Review Article

An Update of Ovulation Induction

Jamil A Fayez, M.D., Sulieman A. Al-Sulieman, M.D.*
Winston-Salem, North Carolina

| DOI: http://dx.doi.org/10.5915/20-2-13270 |

Abstract

In the past decade, some of the most dramatic advances in obstetrics and gynecology have been in ovulation
induction. This article is a step-by-step guide to the diagnostic etiology and management of anovulation. The
physiologic and pharmacologic functions of the currently marketed ovulatory agents are described.
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Lack of ovulation is the primary defect in 25% of
infertile couples and may present as oligomenorrhea
or amenorrhea. The oligomenorrheic patient
possesses gonadotropins and estrogen but does not
ovulate cyclically with any predicatable frequency
because her periods vary between 1 to 4 months in
frequency. Most amenorrheic patients are usually
totally deficient in gonadotropins and therefore do
not produce estrogen. Amenorrheic patients with
ovarian failure have high levels of gonadotropins and
these patients are obviously not candidates for ovula-
tion induction.

Workup prior to therapy

Before beginning ovulation induction, patients
should be assessed for contraindications to therapy.
Complete history and an adequate physical examina-
tion are mandatory so that no reversible disease is
overlooked and that the nature of the anovulation is
understood. Inquire about the frequency of
menstrual cycles, history of psychological trauma,
occurrence of hot flashes, previous oral contracep-
tive intake and their type, presence of hirsutism or
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milk secretion from one or both breasts. The physical
examination should rule out or confirm the presence
of hirsutism or galactorrhea. The pelvic examination
should rule out the existence of a pelvic mass such as
an ovarian tumor that may be responsible for
anovulation. Laboratory tests may include blood
levels of follicle stimulating hormone (FSH) and lu-
teinizing hormone (LH) to rule out premature
ovarian failure; measurement of prolactin (PRL) to
rule out or confirm hyperprolactinemia, and thyroid
stimulating hormone (TSH) which may uncover a
subtle case of hypothyroidism. All of these
laboratory tests may be required depending on the
judgment and experience of the treating physician
(Table 1). Semen analysis and hysterosalpingogram
are mandatory for obvious reasons.

Selection of patients

The usual therapeutic approach to the induction of
ovulation has beeb based on patients’ signs and
symptoms such as amenorrhea, oligomenorrhea and
dysfunctional uterine bleeding without dealing with
the problem from the diagnostic point of view. The
diagnostic approach is not only more meaningful to
clinicians but it also solves the dilemma of what is the
best ovulating agent for each potential recipient. Pa-
tients who require ovulation induction should fall in-
to one of the following diagnostic categories.

1. Patients with excess androgens including
Polycystic Ovary Disease, Adrenal Androgenic
Hyperplasia, and combination of both

a. Patients with Polycystic Ovary Disease (PCO):

The typical patient in this group has hirsutism and/or

menstrual dysfunction. The ovaries are usually

enlarged because they have numerous follicles par-
tially stimulated and prepared for ovulation.

Testosterone (T) is slightly elevated. FSH is slightly
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Table 1: Normal Range of Serum Levels of
Hormones Needed in the Work-up of
Anovulatory Patients. (Bowman Gray
School of Medicine Laboratories*)

Hormones Serum Level

Follicle-stimulating hormone (FSH) 2.1 - 9.5 mu/m]

Luteinizing hormone (LH) 1.8 - 13.4 mu/ml
Thyroid stimulating hormone (TSH) 0.6 - 4.5 mu/ml
Prolactin (PRL) <18 ng/ml
Testosterone “T"" 22 - 65 ng/dl
Androstenedione ‘A" 3.0 - 3.2 ng/ml

Dehydroepiandrosterone sulphate

(DHEAS) 1,000 - 5,000 ng/ml

(*Individual laboratories establish their own reference ranges.)

