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Figure 412-8 Relationship between gonadotropins, follicle
development, gonadal secretion, and endometrial changes during the normal menstrual cycle. E2, estradiol; Endo, endometrium; FSH,
follicle-stimulating hormone; LH, luteinizing hormone; Prog, progesterone.

The Luteal Phase
The luteal phase begins with the formation of the corpus luteum
from the ruptured follicle (Fig. 412-8). Progesterone and inhibin A
are produced from the luteinized granulosa cells, which continue to
aromatize theca-derived androgen precursors, producing estradiol.
The combined actions of estrogen and progesterone are responsible
for the secretory changes in the endometrium that are necessary for
implantation. The corpus luteum is supported by LH but has a finite
life span because of diminished sensitivity to LH. The demise of the
corpus luteum results in a progressive decline in hormonal support of
the endometrium. Inflammation or local hypoxia and ischemia result
in vascular changes in the endometrium, leading to the release of cytokines, cell death, and shedding of the endometrium.
If conception occurs, hCG produced by the trophoblast binds to LH
receptors on the corpus luteum, maintaining steroid hormone production and preventing involution of the corpus luteum. The corpus
luteum is essential for the hormonal maintenance of the endometrium
during the first 6–10 weeks of pregnancy until this function is taken
over by the placenta.

Clinical Assessment of Ovarian Function

Puberty
Normal Pubertal Development in Girls
The first menstrual period (menarche) occurs relatively late in the
series of developmental milestones that characterize normal pubertal
development (Table 412-1). Menarche is preceded by the appearance
of pubic and then axillary hair (adrenarche) as a result of maturation of
the zona reticularis in the adrenal gland and increased adrenal androgen secretion, particularly dehydroepiandrosterone (DHEA). The
triggers for adrenarche remain unknown but may involve increases in
body mass index, as well as in utero and neonatal factors. Menarche
is also preceded by breast development (thelarche). The breast is
exquisitely sensitive to the very low levels of estrogen that result from
peripheral conversion of adrenal androgens and the low levels of estrogen secreted from the ovary early in pubertal maturation. Breast development precedes the appearance of pubic and axillary hair in ~60% of
girls. The interval between the onset of breast development and menarche is ~2 years. There has been a gradual decline in the age of menarche over the past century, attributed in large part to improvement
in nutrition, and there is a relationship between adiposity and earlier
sexual maturation in girls. In the United States, menarche occurs at an
average age of 12.5 years (Table 412-1). Much of the variation in the
timing of puberty is due to genetic factors, with heritability estimates
of 50–80%. Both adrenarche and thelarche occur ~1 year earlier in
black compared with white girls, although the timing of menarche differs by only 6 months between these ethnic groups.
Other important hormonal changes also occur in conjunction
with puberty. Growth hormone (GH) levels increase early in puberty,
stimulated in part by the pubertal increases in estrogen secretion. GH
increases insulin-like growth factor-I (IGF-I), which enhances linear
growth. The growth spurt is generally less pronounced in girls than
in boys, with a peak growth velocity of ~7 cm/year. Linear growth is
ultimately limited by closure of epiphyses in the long bones as a result
of prolonged exposure to estrogen. Puberty is also associated with mild
insulin resistance.

Menstrual bleeding should become regular within 2–4 years of menarche, although anovulatory and irregular cycles are common before
that. For the remainder of adult reproductive life, the cycle
length counted from the first day of menses to the first day
TABLE 412-1 Mean Age (Years) of Pubertal Milestones in Girls
of subsequent menses is ~28 days, with a range of 25–35
Onset of Breast/ Age of Peak
Final Breast/
days. However, cycle-to-cycle variability for an individual
Pubic Hair
Height
Pubic Hair
woman is ±2 days. Luteal phase length is relatively constant
Development
Velocity
Menarche Development
between 12 and 14 days in normal cycles; thus, the major
White
10.2
11.9
12.6
14.3
variability in cycle length is due to variations in the folBlack
9.6
11.5
12
13.6
licular phase. The duration of menstrual bleeding in ovulatory cycles varies between 4 and 6 days. There is a gradual Source: From FM Biro et al: J Pediatr 148:234, 2006.

HPIM19_Part16_p2251-p2534.indd 2379

CHAPTER 412 Disorders of the Female Reproductive System

probably inhibin A, restrain FSH secretion during this critical period
such that only a single follicle matures in the vast majority of cycles.
The increased risk of multiple gestation associated with the increased
levels of FSH characteristic of advanced maternal age, or with exogenous gonadotropin administration in the treatment of infertility,
attests to the importance of negative feedback regulation of FSH.
With further growth of the dominant follicle, estradiol and inhibin
A increase exponentially and the follicle acquires LH receptors.
Increasing levels of estradiol are responsible for proliferative changes
in the endometrium. The exponential rise in estradiol results in positive feedback on the pituitary, leading to the generation of an LH surge
(and a smaller FSH surge), thereby triggering ovulation and luteinization of the granulosa cells.

shortening of cycle length with age such that women over the age of 2379
35 have cycles that are shorter than during their younger reproductive
years. Anovulatory cycles increase as women approach menopause,
and bleeding patterns may be erratic.
Women who report regular monthly bleeding with cycles that do
not vary by >4 days generally have ovulatory cycles, but several other
clinical signs can be used to assess the likelihood of ovulation. Some
women experience mittelschmerz, described as midcycle pelvic discomfort that is thought to be caused by the rapid expansion of the dominant follicle at the time of ovulation. A constellation of premenstrual
moliminal symptoms such as bloating, breast tenderness, and food
cravings often occur several days before menses in ovulatory cycles,
but their absence cannot be used as evidence of anovulation. Methods
that can be used to determine whether ovulation is likely include a
serum progesterone level >5 ng/mL ~7 days before expected menses,
an increase in basal body temperature of 0.24°C (>0.5°F) in the second
half of the cycle due to the thermoregulatory effect of progesterone, or
the detection of the urinary LH surge using ovulation predictor kits.
Because ovulation occurs ~36 h after the LH surge, urinary LH can be
helpful in timing intercourse to coincide with ovulation.
Ultrasound can be used to detect the growth of the fluid-filled
antrum of the developing follicle and to assess endometrial proliferation in response to increasing estradiol levels in the follicular phase, as
well as the characteristic echogenicity of the secretory endometrium of
the luteal phase.

Adult
Height
17.1
16.5
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