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ABSTRACT

This article provides an approach to amenorrhea and is intended for
pre-clinical and clerkship medical students. Primary amenorrhea refers
to the absence of menarche by 15 years or 3 years post thelarche while
secondary amenorrhea is the cessation of menses for 3 months in women
with a previously regular cycle or for 6 months in women with previously
irregular menses. While amenorrhea can be physiological it can also re-

flect an anatomical or more complex hormonal problem that students

- must learn to identify and investigate.
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1 | QUESTION

A 15-year-old girl presents to your office. Her primary
concern is that she is shorter than her classmates. She
mentions she has had hearing difficulties since child-
hood, and is known for a heart defect and scoliosis. She
is concerned about being the only one in her not hav-
ing had her period yet. On physical exam, the patient is
short in stature with no physical signs of pubertal devel-
opment. You also notice that she has low set ears and a
low hairline. Initial laboratory results are as follows:

Beta Human Chorionic Gonadotropin (hCG): 1mlU/mL

(normal value in non-pregnant women <5mlU/mL)
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Follicle-stimulating Hormone (FSH): 50mIU/mL (normal

value between 5-20mIU/mL)
Luteinizing Hormone (LH): 48mIU/mL (normal value be-
tween 5-20mlIU/mL)

Prolactin (PRL): 27ug/L (normal value in non-pregnant

women 2-29ug/L)
Which of the following would not be indicated as the

next step in the diagnosis of this patient’s amenorrhea?
a) Karyotype

b) Thyroid function tests

c) Pelvic ultrasound (US)

d) Testosterone and 17-OHP levels
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2 | ANSWER

D. The patient’s presentation is consistent with primary
amenorrhea, most likely due to Turner Syndrome (TS).
The elevated FSH and LH levels are representative of hy-
pergonadotropic hypogonadism, most likely caused by
gonadal dysgenesis in this case. (1) The physical appear-
ance of this patient as well as the implication of other
organ systems are also suggestive of TS, but the diagno-
sis can only be confirmed by karyotype. Many patients
with TS also suffer from hypothyroidism which should
be investigated when detected on laboratory testing for
amenorrhea. (1) In this case, the amenorrhea is caused
by the gonadal dysgenesis and not the hypothyroidism
per se. Pelvic US should always be included in the ini-
tial investigation of primary amenorrhea to confirm the
presence of a uterus and vagina. In TS, ovaries will ap-
pear as fibrous streaks without any follicles. (1) Testos-
terone and 17-OHP testing are not useful in the initial
diagnosis of TS and would be more relevant if the pa-
tient had signs of hyperandrogenism or high LH/FSH ra-
tio to rule out malignancy, congenital adrenal hyperpla-
sia or polycystic ovary syndrome (PCOS). Note that TS
can be characterized by monosomy or mosaicism and
that the manifestations of this condition can vary dra-

matically from one person to another.

3 | INITIAL APPROACH

The initial investigation of a patient presenting with
amenorrhea begins with a thorough history and phys-
ical examination. First, it is important to differentiate
between primary and secondary amenorrhea. (2) The
former refers to the absence of menarche by 15 years
or 3 years post-thelarche, while the latter is the cessa-
tion of menses for 3 months in women with a previously
regular cycle. (3) For primary amenorrhea, a complete
growth history as well inquiry as to the onset and pro-
gression of puberty is crucial. In addition to the history
of present illness, a review of the patient’s previous men-
strual patterns, gynecologic instrumentation and gen-

eral health status are important to ask for on history

when secondary amenorrhea is suspected. (4, 5) On
physical examination, the clinician should look for the
presence of secondary sexual characteristics, signs of
virilization, presence of dysmorphic features, and signs
of thyroid disease. (4, 5) Abdominal and pelvic examina-
tions should also be performed. While investigating the
cause of amenorrhea may be necessary, it is important
to keep in mind that constitutionally late menarche or

early menopause can also explain these clinical manifes-

tations.
3.1 | Beta Human Chorionic
Gonadotropin

The first step in the evaluation of amenorrhea is to ex-
clude pregnancy because it is the most common cause
of amenorrhea in women of reproductive age. (5) Mea-
surement of serum or urine hCG levels are the most com-
mon laboratory tests ordered to evaluate pregnancy.
hCG is produced by syncytiotrophoblast cells and rises
exponentially during the first trimester of pregnancy.
(5) Serum testing is very sensitive and can detect hCG
amounts as low as 1-2mlU/mL. (6) Normally, hCG levels
are insignificant in non-pregnant women but high lev-
els can occur in the presence of malignancies produc-
ing very high levels of ectopic hCG such as choriocarci-
noma, germ cell tumors and hydatidiform moles. (5, 6) If
the hCG laboratory testing is positive, US should be per-
formed next to evaluate the presence of an intrauterine

or ectopic pregnancy. (2)

