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Abstract
Prolactin is a pituitary hormone that plays a pivotal role in a variety of reproduc-
tive functions. Hyperprolactinemia is a common condition that can result from a
number of causes, including medication use and hypothyroidism as well as
pituitary disorders. Depending on the cause and consequences of the hyper-
prolactinemia, selected patients require treatment. The underlying cause, sex,
age, and reproductive status must be considered.

Keywords
Prolactin · Hyperprolactinemia · Treatment · Dopamine agonist · Pregnancy ·
Resistance · Cure

Introduction

Hyperprolactinemia (HPRL) is a common condition that can result from a number of
causes, including medication use and hypothyroidism as well as pituitary disorders.

Indeed, HPRL is the more frequent pituitary dysfunction in clinical practice, and
it is an important marker of hypothalamic-pituitary disease.

Regardless of etiology, HPRL may result in hypogonadism, infertility, and
galactorrhea, or it may remain asymptomatic. Bone loss occurs secondary to
HPRL-mediated sex steroid attenuation.

This chapter, after a brief recall on regulation of prolactin (PRL) secretion and its
physiology, reviews the causes of HPRL, the diagnostic workup, and the treatment
options and, finally, analyzes some treatment pitfalls.

Regulation of Prolactin Secretion

Human PRL is a 199-amino acid polypeptide of 23 kDa of molecular weight, similar
in structure to growth hormone (GH) (Melmed and Kleinberg 2003). Its gene is
located on chromosome 6. PRL, GH, and placental lactogen share a similar structure
because they derive from a common ancestral gene.

PRL is secreted by the anterior pituitary gland by two populations of cells,
lactotroph cells, which represent 15–25% of the anterior pituitary cells and secrete
only PRL, and mammosomatotroph cells, a minor cell population, which co-secrete
PRL and GH. Like most anterior pituitary hormones, PRL is under dual regulation
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by hypothalamic hormones delivered through the hypothalamic-pituitary portal
circulation: the balance between the two types of signals determines the amount of
PRL released from the anterior pituitary gland. Under most conditions the predom-
inant signal is inhibitory, preventing PRL release, and is mediated by the neuro-
transmitter dopamine (DA). The tuberoinfundibular dopamine (TIDA) neurons of
the arcuate nucleus in the hypothalamus release DA into the portal pituitary circu-
lation; DA is delivered via the pituitary stalk to the lactotroph cells, and here, acting
via D2 receptors, DA inhibits PRL gene expression and secretion, increasing
potassium conductance and thereby hyperpolarizing the cell membrane. Any mech-
anism that might interfere with the delivery or action of DAwill increase serum PRL
levels. However, DA is not the only PRL inhibitory factor. In fact, several molecules,
including endothelin-1, transforming growth factor-β1, and calcitonin, which act in
an endocrine or paracrine fashion, have been identified.

PRL is also regulated by stimulating agents. Among them, serotonin, thyrotropin-
releasing hormone (TRH), basic fibroblast growth factor, epidermal growth factor,
vasoactive intestinal peptide (VIP) (Kato et al. 1984), oxytocin, and opiates should
be mentioned. Estrogens are important regulators of PRL production, enhancing
growth of PRL-producing cells and stimulating PRL production directly, as well as
inhibiting DA (Cookson 1981).

Beside the pituitary, 20% of PRL concentration relies on extrapituitary produc-
tion. Extrapituitary PRL is produced by several tissues, such as the brain, mammary
epithelial cells and tumors, endometrium, myometrium, lacrimal and sweat glands,
skin fibroblasts, and lymphoid organs and cells (Ben-Jonathan et al. 1996).

Prolactin Physiology

Normal PRL levels are considered to be lower than 25 ng/ml for females and 20 ng/
ml for males (1 ng/ml is equivalent to 21.2 mUI/l).

PRL is secreted in a pulsatile manner, following a circadian rhythm (Freeman et
al. 2000; Rickenlund et al. 2004). PRL levels peak during REM sleep and in the early
morning: maximum PRL level is reached 4 h after sleep onset, while the minimum
level occurs 6 h after waking up (Frantz 1978).

The PRL receptor is a member of the type 1 cytokine receptor family (Cosman et
al. 1990). PRL receptor is a single-pass transmembrane chain that is encoded by its
gene on chromosome 5. The PRL receptor gene is comprised of at least ten coding
exons. Multiple transcripts, reflecting alternative splicing variants and transcription
start sites, account for some of the variability in PRL receptor structure and tissue
distribution (Bole-Feysot et al. 1998). This mechanism provides three different iso-
forms that differ in the length of the cytoplasmic domain (short, intermediate, and long
PRL receptor) (Goffin and Kelly 1997; Kelly et al. 1991). In addition, a soluble form,
identical to the extracellular domain of the transmembrane PRL receptor, has been
identified (Amit et al. 1997; Fuh and Wells 1995; Postel-Vinay et al. 1991).

PRL binds to its receptor through a binding site, forming an inactive complex, which
allows for the interaction of a second PRL binding site to another PRL receptor (Goffin
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and Kelly 1997; Goffin et al. 1996). The formation of 1:2 complexes of the hormone
with its receptor is the essential first step in the transmission of the biologic signal
within target cells. Several signaling pathways are activated by the PRL-PRL receptor
interaction, but the most important is the phosphorylation of JAK/STAT molecules that
leads to gene transcription. Upon ligand-induced dimerization of PRL receptors, JAK2
phosphorylates specific tyrosine residues on the receptor intracellular domain and
autophosphorylates residues within the kinase. These phosphotyrosines serve as
docking sites for the signal transducer and activator of transcription (STAT) protein,
which then translocates to the cell nucleus and activates target genes.

The actions of the kinase are counteracted by multiple tyrosine phosphatases,
which rapidly dephosphorylate specific proteins, and maintain the steady-state level
of tyrosine phosphorylation at a very low level in the absence of hormonal stimu-
lation (Berchtold et al. 1998).

In addition to the STAT-dependent events triggered by JAK2 activation, there are
other STAT-independent signaling pathways that can be activated when PRL binds to its
receptor. Src-family kinases may be involved in PRL signaling by virtue of their ability
to couple to multiple signaling intermediates. Phosphatidylinositol-3’-kinase, mitogen-
activated protein kinases (MAPKs), and protein kinase C have each been observed to be
activated by PRL in some systems (Bole-Feysot et al. 1998). STAT-independent
pathways have been proposed for PRL signaling, but the physiologic relevance of
such mechanisms is not yet clear. It has been suggested that STAT-independent signaling
mediates the mitogenic actions of PRL (Das and Vonderhaar 1997).

The best known role of PRL in humans is the development and stimulation of
mammary glands during pregnancy to produce milk (lactogenesis). Plasma levels are
raised after childbirth and during breastfeeding, and PRL suppresses gonadotrophins
in the postpartum period, a contraceptive effect. Although in the pituitary PRL is
present in equal amounts in males and females, its physiological role, well
established for female reproduction, is still obscure for the male counterpart.

In addition, PRL plays a role in other functions tightly linked to maternity, as
suggested by the observation that in mice with altered expression of PRL receptor,
ovulation is impaired (Bole-Feysot et al. 1998) and induction of maternal behavior is
compromised (Feldman et al. 1993). Recently, this role of PRL in parental behavior
has been suggested also in men (Gettler et al. 2012).

Moreover, PRL receptor expression has been demonstrated not only in the breast but
also in different cells and tissues, such as the brain, endometrium, ovary, testicle, prostate,
pancreas, liver, kidney, intestine, skin, lung, myocardium, lymphoid cells, adipocytes,
and endothelial cells (Ignacak et al. 2012; Melmed et al. 2011). Likewise, paracrine-type
local PRL secretion (not DA dependent) is known to exist in some of these tissues.

