
Medical Versus Surgical
Management of Prolactinomas

Michael C. Oh, MD, PhD, Sandeep Kunwar, MD,
Lewis Blevins, MD, Manish K. Aghi, MD, PhD*
KEYWORDS

� Prolactinomas � Pituitary adenoma � Dopamine agonist � Bromocriptine � Cabergoline
� Transsphenoidal surgery

KEY POINTS

� Prolactinomas are the most common endocrine active adenomas, comprising 40% of pituitary
tumors.

� Prolactinomas present a unique challenge for clinicians given the relatively comparable efficacy of
medical management versus transsphenoidal surgery.

� A full endocrine laboratory panel should be obtained, especially for macroprolactinomas, as stalk
compression can cause hypopituitarism.

� Small, asymptomatic prolactinomas may be observed with close hormonal and radiographic moni-
toring, whereas symptomatic prolactinomas require treatment.

� Dopamine agonists have become the standard treatment for symptomatic prolactinomas, including
macroprolactinomas causing mass-effect symptoms such as visual loss.

� Although most patients with prolactinomas respond to medical therapy, 10% to 20% do not respond
to dopamine agonist therapy in terms of prolactin normalization, and may require surgery.

� Transsphenoidal surgery is recommended if (1) the tumor is cystic, (2) inadequate prolactin reduction
or tumor growth occurs despite high doses of dopamine agonists, (3) a female patient is planning
pregnancy, (4) there is intratumoral hemorrhage with mass effect or apoplexy, (5) the patient presents
with rapid visual loss or rapid visual loss occurs on dopamine agonist therapy, or (6) the patient opts
for surgical resection rather than medical management.
INTRODUCTION 700 times more prevalent (16.7%, or 1 out of 6
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Pituitary tumors represent 10% to 15% of primary
intracranial neoplasms,1 of which more than 90%
are benign pituitary adenomas with World Health
Organization grade I.1–3 Among endocrine active
adenomas (EAAs), prolactinomas are the most
common, comprising 40% of pituitary tumors.4,5

One study, for example, determined that among
46 pituitary macroadenomas found incidentally,
15% were prolactinomas based on laboratory
evaluation.6 Given that autopsy and imaging
studies suggest that pituitary tumors are up to
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people in the general population) than suggested
by registry studies,7,8 prolactinomas can be a large
component of practice for pituitary neurosurgeons
and neuroendocrinologists.

Prolactinomas present a unique challenge for
clinicians given the relatively comparable efficacy
of medical management versus transsphenoidal
surgery.9,10 In fact, currently prolactinomas are the
only brain tumors for which remission, defined as
biochemical and radiographic remission in anendo-
crine active tumor, can be achieved by medical
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therapy alone. After initial studies proving the effi-
cacy of dopamine agonists as medical therapy for
prolactinomas,11 these medications came to be
viewed by many as the first-line therapy for pro-
lactinomas. Over the years, however, several
indications have arisen for surgery to treat prolacti-
nomas. The surgical approach to prolactinomas is
typically via a transseptal transsphenoidal corridor
achieved through microscopic or endoscopic
exposure. This article reviews the recent advance-
ments in medical and surgical management of
prolactinomas.
CLINICAL FINDINGS OF PROLACTINOMAS
Symptoms Associated with Prolactinomas

Prolactinomas are the most common EAAs,
comprising 40% of pituitary tumors.4,5 Symptoms
associatedwith prolactinomas are due to 2 factors:
(1) the endocrine effects of prolactin oversecretion
and (2) the mass effect on the surrounding struc-
tures. Endocrine symptoms include decreased
libido, galactorrhea, gynecomastia, amenorrhea
in females, and infertility. Because amenorrhea is
readily detected in women and decreased libido
is often not reported by men, women more often
present with microprolactinomas whereas men
often present with macroprolactinomas. The prev-
alence of prolactinomas is generally higher is
women as well,12,13 possibly because endocrine
symptoms are more easily detected in women
than in men. Asymptomatic microprolactinomas
grow slowly in general and may not require treat-
ment, as only 9 of 139 (7%) women in 6 studies
with microprolactinomas had tumor growth during
untreated follow-up averaging 8 years.4