depressed and LH is slightly elevated with the ratio of
LH:FSH being 2 or more. These patients usually
have adequate endogenous estrogen and therefore
they have withdrawal bleeding after progesterone or
progestational therapy. A survey of the data
presented in the literature shows that these patients
respond adequately to clomiphene citrate with ovula-
tion rates being 80% to 90% and pregnancy rates
about 50% to 60%.'»* Patients who do not respond
to clomiphene citrate may be given dexamethasone
0.5 mg daily at bed time in addition to the
clomiphene citrate regimen. If this combined treat-
ment fails to induce ovulation, then the human
menopausal gonadotropin (HMG) “‘Pergonal”, in
combination with human chorionic gonadotropin
(HCG) should be tried.

b. Patients with Adrenal Androgenic Hyperplasia
(AAH): The adrenal hyperplasia in these patients is
often due to a slight deficiency of 21-hydroxylase en-
zyme causing increased secretion of androgens, prin-
cipally dehydroepiandrosterone (DHEA) and to a
much lesser extent androstenedione (A). Both of
these androgens can be metabolized into the more
potent testosterone. These patients usually have hir-
sutism and/or menstual dysfunction and possible
slight hypertrophy of the clitoris. Unlike levels in pa-
tients with PCO, and LH blood levels are normal or
slightly decreased. T is slightly elevated but DHEA
sulphate (DHEAS) is markedly elevated and can be
suppressed by glucocorticoids. These patients may or
may not respond to the progesterone withdrawal test,
depending on the availability of the endogenous
estrogen. Ovulation can be induced by the ad-
ministration of low dose corticoids such as dex-
amethasone 0.5 mg at bed time and 0.25 mg in the
morning. If this therapy fails to induce proper ovula-
tion, addition of clomiphene citrate may solve the
problem. In an anovulatory patient with adrenal in-
volvement, suppression of the adrenals will decrease
the production of DHEAS and A, causing a drop in
circulating estrogens and androgens which allows a

rise in gonadotropin secretion with subsequent
follicular stimulation and growth. With the combin-
ed treatment of dexamethasone and clomiphene
citrate, better results are achieved than with
glucocorticoids alone. The combined treatment
achieves ovulation and pregnancy rates of 84.5% and
46%, respectively.' If this combined regimen fails to
induce ovulation, HMG combined with HCG should
be tried.

¢. Patients with PCO and AAH: In these patients the
ovaries as well as the adrenals are responsible for the
excessive secretion of androgens. The signs and
symptoms are similar to those seen in the previous
two groups but the T and DHEAS serum levels
should be more elevated. The diagnosis is made by
comparing T and DHEAS serum levels before and
after dexamethasone suppression test. While dex-
amethasone is being administered daily 0.5 mg at bed
time and 0.25 mg in a.m. to induce ovulation, a
blood sample is tested for T and DHEAS, 6 weeks
after the dexamethasone therapy. The diagnosis is
made when DHEAS is found to be suppressed
because of its adrenal origin while T is either slightly
suppressed or is unchanged indicating that it is of
ovarian origin. Successful ovulation induction may
be obtained by the combined therapy of dex-
amethasone and clomiphene citrate. If this therapy
fails to induce ovulation, HMG and HCG should be
tried.

2. Patient with hypothalamic anovulation

These patients admit to chronic stress; social,
parental or marital. Clinically, the spectrum of
amenorrhea ranges from mild to severe hypothalamic
suppression. There is no rule of thumb covering
laboratory tests for these patients. When the
hypothalamus is mildly suppressed, serum
gonadotropins are usually in the low normal range
and the progesterone withdrawal bleeding test is
positive indicting the presence of endogenous
estrogen. Most of these patients bleed within 7 days
after receiving 100-200 mg of progestrone in oil in-
tramuscularly. These patients may respond to
clomiphene citrate alone or combined with HCG.
This combined treatment resulted in 67% ovulation
and a 42% pregnancy rate.' It is believed that the ad-
dition of HCG therapy compliments or replaces the
LH surge which may be defective. A patient with
severe hypothalamic suppression will have very low
gonadotropins and probably no endogenous estrogen
and therefore her progesterone withdrawal bleeding
test will be negative. This type of patient will only
respond to Pergonal (HMG-HCG) therapy.