Apart from the effects on other hormones of pituitary- gonadal axis, numerous other
various biological functions of PRL have been identified in many aspects of physiolog-
ical and metabolic processes. In mammals, it stimulates phospholipid synthesis in the
alveolar cells of the fetal lung (Hamosh and Hamosh 1977) and also stimulates
lipoprotein lipase activity in hepatocytes (Machida et al. 1990). It increases bile secretion
as well (Lin et al. 1992). The direct action of PRL on the pancreas results in augmented
insulin secretion (Sorenson et al. 1987). PRL is also reported to have a direct effect on
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adrenal steroidogenesis. It increases androgens, dehydroepiandrosterone (DHEA), and
also cortisol and aldosterone secretion by the adrenal cortex cells (Bole-Feysot et al.
1998; Freeman et al. 2000). In mammals PRL is involved in osmoregulation: it reduces
renal Naþ and Kþ excretion and stimulates Naþ-Kþ adenosine triphosphatase activity
in the outer medulla of the rat kidney (Pippard and Baylis 1986; Richardsson 1973).
Newer investigations show that PRL has an inhibitory effect on Naþ-Kþ-ATPase of rat
proximal tubular cells via interaction with renal dopaminergic system (Crambert et al.
2010; Ibarra et al. 2005). Furthermore, PRL increases sodium and chloride ion excretion
with sweat and increases water and salt absorption in all segments of the intestine.
Ultimately, it causes a reduction of water transport in the human amniotic membrane
(Bole-Feysot et al. 1998; Freeman et al. 2000).

The autocrine and the paracrine actions of PRL locally synthesized by lymphocytes
seem to have functional significance (Chavez-Rueda et al. 2005). In vitro investiga-
tions of human mononuclear cell cultures have shown that PRL alone is unable to
induce proliferation of lymphocytes. However PRL acts as a co-stimulating factor for
T lymphocytes, activated by an unspecific mitogen (concanavalin A) or by antigen
presentations (Chavez-Rueda et al. 2005). The addition of neutralizing antibodies
against PRL to the peripheral mononuclear cell cultures significantly decreases the
activation and proliferation of T lymphocytes (Chavez-Rueda et al. 2005). It indicates
that PRL is secreted locally by activated and proliferating T-cells and that it affects the
proliferation on the basis of a positive reciprocal circuit (Chavez-Rueda et al. 2005).

PRL has over 300 described functions, but the clinical relevance is unclear as
there is still no clearly recognized deficiency syndrome (Harvey et al. 2008).
However, recent and emerging evidence shows that low PRL levels are associated
with different pathological correlates and, for this reason, hypoprolactinemia may
deserve a specific chapter in clinical manuals, as a new clinical syndrome.

Causes of Hyperprolactinemia

A number of physiological states including pregnancy, breastfeeding, stress, exer-
cise, meals, sleep, and sexual intercourse can cause PRL elevation, as can medica-
tion and some pathological conditions (Table 1).

Pathophysiologic causes of HPRL include lactotroph adenomas, stalk disruption,
primary hypothyroidism, and renal failure. However, the most frequent non-
physiological HPRL cause is drug exposure.

Although the levels can hint at the etiology of the HPRL, there is significant
overlap in the figures among different etiologies; this is especially true among those
that are normally seen in microprolactinomas and in those secondary to drugs (Fig. 1).

Lactotroph Adenomas

PRL-secreting adenomas (lactotroph adenomas or prolactinomas) are pituitary ade-
nomas that express and secrete PRL to variable degrees, are almost invariably
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benign, but are nevertheless frequently clinically significant and may be challenging
to manage. Prolactinomas are generally classified according to size as micro-
adenomas (less than 10 mm in diameter) or macroadenomas (more than 10 mm in
diameter). Over 90% of prolactinomas are small, intrasellar tumors that rarely
increase in size (Molitch 1995). Occasionally, these adenomas can be aggressive

Table 1 Etiology of
hyperprolactinemia

Physiological

Pregnancy and lactation

Sleep

Stress

Coitus

Exercise

Pharmacological

Anesthetics

Anticonvulsant

Anti-H2 histaminergic antagonists

Antihypertensive

Catecholamine depletors

Cholinergic agonists

Dopamine receptor blockers

Dopamine synthesis inhibitors

Estrogens

Neuroleptics/antipsychotics

Neuropeptides

Opiates and opiate antagonists

Tricyclic antidepressants

Pathological

Prolactinoma

Mixed adenoma

Pituitary or hypothalamic diseases with damage/interruption
of the stalk

Pituitary mass

Inflammatory or granulomatous diseases

Trauma

Surgery

Radiotherapy

Empty sella

Primary hypothyroidism

Chronic renal failure

Polycystic ovarian disease

Liver cirrhosis

Neurogenic chest wall trauma, surgery, herpes zoster

Paraneoplastic syndrome

Idiopathic hyperprolactinemia
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or locally invasive and cause compression of vital structures. Malignant pro-
lactinomas that are resistant to treatment and disseminate inside and outside the
central nervous system (CNS) are very rare.

PRL levels typically correlate with tumor size. Individuals with large adenomas
can have PRL levels on the order of 104 ng/ml (Delgrange et al. 1997), yet with
poorly differentiated or cystic lesions, PRL levels will be lower than expected based
on size.

It is not known how prolactinomas develop, but the process may involve an early
genome mutation that results in a mutated pituitary stem cell. Various permissive
factors may then stimulate the proliferation of these mutated cells. Familial pro-
lactinomas have also been described (Sobrinho 1995) suggesting that a genetic
component might contribute to the pathogenesis.

Prolactinomas are the most common subtype of secretory pituitary adenoma,
accounting for approximately 40% of all pituitary tumors. The reported population
prevalence of clinically apparent prolactinomas ranges from 6–10 per 100,000 to
approximately 50 per 100,000 (Daly et al. 2006; Fernandez et al. 2010). In an
analysis of 1607 patients with medically treated HPRL, the calculated mean preva-
lence was approximately 10 per 100,000 in men and approximately 30 per 100,000
in women, with a peak prevalence for women aged 25–34 years (Kars et al. 2009).

Stalk Disruption

Because PRL secretion is tonically inhibited by hypothalamic DA, disruption or
compression of the pituitary stalk by traumatic injuries or a non-PRL-secreting

PRL LEVELS
20 ng/ml                  100 ng/ml                       250 ng/ml

Idiopathic
Drugs
Microprolactinoma
Macroprolactinoma
Pituitary stalk interruption 
Hypothyroidism
Chronic renal failure
Traumatic chest wall injury
Hepatic failure
Polycystic ovarian syndrome

Drugs
Microprolactinoma
Macroprolactinoma
Pituitary stalk interruption 

Microprolactinoma
Macroprolactinoma

Fig. 1 Levels of PRL vary in function of the different aetiologies of the hyperprolactinaemia
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pituitary tumor or other parasellar mass will lead to HPRL: the so-called stalk effect.
Usually serum PRL does not exceed 100 ng/ml in this setting (Karavitaki et al.
2006), but exceptions do occur.

Patients with large pituitary tumors, craniopharyngiomas, or granulomatous infiltra-
tion of the hypothalamus can develop HPRL because of pituitary stalk compression or
dopaminergic neuronal damage. In 226 patients with histologically confirmed non-
functioning pituitary macroadenomas, a PRL level greater than 94 ng/ml reliably distin-
guished between prolactinomas and nonfunctioning adenomas (Karavitaki et al. 2006).

It has been shown that successful surgical resection of nonfunctioning pituitary
adenomas where DA delivery is restored results in rapid normalization of PRL levels
(Arafah et al. 1995).

It is important to determine in the presence of a pituitary adenoma whether
patients with HPRL also have acromegaly (Bonert and Melmed 2006) because
PRL is elevated in up to 50% of patients with GH-secreting tumors (Kleinberg et
al. 1977). This may be related to both the “stalk effect” due to a GH-secreting
adenoma and the presence of a mixed adenoma secreting both GH and PRL.

Primary Hypothyroidism

Some patients with primary hypothyroidism may have moderate HPRL (Honbo et al.
1978; Molitch 1992). It has been proposed that this is due to the increased synthesis of,
or sensitivity to, hypothalamic TRH, which is able to stimulate pituitary lactotroph
cells, but the true cause is still unknown. Long-lasting or inadequately treated primary
hypothyroidism can cause pituitary hyperplasia that may mimic a pituitary tumor. In
this case, particular care should be taken to distinguish pituitary enlargement from
prolactinoma. Treatment with L-thyroxine can reverse HPRL and enlargement of the
pituitary gland due to thyroid failure (Ahmed et al. 1989; Keye et al. 1976).

Chronic Renal Failure

Patients with renal insufficiency may have moderate HPRL caused by impaired renal
degradation of PRL and altered central PRL regulation (Hou et al. 1985; Lim et al.
1979). The latter may be the result of reduced lactotroph responsiveness to DA
suppression (Sievertsen et al. 1980).

Drug-Induced Hyperprolactinemia

The most frequent nonphysiological HPRL cause is drug exposure, and, among all
of them, the antipsychotics are the main culprits by far with respect to all the others
(Kinon et al. 2003).