Patients with large macroprolactinomas, how-
ever, may present with symptoms of mass effect,
including bitemporal hemianopsia caused by
suprasellar extension with compression of the
optic chiasm (Fig. 1), headache potentially at-
tributable to stretching of the nearby dura or
diaphragm sella, hypopituitarism caused by
compression of portal vessels, the pituitary stalk,
or the pituitary gland, and cranial neuropathies re-
sulting from parasellar extension with cavernous
sinus invasion. Hypopituitarism, most often mani-
festing as hypogonadism, may be present in
43% of patients with macroadenomas.14 Though
acutely reversible, prolonged compression of the
optic chiasm can lead to optic-nerve atrophy,
permanent visual-field deficits, and decreased
visual acuity. Cranial neuropathies may include
ptosis, ophthalmoplegia, and diplopia from
compression of the cranial nerves III, VI, and IV,
in the order of frequency.15
Radiological Findings

The radiographic features of prolactinomas are
identical to those of other pituitary adenomas,
and are best detected on gadolinium-enhanced
magnetic resonance imaging (MRI). Prolactino-
mas may be isointense or slightly hypointense
compared with the pituitary gland on T1-weighted
images. While pituitary adenomas such as prolac-
tinomas enhance with gadolinium on T1-weighted
images, their enhancement is typically less than
that of the pituitary gland or the stalk (Fig. 2). A
convex outline along the pituitary glandor deviation
of thepituitary stalk away from the adenomamayor
may not be present.

Diagnostic Investigations

A full endocrine laboratory panel should be ob-
tained, especially for macroprolactinomas, as stalk
compression can cause hypopituitarism. For
example, large nonfunctioning pituitary adenomas
(NFPAs) may mimic the clinical picture of macro-
prolactinomas by the stalk effect, whereby com-
pressing the portal vessels can inhibit delivery of
dopamine from the hypothalamus to pituitary lacto-
trophs.12 Dopamine inhibits prolactin release from
the pituitary gland and, thus, the stalk effect can
lead to excessive release of prolactin, causing
large NFPAs to sometimes present with laboratory
hyperprolactinemia that is sometimes clinically
symptomatic.
In general, the degree of prolactin elevation

correlates with tumor size. Most patients with
prolactin greater than 150 mg/L have prolactino-
mas, whereas macroprolactinomas can have
levels well above 250 mg/L. In some giant prolacti-
nomas, prolactin levels may be extremely high,
saturating the immunoradiometric assays and
leading to falsely low levels. Performing assays
with diluted serum samples can prevent this
“hook effect.”

Differential Diagnosis

The differential diagnosis in a patient with elevated
serumprolactin and a pituitary tumor onMRI is pro-
lactinoma versus NFPA with stalk effect. Although
serum prolactin may improve or normalize in
stalk-effect patients treated medically, the associ-
ated NFPA will usually not regress and the associ-
atedmass effectwill not improve in theway itwould
with a prolactinoma treated medically. There is
a linear correlation between adenoma size and
a serum prolactin below which the stalk effect
should be suspected and above which prolactino-
ma should be suspected,16 but this correlation
is not perfect, particularly with cystic adenomas



Fig. 1. A 38-year-old woman presenting with amenorrhea. Laboratory workup revealed elevated prolactin at 85
ng/mL, suggesting that the tumor was a cystic microprolactinoma rather than a cystic nonfunctioning pituitary
adenoma with stalk effect. Gadolinium-enhanced T1-weighted images (A, B) confirmed a cystic lesion with supra-
sellar extension and compression of the optic chiasm (arrows). Although with bromocriptine her prolactin level
normalized to 14.1 ng/mL, the tumor size did not respond to medical treatment. Normalization of serum
prolactin to medical treatment suggested that this lesion is indeed a prolactinoma. She underwent transsphenoi-
dal resection of the tumor with decompression of the cystic component (C, D), which resulted in decompression
of the optic chiasm (arrows). Surgical pathology confirmed the lesion as prolactinoma.
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(see Fig. 1). Other different diagnoses include other
EAAs (adenomas releasing adrenocorticotropin or
growth hormones and, rarely, gonadotropins
or thyroid-stimulating hormones), hypophysitis,
Rathke cleft cyst, craniopharyngioma, menin-
gioma, and metastases.
MANAGEMENT OF PROLACTINOMAS

With increasing prevalence of pituitary incidentalo-
mas frommore frequent imaging for other reasons,
such as headaches, trauma, and vertigo, studies
delineating the natural progression history of
microprolactinomas will become more important
for management stratification. The evidence to
date suggests that asymptomatic microprolactino-
mas grow slowly and may not warrant treat-
ment. Only 9 of 139 (7%) women in 6 studies with
microprolactinomas had tumor growth during
untreated follow-up averaging 8 years.4 In another
study observing 30 women with hyperprolactine-
mia for an average of 5.2 years, one-third (10 of
30) of patients had a decrease in prolactin levels
during the observation period.17 Thus, small,
asymptomatic prolactinomas may be observed
with close hormonal and radiographic monitoring,
whereas symptomatic prolactinomas require
treatment.

