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Prior to conception, a pituitary MRI obtained at base-
line serves to guide subsequent management (318). Clinical
examination each trimester for microadenomas and visual
field exams for macroprolactinoma are warranted (311).
Pituitary MRI without contrast should be undertaken in
pregnant women with persistent headaches and/or vision
changes and for those with macroadenoma. MRI without
contrast (T1 and T2) has been suggested at 28 to 32 weeks,
as T2-hypointense prolactinomas seem to be more prone to
growth during pregnancy than hyperintense adenomas (312).
Safety data on women with resistant prolactinomas requiring
high cabergoline doses is lacking.

For large/invasive macroadenomas, continuation of dopa-
mine agonist during pregnancy and frequent monitoring
should be planned. In contrast to earlier recommenda-
tions, only routine endocrine follow-up has recently been
recommended in pregnant women with small intrasellar
microprolactinomas and normal prepartum pituitary func-
tion (311). In most patients with rapidly enlarging aden-
omas, dopamine agonist reinitiation controls tumor growth
and surgery is rarely necessary (319). Induced delivery
may be an option if pregnancy is sufficiently mature. Most
women with prolactinomas can deliver vaginally, although
preplanning for cesarean section should be considered if
optic chiasm abutment is a risk. Rarely, postpartum im-
aging may reveal macroprolactinoma shrinkage or hemor-
rhage (309).

Somatotroph adenomas

Preconception assessment of disease activity, comorbidities,
and fertility status in women with acromegaly is re-
quired. Pregnancy could, in rare cases, trigger growth of
a GH-secreting adenoma, especially mixed lactotroph-
somatotroph or mammosomatotroph phenotypes; with-
holding SRLs in patients with known acromegaly can also
induce rebound adenoma growth (320).

In newly diagnosed acromegaly patients with mildly ele-
vated IGF-1 levels or in those who underwent surgical tumor
resection, IGF-1 levels will usually decrease during preg-
nancy as high estrogen levels increase GH hepatic resist-
ance. Frequently, symptoms improve considerably during
the first half of pregnancy. Symptomatic adenoma growth in
pregnant women with acromegaly occurs in ~7% (95% CI,
3.3%-12.9%) (311). However, GH and IGF-1 levels do not
correlate with tumor growth. Comorbidities associated with
acromegaly should be closely monitored as risk for hyper-
tension and diabetes are increased (321). Indeed, gestational
diabetes in women with acromegaly is more common than in
those without acromegaly (322).

Corticotroph adenomas

Corticotroph adenomas may express estrogen receptors, yet
direct proliferative effect of estrogens has not been described.
Although more than 25% of women of reproductive age with
Cushing’s disease exhibited hypercortisolism within 1 year of
childbirth (323), it is unclear whether this is due to pituitary
corticotroph hyperactivity in the peripartum period or rather
increased frequency of Cushing’s disease in young women (1).
A large retrospective study found that both plasma ACTH
and pituitary adenoma volume may increase during preg-
nancy in patients undergoing bilateral adrenalectomy, but
pregnancy does not accelerate corticotroph tumor progres-
sion per se (324).
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Treatment of endogenous Cushing’s syndrome during
pregnancy has been reported in fewer than 200 cases (325).
Maternal morbidity from hypertension, diabetes mellitus,
heart failure, pre-eclampsia, and eclampsia is increased
(326) as is the rate of preterm births (327). Prophylactic
anticoagulation may be warranted in selected patients (311).

Nonsecreting adenomas

Pregnancy is very rare in patients with nonsecreting aden-
omas as these patients have impaired gonadotrophin activity
and or/hyperprolactinemia (316). A large prospective, ob-
servational, population study of more than 2000 pregnant
women reported 71 pituitary macroadenomas, of which 16
were nonsecreting; microadenomas were not analyzed in this
study (328). Women with pituitary adenomas were 4 years
older than the comparator group (P = 0.001) and none under-
going pre-pregnancy surgery and/or radiotherapy experienced
symptomatic tumor expansion.

