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INTRODUCTION

Prolactinomas are the most common type of functional pitu-
itary adenoma, accounting for approximately 40% of all func-
tioning adenomas, and their occurrence is most frequent in 
women aged between 20 and 50 years.1 The clinical presenta-
tion of prolactinoma includes symptoms associated with ele-
vated serum prolactin (PRL) levels, such as galactorrhea and 
gonadal and sexual dysfunctions, or tumor mass effects, such 

as visual disturbance due to cranial nerve palsy.2

The primary goals of prolactinoma treatment are as follows: 
1) to normalize serum PRL levels and control the consequenc-
es of hyperprolactinemia, such as infertility and osteoporosis; 
2) to prevent cranial nerve palsy by reducing the tumor mass 
size; 3) to preserve normal pituitary gland function; and 4) to 
prevent tumor progression.1 Dopamine agonists (DAs), such as 
bromocriptine or cabergoline, have been found to effectively 
normalize PRL levels and to reduce the size of prolactinomas 
in many studies and are considered the first-line treatment for 
hyperprolactinemia.3-5 DAs act as ligands of the G protein-type 
pituitary D2 receptor to inhibit the expression of PRL genes 
and lactotroph metabolism. However, because DAs exert vari-
ous pharmacological actions on various receptors, patients of-
ten develop side effects, such as nausea, vomiting, headache, 
and dizziness.6 Furthermore, several studies have shown an 
association between DA use and an increased risk of cardiac 
valve regurgitation in patients with Parkinson’s disease and 
retroperitoneal and pulmonary fibrosis.7-9

A consensus for the withdrawal timing of DAs during pro-
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lactinoma treatment has not been established.10 The 2006 Pi-
tuitary Society guidelines recommend tapering and discon-
tinuation of DAs if a normal PRL level has been maintained at 
least for 3 years with DA therapy and the tumor size has mark-
edly reduced.11 However, the 2011 Endocrine Society guide-
lines suggest the discontinuation of DA therapy after 2 years of 
hormone normalization and no evidence of a tumor on mag-
netic resonance imaging (MRI).12 Recent meta-analysis studies 
have reported a hyperprolactinemia recurrence rate after DA 
withdrawal exceeding 50%.13,14

Because of side effects and treatment failure after their dis-
continuation of DAs and due to patient preferences, surgical 
treatment of prolactinomas has gained attention in recent 
years. With remarkable improvements in pituitary surgery over 
the past two decades,15,16 complications from pituitary surgeries 
are decreasing. Furthermore, a few reports have advocated for 
the efficacy of surgical treatment in achieving long-term remis-
sion in patients with microprolactinomas.17-19 Because medical 
treatment with DA remains the first-line treatment, a precise 
definition of the surgical indications for prolactinoma has yet 
to be established. This study was performed to evaluate the 
surgical outcomes of 210 prolactinoma patients from a single 
institution in an attempt to help characterize the indications 
for surgery.

MATERIALS AND METHODS

Two hundred ten pituitary adenoma patients with histologi-
cally confirmed prolactinomas who had undergone surgery 
via a transsphenoidal approach (TSA) at our institution be-
tween January 2006 and April 2018 with at least a 3-year fol-
low-up were retrospectively analyzed. The indications for sur-
gery included DA resistance, drug intolerance due to side effects, 
patient preference for surgery, pituitary adenomas presumed to 
be other pathology preoperatively, pituitary apoplexy, and ce-
rebrospinal fluid (CSF) leak after DA use (Fig. 1). Preoperative 
DAs were used in 164 patients: bromocriptine was used in 39 
patients, cabergoline in 87 patients, and both in 38 patients. 
DA was started at a low dose (1 to 1.5 mg/wk for cabergoline, 
2.5 mg/day for bromocriptine), and the dosage was gradually 
increased (1.5 to 4 mg/wk for cabergoline, 5 to10 mg/day for 
bromocriptine) within 2–4 weeks. The maintenance dose was 
adjusted according to PRL levels. DA resistance was defined as 
failure to achieve normal PRL levels on maximally tolerated 
doses of DA and/or no decrease in tumor size. This study was 
conducted in accordance with the Declaration of Helsinki 
and approved by the Severance Hospital Institutional Review 
Board (IRB No. 2022-2392).

