with central precocious puberty and made
comparisons with normative data for healthy children and adolescents, adjusted for
BMI and pubertal stage. Girls with central precocious puberty were found to have
modestly elevated serum leptin concentrations compared to healthy girls, and there
was a negative correlation between the leptin standard deviation score and BMI.
Therefore, sufficient leptin concentrations appear to be associated with the initia-
tion of puberty in girls.

STAGES OF BREAST AND PUBIC HAIR DEVELOPMENT
In 1969, Marshall and Tanner (42) recorded the rates of progress of pubertal

development of 192 English schoolgirls. These stages can be important guide-
lines in assessing whether an adolescent is developing normally. The Tanner
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FIG. 4-7. The Tanner stages of human breast development. (Adapted from Grumbach MM,
Styne DM. Puberty: Ontogeny, neuroendocrinology, physiology and disorders. In: Wilson JD,
Foster DW, eds. Williams textbook of endocrinology, 8th ed., Philadelphia: WB Saunders,
1992; and from Marshall WA, Tanner JM. Variations in pattern of pubertal changes in girls.
Arch Dis Child 1969;44:291.)

stages—also termed Sexual Maturity Rating (SMR)—for breast development are
as follows (Fig. 4-7) (14, 42):

Stage B1 (preadolescent): elevation of the papilla only

Stage B2 (breast-bud stage): elevation of the breast and papilla as a small
mound, enlargement of the areolar diameter

Stage B3: further enlargement of the breast and areola with no separation of
their contours

Stage B4: further enlargement with projection of the areola and papilla to
form a secondary mound above the level of the breast

Stage BS (mature stage): projection of the papilla only, resulting from
recession of the areola to the general contour of the breast

The pubic hair stages are as follows (Fig. 4-8) (14,42):

Stage PH1 (preadolescent): The vellus over the pubes is not further developed
than that over the anterior abdominal wall; no pubic hair.

Stage PH2: Sparse growth of long, slightly pigmented, downy hair, straight or
only slightly curled, appearing chiefly along the labia.

Stage PH3: Hair darker, coarser, and curlier spreads to extend sparsely over
the junction of the pubes.

Stage PH4: Hair adult in type spreads over the mons pubis but not to the
medial surface of the thighs.

Stage PHS (mature stage): Hair adult in quantity and type spreads to the
medial surfaces of the thighs; distribution in an inverse triangle forms the
classic feminine pattern.

The mean age of each pubertal stage for British girls is shown in Fig. 4-9. The
ages of normal sexual development for American girls are shown in Table 4-2 (43).
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FIG. 4-8. The Tanner stages for the development of female pubic hair. (Adapted from Grum-
bach MM, Styne DM. Puberty: Ontogeny, neuroendocrinology, physiology and disorders. In:
Wilson JD, Foster DW, eds. Williams textbook of endocrinology, 8th ed., Philadelphia: WB
Saunders, 1992; and from Marshall WA, Tanner JM. Variations in pattern of pubertal changes
in girls. Arch Dis Child 1969;44:291.)

The first sign of puberty in 85% to 92% of white girls is breast budding, which
may initially be unilateral. Some girls pass from stage B3 directly to stage BS, and
some remain in stage B4. Developmental stages are assessed most accurately by
observation of sequential changes in an individual girl. In the series of Marshall and
Tanner (42), the mean interval from stage B2 to stage B5 was 4.2 years. Pubic hair
development usually lags by about 6 months and appears at an average age of
11 to 12 years. Pubic hair as the first sign of development may be a normal variant
(especially in those of African-American descent), but in some girls, it may reflect
an excess of androgens that later may cause hirsutism and menstrual irregularity
(see Chapter 9). The mean interval from stages PH2 to stage PHS is 2.7 years. Gen-
erally, pubic hair will not advance beyond stage PH2 or PH3 in the absence of
gonadal sex steroids. The beginning of breast development usually corresponds to
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FIG. 4-9. The sequence of events at puberty in British females. (Adapted from Marshall WA,
Tanner JM. Variations in pattern of pubertal changes in girls. Arch Dis Child 1969;44:291.)

TABLE 4-2. Mean Ages (in Years) at Onset of Pubic Hair, Breast Development, and
Menarche for 3 Racial/Ethnic Groups of US Girls: NHANES Ill, 1988—1994

Non-Hispanic White Black Mexican American

Puberty Mean Age Mean Mean Age Mean Mean Age Mean

Milestone (95% ClI) Age* (95% ClI) Age* (95% ClI) Age*

Pubic Hair* 10.6 (10.4, 10.5 9.5 (9.2, 9.5 10.3 (10.1, 10.3
10.9) 9.8) 10.6)

Breast 10.3 (10.0, 10.3 9.5 (9.3, 9.5 9.7 (9.4, 9.8

development*** 10.5) 9.8) 9.1)

Menarche** 12.6 (12.4, 12.7 12.2 (12.0, 121 12.2 (12.0, 12.2
12.8) 12.4) 12.5)

Menarche*** 12.7 (12.5, 12.7 12.4 (12.2, 12.3 12.5 (12.3, 12.5
12.8) 12.5) 12.6)

Cl indicates confidence interval.

*Estimated with application of weights from the examination sample of NHANES III.
**Estimated using probit model for the status quo data of the puberty measurements.
***Estimated using failure time model for the recalled age of menarche.

(From Wu T, Mendola P, Buck GM, Ethnic differences in the presence of secondary sex
characteristics and menarche among US girls: The Third National Health and Nutrition
Examination Survey, 1988-1994, Pediatrics 2002;110:752, with permission).
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the onset of the growth spurt. The timing of these events is variable, but 98.8% of
girls have the first signs of sexual development between the ages of 8 and 13 years.

Data from a large cross-sectional observational study of more than 17,000 girls by
community pediatricians noted an even earlier age of pubertal development (44). They
noted that among 8- to 9-year-old gitls, 7.7% of white girls and 34.3% of African-
American girls had Tanner stage 2 or greater pubic hair and that 5% of white girls and
15.4% of African-American girls had Tanner stage 2 or greater breast development.
Among girls 12 to 13 years of age, 96% of white girls and 99% of African-American
girls had breast development, and 92% of white girls and 99% of African-American gitls
had pubic hair development. However, it should be noted that Tanner stage 2 breast de-
velopment may be difficult to identify in obese prepubertal girls, and Biro and colleagues
(45) have suggested the utility of the Garn—Falkner system for staging areola. With this
system, four areolar stages are identified on the basis of areolar diameter, pigmentation,
and contour, with areolar stage 1 being prepubertal. Areolar stage 2 displays palpable
subareolar tissue, an increase in size and pigmentation of the areola, and little develop-
ment of the papilla. Areolar stage 3 has a further increase in size and pigment of the are-
ola, with separation of the areola and papilla from the contour of the breast. Areolar stage
4 has an elevation of the papilla and regression of the areola, with a mature size and color
of the areola (not all women develop stage 4). Comparison is made to staging plates. Biro
(45) reported that 9 of 15 girls in breast Tanner stage 2 were in areolar stage 1.

Recent data from the Third National Health and Nutrition Examination Survey
(NHANES 1III) showed that black girls entered puberty on average before Mexican-
American or white girls (Table 4-2) (43). Using data from 1623 girls from this
national survey, black and Mexican-American girls had pubic hair and breast devel-
opment at younger ages than white girls. In that study, 49.4% of black girls age
9 years had breast development compared with 24.5% of Mexican-American girls
and 15.8% of white girls. The mean age of onset of pubic hair, breast develop-
ment, and menarche for each ethnic group is shown in Table 4-2. The ethnic dif-
ferences remained even after adjustment for body mass index and specific socio-
economic variables (43). Using this same data set, Sun and colleagues examined
racial and ethnic differences in the timing of sexual maturation in both boys and
girls (46). Non-Hispanic black girls and boys were found to mature earlier than
other ethnic groups, but the children studied in this sample of American youth com-
pleted their sexual maturation at approximately the same ages. Kaplowitz and col-
leagues (47) examined whether nutritional status (i.e., prevalence of obesity) affects
timing of puberty. Figure 4-10 is a graphic comparison of white 6- to 9-year old
girls with and without breast development. The mean BMI Z-score for each age
was markedly greater in girls with compared to without breast development (p <
0.001). Their results, also from the NHANES III data set, suggest that obesity is
an important contributing factor. However, factors other than obesity are needed
to explain the prevalence of earlier puberty in black compared to white girls. These
data derived from a large diverse national sample provide meaningful normative ref-
erence data regarding the timing of puberty across ethnicity and gender (46).
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FIG. 4-10. Mean BMI Z-score in 6- to 9-year old white girls with and without breast development
from NHANES IIl sample. The number of girls for each age and Tanner stage is shown above
the bars. All of the differences are significant at p > 0.001. (From Kaplowitz PB, et al. Ear-
lier onset of puberty in girls: relation to increased body mass index and race. Pediatrics 2001;
108:347-353; with permission.)

Breast development before 8 years of age is generally considered precocious and
will require further evaluation (see Chapter 5). A girl who has experienced no breast
development by the age of 13 is 2 standard deviations from the norm, has delayed de-
velopment, and should be evaluated to determine the specific cause of the delay (see
Chapter 6). It is also extremely unlikely for a young woman to achieve full stage B5
breast development without pubic hair development; this occurrence raises the ques-
tion of an androgen insensitivity (testicular feminization) syndrome or adrenal insuf-
ficiency (see Chapters 2, 7, and 10). The development of pubic hair without any evi-
dence of breast development suggests the presence of androgens alone and raises the
possibility of either estrogen deficiency such as Kallmann syndrome or a virilized
state such as an intersex disorder. The normal changes in LH, FSH, estradiol, testos-
terone, DHEA, DHEAS, and androstenedione are shown in Fig. 4-11 (48).

GROWTH PATTERNS

The growth spurt is dependent on the onset of puberty. Growth charts, such as
those illustrated in Figs. 4-12 (49) and 4-13 (50) are helpful in evaluating normal
development. Special growth charts for Turner syndrome patients (see Chapter 6)
can be obtained from Genentech or the Turner Syndrome Society. The inserts (the
increment curves) on the charts in Fig. 4-12 (49) represent velocities, that is, the
peak is at the maximum rate of linear growth and weight gain. The peak height
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GROWTH CURVES OF WEIGHT BY AGE FOR GIRLS
(Average, Accelerated, and Retarded Rates of Maturation)
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FIG. 4-12. Growth charts. (A) Weight.
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GROWTH CURVES OF HEIGHT BY AGE FOR GIRLS
(Average, Accelerated, and Retarded Rates of Maturation)
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FIG. 4-12. (Continued.) (B) Height. (From Bayley N. Growth curves of height and weight by age
for boys and girls, scaled according to physical maturity. J Pediatr 1956;48:187; with permission.)
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FIG. 4-13. Growth chart. Height and weight percentiles. [Adapted from the National Center
for Health Statistics in collaboration with the National Center for Chronic Disease Prevention
and Health Promotion (2000).]


http://www.cdc.gov/growthcharts

139

velocity is attained in the majority of girls before they reach Tanner stages B3
and PH2. The growth chart in Fig. 4-13 (50) represents data from the National
Center for Health Statistics in collaboration with the National Center for Chronic
Disease Prevention and Health Promotion (2000). It should be noted that the CDC
growth charts are available for download in two formats: (a) charts with the outer
limits of the curves (highest and lowest percentiles) of 95% and 5% for routine
clinical assessments and (b) charts with the outer limits of 97% and 3% for
selective applications such as charting children with growth problems or special
health care requirements (most charts in this book use the latter format). Because
the data in Fig. 4-13 are cross-sectional rather than longitudinal, as in Fig. 4-12, the
pubertal growth spurt is not seen clearly on Fig. 4-13. The average girl grows 2 to
3 in. during the 2 years following menarche. BMI is now being given closer con-
sideration, and normative data are available, especially to determine the significance
of weight extremes (obesity or anorexia), and how this index may relate to puber-
tal development and menarche (http://www.cdc.gov/growthcharts).

Skeletal proportions are determined by the rate of pubertal development. The up-
per/lower (U/L) body ratio is approximately 1.0 by the age of 10 years, L being the dis-
tance from the patient’s symphysis pubis to the floor, with the patient standing, and U
the height minus L. At puberty, the extremities rapidly increase in length, while the
vertebral column lengthens more gradually. Initially, the U/L ratio may dip to 0.9. As
the epiphyses of the legs close, the vertebrae continue to add height, and thus the final
adult U/L ratio approximates 1.0. In patients with hypogonadism, the lower segment
becomes relatively longer because of delayed fusion; thus, the U/L ratio may be ap-
proximately 0.8. Span (the distance between the fingertips of outstretched arms) usu-
ally reflects the same clinical situation; if the span is more than 2 in. greater than the
height, the patient has eunuchoid proportions. A short span suggests skeletal dispro-
portion, as in skeletal dysplasias. Athletes who have undergone intensive training dur-
ing the prepubertal years may have delayed development and menarche, along with
delayed epiphyseal closure, and therefore may have arm spans longer than normal.

BONE DEVELOPMENT AND ACCRETION

The adolescent years are a critical period for the development of peak bone mass
(or an adolescent’s “bone bank”). During the teenage years, at least half of peak bone
mass is achieved, modulated by growth hormone, sex hormones such as estrogen,
and adrenal steroids such as dehydroepiandrosterone (DHEA) (51-55). Optimal di-
etary calcium and vitamin D are also important for efficient deposition of mineral-
ized calcium into the skeleton (55-57). In an adolescent girl, approximately 90% of
total body mineral content appears to be accrued by the age of 16.9 years (58-59),
and rates of calcium absorption and bone formation decrease significantly with post-
menarchal age following onset of menses (59). Exercise, and especially an activity
associated with weight-bearing, is another important modifiable determinant of peak
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FIG. 4-14. Factors that affect bone development. (Adapted from Gordon CM: Bone density in
the adolescent gynecology patients. J Adolesc Ped Gyn 2000;13:157-161; with permission.)

bone mass (60-61). However, weight—bearing exercise may have the greatest impact
on bone mineral density (BMD) when initiated before the completion of puberty (59).
Finally, genetic factors account for 60% to 80% of the variance seen in BMD (62-63)
(Fig. 4-14).

Several previous studies have provided evidence to support the conclusion that up to
60% of adult bone mass is acquired during the adolescent growth spurt
(51-52,54,58-59,64—67). In addition to the factors mentioned above, bone mass is de-
termined by dietary factors (e.g., vitamin D, calcium, protein), muscle strength, tobacco
use, and weight (51-52,54-55,57-61,64—65). Bone density increases in both black and
white girls during puberty, but the magnitude of the increase is greater in black girls, who
eventually have a higher vertebral bone density at the end of puberty and a higher weight
than white girls (66). A recent report found increased calcium absorption in black com-
pared to white teenage girls that may account in part for the higher bone density seen in
black adolescents compared to other ethnic groups (68). Bonjour and colleagues (51) and
Theintz and colleagues (52) reported marked acceleration of bone mass acquisition dur-
ing early adolescence (ages 11 to 14 years in girls) (Figs. 4-15 and 4-16). In their study,
little bone mass accumulated after 15 years (Tanner stage 5). Rubin and colleagues (67)
have similarly noted accelerated bone mass acquisition during puberty, beginning at the
age of 10 years in girls, and observed a positive impact of physical activity and calcium
intake. Skeletal mineralization at puberty appears to be particularly dependent on the site,
with marked gains in areas with a predominance of trabecular bone (e.g., lumbar spine).
Weight changes correlate with trabecular mineralization, and height more strongly cor-
relates with cortical bone changes (65).

Although the preponderance of evidence points to the acquisition of most bone
mass during early adolescence, Recker and colleagues (69) reported some gains dur-
ing late adolescence and young adulthood. In a study of 156 college-age women at-
tending professional schools, they observed that 6.8% of lumbar bone mineral density
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FIG. 4-15. Bone mass gain at the lumbar spine during adolescence. Yearly increases in lum-
bar bone mineral density (BMD) (L2-L4). (From Theintz G, Buchs B, Rizzoli R, et al. Longi-
tudinal monitoring of bone mass accumulation in a healthy adolescent: evidence for a marked
reduction after 16 years of age at the levels of lumbar spine and femoral neck in female sub-
jects. J Clin Endocrinol Metab 1992;75:1060-1065; copyright 1992, The Endocrine Society;
with permission.)

and 12.5% of total body bone mass was achieved in the third decade of life. The rate
of bone density gain correlated positively with calcium/protein intake and physical ac-
tivity and negatively with age. Oral contraceptive use was associated with a greater gain
in total body bone mass.

The specific issue of whether oral contraceptive pills (OCs) have a significant
effect on BMD in adolescents and young women is an area of both interest and
debate (see Chapter 20). In healthy adult women, OCs have been shown to be ben-
eficial for bone density in some (69-71), but not all studies (72-74). Considering
recent studies in healthy adolescents and young adults, there appears to be no sig-
nificant negative impact of OCs (30 to 40 pg of EE) on BMD (75-77), but whether
there are positive effects is less clear. Noteworthy are findings from the prospective
5-year study of Polatti and colleagues in which there was no change seen in BMD
in those healthy young women receiving a 20 g OC compared with a +7.8% increase
in the untreated control group (78). The authors speculate that endogenous gonadal
steroid production was suppressed by the OC, and the replacement dose adminis-
tered was inadequate for achievement of peak bone mass. However, other unreported
factors may have accounted for the differences observed. Differing doses and prepa-
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FIG. 4-16. Sex differences in age-related increment in bone mineral density (BMD) at the level
of the lumbar spine (L2-L4) by age. (From Bonjour J-P, Theintz G, Buchs B, et al. Critical
years and stages of puberty for spinal and femoral bone mass accumulation during adoles-
cence. J Clin Endocrinol Metab 1991;73:555-563; copyright 1991, The Endocrine Society; with
permission.)

rations of estrogens and progestins, differences in study design, and varying analyses
of potential confounders may account for the varying results found among studies.
The management of the young woman with hypothalamic amenorrhea is another
area of controversy and research. Gordon and colleagues evaluated the effect of a 1-
year course of a 20 p.g OC compared to oral DHEA in a cohort of young women with
anorexia nervosa. Although no significant gains were seen in either group after con-
trolling for weight gain, maintenance of bone density was seen in this group at high
risk for bone loss. In addition, both treatment groups showed significant suppression
of bone resorption (79). Recent in vitro data complement these clinical findings as
both DHEA and estradiol have been shown in human bone marrow cultures to exhibit
antiresorptive effects (80). In another study, Warren and colleagues investigated the
effect of replacement therapy of conjugated estrogens (0.625 mg daily), in addition to
medroxyprogesterone acetate (10 mg daily) for 25 days of the month over 2 years.
BMD of the foot, wrist and spine did not change in either treated or placebo group.
These findings suggest that mechanisms other than estrogen deficiency are responsi-
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ble for the bone loss associated with exercise-induced amenorrhea (81). Continued re-
search is needed to delineate the ideal hormonal and nutritional treatment regimen for
young women, especially for patients with hypothalamic amenorrhea (see Chapter 7).

MENARCHE

The mean age at menarche in Tanner’s classic series of English girls was 13.46 =
0.46 years, with a range of 9 to 16 years. In a 1969 study by Zacharias and Wurtman
(82), the mean age of menarche among student nurses in the United States was 12.65
* 1.2 years. Recent findings from NHANES III included a median age of menarche
of 12.43 years for U.S. girls (32), data similar to that reported for U.S. girls in the Na-
tional Health Examination Survey of 1973 (83). The similar age of menarche com-
pared to reports from over three decades prior (82,83) suggests that American girls are
not progressively gaining earlier reproductive potential. In NHANES III, there were
also ethnic differences noted, with the age of menarche of non-Hispanic black girls
being significantly earlier than that of non-Hispanic white or Mexican-American girls
(32). In a large study, Herman-Giddens reported that by age 12 to 13, 35% of white
girls and 62% of African-American girls had initiated menses (44). Table 14-3 (42)
shows that most patients in the Tanner study had attained stage 4 breast and pubic hair
development at the time of menarche. In Tanner’s series, the mean interval from breast
development to menarche was 2.3 * 0.1 years, but the range was 0.5 to 5.75 years. A
late onset of pubertal development did not appear to change the intervals between the
stages of pubic hair and breast development.

Frisch (84) established a nomogram predicting the age of menarche based on height
and weight at the ages of 9 to 13 years, using her observation that menarche was as-
sociated with the attainment of a critical body weight (an average of 46 to 47 kg for
American and most European girls), the percentage of body fat being the important
determinant. According to this theory, a minimum fatness level of about 17% of body
weight is necessary for the onset of menstrual cycles, and a minimum of 22% fat is
necessary to maintain regular ovulatory cycles (84—85). Early- and late-maturing girls
begin their adolescent growth spurt with a weight of about 30 kg. The apparent decline
in the age of menarche from the late 1800s to the mid-1900s has been attributed to im-

TABLE 4-3. Percentage of patients in stages 1 through 5 at time of menarche

Stage Breast (% of patients) Pubic hair (% of patients)
1 0 1
2 1 4
3 26 19
4 62 63
5 11 14

(Adapted from Marshall WA and Tanner JM. Variations in pattern of pubertal changes in
girls. Arch Dis Child 1969;44:291.)
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proved nutrition and in the past two decades, the lack of a further age decline is at-
tributed to the attainment of optimal nutrition (86). Gymnasts, ballet dancers, and
long-distance runners with reduced weights and (calculated) percentages of body fat
often experience significant delays in development and menarche, especially if their
training began in the prepubertal years. Since estrogens are also produced by aroma-
tization of androgen precursors in fat, alow percentage of body fat may contribute less
estrogen, which is necessary for hypothalamic—pituitary regulation and the onset of
vaginal bleeding. Although helpful in providing an estimate of menarche or resump-
tion of menses, the critical weight hypothesis has been questioned and criticized
(87-91). The theory remains controversial primarily because the secretion of GnRH and
gonadotropins begins many years before menarche, percentages of body fat are often
only calculated figures, and weight at the time of menarche can show tremendous vari-
ation in individual girls. Gonzales and Villena (92) reported that the association of
body weight, body mass index, or height with menarche is coincidental instead of crit-
ical for menarche. Accumulating evidence suggests that maturational timing affects
body composition and has a greater long-term effect on fatness than the influence of
body fat on the timing of sexual maturation (47,86,92-94).

In aretrospective series, Zacharias and Wurtman (82,95) found that the interval be-
tween menarche and regular periods was approximately 14 months, and the inter-
val between menarche and painful (presumably) ovulatory cycles was approxi-
mately 24 months. However, ovulatory cycles can begin during the first year
following menarche and may be associated with shortened luteal phases. Data from
Finland (23) demonstrated that in the first 2 years after menarche, 55% to 82% of
cycles were anovulatory (the figure depends on whether only samples drawn <10
days until the next menstrual bleeding or all samples drawn on days 20 to 23 of the
menstrual cycle were considered). By 3 years after menarche, the percentage of
anovulatory cycles decreased to 50%, and by 5 years, to 10% to 20% (13,23). It ap-
pears that the later the age of menarche the longer the interval before 50% of cy-
cles are ovulatory. Apter and Vihko (96) found that this interval was 1 year if
menarche occurred before the age of 12 years, 3 years when menarche occurred at
12.0 to 12.9 years, and 4.5 years when menarche was after 13 years of age.

HORMONE LEVELS IN NORMAL OVULATORY CYCLES

The establishment of ovulatory cycles depends on the maturation of a positive
feedback mechanism in which rising estrogen levels trigger an LH surge at mid-
cycle. Understanding the hormone changes responsible for ovulation allows the
health care provider to understand the pathophysiology of polycystic ovary
syndrome (see Chapter 9), amenorrhea, and dysfunctional uterine bleeding (see
Chapter 8). Figure 4-3 demonstrates the complex interactions between the changes
in the ovary during ovulation and the influence of gonadotropins.