3. Postpill anovulation

Anovulation manifested by amenorrhea after oral
contraceptive use is reported to occur in fewer than
1% of pill users.’ The diagnosis is usually established
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after eliminating other endocrinopathies as a cause of
the anovulation by taking a good history and order-
ing the pertinent laboratory tests most notably serum
PRL, FSH and LH levels. It is believed that this type
of anovulation is a self-limited condition, as more
than 90% of these patients have normal menses
within 6 to 12 months. For the exceptional patient
who is anxious to become pregnant before spon-
taneous menses are resumed, we have found that the
treatment of choice is clomiphene followed by HCG
if there is no response to clomiphene therapy alone.'
Seventy percent of our patients ovulated with
clomiphene therapy alone, another 10% ovulated
after the addition of HCG, and the remaining 20%
had very low levels of endogenous estrogen and
responded only to HMG-HCG therapy.

4. Patients with amenorrhea-galactorrhea syndrome

In a nonpregnant woman, galactorrhea with
amenorrhea is a pathologic condition often caused by
serious organic disease. However, emission of a few
drops of clear, straw colored fluid during periareolar
pressure should not be considered galactorrhea. The
fluid must be milk colored for this diagnosis. The
quantity of milky secretion or the involvement of one
or both breasts is immaterial and any galactorrhea re-
quies evaluation. When galactorrhea is associated
with amenorrhea, the disorder is more serious. The
galactorrhea-amenorrhea syndrome is believed to be
mediated by hypothalamic factors. If the normal
secretion of gonadotropin-releasing hormone
(GnRH) or prolactin inhibiting factor (PIF), or both,
is interfered with, then amenorrhea, galactorrhea, or
a combination, occurs because of unrestrained pro-
lactin secretion by the pituitary, with minimal
elaboration of FSH and LH. The common causes of
galactorrhea-amenorrhea syndrome are: 1) frequent
breast manipulation, especially suckling; 2) medica-
tions such as phenothiazines, reserpine, opiates, am-
phetamines, or oral contraceptives; 3) primary
hypothyroidism that can be explained by the increas-
ed activity of thyrotropin releasing hormone (TRH)
stimulating prolactin secretion; 4) pituitary tumors
that may be micro-or macro-adenomas.

Looking at factors involved in the galactorrhea-
amenorrhea syndrome, the importance of seeking a
pituitary tumor is obvious. A careful history and
thorough physical examination will rule out the first
three factors. Since any degree of hyperprolactinemia
may suggest the presence of a pituitary tumor, we
recommend screening all women with amenorrhea-
galactorrhea syndrome for the magnitude of plasma
prolactin elevation.

The treatment is obvious if the syndrome is caused
by tranquilizers, breast manipulation, or
hypothyroidism. If the syndrome is due to a pituitary
micro-adenoma (less than 1 cm in diameter) or
macro-adenoma, the treatment can be either medical

or surgical. Serum PRL levels are usually high and
must be suppressed to enable the hypothalamic-
pituitary axis to resume normal function. Micro-
adenomas can be treated with bromocriptine, a
dopamine agonist, to shrink the tumor and suppress
PRL secretion. Therapy should be initiated at the
lowest level, eg 1.25 mg. daily and titrated against
serum prolactin levels until the latter fall to the nor-
mal range. Surgery is not indicated because these
micro-adenomas tend to grow slowly and are usually
well controlled by bromocriptine. Tumor function
should be monitored regularly by checking serum
PRL level every six months. If PRL levels increase
sharply, a computed axial tomography (CT) scan of
the sella is mandatory.

