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ABSTRACT 
Hyperprolactinemia is the most common 
hypothalamic-pituitary dysfunction, being an important 
cause of irregular menses and infertility amongst 
young women. Clinical and laboratory investigation is 
crucial to determine hyperprolactinemia etiology and 
to indicate the proper treatment. Prolactinoma is the 
most common cause of pathological 
hyperprolactinemia. Physiological and 
pharmacological causes must be ruled out. 
Macroprolactinemia is a laboratorial pitfall and must be 
ruled out in asymptomatic hyperprolactinemic 
individuals. Usually, treatment is not necessary. Hook 
effect is another laboratory pitfall that may 
underestimate prolactin levels confounding the 
differential diagnosis between macroprolactinomas 
and pseudoprolactinomas. Clinical treatment with 
dopamine agonists is effective in 80 to 90% of 
hyperprolactinemic patients leading to normal serum 
prolactin levels and tumor reduction. 
Normoprolactinemia after dopamine agonist (DA) 
withdrawal is possible in around 30% of cases. 
Hypogonadism and infertility are usually reversed 
upon prolactin level normalization due to DA 
treatment, allowing pregnancy in most patients. In 
micro and intrasellar macroprolactinomas, DA can be 
withdrawal after pregnancy confirmation. Dopamine 
agonists are usually well tolerated. Nevertheless, 
valvopathy and psychiatric side effects should be 
actively evaluated. Surgical treatment may be 
indicated in resistant/intolerant patients and 

symptomatic apoplectic tumors. Radiotherapy is rarely 
performed and must be reserved to control tumors 
growing in an aggressive fashion. Temozolomide is an 
alternative treatment for resistant/aggressive 
prolactinomas not responding to high doses of 
dopamine agonists, multiple surgeries, and 
radiotherapy. 
 
INTRODUCTION 
 
Prolactin secreting pituitary tumors are the most 
common type of hormone secreting pituitary tumors 
(1). They are also the only pituitary tumors which can 
be effectively managed primarily by medical means 
(2). Therefore, their identification and diagnosis are 
imperative to avoid unnecessary pituitary surgery. 
 
PROLACTIN SECRETION 
 
Prolactin is secreted by the lactotrophs in the anterior 
pituitary gland. Prolactin secretion is regulated by the 
hypothalamus. Unlike the other anterior pituitary 
hormones, however, the hypothalamic influence is 
predominantly of tonic inhibition (3). 
 
The hypothalamus secretes prolactin-release-
inhibiting factors (PIF) and prolactin-releasing factors 
(PRF). PIF is predominantly exert by dopamine, with 
GABA having a minor role (4). Prolactin controls its 
own secretion through a short loop negative feedback, 
stimulating tuberoinfundibular dopamine (TIDA) cells.  
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Nevertheless, the nature of the physiological PRF is 
unclear. Thyrotropin-releasing hormone (TRH), 
vasoactive intestinal peptide (VIP), serotonin, 
histamine, oxytocin, and estrogens can act as a PRF. 
Other neurotransmitters and neuropeptides can also 
modulate prolactin secretion including endothelin, 
TGF beta1, angiotensin, somatostatin, substance P, 
neurotensin, calcitonin, EGF, natriuretic atrial peptide, 
bombesin, cholecystokinin, acetylcholine and 
vasopressin (5).  
 
 
 
 
 
 

CAUSES OF HYPERPROLACTINEMIA 
 
Disorders causing elevated prolactin levels is shown 
in Table 1. The causes of hyperprolactinemia may be 
considered, in a simplified fashion, as resulting from 
four basic abnormalities. In some patients, however, it 
is not possible to elucidate the cause of 
hyperprolactinemia, discussed below (6). Also, stress 
from venipuncture can cause slight increase in serum 
prolactin levels in asymptomatic individuals and a 
normal serum prolactin measured after resting for 30 
minutes can rule out this condition (7). Nevertheless, 
routinely resting before venipuncture is usually not 
recommended (8).  In addition, prolactin should not be 
measured after a seizure, which could increase 
hormonal level (6). 
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Table 1. Etiology of Hyperprolactinemia 
Pituitary Disease  
Prolactinomas   
Acromegaly   
Clinically nonfunctioning pituitary adenomas   
Empty Sella syndrome    
Hypophysitis 
Hypothalamic Disease   
Craniopharyngiomas  
Meningiomas   
Germinomas   
Other tumors   
Sarcoidosis   
Langerhans cell histiocytosis  
Neuroaxis irradiation  
Vascular   
Pituitary Stalk Section 
Medications  
Phenothiazines  
Butyrophenones  
Atypical Antipsychotics  
Tricyclic Antidepressants  
Serotonin Reuptake Inhibitors  
Reserpine  
Methyldopa  
Verapamil  
Metoclopramide 
Neurogenic  
Chest wall/Breast lesions  
Spinal Cord lesions 
Other  
Pregnancy  
Breast-feeding  
Hypothyroidism  
Renal Insufficiency  
Adrenal Insufficiency  
Ectopic prolactin production  
Familial hyperprolactinemia (mutated prolactin 
receptor) 
Untreated phenylketonuria 
Macroprolactinoma 
Idiopathic 
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Hypothalamic Dopamine Deficiency 
 
