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Abstract

Prolactinomas are the most common pituitary tumors and pathological hyperprolactinemia. Therefore, women harboring
prolactinomas frequently present infertility due to the gonadal axis impairment. The gold-standard treatment is dopamine
agonist (DA) which can reverse hyperprolactinemia and hypogonadism, and promote tumor shrinkage in the majority of
cases. Therefore, reports of pregnancy in such cohort become more common. In this scenario, bromocriptine is still the DA
of choice due to its shorter half-life and larger experience as compared to cabergoline. In DA resistant cases, transsphenoidal
pituitary surgery is indicated. However, potential risks of DA-induced pregnancies include fetal exposition and sympto-
matic tumor growth. Dopamine agonist should be discontinued as soon as pregnancy is confirmed in microprolactinomas
and intrasellar macroprolactinomas (MAC). Concerning expansive/invasive MAC, DA maintenance should be considered.
Periodically clinical evaluation should be performed during pregnancy, being sellar imaging indicated if tumor symptomatic

growth is suspected. In such cases, if DA treatment fails, neurosurgery is indicated.
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Introduction

Prolactinomas which affect 100 cases per million-year [1],
mostly women in their 3rd and 4th decades of life, often lead
to hypogonadotrophic hypogonadism and infertility [2]. The
main mechanism involves inhibition of GnRH pulsatility,
via kisspeptin [3, 4], but also direct effects on inhibition of
gonadotrophins secretion and gonadal steroidogenesis are
described.

Prolactinoma diagnosis is based on clinical, laboratory
and imaging characteristics. Most women harbor micropro-
lactinomas in which symptomatology is related to hypo-
gonadism and galactorrhea. Patients with macroprolacti-
nomas often present, in addition, mass effects symptoms,
as headache, visual disturbances and additional hypopi-
tuitarism. Therefore, infertility is frequent in women with
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prolactinomas. In fact, the development of effective clinical
and surgical treatments turned pregnancy possible in most
cases. Nevertheless, proper management should be indi-
cated in order to minimize maternal—fetal complications [5]
(Fig. 1).

Medical treatment with dopamine agonists (DA), the
gold standard approach for MIC and MAC, effectively
restores eugonadism and promotes tumor reduction. Caber-
goline (CAB), due to better tolerability and higher affinity
to D2R as compared to bromocriptine (BRC), is currently
the preferred DA. Nonetheless, due to its shorter half-life,
with a faster clearance than CAB, BRC is still the recom-
mended drug in the pregnancy context. However, although
DA is usually withdrawal after pregnancy confirmation, the
embryo is exposed to the drug in an important embryogen-
esis period, even when BRC is used [6].

Another important issue concerns the increase of tumor
and pituitary dimensions during pregnancy [7, 8] due to lac-
totroph hyperplasia as a consequence of the high placental
estrogen levels. Moreover, the recruitment and dedifferentia-
tion of somatotrophs to lactotrophs additionally contribute
to the pituitary gland increases, in weight and volume [9].
Serum PRL levels gradually increase to about ten times the
non-pregnant levels at the end of the third trimester [10-12].
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Fig. 1 Suggested algorithm for the management of prolactinomas before and during pregnancy

Therefore, mass effects symptoms as visual disturbances and
headache may occur and deserve active surveillance.
Molitch reviewed tumor growth [13] in 800 micropro-
lactinomas, in 288 macroprolactinomas without previous
surgery or radiotherapy and in 148 macroprolactinomas
with previous surgery and/or radiotherapy and rates were:
2.5%, 18% and in 4.7%, respectively. In fact, surgery, by
the transsphenoidal approach, does not seem to impair the
gonadal axis in the majority of cases, mainly concerning
MIC. Nevertheless, surgical results depend on the sur-
geon skillfulness and experience. Colao reviewing large
series from the literature, including both genders, reported
hyperprolactinemia remission in 73.3% of 1211 MICs and
in 38.0% of 1480 MACs [14]. Concerning surgical series
addressing only women at child-bearing age, data are lim-
ited. In one study, in 138 patients harboring prolactinomas
younger than 40 yrs submitted to transsphenoidal surgery,
normal PRL levels were achieved in 86% of 21 MIC and in
74% of 117 MAC, with better results in non-invasive cases.
Hypopituitarism was described in only two patients (1.5%).
[15]. Other authors described normal PRL values in 81% of
MIC and 52% of MAC, amongst 99 females at child-bearing
age operated on, and gestation was achieved in 14 from 17
patients willing this outcome. Complications rates, including
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hypopituitarism, were not reported [16]. Yi et al. evaluated
sixty-three females harboring prolactinomas (31 MIC and
32 MAC) submitted to transsphenoidal surgery. Of patients
with menstrual disorders, 85% regained regular menstrual
cycles after surgery and from nineteen patients who desired
pregnancy, 15 successfully gave birth [17].