Pituitary macro-adenomas are better treated by
transphenoidal microsurgery or proton-beam irradia-
tion. A major side effect of irradiation is the in-
sidious development of panhypopituitarism. Resolu-
tion of hyperprolactinemia may not occur after
surgery, SO most cases require postoperative treat-
ment with bromocriptine. Some endocrinologists
prefer to treat macro-adenomas with bromocriptine
for one year. If size decreases, then surgery is not
recommended and medical treatment is continued.
The tumor function may be monitored in the same
manner as that of micro-adenoma.

5. Patient with proliferative phase defect (follicular
maturation disorder)

Women with proliferative phase defect are healthy
and are usually infertile secondary to oligo-
ovulation. The patients in this group share with those
who had the mild hypothalamic disorder the long ir-
regular cycles, but differ from them in that they
usually ovulate, however not on a regular basis.
Menstrual cycle length in patients with follicular
phase defect are usually from 5 to 7 weeks. Sherman
and Korenman* studied a similar group of patients
who had long, unpredictable intermenstrual intervals
and found that the increased cycle length was always
due to a prolonged follicular phase as measured by
the time until the LH peak. In addition, they found
that during the prolonged follicular phase, LH and
FSH levels were within the range observed during the
normal length cycles. Although normal fertility is the
rule in these patients, it cannot be taken for granted,
as for some patients with follicular phase defect, the
menstrual cycles are not oligo-ovulatory but rather
anovulatory. The ovarian follicles are suspected to be
of poor quality causing prolongation of the pro-
liferative phase with no actual ovulation. The impor-
tance of oligo-ovulation lies in the fact that it may be
a precursor to amenorrhea or even premature
ovarian failure and therefore patients in this category
should be encouraged to complete their families at
their earliest convenience. Clomiphene therapy is the
treatment of choice for these patients as it induces
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regular ovulation in almost all of them. Clomiphene
may play a role in increasing the number of ancillary
follicles and in improving the growth pattern of the
maturing follicles.

6. Patients with luteal phase defect

Luteal phase defect is defined as either a defect in
progesterone output from the corpus luteum or an in-
adequate preparation of the endometrium. There is
no definitive evidence in the literature that luteal
phase inadequacy causes infertility and no conclusive
proof that its correction enhances fertility. Luteal
phase inadequacy is found in less than 5% of the
unselected population.® Tho, et al.* showed that 25%
of recurrent miscarriages had luteal phase inade-
quacy diagnosed by two endometrial biopsies. The
patients who are at risk of developing luteal phase
defects are: women who had repetitive early miscar-
riages, patients with hyperprolactinemia, patients us-
ing clompihene citrate, women undergoing strenuous
athletic conditions, women who are over 35 years of
age, patients with unexplained infertility and those
with endometriosis. Patients secreting excess an-
drogens may develop a luteal phase defect manifested
by infertility or recurrent early miscarriages. Increas-
ed androgens can prolong the follicular phase and
shorten the luteal phase. Androgens also increase the
incidence of follicle atresia.

The diagnosis of a luteal phase defect is best made
by endometrial biopsy. It is now generally agreed
that progesterone levels, because of extreme
variability, do not reflect corpus luteum function.
The biopsy should be taken only from the fundus of
the uterus and within a day or two of subsequent
menses. The day of onset of the next menstrual
period is called postovulatory day 14, The pathologic
specimen reading should correspond to the
postovulatory day of biopsy counting backwards
from the day menses started. A lag of greater than
two days in two or more biopsied cycles is diagnostic.
Basal body temperature (BBT) recordings do not
have the quantitative ability to make the diagnosis of
luteal phase inadequacy.