Diseases of the hypothalamus, such as tumors, 
arterio-venous malformations, and inflammatory 
processes such as sarcoidosis result in either 
diminished synthesis or release of dopamine. 
Furthermore, certain drugs (e.g., alpha-methyldopa 
and reserpine) are capable of depleting the central 
dopamine stores. 
 
Defective Transport Mechanisms 
 
Transection of the pituitary stalk results in impaired 
transport of dopamine from the hypothalamus to the 
lactotrophs. Pituitary or stalk tumors with abnormal 
blood supplies, or their pressure effects, may interfere 
with the circulatory pathway from the hypothalamus 
down the pituitary stalk to the normal lactotrophs, or a 
tumor, producing effective dopamine deficiency due to 
a functional stalk section. Besides tumors, infections, 
and inflammatory diseases such as hypophysitis, 

sarcoidosis, and tuberculosis can also cause pituitary 
stalk disconnection.  
 
Lactotroph Insensitivity to Dopamine 
 
Dopamine receptors have been found on human 
pituitary lactotroph adenoma cells. Receptor 
sensitivity to dopamine could be diminished, which 
would explain the lack of response to increased 
endogenous dopamine stimulation. However, an 
obvious response of the receptors to pharmacologic 
dopamine agonists (DA) makes this possibility less 
likely. Certain drugs act as dopamine-receptor-
blocking agents, including phenothiazines (e.g., 
chlorpromazine), butyrophenones (haloperidol), and 
benzamides (metoclopramide, sulpiride, and 
domperidone). These drugs block the effects of 
endogenous dopamine and thus release lactotrophs 
from their hypothalamic inhibition. This sequence of 
events results in hyperprolactinemia. Table 2 
summarizes the most common drugs causing 
hyperprolactinemia (5,9). 
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Table 2. Drugs Related to Hyperprolactinemia 
Drug  Causing hyperprolactinemia  Not causing hyperprolactinemia 
Antipsychotics   
typical Haloperidol Chlorpromazine, 

Thioridazine, Thiothixene 
 

atypical Risperidone, quetiapine, 
olanzapine 

Clozapine, aripiprazole, 
ziprasidone  

Antidepressants   
 Tryclicic: clomipramine  
 Monoamine oxidase inhibitors: 

pargyline, clorgyline 
 

 Selective serotonin reuptake 
inhibitors: Sertraline, Fluoxetine, 
Paroxetine 

 

Other 
psychotropics 

Buspirone, Alprazolam  

Other 
substances  

Opiates and cocaine  

Antihypertensive 
medications 

Verapamil, methyldopa  

Gastrointestinal 
medications 

Metolopramide, domperidone   

Sexual steroids  Estrogens  
 
Stimulation of Lactotrophs 
 
Hypothyroidism may be associated with 
hyperprolactinemia. If hypothyroidism results in 
increased TRH production, then TRH (which can act 
as a PRF) could lead to hyperprolactinemia. 
Estrogens act directly at the pituitary level, causing 
stimulation of lactotrophs, and thus enhance prolactin 
secretion. Furthermore, estrogens increase the mitotic 
activity of lactotrophs, increasing cell numbers. 
Pregnancy and lactation are physiological causes of 
hyperprolactinemia. Injury to the chest wall can also 
lead to hyperprolactinemia. This results from abnormal 
stimulation of the reflex associated with the rise in 
prolactin that is seen normally in lactating women 
during suckling (6).  
 
CLINICAL MANIFESTATIONS OF 
HYPERPROLACTINEMIA 

 
The symptoms associated with hyperprolactinemia 
may be due to several factors: the direct effects of 
excess prolactin, such as the induction of galactorrhea 
(10) or hypogonadism (11), the effects of the structural 
lesion causing the disorder (i.e. the pituitary tumor), 
leading to, for example, headaches, visual field 
defects, or external ophthalmoplegia (12); or 
associated dysfunction of the secretion of other 
anterior pituitary hormones. 
 
The incidence of galactorrhea in hyperprolactinemic 
patients is between 30% and 80%, depending on the 
skill of the examiner and the degree of estrogen 
deficiency. Approximately 50% of women with 
galactorrhea, however, have normal prolactin levels. 
As mentioned below, it is particularly those patients 
with very high prolactin levels, i.e., greater than 
100ng/mL (2000mU/L), who often have no 
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galactorrhea. Thus, galactorrhea is an inconsistent 
marker of hyperprolactinemia (10). 
 