Surgery before pregnancy can be a therapeutic option in
patients resistant to DA and in those without tumor shrink-
age even in the presence of PRL normalization [7]. Despite
the effectiveness and relative safety of pituitary surgery,
mainly in MIC, this approach should be reserved for resist-
ant/intolerant tumors or patient preference. Additionally, sur-
gery may be indicated for another complication related to
pregnancy: pituitary tumor apoplexy with severe neurologic
and visual symptoms. Although pituitary apoplexy during
pregnancy is an exceedingly rare event, with an estimated
prevalence of 1 per 10,000 gestations in one series [18], the
prevalence amongst women with DA induced pregnancy is
not established. Oguz et al. reviewing the literature, reported
pituitary apoplexy in 19 prolactinomas: 6 MIC, 9 MAC and
four with unavailable data regarding tumor size before preg-
nancy. Symptoms occurred at median gestational age of 23
(8-39) weeks, being sudden severe headache and visual
disturbance the most common clinical picture. Regarding
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outcomes 14 live births were described, being 11 at term. A
multidisciplinary and skilled team should decide manage-
ment individually [19-34].

As far as radiotherapy is concerned, the long time span
until normoprolactinemia achievement in addition to com-
plications as hypopituitarism, limit its indication for patients
in reproductive age, except for those harboring aggressive/
invasive tumors [5].

Therefore, in patients with extrasselar tumors, pregnancy
should be allowed only after tumor shrinks within sellar
boundaries [35], especially those with suprasellar extension,
preferably after at least 1 year of treatment [36]. Regard-
ing cavernous sinus extension, the potential risk of cranial
nerve impairment should be considered. Resistant cases both
regarding PRL normalization and tumor reduction should
be operated on.

Concerning the DA choice for pregnancy-induction, BRC
is still the preferred one due to its larger published data and
shorter half-life, as compared to CAB [6, 37]. Although,
BRC and CAB were formerly classified as category B by the
FDA [38], in an Australian classification BRC is category
A (no human risks, similar miscarriage rates, no increase in
malformations and no teratogenic effects) and CAB is cat-
egory B (no animal risks, waiting for more human data) [39].
A recent review confirms no impairments in maternal—fetal
outcomes in BRC-induced pregnancies (6272 cases) as well
as in CAB-induced pregnancies (1061 cases) regarding pre-
mature labor, abortions and fetal malformations [13]. It is
worth of point out that usually DA has been withdrawn as
soon as pregnancy is confirmed [6].

In fact, DA has been used throughout pregnancy in a lim-
ited number of patients. Amongst 100 women who main-
tained BRC, one case of cryptorchidism and another case of
congenital talipes were described [40—44]. Regarding CAB
maintenance throughout gestation, we reviewed 15 pregnan-
cies resulting in 14 healthy newborns and one fetal death
related to pre-eclampsia [45]. More recently, Rastogi et al.
described three malformations (neural tube defect) only in
the group of patients on CAB throughout gestation (n=25),
compared to no cases in the group of patients who with-
drew the DA after pregnancy confirmation (n=23) [46]. In
another study, from 32 pregnancies induced by CAB the
drug was maintained in six, without evidences of harmful
outcomes [47].

As dopamine is a ubiquitous neurotransmitter, the impact
of DA on DA brain circuitry could potentially interfere in the
neuropsychological development of children. Additionally,
other abnormalities could also be related to DA impact on
embryogenesis. With BRC, no impairments were described
in two studies including 64 children [41] between the ages of
6 months and 9 years, and 988 children [40], 4 months to 9
years-old, respectively. However, Bronstein reported one case
of idiopathic hydrocephalus, one with tuberous sclerosis and

another one with precocious puberty amongst 70 children, fol-
lowed up during 12 to 240 months [48]. Data related to CAB
are scarcer. No abnormalities were found by Bronstein [48]
in five children, followed until 41 months and by Ono et al.
[49] in 83 children, until 12 years. Nevertheless, Lebbe et al.
described two cases of slight delay in verbal fluency and one
patient without complete continence at the expected age in
88 children [50] and Stalldecker et al. described two cases of
seizures and two cases of pervasive developmental disorder in
among 61 children [51].