Patients with short luteal phase and those whose
biopsies show glandular stromal asynchrony are bet-
ter treated with clompihene citrate. These patients
are thought to have low gonadotropins and poor
follicular development which usually respond to
clomiphene. On the other hand, for patients with
glandular stromal synchrony in whom the dating of
the endometrium lags by 2 days or more behind the
expected date, particularly those in whom luteal
phase length is normal, the treatment of choice is
progesterone. The goal of progesterone supplementa-
tion is to replace inadequate progesterone output and
to induce endometrial repair. Progesterone vaginal
suppositories, 25 mg twice daily is the recommended
dose. The supositories must be give at 12-hour inter-

vals because progrestrone is rapidly absorbed and
cleared from the body. Natural progesterone is the
only form of progesterone which can be used to treat
luteal phase defect. Progestogens like provera or
norlutate are contraindicated in early pregnancy as
they may interfere with implantation or even impede
the function of the corpus luteum. Therapy begins on
the third postovulatory day, as indicated by the BBT
chart, and is continued until the period has begun,
which will not usually be delayed more than one or
two days. An endometrial biopsy in the first or se-
cond treatment cycle is imperative to identify patients
in whom therapy is not working. Other causes of
luteal phase defect should be treated by eliminating
the etiologic factor. For example, hyperprolac-
tinemia should be treated with bromocriptine.

7. Kallmann’s syndrome

This syndrome 1is characterized by
hypogonadotropic hypogonadism (primary amenor-
rhea), anosmia and color blindness. The syndrome is
more common in males and the whole spectrum of
clinical abnormalities may not be present in all cases.
Ovulation can be induced by GnRH or HMG-HCG
therapy.

Ovulating agents:

1. Clomiphene citrate

This is an orally active nonsteroidal agent distantly
related to diethylstilbestrol. It is currently available
in 50 mg tablets under the name of Clomid or
Serophene. It exerts only a very weak estrogenic ef-
fect, but its chemical similarity to estrogen is suffi-
cient to achieve uptake and binding to estrogen
receptors. Receiving only minimal estrogen signals
because estrogen receptors are occupied by the
clomiphene, the hypothalamus secretes more GnRH
and the pituitary is stimulated to secrete large quan-
tities of FSH and LH. As in the normal cycle, the rise
in FSH stimulates a set of follicles to begin growth
and maturation. Therefore, effectiveness of the drug
is restricted to its ability to cause this FSH discharge.

The only indication for clomiphene therapy is in-
fertility due to absent or infrequent ovulation. The
proper candidates for this drug therapy are healthy
individuals who have some evidence of pituitary-
ovarian activity as expressed by biologic levels of
estrogen and a positive response to progestin
withdrawal.

Clomiphene is given on the fifth day of the cycle
and is administered for 5 days. The initial dose is 50
mg/day and if ovulation is not achieved in any cycle,
the dose is increased in stepwise fashion by 50 mg
units to 150 mg/day for 5 days. The BBT chart is
essential in following the patient on clomiphene
therapy. The BBT chart (Figures 1-3) provides
evidence of ovulation and information about the ade-
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Figure 2 Anovulatory monophasic basal body temperature chart.
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Figure 3 Basal body temperature chart shows short luteal phase.
Ovulation took place on the 15th day of the cycle.
Notice spotting days. Endometerial biopsy showed

luteal phase defect.

quacy of the luteal phase since 75% of pregnancies
occur in the first 6 cycles and only 15% occur at the
150 mg level. Although clomiphene therapy should
be withheld if there is any possibility of pregnancy,
there has been no evidence that clomiphene is
teratogenic in humans.

2. Clomiphene and HCG

This combination treatment is indicated when
clomiphene alone fails to induce ovulation and when
there is a short luteal phase (less than 12 days)
manifested by the BBT chart. The rationale is to im-
prove the mid-cycle LH surge. A single intramuscular
dose of 10,000 1U is given on the 7th to 10th day after
the last clomiphene tablet, when follicular matura-
tion is at its peak as shown by serum estrogen level
(500-1,000 ng/ml) and the size of the follicle as seen
in a sonogram (18-22 mm in diameter).

3. Glucocorticoids

The excess androgens secreted by the adrenals or
the ovaries may be reduced by the administration of
glucocorticoids with consequent enhancement of
pituitary gonadotropin release and improvement of
ovarian follicular reactivity.” When clomiphene fails
to induce ovulation in a patient with excess an-

drogens, the addition of dexamethasone usually
solves the problem. We give dexamethasone 0.5
tablet daily at bed time till conception occurs; rarely
0.25 mg in a.m. needs to be added.