Dopamine Agonist Therapy

Prolactinomas are tumors of lactotrophs, whose
production of prolactin is normally inhibited by
dopamine from the hypothalamus and enhanced
by estrogen. Understanding the regulation of lacto-
trophs by dopamine has led to the development of
drugs to treat prolactinomas. Prolactinoma cells



Fig. 2. A 29 year-old woman presenting with galactorrhea, found to have a microadenoma on MRI. Despite
medical treatment, the tumor size increased. (A, B) Gadolinium-enhanced T1-weighted images show a 7-mm
enhancing lesion (arrows). She underwent transsphenoidal resection with complete removal of the lesion (C,
D), with normalization of prolactin levels by way of dopamine agonists.
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express dopamine D2 receptors which, when acti-
vated, cause cell death, decrease cellular metabo-
lism, and decrease prolactin gene synthesis,
thereby inhibiting prolactin production and secre-
tion. Furthermore, prolactinoma cell size
decreases as well as a result of decreased cyto-
plasmic, nuclear, and nucleolar areas, with in-
volution of endoplasmic reticulum and Golgi
complex,18,19 which may be responsible for reduc-
tion in tumor size in response to dopamine ago-
nists. Thus, dopamine agonists have been used
to treat prolactinomas with great success over
the last 4 decades.
Indeed, over the last 25 years dopamine agonists

havebecome the standard treatment for symptom-
atic prolactinomas, including macroprolactinomas
causingmass-effect symptomssuchas visual loss.
In 1985, a prospectivemulticenter trial showed that
the dopamine agonist bromocriptine, an ergoline
derivative that activates dopamine D1 and D2
receptors, normalized prolactin levels in 18 of 27
patients.11 Tumors decreased in size as early as 6
weeks after administration. Tumor size decreased
by more than 50% in 13 patients (46%), 50% in 5
patients (18%), and 10% to 25% in 9 patients
(36%).11 Of note, visual fields improved in 9 of 10
patients who had deficits, confirming that medical
treatment can treat tumor mass effect as well.
These results with medical therapy resemble those
achieved with surgery,9,10 and a meta-analysis of
34 series showed that 73.7% of microadenomas
and 32.4% of macroadenomas had normal
prolactin levels 1 to 12 weeks following surgery.20

Although a randomized trial directly comparing
medical with surgical treatment has not been per-
formed, based on the results of these studies
demonstrating comparable efficacy of surgery
versus medical therapy, dopamine agonist therapy
has replaced surgery as the first-line therapy for
prolactinomas, including macroprolactinomas
with symptomatic mass effect (Fig. 3).
Another dopamine agonist that has recently

supplanted bromocriptine is cabergoline, a more
potent and longer-acting dopamine D2 receptor
agonist than bromocriptine. Cabergoline only
requires once- or twice-weekly oral administra-
tion, and has a very low side-effect profile. A direct
comparison of cabergoline with bromocriptine in
a randomized multicenter trial involving 459
women showed that cabergoline is more effective
and better tolerated than bromocriptine.21 Normal
prolactin levels were achieved in 59% of women
treated with bromocriptine, whereas cabergoline
restored normal prolactin in 83%.21 Amenorrhea