3.2 | Prolactin

Hyperprolactinemia is the most common cause of sec-
ondary amenorrhea after pregnancy and is diagnosed
when serum levels of PRL exceed 25ug/L. (7, 8) Elevated
PRL disrupts gonadotropin-releasing hormone (GnRH)
pulsatile secretion which results in hypogonadotropic
hypogonadism (HH). PRL levels of 20-200ug/L are of-
ten due to the use of prescription drugs or lactotroph mi-
croadenomas, while a PRL level of more than 200ug/L is
mostly caused by a macroprolactinoma. (7, 8) The pre-

sentation of a prolactinoma depends on its size; rang-
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ing from symptoms of hyperprolactinemia such amenor-
rhea, loss of libido and galactorrhea to mass effect occur-
ring with macroprolactinomas. (7) If hyperprolactinemia
cannot be explained by the use of medications, a physi-
ologic cause or dysfunction of another organ system, an
MRI should be ordered to investigate the possibility of
a pituitary gland tumor. (7, 8)

3.3 | Thyroid Stimulating Hormone

Menstrual irregularities are frequent consequences of
thyroid dysfunction. (9) Amenorrhea can be caused by
hypothyroidism or hyperthyroidism. Once pregnancy
has been ruled out, thyroid stimulating hormone (TSH)
level should be measured as the initial investigation
of a thyroid disorder. TSH is low in hyperthyroidism,
which leads to an excess of sex hormone-binding glob-
ulin (SHBG). (9, 10) The result is a reduction of the free
fraction of estrogen and testosterone available in the
circulation, causing anovulation and amenorrhea. (9,
10) Amenorrhea can also be a symptom of hypothy-
roidism, which also causes a reduction in serum SHBG,
resulting in a decrease in total circulating estrogen and
testosterone. (9, 10) Ovulatory dysfunction may also
be caused by hyperprolactinemia from long-standing in-
creases in thyrotropin-releasing hormone levels seen in
hypothyroidism. (9, 10) The underlying cause of thyroid
dysfunction should be investigated further if abnormal
TSH levels are found on initial investigation of amenor-

rhea.

3.4 | Pelvic Ultrasound

Anatomical defects should always be considered in the
differential diagnosis of primary amenorrhea. Women
presenting with primary amenorrhea should be evalu-
ated for the presence of a uterus and vagina by pelvic US.
(3, 4) Observation of a shortened vaginal canal or absent
uterus should prompt investigation for Millerian agen-
esis and androgen insensitivity syndrome (AlS). (3, 11)
These two conditions can be differentiated by karyotyp-
ing or measuring serum testosterone (Figure 1, Table 1).

Outflow tract obstructions such as an imperforate hy-

men or a transverse vaginal septum often present with
cyclic pain and may be the cause of amenorrhea in the
presence of a normal uterus. (3, 11) Pelvic US is also rel-
evant in the investigation of secondary amenorrhea to
assess for ovarian pathology as well as PCOS. Intrauter-
ine adhesions and cervical stenosis resulting from en-
dometrial instrumentation and cervical procedures also
need to be considered in the differential diagnosis of sec-
ondary amenorrhea. (3, 11)
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FIGURE 1 Hypothalamic-pituitary-ovarian axis.
Depending on the level of dysfunction within the HPO
axis, the serum levels of FSH and LH will be different.
When the defect is downstream at the level of the
ovaries, FSH and LH levels will be elevated in the
absence of negative feedback from the gonads
(hypergonadotropic hypogonadism). When the defect
is more upstream (hypothalamus or pituitary), the
patient will suffer from HH and the serum levels of
FSH and LH will be low.