Women with hyperprolactinemia usually present with 
menstrual abnormalities – amenorrhea or 
oligomenorrhea – or regular cycles with infertility. 
Occasionally, patients may present with menorrhagia. 
Menstrual disorders are often not seen with mild 
hyperprolactinemia but it is unusual not having  
menstrual problems if serum prolactin is greater than 
180 ng/mL (3,600 mU/L) (13). 
 
In contrast, men often present late in the course of the 
disease with symptoms of expansion of their pituitary 
tumor (i.e., headaches, visual defects, and external 
ophthalmoplegia) or symptoms from secondary 
adrenal or thyroid failure. Nevertheless, these men 
can present with sexual impairment for many years 
before their diagnosis. It is unknown if 
macroprolactinomas are more commonly seen in men 
due to these delayed diagnosis and/or if 
prolactinoma´s pathogenesis is different in men (14). 
In contrast to women in whom microprolactinomas are 
most commonly seen, macroprolactinomas are 
usually found in men and the serum prolactin levels 
are usually much higher than those in women (15). 
 
Occasionally, the syndrome may occur in prepubertal 
or peripubertal children, when it may present with 
delayed or arrested puberty or with headache and/or 
visual field defects or with growth arrest. Children and 
adolescents often present with aggressive 
prolactinomas, especially in boys (16). Genetic 
conditions such as MEN 1 and familial isolated 
pituitary adenomas (FIPA) should be considered (17).  
 
DIFFERENTIAL DIAGNOSIS 
 
It is important to exclude other causes of 
hyperprolactinemia: pregnancy, lactation, 
hypothyroidism, use of drugs that either deplete 
central dopamine or block dopamine receptors, and 
renal or hepatic failure. Ruling out these important 
causes, and any hypothalamic lesion, three common 

diagnostic possibilities remain: the presence of a 
microadenoma, macroadenoma, or no visible tumor at 
all. If patients do not harbor an identifiable tumor, they 
are described as having idiopathic 
hyperprolactinemia. It is likely, however, that patients 
with this condition may harbor small 
microprolactinomas, which were undetected with less 
sensitive imaging tools used in the past, and even with 
magnetic resonance imaging (MRI) (3). 
 
A microadenoma is described as having a maximum 
diameter of up to 10mm (the maximal diameter of the 
normal pituitary gland) while a macroadenoma has a 
diameter larger than 10 mm. Giant adenomas are 
defined as the presence of the largest diameter of the 
tumor being larger than 4 cm (18). A microadenoma is 
often visualized using MRI. Usually, the serum 
prolactin level is below 200ng/mL (4000mU/L) in 
patients with microadenomas. A macroadenoma that 
secretes prolactin is usually associated with a serum 
prolactin level of more than 200ng/mL (4000mU/L). If 
the patient has a macroadenoma and a serum 
prolactin level of less than 200ng/mL (4000mU/L), 
consideration should be given to the possibility that a 
nonfunctioning pituitary adenoma (pseudo-
prolactinoma) is present, the hyperprolactinemia 
resulting from deprivation of some lactotrophs of 
dopaminergic inhibition (3). However, a laboratory 
artifact may lead to a wrong differential diagnosis 
between macroprolactinomas and 
pseudoprolactinomas. When serum prolactin is 
evaluated by two-site immunometric assays, large 
amounts of prolactin saturate both the capture and the 
signal antibodies, impairing their binding, causing 
serum prolactin to be underestimated (the so-called 
“high-dose hook effect”). Therefore, patients bearing 
macroprolactinomas with extremely high serum 
prolactin levels (generally >1,000 ng/ml [>180,000 
mU/L]) may present falsely low levels, e.g., 30-120 
ng/ml (600-2,400 mU/L) range, causing the patient to 
be misdiagnosed as harboring a nonfunctioning 
pituitary adenoma. In order to avoid unnecessary 
surgery (treatment of choice for nonfunctioning 
tumors), prolactin assays with serum dilution are 
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recommended in patients with macroadenomas who 
may harbor a prolactinomas (19). Recent assays do 
not present hook effect at  PRL concentrations as  high 
as 295,000 mIU/L (around 14,750 ng/mL) (20). 
 
Another condition that interferes in the parallelism of 
serum PRL concentrations and prolactinoma 
dimensions is cystic prolactinomas, defined if 45% of 
lesion is the predominantly cystic sellar lesions (>50% 
of the volume being cystic) (21). In these lesions, 
serum prolactin levels are lower, but usually greater 
than 94 ng/mL. Differential diagnosis is important to 
determine the correct therapeutic intervention and 
includes Rathke’s cleft cysts, non-prolactin secreting 
cystic adenomas, craniopharyngiomas, and arachnoid 
cysts (22).  
 
