
ORIGINAL ARTICLE

J Chin Med Assoc

www.ejcma.org  1019

Treatment of hyperprolactinemia: A single-
institute experience
Tse-Yu Chena, Chung-Hsin Leea, Meng-Yin Yanga,b,c,d, Chiung-Chyi Shena,b,e,f, Yin-Ping Yangg,  
Yueh Chieng, Yu-Fen Huanga, Chih-Ming Laia,h, Wen-Yu Chenga,e,i,*

aDepartment of Neurosurgery, Neurological Institute, Taichung Veterans General Hospital, Taichung, Taiwan, ROC; bDepartment of 
Neurosurgery, Tri-Service General Hospital, National Defense Medical Center, Taipei, Taiwan, ROC; cDepartment of Neurosurgery, 
Jen-Ai General Hospital, Taichung, Taiwan, ROC; dCollege of Nursing, Central Taiwan University of Science and Technology, 
Taichung, Taiwan, ROC; eDepartment of Physical Therapy, Hung Kuang University, Taichung, Taiwan, ROC; fBasic Medical 
Education, Central Taiwan University of Science and Technology, Taichung, Taiwan, ROC; gDepartment of Medical Research, 
Taipei Veterans General Hospital, Taipei, Taiwan, ROC; hDepartment of Critical Care Medicine, Taichung Veterans General Hospital, 
Taichung, Taiwan, ROC; iInstitute of Biomedical Sciences, National Chung Hsing University, Taichung, Taiwan, ROC

1. INTRODUCTION
Hyperprolactinemia can result from various causes such  
as pregnancy, medication, compression of the pituitary  
stalk (disconnection hyperprolactinemia), or prolactinoma.1,2 

Prolactinomas are the most common type of functioning pitu-
itary tumors.3 Dopamine agonists, including bromocriptine 
and cabergoline, have been found to be effective in treating 
prolactinoma. Cabergoline has been the drug of choice owing 
to its higher ef!cacy and tolerability when compared to bro-
mocriptine.4 Normalization of hyperprolactinemia and resto-
ration of gonadal function was reported in 80% to 90% of 
patients with prolactinomas who were treated with dopamine 
agonists.5,6

Although cabergoline has been proven to be effective and 
safe in the treatment of hyperprolactinemia, a high recurrence 
rate after withdraws of the drug has been reported.7,8 Calao 
et al !rst described a successful attempt to withdraw caber-
goline treatment in tumoral and nontumoral hyperprolactine-
mia.9 The 2011 Endocrine Society Guidelines suggest that 
dopamine agonist therapy may be tapered and discontinued 
in patients with normal serum prolactin, after a treatment 
duration of over 2 years and no evidence of tumor residue 
found in MRI.2
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Abstract
Background: Dopamine agonists such as bromocriptine and cabergoline have been found to be an effective treatment for 
hyperprolactinemia, not only inducing adenoma shrinkage but also lowering serum prolactin levels. Among known dopamine ago-
nists, cabergoline is the drug of choice due to its enhanced tolerability compared with bromocriptine. This study aimed to evaluate 
cabergoline’s effectiveness, along with transsphenoidal surgery, in the treatment of hyperprolactinemia.
Methods: We retrieved all patients with a diagnosis of prolactinoma who were treated in our hospital during 2000–2018. A total 
of 208 patients were enrolled in the analysis after applying exclusion criteria. Patients were divided into four groups according to 
the treatments received. The demographic data, dosage and duration of cabergoline, and serum prolactin levels at different time 
points were collected for analysis.
Results: Normalization was achieved in 59 patients (83.10%) within a short median duration of 2.80 months among those treated 
with cabergoline only. Although cabergoline alone was effective and well-tolerated, our data showed that long-term remission rates 
were more favorable when surgery was involved. The long-term remission rate of all patients enrolled was 53.8% (112 patients 
among 208 patients). The long-term remission rates for the different treatment groups were 17.8% (8 of 45 patients) in Group 1 
(Operation→Drug), 83.3% (5 of 6 patients) in Group 2 (Drug→Operation), 79.0% (68 of 86 patients) in Group 3 (Operation only), 
and 43.7% (31 of 71 patients) in Group 4 (Drug only).
Conclusion: Cabergoline has been demonstrated to be effective and should be considered as a first-line treatment for hyperprol-
actinemia. In our study, transsphenoidal surgery was also demonstrated to achieve good results compared with medical treatment. 
Surgical intervention may resurface as an alternative first-line treatment. When used in combination with cabergoline, surgery offers 
a higher disease remission rate than either drug or operation alone.
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Cabergoline, owing to its effectiveness and tolerability, has 
been considered the !rst-line treatment for patients with hyper-
prolactinemia. As a result, transsphenoidal surgery has been 
overlooked and even regarded as unnecessary. However, with 
recent advancements in endoscopic pituitary surgery, surgical 
treatment has resurfaced as a viable alternative !rst-line treat-
ment for prolactinoma patients.10,11 This study aims at provid-
ing more data to support transsphenoidal surgery as a viable 
alternative option in treating hyperprolactinemia in terms of 
effectiveness and remission rate of the disease.