The menstrual cycle is divided into three phases: follicular, ovulatory, and luteal.
In the early follicular phase of the menstrual cycle (Fig. 4-17), pulsatile GnRH
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released from the hypothalamus stimulates the secretion of FSH and LH from the
pituitary. In turn, FSH increases the number of granulosa cells in the ovarian
follicle, increases the number of receptors for FSH on the granulosa cells, and
induces the granulosa cells to acquire an aromatizing enzyme that provides the
essential step for the conversion of androgen precursors to estradiol. Estradiol also
increases the number of granulosa cells and the number of FSH receptors, which
thus leads to further amplification of the effect of FSH. The theca cells, under LH
stimulation, secrete androstenedione, testosterone, and estradiol into the blood-
stream and also into the follicle as substrate. Usually, a single dominant follicle
emerges by day 5 to day 7 of the cycle. The rising estradiol level increases the
number of glandular cells and stroma in the endometrium of the uterus. By the
midfollicular phase, FSH is beginning to decline, in part because of estrogen-
mediated negative feedback. Inhibin, which is secreted by granulosa cells and
blocks FSH synthesis and release, rises in the late follicular phase of the cycle,
paralleling the rise of estradiol. The highest levels are found during the luteal phase
and, together with estradiol and progesterone, appear to play a role in the regula-
tion of FSH in that phase of the cycle as well. Inhibin B reaches a nadir during
the midluteal period. Inhibin A reaches a peak during the luteal phase, potentially
playing a role in the suppression of FSH secretion to the lowest levels reached dur-
ing a menstrual cycle (97). Activins, also secreted by the granulosa cells, stimu-
late FSH secretion. The dominant follicle has the richest blood supply and the most
estrogen production and granulosa aromatase. The increased number of FSH recep-
tors on the dominant follicle allows it to continue to respond even as rising estro-
gen levels lower the FSH. Locally, in the dominant follicle, estradiol levels are
greater than androstenedione levels, whereas androstenedione levels are greater
than estradiol levels in the atretic follicles.

In a classic group of clinical studies, Crowley’s group at the Massachusetts Gen-
eral Hospital (98) has characterized the sleep latency changes in LH that occur dur-
ing the normal ovulatory menstrual cycle. The LH interpulse interval decreased
from a mean of 94 minutes in the early follicular phase to 71 minutes in the late
follicular phase, with a change in the mean pulse amplitude from 6.5 mIU/ml in
the early follicular phase to 5.1 mIU/ml in the midfollicular phase, to 7.2 mIU/ml
in the late follicular phase. In the luteal phase, the LH pulse interval progressively
increased from a mean of 103 minutes in the early luteal phase to 216 minutes in
the late luteal phase. The mean pulse amplitude was highest in the early luteal
phase (14.9 mIU/ml) and decreased to 12.2 mIU/ml in the midluteal phase and to
7.6 mIU/ml by the late luteal phase. FSH was closely correlated to LH secretion.

In the periovulatory phase of the cycle, the dominant follicle is clearly evident; it
has increased receptors for LH and secretes increasing levels of estradiol. The rising
estrogen levels produce a further proliferation of the endometrium, with increasing
length of the glands. The rising LH levels appear to induce a block in steroid path-
ways, which initiates secretion of 17-hydroxyprogesterone and progesterone and the
gradual luteinization of the granulosa cells. The exact mechanism for the positive
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feedback effect of rising estrogen and progesterone levels on the midcycle release of
multiple pulses of LH is unknown. By midpuberty, the hypothalamic—pituitary unit
is capable of this positive feedback response. Following the surge of LH, follicular
rupture and expulsion of the oocyte occur (ovulation).

The development of the corpus luteum is affected by levels of LH and the rupture
of the follicle. As noted, GnRH and thus LH are released in slower pulses. The
corpus luteum secretes progesterone and 17-hydroxyprogesterone. Plasma proges-
terone concentrations are stable over 24-hour studies in the early luteal phase and
show no relationship to LH pulses; however, in the middle and late luteal phases,
progesterone levels rapidly fluctuate during 24-hour studies from levels as low as
2.3 ng/ml to peaks of 40.1 ng/ml, and they correlate with LH pulses (99). Thus, a
single progesterone level in the middle to late luteal phase of the cycle may not
always predict the adequacy of the corpus luteum.

Under the influence of rising progesterone and estrogen levels, the endometrium
enters the secretory phase, which is characterized by coiling of the endometrial
glands, increased vascularity of the stroma, and increased glycogen content of the
epithelial cells. Maturation of the endometrium is reached within 8 or 9 days after
ovulation, and if fertilization does not occur, regression begins. Exact dating of the
endometrium is possible because of the date-specific changes in the structure of
the endometrial cells. Evidence for ovulation and the occurrence of a luteal phase
may be obtained by endometrial biopsy, basal body temperature charts, and mea-
surement of serum progesterone levels (>10 ng/ml).

Without pregnancy and the concomitant rise in placental human chorionic
gonadotropin (HCG) levels, luteolysis begins, and progesterone and estrogen levels
begin to decline. Unlike HCG, the luteotropic support of LH cannot extend the life
of the corpus luteum beyond 14 days. In contrast to the variable length of the fol-
licular phase, the luteal phase is usually constant at 14 days. Thus, the life span of
the corpus luteum is determined by a preset “clock™ with time to allow implanta-
tion and retention until trophoblastic HCG intervenes. The mechanisms behind the
process of luteolysis are unclear, with the demise of the corpus luteum affecting
inhibin A secretion as well as steroidogenesis (97). Inhibin A suppresses FSH
secretion during this phase of the cycle. The selective action of inhibin on FSH is
partly responsible for the rise in FSH seen during the luteal-follicular transition
(3,97). With the waning of progesterone and estrogen levels, the endometrium
undergoes necrotic changes that result in menstrual bleeding. The stage for the new
cycle is in fact set in the late luteal phase when plasma FSH begins to rise to ini-
tiate follicular development.

Several researchers have studied adolescent cycles as they pass from anovula-
tory to ovulatory cycles (33,100). Apter and co-workers (100) reported that in ado-
lescents, follicular development was slower and eventual ovulation took place from
a smaller follicle than in older women (ages 25 to 35 years). In adults, the con-
centration of FSH decreased from day 4 to day 10 of the cycle, whereas in ado-
lescents the FSH level increased. The selection of the dominant follicle seemed
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disturbed, with seven of eight adolescent patients studied still having several
follicles of 8 to 14 mm on days 12 to 15 of the cycle. In the last 3 days before
ovulation, the mean increase in the diameter of the dominant follicle was 2.9 mm
in the adolescent group and 5.6 mm in the adult group. Ovulation occurred later
in the cycle in adolescents than in adults (mean of 5 days longer). Apter and co-
workers (33) had previously shown a negative correlation between the FSH
concentration on days 3 to 4 of the cycle and the length of the follicular phase. In
comparison with adolescents, the adults had slightly but significantly higher mean
maximal progesterone levels during the luteal phase.

Apter and co-workers (100) have described several distinct patterns in adolescents
with anovulatory cycles. One pattern was characterized by low estradiol levels with-
out LH at midcycle and minor or no follicular growth. A second pattern was char-
acterized by developing follicles, slightly higher estradiol, and minor increases in
LH at midcycle. A third pattern was identical to an ovulatory pattern, with an
increase in follicular development, increased estradiol levels, and an LH surge but
no evidence of ovulation (no rise in progesterone, no cul-de-sac fluid by ultrasound,
menses 3 to 4 days after the LH surge). Others have found similar patterns in ado-
lescents and adult women involved in strenuous athletic competition. Bonen and
associates (101) found that competitive swimmers may have an LH surge at mid-
cycle but no rise in serum progesterone; abnormal FSH secretion during the first
half of the cycle may inadequately prepare the follicle for ovulation. The time from
the LH surge to menstruation was 4 or 5 days, resembling the third pattern described
by Apter and co-workers. Shangold and associates (102) determined that the luteal
phase in a healthy adult runner shortened as she increased her weekly mileage.

In adolescents, the gonadotropin response to a dose of exogenous GnRH appears
to change during the follicular phase in the first 2 postmenarcheal years toward
that observed in adult women and in the luteal phase from the third to the fifth
postmenarcheal year (102, 103). Another pattern that appears to occur early in the
adolescent years in association with menstrual irregularity is the overproduction of
adrenal and ovarian androgens. Venturoli and associates (104, 105) found that ado-
lescents with persistent anovulatory menses maintained marked hyperandrogenism,
increasingly high LH levels, and enlarged multicystic ovaries. Mean testosterone
and androstenedione were higher than in ovulatory cycles and in adult controls.
The persistence of this pattern sets the stage for classic polycystic ovary syndrome
(see Chapter 9) with rapid pulses of GnRH and LH. In contrast, adolescents with
anovulatory cycles and normal LH levels were more similar to ovulatory adoles-
cents. Venturoli and associates (104) have suggested that the pulsatile pattern of
GnRH and gonadotropin secretion account for the endocrine differences in these
groups of postmenarcheal adolescents. In addition, they have suggested that in the
postmenarcheal period, progesterone, by modulating LH and FSH pulsatility and
thus reducing androgen levels and their action on producing atresia of follicles,
may be a regulatory factor in enhancing normal cyclicity.

The term hypothalamic amenorrhea has been used to apply to the common
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problem in which, despite a normal pituitary and ovaries, normal cyclic changes
do not occur. The hormonal pattern seen often represents a psychobiologic response
to life events (106). In many cases, reduction of metabolic fuel availability below
a critical level (e.g., that induced by food restriction) is appropriately accompanied
by neuroendocrine-metabolic changes that result in anovulation and amenorrhea
(107). Previous work has suggested that abnormalities in pulsatile GnRH are
involved and may include a spectrum of changes. The frequency of LH pulses is
reduced in most women with hypothalamic amenorrhea (107,108), which suggests
that GnRH pulses are too infrequent to stimulate normal follicular maturation. Data
from monkeys indicate that corticotropin-releasing hormone (CRH) inhibits
gonadotropin secretion, likely by augmenting endogenous opioid secretion (109).
Stress likely inhibits reproductive function through this pathway. Women with
hypothalamic amenorrhea have reduced secretion of gonadotropins and prolactin,
but increased secretion of cortisol (110-112). There is also data suggesting that
some patients with hypothalamic amenorrhea have dopaminergic inhibition of
GnRH pulse frequency (113). Thus, increases in endogenous opioids and dopamine
may account for the suppression of GnRH pulsatile secretion in these patients.

CLINICAL APPLICATIONS

An understanding of the normal cycle is useful in the clinical management of
patients with menstrual problems. In patients with anovulatory cycles, the ovary
produces continuous levels of estrogen, and thus the endometrium remains in
the proliferative phase; menstrual periods may be heavy and irregular. Regulation
can often be obtained with medroxyprogesterone (Provera) given 14 days each month
to produce a secretory endometrium; 1 to 7 days after taking medroxyprogesterone,
the patient then has a menstrual period. In the evaluation of the patient with amen-
orrhea, a withdrawal flow after intramuscular progesterone or oral medroxypro-
gesterone has been given implies that the endometrium has been adequately primed
with estrogen (see Chapter 7).

Quantification of serum FSH and LH by radioimmunoassay is readily available;
laboratories vary both in normal values and in units per milliliter (mIU/ml or ng/ml).
Because gonadotropins are released in a pulsatile fashion, a single random serum
value of LH and FSH may not be helpful in distinguishing between low and normal
levels of these hormones. Variability is common in normal menstrual cycles (114).
Using the assay system of Nottelmann et al., FSH or LH levels of 5 to 25 mIU/ml
are in the normal range; consistently low values of 2 to 4 mIU/ml may imply
hypothalamic or pituitary hypofunction. An FSH level >50 to 60 mIU/ml and an
LH level >40 mIU/ml in a prepubertal or poorly estrogenized female imply ovarian
failure; such high levels are also found in the postmenopausal woman. Newer assays
have reference levels of >30 mIU/ml for the postmenopausal or ovarian failure range
(3). In addition, an elevated serum LH with normal FSH in an amenorrheic or
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oligomenorrheic adolescent may suggest an androgen excess/polycystic ovary syndrome
(see Chapter 9). Gonadotropin levels and serum androgen levels should be
measured in the oligomenorrheic patient who has hirsutism, acne, or signs of
virilization. It is always important to know when the blood samples for FSH and
LH levels were drawn in relation to the menstrual cycle, if any. The last menstrual
period should be recorded at the time of the office visit, and the patient should be
instructed to keep a calendar and call with the date of the next menses. If no menses
have occurred by 4 weeks after the visit, the clinician should record this fact to
aid in interpreting the levels.

Frequent sampling of the serum for LH and FSH levels over a 24-hour period
or over a menstrual cycle has been useful in research settings for investigating nor-
mal and abnormal physiology. Clinically, pituitary function can also be studied by
the administration of a GnRH stimulation test. A single dose of GnRH is given
intravenously or subcutaneously, and serum LH and FSH levels are measured at
frequent intervals over a 4-hour period. The LH values should increase 150% above
baseline in normal pubertal patients (9) (see Table 4-1 for normal responses). Girls
with isosexual central precocious puberty will respond with a pubertal LH and FSH
response, whereas those with premature thelarche or puberty secondary to an ovar-
ian tumor respond with a prepubertal response. Patients with anorexia nervosa and
craniopharyngiomas usually have little response to GnRH, whereas those with
prolactin-secreting pituitary microadenomas have a normal pubertal response.
Patients with Kallmann syndrome (hypogonadotropic hypogonadism) have hetero-
geneous responses to GnRH; some may have minimal response to the single dose
of GnRH and require longer administration of pulsatile GnRH to cause normal
release of LH and FSH.

The observation (2,115-116) that pulsatile GnRH results in secretion of LH and
FSH but that the continuous infusion of GnRH results in the suppression of LH
and FSH led to GnRH treatment modalities for precocious puberty in children (see
Chapter 5). GnRH analogs are also useful for ovarian suppression in the treatment
of endometriosis, polycystic ovary syndrome, severe premenstrual syndrome, and,
possibly, hormonally dependent malignancies. In addition, the ovarian suppression
also results in amenorrhea, which may be helpful in the treatment of some medical
diseases (see Chapter 23).

The measurement of serum estrogen, progesterone, and androgen levels is now
possible in many laboratories, although variation in quality control and normal
levels makes interpretation, especially of androgen levels, problematic at times.
In addition, the fact that most of these levels vary during the day and during
the menstrual cycle must be kept in mind when one is drawing conclusions from
these levels. For example, girls in the early stages of puberty may have low
daytime FSH and LH levels and undetectable or very low estradiol levels in
spite of normal maturation. As noted, progesterone is secreted in pulses, and thus
a single level cannot assess the adequacy of the luteal phase in infertile patients.
The importance of the physical examination should not be underestimated,
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despite the ability to measure many hormone levels. The response of the target
organs to these hormones is essential to a correct diagnosis. Pubertal breast
development, a pink moist vaginal mucosa, and watery cervical mucus are all
signs that suggest functional ovaries and the secretion of estrogen. From the
presence of normal axillary and pubic hair, the physician can infer functioning
adrenal glands and circulating androgens. Hirsutism and clitoromegaly are signs
of androgen excess; a patient with these signs will require an evaluation of her
hormone status (see Chapter 9). The assessment of many gynecologic problems
depends on a careful physical examination (see Chapter 1) combined with a thor-
ough understanding of normal pubertal development. Primary and secondary
amenorrhea, menorrhagia, and virilization can then be evaluated in terms of the
hypothalamic—pituitary—ovarian—adrenal axis.
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Precocious Puberty
Joan Mansfield

A thorough understanding of the normal progression of puberty (see Chapter 4)
is essential in the evaluation of precocious puberty, premature thelarche, and pre-
mature adrenarche. In normal adolescence, estrogen is responsible for breast devel-
opment; for maturation of the external genitalia, vagina, and uterus; and for the
initiation of menses. An increase in adrenal androgens is associated with the
appearance of pubic and axillary hair. Excess androgens of either ovarian or
adrenal origin may cause acne, hirsutism, voice deepening, increased muscle mass,
and clitoromegaly. Precocious puberty may be caused by central, gonadotropin
dependent puberty, or peripheral, gonadotropin independent precocity. Incomplete
forms of puberty include premature thelarche, premature pubarche (adrenarche),
and isolated premature menarche without other signs of puberty.

Premature thelarche is defined as the appearance of breast development in the
absence of other signs of puberty, growth spurt, or acceleration of skeletal matu-
ration. Premature pubarche is the appearance of pubic or axillary hair without
signs of estrogenization and is usually associated with increased secretion of
adrenal androgens (adrenarche). Although generally self-limited, isolated breast
budding or pubic hair development may be the first sign of a true precocious
puberty. Isolated premature menarche without breast development may represent
precocious puberty or a benign ovarian cyst, but local vaginal lesions as a source
of bleeding (trauma, infection, tumor) should be ruled out (see Chapter 3).

The workup of precocious puberty requires fairly sophisticated endocrine studies
and management. Thus, referral to a pediatric endocrinologist is advisable. How-
ever, the primary care clinician can initiate the investigation and diagnosis.

CENTRAL PRECOCIOUS PUBERTY

Over the past century, the age of onset of pubertal development and menarche has de-
clined in the United States and western Europe, perhaps in part because of improved nu-
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trition (1). Controversy exists as to the definition of precocious puberty in North Amer-
ican girls. Traditionally, breast or pubic hair development in girls under 8 years of age
has been defined as precocious. However, in a recent study of 17,000 girls aged 3 to 12
years in the United States, Herman-Giddens and colleagues reported that a group of pe-
diatric practitioners found breast or pubic hair development to be present at age 7 to 8
years in 6.7% of white and 27.2% of African-American girls seen in office practices (2).
Mean age of breast development was just under age 10 in white girls and under age 9 in
African Americans. Average age of menarche was age 12.8 in whites and 12.1 in African
Americans, not different from previous studies. This was the first study to assess puberty
in large numbers of girls under age 8. Most earlier studies began at age 9. Thus it is not
clear if the percentage of girls with puberty under age 8 has actually increased in the
United States. Obesity in children in the United States is increasing, and Herman-
Giddens did note an association between obesity and early signs of puberty in her sub-
jects (3). In response to this study, a Lawson Wilkins Pediatric Endocrine Society task
force has modified the definition of precocious puberty to be the appearance of sec-
ondary sexual characteristics under age 7 in white or under age 6 in African American
girls (4). A number of reports have since pointed out that evaluating only those girls with
precocious puberty according to this new definition would miss some children who have
significant pathology such as central nervous system or hormone secreting tumors pre-
senting only as puberty between the ages of 6 and 8 years (5-7). Girls who have pro-
gression to Tanner stage 3 breast development under age 8, girls who have both pubic
hair and breast development under age 8, girls who are short with puberty under age 8,
those with bone age advancement more than 2 years, and those with any neurological is-
sues suggesting a central process need further assessment. Although the large majority
of girls presenting with breast or pubic hair development have idiopathic precocious pu-
berty or its benign variants, premature adrenarche or premature thelarche, some girls do
have specific lesions causing their precocity. Specific causes of precocity (Table 5-1),
such as tumors, are more common in girls with puberty under the age of 6 years but may
occur in girls age 6 to 8 as well.

In true central precocious puberty, the stimulus for development is gonadotropin-
releasing hormone (GnRH) secreted in pulses by the hypothalamus. The pituitary
gland responds to the GnRH pulsations with the production and release of pitu-
itary gonadotropin [follicle-stimulating hormone (FSH), and luteinizing hormone
(LH)] pulses, which in turn stimulate the ovarian follicles to produce estrogen. In
response to estrogen, the young girl has a growth spurt, develops breasts, and may
begin menstruation. With the establishment of positive estrogen feedback resulting
in the cyclic midcycle LH peak, the child may ovulate and thus becomes poten-
tially fertile. Thus, in central precocious puberty, the hormonal process is that of
an entirely normal puberty occurring at an early age (8—10).

Precocious puberty is much more common in girls than boys, with a ratio of about
23:1 (11). Although the large majority of cases of central precocious puberty in
girls are idiopathic, computed tomography (CT) and magnetic resonance imaging
(MRI) of the central nervous system (CNS) have identified CNS abnormalities, such



TABLE 5-1.

Central precocious puberty
Idiopathic
Central nervous system lesions
Space occupying lesions
Congenital defects
Hydrocephalus
Suprasellar/arachnoid cysts
Hamartoma (GnRH secreting)
Septo-optic dysplasia
Tumors
Optic Glioma
Ganglioneuroma
Ependymoma
Craniopharyngioma
Dysgerminoma
Infection/inflammation
Post encephalitis
Brain abcess
Post meningitis
Granulomas
Injury
Post head trauma
Post irradiation
Syndromes
Tuberous sclerosis
Neurofibromatosis (often with optic glioma)
Prolonged exposure to sex steroids
Late/incompletely treated adrenal hyperplasia
Post exposure to androgens/estrogens (tumors)
GnRH independent precocity (peripheral)
Exposure to topical or ingested androgens or estrogens
Severe hypothyroidism
Ovarian tumors
Granulosa/ theca cell
Germ cell
Cystadenoma
Lipoid
Gonadoblastoma
Ovarian cysts
Idiopathic
McCune—Albright
Adrenal tumors (feminizing)
Incomplete precocious puberty
Benign premature thelarche
Transient/nonprogressive precocious puberty
Topical/ingested estrogen exposure
Premature pubarche
Benign premature adrenarche
Congenital adrenal hyperplasia
Adrenal androgen secreting tumors
Ovarian androgen secreting tumors
Arrhenoblastoma
Lipoid tumors
Isolated vaginal bleeding
Premature menarche
Ovarian cyst
Foreign body
Vulvovaginitis
Trauma
Urethral prolapse
Tumor
Rhabdomyosarcoma
Carcinomas
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as hypothalamic hamartomas in some children with sexual precocity. Hamartomas
most commonly present with central precocity under age 3 sometimes with gelastic
(laughing) seizures (12—15). Although more common in younger children, CNS
abnormalities causing precocity may occur at any time during childhood (16).

In gonadotropin independent (peripheral) precocious puberty, an ovarian tumor
or cyst or rarely an adrenal adenoma produces estrogen autonomously. These
lesions often produce high levels of estrogens, and puberty may progress more
rapidly than in a child with central precocity.

Although the etiology of most cases of precocious puberty in girls is idiopathic,
the differential diagnosis includes many organic disorders that need to be considered
in the evaluation of the girl with early isosexual development (17-26).

CAUSES OF CENTRAL PRECOCIOUS PUBERTY
Idiopathic

Although this is by far the most common cause of precocity in girls, this is a
diagnosis of exclusion.

Cerebral Disorders

These disorders include space-occupying lesions such as congenital malformations
(hypothalamic hamartomas), brain tumors (e.g., glioma, astrocytoma, ependy-
moma, neuroblastoma), neurofibromatosis (optic nerve glioma or hypothalamic
glioma), brain abscess, hydrocephalus (sometimes secondary to myelomeningocele),
tuberous sclerosis, suprasellar cysts, infiltrative lesions such as sarcoid or other
granulomatous disease, sequelae of cellular damage from prior infections (meningitis,
encephalitis), head trauma, cerebral edema, or cranial radiation.

Secondary Central Precocious Puberty

Prolonged exposure to sex steroids from any source, resulting in the advancement
of skeletal maturation to a bone age of 11 to 13 years, can trigger central precocity.
Patients with undertreated or late treated congenital adrenocortical hyperplasia
(CAH) or androgen-secreting tumors may develop early central puberty (25).

PERIPHERAL (GONADOTROPIN INDEPENDENT)
PRECOCIOUS PUBERTY

Ovarian Tumors

Approximately 60% of ovarian tumors that cause sexual precocity are granulosa cell
tumors; the rest are cystadenomas, gonadoblastomas, carcinomas, arrhenoblastomas,
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lipoid cell tumors, thecomas, and benign ovarian cysts. Ovarian tumors can secrete
estrogens and androgens, thus resulting in both breast and pubic hair development.

Adrenal Disorders

Adrenal adenomas may secrete estrogen alone and cause sexual precocity.
Adrenal carcinomas that secrete estrogen also produce other hormones that cause
androgenization/virilization and sometimes Cushing syndrome. Patients with
untreated CAH may have virilization as well as some breast development.

Autonomous Follicular Ovarian Cysts

Recurrent ovarian follicular cysts may occur independently but are often associated
with McCune—Albright syndrome. Girls with McCune—Albright syndrome have
recurrent follicular cysts, polyostotic fibrous dysplasia, and large irregular café au
lait spots (26-31). In these girls, ovarian volumes by ultrasonography are often
asymmetric and fluctuate in size over time (29). The mechanism of gonadotropin-
independent follicular cyst development in McCune—Albright syndrome is now
believed to be due to a dominant somatic mutation in certain cell lines, which
results in an overactivity of the cyclic adenosine monophosphate pathway owing
to a mutation of the Gs alpha gene (30,31). The fluctuating estrogen levels
produced by cysts result in sexual development and anovulatory menses.

Gonadotropin-Producing Tumors

Tumors that secrete both LH-like substances, such as human chorionic
gonadotropin (HCG) and estrogen (primary ovarian choriocarcinoma), can cause
precocious development. The production of LH or HCG alone will cause isosexual
precocity in boys but not in girls.

latrogenic Disorders

The prolonged use of estrogen-containing creams for labial adhesions may cause
transient breast development. Oral estrogen intake (oral contraceptive ingestion) is
a rare cause of breast development. It has been speculated that the ingestion of
estrogen-like compounds in certain meat or plant foods may play a role in clusters
of cases of premature breast development, but this has not been well defined (32,33).