With drug-induced HPRL, PRL levels increase slowly after oral administration,
and it usually takes 3 days for levels to return to normal after drug discontinuation
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(Pollock and McLaren 1998; Spitzer et al. 1998). Medication-induced HPRL is
usually associated with PRL levels ranging from 25 to 100 ng/ml, but
metoclopramide, risperidone, and phenothiazines can lead to PRL levels exceeding
200 ng/ml (Smith et al. 2002a; Meltzer and Fang 1976) (Fig. 1).

The mechanism of antipsychotic-induced HPRL relates to the DA antagonist
effect of these drugs on the D2 receptors of the TIDA system and lactotrophs
(Molitch 2005a; Green and Brown 1988). By blocking the interaction between DA
and the D2 receptors, the tonic inhibition of PRL secretion is negated, and increased
PRL secretion results. This explains why antipsychotics with a greater D2 occupa-
tion index produce higher and more frequent PRL elevations. This is the case of
risperidone and its 9-hydroxymetabolite paliperidone (Bellantuono and Santone
2012; Chwieduk and Keating 2010; Janicak and Winans 2007) considered the
second-generation antipsychotics that cause HPRL most often, with levels even
higher than those of haloperidol (Kinon et al. 2003). Another action mechanism
involved is their ability to cross the blood-brain barrier: risperidone and paliperidone
remain the longest outside of the barrier due to their low liposolubility; consequently,
they act for a longer period in the TIDA pathway, provoking HPRL (Besnard et al.
2014). The stable link between HPRL and the use of risperidone, paliperidone,
amisulpride, and the majority of the first-generation antipsychotics has led to this
group being called “PRL-raising” or hyperprolactinemic antipsychotics in the liter-
ature. A study on 158 treatment-resistant patients that compared the PRL levels of
various antipsychotics estimated that 60–100% of the women and 40–80% of the
men treated with hyperprolactinemic antipsychotics presented HPRL (Volavka et al.
2004). In contrast, other atypical antipsychotics, called “PRL-sparing” antipsy-
chotics in the literature, such as aripiprazole, asenapine, clozapine, quetiapine, and
ziprasidone present a better profile with respect to limited PRL increase (Byerly et al.
2007; Cruz and Vieta 2011; Montejo et al. 2008; Smith 2008; Svestka et al. 2007).

In a recent meta-analysis on efficacy and tolerability of 15 antipsychotics,
paliperidone and risperidone have been shown to be the antipsychotics most related
to HPRL. Aripiprazole and quetiapine have the best hyperprolactinemic profile
(Leucht et al. 2013).

In addition to antipsychotic medications, many other drugs can cause HPRL;
among these verapamil causes HPRL in 8.5% of patients (Molitch 2005a), presum-
ably by blocking hypothalamic DA. Opiates and cocaine act through the μ-receptor
(Bart et al. 2003; Tolis et al. 1975; Zis et al. 1984) to cause mild HPRL (Mendelson
et al. 1989). The role of estrogen in causing HPRL is controversial (Molitch 2005a).
Twelve to 30% of women taking higher estrogen-containing oral contraceptives may
have a small increase in serum PRL, but this finding is rarely an indication for
therapy (Luciano et al. 1985).

Other Pathological Conditions Characterized by Hyperprolactinemia

Traumatic chest wall injury is a rare potential cause of HPRL (Morley et al. 1977). In
a patient with HPRL after a severe burn to the chest wall, intercostal nerve blockade
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resulted in normalization of her serum PRL level (Morley et al. 1977), suggesting
that a neurogenic stimulus at the site of injury was responsible.

Hepatic failure is a cause of HPRL usually due to decreased clearance of PRL.
However recent reports suggest that it is a very rare cause of HPRL (Ress et al.
2014).

The polycystic ovarian syndrome is commonly associated with elevated PRL
levels as well (Yazigi et al. 1997).

Finally, the serum PRL level usually rises following an epileptic seizure (includ-
ing after electroconvulsive therapy).

Idiopathic Hyperprolactinemia

Finally, idiopathic HPRL needs to be considered as diagnosis (Casanueva et al.
2006; Melmed et al. 2011).

Fewer than 10% of patients with idiopathic HPRL ultimately are found to
harbor a microadenoma, and progression from a microadenoma to a macro-
adenoma is rare (Sluijmer and Lappöhn 1992). Spontaneous normalization of
PRL levels occurs in approximately 30% of patients with idiopathic HPRL
(Schlechte et al. 1989).

Diagnosis of Hyperprolactinemia

Updated guidelines recommend a single measurement of serum PRL to establish the
diagnosis of HPRL: a level above the upper limit of normal confirms the diagnosis as
long as the serum sample was obtained without excessive venipuncture stress
(Casanueva et al. 2006; Melmed et al. 2011). The guidelines advise against
performing dynamic tests for the diagnosis of HPRL (Casanueva et al. 2006;
Melmed et al. 2011); indeed dynamic tests using TRH, L-dopa, nomifensine,
domperidone, and insulin-induced hypoglycemia are not superior to measuring a
single serum PRL sample for the diagnosis of HPRL (Casanueva et al. 2006;
Melmed et al. 2011).

When initial PRL values are not diagnostic (e.g., above the normal laboratory
range, but not high enough to clearly indicate a prolactinoma), sampling should be
repeated on another day. In this case, to avoid the effect of pulsatile secretion, two to
three samples separated by at least 15–20 min should be obtained.

However this recommendation has been recently criticized by Szosland et al.
who suggested that daily profile of PRL in any patient with clinical suspicion of
HPRL was the best mode for estimating mean circadian PRL concentration,
while the attempts to diagnose HPRL based on a single PRL assay failed due to a
high percentage of false-negative and false-positive results (Szosland et al.
2015).
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Diagnosis of the Cause of Hyperprolactinemia

When evaluating a patient with symptoms consistent with HPRL and persistently
elevated serum PRL, secondary causes should first be ruled out by a careful clinical
history, physical examination, pregnancy test, routine biochemical analysis (to
evaluate kidney and liver function), and TSH determination (Fig. 2).

Symptoms of hyperprolactinemia 
(see text)

PRL evaluation 
(basal sample or PRL profile)

HYPERPROLACTINEMIA

Rule out drug induced hyperprolactinemia and other secondary causes 
(pregnancy test, kidney, liver and thyroid function)

MRI

Negative Positive

IDIOPATHIC HYPERPROLACTINEMIA                    

Macroadenoma Microadenoma

MICROPROLACTINOMA

MACROPROLACTINOMA PSEUDOPROLACTINOMA

Fig. 2 Recommended diagnostic algorithm for hyperprolactinemia
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If the patient is taking a drug known to cause HPRL, it is important to determine if
the drug is indeed the cause by withdrawing the drug for at least 72 h, if this can be
done safely. If feasible, the patient could be switched to an alternative drug that does
not cause HPRL. However it is essential to discuss the issue with the prescribing
physician and to obtain a psychiatric evaluation before stopping any psychiatric
drugs suspected of causing HPRL. When the drug cannot be stopped, particularly in
a patient with neurological symptoms, the evaluation should include magnetic
resonance imaging (MRI) of the sella to exclude a mass lesion.

Although a PRL level greater than 250 ng/ml usually indicates the presence of a
prolactinoma, selected drugs, including risperidone and metoclopramide, may
cause PRL elevations above 200 ng/ml in patients without evidence of adenoma
(Casanueva et al. 2006; Kearns et al. 2000; Melmed et al. 2011). Increases in PRL
levels due to interference with DA action are usually modest, with levels rarely
exceeding 150 ng/ml (Casanueva et al. 2006). However, such values are not
absolute, and prolactinomas can present with variable elevations in PRL levels.
Taking into account that there may be dissociation between tumor mass and
hormonal secretion (Casanueva et al. 2006; Melmed et al. 2011; Mancini et al.
2008), even minimal PRL elevations may be consistent with the presence of a
prolactinoma, but a non-PRL-secreting mass (pseudoprolactinoma) should first be
considered (Fig. 1).