Another laboratory pitfall concerns the presence of 
high serum prolactin levels in subjects with few or no 
symptoms related to prolactin excess. Human 
prolactin circulates as monomeric prolactin and as 
larger forms, which are indistinguishable by routine 
assays. Monomeric prolactin is the most common 
form, but serum prolactin can be elevated due to the 
presence of aggregates with low biological activity, 
such as big-big prolactin, leading to so-called 
macroprolactinemia. The presence of molecular 
aggregates with low biological activity, macroprolactin, 
should be suspected when high serum prolactin levels 
are detected in patients without or with few signs and 
symptoms related to hyperprolactinemia. Precipitation 
with polyethylene glycol (PEG) is an excellent 
screening method. Chromatography confirms the 
presence of macroprolactin but is an expensive and 
time-consuming method; it is performed only when 
PEG precipitation results are inconclusive. 
Macroprolactinemia is a common finding, some 
reporting it as frequently as 8 to 42% of all cases; other 
centers find that it is extremely rare. Big-big prolactin 
biological activity is still controversial in the literature 
(23). Studies in vitro with rat Nb2 cell bioassays show 
either the presence or the absence of biological 
activity. A recent study using a human prolactin 
receptor-mediated assay compared with rat Nb2 cell 

assay showed that the activity displayed by 
macroprolactin toward the rat receptor may be 
inappropriate because it is not observed in the human 
prolactin receptor-mediated assay, consistent with the 
apparent absence of bioactivity in vivo (24). Most 
patients with macroprolactinemia do not manifest 
clinical features related to hyperprolactinemia, and do 
not need any treatment. Therefore, in order to avoid 
unnecessary medical or even surgical procedures, 
macroprolactin screening is important to consider 
when clinical features and serum prolactin assay 
results are not consonant with one another. Moreover, 
standardization of monomeric prolactin levels after 
PEG precipitation is crucial to evaluate conditions that 
could be associated with macroprolactinemia, as 
prolactinomas. Therefore, monomeric prolactin levels 
point to real hyperprolactinemia, even in the presence 
of macroprolactinemia (25).  
 
Enlargement of the pituitary fossa on a skull X-ray may 
represent the expansion of the fossa by the 
macroadenoma, but care should be exercised to 
exclude the possibility of cisternal herniation (a 
partially empty fossa) as a cause for the enlargement. 
CT and MRI scans are useful and will also 
demonstrate any hypothalamic-pituitary pathologies, 
including solid and cystic lesions (26).    
 
CHANGES IN THE BREAST DUE TO PROLACTIN 
 
A woman with amenorrhea due to hyperprolactinemia 
does not develop the breast atrophy seen in 
postmenopausal women or women with amenorrhea 
who are gonadotropin-deficient or have primary 
ovarian failure. On examination, the breast and areola 
are well developed and the Montgomery tubercles are 
hyperplastic. If the breast is correctly examined, first 
by expressing it from the periphery towards the areola 
to empty milk ducts, followed by squeezing and lifting 
the areola (rather than the nipple itself) to empty the 
milk sinuses, galactorrhea can usually be found. 
 
In patients with extremely high prolactin levels and 
hypogonadism, galactorrhea may not be found, as 
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minimum estrogen levels are necessary for this 
physical sign to occur. In male patients with 
hyperprolactinemia, there is usually no gynecomastia, 
but milk may be expressed from an entirely normal-
sized male breast. The incidence of galactorrhea in 
men with hyperprolactinemia is low, less than 30% 
(i.e., it is much less common than in women). 
Nevertheless, the presence of galactorrhea in a man 
with a pituitary mass is an important clinical clue to the 
presence of hyperprolactinemia and possible 
prolactinomas (3). 
 
HYPERPROLACTINEMIC HYPOGONADISM  
 
The pathogenesis of the hypogonadal state in 
hyperprolactinemia is poorly understood. Results from 
an animal model study suggest that 
hyperprolactinemia inhibits gonadotropin-releasing 
hormone (GnRH) pulsatility by reducing kisspeptin 
input, considered the major controlling point of 
reproduction (27).  Moreover, kisspeptin 
administration restored hypothalamic-pituitary-ovarian 
in two hyperprolactinemic women (28).  
 
In men, testosterone levels are usually low but can 
occasionally be normal, while in women, a 
hypoestrogenic state may occur, with loss of ovulation. 
The clinical features in hyperprolactinemic women, 
however, differ from those in the postmenopausal 
state since breast atrophy is absent and gonadotropin 
levels are not elevated. 
 