Adapted from: Naftolin F., Khafaga A., Nachtigall M.
(2019) The Hypothalamic-Pituitary-Ovarian Axis and
Regulation of the Menstrual Cycle. In: Berga S.,
Genazzani A., Naftolin F., Petraglia F. (eds) Menstrual
Cycle Related Disorders. ISGE Series. Springer, Cham.
https://doi.org/10.1007/978-3-030-14358-9 _
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Type of amenorrhea LH LH/FSH PRL Testosterone 17-OHP
Ovarian Failure
Hypergonadotropic Gonadal dysgenesis 1 i o0
Hypogonadism Premature ovarian insufficiency - bl -
Outflow tract obstruction DES > “ e
X PCOS { 1 0 “
Normogonadotropic PN
Hypogonadism
e Adrenal or ovarian malignancy b > ™" >
Late-onset congenital adrenal 0 . 1 1
hyperplasia
: : “
Hyperprolactinemia
Hypogonadotropic yperp J T ! i
Hypogonadism Hypothalamic amenorrhea <~ I ©ord hid

TABLE 1 17-OHP: 17-hydroxyprogesterone
«: Normal levels

1: High levels

T1: Very high levels

1: Low levels

Adapted from: Amenorrhea: A Systematic Approach to Diagnosis and Management, AAFP.
https:/www-aafp-org.proxy3.library.mcgill.ca/afp/2019/0701/afp20190701p39.pdf

3.5 | Follicle-stimulating Hormone,
Luteinizing Hormone and Estradiol

Independent of the classification of the patient’s
amenorrhea as primary or secondary, the remaining
causes can be divided into normogonadotropic, hyper-
gonadotropic or HH, depending on FSH and LH serum
values (Table 1). FSH, LH and estradiol levels will be in-
creased or decreased depending on which component
of the hypophyseal-pituitary-ovarian (HPO) axis is dys-
functional (Figure 2). Normal values of FSH and LH are
between 5-20mIU/mL, but LH levels can increase up to
40mIU/mL during the LH surge 24h prior to ovulation
(11, 12). Normal values of estradiol vary between 30-
400pg/mL in premenopausal women and 0-30pg/mL in
postmenopausal women. Elevated levels of FSH and LH
with low estradiol are characteristic of ovarian failure,
while low levels of these hormones are a feature of hy-
pothalamic or pituitary dysfunction. (11, 12) It is also
important to note that pregnant women or women tak-
ing exogenous estrogens would have high estradiol with

low FSH and LH. Specific causes of each category are

discussed below, and further management depends on
the diagnosis. When there is evidence of hyperandro-
genism, PCOS should be considered as well as the pos-
sibility of malignancy and late-onset congenital adrenal
hyperplasia (CAH). (13, 14)

4 | BEYOND THE
PROACH

INITIAL AP-

In this section, important causes of amenorrhea are dis-
cussed in more detail, including further steps in patient

management and treatment.

4.1 | Polycystic Ovary Syndrome

PCOS is the most common cause of infertility in women
and is a major cause of hyperandrogenic amenorrhea.
(13) It should be considered in every patient presenting
with amenorrhea and signs of virilization, such as hir-
sutism and acne. Diagnosis of PCOS requires two out of

three of the following criteria: clinical or laboratory evi-
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dence of hyperandrogenism, oligo or amenorrhea, and
polycystic ovaries on US. (13) Other causes of hyper-
androgenism and menstrual irregularities must also be
excluded to make a diagnosis of PCOS. These include
androgen secreting tumors and CAH. Often, the crite-
ria for hyperandrogenism are met on physical examina-
tion but biochemical measurement of androgens should
be included in the initial investigation as it helps differ-
entiate PCOS from an androgen secreting tumor (13).
The first step in the management of patients with PCOS
is diet and exercise. Given that PCOS is associated
with insulin resistance, metabolic screening is also rec-
ommended and treatment with metformin may be ben-
eficial. Finally, since chronic anovulation is associated
with an increased endometrial cancer risk, patients can
be managed with cyclic progesterone every 3 months if
there is no spontaneous menses or with the use of com-
bined oral contraceptives to ensure regular menstrual

bleeding if pregnancy is not being pursued. (13)

4.2 | Anatomical defect: Miillerian
agenesis vs Androgen Insensitivity
Syndrome

Miillerian agenesis and AlS both cause primary amenor-
rhea. Patients with either pathologies will have an ab-
sent or hypoplastic uterus and upper vagina which can
be initially observed on US. (14, 15) It is important to
distinguish the two entities by karyotype to direct man-
agement. Patients with Millerian agenesis have a 46XX
karyotype and the HPO axis remains unaffected. (15)
The ovaries are functional, and the patient will have fe-
male secondary sexual characteristics. Patients with AIS
have a 46XY karyotype but have a defect in the andro-
gen receptor preventing external male genitalia develop-
ment. (14, 15) Excess aromatization of their male-levels
of androgens to estrogen allows for the development of
female secondary sexual characteristics. (14) Manage-
ment of both pathologies should address functional, sex-
ual and psychologic issues. (14, 15) Gonadectomy after
puberty is recommended for patients with AIS because
of their high risk of cancer when gonads are left in the

abdominal cavity. (14, 15) Other anatomical causes of

primary amenorrhea that can be corrected surgically in-
clude imperforate hymen and vaginal septum.

