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Hyperprolactinemia

ABSTRACT

Prolactin (PRL) is an anterior pituitary hormone which has its principle physiological
action in initiation and maintenance of lactation. In human reproduction, pathological
hyperprolactinemia most commonly presents as an ovulatory disorder and is often
associated with secondary amenorrhea or oligomenorrhea. Galactorrhea, a typical
symptom of hyperprolactinemia, occurs in less than half the cases. Out of the causes of
hyperprolactinemia, pituitary tumors may be responsible for almost 50% of cases and need
to be investigated especially in the absence of history of drug induced hyperprolactinemia.
In women with hyperprolactinemic amenorrhea one important consequence of estrogen
deficiency is osteoporosis, which deserves specific therapeutic consideration. Problem in
diagnosing and treating hyperprolactinemia is the occurrence of the ‘big big molecule
of prolactin’ that is biologically inactive (called macroprolactinemia), but detected by
the same radioimmunoassay as the biologically active prolactin. This may explain many
cases of very high prolactin levels sometimes found in normally ovulating women and
do not require any treatment. Dopamine agonist is the mainstay of treatment. However,
presence of a pituitary macroadenoma may require surgical or radiological management.
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INTRODUCTION pituitary hormones responsible for gonadal
function.

Prolactin (PRL) plays a central role in a

variety of reproductive functions. Initially, =~ PREVALENCE

even though this hormone was recognized in
relation to lactation in women, lately immense
interest has been focused on prolactin

It is a common endocrine disorder of the
hypothalamic-pituitary axis. It occurs more
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with respect to its effect on reproduction.
Hyperprolactinemia is a condition of elevated
prolactin levels in blood which could be
physiological, pathological, or idiopathic in
origin. Similarly elevated prolactin levels
could be associated with severe clinical
manifestations on one side of the spectrum or
be completely asymptomatic on the other side.

Unlike other tropic hormones secreted by the
anterior pituitary gland, prolactin secretion
is controlled primarily by inhibition from the
hypothalamus and it is not subject to negative
feedback directly or indirectly by peripheral
hormones. It exercises self-inhibition by a
counter-current flow in the hypophyseal
pituitary portal system which initiates
secretion of hypothalamic dopamine, as well
as causes inhibition of pulsatile secretion of
gonadotropin releasing hormone (GnRH).
This negatively modulates the secretion of

commonly in women. The prevalence of
hyperprolactinemia ranges from 0.4% in an
unselected adult population to as high as
9-17% in women with reproductive diseases.
Its prevalence was found to be 5% in a family
planning clinic, 9% in women with adult
onset amenorrhea, and 17% among women
with polycystic ovary syndrome.™

PROLACTIN MOLECULE

Prolactin is a 23 kDa polypeptide
hormone (198 amino acid) synthesized in
the lactotroph cells of the anterior pituitary
gland. Its secretion is pulsatile and increases
with sleep, stress, food ingestion, pregnancy,
chest wall stimulation, and trauma.

Macroprolactin: Even though monomeric23 kDa
form is the predominant form, prolactin is also
present in different molecular forms on which
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the bioactivity of the hormone depends. Macroprolactinemia
denotes the situation in which high levels of the circulating
‘big prolactin’ molecules are present. These big variants of
prolactin molecule are of 50 and 150 kDa (PRL-IgG complexes)
also known as ‘big prolactin’ and the ‘big-big prolactin’ which
have high immunogenic properties, but poor or no biological
effect. The ‘big prolactin’ or macroprolactin represents dimers,
trimers, polymers of prolactin, or prolactin-immunoglobulin
immune complexes. When these big variants circulate in large
amounts, the condition is referred to as “macroprolactinemia”,
identified as hyperprolactinemia by the commonly used
immune assays. Such forms are rarely physiologically
active but may register in most prolactin assays."! In these
situations even though tests determines high levels of
circulating prolactin hormone the biological prolactin is
normal and thus the lack of clinical symptoms.>* Although
a smaller proportion of patients with macroprolactinemia
may have symptoms of hyperprolactinemia,?! it should be
suspected when typical symptoms of hyperprolactinemia
are absent.*” As macroprolactinemia is a common cause of
hyperprolactinemia, routine screening for macroprolactinemia
could eliminate unnecessary diagnostic testing as well as
treatment.”! Investigation for macroprolactin should always
be done in cases of asymptomatic hyperprolactinemic subjects.
Many commercial assays do not detect macroprolactin.
Polyethylene glycol precipitation is an inexpensive way to
detect the presence of macroprolactin in the serum.