Suppression of Gonadal Function in 
Hyperprolactinemia 
 
In addition to GnRH inhibition, via kisspeptin,  
suppression of gonadotropin secretion through 
inhibition of positive estrogen feedback on luteinizing 
hormone (LH) secretion in women (29), an increase in 
adrenal androgen secretion (30), and  blockade of the 
effects of gonadotropins at the gonadal level 
contribute to suppression of gonadal function in 
hyperprolactinemia (31,32) . Reduction in the normal 
LH pulsatility, essential for normal gonadal function, 

also occurs. Prolactin may interfere with LH and FSH 
action at the gonad, blocking progesterone synthesis, 
and may stimulate adrenal androgen secretion (29-
32). 
 
IMAGING OF THE PITUITARY  
 
The anatomy of the pituitary is optimally assessed by 
contrast-enhanced MRI. MRI allows imaging of the 
optic chiasm, the cavernous sinuses, the pituitary 
(both the normal gland and tumors), and its stalk. In 
addition, aneurysms of the carotid are immediately 
obvious. Thus, MRI allows accurate measurement of 
the size of the pituitary and of any tumor and its 
relationship to the optic chiasm and cavernous 
sinuses. Cisternal herniation is also readily seen. If 
MRI is not available, CT scanning is also helpful but 
the resolution is less good and it is less satisfactory for 
delineating the relationship of the diaphragm sellae 
with the optic chiasm. There is little place for routine 
skull X-ray other than for delineating bony structures 
(26). For additional information see the chapter on the 
radiology of the pituitary. 
 
TREATMENT OF HYPERPROLACTINEMIA 
 
Therapeutic strategy must consider several aspects, 
such as the patient’s clinical presentation, the 
differences between microadenomas and 
macroadenomas concerning their natural history, the 
desire for pregnancy, and the patient’s treatment 
preference, if applicable. Medical treatment with 
dopamine agonist (DA) drugs is currently the gold 
standard approach both for microprolactinomas and 
macroprolactinomas. Pituitary surgery, usually by the 
transsphenoidal approach is generally reserved for 
prolactinomas resistant to DA drugs. For 
microadenomas, the results in the hands of most 
experienced surgeons are similar, with about 80% 
having serum prolactin normalization. However, 
approximately 25% develop recurrence of 
hyperprolactinemia by five years after surgery even 
with the most experienced transsphenoidal surgeons. 
Surgical results in macroprolactinomas are much 
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poorer, mainly in big and/or invasive tumors. 
Radiotherapy for prolactinomas generally brings poor 
results, especially regarding normoprolactinemia 
restoration, and is currently reserved only for 
macroadenomas refractory both to medical and 
surgical treatment (3). 
 
Dopamine Agonist Drug Therapy 
 
The first DA ergot compound to be used in clinical 
practice was bromocriptine, a peptide ergot. It was 
introduced in the early 1970s in Europe and thus there 
is more than 40 years of experience of the use of such 
compounds in the treatment of hyperprolactinemia. 

Bromocriptine has the advantage of having a long 
duration of action compared to dopamine itself or oral 
compounds such a levo-dopa (33). 
 
Bromocriptine has a similar mode of action to 
dopamine in stimulating dopamine receptors on the 
prolactin-secreting pituitary cells – D2 receptors. 
Stimulation of these receptors leads to inhibition of 
both prolactin secretion and synthesis. Figure 1 
illustrates a successful case of prolactinoma treatment 
with bromocriptine. Subsequently a variety of other 
compounds have been developed which are useful 
additions. These include quinagolide and cabergoline 
(3). 

 

 
Figure 1. A 34-year-old patient with amenorrhea and hyperprolactinemia (PRL 1630 ng/ml) had a sella CT 
imaging depicting a pituitary mass on the left (A). Bromocriptine was introduced and after 30 days on 
7.5 mg a day, PRL dropped to 32 ng/mL with menses restoration. A repeat CT demonstrated a decrease 
in tumor size (B). 
 
Cabergoline has an extremely long biological half-life 
and thus, generally only needs to be administered 
either once or twice per week, with a weekly dose of 
0.5 to 2.0 mg. Doses higher than 2 mg per week may 
be used in refractory cases. In addition to its long 

biological half-life, cabergoline is generally better 
tolerated than bromocriptine, increasing the patient’s 
adherence. Therefore, cabergoline is currently 
considered the first-choice drug for the treatment of 
prolactinomas, except for patients wishing pregnancy 
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in the short-term (see below). In a study comparing 
bromocriptine (2.5 to 5.0 mg twice daily) to 
cabergoline (0.5 to 1.0 mg twice weekly) in 459 
hyperprolactinemic women with amenorrhea, stable 
normoprolactinemia was achieved in 83% of patients 
on cabergoline and in 59% patients on bromocriptine. 
Ovulatory cycles or pregnancy occurred in 72% of 
cases on cabergoline and in 52% of cases on 
bromocriptine. Drug withdrawal due to adverse effects 

was reported in 3% of patients on cabergoline and in 
12% of patients on bromocriptine. Regarding tumor 
size, a decrease in at least 50% was obtained in 64% 
of patients on bromocriptine and in 93% of patients on 
cabergoline (as demonstrated in Figure 2). This 
important beneficial effect of DA treatment can rapidly 
relieve mass effects symptoms such as visual 
impairment, without the need of surgical 
decompression (34). 