Primary Hypothyroidism
Ovarian cysts may develop in the presence of severe primary hypothyroidism,

perhaps because of cross-reaction of high levels of thyroid-stimulating hormone
(TSH) with ovarian FSH receptors (20-22). Premature breast development or
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vaginal bleeding usually regresses following thyroid hormone replacement. Absence
of a statural growth spurt and delayed skeletal maturation accompanying breast
development may be a clue to hypothyroidism as a cause of premature development.

Patient Assessment

The initial assessment of the patient with precocious development should include
a careful history and physical examination. There is often a history of mildly early
development in relatives of children with idiopathic central puberty between the
ages of 6 and 8 years. Adopted children with a previous history of poor nutrition
may have an increased chance of developing precocious puberty (34). A complete
family history must include inherited conditions such as neurofibromatosis or
CAH.

On reviewing the child’s own history, the clinician should look for a history
suggestive of CNS damage such as birth trauma, encephalitis, meningitis, CNS
irradiation, seizures, headaches, visual symptoms, or other neurologic symptoms.
Increased appetite, a growth spurt, and emotional lability suggest a significant
estrogen effect. The time course of precocious puberty is similar to that of normal
puberty, whereas an abrupt and rapid course of development suggests an estrogen-
secreting lesion. Abdominal pain, urinary symptoms, or bowel symptoms may be
present in patients with abdominal masses.

Vaginal bleeding may be the first sign of precocity in patients with both true
precocity and pseudoprecocity. Some children have no signs of puberty but have
recurrent menses. This may be a benign, self-limited condition, although this is a
diagnosis of exclusion (35,36).

Growth charts should be accurate and up to date, since the growth spurt often
correlates with the onset of development in precocious puberty. The finding of
accelerated growth and advanced skeletal maturation is important in distinguish-
ing between true precocious puberty and premature thelarche. The photograph and
growth charts of an untreated patient with idiopathic precocious puberty are shown
in Fig. 5-1.

The physical examination should include height and weight measurements. A
neurologic assessment, including visualization of the optic discs for evidence of
papilledema, should be done. The skin should be assessed for acne, apocrine odor,
café au lait spots, and pubic or axillary hair. In patients with neurofibromatosis, café
au lait spots are multiple brown macules with smooth edges, whereas in those with
McCune-Albright syndrome, one or more large macules with irregular borders may
be found. The thyroid should be palpated and clinical signs suggestive of severe
hypothyroidism (hair and skin changes, low pulse) noted. The breast dimensions
and staging of breast development should be recorded. The external genitalia should
be examined for evidence of estrogen effect (enlargement of the labia minora, thick-
ening of the vaginal mucosa, and physiological discharge). This is most easily done
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FIG. 5-1. Natural history of a girl with idio-
pathic precocious puberty before the
advent of gonadotropin-releasing hormone
(GnRH) therapy. She was first seen
because of early development at the age
of 3242 years. Her menarche occurred at
5%2 years of age; she attained adult height
at 10 years of age. A: At age 3% years.

with the child lying on her back in the frog-leg position. Signs of virilization such
as clitoromegaly, deepening of the voice, increased muscularity, or hirsutism should
alert the examiner to the possibility of contrasexual precocity due to androgen
excess. The normal prepubertal clitoral glans is 3 mm in diameter. A clitoral glans
width >5 mm, or an index (clitoral length X width) >35 suggests significant andro-
gen exposure (37). If the young child is approached in a relaxed manner, it may be
possible to carry out a bimanual rectoabdominal examination. Ovarian masses, when
present, are usually easily palpated. A vaginal pelvic exam is not indicated. Ultra-
sonography of the abdomen is a more sensitive tool for assessment of ovarian
masses and is often a better option than a rectoabdominal exam. Girls with true pre-
cocity frequently have mildly enlarged ovaries with multiple small follicular cysts
similar to the ovaries seen in the adolescent with a normal age of puberty (38). A
single large ovarian cyst may occur in isolation or with McCune—Albright
syndrome.

The laboratory evaluation of the child depends on the initial clinical assessment.
If the examination clearly shows an estrogen effect on the vaginal mucosa and
growth charts reveal an acceleration of linear growth, then more extensive testing
is needed. If, on the other hand, the clinician suspects premature thelarche, the
initial tests would be limited to a radiograph film of the left hand and wrist for
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FIG. 5-1. (Continued) B: Height chart.

bone age. The radiograph for assessment of skeletal maturation is the single most
useful test in the evaluation of the child with premature development. The bone
age becomes significantly greater than the chronologic age and the height age in
patients with true precocious puberty. A vaginal smear (maturational index) can be
used to confirm the clinical impression of estrogenization (see Chapter 1). Vagi-
nal smears are often well tolerated in children under age 1, but many older chil-
dren tend to dislike them. Since it is helpful to visually assess the vaginal introi-
tus for estrogen effect on repeated visits in a child with precocity, it is often
preferable to do careful visual inspection instead of a vaginal smear. A typical
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vaginal smear in a patient with precocious puberty may show 35% superficial, 50%
intermediate, and 15% parabasal cells. The findings of estrogen excess (>40%
superficial cells) should raise the suspicion of an estrogen-secreting lesion.

If the vagina shows little estrogen effect and growth rate and bone age are nor-
mal, the patient can be monitored by her primary care physician at 3-month inter-
vals to observe whether sexual development progresses or acceleration of linear
growth occurs. Not uncommonly, a child has one or several transient episodes of
breast budding and growth acceleration that resolve without therapy (39,40). Other
children have very slow progression of precocity without rapid skeletal maturation.
These children represent the “slowly progressive” variant of early puberty (41).
They usually reach adult heights in the normal range without intervention.

If the girl has progressive sexual development, advancing bone age, acceleration
of growth, or vaginal estrogenization, then consultation with a pediatric endocri-
nologist is indicated. In addition to determinations of bone age, initial testing for
the evaluation of suspected central precocious puberty usually includes serum levels
of LH, FSH, estradiol, dehydroepiandrosterone sulfate (DHEAS), TSH, pelvic
ultrasound for assessment of ovarian cysts and size and uterine size and configu-
ration, and MRI of the CNS with contrast medium. Girls with precocious puberty
between ages 6 and 8 years with height predictions in the normal range do not
necessarily require further testing beyond a bone age. They should be followed
until at least age 9, however, since height predictions may decline if bone age
advances more rapidly than height age.

The interpretation of LH and FSH levels depends on which assay is used. Current
commercially available assays include radioimmunoassays (RIA), and the newer
and more sensitive immunoradiometric (IRMA), immunochemiluminometric, and
immunofluorimetric assays (42—44). Since LH and FSH secretion is associated with
sleep in early puberty, the random daytime serum LH and FSH values may not be
helpful in differentiating among premature thelarche, pseudoprecocity, and early
central precocious puberty. Random LH and FSH levels in the prepubertal range
are usually seen in the early stages of true precocity; however, random LH levels
in the pubertal range suggest advanced central precocity (Tanner breast stage 3).
Thus, random daytime LH levels may be of value in confirming the clinical
impression of active central puberty but will probably be in the prepubertal range
both in early central puberty and in premature thelarche. Random FSH levels are
usually obtained as well but are less useful, since they are generally in the same
range in premature thelarche and in precocious puberty. The IRMA and other
sensitive assays provide better differentiation between precocious puberty and
prepubertal states than the older RIAs.

The GnRH stimulation test (see Chapter 4) can help in the differential diagnosis
of premature thelarche, gonadotropin-independent precocity, and true central
precocity. Patients with true precocity exhibit nocturnal pulses of LH and FSH and
a pubertal, LH-predominant response to the GnRH test, whereas girls with
premature thelarche have a prepubertal FSH-predominant response, and those with
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gonadotropin-independent precocity or ovarian secreting cysts or tumors have a
suppressed response to GnRH. The finding of a high estradiol level (100 to 200 pg/ml),
low gonadotropin levels, and a suppressed response to GnRH should raise the
possibility of an estrogen-secreting tumor or cyst, although this diagnosis should
be apparent on ultrasound (see Chapter 18). The GnRH stimulation test is especially
useful in tracking the response of the girl to GnRH analog therapy to ensure
complete suppression of puberty (42) (Fig. 5-2).

The level of DHEAS is a marker of adrenal androgen production (see Chapter 9).
Most girls with precocious puberty have age-appropriate DHEAS levels, although
a few have premature adrenarche as well. Patients with precocity between 6 and
8 years of age have mean DHEAS levels similar to those of normal children with
the same bone age (45).

In patients with excessive androgen effect, testosterone, DHEAS, early morning
17-hydroxyprogesterone (to detect 21-hydroxylase deficiency) and DHEA may be
obtained. An adrenocorticotropic hormone (ACTH) stimulation test may be
required to diagnose mild forms of congenital adrenal hyperplasia in the patient
with premature pubarche. The child who has clitoromegaly, progressive
virilization, or skeletal age advanced by more than 1 year certainly deserves a
thorough evaluation.

Treatment and Follow-up

Treatment and follow-up depend on the diagnosis. Ovarian tumors should be
managed as outlined in Chapter 18. Successful treatment of a tumor can be mon-
itored by the demonstration of decreasing estrogen effects. Removal of an ovarian
cyst will not result in permanent regression of puberty in girls with true precocity
or McCune-Albright syndrome; thus, normal follicular cysts accompanying true
precocity should not be removed. Severe cases of ovarian hyperstimulation result-
ing in precocious puberty may require aspiration (22). The ovarian cysts associ-
ated with central precocity should be observed because they are likely to regress
with suppression of gonadotropins.

Although Depo-Provera and cyproterone acetate were used in the past to treat
central precocious puberty, pubertal suppression was incomplete, and therapy did
not improve the adult height (46—48). Suppression of puberty with GnRH analog
agonists was initially pioneered by Crowley and associates, and these agents
have become the treatment of choice for central precocious puberty (49-58).
Continuous exposure to GnRH agonist analogs results in desensitization of
pituitary gonadotropin-secreting cells. Currently, three GnRH analogs—Ileuprolide,
histrelin, and nafarelin—are approved in the United States for the treatment of
precocious puberty. The depot formulation of leuprolide is the most commonly
used treatment of precocious puberty in the United States. This is given by intra-
muscular injection every 28 days. A 3-month depot formulation is now available
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FIG. 5-2. Spontaneous night and daytime gonadotropin secretion and response to exogenous
gonadotropin-releasing hormone (GnRH) administration in a 2-year-old with central precocious
puberty before, during, and after discontinuation of GnRH analog therapy. LH, luteinizing
hormone; FSH, follicle-stimulating hormone. (From Crowley WF, Comite F, Vale W, et al.
Therapeutic use for pituitary desensitization with a long-acting LHRH agonist: a potential
new treatment for idiopathic precocious puberty. J Clin Endocrinol Metab 1981;52:370; Copy-
right 1981, The Endocrine Society; with permission.)
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FIG. 5-3. Luteinizing hormone (LH) and follicle-stimulating hormone (FSH) (at baseline and
in response to exogenous gonadotropin-releasing hormone [GnRH]), and maturation index
(MI) score of vaginal cytology in nine girls with central precocious puberty before and during
long-term therapy with GnRH analog. (From Mansfield MJ, Beardsworth DE, Loughlin J, et al.
Long-term treatment of central precocious puberty with a long-acting analog of luteinizing
hormone-releasing hormone. N Engl J Med 1983;309:1286; Copyright, Massachusetts Medi-
cal Society; with permission.)

that has been reported to suppress precocious puberty in 95% of children in one
study (59). Long-term growth data are not available for this formulation. In girls
with central precocity, the advantages of a GnRH agonist analog are the selective
and reversible suppression of LH and FSH, the return of estradiol to the prepu-
bertal range, and the regression (or lack of progression) of breast development and
the cessation of menses (Figs. 5-2 and 5-3). Growth velocity and skeletal matura-
tion slow during GnRH analog suppression of puberty (Fig. 5-4). Since bone age
advancement is slowed more than height age, predicted adult height is increased
by this therapy (54,58) (Fig. 5-5). Several series of patients have shown modest to
marked improvements in final height with GnRH analog agonist therapy
(47,60-62). One randomized trial of girls ages 6 to 8 treated with GnRH analog
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FIG. 5-4. Growth velocity before and during gonadotropin-releasing hormone (GnRH) analog
therapy in 32 girls and seven boys treated between 6 and 42 months. (From Boepple PA,
Mansfield MJ, Wierman ME, et al. Use of a potent, long-acting agonist of gonadotropin-
releasing hormone in the treatment of precocious puberty. Endocr Rev 1986;7:24; with
permission.)

did not show any increased height in the treated group versus controls without
treatment. Final heights were normal in both groups (63). It is important for
patients to be closely monitored during GnRH analog therapy to ensure that
suppression of puberty is as complete as possible to maximize final height gain.
Monitoring is done with physical exams to assess height, weight, breast size, and
estrogen effect on the vaginal mucosa. GnRH analog suppression has typically been
assessed with GnRH stimulation tests at 3 months, then every 6 to 12 months. A
recent study has shown that a single LH and FSH sample 30 to 60 minutes post-
depot leuprolide injection is a convenient and less expensive alternative (64).

After GnRH analog therapy, menarche generally occurs within 1 to 2 years in
patients with bone ages in the pubertal range, and menstrual cycles are similar to
those in normal adolescent girls (65,66). Bone density, initially increased for age
in patients with precocious puberty, declines during GnRH analog treatment but
remains in the normal range for chronological age, although lower for bone age
(67). Calcium supplementation can help to improve bone density during GnRH
analog therapy (68). Bone density has been found to be normal in adolescents 2
years post-GnRH analog therapy for precocious puberty (69).
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FIG. 5-5. Growth chart of a girl with true isosexual precocious puberty. Her onset of breast
development occurred at 10 months and her menarche at 112 years. Note the acceleration
of growth velocity and bone age. The patient began receiving gonadotropin-releasing hormone
(GnRH) analog therapy (bar) at 4242 years, and her growth decelerated. Bone age, which is
shown with A on the horizontal line to the right of the height measurement, was significantly
advanced at the beginning of therapy (just under 12 years) but advanced only minimally over
the next 4"z years (slightly over 13 years). (Growth chart courtesy of Dr. M.J. Mansfield.)
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Therapy with GnRH analogs is expensive and requires monthly injections of depot
formulations or daily subcutaneous injections and regular monitoring of indices of
pubertal suppression. Nasal analogs generally give less complete suppression.
GnRH agonists are also effective in suppressing puberty in girls with precocity
secondary to hypothalamic hamartomas and optic nerve gliomas associated with
neurofibromatosis (15,19). During treatment with a GnRH analog, normal age-
appropriate progression of adrenarche as determined by measurement of DHEAS
occurs (45,70). Insulin-like growth factor-1 (also termed somatomedin-C) levels
and nocturnal growth hormone secretion decrease during GnRH analog therapy,
providing one of many lines of evidence that sex steroids augment growth hor-
mone secretion during puberty (71).

Although a girl with precocious puberty may appear tall at the initial evaluation,
she may eventually have a short final height because of premature epiphyseal clo-
sure. Several series have given final height estimates for girls with precocious
puberty at 151 to 155 cm (23,24,46,47); however, recent small series of untreated
patients have recorded final heights averaging within 1 standard deviation of normal
(47,60). The final heights depended on the age of the children in the study and the
rate of progression of their precocity. Children who develop progressive precocious
puberty at young ages usually have more height deficit as adults. The majority of
children who develop precocious puberty at the age of 6 to 8 years have accept-
able final heights. Rosenfield (45) has suggested a useful algorithm for deciding
when to initiate treatment for central precocity. If the child is 6 to 8 years old and
has an acceptable initial predicted adult height >152 cm, she may be observed. If
skeletal maturation progresses rapidly and predicted height declines to <152 cm
or declines by =5 cm, treatment should be initiated. The psychosocial well-being
of the patient and her family needs to be considered as well as the final height. In
some patients, suppression of puberty is indicated for psychosocial reasons despite
a normal height prediction. Many parents are concerned that menarche will shortly
follow the onset of breast development. Overall, the duration of time from the-
larche to menarche is longer in younger children (2.8 years with thelarche age
9 versus 1.4 years with thelarche age 12) (72). In patients in whom puberty is
slowly progressive or intermittent, the endocrinologist may elect to withhold
treatment and monitor the patient closely. Depo-Provera is occasionally used to
stop menses when complete suppression of puberty is not required.

Important insights have also been gained on behavioral changes associated with
gonadarche. Children with sexual precocity do not automatically manifest intel-
lectual or psychosocial maturity. The degree of psychological maturity of a young
girl is more likely to be related to her life experiences and her interactions with
her peer group, siblings, and parents. Nevertheless, parents and investigators have
noted that girls with sexual precocity sometimes have mood swings and impul-
siveness, which resolve with the suppression of puberty during GnRH agonist ther-
apy (73,74). Children with sexual precocity are at special risk for sexual abuse,
and one study suggests that they tend to begin sexual relations at a slightly earlier
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age than their peers. It is important to reassure the young girl with precocious
puberty and her parents that her growth and development are “early” but normal
and that, if necessary, she can receive medicine to delay her development to a later
age. Psychological consultation for the child and family may be indicated to help
them with the stress of coping with early development.

Follow-up for the child with precocious puberty depends on the diagnosis and
the treatment undertaken. Girls being treated with GnRH analog therapy need to
be seen frequently for assessment of compliance with medication, height and
weight monitoring, and physical examination. A GnRH stimulation test and deter-
mination of estradiol level are usually done within the first 1 to 3 months after the
beginning of treatment to establish suppression, and repeated at 6- to 12-month
intervals, since the dose may need to be increased. An FSH, LH and estradiol
45 minutes post-depot leuprolide injection may be substituted for a GnRH stimula-
tion test to assess suppression. Bone age is determined at 6-month intervals. Ultra-
sound can be used to determine regression of uterine size (75). It is important to
monitor these patients closely, since incomplete suppression of estrogen by GnRH
analog may actually result in a further decrease in final height. The growth chart
of a patient treated with an analog is shown in Fig. 5-5.

In girls with McCune—Albright syndrome with gonadotropin-independent puberty
and cyclic gonadal steroid production, GnRH agonist therapy does not cause a
decrease in estradiol or regression of pubertal changes (26,29). Feuillan and
colleagues (27) reported some success with testolactone, an aromatase inhibitor that
blocks the synthesis of estrogens, in five girls with McCune-Albright syndrome;
however, the effectiveness of this treatment decreases with time in some patients.

CONTRASEXUAL PRECOCIOUS PUBERTY
(ANDROGEN EXCESS WITH VIRILIZATION)

Contrasexual precocity arises from excess androgen production from an
adrenal or ovarian source, which results in acne, hirsutism, and virilization. The
differential diagnosis includes (a) CAH, (b) Cushing syndrome with tumor
related androgen excess, (c) adrenal tumors, (d) topical exposure to androgen
containing creams or gels and (e) androgen-secreting ovarian tumors such as
lipoid cell and arrhenoblastomas.

Patient Assessment

The patient should have a careful physical examination, with emphasis on not-
ing evidence of hirsutism, acne, or clitoral enlargement, and an adequate abdomi-
nal and bimanual rectal examination or pelvic ultrasound to exclude an ovarian
mass. Ovarian tumors are usually palpable.
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Laboratory tests to be considered include serum levels of LH, FSH, estradiol,
testosterone, DHEAS, dehydroepiandrosterone (DHEA), 17-hydroxyprogesterone,
androstenedione, and 11-deoxycortisol (see Fig. 2-9 in Chapter 2 for pathways of
steroid biosynthesis). Blood for the baseline 17-hydroxyprogesterone level is best
drawn between 7 and 8 AM, since the diurnal variation of adrenal hormones brings
about a normal level in the afternoon in patients with mild deficiencies of 21-
hydroxylase. In girls with suspected CAH, a 1-hour ACTH stimulation test (see
Chapter 9) is useful in detecting a block in the adrenal pathways. Adrenal tumors
are usually associated with elevated serum DHEA, DHEAS, and androstenedione
and are not suppressible by dexamethasone. Serum testosterone may be elevated
because of direct secretion by the tumor or because of peripheral conversion. Cush-
ing syndrome is usually accompanied by signs of excess cortisol production and
poor linear growth. A 24-hour urine collection for determination of free cortisol is
useful if Cushing syndrome or cortisol resistance are under consideration. Thus, the
diagnosis is made by careful hormone studies with ACTH testing in cases of sus-
pected CAH, abdominal and bimanual rectoabdominal palpation, ultrasonography,
CT or MRI scanning for visualizing the adrenals, and resection of identified tumors.

Treatment and Follow-up

Ovarian and adrenal tumors should be surgically excised if possible. Patients
with CAH should receive glucocorticoid replacement (e.g., hydrocortisone, 13 to
25 mg/m? per day divided in three daily doses) and be monitored every 3 months.
If the bone age is not too advanced, breast development may regress when CAH
is treated. As noted earlier, some patients may develop secondary central precocity
and be candidates for GnRH analog therapy.

PREMATURE THELARCHE

Premature thelarche is defined as breast development without any other signs
of puberty and is most commonly seen among young girls under 2 years of age.
Occasionally, neonatal breast hypertrophy fails to regress within 10 months after
birth; this persistent breast development is also characterized as premature the-
larche. The child with typical premature thelarche has bilateral breast buds of 2 to
4 cm with little or no change in the nipple or areola. The breast tissue feels gran-
ular and may be slightly tender. In some cases, development is quite asymmetric;
one side may develop 6 to 12 months before the other. Growth is not accelerated,
and the bone age is normal for height age. No other evidence of puberty appears;
the labia often remain prepubertal without obvious evidence of estrogen effect. A
vaginal smear for maturation index may show atrophy or may show slight evidence
of estrogenization. Similarly, the serum estradiol may be slightly elevated in some
patients (76,77).
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Occasionally, patients who initially present with premature thelarche eventually
develop true central precocious puberty (78). In girls with premature thelarche,
basal and post-GnRH serum levels of LH and FSH are generally in the prepuber-
tal range, although Ilicki and colleagues (79) have found that basal levels of FSH
and the response to GnRH were higher than in prepubertal control subjects. They
have postulated that premature thelarche is due to a derangement in maturation of
the hypothalamic-pituitary-gonadal axis, with higher than normal FSH secretion
and increased peripheral sensitivity to the sex hormones. This hypothesis would
explain the occurrence of this problem principally in 1- to 4-year-old girls. Klein
has shown that estradiol is higher in girls with premature thelarche than in con-
trols when measured in an ultrasensitive estradiol assay (79). Premature thelarche
is also seen more commonly in very-low-birth-weight infants (80). Thus, evidence
points toward the importance of transient ovarian secretion of estrogen under
hypothalamic pituitary control. The usual clinical course of regression, or at least
lack of progression, of breast development would then correlate with the waning
of the estrogen levels as the ovarian follicles become atretic.

Patient Assessment

The assessment of a patient with premature breast development includes a care-
ful review of medications and creams recently used. Occasionally it is discovered
that a package of the mother’s or sister’s oral contraceptive pills has been ingested
by the child. Premarin cream applied to the vulva nightly for >2 to 3 weeks may
result in breast changes. The physical examination should include notation of the
appearance of the vaginal mucosa and of the size of the breasts and, in an infant,
a rectoabdominal examination to exclude an ovarian cyst.

A pelvic ultrasound is often used as an alternative to a rectoabdominal exam to
assess the uterus and ovaries in infants and older children. The uterus should not
be enlarged in patients with premature thelarche. Growth charts should be updated
and assessed to see whether the patient is continuing to grow at her previously
established percentile of height and weight. Laboratory tests include a radiograph
of the left hand and wrist for bone age, a pelvic ultrasound, possibly a vaginal
maturational index, and, in some cases, a GnRH stimulation test, and determina-
tion of serum estradiol, LH, and FSH levels.

Treatment and Follow-up

Treatment consists mainly of reassurance and careful follow-up to confirm that
the breast development does not represent the first sign of precocious puberty (81).
A thorough physical examination should be done at each visit. Linear growth and
bone age should be monitored. Biopsy of the breast tissue is not indicated, because
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removal of the breast bud prevents normal development. Although in most cases
of premature thelarche breast development regresses or stabilizes, some children
do develop central precocious puberty. These patients cannot be distinguished clin-
ically at initial presentation, so that follow-up is appropriate. Parents should be
reassured that this is usually a self-limited process and pubertal development will
occur at the normal adolescent age.