BIOLOGICAL ACTION

The main biological action of prolactin is inducing and
maintaining lactation. However, it also exerts metabolic
effects, takes part in reproductive mammary development®!
and stimulates immune responsiveness.’! All these effects
of prolactin are because it binds to specific receptors in the
gonads, lymphoid cells, and liver.['!

Actual serum prolactin level is the result of a complex
balance between positive and negative stimuli derived
from both external and endogenous environments. Plenty
of mediators of central, pituitary, and peripheral origin
take part in regulating prolactin secretion through a direct
or indirect effect on lactotroph cells.?

Prolactin secretion is under dual regulation by hypothalamic
hormones. The predominant signal is tonic inhibitory
control of hypothalamic dopamine which traverses the
portal venous system to act upon pituitary lactotroph
D2 receptors. Other prolactin inhibiting factors include
gamma amino butyric acid (GABA), somatostatin,
acetylcholine, and norepinephrine. The second signal
is stimulatory which is provided by the hypothalamic
peptides, thyrotropin releasing hormone (TRH), vasoactive
intestinal peptide (VIP), epidermal growth factor (EGF), and
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dopamine receptor antagonists. Serotonin physiologically
mediates nocturnal surges and suckling-induced prolactin
rises and is a potent modulator of prolactin secretion.
Histamine has a predominantly stimulatory effect due to
the inhibition of the dopaminergic system.

Estrogen stimulates the proliferation of pituitary lactotroph
cells especially during pregnancy. However, lactation is
inhibited by the high levels of estrogen and progesterone
during pregnancy. The rapid decline of estrogen and
progesterone in the postpartum period allows lactation to
commence. During lactation and breastfeeding, ovulation
may be suppressed due to the suppression of gonadotropins
by prolactin, but may resume before menstruation resumes.

ETIOLOGY

Hyperprolactinemia can be physiological or pathological.
Some of the common causes are listed in Figure 1.

Physiological hyperprolactinemia is usually mild or
moderate. During normal pregnancy, serum prolactin rises
progressively to around 200-500 ng/mL. Many common
medications cause hyperprolactinemia usually with
prolactin levels of less than 100 ng/mL.

Pathological hyperprolactinemia can be caused by both
hypothalamic-pituitary disease (prolactinomas) as well as
non-hypothalamic-pituitary disease.

Prolactinomas account for 25-30% of functioning pituitary
tumors and are the most frequent cause of chronic
hyperprolactinemia.” Prolactinomas are divided into
two groups: (1) microadenomas (smaller than 10 mm)
which are more common in premenopausal women,
and (2) macroadenomas (10 mm or larger) which are more
common in men and postmenopausal women. Raised
prolactin levels can also be caused by pituitary adenomas
cosecreting prolactin hormone. Lesions affecting the
hypothalamus and pituitary stalk such as nonfunctioning
adenomas, gliomas, and craniopharyngiomas also results
in prolactin elevation.™

Around 40% patients with primary hypothyroidism, 30%
patients with chronic renal failure, and up to 80% patients
on hemodialysis have mild elevation of prolactin levels.
Many patients with acromegaly have prolactin cosecreted
with growth hormone.

CLINICAL PRESENTATION

The predominant physiologic consequence of
hyperprolactinemia is hypogonadotropic hypogonadism
(HH) which is due to suppression of pulsatile GnRH. The
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I. Physiologic hypersecretion
Pregnancy
Lactation
Chest wall stimulation
Sleep
Stress

II. Idiopathic hyperprolactinemia (40% of cases)

Hypothalamic-pituitary stalk damage

Empty sella

Lymphocytic hypophysitis
Rathke’s cyst

Irradiation

Trauma

Pituitary stalk section
Suprasellar surgery

IV. Pituitary hypersecretion

Metastatic tumors

Infections such as tuberculosis
Sarcoidosis

Histiocytosis

Acromegaly

Cushing disease

Addison’s disease

V. Systemic disorders
Chronic renal failure
Hypothyroidism (primary and secondary)

Cirrhosis
Pseudocyesis
Epileptic seizures

VI. Drug-induced hypersecretion
1. Dopamine receptor blocking agents

Estrogens, antiandrogens
Serotonin reuptake inhibitors: Fluoxetine
Calcium channel blockers: Verapamil

NookwN

Tumors: Craniopharyngioma, meningioma, dysgerminoma, dermoid cyst, pineal gland tumors

Prolactinoma (microadenoma and macroadenoma)