Fig. 3. A 30-year-old man presenting with left ocular headaches and decreased libido. Further workup revealed
elevated prolactin well above 1000 ng/mL with a 3-cm macroprolactinoma on MRI. He was started on cabergoline
with a consequent 50% reduction in tumor size. Gadolinium-enhanced T1-weighted images showed invasion into
the left cavernous sinus (A, arrow), and a partially empty sella with slight downward herniation of the optic
chiasm (B, arrow). He remained stable on medical treatment until he presented with spontaneous cerebrospinal
fluid rhinorrhea. He underwent transsphenoidal tumor resection with septal repair for the rhinorrhea (C, D). He
improved symptomatically but his prolactin level remained elevated, at 130 ng/mL.
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persisted in 7% of women taking cabergoline
versus 16% for bromocriptine, and 3% stopped
cabergoline because of drug intolerance versus
12% for bromocriptine.21 These findings were
confirmed by another multicenter, randomized
double-blind study involving 120 women, in which
prolactin normalization occurred in 93% of
patients taking cabergoline and 48% of patients
taking bromocriptine.22 As a consequence of
these 2 randomized trials, cabergoline has re-
placed bromocriptine as the dopamine agonist of
choice for prolactinomas, with surgery reserved
for prolactinomas resistant to medical therapy.

Furthermore, a recent prospective study
showed that higher cabergoline doses can restore
prolactin to normal levels irrespective of previous
treatment with other dopamine agonists.23 Even
patients previously resistant to other dopamine
agonists responded to cabergoline, with 35% of
patients in remission within a year.23 Cabergoline
is also more effective than bromocriptine in its
ability to be withdrawn without prolactin elevation
after prolactin has normalized, the ultimate goal
with medically managed prolactinomas. Although
no randomized comparison has been done,
numerous series have reported 0% to 44% rates
of maintaining normal prolactin 2 to 48 months
after bromocriptine withdrawal, compared with
10% to 69% rates of maintaining normal prolactin
3 to 60 months after cabergoline withdrawal.24

Other dopamine agonists with clinical benefit
exist, such as pergolide mesylate and quinagolide
(CV 205-502). Neither of these drugs is available in
the United States, however, and pergolide was
voluntarily removed from the US market in 2007
because of concerns over increased incidence of
serious restrictive cardiac valvular disease with
high doses of pergolide used in patients with Par-
kinson disease.25
Prognosis

Overall, approximately 80% to 90% of patients
with microprolactinomas and 70% of patients
with macroprolactinomas can achieve normalized
prolactin level, reduced tumor size, and restoration
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of gonadal function with bromocriptine.26 Results
are even better with cabergoline, with 95% and
80% of patients normalizing prolactin levels in
microprolactinomas and macroprolactinomas,
respectively.26 Tumor volume can decrease
dramatically, even in macroprolactinomas, with
rapid improvements in headache and visual field,
with complete tumor shrinkage with cabergoline
in about one-third of patients with macroprolacti-
nomas.24 Thus the short-term and long-term prog-
nosis for prolactinoma patients is good when
managed with medial therapy alone.
Dopamine Agonist–Resistant Prolactinomas

Although most patients with prolactinomas
respond to medical therapy, data suggest that
10% to 20% do not respond to dopamine agonist
therapy in terms of prolactin normalization, or are
intolerant of the medication owing to nausea and
postural hypotension.27–29 Moreover, an even
higher percentage of patients do not respond to
dopamine agonists through reduction in tumor
size. Although no clear consensus exists, dopa-
mine agonist–resistant prolactinomas (DARPs)
have been defined as prolactinomas that fail to
normalize prolactin levels despite greater than 15
mg of daily bromocriptine for at least a 3-month
period,30–32 while cabergoline resistance is
present when prolactin levels fail to normalize
despite greater than 1.5 to 2.0 mg of weekly caber-
goline.33,34 The exact definition for dopamine
agonist resistance has been difficult to establish,
as it is unclear which criteria, such as prolactin
level normalization, tumor volume reduction, or re-
establishment of hormonal function without
complete normalization of prolactin level (ie, rees-
tablishment of menses or pregnancy in women),
should be used. Nonetheless, DARPs make up
a considerable portion of prolactinomas, with
different clinical behavior and management.
Although they are more commonly macropro-

lactinomas,33 DARPs can be microprolactinomas
as well. DARPs also do not metastasize and are
not associated with pituitary carcinomas. Thus
DARPs are benign pituitary tumors with distinct
biochemical and cellular makeup that favor
a larger, more invasive, and more proliferative
tumor in comparison with dopamine-responsive
prolactinomas.29