Women with nonsecreting adenomas are more likely to
present with features consistent with tumor expansion such
as visual symptoms (RR 4.59; 95% CI, 1.48-14.3). There is
no evidence for adverse pregnancy outcomes in these patients,
although cesarean section was more likely among those with
nonsecreting adenomas vs control (RR 2.06) (328). By con-
trast, in the same study, women with a macroprolactinoma
were not more likely to undergo cesarean deliveries compared
with control (328). Given the almost invariably benign nat-
ural history of these adenomas, routine endocrine follow-up
during pregnancy has not been recommended for smaller ad-
enomas not impinging on critical structures (311). However,
this approach should be individualized based on adenoma
size, location, and previous history of tumor growth and/or
treatment.

Pituitary apoplexy during pregnancy

Apoplexy and infarction risk factors during pregnancy in-
clude tumor growth with neurological and visual symptoms
due to hemorrhage and infundibular and hypophyseal vessel
compression. Cystic areas may reflect previous intratumoral
hemorrhage and apoplexy predisposition. In a systematic
review of 23 patients presenting with pituitary adenomas
during pregnancy, including 12 with apoplexy (329), symp-
toms occurred mainly in the second trimester and included
visual changes and headache. Apoplexy may occur rarely with
microprolactinomas (330). Clinical suspicion requires urgent
imaging, visual, and/endocrine evaluation. Treatment should
be individualized; some patients with prolactinoma require
observation and most require dopamine agonist reinitiation
or surgery.

Summary

A normal pregnancy course is anticipated for most patients
with a pituitary adenoma. Although most adenomas are
small, and pregnancy-induced enlargement is negligible, some
patients may exhibit symptomatic adenoma enlargement re-
quiring urgent management. Surgical indications include vi-
sion loss and uncontrolled hypercortisolism in patients with
corticotroph adenomas. Due to the rare but serious risk of
maternal and fetal morbidity and mortality, specialized care
is required. Vaginal delivery is preferred in women with a
microadenoma. However, for a woman with a macroadenoma
with visual impairment or severe headache, most would sug-
gest cesarean section.
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Long-term Comorbidities and Mortality
Outcomes

Untreated macroadenomas enlarge by about 50% at
4 years (331). Central mass effects caused by pituitary
macroadenomas may cause local compression with invasion,
leading to cranial nerve defects and impaired pituitary func-
tion, particularly among those with nonsecreting adenomas
(332, 333). Additional comorbidities may arise from inappro-
priate hormone replacement in patients with hypopituit-
arism, especially overtreatment with glucocorticoids (334)
or thyroid hormones (335), leading to increased cardiovas-
cular, metabolic, and bone comorbidities (336, 337) as well
as mortality (338). Postsurgical regrowth of nonfunctioning
adenomas and apoplexy may also occur (339). As most se-
creting adenomas express cell surface receptors for hypo-
thalamic neuropeptides controlling hormone secretion and
adenoma growth, selective ligands have been developed for
therapy. Most PRL- and GH-secreting adenomas, and some
ACTH- and TSH-secreting adenomas, respond well to med-
ical therapy, which can provide sustained biochemical and
tumor growth control (2, 340, 341). For example, although
prolactinomas in middle-aged men are often large and highly
invasive, they shrink remarkably after dopamine agonist
therapy, exemplifying the benign nature of the adenomatous
proliferation (Fig. 8).

Prolactinoma

Prolactinoma is the most frequently encountered adenoma
in clinical practice and are most frequently diagnosed in
women of reproductive age presenting with menstrual ir-
regularities and no other comorbidities (343). Due to the
effectiveness of dopamine agonist therapy, few patients re-
quire other treatments to control hyperprolactinemia (319).
However, diagnosis may be delayed, particularly in men who,
unlike young women, often present with macroadenoma
and mass-associated comorbidities rather than features of

25/08/2010 31/08/2010
MRI
Visual fields
Prolactin 283909 mU/L 57538 mU/L

(Normal range,
45-375 mU/L)
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hyperprolactinemia (343). As higher doses of dopamine
agonist therapy may be required for disease control, men may
also be more at risk for adverse effects, including impulse dis-
orders, which can impact treatment adherence (344).

Cardiometabolic comorbidities

The prevalence of metabolic syndrome is increased in pa-
tients with prolactinoma (345). Body mass index, fat mass
(males only), and LDL cholesterol are increased, and HDL
cholesterol is reduced compared with controls (346). The
cause is not clear but may be due to hypogonadism induced
by hyperprolactinemia as well as the action of PRL on key
enzymes and transporters associated with glucose and lipid
metabolism (343). Treatment with dopamine agonists may
improve components of the metabolic syndrome in these pa-
tients (346).