Ectopic production (hypernephroma, bronchogenic sarcoma)

i. Phenothiazines: Chlopromazine, thioridazine, trifluoperazine, prochloperazine
ii. Butyrophenones: Haloperidol, pimozide
iii. Benzamides: Metoclopramide, clebopride
Dopamine depleting agents:Reserpine, alpha-methyldopa, opiates
Histamine receptor antagonist:Cimetidine, ranitidine
Stimulator of serotonergic pathway: Amphetamine and hallucinogens

Figure 1: Etiology of hyperprolactinemia!™!

clinical manifestations of conditions vary significantly
depending on the age and the sex of the patient and the
magnitude of the prolactin excess. Clinical presentation
in women is more obvious and occurs earlier than in men.
Women can present with symptoms of oligomenorrhea,
amenorrhea, galactorrhea, decreased libido, infertility, and
decreased bone mass.

It is worth noting that many premenopausal women with
hyperprolactinemia do not have galactorrhea, and many
with galactorrhea do not have hyperprolactinemia. This
is because galactorrhea requires adequate estrogenic or
progesterone priming of breast. Conversely, isolated

galactorrhea with normal prolactin levels occurs due
to increased sensitivity of the breast to the lactotrophic
stimulus."% Thus, galactorrhea is very uncommon in
postmenopausal women. Approximately 3-10% women
with PCOS have coexistent modest hyperprolactinemia.!"”!

Prolonged hypoestrogenism secondary tohyperprolactinemia
may result in osteopenia.™ Spinal bone mineral density
(BMD) is decreased by approximately 25% in such women
and is not necessarily restored with normalization of
prolactin levels.'”! Women with hyperprolactinemia and
normal menses have normal BMD.® Hyperprolactinemic
women may present with signs of chronichyperandrogenism
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such as hirsutism and acne, possibly due to increased
dehydroepiandrosterone sulfate secretion from the
adrenals,™ as well as reduced sex hormone binding globulin
leading to high free testosterone levels.

Men with hyperprolactinemia may present with erectile
dysfunction, decreased libido, infertility, gynecomastia,
decreased bone mass, but rarely galactorrhea. Over time,
the patient may have diminished energy, reduced muscle
mass, and increased risk of osteopenia.®’!

Macroprolactinomas usually present with neurological
symptoms caused by mass effects of the tumor. Symptoms
include headaches, visual field losses, cranial neuropathies,
hypopituitarism, seizures, and cerebrospinal fluid
rhinorrhea.®!

DIAGNOSTIC EVALUATION

Normal serum prolactin levels vary between 5 and 25 ng/mlin
females although physiological and diurnal variations occur.
24 Serum prolactin levels are higher in the afternoon than
in the morning, and hence should preferably be measured
in the morning. Hyperprolactinemia is usually defined as
fasting levels of above 20 ng/ml in men and above 25 ng/mlin
women! at least 2 hours after waking up. Unless the prolactin
levels are markedly elevated, the investigation should be
repeated before labeling the patient as hyperprolactinemic.
Even one normal value should be considered as normal
and an isolated raised one should be discarded as spurious.
Other common conditions which must be excluded when
considering raised prolactin levels are non-fasting sample,
excessive exercise, history of drug intake, chest wall surgery or
trauma, renal disease, cirrhosis, and seizure within 1-2 hours.
These conditions usually cause PRL elevation of <50 ng/ml.

Hyperprolactinemia without an identified cause requires
imaging of the hypothalamic-pituitary area. A mildly
elevated serum prolactin level may be due to anonfunctioning
pituitary adenoma or craniopharyngioma compressing the
pituitary stalk, but high prolactin levels are commonly
associated with a prolactin secreting prolactinoma.™
Although computerized axial tomography (CAT) scan can be
used, magnetic resonance imaging (MRI) with gadolinium
enhancement provides the best visualization of the sellar
area. A prolactinoma is likely if the prolactin level is greater
than 250 ng/mL™®! and a level of 500 ng/mL or greater
is diagnostic of a macroprolactinoma. Selected drugs
including risperidone and metoclopramide may cause
prolactin elevations above 200 ng/mL.%¢!

In cases where other causes of hyperprolactinemia have been
excluded and no adenoma can be visualized with MRI, the
hyperprolactinemia is referred to as “idiopathic” [Figure 2].

MANAGEMENT

For management purpose, hyperprolatinemics can be
broadly divided into three groups [Figure 3].

Group 1

Dopamine agonist is the mainstay of management if fertility
is desired or there are symptoms of estrogen deprivation
or galactorrhea.