2. METHODS

2.1. Patient population
We retrieved all patients with a diagnosis of prolactinoma 
who were treated in our hospital during the years 2000-2018. 
Seven hundred sixty-two (762) patients were extracted from 
the medical center’s database and demographic data were col-
lected. Both the dosage and duration of cabergoline were doc-
umented. Serum prolactin levels during different time points 
were also taken into account as an endpoint. MRI reports, 
where available, were included to evaluate the effects on 
adenomas.

2.2. Exclusion criteria
Patients with a follow-up period of less than 6 months (de!ned 
as being the shortest interval between the initial and last serum 
prolactin data) were excluded. A total of 208 patients were 
enrolled in the analysis.

2.3. Statistical analysis
Data are shown as mean (SD) for continuous variables and as 
numbers (percentages) for categorical variables. All statistical 
analyses were performed using the R language.

3. RESULTS
A total of 208 patients were enrolled in the study according to the 
inclusion and exclusion criteria described above. Demographic 
data are shown in Table 1. Baseline serum prolactin was 326.28 
μg/L with SD 2108.93 μg/L. Our data suggested that there was 
no signi!cant relationship between age and gender regarding 
normalization rates.

Most of our patients (80, 65.6%) started with an initial dose 
of 1.0 mg/wk, followed by 0.5 mg/wk in 18 patients (14.8%) 
and 2.0 mg/wk in 14 patients (11.5%) (Table 2). Patients who 
began with a 1.0 mg/wk dosage tended to have higher initial 
serum prolactin levels when compared with those started with 
0.5 mg/wk. This may imply that doctors tended to prescribe a 
higher dose of cabergoline to patients with a higher initial pro-
lactin level. However, a higher initial dose was not associated 
with a shorter time required for achieving normalization (12.44 
vs 10.68 months, p = 0.45).

We further strati!ed the patients into four groups 
(Table  3): 1. transsphenoidal surgery followed by cabergo-
line (Opeaertion→Drug), 2. cabergoline followed by surgery 
(Drug→Opeartion), 3. cabergoline only (Drug), and 4. surgery 
only (Operation).

In group 3 (drug only), patients were treated exclusively 
with cabergoline, normalization was achieved in 59 patients 
(83.10%) within a short median duration of 2.8 months.

We also investigated the percentage of long-term remission 
which was de!ned as normalization of serum prolactin at least 
1 year after surgery or discontinuation of cabergoline (treatment-
free). Amongst the 208 patients, normalization of serum prolactin 
levels was achieved in 128 patients (61.5%) at the end of follow-
up, with 112 patients being treatment-free for at least 1 year. That 
yielded a long-term remission rate of 53.8%. The remission rates 
in the different treatment groups were 17.8% (8 of 45 patients) 
in the group 1 (Opeartion→Drug), 83.3% (5 of 6 patients) in 
group 3 (Drug→Operation), 79.0% (68 of 86 patients) in group 
4 (Operation) and 43.7% (31 of 71 patients) in group 3 (Drug).