Concerning the follow-up of pregnant women harboring
prolactinomas, the following recommendations can be made:

1. Before conception:

e DA of choice: BRC has been the recommended drug
for pregnancy induction, although cumulative data do
not point to harmful outcomes with CAB.

e MIC and intrasselar MAC: pregnancy can be recom-
mended once the gonadotrophic axis is restored.

e Expansive/invasive MAC: pregnancy can be recom-
mended once the gonadotrophic axis is restored and
only after tumor is reduced within the sellar bounda-
ries, especially in those with suprasellar expansion.
Otherwise, pituitary surgery is indicated.

2. Pregnancy confirmation:

e MIC and intrasselar MAC: DA should be withdrawn.
e Expansive/invasive MAC: DA maintenance at the phy-
sician discretion and frequent monitoring.

3. During pregnancy:

e MIC and intrasselar MAC: clinical evaluation each
trimester, serum PRL level evaluation not indicated.
If symptoms related to tumor growth as headache
and/or visual impairment occur, sellar MRI without
contrast and neuroophtalmologic evaluation must be
performed.

e Expansive/invasive MAC: DA maintenance at the
physician discretion. Monthly clinical evaluation and
visual assessment each trimester is recommended. If
symptoms related to tumor mass effect as headache
and/or visual impairment occur, sellar MRI without
contrast must be performed.

e If sellar MRI depicts significant tumor growth related
to clinical picture, reintroduction of DA is the first
approach. In case of failure, neurosurgery is indicated,
preferentially at the second trimester. If gestation is
near-term, delivery can be considered.
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Conclusion

In conclusion, due to advances in clinical and surgical
approaches, pregnancy became a common event in women
harboring prolactinomas. In this context, DA more studies
with CAB induced pregnancies are necessary to reassure
safety of this current more prescribed DA in maternal and
fetal outcomes. A multidisciplinary team should indicate
and follow the gestation in order to minimize possible
complications, especially in MAC.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

10.

11.

12.

Colao A, Lombardi G (1998) Growth-hormone and prolactin
excess. Lancet 352(9138):1455-1461

Colao A, Di Sarno A, Cappabianca P, Briganti F, Pivonello R,
Di Somma C et al (2003) Gender differences in the prevalence,
clinical features and response to cabergoline in hyperprolactine-
mia. Eur J Endocrinol 148(3):325-331

Sonigo C, Bouilly J, Carré N, Tolle V, Caraty A, Tello J,
Simony-Conesa FJ, Millar R, Young J, Binart N (2012) Hyper-
prolactinemia-induced ovarian acyclicity is reversed by kiss-
peptin administration. J Clin Invest. 122(10):3791-3795
Millar RP, Sonigo C, Anderson RA, George J, Maione L,
Brailly-Tabard S, Chanson P, Binart N, Young J (2017) Hypo-
thalamic-pituitary-ovarian axis reactivation by kisspeptin-10 in
hyperprolactinemic women with chronic amenorrhea. J Endocr
Soc 1(11):1362-1371

Bronstein M (2010) Disorders of prolactin secretion and prol-
actinomas. In: Larry Jameson J, De Groot LJ (eds) Endocrinol-
ogy: adult and pediatric. 1, 6th edn. Philadelphia, Saunders, pp
104-128

Melmed S, Casanueva FF, Hoffman AR, Kleinberg DL, Mon-
tori VM, Schlechte JA, Wass JA, Endocrine Society (2011)
Diagnosis and treatment of hyperprolactinemia: an endocrine
society clinical practice guideline. J Clin Endocrinol Metab
96(2):273-288

Glezer A, Bronstein MD (2015) Prolactinomas. Endocrinol Metab
Clin N Am 44(1):71-78

Molitch ME (2015) Endocrinology in pregnancy: manage-
ment of the pregnant patient with a PRLoma. Eur J Endocrinol
172(5):R205-R213

Foyouzi N, Frisbaek Y, Norwitz ER (2004) Pituitary gland and
pregnancy. Obstet Gynecol Clin N Am 31:873-892 (xi)