Idiopathic hyperprolactinemia

Bromocriptine is the first option for this condition and has
now been used for the longest period of time. Best way is to
give it is as continuous therapy and prolactin levels reduce
in about a week; ovulation and menstruation resumes
in 4-8 weeks. Weekly assessment of progesterone is the
most popular method to confirm resumption of ovulatory
function in oligo or amennorrhic women. Ovulation rates
achieved by medical therapy alone with dopamine agonist
are approximately 80-90% if hyperprolactinemia is the
only cause for anovulation. In the remaining women,
exogenous gonadotropin stimulation can be added along
with dopamine agonist to achieve ovulation.

Microadenoma with hyperprolactinemia

Medical management can be undertaken for a period ranging
from 18 months to 6 or more years. Tumor expansion may
occur during pregnancy in less than 2% of cases. No treatment
is required in asymptomatic and very slow growing tumors
which donot metastasize. Follow-up is mandatory with yearly
estimation of prolactin levels, MRI, and visual fields. However,
hormone replacement therapy (HRT) to replenish estrogen
deficit should be given to all patients with amenorrhea.

Dopamine agonists have been in clinical use for many years
and remain the cornerstone for therapy of prolactinomas.” !
All (except quinagolide) are ergot alkaloids. Initially it was
thought that patients would require lifelong dopamine
agonist therapy but the current use has evolved into a
dynamic process depending on the patient’s requirement.
Most commonly used dopamine agonists are bromocriptine
and cabergoline. Others are lisuride, pergolide, quinagolide,
terguride, and metergoline. Patients who are intolerant
or fail to respond to one agent may do well with another.

Side effects associated with these drugs are nausea, vomiting,
headache, constipation, dizziness, faintness, depression,
postural hypotension, digital vasospasm, and nasal
stuffiness. These symptoms are most likely to occur with
initiation of treatment or when the dose is increased. One
rare but notable side effect is neuropsychiatric symptoms
which present as auditory hallucinations, delusion, and
mood changes. This may be due to hydrolysis of the
lysergic acid part of the molecule. It quickly resolves with
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Hyperprolactinemia

(Review History, Drug use and
physiological etiologies)

Always Repeat Prolactin

Elevated level

TSH level

Elevated Normal
v
Treat hypothyroidism
A
l MRI or CT scan

e Repeat PRL and TSH in 6-12 weeks
e Document resolution

| ! l

Normal scan or Microadenoma Macroadenoma
Hyperplasia
A 4 A
e Expectant Medical management Medical management or
management. Surgical management
e Repeat MRI in 6-12
months

Figure 2: Overview of diagnosis and management of hyperprolactinemia

Group 1: Idiopathic or micro adenoma associated hyper-prolactinemia. These cases can be
managed medically alone.

Group 2: Hyperprolactinemia with macro adenoma. This group needs fertility management in
combination of drugs and surgery/radiotherapy.

Group 3: Miscellaneous group which involves hyperprolactinemia due to systemic disorders,

drugs, pituitary hyper-secretion (other than adenomas) and hypothalamic-pituitary stalk
damage. Treating the underlying etiology brings prolactin levels back to normal.

Figure 3: Management of hyperprolactnemia based on etiology

discontinuation of the drug.® Previous concerns about
valvular heart diseasel**!l with the use of these agents have
largely been disproved by more recent reports.©>*!

Bromocriptine is a lysergic acid derivative with a bromine
substitute at position 2.°* It is a strong dopamine agonist
which binds to dopamine receptor and directly inhibits PRL
secretion. It decreases prolactin synthesis, DNA synthesis,
cell multiplication, and overall size of prolactinoma. Ithas a
short half-life and so it requires twice daily administration
to maintain optimal suppression of prolactin levels.

Intolerance to bromocriptine is common and it is the main
indication of using an alternative drug. Tolerance is better
when one starts with the lowest possible dose of 1.25 mg/day
after dinner and increase the dose gradually by 1.25 mg each
week until prolactin levels are normal or a dose of 2.5 mg
twice daily is reached which is effective in 66% cases."!
However, one can start with 7.5 mg/day dosage to save
time and 90% will respond.

Another alternative to oral administration is vaginal usage
of the same drug which is well tolerated. Vaginal absorption
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is nearly complete and avoidance of the liver first pass
metabolism allows lower therapeutic dosing. It is also
available in a long acting form (depot-bromocriptine) for
intramuscular injection and a slow release oral form.!
Bromocriptine has good treatment results but the problem
is that prolactin returns to elevated levels in 75% of patients
after discontinuation of treatment and there is no clinical or
laboratory assessment that can predict those patients who
will have long-term beneficial result.®!