4.3 | Hypergonadotropic hypogonadism:
Turner Syndrome and Premature Ovarian
Insufficiency

TS can be found in about 1/3 of patients with go-
nadal dysgenesis. (1) It should be suspected in
women presenting with primary amenorrhea and hyper-
gonadotropic hypogonadism and can be confirmed by
karyotyping (usually 45X0 or mosaic). (1, 14) In TS, the
ovaries degenerate during fetal life or early childhood,
explaining the decreased level of estradiol and the ab-
sence of pubertal development. (1) Considering the in-
volvement of many organ systems and the possibility
for complications, patients should be managed by a mul-
tidisciplinary team and hormone replacement therapy
is usually recommended. (1) Premature ovarian insuffi-
ciency can also be the cause of secondary amenorrhea.
While chemotherapy in young children can lead to pri-
mary amenorrhea, autoimmune diseases or iatrogenic
causes such as surgery, chemotherapy and radiation are
often the culprit for acquired ovarian failure occurring
later in life. (11) The diagnosis is often suspected on his-

tory and management depends on the cause.

44 | Hypogonadotropic hypogonadism:
Functional hypothalamic amenorrhea

HH affects upstream levels of the HPO axis, either the
hypothalamus or the pituitary gland (Figure 2). Another
common cause of secondary amenorrhea is functional
hypothalamic amenorrhea (FHA). (9, 12) FHA is charac-
terized by dysfunction in the pulsatile release of GhnRH
by the hypothalamus, resulting in abnormal levels of
FSH and LH and reduction of estradiol production by
the ovaries. (9, 12) FHA can often be confused with pi-
tuitary dysfunction as a cause of HH but will respond
to a GnRH stimulation test unlike the latter. (12) Ma-
jor causes of hypothalamic disturbances include stress,
weight loss and exercise, however organic causes should

also be ruled out by imaging. (12) Particular attention
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History & Physical exam

Amenorrhea

Pregnancy
Positive

B-HCG

Uterus absent

46, XX

Uterus present

And
Prolactin

Follicule Stimulating Hormone.

Abnormal - )
) Thyroid Secreting Hormone Investigation for Thyrold
Negative Disease

Elevated
MRI Pituitary Gland
suspect Prolactinoma
v
Both Normal \*{ ’

B

—

Luteinizing Hormone

I

Low FSH and LH

Androgen

Millerian agenesis insensitivity

Normal FSH and LH

High FSH and LH  High LH with normal FSH

syndrome ; !
i Hypogonadotropic |
Hypogonadism

} Nomogonadotropic |

Hypogonadism

{ Hypergonadotropic |
Hypogonadism

1

N

L

Hypothalamic or pituitary
dysfunction

Anatomic Defect
Outflow tract
obstruction
PCOS
Consider other
causes of secondary
amenorthea

Ovarian Dysgenesis; consider
Turner syndrome
Premature ovarian
insufficiency

Highly
elevated Consider Ovarian &
Testosterone Adrenal Malignancy

Elevated . tal adrenal
17-hydroxyprogesterone hyperplasia
=

Polycystic Ovary Syndrome
Investigation

Moderately elevated

FLOWCHART 1 Approach to amenorrhea. Systematic approach to the evaluation of amenorrhea. The
differential diagnosis of amenorrhea can be divided into two broad categories; primary and secondary amenorrhea.
It is important to note that etiologies of secondary amenorrhea can also be the cause of primary amenorrhea. If the
patient has a uterus, the evaluation of primary and secondary amenorrhea is similar following history and physical
examination. Note that in real life, FSH and LH levels are often measured with TSH and PRL not to delay diagnosis.

Adapted from: Amenorrhea: A systematic Approach to Diagnosis and Management, AAFP.
https:/www-aafp-org.proxy3.library.mcgill.ca/afp/2019/0701/afp20190701p39.pdf

Using an algorithmic approach to secondary amenorrhea: Avoiding diagnostic error, Clinica Chimica Acta.
https:/pdf.sciencedirectassets.com/271330/1-s2.0-S0009898113X00075/1-5s2.0-S0009898113001411/main.pdf

should be placed on the presence of underlying anxiety
or mood disorders and a bone density scan may be indi-
cated for women with amenorrhea lasting for more than
6 months. (12) Amenorrhea is usually reversible, and
treatment depends on the cause but mostly relies on
adequate nutritional status, stress reduction and treat-
ment of underlying psychiatric disorders.
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