Diagnostic Pitfalls

Macroprolactin

Two high molecular mass forms of PRL have been identified by gel
filtration chromatography in human serum: macroprolactin (macroPRL) (big-big
PRL, >100 kDa) and big PRL (40–60 kDa). MacroPRL has a variable composition
and structure but is most frequently a complex of PRL and IgG, with a molecular
mass of 150–170 kDa. It is formed in the circulation following pituitary secretion of
monomeric PRL but has a longer half-life, and the PRL in the complex remains
reactive to a variable extent in immunoassays (Smith et al. 2002b). In the majority of
subjects, little or no macroPRL can be detected in serum, but in some individuals it
may be the predominant immunoreactive component of circulating PRL and the
cause of apparent HPRL (Fig. 3a).

MacroPRL is an under-recognized cause of elevated PRL and is present in
approximately 4% to 40% of hyperprolactinemic patients depending on the referral
population (Samson et al. 2015).

Because of its high molecular weight, it is believed that macroPRL is confined to
the intravascular compartment, and much evidence indicates that it has minimal
bioactivity in vivo and is not of pathological significance. Therefore, a lack of
recognition of the presence of macroPRL can lead to unnecessary laboratory inves-
tigations, imaging, and pharmacologic or surgical treatment.
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MacroPRL is detected by most but not all PRL assays; therefore each center must
know the specific characteristics of the PRL immunoassay they use. For confirma-
tion of macroPRL, polyethylene glycol precipitation is the most practical method.
Alternatively, size exclusion chromatography can be used, but is time-consuming
and not suitable for routine use (Gibney et al. 2005).

In comparison with macroPRL, little is known about big PRL. It is a more
consistent component of total serum PRL but rarely, if ever, the cause of HPRL.

The “Hook Effect”

Large amounts of antigen may produce falsely low values in immunoradiometric
assays due to the so-called high-dose “hook effect” (Fig. 3b). Therefore, the “hook
effect” may be observed when the PRL level is extremely high, as in some cases of
giant prolactinomas. In this condition, extremely high levels of PRL can interfere
with the assay and produce low readings. This high-dose “hook effect” may occur
because there is not enough antibody to bind to both ends of PRL peptides; therefore
most of the PRL is complexed to a single antibody. Only a little amount of PRL
peptides are “sandwiched” and detectable. This results in a falsely low PRL value
(St-Jean et al. 1996; Unnikrishnan et al. 2001; Yener et al. 2008). Hence, as the
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+ + Y
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Solid-phase 
capture Ab

Macroprolactin Labeled 
detection Ab

False positive result

a

b

Y

+ + Y
PRL

PRL

PRL

PRL

Y PRL

PRL

PRL

PRL

False negative resultSolid-phase 
capture Ab

Labeled 
detection Ab

Eleveted tumor 
derived serum PRL

PRL

PRL

PRL

PRL
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PRL YY
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Fig. 3 Diagnostic pitfalls in hyperprolactinemic states: (a) the macroprolactin problem: if
patients have circulating serum macroprolactin (preformed complexes of IgG and prolactin), with
most immunoassays the sandwich formation occurs and the macroprolactin complex is therefore
detected; however, because macroprolactin is bioinactive, the result is clinically misleading and
constitutes a false-positive result. (b) the “hook-effect” problem: the “hook-effect” is caused by
grossly elevated serum prolactin levels simultaneously saturating both the capture and detection
antibodies, preventing immunoassay sandwich formation and quantitative detection of prolactin
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antigen concentrations increase, there is a proportional increase in assay titers up to a
certain level. Antigen concentrations above this threshold level would “hook” down
the assay values resulting in very low measurements (Unnikrishnan et al. 2001;
Yener et al. 2008). In addition, high-antigen titers can directly dissolve the antigen-
antibody complex (Unnikrishnan et al. 2001). To overcome the “hook effect,” an
immunoradiometric PRL assay should be performed at a serum dilution at 1:100 or
alternatively should include a washout between the binding to the first antigen and
the second step in order to eliminate excess unbound PRL (Casanueva et al. 2006).

The immunoradiometric PRL assay must be performed with serum dilution in
order to overcome the high-dose PRL “hook effect” in all new patients with large
pituitary macroadenomas who have normal or mildly elevated PRL levels
(Casanueva et al. 2006). Though repeatedly demonstrated in other immunoassays,
the high-dose “hook effect” has only occasionally been observed in chemilumines-
cence assay systems for PRL estimation (Unnikrishnan et al. 2001).

Clinic of Hyperprolactinemia

The clinical consequences of pathological increased PRL levels can reveal them-
selves in the short, medium, and long term. The most immediate effects occur on
sexual and gonadal function and on the breast, in both females and males. The long-
term consequences are to a great extent conditioned by the permanence of these
effects over time. However, they are also likely to be a consequence of other direct
pleiotropic effects of PRL on different organs and tissues.

Hypogonadism

Pathological HPRL, whether or not it arises from a structural pituitary or hypotha-
lamic lesion, is an important cause of reproductive dysfunction in both genders
(Walsh and Pullan 1997).

In general, the degree of hypogonadism is proportional to the degree of PRL
increase.

The exact mechanism by which HPRL causes hypogonadotropic hypogonadism
is not known, but hyperprolactinemic women have reduced luteinizing hormone
(LH)-pulse frequency and reduced LH responsiveness to estrogen (Matsuzaki et al.
1994; Sauder et al. 1984; Winters and Troen 1984), suggesting that GnRH suppres-
sion may be a key factor. CRH (Kooy et al. 1990) and kisspeptin, a protein made by
neurons in the arcuate and periventricular nuclei of the hypothalamus, which stim-
ulates GnRH release (Brown et al. 2014), may be important mediators of PRL-
induced GnRH suppression. In rodent models, PRL receptor mRNA has been
localized to kisspeptin neurons in the hypothalamus (Kokay et al. 2011), and
kisspeptin administration to hyperprolactinemic female mice increases circulating
gonadotropin levels and restores ovulation (Sonigo et al. 2012). HPRL has been
associated with loss of the positive estrogen feedback on gonadotropin secretion at
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mid-cycle (Glass et al. 1975), but whether this effect is mediated through kisspeptin
is not known. Moreover, PRL also directly suppresses progesterone and estrogen
secretion from human ovaries (Demura et al. 1982). PRL can decrease estrogen
levels through direct effects on ovarian aromatase activity and by blocking the
stimulatory effects of follicle-stimulating hormone (FSH) (Dorrington and Gore-
Langton 1982; Krasnow et al. 1990). Although at low levels (<20 ng/ml) PRL is
necessary for progesterone production in granulosa cell, at hyperprolactinemic levels
it inhibits progesterone production (McNatty 1979). Direct PRL effects on ovarian
granulosa cells include stimulation of the expression of type 2 3β-hydroxysteroid
dehydrogenase (HSD), the enzyme responsible for catalyzing the final step in
progesterone biosynthesis and the secretion of insulin-like growth factor 2 (IGF-2)
(Feltus et al. 1999; Ramasharma and Li 1987).

Typically in women, menstrual disturbance occurs which may range in severity
from luteal phase insufficiency with otherwise regular menses (Seppala et al. 1976)
to irregular or infrequent periods (oligomenorrhea) and to amenorrhea. The oligo-
amenorrhea in women is associated with infertility which is generally reversible
upon restoration of normal PRL levels. In a compilation of three series of infertile
women (total 367), approximately one-third had HPRL (Molitch and Reichlin 1982).
That PRL excess may be important in this type of patient is suggested by the finding
that treatment of similar patients with bromocriptine, a DA agonist, restored fertility
(Skrabanek et al. 1980). Transient HPRL lasting for 1–2 days during the cycle has
been shown in some infertile women, and such women may respond to DA agonists
with increased progesterone during the luteal phase and improved fertility (Huang et
al. 1991). Galactorrhea may also occur, alone or in combination with menstrual
disturbance (Glass et al. 1975). Finally, in females due to hypogonadism there can be
dyspareunia secondary to vaginal dryness.

In men, HPRL usually results in loss of libido and erectile dysfunction as a result
of testosterone deficiency (Pinzone et al. 2000; Walsh and Pullan 1997). The
combination of lowered libido with erectile dysfunction is the most frequent pattern
in males with HPRL. Delay in or lack of orgasm can be associated with this pattern
or, more rarely, present alone. The sexual dysfunction observed in hyper-
prolactinemic patients would be greatly conditioned by the situation of hypo-
gonadism secondary to HPRL, although there are also data in favor of a direct
HPRL effect on the libido and on erectile dysfunction (Buvat et al. 2006; Corona et
al. 2007), probably mediated by the dopaminergic system (Drago et al. 1981). At
local level, the erectile dysfunction would be related to endothelial dysfunction
secondary to decreased nitric oxide (NO) production from inhibition of endothelial
NO synthetase (Montes de Oca et al. 2005; Yu-Lee 2002) and vasoconstriction from
β2-adrenergic effect (Molinari et al. 2007).