 

 
Figure 2. A 32 yrs-old female patient with hyperprolactinemia (PRL 80 ng/mL), irregular menses and 
galactorrhea had a sellar MR showing a pituitary lesion of 0.8 cm on maximal diameter (A). After 
cabergoline introduction (0.5 mg/week), PRL levels normalized, paralleled with menses restoration and 
remission of galactorrhea. Tumoral dimensions reduction are shown: tumoral maximal diameter of 0.6 
cm after two years of treatment (B) and no lesion visualization after seven years on cabergoline (C). 
 
Surgical therapy of large prolactin-secreting pituitary 
tumors is unsatisfactory since it is capable of 
normalizing serum prolactin levels or gonadal function 
in fewer than 20% of patients, particularly those with 
high prolactin levels, so the problem should be solved 
by another therapeutic approach. 
 
SIDE EFFECTS 
 
Side effects of DA therapy usually occur at the start of 
treatment and frequently disappear with continued 
therapy. If treatment is started with full doses or 
increased too quickly, dizziness, nausea, and postural 
hypotension may occur. To avoid such effects, DA 
must always be taken during a meal. Administration 
should be started at night, with a snack, when the 
patient retires to bed. Doses can be gradually 
increased afterwards. 

 
Cabergoline and pergolide were associated with a 
higher risk of cardiac valvopathy in patients with 
Parkinson´s disease. These DA also have an agonist 
effect on serotonin receptor 5HT2B, present in 
fibroblast of cardiac valves and chordae tendineae. 
Fibroblast’s proliferation occurs after this receptor 
activation, leading to valve insufficiency, especially of 
tricuspid and pulmonary valves. This proposed 
mechanism was already described in carcinoid 
syndrome. Nevertheless, mean cabergoline dose for 
Parkinson patients is 3 mg a day, much higher than 
the usual dose for hyperprolactinemia.  Stiles et al in 
2018 published a meta-analysis including 836 
cabergoline-treated hyperprolactinemic patients and 
1388 healthy controls from 13 published studies and 
there was an increase in tricuspid regurgitation of any 
degree (35). Although moderate and severe tricuspid 
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regurgitation was heavily influenced by data from one 
center (36), data from this meta-analysis could not rule 
out an effect on cardiac valvular dysfunction of 
cabergoline used at “endocrine” dosages to treat 
hyperprolactinemia. British Society of 
Echocardiography, the British Heart Valve Society and 
the Society for Endocrinology recommend that a 
standard transthoracic echocardiogram should be 
performed before a patient starts DA therapy for 
hyperprolactinemia, repeating this exam at 5 years 
after starting cabergoline in patients taking a total 
weekly dose less than or equal to 2 mg, or annually if 
the dose is greater than 2 mg a week(37).  
 
Quinagolide is the only non-ergot derived DA and is 
only available in Europe, while pergolide has now 
been withdrawn.  
 
Recently, impulse control disorders (ICD) have been 
associated with DA treatment, due to the dopamine 
receptor type 3. There are some case reports of 
patients harboring prolactinomas who presented ICD 
during DA treatment, with different doses and length 
of time and an active approach to screen psychiatry 
disorders before and during DA treatment is 
recommended (38). In five series of cases, summing 
up 543 patients with prolactinoma, ICD frequency 
varied from 8 to 61%, with hypersexuality being the 
most common ICD and associated with male gender 
(39).  DA withdrawal led to an improvement of 
psychiatric symptoms. Patients must be evaluated by 
psychiatry and DA treatment should be reevaluated on 
an individualized basis (40).  
 
CAN A DOPAMINE AGONIST DRUG BE 
WITHDRAWN WITHOUT RECURRENCE?      
 
One of the drawbacks of medical treatment of 
prolactinomas is the need for long-term therapy in the 
majority of the cases. As a matter of fact, treatment 
with bromocriptine and other DA drugs generally is 
considered as “symptomatic”, since DA 
discontinuation often leads to recurrence of 

hyperprolactinemia and to tumor regrowth in most 
patients at least after short-term use. 
 