PREMATURE MENARCHE

Premature menarche most likely represents a similar but less common response
than premature thelarche to the transient production of estrogen by the ovary.
Prepubertal girls may have uterine bleeding lasting 1 to 5 days, once or in cycles
for several months, without other evidence of estrogen effect. Blanco-Garcia and
co-workers (35) found estradiol levels to be significantly above the normal prepu-
bertal range and a seasonal increase in isolated menses between September and
January. Before the clinician can make this diagnosis, other causes of vaginal
bleeding, including infection, trauma, foreign body, and tumors, need to be
excluded (see Chapter 3).

PREMATURE ADRENARCHE

Premature adrenarche is defined as the isolated appearance of pubic and
occasionally axillary hair before the age of 8 years without evidence of estro-
genization or virilization. Patients usually also have axillary odor. The terminology
is sometimes confusing, but premature pubarche refers to the clinical manifestations
of early pubic (and/or axillary) hair and premature adrenarche to the early matura-
tion of adrenal androgen secretion. In common usage, the terms are often inter-
changed. Most patients have an increase in urinary 17-ketosteroid production and
increased plasma levels of DHEA and DHEAS, which suggests that hormone
biosynthesis in the adrenal gland undergoes maturation prematurely to a pubertal
pattern (82). Although production of these androgens is suppressible by dexam-
ethasone and therefore dependent on ACTH, the mediator for the change at puberty
and in premature adrenarche is unknown. Levels of DHEAS are similar to those
in girls with stage 2 pubic hair (Fig. 5-6). Bone age is usually normal or 1 year
advanced (appropriate for height age).

The cause of premature adrenarche is not yet known. The condition appears to
be more common in black and Hispanic girls and obese boys and girls. In some
medical centers, including ours, some adolescents with androgen excess and
polycystic ovary syndrome have been observed to have a history of premature
adrenarche (83,84) (see Chapter 9). Insulin resistance has been documented in
children with premature adrenarche even in the absence of obvious acanthosis
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FIG. 5-6. Dehydroepiandrosterone sulfate (DHEAS) levels in girls with precocious adrenarche
(PA) compared with normal girls of various bone ages (BA) and stages of pubic hair devel-
opment (Tanner stages 1 to 4/5). DHEAS levels are appropriate for the Tanner stage of pubic
hair but are elevated for the bone age. S.E., standard error; n, number. (From Korth-Schutz
S, Levine LS, New MI. Dehydroepiandrosterone sulfate (DS) levels, a rapid test for abnormal
adrenal androgen secretion. J Clin Endocrinol Metab 1976;42:1005; Copyright 1976, The
Endocrine Society, with permission.)

nigricans (85). Ibanez has reported an increased history of low birth weight in girls
with premature adrenarche and insulin resistance who had anovulatory cycles as
teens (86). Some girls with premature adrenarche do have evidence of a partial
deficiency of 21-hydroxylase or are heterozygotes for 21-hydroxylase deficiency
(8,87-90). In a referred population with a predominance of ethnic groups known
to have a high incidence of nonclassical 21-hydroxylase deficiency (Ashkenazi
Jewish, Hispanic, and Italian), Temeck and colleagues (88) found that among girls
with premature adrenarche between the ages of 2 and 7 years, 5 of 19 (26%) had
21-hydroxylase deficiency. In a study of 127 Italian children with premature pub-
arche who underwent ACTH testing, 12% had mild errors in steroidogenesis (90).
These studies need to be repeated in ethnic populations with a lower incidence of
these disorders, especially among American black children, since premature
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adrenarche is so common in these girls between the ages of 5 and 8 years (2).
Thus, the exact percentage of children with adrenal enzyme deficiencies, the nat-
ural history, and the benefits of intervention need to be defined better, since doing
a 1-hour ACTH test in all girls with premature adrenarche would add substantially
to the expense of the evaluation. A 1-hour ACTH test is indicated in all girls with
elevated baseline (7 to 8 AM) 17-hydroxyprogesterone, those whose bone age
is advanced >1 year, those with increased linear growth, and those with any signs
of clitoromegaly or virilization. Even in the absence of these indications,
white girls, especially those from the ethnic groups with an increased risk of
nonclassical 21-hydroxylase deficiency, should be screened with a DHEAS level
and an early-morning 17-hydroxyprogesterone determination as a minimum.

Patient Assessment

The assessment of the patient with premature adrenarche is similar to that for
contrasexual precocious puberty. The important findings on physical examination
are the presence of pubic hair and axillary odor and the absence of breast devel-
opment, estrogenization of the labia and vagina, and virilization (clitoromegaly).

The laboratory tests include determination of bone age, serum DHEAS, and
early-morning (7 to 8 AM) 17-hydroxyprogesterone. Given the finding of insulin
resistance in some of these patients, a fasting blood sugar and insulin level might
be added (85,86). As noted earlier, the criteria for ACTH testing need further
refinement. However, in many medical centers, this test is performed on all patients
to detect enzyme deficiencies and better define the potential causes of this condi-
tion. The differential diagnosis must exclude precocious puberty, CAH, and an
adrenal or ovarian tumor. Sometimes, the diagnosis of adrenarche is made only in
retrospect when further evidence of precocious puberty does not occur. It should
be recalled that most patients with precocious puberty have an advanced bone age,
growth spurt, and evidence of estrogenization of the external genitalia. Patients
with tumors and some patients with CAH have evidence of virilization.

Treatment and Follow-up

The treatment of premature adrenarche is reassurance and follow-up. The child
should be examined every 3 to 6 months initially to confirm the original diagnostic
impression; evidence of virilization or early estrogen effect points to a different
diagnosis. Growth data should be carefully plotted. It is hoped that treatment of
late-onset 21-hydroxylase deficiency with corticosteroids will prevent the devel-
opment of polycystic ovary syndrome in early adolescence. In general, pubertal
development at adolescence can be expected to be normal. Some patients will have
hirsutism and irregular menses as adolescents (83,91).
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Delayed Puberty

S. Jean Emans

This chapter presents a practical approach to delayed sexual development,
Chapter 7 provides the algorithms for the diagnosis and treatment of amenorrhea,
and Chapter 8 reviews dysfunctional uterine bleeding. Chapters 1 and 4 should be
mastered before an evaluation of any of these problems is undertaken. Gonadal
development and embryogenesis are reviewed in Chapters 2 and 10. The distinc-
tion between delayed puberty and amenorrhea can be somewhat artificial because
problems that cause pubertal delay can also cause amenorrhea. For example, a
patient with 45,X/46,XX (Turner mosaic) or the patient with anorexia nervosa
may present to the clinician with no sexual development, primary amenorrhea, or
secondary amenorrhea. It is thus helpful for the clinician to think about a general
approach to define the source of the hypothalamic—pituitary—ovarian axis abnor-
mality. The differential diagnosis of delayed puberty includes central causes
(chronic disease, nutritional deficiency, hypopituitarism, and tumors), hypothy-
roidism, adrenal disorders, and ovarian failure (Table 6-1). Physiological delay of
puberty is a diagnosis of exclusion.

Recent U.S. data from the National Health and Nutrition Examination Survey III
(NHANES III) have shown that black girls enter puberty first, followed by Mexican
American, and then white girls (1,2). The mean age of initiation of puberty for
black, Mexican American, and white girls was 9.5, 9.8, and 10.3 years for breast
development, respectively, and 9.5, 10.3, and 10.5 years for pubic hair development
(1). Early timing of pubertal maturation in girls is associated with obesity (3,4).

EVALUATION—HISTORY AND PHYSICAL EXAMINATION

A thorough history and physical examination are essential for the evaluation of
the adolescent girl with delayed puberty. A girl who has not experienced any puber-
tal development by the age of 13 years is more than 2 standard deviations beyond
the normal age of initiating puberty and thus warrants a medical evaluation. For
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TABLE 6-1. Differential diagnosis of delayed puberty

Hypogonadotropic hypogonadism

CNS causes
Chronic disease, especially those associated with malnutrition (cystic fibrosis,
Crohn disease, celiac disease, HIV disease, sickle cell disease)
Physiologic delay
Weight loss and eating disorders
Competitive athletics, ballet dancing
GnRH deficiency (Kallmann syndrome)
Genetic syndromes: Lawrence-Moon-Bied|, Prader-Willi syndromes
CNS tumors—e.g., craniopharyngiomas
Depression
Drugs, especially associated with hyperprolactinemia
Pituitary causes—tumor (prolactinoma), infiltrative disease (sarcoid, tuberculosis,
histiocytosis X, CNS leukemia), hemochromatosis, head trauma,
“empty sella,” irradiation, surgery
Thyroid
Hypothyroidism
Adrenal
Cushing syndrome
Addison disease

Hypergonadotropic hypogonadism

Ovaries

Gonadal dysgenesis (Turner Syndrome)

Pure gonadal dysgenesis (46,XX or 46,XY)

Radiation or chemotherapy; oophorectomy

Autoimmune oophoritis

Resistant ovary syndrome

17a-hydroxylase deficiency

Aromatase deficiency

Other—galactosemia, myotonia dystrophica, trisomy 21,
fragile X premutation carriers, sarcoidosis,
ataxia telangiectasia; ovarian torsion,
removal, or destruction; tuberculosis; oophoritis

the exceptional girl who is known to have a debilitating chronic disease (see Chap-
ter 23) or who is involved in ballet or a competitive endurance sport such as track
or gymnastics that may be associated with a delay in pubertal development, the
full diagnostic workup can be postponed until age 14 years, provided that other
parameters of growth and development are compatible with the delay. Each girl
should be observed for a steady progression of growth and pubertal development.
A halt in maturation also signifies the need to do a thorough endocrine evaluation.
Several illustrative case histories are included at the end of this chapter.

The pertinent past history depends in part on the presenting complaint and may
include the following:

1. Family history: heights of all family members (if short stature); age of
menarche and fertility of sisters, mother, grandmothers, and aunts (familial
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disorders include delayed puberty, delayed menarche, androgen insensitivity,
congenital adrenal hyperplasia, some forms of gonadal dysgenesis, and fragile
X premutation carriers); history of ovarian tumors (e.g., gonadoblastomas in
intersex disorders); and history of autoimmune endocrine disorders such as
thyroiditis, diabetes, Addison disease, and autoimmune ovarian failure.

2. Neonatal history: Maternal ingestion of androgens can cause clitoromegaly;

maternal history of miscarriages; birth weight; congenital anomalies; hernias;

lymphedema (Turner syndrome); and neonatal problems such as hypo-
glycemia that can be suggestive of hypopituitarism.

Previous surgery (bilateral oophorectomy), irradiation, or chemotherapy.

4. Review of systems with special emphasis on a history of chronic disease,
abdominal pain, diarrhea, headaches, neurologic symptoms, ability to smell,
weight changes, disordered eating, caloric intake, sexual activity, galactor-
rhea, medications, substance abuse, emotional stresses, competitive athletics,
acne, and hirsutism.

5. Age of initiation of pubertal development, if any, and rate of development.

6. Growth data plotted on charts, such as those illustrated in Chapter 4, with
mid-parental height calculated.

et

The physical examination involves a general assessment that includes height and
weight, blood pressure, palpation of the thyroid gland, and Tanner [Sexual Matu-
rity Rating (SMR)] staging of breast development and pubic hair. The girl may
have presented for a complaint of “no development” and yet the physical exami-
nation may reveal that her breast development is SMR 2; follow-up over the next
3 to 6 months may establish that the girl is in normal puberty. The presence of
congenital anomalies should be assessed, including hernias, renal anomalies, evi-
dence of skeletal disproportion suggestive of chondrodysplasias. If abnormal body
proportions are questioned during the visual assessment, measurement of the arm
span and upper lower segment (U/L) ratios can be helpful. The arm span is mea-
sured from middle fingertip to middle fingertip. The lower segment is measured
from the top of the pubic symphysis to the floor (the upper segment is height minus
lower segment). In the child with normal proportions, the arm span is approxi-
mately the same as the height. The U/L ratio is around 0.95. Midline facial defects
may be associated with hypothalamic—pituitary dysfunction. The somatic stigmata
of Turner syndrome may be a clue to the diagnosis of delayed development (see
page 191). A neurologic examination is important in patients with delayed or inter-
rupted puberty and includes an assessment of the ability to smell, fundoscopic
examination, and screening visual field tests by confrontation (formal visual field
tests may be indicated if a pituitary tumor is diagnosed). The presence of andro-
gen excess (hirsutism, acne) should also be noted (see Chapter 9).

In the initial examination of the adolescent with no pubertal development, the
gynecologic assessment involves simple inspection of the external genitalia to
determine if the girl has clitoromegaly and whether there is estrogen effect on the
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hymen and anterior vagina. The finding of a reddened, thin vaginal mucosa is
consistent with lack of estrogen and delayed puberty; this is in contrast to the pink,
moist vaginal mucosa consistent with estrogen effect. Because the etiology of
pubertal delay likely results from an ovarian problem (e.g., Turner syndrome or
ovarian failure) or from a hypothalamic—pituitary problem (e.g., hypogonadotropic
hypogonadism), an external examination usually suffices. In contrast, in the girls
with normal pubertal development and primary amenorrhea, assessment of inter-
nal genital structure is essential to exclude a genital anomaly (see Chapter 7). How-
ever, in the nonobese prepubertal teenager, a simple rectoabdominal examination
in the dorsal supine position will often allow palpation of the cervix and the uterus.
If a pelvic ultrasound is obtained in a prepubertal adolescent girl, the uterus may
not be well visualized and thus may be wrongly assumed to be absent. The ultra-
sound should be repeated in a pediatric center with experience in performing and
interpreting ultrasounds in prepubertal girls.

In adolescents, assessment of the pattern of growth can yield valuable informa-
tion. Accurate measurement using a stadiometer is critical to ascertain changes in
growth patterns. Prepubertal growth rate is 2 to 2.5 in. per year with an increase
at puberty and then closure of the epiphyses (see Chapter 4). Failure of statural
growth for several years in the prepubertal girl may occur with Crohn disease
(Chapter 23), a systemic disease, or an acquired endocrine disorder. In conditions
associated with poor nutrition, such as anorexia nervosa, celiac disease, and inflam-
matory bowel disease, weight is typically affected more than height. The patient
is usually underweight for her height. In contrast, patients with acquired hypothy-
roidism, cortisol excess (iatrogenic or Cushing syndrome), growth hormone defi-
ciency, and Turner syndrome are typically overweight for height.

EVALUATION—LABORATORY TESTING

After completing the history and physical examination and plotting the growth
chart, the clinician should obtain laboratory tests including a complete blood
count (CBC), urinalysis, and serum levels of follicle-stimulating hormone (FSH),
thyroid-stimulating hormone (TSH), and prolactin. Additional thyroid tests
(T4 and TBGI or free T4) should be obtained initially if a central cause of the
delayed puberty or amenorrhea is suspected, since the TSH may be in the normal
range despite central hypothyroidism. The differential diagnosis can usually be
divided on the basis of FSH levels into categories of hypergonadotropic hypo-
gonadism (high FSH levels, indicating ovarian failure) and hypogonadotropic
hypogonadism (low or normal levels of FSH, indicating a hypothalamic prob-
lem) (Table 6-1; Fig. 6-1) (5). Unless a high FSH level is suspected because of
prior radiation, chemotherapy, or short stature, a single high FSH should be
repeated (in 2 weeks) before a definitive statement about ovarian failure is made
to the patient and family. Low to normal levels of FSH [and luteinizing hormone
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Physical examination

Growth charts

CBC, ESR, TFTs, Prolactin, FSH, Urinalysis
X ray of the hand and wrist for bone age

FSH (LH)
Low to normal FSH /\High FSH
Constitutional delay Gonadal dysgenesis
Hypogonadotropic hypogonadism Autoimmune oophoritis
Kallmann syndrome Resistant ovary syndrome
Eating disorders Defects in steroidogenesis
Competitive athletics Other causes of ovarian failure
Drugs (e.g., radiation, chemotherapy,
Hypopituitarism or galactosemia)
CNS tumors and other lesions
Acquired endocrinopathies
Chronic diseases
Do: Neurologic assessment, Do: Karyotype; if normal, do
including sense of smell antiovarian, antithyroid,
CNS MRI antiadrenal antibodies; screen
Consider: Other neuroendo- for other autoimmune
crine studies, Gl series, malab- endocrinopathies; serum
sorption workup, sweat test, progesterone

creatinine, electrolytes, liver
function tests, IgF1 and IgF1BP3,
celiac panel

FIG. 6-1. Differential diagnosis of delayed development.

(LH)] imply a central nervous system (CNS) cause, for example, hypothalamic
dysfunction, a pituitary problem, stress, an eating disorder, chronic disease, or,
rarely, a CNS tumor. In girls suspected to have Turner syndrome because of
significant short stature, determination of the prolactin level can be delayed until
the result of the FSH level is known. In girls with unexplained delayed puberty
or symptoms of chronic illness, an erythrocyte sedimentation rate (ESR) is
obtained in addition to creatinine level, other chemistry determinations, and a
celiac panel. For girls with poor linear growth, levels of insulin-like growth
factor-1 (IGF-1) and IGF-1 binding protein 3 (IGF-1BP3) can help screen for
growth hormone deficiency with the caveat that the levels should be compared
to those of similar pubertal status.

A non-dominant hand and wrist x-Ray for bone age will help determine how
delayed the patient is and allow an estimation of final adult height (Appendix
7). For example, hypothyroidism tends to delay bone age more than height age
(the age at which the patient’s height would be on the fiftieth percentile on a
growth chart). With constitutional delay, both bone age and height age are
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similarly delayed (unless the patient is also short genetically). Calculating mid-
parental height is helpful in determining whether a girl’s predicted height is in
a target range for her family. For girls, mid-parental height is [(mother’s height)
+ (father’s height — 5 in.)] divided by 2; 1 standard deviation (SD) is 2 in. (or
2 SD is 4 in.) (see Case 5). It is extraordinarily helpful as the clinician is tak-
ing the history and performing the examination to think of the spectrum of pos-
sible diagnoses for delayed puberty or amenorrhea from the hypothalamus to
the gonads. A stepwise evaluation using history, growth charts, physical exam-
ination, and limited laboratory tests will rule in and rule out the major causes
of delayed puberty in adolescent girls.

HYPOGONADOTROPIC HYPOGONADISM

Low to Normal Follicle-Stimulating Hormone
(and Luteinizing Hormone) Levels

The majority of girls with delayed puberty will have low or normal FSH
levels (hypogonadotropic hypogonadism) from constitutional delay, undernutrition,
chronic illness, stress, disordered eating, weight loss, athletic competition, or
endocrinopathies such as hypothyroidism. Other less common causes of hypo-
gonadotropic hypogonadism include hypothalamic disorders such as Kallmann
syndrome or a tumor, and pituitary problems such as a microadenoma or
infiltrative disease. A normal physiologic delay in puberty is a diagnosis of
exclusion.

One of the most common causes of delayed puberty is poor nutrition. Caloric
counts using food diaries and gastrointestinal evaluation are indicated in those with
poor nutrition. Poor intake, malabsorption, and increased caloric requirements
commonly occur in chronic diseases such as cystic fibrosis, sickle cell disease,
human immunodeficiency virus disease, renal disease, celiac disease, and Crohn
disease (6-9). The diagnosis is frequently evident before puberty, but patients with
Crohn disease may present with subtle manifestations such as growth failure in the
teenage years. On careful history, most, but not all, patients with Crohn disease
have a history of intermittent, crampy abdominal pain, diarrhea, or constipation.
The ESR is usually, but not invariably, elevated, and mild anemia and hypoalbu-
minemia may be present as clues. Similarly, celiac disease may present with growth
failure and few other suggestive symptoms. If the patient is underweight for height
and/or demonstrates poor weight and height gains, further gastrointestinal evalua-
tion and screening tests for celiac disease (celiac panel: transglutaminase, antien-
domysial antibodies and IgA) may be indicated before it is assumed that low
caloric intake alone is responsible for the problem. If IGF-1 levels are obtained,
the binding protein IGF-1BP3 should also be measured because IGF-1 levels may
be low in malnutrition and delayed development and do not necessarily indicate
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growth hormone deficiency. Renal problems associated with impaired growth
include renal tubular acidosis, glomerular diseases treated with corticosteroids, and
end-stage renal failure.

Self-imposed caloric restriction and intermittent dieting are common among
adolescent girls, many of whom view themselves as overweight. Society’s preoc-
cupation with a thin physique may lead parents and children to restrict the diet
inappropriately, causing weight loss or growth failure. Although anorexia nervosa
is typically associated with amenorrhea, fear of obesity can cause significant
growth failure in prepubertal children (10). However, it behooves the clinician to
exclude a hypothalamic tumor, a malabsorptive state, and chronic disease in the
prepubertal child with an apparent eating disorder. Children may also have
inadequate access to food because of family psychosocial problems, alcoholism,
drug abuse, lack of financial resources, or homelessness.

As noted in the section in Chapter 7 (page 226) on the fermale athlete triad (amen-
orrhea, disordered eating, and osteopenia), girls who are involved in ballet or com-
petitive endurance sports such as track and gymnastics may have a delay in pubertal
development and growth (11-13) (Fig. 6-2). There is debate over whether this delay
associated with undernutrition can result in lower final adult height. In a study of gym-
nasts and swimmers, Theintz and colleagues (13) noted that the growth spurt in gym-
nasts was suboptimal and associated with short stature (Fig. 6-3). Familial short
stature and body type may be contributing factors to the observed results, and other
studies have suggested more normal growth curves. However, inadequate nutrition
from anorexia nervosa can also impact growth velocity. In addition, delayed puberty
and poor linear growth may be caused by endocrinopathies, including hypothy-
roidism, poorly controlled diabetes mellitus, and Cushing syndrome. Acquired hy-
pothyroidism may have a subtle onset that may be missed except for the slowing of
statural growth. The use of pharmacologic doses of corticosteroids to treat many med-
ical diseases frequently causes an iatrogenic picture of Cushing syndrome. Substance
abuse and psychological problems such as severe depression can be associated with
an interruption of the pubertal process.

Hypothalamic dysfunction may be caused by a number of inherited genetic
defects that are increasingly being identified including: X-linked Kallmann syn-
drome 1 (KAL1 gene) associated with lack of migration of the neurons respons-
ible for gonadotropin-releasing hormone (GnRH) release and the olfactory neurons
(and thus anosmia); autosomal dominant Kallmann syndrome (FGFR1 gene);
receptor mutations across the hypothalamus, pituitary, and adrenal glands; GnRH
receptor mutations (GNRHR gene); mutations in the regulation of GnRH release
(GPR54 gene); and leptin mutations (14). Patients with hypothalamic dysfunction
may also have midline craniofacial defects. Distinguishing isolated GnRH defi-
ciency from delayed puberty may be difficult if the patient has not begun to show
a normal postpubertal response to GnRH or GnRH analogs. Rosenfield (15) has
suggested that gonadotropin deficiency is probable in a prepubertal teen girl with
normal or low FSH if bone age is >13 years, anosmia or panhypopituitarism is
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FIG 6-2. Delayed development and poor growth in a ballet dancer. Medical and nutritional
counseling resulted in marked improvement in growth rate. She was still prepubertal at age
13%.

present, there is no sleep-associated increase in LH, and GnRH tests show a flat
response (see Chapter 4). Patients with delayed puberty or menarche frequently
have other members of the family who have experienced a significant delay. This
history alone, however, should not prevent an evaluation of girls with delayed
development, since other conditions can be present. Central lesions that need to be
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considered include tumors, hydrocephalus, brain abscesses, and infiltrative lesions
such as tuberculosis, sarcoidosis (16), eosinophilic granuloma, Wegener granulo-
matosis, lymphocytic hypophysitis, and CNS leukemia. Follow-up is critical to
make sure that normal puberty occurs, since one of these conditions may become
apparent later.

Craniopharyngiomas typically present between the ages of 6 and 14 years and
cause headaches, poor growth, delayed development, and diabetes insipidus. Chil-
dren who have received cranial radiation for leukemia therapy may have abnor-
malities of growth hormone secretion and may lack pulsatile GnRH secretion as
well (17,18). Iron deposition from hemochromatosis and iron overload associated
with transfusion therapy in thalassemia major can result in pubertal delay. Iron
deposition in the patient with thalassemia may also cause hypothyroidism,
hypoparathyroidism, diabetes, cardiac failure, and/or pituitary dysfunction (19,20).
Hypogonadotropic hypogonadism and obesity are also associated with the Laurence-
Moon-Biedl and Prader-Willi syndromes. Medications, particularly antipsychotic
drugs, can cause hyperprolactinemia (see Chapter 7).