The main therapy for DARPs after failing initial
dopamine agonist therapy consists ofmore intense
medical therapies. First, the dose of current dopa-
mine agonist being usedmay be increased, as long
as there is a response shown in prolactin level to
higher doses of dopamine agonist. Moreover,
patients currently unresponsive to bromocriptine
may respond to cabergoline. Prolactin normalized
in 95% of patients previously untreated or intol-
erant to bromocriptine with cabergoline at 6
months, while 58% of patients previously resistant
to cabergoline at a lower dose responded at higher
doses of cabergoline.23 More importantly, by 12
months of treatment nearly all of the patients
(99.3%) in the group resistant to bromocriptine re-
sponded to high doses of cabergoline, although
a much higher dose of cabergoline was required
compared with other groups (mean cabergoline
dose of 2 mg/wk in previously untreated; 0.9 mg/
wk in intolerant to bromocriptine; and 5.2 mg/wk
in bromocriptine-resistant groups).23Most patients
(83%), however, are managed sufficiently with low
doses of cabergoline (0.5–1.5 mg/wk).33 About
11% of remaining patients achieved normal
prolactin levels with higher doses of cabergoline
(up to 7 mg/wk, but most by 3.5 mg/wk) while the
remaining 6% remained resistant to cabergoline.33

Thus, overall most patients (94%) can be
controlled with cabergoline doses of less than 3.5
mg per week. For the remaining 6% who are resis-
tant to high doses of dopamine agonists, surgery
and radiation therapy are available. Alternative
medical therapies, mainly using temozolomide,
an alkylating agent used in glioblastoma multi-
forme, have been reported in a small number of
case studies.35–37
SURGICAL TREATMENT OF PROLACTINOMAS

Transsphenoidal surgery is recommended for pro-
lactinomas if (1) the tumor is cystic, as cysts will
not shrink with dopamine agonist therapy (see
Fig. 1); (2) inadequate prolactin reduction or tumor
growth occurs despite high doses of dopamine
agonist (DARPs); (3) a female patient is planning
pregnancy, which may be difficult to achieve on
dopamine agonists; (4) there is intratumoral
hemorrhage with mass effect or apoplexy,38 which
will not resolve with dopamine agonist therapy; (5)
the patient presents with rapid visual loss or rapid
visual loss occurs on dopamine agonist therapy; or
(6) the patient opts for surgical resection rather
than medical management after discussion of
risks, benefits, and alternatives to both treatments
with a neurosurgeon and endocrinologist. Even in
the absence of these conditions, a patient with
a newly diagnosed prolactinoma should be made
aware that surgery and medicine are two treat-
ment alternatives, and should understand the risks
and benefits of each before committing to an initial
treatment choice. The goal of surgical resection of
prolactinomas is to completely remove all surgi-
cally accessible portions of the tumor.
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A retrospective study evaluated surgical out-
comes of patients who required surgery because
of intolerance to dopamine agonist therapy or
because patients had DARPs.39 Among patients
who were intolerant to dopamine agonist therapy,
67% had normalization of prolactin levels following
surgery, whereas only 36% of patients with DARPs
achieved prolactin normalization after surgery. This
result is likely due to the fact that more macropro-
lactinomas were present in the groups with DARPs
(74%). In fact, patients with microprolactinomas
had good outcomes following surgery, as 84% of
patients with microprolactinomas achieved normal
prolactin levels following surgery. This finding is
corroborated by other studies that achieved 73%
to 90% remission rates following transsphenoidal
surgery for microprolactinomas.40–42

Another debate concerns whether prolactino-
mas causing intractable headaches should be
considered for surgical resection. Headache is
present in 33% to 72% of patients with pituitary
tumor14,43,44 and 48% of patients with primary
and metastatic brain tumor,45 similar to the 47%
prevalence of headache in the general popula-
tion.46 A retrospective study reviewed 41 pa-
tients with pituitary microadenomas to determine
whether headache improved following transsphe-
noidal surgery.47 This study showed that 85% of
patients had headache improvement while 58%
had complete resolution. EAA patients had similar
improvement in headache. Given the relatively low
morbidity of transsphenoidal surgery and the
potential to improve headache, surgery may be
appropriate for microprolactinoma patients with
intractable headaches.
Microscopic Versus Endoscopic Approaches