4. Pergonal (HMG)

Pergonal is a purified preparation of
gonadotropins extracted from the urine of
postmenopausal women. Each ampule contains 75
IU of FSH and 75 IU of LH. We give two ampules
IM daily starting day 3 of the menstrual cycle until
follicular maturation is achieved. After 4 days of in-
jections, the patient is brought back for sonographic
visualization of the follicles (Figures 4 and 5), for
blood levels of estrogen and for a mucus check. The
frequency of the monitoring process will be adjusted
as needed according to response, i.e. daily or alter-
nate days. The dose, regimen and monitoring
schedule is adjusted in subsquent cycles according to
response and information obtained in initial cycles.
When the mean follicle diameter (MFD) reaches
18-20 mm (16 £ mm for PCO) and blood estrogen
level is greater than 400 ng/ml, a single IM injection
of 10,000 1U is given. Because of its structural and
biologic similarity to LH, HCG is used to simulate
the mid-cycle LH ovulatory surge; ovulation occurs
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28-32 hours later. In most patients, ovulation will be
achieved with the adminisration of two ampules of
pergonal daily for 7 to 10 days. The patient is advised
to have intercourse 24 hours after the HCG injection
and if possible 12 hours later. Close observation and
experience in the use of HMG are necessary to avoid
complications such as hyperstimulation and multiple
gestation. A reasonable trial of pergonal is con-
sidered to be approximately six ovulatory cycles.
After this trial the histories and responses of the pa-
tient should be reviewed and a decision should be
discussed with the couple to continue or discontinue
therapy. 4

5. Gonadotropin-releasing hormone (GnRH)

This is a decapeptide hypothalamic hormone that
controls the release of gonadotropins from the
pituitary. Because of the very brief half-life of
GnRH, treatment has been given by multiple daily in-
jections or by infusion. Several investigatiors have
reported inducing ovulation in patients with
hypogonadotropic hypognadism giving GnRH sub-
cutaneously over a long period in pulsatile doses
every 60 to 120 minutes using an infusion pump. The
drug may be administered IV or IM intermittently.
The pulsatile action simulates the physiologic GnRH
secretion.® Most recently the drug has been given by
intranasal spray. The intranasal route is a convenient
method for prolonged therapy, but larger doses of
medication are required than when IM or IV ad-
ministration is used. The theoretic advantages of
pure GnRH administration are threefold: it is assum-
ed to be more physiologic, there is less incidence of
hyperstimulation syndrome and less incidence of
multiple pregnancies. The drug produces no side ef-
fects, but patients are inconvenienced by wearing the

pump.

6. Bromocriptine mesylate (Parlodel)
Bromocriptine is an ergot alkaloid that inhibits the
pituitary secretion of prolactin. The drug has revolu-
tionized treatment of patients with hyper-
prolactinemia manifested by amenorrhea, galactor-
rhea, or both. It is given as 1.25 mg by mouth daily at
bed time for two weeks, then the dose is increased to
2.5 mg daily at bed time for another two weeks. The
administration of this initial small dose is to avoid
the side effects of nausea and vomiting. Later the

dose is increased by 2.5 mg increments depending on
the initial level of prolactin and on the response to
the treatment shown by the extent of the drop of the
prolactin blood level. The usual dose is 5 to 10 mg
daily. Restoration of menstruation occurs in 90% of
patients in two to three months, Ovulation is resum-
ed in B0% and pregnancy occurs in 54% of reci-
pients.” Apparently there are no teratogenic effects
when this therapy is taken early in pregnancy, but a
positive pregnancy test mandates discontinuation of
bromocriptine. There is no evidence that prolonged
therapy achieves a permanent restoration of
ovulatory menses. With discontinuation of the drug,
amenorrhea recurs in the majority of patients.
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