Pituitary causes of interrupted development and irregular menses include
hypopituitarism, either congenital or acquired, and tumors. Acquired hypopitu-
itarism can result from head trauma (21), postpartum hemorrhagic shock and pitu-
itary necrosis (Sheehan syndrome), pituitary infarction from conditions such as
sickle cell disease, and, rarely, an autoimmune process (22). Empty sella syn-
drome is rare in children but can be associated with hypothalamic pituitary dys-
function (23) (see Chapter 7). In one series of children with multiple pituitary
deficiencies, one-third had an empty sella (24). The most common, but still rare,
pituitary tumor in adolescence is a prolactinoma, which most typically causes
only primary or secondary amenorrhea rather than complete absence of puber-
tal development (see section on Hyperprolactinemia in Chapter 7); however, rare
tumors have been reported in prepubertal girls (25). Pituitary adenomas that are
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not prolactinomas are not usually associated with amenorrhea and thus tend to
be diagnosed at the time an imaging study is done for some other reason, such
as headaches, or because tumor growth causes headaches or visual disturbances.
These rare tumors may secrete FSH, LH, or high levels of the a subunit of the
glycopeptide hormones (26). Therapy with a GnRH agonist does not cause
down-regulation of mildly elevated FSH levels. These patients may have modest
elevation of serum prolactin levels. Patients found to have these tumors should
have further neuroendocrine evaluation in a search for abnormalities of ACTH
production and growth hormone secretion. Consultation with a pediatric endocri-
nologist and neurosurgeon is important.

Thus, the evaluation of the adolescent with low to normal FSH levels needs to
focus on exclusion of a systemic disease, poor nutrition, CNS disorder, or
endocrinopathy. Evidence of other chronic diseases such as cystic fibrosis, renal
failure, diabetes, or liver disease should be assessed. If a hypothalamic or pituitary
tumor is under consideration or if a girl has significantly delayed puberty, then
evaluation should include cranial MRI. Further neuroendocrine studies are impor-
tant in the evaluation of patients with evidence of panhypopituitarism and some
patients with tumors. Patients with a history of CNS radiation for leukemia should
have their growth monitored carefully and neuroendocrine testing done if linear
growth is abnormal. Formal visual field testing should be obtained in patients with
pituitary tumors. As noted in Chapter 4 and 7, girls with delayed puberty and
especially low weight may not acquire normal bone mass (27), and thus should be
counseled about calcium and vitamin D intake, appropriate nutrition, and prescribed
hormonal therapy as indicated.

HYPERGONADOTROPIC HYPOGONADISM

High Follicle-Stimulating Hormone (and Luteinizing Hormone) Levels

Adolescents with persistently elevated FSH levels have premature ovarian failure
(POF). Patients with POF may have an abnormal karyotype (e.g., Turner syndrome
or, rarely, fragile X premutation carriers, or 46,XY gonadal dysgenesis) or a normal
karyotype (e.g., autoimmune oophoritis; see Chapter 7, p. 238), idiopathic POF,
galactosemia, or ovarian failure associated with radiation or chemotherapy. Patients
with Turner syndrome typically present with delayed development, but any of the
disorders may also present with primary or secondary amenorrhea after undergoing
some, or even complete, pubertal maturation.

Initial evaluation of the adolescent with elevated FSH levels in the absence
of a history of radiation or chemotherapy or a known diagnosis such as galactosemia
includes a karyotype determination. In patients with 46,XX ovarian failure, further
studies include assessment for autoimmune ovarian failure such as antiovarian,
antithyroid, and antiadrenal antibodies. In the hypertensive patient with elevated
FSH and delayed puberty, serum levels of progesterone (11-deoxycorticosterone and
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corticosterone) are obtained in a search for the rare case of 17a-hydroxylase defi-
ciency. Laparoscopy or laparotomy with gonadal biopsy is rarely indicated.

Gonadal Dysgenesis

Turner syndrome occurs in approximately 1 of 2,000 live-born girls and in
1 of 15 spontaneous abortions (28). Slightly over one-half of patients with
gonadal dysgenesis have the classic 45,X karyotype (Turner syndrome). The
stigmata of Turner syndrome include short stature, broad chest, webbed neck,
low hairline, short fourth or fifth metacarpals, cubitus valgus, genu valgum, ptosis,
low-set ears, narrow high-arched palate, micrognathia, lymphedema, and mul-
tiple pigmented nevi. Some anomalies such as the webbed neck, low hairline,
rotated auricle, puffy hands and feet, and nail dysplasia appear to be secondary
to lymphatic obstruction (29).

The mean final heights of girls with Turner syndrome not treated with growth
hormone have been reported to be 142 to 146.8 cm (56 to 58 in.) with an average
of 143 cm (30) (Fig. 6-4). A positive correlation has been found between the
height standard deviation scores of mosaic patients and the frequency of nor-
mal chromosome constitution and a negative correlation of height with the fre-
quency of cells with 45,X (31). Most, but not all studies, have found that the
stature of the Turner patients is related to mid-parental height (32,33). Therapy
for Turner patients now usually includes treatment with synthetic growth
hormone by a pediatric endocrinologist (29,30,34-44). The growth chart of a
Turner syndrome patient is shown in Fig. 6-5; the height data are plotted on a
special growth chart with percentiles for Turner syndrome (Genentech®). In the

FIG. 6-4. Turner syndrome. A 12-year-old girl with Turner
syndrome (right) is no taller than her 7-year-old sister. Other
signs of the disorder are apparent only on closer inspection.
(From Jackson DB, Saunders RB. Child health nursing: a
comprehensive approach to the care of children and their fam-
ilies. Philadelphia: JB Lippincott Co, 1993; with permission.)
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TURNER GIRLS: 2 TO 19 YEARS
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FIG. 6-5. Height chart of a girl with Turner syndrome, treated with growth hormone (bar) and
subsequently with estrogen—progestin replacement therapy.

first year of therapy of patients with Turner syndrome, Rosenfield and associ-
ates (34) found that the mean growth rate for controls was 3.8 cm per year, for
human growth hormone (met-HGH) 6.6 cm per year, for oxandrolone 7.9 cm
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per year, and for combination therapy with human growth hormone and oxan-
drolone 9.8 cm per year. Although height velocity did decrease after the first
year, Rosenfeld and colleagues (35) found sustained increases for at least 6
years in a 3- to 6-year follow-up of girls with Turner syndrome. They reported
that 14 of 17 (82%) of girls receiving HGH alone and 41 of 45 (95%) of girls
receiving combination therapy with oxandrolone and HGH exceeded their
expected adult height. The 30 girls who had completed treatment had a mean
height of 151.9 cm, in comparison with a projected mean height of 143.8 cm.
The study criteria for cessation of therapy were a bone age =14 years and a
growth rate <2.5 cm in the past year. (See Fig. 6-5 of a girl with Turner syn-
drome treated with growth hormone at our hospital.) In a study of 47 girls
treated after age 10 years with growth hormone, with or without oxandrolone,
Stahnke and colleagues (36) reported that the near final height was 151.7 cm
for the GH alone group, 155.1 cm for the GH plus oxandrolone group, and 152.8
cm for the GH plus transient oxandrolone (discontinued because of virilizing
side effects). Puberty was induced at a mean of 14.9 years. Ranke and col-
leagues (37) found an increase of 6 cm with GH treatment. Oxandrolone ther-
apy has not been found beneficial in all studies, and may produce undesired side
effects such as virilization and glucose intolerance and should not be used in
girls before age 8. Response to GH is dose dependent, with greater gains at
higher doses of GH (30,39,41). Patients and parents need to be counseled about
the benefits, costs, and potential risks of growth hormone treatment.

A number of recent studies have examined the potential role and timing of es-
trogen in promoting growth in girls with Turner syndrome. Early treatment with
low-dose ethinyl estradiol in addition to GH does not improve final height (30).
However, girls who are started on growth hormone early can also start estrogen ear-
lier without compromising adult height (40). In the National Cooperative Growth
Study database, Reiter and colleagues (40) found that among the quartile with the
earliest age of initiation of growth hormone (mean 8.2 years), estrogen was also ini-
tiated at an early age (mean 12.7 * 1.6 years) with similar heights to the other quar-
tiles. Similarly, a Dutch study (41) found good outcomes for height in girls who re-
ceived no estrogen for the first 4 years of growth hormone therapy and thereafter were
started on estradiol (5 pg/kg per day) when they were 12 years old; their study also
found more height gain with higher doses of GH. The advantage of earlier treatment
with estrogen would be the development of secondary sexual characteristics more
concordant with peers and the opportunity to potentially optimize bone acquisition.
However, because the diagnosis of Turner syndrome is often delayed until late child-
hood or adolescence, estrogen is typically added at a chronologic age of 14 to 15 after
the girl has been optimally treated with growth hormone. Estrogen/progestin therapy
is further discussed in the Treatment section on page 197.

Other problems associated with Turner syndrome include cardiac anomalies in
one-third (bicuspid aortic valve, coarctation of the aorta, mitral valve prolapse, dis-
secting aneurysms); renal anomalies in 35% to 70% (horseshoe kidneys, unilat-
eral pelvic kidney, rotational abnormalities, duplicated collecting systems, and,
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rarely, ureteral pelvic obstruction and hydronephrosis); hearing impairment, otitis
media, and mastoiditis in one-third; and an increased incidence of hypertension,
achlorhydria, glucose intolerance, osteopenia, diabetes mellitus, and Hashimoto
thyroiditis (28-30,45-61). Gastrointestinal diagnoses include vascular malforma-
tions, which may present with bleeding, and possibly an increased incidence of
inflammatory bowel disease. There is conflicting evidence on osteoporosis in
patients with Turner syndrome, and studies are needed to control for pubertal sta-
tus and age and likely examine volumetric bone mineral density as well
(49-52,56-61). Benetti-Pinto and co-workers (57) reported that 90% of women
with Turner syndrome had osteopenia or osteoporosis; length of estrogen treatment
and BMI showed a positive association with bone mineral density. Of interest, girls
with normal estrogenization and Turner syndrome have normal bone density (50).
Intelligence appears to be normal in most studies of patients with Turner syndrome,
although there can be specific deficits in spatiotemporal processing, visual motor co-
ordination, and specific learning skills (62—64). Similar difficulties have been identi-
fied in adult women with Turner syndrome, including deficits of spatial/perceptual
skills, visual-motor integration, affect recognition, visual memory, attention, and ex-
ecutive function (28). A high incidence of mental retardation has been reported in girls
carrying a small ring chromosome X (28). Girls may be held back in school because
of immaturity and short stature, and parents and teachers may expect less of them (30).
There is some evidence that girls with Turner syndrome may have more difficulties
with social relationships and fewer friends than their peer group (65). Clinicians
should ask about potential teasing at school and have counselors address these issues.
A young adolescent with Turner syndrome has prepubertal female genitalia,
bilateral streak gonads, and a normal uterus and vagina capable of responding to
exogenous hormones; she may have sparse or absent pubic and axillary hair in
spite of levels of dehydroepiandrosterone sulfate (DHEAS) that correspond to
pubic hair stages 2 to 3. The older teen (15 or 16 years old) with undiagnosed or
untreated Turner syndrome usually has pubic and axillary hair, but no breast
development or estrogenization of the vaginal mucosa (no ovarian function).
Forty to 50 percent of patients with gonadal dysgenesis have a mosaic karyotype
(e.g., 46,XX/45,X) or a structural abnormality of the second X chromosome [e.g.,
deletion of part of the short arm (p-) or long arm (q-) of the X chromosome, ring
chromosome, or isochromosome] (66,67). In a study of 478 patients with Turner
syndrome, 52.1% were 45,X; 10.9% were 45,X/46,XX; 4.6% were 45,X/47,XXX
or another “superfemale” cell line; 16.1% had isochromosomes; 4% had ring chro-
mosomes; 7.7% had other structural abnormality of the X chromosome; and 4%
were mosaic 45,X/46,XY (66). When two tissues are examined (fibroblasts and
lymphocytes), mosaicism is more common than would be predicted by just exam-
ining blood karyotype results (47). Such patients may show none or all of the clas-
sic stigmata of Turner syndrome. “Critical” regions on both the long arm and the
short arm of the X chromosome are essential for ovarian function. Deletions in prox-
imal Xql3 and proximal Xq21 are associated with primary amenorrhea, whereas
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girls with deletions of Xq25-27 develop POF and secondary amenorrhea (29,68).
Complete deletion of Xp also results in dysgenetic gonads. Absence or deletion of
a portion of Xp correlates with the physical stigmata of Turner syndrome. It is esti-
mated that 5% to 15% of patients with Turner syndrome may have spontaneous pu-
bertal breast development. Girls with mosaic blood karyotypes, especially involv-
ing only the loss of the short arm of the X chromosome, are more likely to have
pubertal maturation (6% in 45,X; 25% in mosaic patients; and 33% with isolated Xp
deletions) (68). Because some of these girls may not have increased FSH, Turner
syndrome still should be considered in the adolescent with pubertal development
and significantly short stature (in the absence of a family history of short stature).
In the majority of girls with Turner syndrome, FSH is usually elevated at birth, is
suppressed during childhood, and rises to menopausal levels at the normal pubertal
age (9 to 10 years) in those with gonadal failure.

Patients with a 45,X and mosaic karyotypes may have undetected Y DNA, with
ranges of 2.5 to 12% (69-72). Cytogenetic examination should include fluorescence
in situ hybridization, but not routine use of polymerase chain reaction (PCR) tech-
niques unless marker chromosomes of unknown origin are identified or virilization
is evident at birth or puberty (47). Gravholt (71) estimated that the occurrence of
gonadoblastoma among Y-positive patients to be 7% to 10%, and thus prophylactic
gonadectomy is indicated in patients with a Y line to avoid the development of
tumors (see Chapter 18) (73).

Rarely, spontaneous pregnancies have been reported among patients with 45,X and
mosaics, even among some with elevated gonadotropin levels (74—78). Hreinsson and
colleagues reported that follicles could be found in girls up to age 17, raising the ques-
tion of whether ovarian tissue could be obtained for future reproductive technologies
(79). In some studies the outcome of the reported pregnancies has shown an increased
risk of abortion, stillbirth, and chromosomally abnormal babies (Turner syndrome and
Down syndrome) (76-79). In a recent Danish study (75), 33 women [45,X (n = 1);
mosaicism (n = 27); 46,XX and a structural abnormality of the second X (n = 5)],
gave birth to 64 children. Two women had become pregnant after in vitro fertilization,
including a woman with 45,X after an egg donation. Six of the 25 children who had
karyotypes obtained had chromosomal abnormalities (no Down syndrome and only 2
children had malformations). Genetic counseling and prenatal diagnosis should be
recommended to all fertile Turner patients. A number of successful pregnancies have
been achieved through oocyte donation but the risks of miscarriage and pregnancy re-
lated complications are significant (80). Aortic rupture has been reported during
oocyte donor pregnancies, with the exact risk unknown (81).

Follow-up of the patient diagnosed with Turner syndrome should include ultra-
sound examination of the kidneys, cardiac assessment, and monitoring for hyper-
tension, glucose intolerance and diabetes, thyroid dysfunction (those with isochro-
mosome of the long arm of X are especially at risk of Hashimoto thyroiditis), and
celiac disease (47,48,82-86). Aggressive treatment of otitis media and audiometry
are indicated, and careful attention must be paid to subtle hearing loss and speech



196 DELAYED PUBERTY

defects throughout life (30,53). Patients having surgery should be apprised of their
risk of keloid formation (53). Patients who are untreated and who have persistently
high gonadotropin levels may show enlarged pituitary fossae, which suggests hy-
perplasia of the pituitary gland (87). Because of the possibility of increased aortic
root diameters (47), patients with Turner syndrome should undergo periodic cardiac
evaluation and echocardiography to monitor aortic root diameter and to detect
other anomalies. Bicuspid aortic valve, coarctation of the aorta, and hypertension
have been noted in 90% of patients with aortic dilatation and dissection (47,54).
Monitoring for hypertension, which occurs in up to 40% of girls, is essential and
should be aggressively treated (88,89). The optimal periodicity of echocardio-
grams has not been determined but should depend on baseline assessment and car-
diology consultation (53); an interval of 3 to 5 years has been recommended (47).
Cardiac MRI has been valuable in the assessment of at-risk patients (47).

Data on long-term follow up of patients with Turner syndrome are providing
new information for families. In a study of middle-aged women with Turner
syndrome, nearly two-thirds were married, 16% had adopted children, and all
were or had been employed (90). Nearly half of the 20 women with 45,X karyotype
had had fractures, and many were not taking hormone replacement. Cardiac
complications were rare, and hearing loss was reported in 61%. Support groups
have been extremely important for providing support and education to patients,
their families, and their clinicians. The Turner Syndrome Society of the United
States has booklets for families and patients (91) through their website:
http://www.turner-syndrome-us.org.

Other Chromosomal Abnormalities Causing Ovarian Failure

The term pure gonadal dysgenesis refers to patients with normal or tall stature,
streak gonads, and elevated FSH levels. The karyotype is usually 46,XX or 46,XY
(Swyer syndrome). In Swyer syndrome, the streak gonads do not produce andro-
gens or antimiillerian hormone (also termed miillerian inhibiting substance) and
thus the miillerian system is normal (see Chapters 2 and 10). These 46,XY patients
require removal of the gonads. Girls with the 47,XXX karyotype may also have
ovarian failure and may have impairment on neuropsychological tests (although
preselection bias may play a role in the reported findings) (62).

Patients with 46,XX ovarian failure may have a family history of premature
menopause, such as a deletion on the long arm X chromosome in the area respon-
sible for follicular maintenance (92).

Ovarian Failure Secondary to Radiation or Chemotherapy

As more adolescents are surviving their childhood malignancies, the effects of ra-
diation and chemotherapy on gonadal function have become particularly relevant (see
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Chapter 23). A teen with delayed puberty or amenorrhea and a history of a malignancy
treated with radiation to the pelvis or abdomen and/or chemotherapy suggests a diag-
nosis of POF. The higher the dose of chemotherapy (particularly alkylating agents)
and the older the patient, the greater the possibility of ovarian damage. Children are more
resistant to the deleterious effects of chemotherapeutic agents than adults.

17a-Hydroxylase and Aromatase Deficiencies

The extremely rare disorder 17a-hydroxylase deficiency (P450c17) is not true
gonadal failure but rather an enzyme deficiency that results in adrenal insuffi-
ciency, hypertension, and lack of gonadal sex steroids, including androgens and
estrogens. Patients with a 46,XX karyotope have a female phenotype but no sec-
ondary sexual characteristics or sexual hair. Patients with a 46,XY karyotype may
have a female phenotype, vaginal agenesis, and lack of miillerian structures but,
unlike patients with androgen insensitivity (testicular feminization), do not have
pubertal breast development. Progesterone levels are elevated. A single case of an
adolescent girl with a diagnosis of aromatase deficiency (P450arom), the inability
to convert testosterone to estrogen, has been reported (93). The patient had mas-
culinization of the external genitalia at birth but normal female internal genital
structures; at the age of 14 years she had absence of breast development, mild vir-
ilization (clitoromegaly), multicystic ovaries, elevated testosterone and
gonadotropin levels, and delayed bone age.

Other Causes of Premature Ovarian Failure

Premature ovarian failure (POF) also occurs in about 70% to 80% of patients
with galactosemia, even those treated from infancy, and may be apparent in late
childhood with elevated gonadotropins; it is more likely to occur in those with
particular genotypes (94). Other diseases associated with POF are myotonia
dystrophica; trisomy 21 (95); fragile X premutation carriers, sarcoidosis; and
ataxia telangiectasia. Ovarian destruction has followed mumps oophoritis,
gonococcal salpingitis (rarely), and ovarian infiltrative processes (tuberculosis and
mucopolysaccharidosis). Autoimmune oophoritis is discussed in Chapter 7 since
it is more likely to cause primary or secondary amenorrhea than delayed puberty.

TREATMENT

Treatment is aimed at the cause of the problem, if known; for girls with functional
delay in puberty, discussion with the patient and family about risks and benefits
of various hormonal therapies is paramount. For conditions such as premature ovar-
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ian failure, hormone replacement therapy is the primary therapy. For the teenager
with Crohn disease, nutritional rehabilitation and medical and surgical therapies
may result in the onset of pubertal growth and development, obviating the need
for hormonal interventions.

For many patients with irreversible estrogen deficiency or significant constitutional
delay, estrogen replacement therapy is needed to bring about normal secondary
sexual characteristics at an age commensurate with the peer group. Although few
adolescents with ovarian failure experience vasomotor symptoms such as those
seen in postmenopausal women or following oophorectomy, estrogen replacement
results in pubertal breast development and menstrual periods, reverses vaginal
atrophy, and provides normal levels of estrogen that are important for acquisition
of bone mass during adolescence.

For the girl with no secondary sexual characteristics, the approach is relatively
straightforward. The clinician should assess readiness for hormone therapy by
reviewing growth charts, obtaining a hand and wrist radiograph for estimating bone
age and predicted final adult height, and discussing with the girl and her family
their view on the optimal age to initiate estrogen replacement. For the girl with
Turner syndrome, growth hormone should be offered prior to institution of estro-
gen replacement therapy to assure optimal linear growth. It is hoped that most of
these girls with Turner syndrome would have been diagnosed prenatally or in early
childhood and therefore would reach adolescence having been treated with growth
hormone, if indicated. However, girls with few stigmata or atypical presentations
may not present to the pediatric endocrinologist until the teen years. In girls with
Turner syndrome, treatment with estrogen is generally initiated at about the age of
14 or 15 (or after cessation of growth hormone therapy) (see section on Turner
Syndrome).

Since many girls with gonadal dysgenesis, premature ovarian failure, or Kallmann
syndrome do not come to medical attention until they are 13 to 16 years old, ther-
apy is undertaken at that time. The goals of therapy are to induce normal breast
development and menses, increase growth velocity, and promote normal bone
mass. In adolescents and young adults, the risk of low bone density appears to be
especially related to the lack of spontaneous development, low weight, and expo-
sure to radiation therapy (50). Patients who are known to have undergone
chemotherapy and, especially, radiation therapy should have bone age and ovarian
status evaluated at a chronologic age of 10 to 12 years and should be considered
for replacement therapy when the diagnosis of ovarian failure has been established.

The optimal age for treating patients who have a delay in pubertal development
associated with competitive athletic participation or anorexia nervosa is unknown.
In general, it seems preferable for patients to make the necessary changes in
lifestyle and nutrition to assure normal growth, pubertal development, menses, and
bone mass. Delayed menarche is a risk factor for low lumbar bone density (see
Chapter 7). Weight, height, growth pattern, and diet should be monitored. Although
previously patients were often allowed to remain estrogen deficient for years,
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which increased their risk of osteopenia, many clinicians do offer estrogen replace-
ment therapy despite the few studies that address efficacy. For example, in girls
with no development, we typically offer estrogen therapy when the girl is 14 to
15 years old, taking into account predicted height and the age when breast devel-
opment and menses are desired by the teen.

Despite the many unknowns in the approach to the adolescent girl with delayed
puberty, the clinician needs to undertake therapy for a myriad of conditions, bal-
ancing the benefits and risks. In an adolescent girl with an intact uterus, final hor-
mone replacement therapy requires the use of both estrogen and progestin (30,96).
The goals of the estrogen component should be considered in three phases: Phase I:
induction of breast development; Phase 2: establishment of normal menses and,
it is hoped, acquisition of normal bone mineralization; and Phase 3: long-term
maintenance of a normal estrogen state. A patient may need planning for all three
phases of estrogen replacement, and the selection of the appropriate doses and the
method of cycling depends on her individual needs. The timing of initiating
progestin treatment and the appropriate dose are dependent on the amount of breast
development and the phase of therapy.

For the induction of breast development in the girl with no secondary sexual
characteristics (Phase I), a number of estrogen preparations and dosages have been
used. Generally, a low dose of estrogen, such as 0.3 mg of conjugated estrogens
(Premarin*), 0.3 mg estrone sulfate (Estratab), or 0.5 mg micronized estradiol
(Estrace) is selected to induce initial breast development for 6 to 12 months.
Additional options, not commercially available, are 5 to 10 pg of ethinyl estradiol
or the sequential administration of estradiol patches of 5, 10, and 25 wg per day
over 12 to 24 months (97); the lowest dose of ethinyl estradiol currently available
is 20 wg and the lowest dose transdermal patch is 25 pg. The relative potencies
of estrogens are summarized in Table 6-2. Oral contraceptives are not recommended
for initial therapy because they contain progestin throughout the cycle, which is
not a physiologic approach to the induction of normal breast development. During
normal puberty, there is a long period of unopposed low levels of estrogen until
ovulatory cycles begin (see Chapter 4). There has been speculation that particular
doses of progestin or estrogen may be more likely to lead to tubular breasts, but
a randomized study has not been done.