The role of PRL in male reproduction and fertility has been studied in
several animal models, leading, however, to conflicting results. PRL receptor is
expressed in the testis of rodents and mammals (Bole-Feysot et al. 1998), including
men (Hair et al. 2002). In particular, PRL receptor expression has been demonstrated
in Leydig, Sertoli, and germ cells (Ishida et al. 2010; Jabbour and Lincoln 1999).
PRL can affect steroidogenesis by modulating the expression of LH receptors
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(Dombrowicz et al. 1992; Takase et al. 1990) or by regulating the activity of
steroidogenetic enzymes (Chandrashekar and Bartke 1988; Rubin et al. 1976),
such as 5α-reductase, 3β-HSD, and 17β-HSD (Gunasekar et al. 1988; Takeyama et
al. 1986). In animal models, PRL regulates spermatogenesis as well. PRL induces
the expression of FSH on Sertoli cells and stimulates the progression of germ cells
from spermatocyte to spermatide morphology (Gunasekar et al. 1991).

In men, studies on the effects of PRL on fertility are scanty, and, since mutations
in PRL gene have not been described and mutations in PRL receptor were found
only in women (Newey et al. 2013), no model of spontaneous defective PRL action
is available. A study conducted in human sperms suggested that PRL is involved in
the survival of these cells, since, after incubation with PRL, their motility was
preserved for a longer time and spontaneous DNA strand fragmentation was
decreased (Pujianto et al. 2010). However, a recent study conducted on 269 male
partners of infertile couples failed to demonstrate any significant association
between semen parameters and serum PRL levels (Lotti et al. 2013).

PRL has also a trophic effect on male seminal accessory glands. PRL and its
receptor are expressed in the prostate, and studies in vitro and in vivo demonstrated
that their regulation is androgen dependent (Nevalainen et al. 1997a). Moreover,
PRL seems to be involved also in the secretory activity of male accessory glands; in
fact the increase or suppression of PRL levels has been associated with a change in
seminal vesicle and prostate secretion composition in different animal models
(Arunakaran et al. 1988; Nicoll 1980; Ravault et al. 1977). PRL receptor expression
has been demonstrated in human seminal accessory glands (Hair et al. 2002;
Nevalainen et al. 1997b). However, the clinical implication of PRL activity on the
male genital tract is still unclear.

Effects of Hyperprolactinemia on Calcium Metabolism and Bone

In both genders, HPRL and the resulting deficiency of sex steroid may lead to bone
loss and osteoporosis (Greenspan et al. 1986; Klibanski et al. 1980). While correc-
tion of the elevated PRL improves bone density (Klibanski and Greenspan 1986), it
seems that the bone loss is not directly mediated by the elevated PRL and restoration
of sex steroid concentrations is required for subsequent improvement in bone
density, even in the presence of ongoing HPRL (Greenspan et al. 1989). However,
some experimental studies point to a possible direct adverse effect of PRL on
osteoblastic function (Seriwatanachai et al. 2009). This would explain the finding
in some clinical studies of a greater bone mineral density (BMD) deterioration in
amenorrheic females with HPRL compared to normoprolactinemic females with
similar estradiol levels and duration of amenorrhea (Schlechte et al. 1987), as well as
the greater risk of vertebral fractures in males with HPRL, regardless of testosterone
values (Mazziotti et al. 2011). Genetic evidence has shown that the PRL receptor is
essential to normal bone formation and calcium homeostasis (Klibanski and Green-
span 1986). PRL receptor-deficient mouse displayed reductions in BMD and bone
mineral content, as well as a deceleration in the apposition rate for new bone. Plasma
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total calcium and parathyroid hormone were each higher in the receptor-deficient
mice. The phenotypic characteristics of bone growth and calcium homeostasis in
PRL receptor-deficient mice argue that there must be multiple sites of PRL action
that influence calcium metabolism, including both direct effects on bone cells and
systemic actions on other hormones or carriers.

Effects of Hyperprolactinemia on Cancer Risk

It seems that certain basically hormone-dependent tumors, such as those of the
breast, may be related to the molecular signaling pathway of the PRL receptors.

Despite the limitations and the impossibility of having type I levels of evidence
or clinical trials on the matter, there are an important number of studies, both
experimental and epidemiological, that indicate that the increased PRL plasma
levels seem to be related to increased risk of cancer, fundamentally breast cancer,
especially in postmenopausal women (Clevenger et al. 2003; Faupel-Badger et al.
2014; Goffin et al. 2005; Hankinson et al. 1999; Harvey et al. 2006; Manjer et al.
2003).

In vitro studies have shown that PRL is mitogenic (Harvey et al. 2006), but a
recent Dutch study showed no increase in breast cancer rate in women with idio-
pathic HPRL or prolactinomas (Dekkers et al. 2010a).

Furthermore, surgical series of breast cancer patients noted HPRL in a similar
number of women with benign breast conditions as breast cancer (Nicol et al. 2002).

No increased risk of breast or prostate cancer was observed in hyperprolactinemic
patients with prolactinomas (Berinder et al. 2011).

Therefore, although some epidemiologic studies suggest that HPRL is a risk for
breast and prostate cancer, there is inadequate evidence to conclude a significant
causal association between HPRL and cancer.

Effects of Hyperprolactinemia on Cardiovascular Diseases

HPRL has been associated with long-term cardiovascular effects, mainly mediated
by sexual steroid deficit and by direct PRL action at cardiovascular level.

In vitro studies have shown that PRL per se is capable of modulating inflam-
matory response (Erem et al. 2010; Friedrich et al. 2011; Shibli-Rahhal and
Schlechte 2009) and producing endothelial dysfunction by reducing NO produc-
tion (Molinari et al. 2007; Montes de Oca et al. 2005; Yavuz et al. 2003; Yu-Lee
2002). PRL could also stimulate angiogenesis indirectly, as it encourages the
synthesis of substances such as endothelial growth factor and fibroblast growth
factor (Goldhar et al. 2005; Malaguarnera et al. 2002) stimulating the proliferation
of smooth muscle cells of the vascular wall and the adhesion of mononuclear cells
to vascular endothelium. In addition, PRL has been related to an increase in
platelet aggregation (Wallaschofski et al. 2001), as well as to increased intima-
media thickness at carotid level, compatible with preclinical atherosclerosis
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(Arslan et al. 2014). Lastly, PRL receptor expression has been demonstrated in
macrophages within atheroma plaque (Reuwer et al. 2009, 2011).

In women with early menopause, a correlation between PRL levels, blood
pressure, and artery wall rigidity has been shown; this could indicate an acceleration
of the atherosclerotic process with increased calculated risk of cardiovascular mor-
tality at 10 years (Georgiopoulos et al. 2009). Recently, in a cohort study that
included 3929 males and females followed for 10 years, a positive correlation
between PRL levels and cardiovascular mortality was found in both sexes (Montejo
2008).

Effects of Hyperprolactinemia on Metabolism

There is also limited evidence that HPRL directly influences glucose and lipid
metabolism (Ben-Jonathan et al. 2006).

Some clinical trials (Serri et al. 2006; Yavuz et al. 2003) carried out in a limited
number of patients indicate the existence of insulin resistance in patients with HPRL
that improves following treatment with bromocriptine. In vitro studies have also
demonstrated the potential influence of PRL in the development of the pancreatic β-
cells and in the secretion of insulin (Brelje et al. 2004; Freemark et al. 2002).

The association between HPRL and dyslipidemia has also been described (Erem
et al. 2010). The PRL receptors are expressed in human adipose tissue (Brandebourg
et al. 2007) where PRL reduces lipoprotein lipase activity and inhibits adiponectin
secretion, leading to insulin resistance (Ling et al. 2003; Mingrone et al. 2008).

However, some authors find no correlation between PRL levels and different
metabolic syndrome parameters (Ernst et al. 2009) or obtain insufficient evidence
that the levels of PRL play a causal role as a risk factor for the development of
metabolic syndrome or type 2 diabetes (Balbach et al. 2013).

HPRL has also been associated with ponderal increase, not always reversible,
when PRL levels are normalized through drug treatment (Creemers et al. 1991;
Delgrange et al. 1999; Doknic et al. 2002). Factors such as reduced dopaminergic
tone, leptin resistance, or reduced adiponectin levels have been suggested for its
pathogenesis (Nilsson et al. 2005).