4. DISCUSSION
Our data con!rmed the ef!cacy of cabergoline for the treatment 
of hyperprolactinemia. The dosage, response rate, and other 
major outcomes were compatible with previous studies.6 By tak-
ing surgery into consideration and comparison, we have pro-
vided insights into the treatment of hyperprolactinemia which 
are close to real-world scenarios.

The normalization rate of serum prolactin in our study was 
compatible with that of previous studies. The response rate var-
ied from 61% to 96%5,6,12–23 and was reported to be 81% in a 
recent meta-analysis,10 Most of the cabergoline prescribed in our 
hospital lies within the range (0.5-3.0 mg/wk) reported in other 
institutes around the globe. Although 3.5 mg/wk of cabergoline 
was considered the maximum effective dose in some studies,21,24 
doses up to 11 mg/wk were claimed to be administered in one 
report, which yielded a higher normalization rate.25

Many published guidelines and review articles have suggested 
dopamine agonists as a !rst-line treatment for prolactinoma.2,3 
Although ef!cacy and safety of cabergoline have been proved, 
potential concerns regarding patient adherence and adverse 
effects emerge should it became a lifelong treatment. Headache, 
dizziness, and insomnia, among other side effects, might be tol-
erable at !rst but may compromise medication adherence in 
prolonged treatment. Impulse control disorders, including com-
pulsive shopping and pathologic gambling, and hypersexuality 
have also been reported.26 In addition, cost-effectiveness analysis 
had highlighted the !nancial burden for long-term cabergoline 
treatment compared to transsphenoidal surgery.27 In our own 
experience, patients planning for pregnancy and breastfeeding 
were reluctant to receive long-term medication.

However, there is no consensus concerning the duration of 
cabergoline therapy as well as the criteria to safely withdraw 
cabergoline. A series of studies were conducted addressing 
the problem of cabergoline withdrawal and the risk of recur-
rence.7–9,28–38 Remission rates ranging from 15% to 50% in 
selected groups of patients were reported.

Table 1
Demographic data for enrolled patients

Total cases 208

Latest date of therapy ≥1 y (%)  
 No 37 (17.8%)
 Yes 171 (82.2%)
Latest normalization status (%)  
 Normalization 128 (61.5%)
 Abnormal 80 (23.3%)
Age (y) [mean (SD)] 39.70 (13.25)
Sex (%)  
 Female 163 (78.4%)
 Male 45 (21.6%)
Surgery (%)  
 No 71 (34.1%)
 Yes 137 (65.9%)
PRL level of preoperation (μg/L) (mean) 313.82
PRL level of pre-medication (μg/L) (mean) 326.28
Duration of therapy (months) [mean (SD)] 139.75

PRL = prolactin.
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Transsphenoidal surgery is a popular method for prolacti-
noma. Although cabergoline has become the promising !rst-
line treatment of prolactinoma, surgical intervention is still 
considered mandatory in several situations, such as macroad-
enoma with optic nerve compression or pituitary apoplexy. 
Furthermore, take advantage of signi!cant advancements of 
endoscopic transsphenoidal surgery, grossly total removal of the 
tumor is possible in most prolactinomas. Recent advancement 
in endoscopic extra-capsule resection has promising results 
in treating noninvasive functional microadenomas as well as 
macroadenomas.39–42 Surgical treatment has resurfaced as a 
viable alternative !rst-line treatment for prolactinoma patients, 
according to the latest meta-analysis. In that particular meta-
analysis, the authors concluded that in the majority of patients, 
disease remission can be achieved through surgery and that dis-
ease remission is less often achieved with dopamine agonists.10 
Our data also support endoscopic surgery as a viable !rst-line 
treatment for selected patients because patients treated with sur-
gery had a higher (79.0% in the OP group vs 43.7% in the Drug 
group) long-term remission rate. The long-term remission rate 
was also higher in patients who had received both cabergoline 
and surgery when compared to the Drug only group.