Rigg LA, Lein A, Yen SSC (1977) Pattern of increase in circulat-
ing PRL levels during human gestation. Am J Obstet Gynecol
129:454-456

Ferriani RA, Silva de Sa MF, Lima Filho EC (1986) A compara-
tive study of longitudinal and cross-sectional changes in plasma
levels of PRL and estriol during normal pregnancy. Braz J] Med
Biol Res 19:183-188

Schock H, Zeleniuch-Jacquotte A, Lundin E, Grankvist K,
Lakso Hx&, Idahl A, Lehtinen M, Surcel HM, Fortner RT (2016)

@ Springer

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Hormone concentrations throughout uncomplicated pregnan-
cies: a longitudinal study. BMC Pregnancy Childbirth 16(1):146
Huang W, Molitch ME (2019) Pituitary tumors in pregnancy.
Endocrinol Metab Clin N Am 48(3):569-581

Colao A (2009) Pituitary tumours: the prolactinoma. Best Pract
Res Clin Endocrinol Metab 23(5):575-596

Ikeda H, Watanabe K, Tominaga T et al (2013) Transsphenoi-
dal microsurgical results of female patients with prolactinomas.
Clin Neurol Neurosurg 115(9):1621-1625

Yan Z, Wang Y, Shou X et al (2015) Effect of transsphenoi-
dal surgery and standard care on fertility related indicators of
patients with prolactinomas during childbearing period. Int J
Clin Exp Med 8(11):21557-21564

Yi N, Ji L, Zhang Q, Zhang S, Liu X, Shou X, Lu B (2018)
Long-term follow-up of female prolactinoma patients at child-
bearing age after transsphenoidal surgery. Endocrine 62:76-82
Grand’Maison S, Weber F, Bédard M-J, Mahone M, Godbout
A (2015) Pituitary apoplexy in pregnancy: a case series and
literature review. Obstet Med 8(4):177-183

Oguz SH, Soylemezoglu F, Dagdelen S, Erbas T (2019) A case
of atypical macroprolactinoma presenting with pituitary apo-
plexy during pregnancy and review of the literature. Gynecol
Endocrinol. https://doi.org/10.1080/09513590.2019.1650339
Lamberts SWIJ, Klijn JGM, de Lange SA et al (1979) The inci-
dence of complications during pregnancy after treatment of
hyperprolactinemia with bromocriptine in patients with radio-
logically evident pituitary tumors. Fertil Steril 31:614-619
O’Donovan PA et al (1986) Apoplexy into a prolactin secreting
macroadenoma during early pregnancy with successful out-
come: case report. BrJ Obstet Gynaecol 93:389-391

Freeman R, Wezenter B, Silverstein M et al (1992) Pregnancy-
associated subacute hemorrhage into a prolactinoma resulting
in diabetes insipidus. Fertil Steril 58:427-429

Gondim J et al (2003) Minimally invasive pituitary surgery in
a hemorrhagic necrosis of adenoma during pregnancy. Minim
Invasive Neurosurg 46:173-176

Parihar V, Yadav YR, Sharma D (2009) Pituitary apoplexy in a
pregnant woman. Ann Indian Acad Neurol 12:54-55

Ginath S, Golan A (2010) Images in clinical medicine. Gesta-
tional pituitary tumor apoplexy. N Engl J Med. 363:e10
Couture N, Aris-Jilwan N, Serri O (2012) Apoplexy of a micro-
prolactinoma during pregnancy: case report and review of lit-
erature. Endocr Pract 18:e147-e150

Witek P et al (2012) Transsphenoidal surgery for a life-threat-
ening prolactinomas apoplexy during pregnancy. Neuro Endo-
crinol Lett 33:483-488

Janssen NM, Dreyer K, van der Weiden RM (2012) Management
of pituitary tumour apoplexy with bromocriptine in pregnancy.
JRSM Short Rep 3:1

Chegour H, El Ansari N (2014) Pituitary apoplexy during preg-
nancy. Pan Afr Med J 17:211

Tandon A, Alzate J, LaSala P et al (2014) Endoscopic endonasal
transsphenoidal resection for pituitary apoplexy during the third
trimester of pregnancy. Surg Res Pract 2014:397131

Hayes AR, O’Sullivan AJ, Davies MA (2014) A case of pitui-
tary apoplexy in pregnancy. Endocrinol Diabetes Metab Case
Rep 2014:140043