Effects of Hyperprolactinemia on the Immune System

PRL receptors are found on a majority of immune precursor and effector cells in each
of the major hematopoietic organs (bone marrow, spleen, thymus). PRL can poten-
tiate the growth and effector function of lymphoid and myeloid cells, and hemato-
poietic cytokine receptors and signal transducers are closely related to those used by
PRL.

In a rat model of immunodepression following acute hemorrhagic shock, PRL
stimulated immune effector cell functions, as well as normal cytokine secretion
(Zellweger et al. 1996). Whereas PRL can act as a positive stimulus for immune

450 V. Gasco and S. Grottoli



cells when given to animals by injection, or to cells in culture, PRL deficiency does
not significantly impair immune function or hematopoiesis (Horseman et al. 1997).

Several authors have described an association between HPRL and different
autoimmune diseases, such as diabetes mellitus type 1, rheumatoid arthritis, and
systemic erythematous lupus, among others (Atasoy et al. 2006; De Bellis et al.
2005; Leanos-Miranda and Cardenas-Mondragon 2006; Poyraz et al. 2008; Vera-
Lastra et al. 2002). The physiopathological mechanism could be mediated by the
antiapoptotic effect of PRL in the B lymphocytes (Orbach and Shoenfeld 2007;
Shelly et al. 2012) and the stimulation of interferon-γ and interleukin-2 production
by the T lymphocytes (De Bellis et al. 2005).

Effects of Hyperprolactinemia on the CNS

A recent study in a female population indicates that HPRL could have direct negative
effects on cognitive function (Henry and Sherwin 2012), which could originate in
low levels of gonad steroids (Craig et al. 2007, 2008; Grigorova et al. 2006; Phillips
and Sherwin 1992). It has also been observed that in males low levels of testosterone
are related to deterioration of the memory and of the visual-spatial abilities (Beer et
al. 2006; Moffat et al. 2002; Pinsky and Hellstrom 2010) and with a greater risk of
dementia (Moffat et al. 2004).

HPRL has also been associated with some psychiatric alterations, above all in
females (Fava et al. 1983). Greater rates of hostility, anxiety, depression, and
dysthymia have been reported in patients with HPRL (Oliveira et al. 2000; Reavley
et al. 1997). The mechanism by which they would originate is unclear and is
probably related to hypogonadism (Prabhakar and Davis 2008; Sobrinho 1998).

Treatment

The objective of HPRL treatment is to correct the clinical consequences of the
hormonal excess. The primary goal of therapy in patients with HPRL is to restore
gonadal and sexual function by normalizing PRL levels, but in patients with
macroadenomas, control and reduction of tumor size are also important.

Indications for treatment include infertility, a pituitary tumor with neurological
effects (particularly visual defects), bothersome galactorrhea, long-standing hypo-
gonadism, alterations in pubertal development, and prevention of bone loss because
of hypogonadism. Occasionally, patients with mild HPRL with regular menses who
wish to become pregnant may also require treatment. HPRL will prove self-limiting
in up to one-third of women, and in others pregnancy may induce a return to normal
PRL function (Jeffcoate et al. 1996; Schlechte et al. 1986).

Women with HPRL who pass through menopause may normalize their PRL
levels, and therefore in such women, reassessment of the need for continuing
treatment of HPRL is indicated (Karunakaran et al. 2001).
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Premenopausal women with normal menstrual cycles and tolerable galactorrhea,
and postmenopausal women with tolerable galactorrhea who have idiopathic HPRL
or microprolactinoma, should be reassured and not actively treated (Casanueva et al.
2006; Melmed et al. 2011).

Pharmacological Treatment

DA agonist is the therapy of choice to lower PRL levels, decrease tumor size, and
restore gonadal function for patients harboring PRL-secreting macroadenomas.
Asymptomatic patients harboring microprolactinomas should not be treated with
DA agonists. Treatment with a DA agonist or oral contraceptive should be consid-
ered in patients with amenorrhea caused by a PRL-secreting microadenoma.

All DA agonists are efficacious, but pergolide and quinagolide are less commonly
used. Cabergoline is recommended in preference to other DA agonists because it has
higher efficacy in normalizing PRL levels, as well as a higher frequency of pituitary
tumor shrinkage.

It is unclear why cabergoline is more effective than bromocriptine, but the
greater efficacy may be explained by the fact that cabergoline has a higher affinity
for DA receptor binding sites. Moreover, because the incidence of unpleasant side
effects is lower with cabergoline, drug compliance may be superior for this
medication (Verhelst et al. 1999). No clinical trials have directly compared the
mass-reducing effects of different DA agonists. Nevertheless, results of various
studies (Molitch et al. 1985) indicate that bromocriptine decreases pituitary tumor
size by approximately 50% in two-thirds of patients, compared with a 90%
decrease with cabergoline.

Nevertheless, bromocriptine has been used satisfactorily for years (Molitch et al.
1985), and since it is less expensive, it should be considered in medical settings with
limited budgets.

Therapy with bromocriptine (tablet of 2.5 mg) is initiated with a dose of
0.625–1.25 mg daily and increased by 1.25 mg at weekly intervals until a dose
generally of 2.5 mg twice or thrice daily is reached. Side effects such as upper
gastrointestinal disturbances and postural hypotension can be reduced by using an
incremental dosage schedule and taking tablets with a snack before retiring.
Cabergoline (tablet of 0.5 mg) therapy is begun at a dose of 0.25–0.5 mg adminis-
tered once or twice weekly, and the dose is increased monthly until PRL secretion
normalizes (Schlechte 2003; Webster et al. 1994). Doses over 3 mg per week are
rarely necessary.

Patients who are resistant to, or who cannot tolerate, a particular DA agonist
should be switched to an alternative DA agonist (Colao et al. 1997). Cabergoline is
effective in most patients, including those who did not previously respond to
bromocriptine (Colao et al. 1997).

For patients with medication-induced HPRL, the primary treatment is to stop the
drug or to switch to an alternative drug. For antipsychotic-induced HPRL, alternative
medications include antipsychotic agents with lower DA antagonist potency
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(Kinon et al. 2003; Volavka et al. 2004) or aripiprazole, an atypical antipsychotic
with both DA agonist and DA antagonist activity (Lu et al. 2008) that can lower PRL
and reverse HPRL-related side effects (Saitis et al. 2008). If the drug cannot be
discontinued or substituted and the patient has hypogonadal symptoms or low bone
mass, estrogen or testosterone therapy should be considered (Bhasin et al. 2010;
Casanueva et al. 2006; Melmed et al. 2011).

Whether to treat a patient who has antipsychotic-induced HPRL with a DA
agonist remains controversial. Some studies suggest that DA agonist therapy will
normalize PRL levels in only up to 75% of such patients but may lead to exacerba-
tion of the underlying psychosis (Cavallaro et al. 2004; Cohen and Biederman 2001;
Smith 1992; Tollin 2000); therefore in such situations treatment with DA agonists
should be considered only after careful psychiatric counselling (Casanueva et al.
2006; Melmed et al. 2011).

In an asymptomatic patient with medication-induced HPRL, no treatment is
necessary.

Surgical Treatment

It is widely accepted that pharmacological treatment is the first choice for PRL-
secreting pituitary adenoma, but surgery remains a good therapeutic option in
patients intolerant or resistant to DA agonists or in cerebrospinal fluid leaks post
tumor shrinkage (Kreutzer et al. 2008; Nomikos et al. 2001). With the advancement
of surgical techniques, surgical intervention may be a reasonable option in micro-
prolactinoma when the patient opts for surgical resection rather than medical man-
agement (Babey et al. 2011; Couldwell and Weiss 2004).

Surgery is also indicated for individuals with cystic tumors which do not respond
to DA agonist therapy, tumors causing mass effect (cranial nerve palsies, visual
impairment) which is not relieved by medical treatment, in case of intratumoral
hemorrhage with mass effect or apoplexy requiring emergent/urgent decompression
of the optic chiasm to preserve visual function on DA therapy.

Pituitary transsphenoidal surgery is associated with very low mortality (<1%)
and very low morbidity rates. Both the expertise and experience of the neurosur-
geon and the volume of the surgical center also play a role in these low rates of
complications (Ikeda et al. 2013). Side effects of surgery include hypopituitarism,
diabetes insipidus, cerebrospinal fluid leak, and local infection (Melmed et al.
2011).