To further enhance breast development and to induce menses (Phase 2), the
estrogen dose is increased. For example, the dose might increase to 0.625 mg of
conjugated estrogens, 1.0 mg micronized estradiol, 20 g ethinyl estradiol, or 50 pg
transdermal estradiol patch. The timing of this change needs to be adjusted using
the bone age determination, the predicted height, and the desire of the patient for
rapid breast development. For example, in the girl who is short and initially had
no pubertal development, the transition to the higher dose is likely to occur in

*The use of brand names is to provide examples, not endorsement of a particular product.
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TABLE 6-2. Comparative effects of estrogen preparations on suppression of
follicle-stimulating hormone (FSH) level, liver proteins, and bone density

Estrogen FSH levels Liver proteins Bone density
Conjugated estrogens 1.0 mg 0.625 mg 0.625 mg
Ethinyl estradiol 5.0 pg 2-10 pg 5-10 pg
Transdermal estradiol — — 37.5-50 pg
Piperazine estrone sulfate 1.0 mg 1.25 mg 1.25 mg
Micronized estradiol 1.0 mg 1.0 mg 1.0 mg
Esterified estrogens — — .625 mg
Estradiol valerate — — 1.0 mg

(Adapted from Speroff L, Glass RH, Kase NG. Clinical gynecologic endocrinology and infer-
tility, 6th ed Philadelphia: Lippincott, Williams & Wilkins, 1999, Chapter 18; with permission.
Sources of table: Genant HK, Cann CE, Ettinger B, et al. Quantitative computed tomography
of vertebral spongiosa: a sensitive method for detecting early bone loss after oophorectomy.
Ann Intern Med 1982;97:600. Mashchak CA, Lobo RA, Dozono-Takano R, et al. Comparison
of pharmacodynamic properties of various estrogen formulations. Am J Obstet Gynecol 1982;
144:511. Horsman A, Jones M, Francis R, et al. The effect of estrogen dose on post-
menopausal bone loss. N Engl J Med 1983;309:1405. Field CS, Ory SJ, Wahner HW, et al.
Preventive effects of transdermal 17B-estradiol on osteoporotic changes after surgical
menopause: a two-year placebo controlled trial. Am J Obstet Gynecol 1993;168:114. PDR,
Vivelle dot.)

12 months. For the girl with ovarian failure who had already started her breast
development, has achieved a normal height, and is eager for more breast
development, the dose may be increased in 3 to 6 months. The timing of the
introduction of progestin varies among centers. Although in the past some girls
received unopposed estrogen daily until breakthrough bleeding occurred, we
believe that this method should be discouraged because adolescents benefit from
a predictable onset of menses, and many girls experience significant dysfunc-
tional bleeding that may require intervention. We suggest the addition of a short
course of progestin (5 or 10 mg of medroxyprogesterone) to the continuous
estrogen within 2 to 3 months of the Phase 2 increase in dose: e.g., daily estrogen
plus medroxyprogesterone 10 mg each day for the first 5 days of each month.
This dose of progestin is used only until breast development is completed over
the next 6 months and then the dose of progestin is increased to 10 days and
ultimately to 12 to 14 days for optimal protection of the endometrium if long-term
hormone replacement is planned.

Long-term maintenance (Phase 3) includes both an estrogen and a progestin.
The estrogen (such as conjugated estrogens 0.625 mg, ethinyl estradiol 20 g,
transdermal estradiol 50 to 100 g (0.05 to 0.1 mg), esterified estrogens 0.625 mg,
or micronized estradiol 1.0 mg is given daily with the progestin for 12 to 14 days
each month or a cyclic combined estrogen/progestin contraceptive can be pre-
scribed (oral contraceptive, transdermal patch, vaginal ring). Transdermal estradiol
patches (such as Vivelle-Dot, Climara, Estraderm) are changed once or twice a
week, depending on the preparation. For example, the average estradiol concen-
tration for the Vivelle dot transdermal system is 34 pg/ml for the 0.0375 mg dot,
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57 pg/ml for the 0.05 mg dot, 72 pg/ml for the 0.075 mg dot, 89 pg/ml for the 0.1
mg dot, all applied abdominally, and 104 pg/ml for the 0.1 mg dot applied to the
buttocks (98). All these doses are superior to placebo for preservation of bone den-
sity at the hip and lumbar spine in postmenopausal women with the 0.1 mg supe-
rior to the lower doses. Some adolescents tolerate the estradiol patches well and
find changing them preferable to daily oral medication (oral or transdermal pro-
gestin is still necessary). However, other adolescents complain of the patch falling
off, have allergic reactions to the adhesive, or do not like the idea of having a
potentially visible acknowledgment of a medical problem. A progestin should be
provided for 12 to 14 days each month (e.g., medroxyprogesterone 10 mg or
micronized progesterone 200 mg for 12 to 14 days each month) or in a combined
oral contraceptive pill, patch, or ring (see Chapter 7). Sequential hormonal regi-
mens are also available prepackaged as dial-paks (e.g., PremPhase has 14 days of
conjugated estrogens 0.625 mg and 14 days of conjugated estrogens 0.625 mg and
medroxyprogesterone 5 mg). An alternative for teens preferring transdermal estro-
gen is to give transdermal estrogen/progestin such as Combipatch (estradiol
0.05/0.14 mg norethindrone acetate) for the second 14 days of each month. Col-
lege students often prefer a combined oral contraceptive pill (or contraceptive
patch) in order to be taking a preparation similar to that of many of their friends,
avoiding questions about POF or other medical conditions. Of note, elevated
gonadotropin levels from POF may only partially suppress, even with what appears
to be adequate doses, and the best long-term treatments for individual diagnoses
such as Turner syndrome have not been ascertained (99). Monitoring levels of FSH
is not generally helpful in determining estrogen dose (100).

Girls with POF need long-term hormonal therapy. The need for hormonal
therapy in adolescents should not be confused with the recently changed recom-
mendations about the lack of benefit of hormonal therapy in postmenopausal
women. For girls with presumed constitutional delay, therapy can be stopped after
the attainment of secondary sexual characteristics and menses to reassess whether
the patient has a normal delay or hypothalamic dysfunction. If spontaneous devel-
opment does not continue, then estrogen can be reinstituted for courses of 6 to
12 months with periodic discontinuation of therapy. Many patients begin to grow
pubic hair after receiving estrogen replacement therapy; however, girls who have
had CNS tumors and those with panhypopituitarism often have adrenal insufficiency
and thus have absent or only scant pubic and axillary hair development.

Adolescent girls, especially those with estrogen deficiency, should be counseled to
consume 1300 mg of calcium daily by diet (see Appendix 8 for handout) or supple-
ments (101) and at least 400 IU per day of Vitamin D (daily multivitamin) (100).

The most important part of the therapy undertaken by the physician is the
ability to listen to questions and respond in a straightforward fashion. The
adolescent needs to know that her parents are not keeping secrets from her about
her medical condition. Drawings that underscore how normal she is and that
illustrate current and potential technologies are extremely meaningful. The positive
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aspects of her condition and her ability to function as a normal woman should be
emphasized. She may cope better with the issue of infertility if she receives infor-
mation in response to her own questions. The girl with ovarian failure can be told
about the many other young patients with infertility; she may know a couple who
has spent years in infertility treatments. The fact that she can make plans that are
right for her from early on in relationships can be reassuring. Acceptance of estro-
gen therapy to promote normal development, menses, and bone mass is the easier
part of the counseling, although families and patients often have questions about
long-term risks (see Chapter 7). Fertility therapies are discussed in Chapters 7, 10,
and 23.

Groups are available in many metropolitan centers for specific diagnoses (e.g.,
Turner Society groups). Although young adolescents may resist going to meetings,
parents, older adolescents, and young adults often find the support and education help-
ful. Grief and mourning over the lack of function is normal, and frequent visits can
help the patient come to terms with the problem. Denial of the diagnosis between vis-
its is common, and the same questions may arise at each visit. The clinician frequently
needs to do much of the talking during these appointments, with statements such as
“I have other girls in my practice with this problem, and I find they worry about . .
.” Sometimes, a young patient will request to be excused from physical education class
so that her lack of development will not be the subject of peer discussion; this request
should be honored. The empathic health care provider can greatly aid the patient in
accepting the medical diagnosis and the treatment plan.

CASES OF DELAYED SEXUAL DEVELOPMENT
Case 1

S. T. was evaluated at the age of 15 years because of “no development.” She had
always been the shortest member of her class. Physical examination revealed short
stature and many of the stigmata of Turner syndrome (low hairline, webbed neck, pto-
sis, increased carrying angle, and short fourth metacarpals). Her height was 54 in. and
her weight 105 1b, her blood pressure was 125/80 mm Hg, and her pulse rate was 78
beats/min. Breast development was stage 1; no pubic or axillary hair was present (stage
1 pubic hair). Pertinent laboratory tests showed an FSH level of 143 mIU/ml, an LH
level of 135 mIU/ml, and a karyotype of 45,X (Turner syndrome).

Case 2

C. O. was referred at the age of 15!%2 because of delayed development. Her
developmental milestones were normal; however, she had always been the shortest
member of her class. She was an A student in the tenth grade. A review of systems
was noncontributory. The family history revealed that one of her father’s sisters
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FIG. 6-6. Case 2: Delayed puberty.

had experienced menarche at the age of 20 years. On physical examination (Fig.
6-6), she was short and healthy appearing with a height of 55%4 in. and a weight
of 86 Ib; her blood pressure was 105/70 mm Hg; and her pulse rate was 66
beats/min. The fundi were normal. Breast development was stage 1, although
the areolae were slightly raised with a diameter of 2.4 cm. There was no pubic
or axillary hair. The results of CBC, blood urea nitrogen (BUN) determination,
thyroid function tests, and urinalysis were normal; the FSH level was low nor-
mal. She had an extensive neuroendocrine evaluation, including CNS imaging
and neuroendocrine studies, the results of which were normal.

The patient was then given conjugated estrogens 0.3 mg daily, and in a short
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time her breasts began to develop. Pubic hair appeared gradually. One year later,
the estrogen dosage was increased to 0.625 mg given in cycles with 10 mg of
medroxyprogesterone. The hormone therapy was discontinued after 18 months, and
C. O. continued to have normal cyclic menses.

Case 3

L. C. came to the clinic at the age of 16%:2 years because of no sexual devel-
opment. She recalled having been short since the age of 8 or 9 years. With her
family, she had moved several times, and two of her grandparents had died when
she was between the ages of 8 and 12 years. She had always been in good health
and specifically denied having headaches, frequent infections, eating disorders, and
gastrointestinal symptoms. Her family members had not experienced any delays in
pubertal development. Her father was 65 in. tall; her mother was 62 in. tall and
had had menarche at the age of 13.

Physical examination showed her to be healthy with normal blood pressure
and pulse rate. Her weight was 105 1b and her height 58 %4 in. Breast develop-
ment was Tanner stage 1, and pubic hair was stage 2. No axillary hair was pre-
sent. The external genitalia were normal but unestrogenized, and a small uterus
was palpable on rectoabdominal examination. The results of neurologic exami-
nation, including her sense of smell, were normal. Growth charts (Fig. 6-7)
showed the patient to be slightly overweight for height; her bone age was 10%2
years and her height age 11%:2 years. The LH level was 0.2 mIU/ml, the FSH
level was <2.0 mIU/ml, the estradiol level was <20 pg/ml, the DHEAS level
was 109 pg/dl, and the prolactin level was 2.2 ng/ml. The results of thyroid func-
tion tests, urinalysis, CBC, and determination of creatinine level and ESR were
normal. CNS imaging studies were normal. An overnight study of gonadotropin
levels showed no detectable pulsations of LH or FSH (all values <2.0 mIU/ml),
and GnRH stimulation testing showed a prepubertal pattern of LH and FSH.
Cortisol and growth hormone responses were normal overnight and with insulin
testing.

A diagnosis of hypogonadotropic hypogonadism was made, and estrogen therapy
was begun: initially 0.3 mg of conjugated estrogens, which was subsequently
increased to 0.625 mg with cyclic progestin. With 2 years of therapy, she devel-
oped pubertal breasts, with the areola measuring 2.5 cm and glandular tissue
6 X 6 cm, and pubic hair stage 3. Bone age was 13 years at a chronologic age of
18 years, and she had a significant growth spurt. She currently takes oral contra-
ceptives for estrogen replacement, and becomes estrogen deficient when her ther-
apy is stopped for 2 to 3 months.

Case 4
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FIG. 6-7. Case 3: Growth chart of patient with delayed development treated with estrogen—
progestin therapy (bar).

M. C. was referred to the adolescent clinic by the renal clinic at the age of 15 %2
years because of delayed development. She had been diagnosed with immune com-
plex nephritis at the age of 8 years and had begun dialysis for end-stage renal dis-
ease at the age of 11, the time when she recalled having begun to develop pubic
hair. She had undergone a successful renal transplant at age 13 years. At the time
of her clinic visit, her serum creatinine level was normal, and she was taking pred-
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nisone, 15 mg every other day, and azathioprine, 100 mg daily. She was concerned
because she had never menstruated and her breasts had not developed.

Physical examination showed her to be short and overweight. Her height was
59 Y% in. and her weight 131 1b (Fig. 6-8). Her blood pressure and pulse were
normal. Breast development was Tanner stage 1, and pubic hair scant stage 2 to 3;
no axillary hair was present. The abdominal examination revealed several large
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FIG. 6-8. Case 4: Growth chart of patient with delayed development, renal transplant, and
46,XY gonadal dysgenesis, with estrogen progestin therapy (bar).
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normal. Breast development was Tanner stage 1, and pubic hair scant stage 2 to 3;
no axillary hair was present. The abdominal examination revealed several large
scars and a palpable kidney in the right lower quadrant. Pelvic examination
revealed a prepubertal unestrogenized hymen; examination with the patient in the
knee—chest position showed a normal vagina and cervix. Rectoabdominal examina-
tion showed a small, palpable cervix. Although the initial thought was that M.C.’s
delay in puberty was likely to have been caused by her chronic illness, the fact that
she had started to develop pubic hair at age 11 and not progressed to a normal
puberty, in spite of the establishment of normal renal function following the trans-
plant, suggested other diagnoses. Her bone age was 10%2 years. The results of thy-
roid function tests were normal, but surprisingly, gonadotropin levels were elevated:
LH was 216 mIU/ml, and FSH was 297 mIU/ml. Her karyotype was 46,XY. With
the diagnosis of 46,XY (Swyer syndrome), M. C. underwent surgery to remove
the intraabdominal gonads. The histopathology and staging procedure for ovarian
cancer revealed bilateral gonadoblastomas with early invasive dysgerminoma. She
has had no recurrence of tumor. M. C. was treated with estrogen replacement ther-
apy and developed only small breasts in spite of the onset of menses. She later
underwent an elective breast augmentation with satisfactory results.

Case 5

S. R. is a 13%: year old seen for slowed growth and delayed pubertal development.
She has been in good health with no chronic medical problems and no acute ill-
nesses. She eats a good variety of foods with no restrictions and is active in sports,
playing soccer for 2 hours each weekday. She denies abdominal pain, nausea,
vomiting, bloating, and diarrhea. Her bowel movements are normal and she has
had no skin, joint, or visual complaints. She developed breast buds at age 11 years,
followed by development of scant pubic hair but has not changed in the past year.
Her mother’s height is 64 in. and the father’s height is 69 in.; therefore, the par-
ent’s mid-parental height is 64 in. (2 SD is 60 in. to 68 in.). Her mother’s menar-
che was at age 13. Her growth chart before and after treatment is shown in Fig. 6-
9.

On physical examination, she is a thin, but otherwise well-appearing adolescent
girl. Height is 62% in. and weight is 84 1b. Her general physical examination is nor-
mal. Her breasts and pubic hair are Tanner 2. Her external genitalia are normal. Rec-
tal exam is normal and the stool is negative for occult blood.

Laboratory tests showed a CBC with hematocrit of 34% and MCV of 74 (mild
microcytic anemia; other indices within normal limits), normal WBC and platelets,
and normal ESR. Liver function tests, electrolytes, BUN, creatinine, glucose,
albumin, total protein, Ca, and phosphorus were all normal. Her bone age was 12
years. She had normal thyroid function tests and FSH 2.3 mIU/ml. However, her
celiac panel was positive. She was placed on a gluten-free diet, and resumed normal
growth and development.
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FIG. 6-9. Case 5: Growth charts of a patient who presented with growth and pubertal delay
and was diagnosed with celiac disease (A) before, and



209

2 to 20 years: Girls NAME
Stature-for-age and Weight-for-age percentiles RECORD #
12 13 14 15 16 17 18 19 20
Mother's Stature ____________ Father's Stature P T — cm--in—|
Date Age Weight Stature BMI* AGE (YEARS)‘
: s
T
: A
‘ = T
*To Calculate BMI: Weight (kg) + Stature (cm) + Stature {em) x 10,000 - u
or Weight (Ib) + Stature (in) + Stature (in) x 703 A o R
in femi—T3F4F5—6—"—7T8=—9—10=111—/ ‘§’/ E
1160 : -
623 7
+——F155 7 N
60+ > 7
—F150 / L —
.._5877 ’I : 4
——F1454 /7 /- 7 S
561 / A
140 Sar 7
54— -- t 7/ 7 /
s |~ F135 =7 A
T 524 £ 7 XA
A |- -F130 T A
T [50 - E/Aviy TS : -
U *'1‘J 7 7z
. A ]
R [*®F120 s SeEz
E 7 7 ]
46115 i o~
70 HrAF A
7~ 7z w
7 E
“ 1
a G
£ H
Ill 1 T
7 Bas2
. PLm 1z
Il L
w z LS55
E =
1 i = =
G
H L T
g
=T
e ~~ AGE (YEARS) :

2 3 4 5 6 7 8 9 10 11 12 13

Published May 30, 2000 (modified 11/21/00).

SOURCE: Developed by the National Center for Health Statistics in collaboration with
the Nationa! Center for Chronic Disease Prevention and Health Promation (2000).
http://www.cdc.gov/growthcharts SAFER-HEALTHIER- PEOPLE™

B

FIG. 6-9. (Continued) (B) after gluten-free diet (see arrow). (From, Knight J, Emans SJ. A
Guide to the Case Teaching Method: and Growth in Children and Adolescents, Bright Futures
Center for Pediatric Education in Growth and Development, Behavior, and Adolescent Health,
Children’s Hospital, Boston, 2001.)
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Amenorrhea in the Adolescent

S. Jean Emans

This chapter presents a practical approach to diagnosis and treatment of
amenorrhea. Chapter 6 provides the algorithms and differential diagnosis of delayed
sexual development, Chapter 8 focuses on dysfunctional uterine bleeding, and
Chapter 9 discusses androgen abnormalities and polycystic ovary syndrome
(PCOS). As noted in Chapter 6, the distinction between pubertal delay and
amenorrhea can be somewhat artificial because many problems that cause
pubertal delay can also cause amenorrhea. For example, the patient with
45,X/46,XX (Turner mosaic) or the patient with anorexia nervosa may present
to the clinician with no sexual development, primary amenorrhea, or secondary
amenorrhea. In the girl with primary amenorrhea, the clinician needs to assess
whether there is a hypothalamic—pituitary—ovarian axis abnormality or a geni-
tal anomaly present, such as imperforate hymen or vaginal, cervical, and/or
uterine agenesis. It is extraordinarily helpful as the clinician is taking the
history and performing the examination to think of the spectrum of pos-
sible diagnoses for amenorrhea from the hypothalamus to the genital tract (see
Fig. 7-1). Diagnoses may range from constitutional delay, eating disorders,
stress, and central nervous system (CNS) tumors to thyroid and adrenal disor-
ders to ovarian failure, pregnancy, genital anomalies, and PCOS. A stepwise eval-
uation using history, growth charts, physical examination, and limited labora-
tory tests will rule in and rule out the major causes of menstrual disorders in
adolescent girls.

The mean age of menarche in the U.S. has decreased significantly over the
past 100 years, but little in the past four decades. In the National Health and
Nutrition Survey III (NHANES III), the mean age of menarche was 12.1 for
black girls, 12.2 for Mexican American girls, and 12.7 for white girls (1). Using
this data, Chumlea and colleagues found the mean age was only 0.34 year ear-
lier than 1973 (2). Less than 10% of girls had menarche before age 11, and 90%
had begun to menstruate by age 13.75 years. Absence of menarche by age 16
years is termed primary amenorrhea. Only three in 1,000 girls will experience
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HYPOTHALAMUS  Chronic disease
Familial delay
Stress, psychiatric illness
Competitive athletics
Eating disorders
Obesity
Kallmann syndrome
Drugs
Tumor, Irradiation
PITUITARY GLAND ldiopathic hypopituitarism
Tumor \
Hemochromatosis M
Infarction
Irradiation, Surgery \

THYROID GLAND  Hypo- or hyperthyroidism “\

ADRENAL GLANDS CAH \
Cushing disease FSH, LH
Addison disease .
Tumor
OVARIES Gonadal dysgenesis \
Ovarian failure
Autoimmune oophoritis A\
Polycystic ovary syndrome \
Tumor, Bilateral oophorectomy \
Irradiation 1
UTERUS Synechiae
Agenesis
Pregnancy
CERVIX Agenesis

VAGINA Agenesis
Transverse septum

HYMEN Imperforate

FIG. 7-1. Etiology of primary amenorrhea. CAH, congenital adrenocortical hyperplasia; FSH,
follicle-stimulating hormone; LH, luteinizing hormone.

menarche after 15% years. In assessing the individual patient, the clinician needs
to keep in mind the normal stages of puberty. Although most girls have the onset
of menses within 2 to 2% years of the beginning of breast development, the range
is considerable, and menarche may not occur in an individual girl for 4 years.
For example, if the 15-year-old began her pubertal development at the age of 14
years, she can usually be reassured that she can expect her menarche by the age
of 16 or 17 years, 2 to 3 years after the onset of secondary sexual characteris-
tics. The patient should be observed for a reassuring steady progression of
growth and development. A halt in maturation signifies the need to do a thor-
ough endocrine evaluation. In contrast, the girl who is age 15 years and started
her development at age 11 but has not had her menarche warrants an evaluation
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to determine the cause, including a pelvic examination or ultrasound/MRI to
exclude a genital tract anomaly.

The definition of secondary amenorrhea, and thus guidelines for timing of the
evaluation, are problematic in the adolescent, since pregnancy is a frequent cause
of this complaint. Denial of intercourse is common among teenagers, and young
adolescents may not understand their physiology or may have become pregnant by
rape or incest. Thus, a pregnancy test should be done whenever an adolescent
expresses concern about a menstrual period being late, even if only by 2 or 3 weeks,
and as a routine part of evaluation of secondary amenorrhea. Hormone tests and
further evaluation of amenorrhea are usually reserved for adolescents who have
had 3 to 6 months of amenorrhea without an obvious cause (such as dieting or weight
loss) and those with persistent oligomenorrhea, estrogen deficiency, or androgen
excess (hirsutism, acne). In a survey of eight high schools [94% of the students
white, and ages evenly distributed from 14 to 17 years (2.5% = 13, 5.5% = 18)],
Johnson and Whitaker (3) found that abnormal eating patterns were the most
important risk factor for missing three consecutive menses in the previous year.
The percentage of teens missing three cycles is shown is Table 7-1 by chronologic
and gynecologic age (chronologic age minus age of menarche), and the odds ratios
for risk factors are shown in Table 7-2. Several illustrative case histories are
included in this chapter.

TABLE 7-1. Percent of adolescent high school girls who reported missing
three consecutive menses during the past year (n=2156)

Chronologic age %
13 10.8
14 7.8
15 9.4
16 7.9
17 8.1
18 9.8

Gynecologic age %
0 12.5
1 13.5
2 9.7
3 9.6
4 6.1
5 8.5
6 5.3
7 54

Gynecologic age is chronologic age minus the age of menarche.

(From Johnson J, Whitaker AH. Adolescent smoking, weight changes, and binge purge
behaviors: associations with secondary amenorrhea. Am J Public Health 1992;82:47-54; with
permission.)
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TABLE 7-2. Risk factors for secondary amenorrhea (3 mos) in 2588
high school girls

RR 95% Cl
Frequent bingeing and purging 417 2.54-6.52
Weight loss and gain 2.59 1.334.79
Weight gain =4.5 kg 1.71 1.16-2.49
Weight loss =4.5 kg 1.45 0.95-2.20
Smoking > 1ppd 1.96 1.21-3.10
First year post menarche 1.74 0.99-1.92

(From Johnson J, Whitaker AH. Adolescent smoking, weight changes, and binge purge
behaviors: associations with secondary amenorrhea. Am J Public Health 1992;82:47-54; with
permission.)