However for those with invasive macroadenoma, dopamine 
agonist remained the !rst-line option due to surgery alone 
yielding unsatisfactory results.11 In fact, giant or invasive ade-
noma were usually coped with a multidisciplinary approach 
that involves endoscopic/microscopic surgery, medication, and 
gamma knife radiosurgery.43–45

There are several limitations to our study. First, as a ret-
rospective study, it lacks a standard follow-up schedule. 
Therefore, we may have overestimated the period for normali-
zation due to prolonged intervals between blood tests. Second, 
patients included in the analysis were treated by different 

neurosurgeons or endocrinologists with different strategies 
regarding dosage/interval of cabergoline treatment and indi-
cation/timing for surgical intervention. Third, our analysis 
lacks discussion about morphology and invasiveness of prol-
actinoma which is strongly related to drug response, remission 
rate as well as infeasibility for total surgical removal. Fourth, 
side effects from the drugs and performance assessment were 
not included in the study. Fifth, complications following trans-
sphenoidal surgery such as cerebrospinal #uid leakage and dia-
betes insipidus were not recorded. Last but not least, pregnant 
women with unique hormone pro!les and treatment consid-
erations were pooled together in our analysis.

In conclusion, cabergoline is effective in the treatment of 
hyperprolactinemia. Our data are compatible with previous 
studies. Transsphenoidal surgery can also achieve a good 
result of long-term remission of serum prolactin and even 
better. Surgical intervention may resurface as an alternative 
!rst-line treatment in selected patients offering a higher dis-
ease-remission rate. Larger, prospective clinical studies aim at 
establishing comprehensive treatment algorithms providing 
tailored and individualized treatment plans that are needed 
in the future.

REFERENCES
 1. Karavitaki N, Thanabalasingham G, Shore HC, Trifanescu R, Ansorge 

O, Meston N, et al. Do the limits of serum prolactin in disconnection 
hyperprolactinaemia need re-de!nition? A study of 226 patients with 
histologically veri!ed non-functioning pituitary macroadenoma. Clin 
Endocrinol (Oxf) 2006;65:524–9.

 2. Melmed S, Casanueva FF, Hoffman AR, Kleinberg DL, Montori VM, 
Schlechte JA, et al; Endocrine Society. Diagnosis and treatment of hyper-
prolactinemia: an Endocrine Society clinical practice guideline. J Clin 
Endocrinol Metab 2011;96:273–88.

Table 2
Number and distribution of patients, according to primary and final cabergoline dosage (mg/wk)

Dosage (mg/wk) 0.125 0.25 0.5 1 1.5 1.75–3 3.5 ≥7

Primary dosage 0 0 18 80 1 14 1 8
 0.0% 0.0% 14.8% 65.6% 0.8% 11.5% 0.8% 6.6%
Final dosage 1 2 20 70 2 24 1 2
 0.8% 1.6% 16.4% 57.4% 1.6% 19.7% 0.8% 1.6%

Table 3
Comparison of groups receiving different treatments

Variables/groups OP→Drug Drug→OP OP only Drug only

Number of cases 45 6 86 71
Latest date of therapy ≥1 y (%)     
 No 36 (80.0) 1 (16.7) 0 (0.0) 0 (0.0)
 Yes 9 (20.0) 5 (83.3) 86 (100.0) 71 (100.0)
Latest normalization status     
 Normalization 23 (51.1) 6 (100.0) 68(79.1) 31(43.7)
 Abnormal 22 (48.9) 0 (0.0) 18(20.9) 40(56.3)
Age (y) [mean (SD)] 35.70 (12.21) 31.47 (6.22) 43.29 (15.35) 38.59 (10.18)
Sex (%)     
 Female 27 (60.0) 6 (100.0) 63 (73.3) 67 (94.4)
 Male 18 (40.0) 0 (0.0) 23 (26.7) 4 (5.6)
Surgery (%)     
 No 0 (0.0) 0 (0.0) 0 (0.0) 71 (100.0)
 Yes 45 (100.0) 6 (100.0) 86 (100.0) 0 (0.0)
Serum prolactin level of preoperation (μg/L) [mean (SD)] 808.34 (1407.08) – 55.06 (120.11) –
Serum prolactin level of pre-medication (μg/L) [mean (SD)] – 71.92 (74.17) – 347.78 (2196.00)

OP = operation.