De Ycaza AE, Chang AY, Jensen JR et al (2015) Approach to
the management of rare clinical presentations of macroprolacti-
nomas in reproductive-aged women. Case Rep Womens Health
8:9-12

Grand’Maison S et al (2015) Pituitary apoplexy in pregnancy: a
case series and literature review. Obstet Med 8:177-183

Querol Ripoll R, Camara Gomez R, del Olma Garcia M et al
(2015) Pituitary apoplexy in a pregnant woman with cystic micro-
prolactinoma. Endocrinol Nutr 62:200-202


dr
Highlight

https://doi.org/10.1080/09513590.2019.1650339

Pituitary

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Glezer A, Jallad RS, Machado MC, Fragoso MC, Bronstein MD
(2016) Pregnancy and pituitary adenomas. Minerva Endocrinol
41(3):341-350

Holmgren U, Bergstrand G, Hagenfeldt K, Werner S (1986)
Women with PRLoma—effect of pregnancy and lactation on
serum PRL and on tumour growth. Acta Endocrinol (Copenh)
111(4):452-459

Persiani S, Sassolas G, Piscitelli G et al (1994) Pharmacodynam-
ics and relative bioavailability of cabergoline tablets vs solution
in healthy volunteers. J Pharm Sci 83(10):1421-1424
https://www.accessdata.fda.gov/drugsatfda_docs/label
/2011/020664s0121bl.pdf
https://embryology.med.unsw.edu.au/embryology/index.php/Austr
alian_Drug_Categories

Krupp P, Monka C, Richter K (1988) The safety aspects of infer-
tility treatments. In: Program of the second world congress of
gynecology and obstetrics, Rio de Janeiro, p 9

Raymond JP, Goldstein E, Konopka P, Leleu MF, Merce-ron RE,
Loria Y (1985) Follow-up of children born of bromocriptine-
treated mothers. Horm Res 22:239-246

Canales ES, Garcia IC, Ruiz JE, Zarate A (1981) Bromocriptine
as prophylactic therapy in prolactinoma during pregnancy. Fertil
Steril 36:524-526

Konopka P, Raymond JP, Merceron RE, Seneze J (1983) Continu-
ous administration of bromocriptine in the prevention of neuro-
logical complications in pregnant women with prolactinomas. Am
J Obstet Gynecol 146:935-938

Ruiz-Velasco V, Tolis G (1984) Pregnancy in hyperprolactinemic
women. Fertil Steril 41:793-805

45.

46.

47.

48.

49.

50.

51.

Glezer A, Bronstein MD (2014) Prolactinomas, cabergoline, and
pregnancy. Endocrine 47:64-69

Rastogi A, Bhadada SK, Bhansali A (2017) Pregnancy and tumor
outcomes in infertile women with macroprolactinoma on caber-
goline therapy. Gynecol Endocrinol 33(4):270-273

Lambert K, Rees K, Seed PT, Dhanjal MK, Knight M, McCance
DR, Williamson C (2017) Macroprolactinomas and nonfunction-
ing pituitary adenomas and pregnancy outcomes. Obstet Gynecol
129(1):185-194

Bronstein MD (2005) Prolactinomas and pregnancy. Pituitary
8:31-38

Ono M, Miki N, Amano K, Kawamata T, Seki T, Makino R et al
(2010) High-dose cabergoline therapy for hyperprolactinemic
infertility in women with micro- and macroprolactinomas. J Clin
Endocrinol Metab 95:2672-2679

Lebbe M, Hubinont C, Bernard P, Maiter D (2010) Outcome of
100 pregnancies initiated under treatment with cabergoline in
hyperprolactinaemic women. Clin Endocrinol 73:236-242
Stalldecker G, Gil MSM, Guitelman MA et al (2010) Effects of
cabergoline on pregnancy and embryo-fetal development: retro-
spective study on 103 pregnancies and a review of the literature.
Pituitary 13:345-350

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://www.accessdata.fda.gov/drugsatfda_docs/label/2011/020664s012lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2011/020664s012lbl.pdf
https://embryology.med.unsw.edu.au/embryology/index.php/Australian_Drug_Categories
https://embryology.med.unsw.edu.au/embryology/index.php/Australian_Drug_Categories

	Prolactinomas in pregnancy: considerations before conception and during pregnancy
	Abstract
	Introduction
	Conclusion
	References