PATIENT ASSESSMENT

A careful history and physical examination are essential for the evaluation of the
adolescent girl with amenorrhea. As noted in Chapter 6, the history should include an
assessment of familial disorders, including age of menarche and fertility of mother,
sisters, and other relatives; neonatal history; previous surgeries; treatments for ma-
lignancies, autoimmune disorders, endocrinopathies; review of systems; and rate of
pubertal development. The review of systems should focus on headaches, disordered
eating, weight changes, athletic participation, medications, acne, and hirsutism.

Assessment of the pattern of growth can yield valuable information. Failure of stat-
ural growth for several years may occur with Crohn disease or an acquired endocrine
disorder, or it may indicate that the adolescent has reached a bone age of 15 years
and her epiphyses have fused. In conditions associated with poor nutrition, such as
anorexia nervosa, celiac disease, and inflammatory bowel disease, the patient is typ-
ically underweight for her height. In contrast, patients with acquired hypothyroidism
and cortisol excess (iatrogenic or Cushing syndrome) are typically overweight for
height. Obtaining a radiograph of the wrist and hand for bone age can be helpful in
assessing the amount of growth remaining in patients with primary amenorrhea and
short stature [see Appendix 7 for estimates of final height and Chapter 6 (page 186)
for discussion of calculation of midparental height]. Menarche is more closely linked
to bone age than to chronological age. Girls with classic congenital adrenal hyper-
plasia (CAH) may have early puberty or may have delayed menarche or secondary
amenorrhea with advanced bone age from poor control of elevated androgens.

PHYSICAL EXAMINATION

The physical examination of the girl with primary amenorrhea involves a general
assessment including height and weight, blood pressure, palpation of the thyroid
gland, and Tanner [Sexual Maturity Rating (SMR)] staging of breast development
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and pubic hair. The breasts should be compressed gently to assess for the pres-
ence of galactorrhea, since patients frequently do not report this finding. Midline
facial defects may be associated with hypothalamic—pituitary dysfunction. Renal
and vertebral anomalies and hernias may be associated with miillerian malforma-
tions. The somatic stigmata of Turner syndrome may be a clue to this diagnosis
(p- 191). A brief neurologic examination may include an assessment of the abil-
ity to smell, fundoscopic examination, and screening visual field tests by con-
frontation. The presence of hirsutism, acne, and acanthosis nigricans, which
together with amenorrhea are indicative of polycystic ovary syndrome (PCOS),
should also be noted (see Chapter 9).

Assessment of the percentage of body fat may also help in explaining to the
patient the relationship of amenorrhea to the body composition. A low body mass
index (BMI) and low percentage of body fat have been associated with delayed
puberty and amenorrhea in athletes and in girls with eating disorders. Although the
relationship is an association and not necessarily causative, the determination may
aid in setting realistic goals for the future. Methodological issues abound in deter-
mining the best way to estimate percentage of body fat, and all office methods
have problems (4-7). A clinical estimate of percentage of body fat can be obtained
by measuring four sites of skinfold thickness (triceps, biceps, subscapular, and
suprailiac), using calipers and comparing the results with tables and equations
given in Appendix 6 (5,6).

The gynecologic assessment involves first inspection of the external genitalia to
determine if the girl has clitoromegaly and a normal hymenal opening and whether
there is estrogen effect on the hymen and anterior vagina. Normal breast develop-
ment and an estrogenized vagina imply that the ovaries are making estrogen. The
degree of estrogenization noted at the time of the initial examination can often
help the clinician decide the extent of the workup indicated. The finding of a
reddened, thin vaginal mucosa is consistent with estrogen deficiency and is more
worrisome than the finding of an estrogenized, pink, moist vaginal mucosa.

In the girl with normal pubertal development and primary amenorrhea, assessment
of internal genital structures is essential to exclude a genital anomaly. Although an
imperforate hymen is typically detected in the newborn nursery or during early
childhood, it is sometimes not diagnosed until the patient is an adolescent.
A bulging bluish-tinged hymen may be noted in the adolescent with an imperforate
hymen and blood-filled vagina (hematocolpos). To assess patency and length of
the vagina, a saline-moistened cotton-tipped applicator or urethral catheter can be
gently inserted into the hymenal opening (the vaginal sample can also be used for
a maturation index to assess estrogenization). The patient with a transverse vagi-
nal septum or vaginal, cervical, and uterine agenesis has normal-appearing external
genitalia. Typically in a patient with vaginal agenesis, a cotton-tipped applicator
can be inserted only 0.5 to 2 cm. If the vaginal length and width appears normal
and the hymenal opening is estrogenized and is adequate for a digital examination,
a gentle one-finger examination of the vagina will allow palpation of the cervix
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and uterus by bimanual vaginal-abdominal examination with the patient in the
lithotomy position. If needed, visualization of the cervix is usually possible with
a small Huffman speculum. In the nonobese teenager, a simple rectoabdominal
examination in the dorsal supine position also can be used to confirm the presence
of the cervix and the uterus. In the unestrogenized adolescent, the knee—chest
position (see Chapter 1) can be used, just as in the prepubertal child, to visualize
the vagina and the cervix, although the position is likely to be experienced as
embarrassing for most teens.

Pelvic ultrasonography can be obtained for confirmation of the findings or if the
patient is not comfortable with a modified pelvic examination. If a pelvic ultrasound
is obtained in a poorly estrogenized adolescent girl, the clinician should be cautious
in the interpretation because the uterus may be small and difficult to visualize and
thus may be assumed to be absent. If questions are raised at the time of the initial
evaluation, the ultrasound can be repeated in a pediatric center accustomed to the
appearance of the prepubertal uterus or after a course of estrogen therapy. An MRI
is important if a congenital anomaly or obstructed genital tract is found; laparoscopy
may be needed to better define uterine structures in women with vaginal agenesis
(8) (see Chapter 10).

The history and physical examination of the girl with secondary amenorrhea or
oligomenorrhea is similar, with the exception that a genital anomaly is unlikely
and pregnancy needs to be ruled out early in the assessment. The gynecologic
examination may include a speculum examination, a bimanual rectoabdominal
examination, or pelvic ultrasound.

The patient’s estrogen status can be assessed by vaginal smear, progestin with-
drawal, or serum estradiol level. The vaginal smear, obtained during the genital
examination, can be sent to the laboratory for maturation index (page 36). The pro-
gestin challenge provides an estimate not only of estrogen levels but also confirms
the presence of an estrogen-primed normal uterus. After confirming that the patient
is not pregnant, the clinician prescribes a progestin challenge with oral medrox-
yprogesterone (5 or 10 mg once a day for 5 or 10 days) or micronized proges-
terone (200 to 300 mg once a day for 10 days). The response to progestin challenge
tends to correlate with estradiol level. Kletzky and colleagues (9) reported that the
mean estradiol concentration was 60 pg/ml in 63 women who had withdrawal
bleeding compared to a mean value of 18 pg/ml in 27 women who had no with-
drawal response. Among a group of women with a screening estradiol of
>50 pg/ml, Shangold and colleagues (10) found that a 10-day course of micronized
progesterone, 300 mg, induced withdrawal bleeding in 90%. Bleeding typically
occurs 2 to 3 days after the progestin dose but may occur up to 10 days later. The
progestin withdrawal test is not indicated in the patient with delayed development
or in the patient who clearly appears estrogen deficient on clinical examination
(e.g., a girl with anorexia nervosa), as bleeding will not occur. Although a normal
menstrual flow in response to progesterone suggests adequate estrogen levels,
patients with a variety of pathologic diagnoses such as prolactinomas and those in
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the early years of ovarian failure may have a normal response. In addition to the
vaginal smear and progestin withdrawal test, a serum estradiol level can be obtained
but is generally less helpful in assessing estrogenization than the other two tests
because it represents a single point in time.

LABORATORY TESTS

Initial laboratory screening tests include a urine or serum human chorionic
gonadotropin (HCG) test, a complete blood count (CBC), urinalysis, and serum
levels of thyroid-stimulating hormone (TSH), follicle-stimulating hormone (FSH),
and prolactin. These should be drawn before any hormones are given, including a
progestin challenge, so that levels are not altered. Additional thyroid tests [T4 and
thyroxine-binding globulin index (TBGI) or free T4] should be obtained initially if
a central cause of the amenorrhea is suspected. The HCG result should be obtained
early in the workup, since very rarely pregnancy will occur without menarche.

The differential diagnosis can usually be divided on the basis of FSH levels
into categories of hypergonadotropic hypogonadism (high FSH levels indicat-
ing ovarian failure) and hypogonadotropic hypogonadism (low or normal levels
of FSH indicating hypothalamic or pituitary dysfunction) (11) (Fig. 7-2). In girls
with amenorrhea and symptoms of chronic illness, an erythrocyte sedimentation
rate (ESR) is often obtained in addition to creatinine level, other chemistry deter-
minations, and, as indicated, celiac panel. A luteinizing hormone (LH) level is help-
ful in girls with suspected PCOS (increased LH to FSH ratio, see Chapter 9).
Unless a high FSH level is expected because of prior radiation or chemotherapy,
a single high FSH should be repeated in 2 weeks before a definitive statement
about ovarian failure is made. Low to normal levels of FSH (and LH) imply
CNS cause, for example, hypothalamic dysfunction, which may be primary or
secondary to a chronic disease, endocrinopathy, stress, or an eating disorder or,
rarely, a CNS tumor. It should be noted that if the LH is drawn during the mid-
cycle, ovulatory LH surge, the levels can be three times normal baseline levels.
Checking with the oligomenorrheic patient to assure that she did not have men-
strual bleeding 2 weeks after the sample was drawn allows correct interpretation
of the results. Occasionally, patients with normal FSH levels have subtle disorders
of ovarian function, which have been evaluated in adult women with the clomiphene
challenge test (12).

In the apparently estrogenized patient with normal gonadotropin levels and
failure to have withdrawal bleeding from progesterone, the presence of a normal
endometrium can be established by obtaining an ultrasound or by giving estrogen
and progestin [e.g., 21 days of an oral contraceptive with 35 pg ethinyl estradiol
(EE) or conjugated estrogens 0.625 to 1.25 mg on days 1 to 25 and medroxypro-
gesterone 10 mg on days 16 to 25] for two to three cycles. However, it should be
noted that a diagnosis of uterine synechiae (Asherman syndrome) is sufficiently
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* pelvic ultrasound (and sometimes MRI) may be needed to assess genital anatomy

FIG. 7-2. Evaluation of amenorrhea.
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rare in the absence of a history of uterine infections, abortion, or dilation and curet-
tage (D&C) that this part of the evaluation can be delayed until the many other
possible diagnoses for amenorrhea are considered. Other rare diagnoses resulting
in disruption of normal endometrium are tuberculosis and schistosomiasis. Another
explanation for the lack of withdrawal flow in the well-estrogenized normal ado-
lescent girl is her failure to take the progestin for the withdrawal challenge.

As noted in Chapter 4, a major concern is whether the patient with amenorrhea
is developing normal bone mineral density during her adolescence. Thus assessment
of bone density of the lumbar spine and hip is important in girls with more than
6 to 12 months of hypoestrogenic amenorrhea in order to choose appropriate
therapies such as observation versus hormonal replacement. The center perform-
ing the bone density measurements should have software that can provide age-
matched standards for comparison (13). For girls with significant pubertal delay,
the results should be corrected for bone age.

A dilemma for the clinician may be whether to obtain radiographic studies of
the CNS in the patient with normal serum FSH and prolactin values. There are no
absolute guidelines; however, most pituitary tumors associated with primary or
secondary amenorrhea in this age group secrete prolactin, interrupt normal prolactin
inhibition sufficiently to cause a mild to moderate elevation of prolactin, or are
associated with other signs or symptoms. Given the likelihood that most adolescents
with hypothalamic amenorrhea have that condition because of stress, athletics, or
weight changes, and nonfunctioning tumors that cause amenorrhea are extremely
rare, an MRI scan is generally reserved for the evaluation of the patient with inter-
rupted puberty, elevated prolactin level, and/or neurologic signs or symptoms.
A MRI may also be indicated in the evaluation of the older adolescent or young
adult woman who has persistent amenorrhea with no obvious etiology.

Patients with amenorrhea (primary or secondary) and hirsutism usually have
polycystic ovary syndrome (PCOS) or more rarely, late-onset congenital adrenal
hyperplasia (CAH) (see Chapter 9). Patients with true virilization are rarer and
may have PCOS, late-onset CAH, an ovarian or adrenal tumor, mixed gonadal
dysgenesis, an incomplete form of androgen insensitivity, Sa-reductase defi-
ciency, gonadal dysgenesis (with virilization), or true hermaphroditism (see Chap-
ters 2, 9, and 10).

HYPOGONADOTROPIC HYPOGONADISM

The majority of diagnoses in adolescents with primary and secondary amenor-
rhea fall into this category and include chronic illness (especially those associated
with poor nutrition such as Crohn disease, celiac disease, cystic fibrosis, and sickle
cell disease), undernutrition, stress, eating disorders, athletic competitions, medi-
cations, genetic syndromes, hypothalamic disorders such as Kallmann syndrome
and tumors, and pituitary problems such as prolactinomas, non-prolactin-secreting
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tumors (14), infarction, and infiltrative disease (see Chapter 6). Hydrocephalus due
to aqueductal stenosis can present with headaches and amenorrhea during adolescence
(15). Acquired hypopituitarism can result from head trauma, postpartum shock and
pituitary necrosis (Sheehan syndrome), pituitary infarction from conditions such as
sickle cell disease, and, rarely, an autoimmune process (16). An entity known as
empty sella can occur in children as well as adults and may be associated with
hypothalamic pituitary dysfunction; in one series of children with multiple pituitary
deficiencies, one-third had an empty sella (17). A normal-sized sella that is empty
may be associated with pituitary hypoplasia, an unrecognized pituitary insult, dys-
function of the hypothalamus or higher centers resulting in diminished pituitary
growth, or herniation of cerebrospinal fluid through a congenitally incomplete sellar
diaphragm (18).

Girls with poorly controlled diabetes mellitus (19,20), depression, psychological
problems, and substance abuse may have irregular menses. Self-imposed caloric
restriction and intermittent dieting are common among adolescent girls, many of
whom view themselves as overweight. Even mild dieting, fat restriction, bingeing
and purging are associated with irregular menses and may be initially denied
(21-23). Similarly, weight loss even in obese patients who are still significantly
overweight for height can result in amenorrhea (24). However, it is important for
the clinician to consider the rare hypothalamic tumor, a malabsorptive state, and
chronic disease in the adolescent with an apparent eating disorder.

Hypothalamic amenorrhea refers to a spectrum of girls who may have severe
estrogen deficiency from anorexia nervosa to those with more minor changes in
endocrine function. In a study of 49 adult women with hypothalamic amenorrhea,
LH pulses varied from apulsatile (8%) to low frequency/low amplitude (27%), low
amplitude/normal frequency (8%), low frequency/normal amplitude (43%), and nor-
mal frequency/normal amplitude (14%) (25). The abnormal pattern of gonadotropin-
releasing hormone (GnRH) and gonadotropin secretion varies over time in the same
woman.

Special sections below review some of the relevant literature on special causes
of hypogonadotropic hypogonadism in adolescents: eating disorders, the female
athlete triad, and prolactinomas. A normal physiologic delay in menarche is a diag-
nosis of exclusion and requires a careful medical evaluation before watchful wait-
ing or hormonal therapy is undertaken.

EATING DISORDERS

Eating disorders are prevalent in contemporary society. Some adolescents pursue
thinness to the extreme of causing delayed development, delayed menarche, and
secondary amenorrhea. Adolescents with bulimia and normal weight for height
may have regular or irregular menses. Two peaks of presentation of anorexia ner-
vosa occur, at age 13 years and at 18 years, the first associated with pubertal mat-
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TABLE 7-3. Criteria for diagnosing eating disorders in adolescents

Anorexia nervosa

Refusal to maintain body weight over a minimal normal weight for age and height (body
weight less than 85% of that expected), or failure to make expected weight gain during
period of growth.

Intense fear of gaining weight or becoming fat, even though underweight.

Disturbed body image, or denial of the seriousness of the current low body weight.

In postmenarcheal females, amenorrhea of at least three consecutive menstrual cycles.

Types: restricting and binge eating/purging.

Bulimia nervosa

Recurrent episodes of binge eating, characterized by eating, in a discrete period of time, an
amount of food that is definitely larger than most people would eat during a similar period
of time, AND a sense of lack of control over eating during the episode.

Recurrent inappropriate compensatory behaviors in order to prevent weight gain, such as self-
induced vomiting; misuse of laxatives, diuretics, enemas, or fasting; or hyperexercising.

Binge eating or compensatory behaviors at least twice a week for 3 months.

Self-evaluation unduly influenced by body shape and weight.

Disturbance does not occur exclusively during episodes of anorexia nervosa.

Types: purging and nonpurging.

Eating disorders not otherwise specified (EDNOS).

Criteria for anorexia nervosa are met, except the individual has regular menses.

Criteria for anorexia nervosa are met except weight is in the normal range.

Criteria for bulimia nervosa are met, except binges occur <2X/week for <3 months.

Regular use of inappropriate compensatory behavior by an individual of normal body weight
after eating a small amount of food.

Repeatedly chewing and spitting out large amounts of food.

Binge eating disorder: recurrent binges without compensatory behaviors.

(Adapted from American Psychiatric Association. DSM-IV. Diagnostic and Statistical Manual of
Mental Disorders, 4th Ed., Washington D.C., American Psychiatric Association, 1994, and AAP
Committee on Adolescence. Identifying and treating eating disorders. Pediatrics 2003;111: 204.)

uration and body image concerns, and the second with separation and choices about
jobs and college. Young women with other medical problems such as Turner syn-
drome or diabetes mellitus may also develop eating disorders. The criteria for the
diagnosis of anorexia nervosa are summarized from The Diagnostic and Statisti-
cal Manual of Mental Disorders IV (DSM-IV) in Table 7-3 (26). Treating patients
early in the course of the illness, even before these criteria have been met, may
yield a better prognosis. These girls are often preoccupied with thoughts of food;
some may restrict intake to several hundred calories per day and may feel inade-
quate and experience a pervasive lack of control. Other adolescents may binge and
then purge by self-induced vomiting or by abuse of laxatives. Since these girls are
frequently secretive about their eating patterns, it is useful for the clinician to
develop some techniques for eliciting an accurate history, such as saying, “Where
would you like your weight to be? How hard do you have to work to keep your
weight where you want it to be? Have you ever used vomiting or medicines to
control your weight?”

A multitude of medical problems are associated with eating disorders, including
dehydration and electrolyte imbalance (27). Vital signs are usually depressed in
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girls with anorexia nervosa, with low temperature, blood pressure, and pulse rate.
Other signs include dry skin, lanugo, bruises, edema (during refeeding), murmurs,
abdominal bloating, constipation, cold intolerance, and stress fractures. Substantial
deficits in bone density may occur and may be irreversible and associated with
low weight, low lean body mass, low fat intake, estrogen deficiency, hypercortisolism,
low DHEAS, and insulin-like growth factor-1 (IGF-1) deficiency (28-32). Dual
energy x-ray absorptiometry (DEXA) measurements of the spine and hip are
significantly related to lean body mass and are lower in women with anorexia
nervosa than hypothalamic amenorrhea (28). Leptin levels are low and are asso-
ciated with amenorrhea. In a study of women with anorexia nervosa, normal
cycling women with BMI <18, and normal weighted cycling controls, the low
BMI women with menses had higher leptin levels than women with anorexia
nervosa but lower levels than normal weighted controls (33). In girls with
anorexia nervosa, serum levels of FSH and LH are low (34). Levels of TSH and
T4 are usually normal, but T; is often low and the inactive metabolite, reverse
T3, high (“sick euthyroid”). The differential diagnosis of anorexia nervosa includes
inflammatory bowel disease, celiac disease, Addison disease, hyperthyroidism,
malignancy, diabetes mellitus, depression, and CNS tumors.

Frisch and McArthur (35,36) have proposed a chart for examining the relation-
ships between height/weight and menstrual function (Fig. 7-3). Although the chart
can provide some guidance for office counseling, it should be noted that the
hypothesis of a critical weight or percentage body fat for establishment of menses
has been challenged, and individual patients show variation in the recovery of men-
strual function related to weight. The ranges are useful in developing target weights
for patients and families and facilitating a discussion of the relationships of height,
weight, and menstrual function. For example, a 13-year-old adolescent who is 5 ft
5 in. tall would be expected to weigh a minimum of 44 kg (97 1b) or a calculated
body fat percentage of 17% at the time of menarche. If instead she lost weight at
age 16 to 18 years and developed secondary amenorrhea, she would need to
achieve a weight of 49 kg (108 1b) or a calculated body fat percentage of 22% to
regain her menses. Given the normal weight gain of 10 pounds between the ages
of 13 and 18 years, the clinician needs to consider both the patient’s age and
whether the patient has primary or secondary amenorrhea in utilizing the charts. A
weight estimate for a 16- to 18-year-old with primary amenorrhea (and anorexia
nervosa) is better determined from the weight for height charts associated with
secondary amenorrhea than from the line for primary amenorrhea weights; otherwise,
the expected weight will likely be set too low. Statural growth in girls with delayed
menarche is often nearly complete because of exposure to low amounts of estrogens
and adrenal androgens.

Target ideal body weights (IBW) for height can also be determined using
percentiles for weight and height (37) or determinations of normal body mass index
(BMI) using the CDC growth charts. Patients benefit from being given a range (92 to
100% IBW or 10™ to 25™ centile on BMI) of weights, not a single number. Patients
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FIG. 7-3. Nomogram indicating the minimal weight a female of a given height should weigh
to be likely to have normal menses. The lowest diagonal line is the 10th percentile of total
water/body fat for menarche. The second lowest diagonal line is the 10th percentile for
18-year-old adolescents; this diagonal often corresponds to the weight needed for restoration
of menses in an adolescent with weight loss and secondary amenorrhea. (From Frisch RE,
McArthur JW. Menstrual cycles: fatness as determinant of minimum weight for height neces-
sary for their maintenance or onset. Science 1974;185:949; with permission of the American
Association for the Advancement of Science and Dr. Rose Frisch. Figure provided by Dr. Rose
Frisch, Center for Population Studies, Cambridge, MA.)
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who regain a normal weight for height but persist with amenorrhea frequently con-
tinue to have abnormal eating patterns, avoidance of foods containing fat, and preoc-
cupation with food. In a study of girls recovering from anorexia nervosa, Kreipe and
colleagues (38,39) found that a mean of 92 * 7% of ideal body weight IBW) was
associated with the return of menses. In another study, Golden and colleagues (40)
noted that menses resumed at a weight 2.05 kg more than the weight at which menses
were lost and that the mean percent of IBW was 91.6% * 9.1%. Eighty six percent
of patients resumed menses within 6 months of achieving this weight. Another study
found that 79% of 242 girls had return of menses at follow-up (41).

FEMALE ATHLETE TRIAD: DISORDERED EATING,
AMENORRHEA, AND OSTEOPOROSIS

Over the past 20 years, more adolescent girls and young women have partici-
pated in competitive sports. Exercise clearly has benefits, including improved car-
diovascular fitness, socialization, involvement in peer groups, a sense of well-
being, weight control, lowering of blood pressure, and improved lipid profile. A
lower rate of cancers of the reproductive system and breast cancer has been
reported in one study of former athletes (42). However, intense exercise can be
associated with amenorrhea. In the early 1990s, clinicians began to recognize the
interrelatedness of disordered eating, amenorrhea, and osteoporosis in athletes, and
the term female athlete triad was coined. The triad is particularly likely to develop
in girls who participate in sports in which the theme of achieving or maintaining
an ideal body weight or optimal percentage of body fat is a common focus and
scoring is partly subjective (42,43). Coaching strategies such as daily weigh-ins
and strict weight standards may predispose young women to the triad. A highly
structured life, social isolation, lack of a support system, and a family history of
disordered eating are also frequently associated with this presentation. Although
not all young women athletes with amenorrhea have all elements of the triad,
consideration of each is important in evaluation of these patients in the office.
Similarly, appropriate counseling of athletes, families, and coaches is essential to
lessen long-term morbidity for these active girls.