CA9_V84N11_Text.indb   1021CA9_V84N11_Text.indb   1021 28-Oct-21   22:18:2528-Oct-21   22:18:25



1022 www.ejcma.org

Chen et al. J Chin Med Assoc

 3. Varlamov EV, McCartney S, Fleseriu M. Functioning pituitary adeno-
mas—current treatment options and emerging medical therapies. Eur 
Endocrinol 2019;15:30–40.

 4. Wang AT, Mullan RJ, Lane MA, Hazem A, Prasad C, Gathaiya NW, 
et al. Treatment of hyperprolactinemia: a systematic review and meta-
analysis. Syst Rev 2012;1:33.

 5. Colao A, Di Sarno A, Sarnacchiaro F, Ferone D, Di Renzo G, Merola B, 
et al. Prolactinomas resistant to standard dopamine agonists respond to 
chronic cabergoline treatment. J Clin Endocrinol Metab 1997;82:876–83.

 6. Verhelst J, Abs R, Maiter D, van den Bruel A, Vandeweghe M, Velkeniers 
B, et al. Cabergoline in the treatment of hyperprolactinemia: a study in 
455 patients. J Clin Endocrinol Metab 1999;84:2518–22.

 7. Dekkers OM, Lagro J, Burman P, Jørgensen JO, Romijn JA, Pereira 
AM. Recurrence of hyperprolactinemia after withdrawal of dopamine 
agonists: systematic review and meta-analysis. J Clin Endocrinol Metab 
2010;95:43–51.

 8. Ji MJ, Kim JH, Lee JH, Lee JH, Kim YH, Paek SH, et al. Best candi-
dates for dopamine agonist withdrawal in patients with prolactinomas. 
Pituitary 2017;20:578–84.

 9. Colao A, Di Sarno A, Cappabianca P, Di Somma C, Pivonello R, 
Lombardi G. Withdrawal of long-term cabergoline therapy for tumoral 
and nontumoral hyperprolactinemia. N Engl J Med 2003;349:2023–33.

 10. Zamanipoor Najafabadi AH, Zandbergen IM, de Vries F, Broersen LHA, 
van den Akker-van Marle ME, Pereira AM, et al. Surgery as a viable 
alternative !rst-line treatment for prolactinoma patients. A systematic 
review and meta-analysis. J Clin Endocrinol Metab 2020;105:e32–e41.

 11. Tang H, Wu ZB. Letter to the Editor: “Surgery as a Viable Alternative 
First-Line Treatment for Prolactinoma Patients. A Systematic Review 
and Meta-Analysis”. J Clin Endocrinol Metab 2020;105:dgaa330.

 12. Ferrari C, Paracchi A, Mattei AM, de Vincentiis S, D’Alberton A, 
Crosignani P. Cabergoline in the long-term therapy of hyperprolactine-
mic disorders. Acta Endocrinol (Copenh) 1992;126:489–94.

 13. Webster J, Piscitelli G, Polli A, D’Alberton A, Falsetti L, Ferrari C, et al. 
The ef!cacy and tolerability of long-term cabergoline therapy in hyper-
prolactinaemic disorders: an open, uncontrolled, multicentre study. 
European Multicentre Cabergoline Study Group. Clin Endocrinol (Oxf) 
1993;39:323–9.

 14. Webster J, Piscitelli G, Polli A, Ferrari CI, Ismail I, Scanlon MF. A com-
parison of cabergoline and bromocriptine in the treatment of hyperpro-
lactinemic amenorrhea. Cabergoline Comparative Study Group. N Engl 
J Med 1994;331:904–9.

 15. Delgrange E, Maiter D, Donckier J. Effects of the dopamine agonist 
cabergoline in patients with prolactinoma intolerant or resistant to bro-
mocriptine. Eur J Endocrinol 1996;134:454–6.

 16. Biller BM, Molitch ME, Vance ML, Cannistraro KB, Davis KR, Simons 
JA, et al. Treatment of prolactin-secreting macroadenomas with the 
once-weekly dopamine agonist cabergoline. J Clin Endocrinol Metab 
1996;81:2338–43.