For the past few decades, surgery for pituitary
tumors involved using a microscope with an endo-
nasal speculum via a transseptal transsphenoidal
approach with fluoroscopy or neuronavigation
used for intraoperative localization, although trans-
cranial approaches were used in 10% of cases for
large pituitary tumors with significant extrasellar
components.48 Over the last decade endoscopic
pituitary surgery has gained popularity, based on
proposed advantages over microscope-based
surgery, including angled scopes improving visual-
ization and resection of tumor in the suprasellar,
infrasellar, and parasellar (lateral to the sella)
spaces.49 For example, a 36-patient series re-
ported a 72% gross total resection rate of pituitary
tumors invading the cavernous sinus using the
endoscopic approach.49 The endoscopic app-
roach has also been reported to offer better preser-
vation of sinonasal function, reduced length of stay
in hospital, decreased pain postoperatively, less
blood loss, and less lumbar drain usage.50 The
microscope, however, allows a 3-dimensional
view of the surgical field, whereas an endoscope
with a monitor may provide inferior resolution.
Furthermore, postoperative pain, complications,
blood loss, and length of hospital stay are already
quite low with the microscopic-based surgery.50

Arguments for or against the endoscopic versus
microscope-based approaches have not been
tested by randomized studies. A meta-analysis of
9 studies showed that pituitary tumors can be
removed endoscopically, with good short-term
outcomes and low complication rates.51 Complete
tumor removal was achieved in 78%, with 81% to
84% remission rates for EAAs. Visual-field deficits
improved in 62% to 100% of patients with deficits.
A retrospective cohort study found that endo-
scopic and microscopic pituitary tumor resection
produced similar operative results and complica-
tion rates.50 Thus, endoscopy may allow an expe-
rienced neurosurgeon to completely resect tumors
invading the cavernous sinus that were previously
incompletely resectable, but for noninvasive ade-
nomas. For now the choice between endoscopic
and microscope-based surgery falls on surgeon
preference, institutional experience, and available
resources. It is hoped that long-term studies in
the future with a large sample size will compare
endoscopic with microscope-based pituitary
surgery, and will allow an informed choice
between the two methods while accounting for
patient-specific and tumor-specific factors.
RADIATION TREATMENT OF
PROLACTINOMAS

Radiation, in the form of either fractionated radia-
tion therapy delivered in multiple treatments or
stereotactic radiosurgery given in single or few
treatments, is rarely used for prolactinomas, given
the efficacies of medical and surgical treatments.
Moreover, given the high incidence of significant
side effects, including hypopituitarism from
damage to the stalk, increased risk of strokes and
secondary brain tumors, and damage to the optic
nerve,12 radiation therapy or radiosurgery are
usually reserved for recurrences following surgery
or medical treatment, or if a patient is a poor
surgical candidate because of other medical co-
morbidities. Radiation therapy or radiosurgery
may be an option for malignant pituitary carci-
nomas12 or DARPs that have failed to respond to
higher doses of multiple dopamine agonists.

Previous studies have shown that fractionated
stereotactic radiotherapy (FSRT) and Gamma
Knife stereotactic radiosurgery (SRS) are both
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effective means to control recurrent pituitary
adenomas, including prolactinomas, after surgery
or medical treatment.52 Tumor control rates with
FSRT for pituitary adenomas can be as high as
95%, but with 1% to 3% risk of damage to the
optic nerve and 50% to 100% risk of hypopituita-
rism.52–54 In comparison, the risk of hypopituita-
rism seems to be lower with SRS than with
FSRT, ranging from 0% to 36%,55 whereas the
risk of visual deficits may be slightly higher with
SRS.56 With SRS, radiographic prolactinoma
control rate, in one study, was 100%, whereas
biochemical remission defined by a prolactin level
of less than 13 ng/mL in men and less than 27 ng/
mL in women was 64%.57 Although the definition
of biochemical remission varies, previous studies
have reported 13% to 83% remission rates for
patients with prolactinomas who were intolerant
or unresponsive to dopamine agonist therapy
following SRS.38,57 Thus, SRS is considered the
first-line radiotherapy for pituitary adenomas
when both surgery and medical therapies fail.
FSRT is considered for large tumors (>3.5 cm) or
for tumors less than 5 mm from the optic chiasm.52
SUMMARY

Prolactinomas are unique, being the only brain
tumor for which remission can typically be
achieved throughmedical management. However,
surgery has a clear role in the management of pro-
lactinomas, and patients are ultimately best
served when neurosurgeons and neuroendocrinol-
ogists work together to inform patients of risks and
benefits, allowing patients to make personalized
choices in their health care. Further research is
also needed to improve current management for
the rare subset of prolactinomas resistant to dopa-
mine agonists.
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