Cabergoline shares many characteristics and adverse
effects of bromocriptine but has a very long half-life
allowing weekly dosing. This is more effective in
suppressing prolactin and reducing tumour size. The
low rate of side effects and the weekly dosage make
cabergoline a better choice for initial treatment. It can also
be given vaginally if nausea occurs when taken orally.[*"
A dose of 0.25 mg twice per week is usually adequate for
hyperprolactinemia. Maximum dose that can be given is
1 mg twice a week.

Though both drugs have been found to be safe in pregnancy,
the number of reports studying bromocriptine in pregnancy
far exceeds that of cabergoline.

Kisspeptin, when administered exogenously, has the
ability to reverse the hypogonadotropic effects of
hyperprolactinemia and can also restore pulsatile LH
secretion.*!! Treatment with kisspeptin or kisspeptin
agonists has potential therapeutic implications in fertility
restoration in the future.

Group 2

Macroadenoma with hyperprolactinemia

The aim of the treatment is reduction in tumor mass along
with the correction of the biochemical consequences of
the hormonal excess including restoration of fertility,
prevention of bone loss, and suppression of galactorrhea.™

Dopamine agonists are the first line of treatment with
surgery and radiotherapy reserved for refractory and
medication intolerant patients.[*’) Macroprolactinomas
regress with medication but the response is variable.
Some show prompt shrinkage with low doses while others
may require prolonged treatment with higher dosage.
Reduction in tumor size can take place in several days to
weeks. 1244

Transnasal transsphenoidal microsurgical excision of
prolactinoma is a straight forward and safe procedure. It
is usually recommended for very large tumors, those with
suprasellar and frontal extension, and visual impairment
persisting after medications. Besides the usual surgical
risks, hypopituitarism is a potential long-term effect of

surgery and should be discussed with patients as part of the
decision-making process. Unfortunately, excision is often
incomplete and therefore relapse occurs even though prolactin
levels are lower than before. Prolactin levels should be
repeated after 4 weeks of starting therapy and then repeated
only after 3-6 months depending on symptom reversal. Repeat
MRI is done after 6 months of normalization of prolactin
levels. Further evaluation is done with 6 monthly prolactin
levels. Scanning should be repeated only if symptoms
reappear or exacerbate.

There are several possible explanations for the recurrence

or persistence of hyperprolactinemia after surgery as listed

below:

a. Tumor may be multifocal in origin

b. Complete resection is difficult because prolactin
producing tumor looks like the surrounding normal
pituitary

c. There may be continuing abnormality of the
hypothalamus giving rise to chronic stimulation of
the lactotrophs. This can lead to recurrent hyperplasia.
However, molecular biology studies indicate that
pituitary tumors are monoclonal in origin.*!

External radiation therapy is only reserved for residual
tumor in patients who have undergone surgery and the
entire tumor is not removed. It is of very limited benefit in
the treatment of these tumors since the response is typically
quite modest and delayed. Patients should be warned that
such treatment carries a risk of developing hypopituitarism.
Bromocriptine has been used in surgical failure or combined
surgical and radiological failures.

Group 3

Around 40% patients with primary hypothyroidism have
mild elevation of PRL levels that can be normalized by
thyroid hormone replacement.™!Medications that can cause
hyperprolactinemia should be discontinued for 48-72 hours
if it is safe to do so and serum prolactin level repeated.
Sometimes the causative agent is essential for the patient’s
health (for e.g., a psychotropic agent) but it may cause
symptomatic hypogonadism. In these patients, treatment
with a dopamine agonist should be avoided since it might
compromise the effectiveness of the psychotropic drug and
the patient should simply be treated with replacement of
sex steroids.

About 30% patients with chronic renal failure and up to
80% patients on hemodialysis have raised prolactin levels.
This is probably due to either decreased clearance or
increased production of prolactin as a result of disordered
hypothalamic regulation of prolactin secretion. Correction
of the renal failure by transplantation results in normal
PRL levels.

Journal of Human Reproductive Sciences Volume 6 Issue 3 Jul - Sep 2013 173



Majumdar and Mangal: Hyperprolactinemia

CONCLUSION

As reproductive clinicians, it is important that the
pathological relevance of hyperprolactinemia is established
before commencing treatment for this endocrinological
disorder. Most cases of true hyperprolactinemia are
associated with amenorrhea or hormone deprivation in
premenopausal women and can be managed by dopamine
agonist or hormone replacement therapy respectively.
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