Clinical results and economic costs of surgical resection are comparable to those
of pharmacological management over a 10-year period. This suggests that surgery
may be a more cost-effective option than lifelong medical therapy, especially in
young patients (Amar et al. 2002).

Transsphenoidal surgery is an effective modality in the management of pro-
lactinomas for patients with indications as described above (Table 2). Long-term
chemical cure rates for microprolactinomas exceed 90% when performed by expe-
rienced pituitary surgeons (Amar et al. 2002; Buchfelder and Schlaffer 2009).
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Postoperative hormonal levels are predictive for long-term cure; in fact, PRL
levels lower than 10 ng/ml on postoperative day 1 demonstrated cure rates of up to
100% in microprolactinoma patients (Amar et al. 2002).

Surgical resections for macroprolactinomas are not as successful as for micro-
prolactinomas in terms of biochemical cure rate. Cure rates drop to <50% for
macroprolactinomas (Buchfelder and Schlaffer 2009). For macroprolactinomas,
both the size and baseline PRL level serve as a predictor of surgical success. In a
large microscopic transsphenoidal surgical series, the rate of recurrence was over
70% when preoperative PRL levels were over 250 ng/ml (Amar et al. 2002). The
objective of surgical intervention for macroprolactinomas is mainly to debulk the
tumor to relieve symptoms due to mass effect and as a cytoreductive strategy, rather
than to cure them. Surgically decreasing the size of a large tumor may also help
increase its responsiveness to DA agonist treatment. In patients with macro-
prolactinomas resistant to cabergoline, surgical debulking resulted in significantly
lower postoperative PRL levels at significantly lower doses of cabergoline (Vroonen
et al. 2012).

Radiotherapy

External radiation is rarely required to treat prolactinomas because it is associated
with significant precious and delayed side effects as impairment of pituitary secre-
tion, risk of optic chiasma damage, cognitive and neurological dysfunction, and
increased incidence of stroke and secondary brain neoplasms.

Radiotherapy is therefore suggested as a third-line treatment for prolactinomas
that are refractory to medical therapy or surgery, mainly for tumor growth control.

In Western countries radiotherapy means stereotactic technique, while conven-
tional approach is completely abandoned and should be avoided.

With the advances in high-resolution imaging, image guidance, and dosage
planning, stereotactic radiotherapy has been demonstrated to be relatively well
tolerated with excellent accuracy and safety profiles (Wong et al. 2015).

Table 2 Indication for neurosurgery in PRL-secreting pituitary adenomas

Intolerance to dopamine agonists

Resistance to dopamine agonists

Cerebrospinal fluid leaks post tumor shrinkage

Patient’s preference (microprolactinoma)

Cystic tumors which do not respond to dopamine agonist therapy

Tumors causing mass effect (cranial nerve palsies, visual impairment) which is not relieved by
medical treatment

Intratumoral hemorrhage with mass effect on dopamine therapy

Apoplexy requiring emergent/urgent decompression of the optic chiasm to preserve visual
function
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Stereotactic Radiosurgery (SRS): Gamma Knife
During the past two decades, SRS has become a frequently used radiation technique
because of its convenience, more rapid correction of hormone oversecretion (Kong
et al. 2007), and a lower risk of radiation-induced neoplasms and carotid stenosis
(Cohen-Inbar et al. 2015). SRS provides a highly conformal and selective therapeu-
tic intervention in a single procedure performed with image guidance, achieving
maximal precision. Such an approach reduces the long-term risk of larger-field
radiotherapy.

There are only a few studies showing the effect of SRS on prolactinomas as a
first-line treatment (Pan et al. 2000). A limit to Gamma Knife use as a primary
treatment is that a number of studies have shown that radiosurgery is less effective in
achieving endocrine remission for prolactinomas than for other types of pituitary
adenoma patients. Clinical control was reported in 17–47% (Jezkova et al. 2009;
Cohen-Inbar et al. 2015) though it has been reported even better control (52%)
(Castinetti et al. 2009) in tumor mass effect; control rate has been reported higher
than 95% if the follow-up time has been long enough (60–120 months).

Treatment Pitfalls

Pregnancy

Women with HPRL who wish to become pregnant or who are pregnant should be
guided through the process by an endocrinologist. In particular there are four main
issues with respect to gestation and HPRL: HPRL and fertility, safety of DA
agonists, tumor growth, and lactation.

Hyperprolactinemia and Fertility
When starting DA treatment, women must be warned that restoration of ovulation
and fertility may be immediate and even before their first normal menstruation
(Casanueva et al. 2006; Melmed et al. 2011). Indeed, treatment with DA agonists
in high percentage of cases normalizes PRL levels and consequently controls
symptoms PRL related, i.e., oligo-amenorrhea and infertility. For this reason,
when starting DA agonist treatment, mechanical contraception should be advised,
and menses may serve as a guide. This is in order to discontinue DA agonist therapy
as soon as patients discover that they are pregnant and to avoid an unnecessary and
excessive exposure of the fetus to the effect of DA drugs.

When a female patient with a macroprolactinoma wishes to become pregnant, it is
necessary to plan conception to occur after serum PRL is normalized and the tumor
volume significantly reduced in order to avoid or reduce the risk of compression of
the optic chiasm during pregnancy.

Women with macroprolactinomas who are intolerant or resistant to DA agonist
therapy and want to reproduce can consider surgical debulking or radiotherapy
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before attempting a pregnancy (Casanueva et al. 2006; Melmed et al. 2011). How-
ever it must be considered that surgery and radiotherapy can cause hypopituitarism,
which may lead to the need for advanced reproductive technologies (e.g., ovulation
induction with gonadotropins) to achieve pregnancy, as well as lifelong hormone
replacement therapy (Melmed et al. 2011).

Safety of DA Agonists
Both bromocriptine and cabergoline are reported to be safely administered in
premenopausal women (Casanueva et al. 2006; Melmed et al. 2011; Molitch
2015). Both drugs are not associated with increasing of abortions, ectopic/multiple
pregnancies, and congenital malformations even if bromocriptine data are the most
(Molitch 2015). On the other hand, guidelines recommended to discontinue DA
agonist therapy once pregnancy is confirmed, usually 1–2 weeks after a missed
period (Casanueva et al. 2006; Melmed et al. 2011). In selected patients with
macroadenomas who become pregnant on dopaminergic therapy, it may be prudent
to continue dopaminergic therapy throughout the pregnancy, especially if the tumor
is invasive or is abutting the optic chiasm (Casanueva et al. 2006; Melmed et al.
2011)

The experience with pergolide and quinagolide in preparation for pregnancy is
much more limited; for that reason these two drugs should not be used in this setting
(Casanueva et al. 2006; Melmed et al. 2011).

Tumor Growth
During pregnancy in patients with prolactinoma, the size of pituitary adenoma may
increase. The risk of increase is different in micro- or macroadenoma patients; in
case of microadenoma, the risk of symptomatic growth is 3% while in macro-
adenoma is significantly higher being 30%; previous surgery or radiotherapy reduces
this risk (2.8%) (Molitch 2015).

Therefore, DA agonists can be safely stopped in patients with microprolactinoma
as soon as pregnancy has been confirmed (Casanueva et al. 2006; Melmed et al.
2011). The patients should be advised to report for urgent assessment in the event of
a severe headache or visual disturbance (Casanueva et al. 2006; Melmed et al. 2011).

Options for patients with macroprolactinoma include stopping the DA agonist
when pregnancy is confirmed with close surveillance thereafter or continuing the DA
agonist through the pregnancy (Casanueva et al. 2006; Melmed et al. 2011).

It is not recommended to measure serum PRL levels because of their physiolog-
ical increase during pregnancy and their expected increase upon discontinuation of
DA agonists and to avoid uninterpretable results from laboratory tests and unneces-
sary testing.

If pregnancy is physiological, conducted spontaneous delivery is not
contraindicated.

If visual field defects or progressive headaches develop, an MRI without gado-
linium should be performed to assess changes in tumor size, and a DA agonist should
be restarted if the tumor has grown significantly (Casanueva et al. 2006; Melmed et
al. 2011). If the enlarged tumor does not respond to reinstitution of DA agonist
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therapy, alternatives include delivery if the pregnancy is far enough advanced or
transsphenoidal surgery (Casanueva et al. 2006; Melmed et al. 2011).