Nevertheless, remission and normoprolactinemia after 
DA withdrawal can occur, especially after long-term 
treatment. Concerning long-term therapy with 
bromocriptine, a  retrospective study showed that 
25.8% of 62 patients with microprolactinomas and 
15.9% of 69 patients with macroprolactinomas treated 
with bromocriptine for a median time of 47 months had 
persistent normoprolactinemic after a median time of 
44 months after drug withdrawal (41). Another study 
encompassed a large cohort of hyperprolactinemic 
patients on cabergoline. The drug was discontinued in 
patients who attained normoprolactinemia, with at 
least 50% of tumor reduction or disappearance on 
image, with at least 2 years of follow-up after 
cabergoline withdrawal. Serum prolactin remained 
normal in 76%, 70% and 64% of patients with 
“idiopathic” hyperprolactinemia, microprolactinomas, 
and macroprolactinomas, respectively (42). This great 
discrepancy between results with bromocriptine and 
cabergoline was not confirmed by a meta-analysis, 
including 743 patients from nineteen studies: the 
pooled proportion of patients with remission was 21%. 
Stratifying those results, remission was obtained in 
32% for idiopathic hyperprolactinemia, 21% for micro, 
and 16% for macroprolactinomas. The probability of 
success was higher when DA treatment lasted at least 
two years. A trend of cabergoline superiority over 
bromocriptine was observed albeit with no statistical 
significance (43). Hu et al performed a meta-analysis 
about prolactinoma remission, including 637 patients 
(492 micro and 123 macroprolactinomas treated with 
CAB, and found the pooled proportion of patients with 
recurrence of 65 % in a random effects model. 
Patients who received the lowest CAB dose and 
presented a significant reduction in tumor size before 
withdrawal were more likely to achieve the best 
success (44). More recently, a third meta-analysis 
included 1106 patients, 727 harboring 
microprolactinoma and 306 macroprolactinoma, 
treated with BRC or CAB. The overall success rate 
after DA withdrawal reached 36.6% (95% CI 29.4–
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44.2%).  Better remission rate was related to CAB 
treatment, especially in patients with a duration of 
treatment longer than two years, to low-dose CAB 
maintenance, and to a significant reduction in tumor 
size before withdrawal. (45) 
 A second attempt to DA withdrawal was also 
described, with lower rates of success (46).  
 
Although the exact mechanism of prolactinomas 
remission is not completely understood, it could also 
be linked to the natural history of the disease. Periodic 
withdrawal of DA is recommended, especially in cases 
with normal serum PRL levels and tumor reduction. 
Prolactinoma remission is also described after 
pregnancy. It is suggested that estrogen-induced 
necrosis could lead to tumor size and PRL decrease 
after delivery (3).  
 
PROLACTINOMAS RESISTANT TO DOPAMINE 
AGONISTS  
 
About 15% of patients with prolactinomas are resistant 
to DA therapy. The main mechanism is reduction of 
D2R tumor expression (47,48), although D2R 
polymorphism (49,50) and filamin A (51) low 
expression could also be implied. If a patient has been 
responsive and then becomes unresponsive, a 

pituitary carcinoma should be ruled out. The approach 
to the resistant prolactinoma includes pituitary 
surgery, radiotherapy and drugs such as 
temozolomide (52) and pasireotide, which has been 
used in only a few reported cases (53). Pituitary 
surgery, usually by transsphenoidal approach, aims 
for complete tumor removal or at least a vast 
debulking, which may lead to serum prolactin 
normalization with DA reintroduction in partially 
resistant cases. Surgery is more effective in 
microadenomas and non-invasive macroadenomas. 
In a meta-analysis, a surgical remission rate of 74.7% 
in micro and 34% in macroadenomas was shown. 
Nevertheless, the recurrence rate was 18% and 23% 
in micro and macroadenomas, respectively, leading to 
an even lower long-term remission rate (54,55). 
Radiotherapy is indicated in aggressive cases not 
controlled by surgery or drugs (54,56). The alkylating 
agent temozolomide has efficacy in aggressive 
pituitary adenomas and carcinomas, mainly the 
prolactin secreting ones. Complete and partial 
response was obtained in 56% of 32 cases reviewed 
in the literature (52). Figure 3 illustrates sellar MR of a 
young man with an invasive/aggressive 
macroprolactinoma, resistant do dopamine agonist, 
multiple surgeries and radiotherapy. 
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Figure 3. 26 yrs-old man complaining of visual disturbance was submitted to a sellar MRI (A): sellar mass 
with 5 cm in the maximal diameter with supra, infra and left parasellar invasion. Serum PRL levels were 
above 1000 ng/mL. After one year on cabergoline, 0.5 mg/day, there was no tumor reduction and PRL 
levels were around 800 ng/mL. He was then submitted to transsphenoidal surgery and radiotherapy in 
another medical service. Sellar MRI (B) two months after the surgery showed a pituitary mass with 3.1 
cm in the maximal diameter. Despite chiasmal decompression, visual dysfunction was not reversed and, 
during his follow-up, anterior pituitary function was lost. PRL levels on cabergoline, 1.5 mg/week, were 
250 ng/ml. After two more years, sellar MRI depicted a lesion of 2.9 cm. in the maximal diameter (C). 
There was a progressive rise of PRL levels despite increased cabergoline doses (0.5 mg/d) and another 
sellar MRI (D), after two years, depicted a lesion of 3.1 cm in the maximal diameter. Another surgery was 
indicated. 
 