Musculoskeletal comorbidities

Skeletal fragility occurs commonly, usually manifesting as
reduced lumbar spine bone mineral density affecting tra-
becular more than cortical bone (347). There is a high preva-
lence (> 30%) of morphometric vertebral fractures and
a S-fold increased fracture rate in both women and men
with prolactinomas compared with a control population
(348, 349). Hypogonadism arising from hyperprolactinemia
and PRL excess, per se, both contribute to bone loss. Low
bone mineral density attributable to hypogonadism, longer
disease duration, and elevated PRL levels is associated with
fracture risk (347).

Mortality

Few studies have addressed mortality in prolactinomas. In
a single study based on a National Health Insurance data-
base from South Korea, there was no reported increase in the
standardized mortality ratio of 136 patients followed over
10 years (350).

18/10/2010

03/05/2011

5941 mU/L 940 mU/L

>

Cabergoline 250 mcg twice weekly

Figure 8. Cabergoline-induced shrinkage of a prolactinoma. Sequential MRIs, PRL levels, and visual elds over approximately 6 months of cabergoline
treatment in a 27-year-old male with a 5 cm PRLsecreting tumor in the sphenoid with bilateral cavernous sinus extension and posterior extension to the

clivus. Reprinted with permission from Dash et al. (2013) (342).
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Acromegaly

Diagnostic delay contributes to long-term comorbidities and
increases mortality in patients with acromegaly. This delay
leads to increased risk of tumor growth, mass effects, hypo-
pituitarism (351, 352), and poor disease control despite sur-
gery, radiation therapy, and medical therapy (353) (Fig. 9).

Cardiometabolic and respiratory comorbidities
Cardiovascular morbidity has fallen in recent years because
of earlier diagnosis, improved treatment (238), and increased
awareness (354). Indeed, cardiovascular disease is no longer
the leading cause of death in these patients (238, 239, 355).
Hypertension, variably affecting 30% to 60% of patients,
is a strong contributor to cardiovascular mortality (356).
Increased sodium and water retention and plasma volume
(357) may persist despite biochemical control (358, 359),
and left ventricular hypertrophy, seen even in normotensive
subjects, and more rarely, arrhythmia, often with prolonged
QT interval, heart failure, and regurgitative valve disease, are
all encountered (360). Ischemic heart disease prevalence is not
markedly increased (361).

The cardiorespiratory response to exercise is reduced (362)
and obstructive sleep apnea affects more than two-thirds of
newly diagnosed patients, mainly due to pharyngeal soft tissue
swelling (363). Sleep apnea is an independent cardiovascular risk
factor (364) that may persist after acromegaly therapy (365).

Up to half of patients have impaired glucose tolerance
and diabetes mellitus (366) due to GH-mediated insulin re-
sistance and long-term decreased pancreatic insulin reserve
(367). Diabetes mellitus increases cardiovascular mortality

Figure 9. Clinical features of acromegaly.
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(368) and influences the choice of medical therapy, with
pegvisomant generally preferred to the SRL pasireotide due to
a greater risk for hyperglycemia with use of pasireotide (369).

Musculoskeletal comorbidities

Arthropathy in acromegaly results from cartilage hypertrophy
and osteophyte growth that narrow joint spaces. Arthropathic
pain, a symptom of progressive joint degeneration, is a major
determinant of reduced quality of life, often leading to im-
portant loss of function over time (370). Patients often experi-
ence bilateral carpal tunnel syndrome due to median nerve
enlargement (371). Morphometric vertebral fractures affect
more than half of patients with active disease, who have a
3- to 8-fold higher prevalence than that of the general popu-
lation (372). The risk of fracture is reduced with improved
biochemical control (373) and is not affected by bone density
and gonadal status (374).

Oncological comorbidities

Due to the pro-proliferative action of GH and IGF-1, there
has been intense interest as to whether cancer rates are in-
creased in acromegaly. The incidence of colorectal and renal
cancer is increased, with a standardized incidence ratio of
1.5 and 4, respectively, reported in a recent Swedish registry
study. However increased screening frequency may be a
confounding factor because cancer-specific mortality rates
were not increased (375). Excess mortality due to cancer
may therefore be more closely linked to increased life ex-
pectancy in acromegaly rather than GH/IGF-1 excess per
se (376).
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