Lactation
There are no data to suggest that breastfeeding leads to an increase in tumor size;
therefore, lactation is not contraindicated in patients harboring PRL-secreting ade-
nomas. However, women wishing to breast-feed their infants should not be given
DA agonists because the resulting decrease in serum PRL levels will impair lactation
(Casanueva et al. 2006). After 3 months the end of lactation serum PRL levels should
be assessed, and an MRI with contrast is indicated.

D2 Resistance

The majority of patients with prolactinomas treated with standard doses of DA
agonists respond with normalization of PRL levels and a reduction in tumor size.

However, some patients do not respond satisfactorily (Molitch 2003), and some
patients may have discordant responses, i.e., reduction in tumor size without nor-
malization of PRL levels and vice versa, and others may be partially resistant and
require higher than typical doses of DA agonists to achieve a response.

Although the literature is not totally consistent in defining the problem as
different authors employ various definitions depending on the primary endpoints
of their studies (Colao 2009; Molitch 2003), resistance to DA can be most properly
described as inability to lower PRL within normal limits and to achieve a 50%
reduction in tumor mass by the maximum tolerated dose of DA agonist (Gillam et al.
2006). To note that DA agonist resistance differs from intolerance, where side effects
of the DA agonists preclude their use.

Microadenomas are less resistant to DA agonists than are macroadenomas, and
men are more likely than women to be DA agonist resistant (Delgrange et al. 2009).
The level of responsiveness depends also on the type of the DA used, and many
prolactinomas that are resistant to bromocriptine respond to cabergoline therapy
(Colao et al. 1997).

The mechanism of DA agonist resistance is not completely understood, and it is
likely that different mechanisms underlie DA agonist resistance in prolactinomas: a
decreased number of D2 receptors have been reported on resistant prolactinomas
(Kukstas et al. 1991; Pellegrini et al. 1989), but this finding is not invariable (Kovacs
et al. 1995). However DA receptor binding has been reported to be normal, and no
DA receptor mutation has been identified in prolactinomas to date. D2 receptor
isoform ratios may differ; it has been reported that resistant prolactinomas had a
lower proportion of the short isoform of the D2 receptor mRNA compared to
sensitive ones, while no significant difference was found between responsive ade-
nomas and normal pituitary lactotroph cells (Caccavelli et al. 1994). Finally molec-
ular alterations may occur downstream of the D2 receptor.

A number of therapeutic approaches may be employed when managing the
resistant prolactinoma patients. These include substitution with another DA, gradual
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dose augmentation to maximal efficient and tolerated levels, transsphenoidal sur-
gery, and radiotherapy (Melmed et al. 2011). Some experimental treatments are also
available, but their true clinical benefit still remains to be clearly demonstrated.

Since resistance is most prevalent among patients on bromocriptine, it is usually
appropriate to switch them to another more potent DA. Quinagolide reduces PRL to
normal ranges in 39–44% of bromocriptine-resistant patients and induces tumor
shrinkage in about 30% of cases (Morange et al. 1996; Rohmer et al. 2000), but still a
large proportion fail to respond.

Much better outcomes, however, are achieved with cabergoline. Accumulating
evidence suggests that cabergoline is efficient in normalizing PRL in approximately
70–85% of patients resistant to bromocriptine and quinagolide and in 84% of
patients intolerant of bromocriptine (Colao et al. 1997; Molitch 2005b; Verhelst et
al. 1999). Another approach especially for cabergoline-resistant patients is the
gradual dose increase, provided that the patient responds with some reduction of
PRL levels to every dose adjustment (Melmed et al. 2011).

However, caution must be exhibited with protracted use of high-dose cabergoline
because of the potential risk of cardiac valvular regurgitation. Even if patients with
Parkinson’s disease receiving at least 3 mg of cabergoline daily are at risk for
moderate to severe cardiac valve regurgitation (Schade et al. 2007; Zanettini et al.
2007), six of seven studies analyzing cardiac valves in over 500 patients with
prolactinomas receiving standard doses of cabergoline have shown no evidence of
clinically significant valvular disease (Bogazzi et al. 2008; Herring et al. 2009; Kars
et al. 2008; Lancellotti et al. 2008; Vallette et al. 2009; Wakil et al. 2008), and the
only study that reported a 57% incidence of tricuspid regurgitation in patients treated
with cabergoline also noted significant tricuspid regurgitation in the control group
(Colao et al. 2008). However, in patients who require very high doses of cabergoline
for prolonged periods, echocardiography may be necessary to assess for valvular
abnormalities. Although the precise dose and duration cannot be identified at this
time, patients receiving more than 3 mg of cabergoline weekly likely will require
regular echocardiographic screening (Melmed et al. 2011).

Finally, in a very small number of cases, patients who initially respond to DA
therapy may later become resistant. One study reported five patients who developed
late DA resistance: two after bromocriptine and three following cabergoline treat-
ment (Behan et al. 2011). Even more rarely such secondary resistance may be caused
by malignant transformation (Hurel et al. 1997). A report by Lania et al. describes a
case of aggressive prolactinoma successfully treated with DA for 15 years that
surprisingly evolved in clinically and biochemically active acromegaly (Lania et
al. 2010). The mechanisms underlying loss of responsiveness and transformation are
not yet known.

Cure

There is an ongoing debate regarding the safety of the discontinuation and the optimal
duration of therapy with DA agonist in prolactinomas (Casanueva et al. 2006;
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Melmed et al. 2011). It has been suggested that DA agonist withdrawal may be safely
undertaken after 2–3 years in patients who have achieved normoprolactinemia and
significant tumor volume reduction (Casanueva et al. 2006; Melmed et al. 2011).

A landmark study by Colao et al. had demonstrated persistent normopro-
lactinemia post withdrawal in the majority of the study population (66.1% of
microprolactinomas, 46.8% of macroprolactinomas) (Colao et al. 2003b). In general
the risk of recurrence after withdrawal has been estimated to range from 26 to 69%
(Biswas et al. 2005; Kharlip et al. 2009), and all studies have shown that recurrence
is predicted by PRL levels at diagnosis and by tumor size. Recurrences are most
likely to occur in the year after withdrawal, and in one study the risk of recurrence
was 18% per millimeter of tumor mass (Kharlip et al. 2009). However, a meta-
analysis of 19 studies and 743 patients by Dekker et al. demonstrated stable
normoprolactinemia after DA agonist withdrawal in 32% of patients with idiopathic
HPRL, 21% with microprolactinomas, and 16% with macroprolactinomas, and
when the study by Colao et al. was excluded from the meta-analysis, these values
decreased to 17%, 19%, and 12%, respectively (Dekkers et al. 2010b).

Some studies have shown that a longer treatment duration and the use of
cabergoline were associated with a greater remission rate (Dekkers et al. 2010b;
Oh and Aghi 2011), while some studies have not shown this (Anagnostis et al. 2012;
Barber et al. 2011). The dosage of the DA agonist should be gradually decreased,
while maintaining normal PRL levels, until the drug is completely discontinued
(Melmed et al. 2011). HPRL recurrence is most commonly observed during the first
6 months to 1 year following cessation (Anagnostis et al. 2012; Barber et al. 2011;
Colao et al. 2003b; Kharlip et al. 2009), and regular follow-ups are necessary. In
particular, guidelines (Melmed et al. 2011) suggest that in patients for whom DA
agonists have been tapered or discontinued, follow-up includes (1) measurement of
serum PRL levels every 3 months for the first year and then annually thereafter and
(2) MRI if PRL increases above normal levels. In women with microprolactinomas,
it may be possible to discontinue dopaminergic therapy when menopause occurs.
Surveillance for increasing size of the pituitary tumor should continue on a periodic
basis.

Conclusions

PRL is secreted by pituitary lactotroph cells. The predominant signal is inhibitory,
preventing PRL release, and is mediated by DA.

Pathological HPRL may develop due to lactotroph adenomas (prolactinomas),
which account for approximately 40% of all pituitary tumors, or due to pharmaco-
logical or pathological interruption of hypothalamic-pituitary dopaminergic path-
ways. Finally, idiopathic HPRL needs to be considered as diagnosis.

Regardless of etiology, HPRL may result in hypogonadism, infertility, and
galactorrhea, or it may remain asymptomatic. Bone loss occurs secondary to
HPRL-mediated sex steroid attenuation.
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Testing for HPRL is straightforward, owing to the case of ordering a serum PRL
measurement. Accordingly, an evidence-based, cost-effective approach to manage-
ment of thus relatively common endocrine disorder is required.
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