Fertility in Women 
 
The efficacy of hyperprolactinemia/prolactinoma´s 
treatment allow fertility and pregnancy in many 
women. There are, however, several important 
considerations that must be recognized by both the 
physician and patient. It includes tumor growth risk 
and possible teratogenic sequelae of fetal exposure to 
bromocriptine and other drugs (57). 
 
There is little doubt that patients with pituitary tumors 
run a small, but significant, risk of expansion of the 

tumor during pregnancy. It is very difficult, however, to 
assess the absolute risk. With microadenomas, which 
did not undergo previous surgery or radiotherapy, the 
incidence seems to be 2.5%. In patients with 
macroadenomas not operated on or irradiated, the 
incidence is higher, 18.1% (58,59). However, the risk 
of complications may be lower in women previously 
operated or irradiated. This risk is unrelated to 
bromocriptine therapy prior to pregnancy but may 
occur when fertility is induced with other drugs, 
including exogenous gonadotropins and clomiphene, 
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and even when no drug therapy has been employed 
in patients with pre-existing pituitary adenomas. 
 
In practice, the problem of pregnancy is not great, 
since the vast majority of women who present with 
hyperprolactinemia only have microadenomas. To 
avoid major problems, it is extremely important that 
patients undergo careful endocrine, neuroradiologic, 
and neuro-ophthalmologic evaluation prior to 
treatment. If there is no suprasellar extension, and if 
the patient harbors only a microadenoma, then the risk 
of clinically significant swelling of the pituitary is 
extremely small; it is therefore suggested that the 
patient be evaluated clinically in every trimester 
throughout pregnancy, with no routine serum prolactin 
assessment. If the patient has a macroadenoma and 
suprasellar extension, transsphenoidal 
decompression can be considered, mainly for 
resistant cases. However, in those patients with a 
good response to DA in terms of prolactin 
normalization and tumor shrinkage within sellar 
boundaries, at least one year before pregnancy, the 
drug can be withdrawn and reintroduced if tumor re-
growth is observed. If such an approach fails, pituitary 
surgery or premature delivery, if feasible, would be 
indicated. Additionally, in the case of tumor apoplexy, 
high-dose dexamethasone may improve clinical 
symptoms and also may reduce the chances of fetal 
respiratory distress if premature delivery is needed 
(2,59). 
 
In recent years, pregnancies have been described in 
patients using other DA such as quinagolide and 
cabergoline. Although there is no evidence of 
increased frequency of abortions or malformations in 
cabergoline-induced pregnancies, the drug’s long 
action, which persists up to three weeks after its 
withdrawal, associated with fewer (albeit increasing) 
data when compared to bromocriptine (around 1000 
versus over 6,000 pregnancies), limit the confidence 
that it can be used for patients who wish to conceive 
or its use during pregnancy. In the United States, 

bromocriptine is the only FDA approved drug for 
inducing pregnancy in hyperprolactinemic women. 
Cabergoline’s label does not recommend use during 
pregnancy. Nevertheless, experience of pregnancy 
induced by cabergoline is accumulating. Incidence of 
premature delivery, multiple births, and malformations 
is not different from women who used bromocriptine or 
from the general population (60). However, the issue 
of spontaneous abortion is still under debate (60,61). 
Quinagolide use was related to abortions and 
malformations (58). 
 
Fertility in Men 
 
Hyperprolactinemic men exhibit reduced quality of 
seminal fluid, including the total sperm count, the 
sperm kinetic index, and sperm nuclear DNA integrity. 
Cabergoline significantly increased those indexes, 
mainly after 12 months of treatment (62). 
 
Interestingly enough, it was shown that clomiphene 
citrate administration can increase testosterone levels 
in men, even when serum prolactin levels were 
elevated. Fertility restoration is an additional 
advantage of this approach, compared to testosterone 
replacement (63).  
 
Conclusion  
 
Dopamine-agonist therapy for hyperprolactinemia 
leads to a reversal of the hyperprolactinemic 
hypogonadal state without risk of the development of 
pituitary insufficiency, thus allowing pregnancy in 
former infertile patients. Dopamine-agonist therapy is 
effective not only in patients with microadenomas but 
also in the majority of patients with large prolactin-
secreting tumors in reducing tumor size. Moreover, 
emerging evidences point to the possibility of drug 
withdrawal after long-term treatment. Surgery, 
radiotherapy and antiblastic drugs, as temozolomide, 
should be reserved for resistant/aggressive cases. 
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