 17. Muratori M, Arosio M, Gambino G, Romano C, Biella O, Faglia G. 
Use of cabergoline in the long-term treatment of hyperprolactinemic and 
acromegalic patients. J Endocrinol Invest 1997;20:537–46.

 18. Ciccarelli E, Grottoli S, Razzore P, Gaia D, Bertagna A, Cirillo S, et al. 
Long-term treatment with cabergoline, a new long-lasting ergoline deri-
vate, in idiopathic or tumorous hyperprolactinaemia and outcome of 
drug-induced pregnancy. J Endocrinol Invest 1997;20:547–51.

 19. Ferrari CI, Abs R, Bevan JS, Brabant G, Ciccarelli E, Motta T, et al. 
Treatment of macroprolactinoma with cabergoline: a study of 85 
patients. Clin Endocrinol (Oxf) 1997;46:409–13.

 20. Colao A, Di Sarno A, Landi ML, Scavuzzo F, Cappabianca P, Pivonello 
R, et al. Macroprolactinoma shrinkage during cabergoline treatment is 
greater in naive patients than in patients pretreated with other dopamine 
agonists: a prospective study in 110 patients. J Clin Endocrinol Metab 
2000;85:2247–52.

 21. Di Sarno A, Landi ML, Cappabianca P, Di Salle F, Rossi FW, Pivonello 
R, et al. Resistance to cabergoline as compared with bromocriptine in 
hyperprolactinemia: prevalence, clinical de!nition, and therapeutic 
strategy. J Clin Endocrinol Metab 2001;86:5256–61.

 22. Colao A, Sarno AD, Cappabianca P, Briganti F, Pivonello R, Somma CD, et 
al. Gender differences in the prevalence, clinical features and response to 
cabergoline in hyperprolactinemia. Eur J Endocrinol 2003;148:325–31.

 23. Colao A, Vitale G, Cappabianca P, Briganti F, Ciccarelli A, De Rosa M, et al. 
Outcome of cabergoline treatment in men with prolactinoma: effects of a 
24-month treatment on prolactin levels, tumor mass, recovery of pituitary 
function, and semen analysis. J Clin Endocrinol Metab 2004;89:1704–11.

 24. Molitch ME. Management of medically refractory prolactinoma. J 
Neurooncol 2014;117:421–8.

 25. Ono M, Miki N, Kawamata T, Makino R, Amano K, Seki T, et al. 
Prospective study of high-dose cabergoline treatment of prolactinomas 
in 150 patients. J Clin Endocrinol Metab 2008;93:4721–7.

 26. Bancos I, Nannenga MR, Bostwick JM, Silber MH, Erickson D, Nippoldt 
TB. Impulse control disorders in patients with dopamine agonist-treated 
prolactinomas and nonfunctioning pituitary adenomas: a case-control 
study. Clin Endocrinol (Oxf) 2014;80:863–8.

 27. Zygourakis CC, Imber BS, Chen R, Han SJ, Blevins L, Molinaro A, et 
al. Cost-effectiveness analysis of surgical versus medical treatment of 
prolactinomas. J Neurol Surg B Skull Base 2017;78:125–31.

 28. Biswas M, Smith J, Jadon D, McEwan P, Rees DA, Evans LM, et al. Long-
term remission following withdrawal of dopamine agonist therapy in sub-
jects with microprolactinomas. Clin Endocrinol (Oxf) 2005;63:26–31.

 29. Colao A, Di Sarno A, Guerra E, Pivonello R, Cappabianca P, Caranci F, et 
al. Predictors of remission of hyperprolactinaemia after long-term with-
drawal of cabergoline therapy. Clin Endocrinol (Oxf) 2007;67:426–33.

 30. Anagnostis P, Adamidou F, Polyzos SA, Efstathiadou Z, Karathanassi 
E, Kita M. Long term follow-up of patients with prolactinomas and 
outcome of dopamine agonist withdrawal: a single center experience. 
Pituitary 2012;15:25–9.