For the past 20 years, amenorrhea in athletes has received considerable atten-
tion (41-53). The incidence of amenorrhea in particular sports has been unclear,
in part because of the varying definitions used for secondary amenorrhea (usually
3 to 6 months of amenorrhea). In contrast to an expected incidence of 2% to 5%
of amenorrhea in adult women, the incidence in athletes has been reported at 3%
to 66%. For example, in a group of 250 premenopausal women runners, the preva-
lence of amenorrhea increased from 1% in normally active women to 11% in elite
runners (47). Irregular menses in athletes have been associated with many factors,
shown in Table 7-4. Endurance activities, such as gymnastics, ballet, and running,
are particularly likely to be associated with menstrual problems. Even swimmers
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who have more body fat than runners may experience menstrual dysfunction, most
commonly short luteal phases. Surprisingly, a group of competitive synchronized
British swimmers with mean body fat of 23% did not experience menstrual dis-
turbance (54). Similarly, adolescents involved in normal after-school sports pro-
grams do not appear to be at increased risk of disrupted menstrual cycles (55),
although the possibility of more subtle changes in GnRH pulsations or anovulation
has not been examined in this population. Lowered salivary progesterone levels
have been noted in recreational runners (average 12.5 miles per week) (56). In a
study of 20 moderately active women with normal cycle length, 24 of the cycles
were ovulatory and 21 of the cycles were deficient in the luteal phase (57). Thus,
athletes with seemingly regular menses may in fact have anovulatory cycles or
inadequate luteal phases.

Pubertal development and menarche are often delayed in thin athletes, especially
ballet dancers, gymnasts, and runners (51,52). Ballet dancers often have delayed
thelarche and menarche with a normal age of adrenarche; they may also have irreg-
ular menses, a low percentage of body fat, high energy output, and decreased
caloric intake with episodes of bingeing (58,59). Malina (60) has proposed that
some of the delay in pubertal development in athletes may be attributed to the pre-
selection of girls who have a thin body type and familial late development and
who also excel in athletic endeavors. Some of the delay, however, likely also
results from the girls’ commitment to the sport. Inadequate nutrition from anorexia
nervosa can impact growth velocity and final height. Frisch and coworkers (44)
found that athletes who began their training premenarcheally experienced a delay
in menarche and a higher incidence of amenorrhea than did athletes who began
their training postmenarcheally. Each year of training before menarche was asso-
ciated with a delay of menarche by 5 months.

The intensity of the exercise and the age of the athlete also appear to be contributing
factors to amenorrhea. In most studies, a greater number of miles run per week is
associated with a higher incidence of amenorrhea. In a survey of college runners,

TABLE 7-4. Factors associated with irregular menses in athletes

Low weight and weight loss
Low body fat (?sport related)
Eating disorders
Delayed menarche
Prior menstrual irregularity
Adolescent age group
Nonparous
Stress (associated with exercise)
Type of sport

Highest in running

Lower in swimming and cycling
High level of training
Diet (low calorie, vegetarian, high fiber)
Hereditary? metabolic?
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the incidence of amenorrhea was 20% for women running 20 miles/week and 43%
for those running 60 to 80 miles/week (61). A lower incidence of amenorrhea has
been noted in other studies. Runners who are young and nulliparous are more likely
to experience irregular cycles than older, multiparous runners.

Diet may be suboptimal in many adolescent athletes. In an attempt to separate
weight loss from strenuous exercise as causative factors, Bullen and colleagues
(50) carried out a prospective study of menstrual cycles, assigning one group to
weight maintenance and the other to weight loss. They found that exercise, espe-
cially if accompanied by weight loss, could reversibly disturb menstrual function.
Those in the weight loss group experienced more delayed menses, and a higher
percentage of patients had loss of the LH surge. Diets low in calories, fat, and red
meat and high in carotene have been associated with amenorrhea (49,62-64).
Indeed, restriction of fat has emerged as a finding across multiple studies. Weight
loss in girls consuming a vegetarian diet appears to be more likely to induce men-
strual dysfunction than a nonvegetarian diet (64).

Gadpaille and colleagues (65) reported an association between athletic
amenorrhea, eating disorders, and a family history of major affective disorders. Dis-
ordered eating including anorexia nervosa, bulimia, purging, bingeing, and fasting
has been reported in 15% to 62% of young female athletes (41,43,52). For exam-
ple, ballet dancers have higher Eating Attitudes Test (EAT) scores, a measure of
disordered eating, than nondancers (mean 22.9 vs 4.1) (66); runners with
oligomenorrhea also had higher Eating Disorder Inventory scores (53). Similarly,
girls with anorexia nervosa may have joined the track team and be exercising com-
pulsively (often beyond the expectation of the coach) to lose additional weight.

The mechanism of exercise-related menstrual changes is unclear, but there are
changes in metabolic rate, prolactin, GnRH, gonadotropins, adrenocorticotropic
hormone (ACTH), endorphins, catecholamines, thyroid hormone (“sick euthyroid”),
insulin levels and sensitivity, leptin, growth hormone, and growth hormone bind-
ing protein (23,62,66-71). The low leptin level appears to be particularly related
to caloric restriction and low weight (23). A normal LH response to GnRH in most
runners suggests that the defect is at the level of the hypothalamus. Stress associated
with the athletic endeavor also appears to increase the incidence of amenorrhea.
Of interest, a recent report found that not all female athletes have typical hypotha-
lamic amenorrhea, but rather some may have higher levels of free and total testos-
terone, increased LH:FSH ratios, and lower sex hormone binding globulin (SHBG),
suggestive of PCOS (see Chapter 9); these athletes had higher bone mineral density
and higher performance values (69).

As noted in Chapter 4, puberty is a critical time period for the acquisition of
normal bone mass (72-75). Genetic factors along with normal levels of androgens
and estrogens, physical activity, normal weight and BMI, and adequate calcium
and vitamin D intake are all important for healthy bones. A number of studies
have examined the benefits of athletic participation (which would be expected
to enhance bone mass) countered by the occurrence of hypoestrogenic amenor-
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rhea (which may lead to bone loss) (76-83). For example, Marcus and co-
workers (76) found that while eumenorrheic runners had better bone density
than sedentary eumenorrheic women, amenorrheic runners had decreased bone
density by CT. Young runners 17 to 21 years of age who had started training
early after menarche were particularly likely to have impressively low bone min-
eral density (BMD), using quantitative CT (QCT) of the lumbar spine (79). In
a study of 67 elite athletes 18 to 31 years old, Wolman and colleagues (80)
found that the QCT lumbar spine measurements were substantially lower in the
25 amenorrheic women (=1 menses every 6 months) than the 27 eumenorrheic
women and the 15 women taking oral contraceptive pills (168 vs 211 vs 215
mg/cm?). Weight and height were also lower in the amenorrheic athletes.
Increased calcium intake was associated with increased bone density in all
groups. In a study of 43 girls 13 to 20 years old, of whom 28 were dancers,
girls with low estrogen exposure scores had lower spine bone mineral density
by dual photon absorptiometry than girls with moderate or high estrogen scores
(59). Spine BMD was also correlated with weight/height and testosterone levels.
In a study of 97 female athletes 18 to 38 years old, Drinkwater and colleagues (81)
found that women who had always had regular menstrual cycles had higher lum-
bar densities (measured by DPA) (1.27 g/cm?) than those with a history of
oligomenorrhea interspersed with regular cycles (1.18 g/cm?) and than those who
had never had regular cycles (1.05 g/cm?). The combination of body weight and
menstrual pattern predicted 43% of the total variation in lumbar density. Another
study found that body weight combined with months of amenorrhea and age of
menarche predicted the bone mineral density at the lumbar spine of amenorrheic
athletes (R = 0.71) (83). At other sites, BMD was also predicted by duration
of amenorrhea and weight. Several studies have raised the question of whether
particular sites in the skeleton might be protected because of selective stresses
on those bones. The data so far have yielded mixed results (82—89). For exam-
ples, Gremion and colleagues found that distance runners with oligomenorrhea
had a loss of BMD at the lumbar spine over one year but not the hip (88).
The proposed risk factors for osteoporosis in female athletes include the factors
shown in Table 7-5 (41-43,58). Each of these issues needs to be assessed and
addressed in the comprehensive evaluation of the adolescent who has amenorrhea
and/or who participates in athletics. The consequences of low bone density can be
both long-term and short-term. In two surveys of ballet dancers, Warren and
associates (52,86) found that the incidence of stress fractures rose with increasing
age of menarche and that the incidence of secondary amenorrhea was twice as high
among dancers with stress fractures as those without. In a study of 25 athletes with
confirmed stress fractures and matched control athletes, Myburgh and colleagues
(90) reported that control subjects were more likely to have used oral contracep-
tive pills, were less likely to have oligomenorrhea or irregular menses, consumed
more servings of calcium each day, and had higher BMD of the spine and hip than
women with stress fractures. In a study of 2312 women on active duty (mean age
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26.1 *= 5.8 years), Friedl (91) reported that a history of stress fracture ranged from
31.6% in nonblack smokers with episodes of amenorrhea and a family history of
osteoporosis to 8% for a black nonsmoker with normal menses and a negative
family history. The odds ratios of a stress fracture for women =25 years old were
2.24 for a history of 6 months of amenorrhea, 1.96 for smokers, 1.78 for white or
Asian ethnicity, and 1.66 for a family history of osteoporosis.

The lower bone density appears to be at least partially reversible in girls who
begin to menstruate normally (77,81,92,93). Runners who regained their menses
after a mean of 40 months of amenorrhea (associated with a decrease in training
mileage and increase in body weight) experienced an increase in bone density in
the 14-month follow-up; the two runners who remained amenorrheic had further
decreases in bone density (92). However, Drinkwater and colleagues (77,81,92)
have observed that even though there is an increase in bone density initially in the
first 2 years following resumption of menses, the increase ceased over the next
2 years and bone density remained below the average for their age group 4 years
after resumption of menses. Among a group of dancers and nondancers with
hypothalamic amenorrhea, resumption of menses was associated with increased
spinal bone mineral density but not to normal levels (94).

Prevention efforts should involve safe training techniques for adolescents;
educational efforts with athletes, parents, and coaches; counseling for healthy nutri-
tion including calcium and vitamin D intake; promotion of positive and realistic
images of women; and screening and evaluation of athletes. Adolescent athletes
with amenorrhea deserve a medical and gynecologic evaluation, including assessment
of estrogenization, appropriate screening laboratory tests, and bone mineral density
(using a scanner with appropriate age matched standards). Athletes with amenorrhea,
disordered eating and/or at risk for bone loss, deserve early diagnosis, monitoring,
and treatment.

TABLE 7-5. Factors associated with low bone density in athletes

Low weight

Low percentage of body fat

Low estrogen

Delayed puberty

Duration of amenorrhea (present and past history)
Low use of oral contraceptives and other estrogens
Low androgen levels

Low calcium intake

Low protein intake

High fiber intake

Increased cortisol levels and increased increment during exercise
Eating disorders

Family history of osteoporosis

Lack of mechanical load




232 AMENORRHEA IN THE ADOLESCENT

HYPERPROLACTINEMIA

The spectrum of prolactin-secreting pituitary tumors, the natural history of
prolactinomas, and the outcome of surgically and medically treated patients has
become clearer in the past two decades (95-99). The normal serum prolactin level
in women ranges from 1 to 20 ng/ml with a mean of 8.9 ng/ml, although laborato-
ries vary in reported values. Hyperprolactinemia results from high levels of
monomeric, dimeric or macro forms of prolactin (100-102). The monomeric form is
seen in patients with prolactinomas. Patients with macroprolactin (or “big big
prolactin,” which consists of antigen antibody complex of monomeric prolactin and
IgG) has been reported to represent 10% or more of those with elevated prolactin
levels; they are often asymptomatic and have normal fertility (101,102). In a study
of 113 patients (19 to 67 years old) with hyperprolactinemia, Hauache and colleagues
(100) found that 79% of those with “macroprolactinemia” had normal imaging, com-
pared to 25% with monomeric hyperprolactinemia. None of the patients who were
asymptomatic and had “macroprolactinemia” had abnormal imaging. The finding of
the prolactin complex underscores the importance of drawing prolactin levels in
symptomatic patients to avoid false positives. However, the presence of macropro-
lactin does not exclude a tumor or response to dopamine agonists. If available, assays
should be checked for macroprolactin in patients with hyperprolactinemia.

Prolactin is secreted episodically, it has a half-life of about 20 minutes, and peak
secretion occurs during sleep. In patients with pituitary tumors, the sleep-related
rhythm is often abolished and prolactin levels are elevated night and day. Unlike most
pituitary hormones, prolactin is regulated primarily by inhibition from the hypothala-
mus through secretion of a prolactin-inhibiting factor, dopamine. Dopamine and
dopaminergic drugs, such as bromocriptine and cabergoline, lower serum prolactin
levels. Drugs such as risperidone (103,104), other antipsychotic drugs (e.g.,
haloperidol), phenothiazines, reserpine, protease inhibitors (105,106), especially if
given with metoclopramide, and a-methyldopa have been reported to raise
prolactin levels. Kinon and colleagues reported that 96% of women of reproductive
age taking risperidone had hyperprolactinemia and 56% of those experienced
menstrual irregularity, often with low estradiol levels (103). Even low doses cause
hyperprolactinemia. Drugs such as olanzapine, quetiapine, ziprasidone, and sertindole
produce a transient, minimal, or no effect on prolactin levels and appear to be better
tolerated without resulting in hyperprolactinemia (103,107). A baseline prolactin
level drawn before the initiation of antipsychotic treatment with drugs known to
cause hyperprolactinemia is optimal.

Estrogens stimulate prolactin release and result in an increase in the size and
number of lactotropes. Prolactin secretion is increased during pregnancy, with pro-
lactin levels peaking at term (100 to 300 ng/ml). Prolactin levels rise with each
episode of nursing during the initial postpartum period, but by 4 to 6 months, pro-
lactin levels are normal. Although some patients taking or discontinuing oral con-
traceptives develop galactorrhea, studies have not shown an association between
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oral contraceptives and the development of prolactinomas. Hypothyroidism [with
elevated thyrotropin-releasing hormone (TRH) and TSH levels] can occasionally
be associated with elevated prolactin levels. In a study of 1,003 patients with
hypothyroidism, 8% had hyperprolactinemia (108). Antibodies to prolactin can
result in elevated prolactin levels, sometimes associated with autoimmune disor-
ders such as lupus (109,110). Other causes of hyperprolactinemia include renal
failure (decreased clearance of prolactin), hyperplasia of lactotropes (functional
hyperprolactinemia), or a pituitary tumor (Table 7-6). Women with multiple endocrine
neoplasia type 1 (MEN1) can also present with prolactinomas (111).

Prolactin secretion is also affected by breast stimulation in some nonpregnant
women and can increase following a large high-protein meal or during major stress
(such as general anesthesia for surgery), orgasm, hypoglycemia, and marathon run-
ning (112,113). Nipple piercing has also been associated with hyperprolactinemia
(114). The sample for serum prolactin determination should not be drawn after a
large meal, strenuous exercise, or breast examination.

The presenting complaint in the adolescent may be galactorrhea, interrupted
pubertal development, or primary or secondary amenorrhea. The absence of
galactorrhea is not unusual in the adolescent with hyperprolactinemia, especially
in the girl with primary amenorrhea. One-half to two-thirds of adolescents with
secondary amenorrhea and hyperprolactinemia have galactorrhea. Patients with
galactorrhea, normal menses, and normal serum prolactin virtually never have
a tumor, although galactorrhea is unusual in this setting if the patient has never
been pregnant (115).

The evaluation of the adolescent with hyperprolactinemia should include a
menstrual history and a history of pregnancies and abortions, medications and illicit
drugs, hirsutism or acne, symptoms of thyroid dysfunction, visual changes, and
headaches. The physical examination should include a neurologic assessment,
including fundoscopic examination and screening visual field test by confrontation,
palpation of the thyroid gland, notation of vital signs and androgen excess, a breast
examination, and evaluation of vaginal estrogenization.

TABLE 7-6. Differential diagnosis of hyperprolactinemia and/or galactorrhea

Pregnancy, postpartum, and postabortion

Pituitary tumor

Hypothalamic diseases and tumors: craniopharyngioma, sarcoidosis, eosinophilic
granuloma, encephalitis, Chiari-Frommel syndrome, pituitary stalk section or compression,
metastatic disease

Hypothyroidism

Drug-induced: risperidone, phenothiazines, reserpine, prostaglandins, methyldopa,
amitriptylene, cimetidine, benzodiazepines, haloperidol, cocaine, metoclopramide

Chronic renal failure

Local factors: chest wall surgery, trauma, nipple stimulation, herpes zoster, atopic
dermatitis, thoracic burns, nipple piercing

Tumors: bronchogenic or renal carcinoma

Other: stress, sleep-induced, hypoglycemia

Idiopathic
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Pregnancy, hypothyroidism, renal and hepatic disease, polycystic ovary syndrome,
and use of illicit and prescribed drugs should be ruled out in the patient with hy-
perprolactinemia. In most of these conditions, prolactin values are elevated to only
30 to 150 ng/ml. Repeat serum prolactin values should be measured under optimal
conditions: with the patient in the fasting, unexercised state, with no breast
stimulation. The TSH level also should be measured. A prolactin level >100 ng/ml
is suggestive of a prolactin-secreting tumor and the level usually correlates with the
size of the tumor (99), but microadenomas have been identified in women with only
mildly elevated prolactin levels. However, patients with craniopharyngiomas, so-
matotropic tumors causing acromegaly, cysts (suprasellar arachnoid cysts and
Rathke cleft cyst), and nonfunctioning tumors may have mildly elevated prolactin
values because of stalk compression; levels are usually <150 ng/ml (but occasion-
ally as high as 600 ng/ml) (116). If there are signs of growth hormone excess
(acromegaly, large hands and feet), a screening IGF-1 and random growth hormone
should be obtained. Similarly, signs of hypercortisolism should prompt measurement
of ACTH, cortisol, and 24-hour urinary free cortisol. Prolactinomas are classified as
microadenomas (<10 mm) and macroadenomas (>10 mm). Patients classified as
having functional hyperprolactinemia represent a spectrum of findings from mild
hyperplasia of lactotropes to small pituitary microadenomas not visualized on
imaging. Formal visual field testing and neuroendocrine testing are usually re-
served for patients with macroadenomas, preoperative evaluation, or patients with
clinical signs or symptoms of hypopituitarism.

It is essential to assess estrogen status in these young women with hyperpro-
lactinemia by serum estradiol level, vaginal smear, and/or progestin challenge
because of the risk of low bone density associated with hypoestrogenic amenor-
rhea (117-122). Klibanski and associates (117) have found reduced bone density
improved with therapy (118) but did not return to normal in all women. Similarly,
Biller and colleagues (119) found that after the restoration of menses, bone den-
sity did improve in a subset of women, but a sustained period of amenorrhea may
lead to permanent losses. A higher initial percent of ideal body weight and final
serum androgen levels [testosterone and dehydroepiandrosterone sulfate (DHEAS)]
positively correlated with the slope of the bone density curve. In a study of 40
adolescent and young adult patients, Colao and colleagues found that 80% had
osteopenia or osteoporosis, and dopamine agonist therapy did not return bone
density to normal (123). Fracture risk appears to be increased in adult patients
before diagnosis of prolactinomas (124).

Once a prolactin-secreting pituitary tumor has been diagnosed, the clinician
needs to consider the size of the tumor, the estrogen status of the young woman,
the presence of troublesome galactorrhea, the need for contraception, and the desire
for fertility. For patients who have microadenomas or functional hyperprolactine-
mia with normal estrogen status and normal menses, and are therefore not at
increased risk for osteoporosis, observation is one option. In a study of 59 patients
with idiopathic hyperprolactinemia, there was a high tendency to spontaneous cure,
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and progression to pituitary prolactinoma did not occur (125). In a study of 30
patients (age 16 to 38 years) with hyperprolactinemia followed for 3 to 20 years
(mean 5.2 years) with prolactin levels and tomograms or computed tomography
(CT) studies, only two patients had evidence of progression at 4 and 6 years (126).
Four patients with initially normal radiographs developed signs of a tumor, but in
none was there progression to a macroadenoma. Several patients had spontaneous
resolution of amenorrhea and galactorrhea, and one-third of those with abnormal
CT or tomograms initially had no evidence of tumor at their last follow-up study
(126). Other studies of the natural history of these lesions have reported similar
findings; many lesions will stay the same size or regress, with lowering of serum
prolactin and re-establishment of menses over time (96-98,127,128). If observation
is elected, close monitoring with both MRI and serum prolactin determinations is
warranted because low prolactin levels alone are not adequate to provide reassur-
ance of a benign course.

Most adolescents with microadenomas are estrogen deficient and therefore in need
of therapy. They are at risk of bone loss and, most importantly, of not attaining nor-
mal peak bone mass. Treatment with dopamine agonists restores menses, normal lev-
els of bone formation and resorption markers (121), and fertility (ovulation) in most
patients. Patients thus need to be counseled to use effective barriers or low-dose oral
contraceptives if they become sexually active. The length of treatment is
controversial. Some clinicians will give a trial of tapering and discontinuing medica-
tion for patients with microprolactinomas after 2 to 3 years of dopamine agonist ther-
apy; some patients will maintain normal prolactin levels and normal menses. Recur-
rent hyperprolactinemia can occur after even 4 to 8 years of treatment with reductions in
dosage or discontinuation. In a study of 131 patients with prolactinomas (27% had had
surgery), 25.8% of those with microprolactinomas and 15.9% of those with macropro-
lactinomas maintained normal prolactin levels 44 months after withdrawal of
bromocriptine therapy; the median time of therapy had been 47 months (129). A study
of patients with normalized prolactin levels, no evidence of tumor, and had cabergoline
withdrawn after 36 months reported a recurrence rate of 31% for microadenomas and
36% for macroadenomas (130). Some patients with idiopathic hyperprolactinemia or
nonprogressive microadenomas who are estrogen deficient have also been treated with
cyclic conjugated estrogens and medroxyprogesterone for a mean of 4 years, or low-
dose (30 to 35 wg) oral contraceptives for a mean of 2.9 years with little if any effect on
the long-term prognosis and at lower cost than dopamine agonists (131,132).

Macroadenomas do require therapy because if they are untreated, patients may ex-
perience further tumor growth, visual impairment, and hypopituitarism. Medical
therapy with a dopamine agonist is the primary approach for the majority of patients,
reducing prolactin levels substantially and causing shrinkage of the tumor over
weeks to months (see Case 4) (96,130,132). The cytoplasmic volume of cells is de-
creased. In most patients, therapy will need to be continued indefinitely. Deterioration
of visual acuity has been rarely reported, related to presumed chiasmal traction from tu-
mor shrinkage in macroadenomas and improved with reduction in the dose of the
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dopamine agonist (133). Tumor enlargement may occur in some patients despite med-
ical therapy because of the presence of a nonfunctioning or non-prolactin-secreting tu-
mor (134) or the occurrence of intrapituitary hemorrhage or tumor necrosis. Since
prolactin levels may fall with therapy in spite of continued tumor enlargement,
successful management must be monitored by prolactin levels, MRI, and clinical
assessment and, if indicated, visual field testing, initially every 6 months.

Although a number of series have reported favorable outcomes for microscopic
and endoscopic transsphenoidal or transnasal surgery for prolactinomas (135-143),
the majority of clinicians favor dopamine agonists as primary therapy. The success
rates for surgery have been in the 90% range in the immediate postoperative period,
but the recurrence risk for hyperprolactinemia is 20% to 80%, and the patient may
become hypogonadotropic. A normal prolactin value less than 10 ng/ml on the first
postoperative day suggests a good outcome (144). Some of the patients with initial
inadequate response appear to later become normoprolactinemic, even 15 to 20 years
later (137). The indications for surgery include an inability to tolerate or adhere
to dopamine agonists, unresponsiveness to therapy (which usually indicates a
cystic lesion), increasing tumor size despite therapy, persistent visual loss and
chiasmal compression despite medical therapy, and pituitary apoplexy (145-147).
Radiation therapy has been used for large tumors that are refractory to medical
and surgical management in patients who desire definitive therapy, but it may lead
to hypopituitarism.

In young women desiring fertility, dopamine agonists (especially bromocriptine)
has been used effectively (148-150). Symptomatic enlargement (visual field
defects, headaches, and diabetes insipidus) appear to occur in 23% of bromocriptine-
induced pregnancies in women with macroprolactinomas but only 1.3% of women
with microadenomas (149). Prolactin levels fall after delivery, and there is no
contraindication to breast feeding.

Dopamine agonist therapy restores menses and ovulation more rapidly and more
reliably than it controls galactorrhea. The two medications used are bromocriptine,
which needs to be given two to three times a day, and cabergoline (Dostinex),
which is prescribed twice a week (151). Therapy should begin at low doses in order
to lessen the nausea and postural hypotension. Other side effects include headache,
dizziness, nasal congestion, and fatigue. For bromocriptine, the dose is usually
one-half of a 2.5-mg tablet at bedtime, followed a week later by one tablet at
bedtime, followed in 1