 31. Vilar L, Albuquerque JL, Gadelha PS, Rangel Filho F, Siqueira AM, 
da Fonseca MM, et al. Second attempt of cabergoline withdrawal in 
patients with prolactinomas after a failed !rst attempt: is it worthwhile? 
Front Endocrinol (Lausanne) 2015;6:11.

 32. Wong A, Eloy JA, Couldwell WT, Liu JK. Update on prolactino-
mas. Part 2: treatment and management strategies. J Clin Neurosci 
2015;22:1568–74.

 33. Hu J, Zheng X, Zhang W, Yang H. Current drug withdrawal strategy in 
prolactinoma patients treated with cabergoline: a systematic review and 
meta-analysis. Pituitary 2015;18:745–51.

 34. Sala E, Bellaviti Buttoni P, Malchiodi E, Verrua E, Carosi G, Profka E, et 
al. Recurrence of hyperprolactinemia following dopamine agonist with-
drawal and possible predictive factors of recurrence in prolactinomas. J 
Endocrinol Invest 2016;39:1377–82.

 35. Dogansen SC, Selcukbiricik OS, Tanrikulu S, Yarman S. Withdrawal 
of dopamine agonist therapy in prolactinomas: in which patients and 
when? Pituitary 2016;19:303–10.

 36. Teixeira M, Souteiro P, Carvalho D. Prolactinoma management: predic-
tors of remission and recurrence after dopamine agonists withdrawal. 
Pituitary 2017;20:464–70.

 37. Espinosa-Cárdenas E, Sánchez-García M, Ramírez-Rentería C, 
Mendoza-Zubieta V, Sosa-Eroza E, Mercado M. High biochemical 
recurrence rate after withdrawal of cabergoline in prolactinomas: is it 
necessary to restart treatment? Endocrine 2020;70:143–9.

 38. Kim K, Park YW, Kim D, Ahn SS, Moon JH, Kim EH, et al. Biochemical 
remission after cabergoline withdrawal in hyperprolactinemic patients 
with visible remnant pituitary adenoma. J Clin Endocrinol Metab 
2021;106:e615–24.

 39. D’Haens J, Van Rompaey K, Stadnik T, Haentjens P, Poppe K, Velkeniers 
B. Fully endoscopic transsphenoidal surgery for functioning pituitary 
adenomas: a retrospective comparison with traditional transsphenoidal 
microsurgery in the same institution. Surg Neurol 2009;72:336–40.

 40. Skulsampaopol J, Hansasuta A. Outcomes of the endoscopic transs-
phenoidal surgery for resection of pituitary adenomas utilizing extra-
capsular dissection technique with a cotton swab. Asian J Neurosurg 
2019;14:1089–94.

 41. Lee JY, Bohman LE, Bergsneider M. Contemporary neurosurgical tech-
niques for pituitary tumor resection. J Neurooncol 2014;117:437–44.

 42. Li QX, Wang WH, Wang XX. Various strategies of transsphenoidal 
pseudocapsule-based extracapsular resection in noninvasive functional 
pituitary adenomas and their effectiveness and safety. Neurol India 
2019;67:1448–55.

 43. Ikeda H, Jokura H, Yoshimoto T. Gamma knife radiosurgery for pitui-
tary adenomas: usefulness of combined transsphenoidal and gamma 
knife radiosurgery for adenomas invading the cavernous sinus. Radiat 
Oncol Investig 1998;6:26–34.

 44. Hornyak M, Couldwell WT. Multimodality treatment for invasive pitui-
tary adenomas. Postgrad Med 2009;121:168–76.

 45. de Paiva Neto MA, Vandergrift A, Fatemi N, Gorgulho AA, Desalles 
AA, Cohan P, et al. Endonasal transsphenoidal surgery and multimo-
dality treatment for giant pituitary adenomas. Clin Endocrinol (Oxf) 
2010;72:512–9.

CA9_V84N11_Text.indb   1022CA9_V84N11_Text.indb   1022 28-Oct-21   22:18:2628-Oct-21   22:18:26