Preoperative evaluation 
Each patient received endocrinological evaluation of basal se-
rum hormone levels, including morning cortisol, adrenocor-

ticotropic hormone (ACTH), free thyroxine (fT4), triiodothy-
ronine (T3), thyroid-stimulating hormone (TSH), insulin-like 
growth factor-1 (IGF-1), PRL, luteinizing hormone (LH), follicle-
stimulating hormone (FSH), and testosterone levels for male 
patients and estrogen for female patients. The combined pitu-
itary function test (CPFT) was performed to evaluate anterior 
pituitary function and directly compare preoperative and post-
operative CPFT; the procedure is described in detail in our 
previous report.20 The criteria for normal response interpreta-
tion at our institution were as follows: peak growth hormone 
level >3 ng/mL; peak cortisol level >180 ng/mL or increase by 
>70 ng/mL from basal levels; peak PRL level increase by >2-
fold of basal PRL levels; peak TSH level increase >5 µIU/mL 
from basal levels while fT4 was in the normal range; peak FSH 
increase >2 mIU/mL from basal levels; and peak LH increase 
>10 mIU/mL from basal levels.

Radiologic evaluations included non-contrast brain comput-
ed tomography (CT) and brain MRI specifically focused on the 
pituitary and neighboring structures using a 1.5-Tesla system 
(Signa; General Electric, Minneapolis, MN, USA) or a 3.0-Tesla 
system (Achieva; Philips, Best, The Netherlands). The MRI 
evaluation comprised spin-echo T1-weighted (TR 500 ms/TE 
20 ms) imaging, T2-weighted (TR 3500 ms/TE 100 ms) imag-
ing, and dynamic contrast-enhanced (TR 400 ms/TE 10 ms) 
imaging after intravenous administration of gadolinium-di-
ethylenetriaminepentaacetic acid (0.1 mL/kg of body weight) 
with a temporal resolution of 25 s. The extension of the lesions 
was classified according to a modified Hardy classification 
system.21-23 A type I lesion was confined entirely within the sel-
lae and had a size <1 cm. A type II lesion extended into the su-
prasellar space, up to <1 cm above the line of the diaphragm. A 
type III lesion extended into the suprasellar area, up to >1 cm 
above the line of the diaphragm or extended into the sphenoid 
sinus. A type IV lesion invaded the cavernous sinus.

Postoperative evaluation and management
Postoperative MRI was performed within 48 hours after sur-

Patient preference (8.1%)

Apoplexy (14.8%)

Intolerance (4.8%)
Resistance (64.3%)

Presumed other (6.7%)

Others (1.4%)

Fig. 1. Surgical indications for prolactinomas in our series. In the majority 
of cases, resistance to dopamine agonist treatment was the primary indi-
cation for surgery, which was followed by apoplexy and drug intolerance. 
In only 8.1%, surgical treatment was performed as a first-line treatment 
option to cure hyperprolactinemia by surgery alone.
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gery to assess the extent of resection. Remission was declared 
at least 3 months after surgery in cases where total resection 
of the pituitary mass was achieved and where serum PRL lev-
els were maintained within the normal range without using 
DAs. Normal serum PRL levels were defined as <15 ng/dL for 
men and <25 ng/dL for women. CPFT follow-up was performed 
to evaluate anterior pituitary function at 6 months after surgery 
and every 2 years thereafter. Changes in pituitary function 
from before and after surgery were classified into four catego-
ries: 1) from normal to normal, if no pituitary hormone defi-
ciency was found before and after surgery; 2) improved hypo-
pituitarism, if hypopituitarism improved or had completely 
recovered; 3) persistent hypopituitarism, if pituitary hormone 
deficiency persisted without improvement; and 4) worsened 
hypopituitarism, if the number and/or degree of pituitary hor-
mone deficiency worsened after surgery. When hormonal re-
mission was not achieved or tumor regrowth was noted, addi-
tional medical treatment with DAs, reoperation, or gamma-
knife radiosurgery was implemented.

Statistical analysis
Chi-squared test, Fisher’s exact test, and Student’s t-test were 
performed to demonstrate statistically significant differences 
in the surgical outcomes using IBM SPSS Statistics (version 
25; IBM Corp., Armonk, NY, USA). p values less than 0.05 were 
considered as statistically significant. 

RESULTS

The series comprised 23 male and 187 female. The mean age 
was 31.2 years, and the age range was 15 to 64 years. The mean 
follow-up duration was 51.3 months (range, 12–156 months). 
Based on the modified Hardy classification scheme, microad-
enoma (Hardy type 1) represented the largest proportion with 

58.1%, followed by Hardy type 2 (22.4%), type 4 (13.8%) and type 
3 (5.7%). The clinical characteristics of the patients are summa-
rized in Table 1.

Overall outcomes
Among 210 patients who had received TSA for tumor resec-
tion, total resection was achieved in 194 patients (92.4%), while 
overall remission was reached in 164 patients (78.1%) (Fig. 2A). 
Regarding the 194 patients who had their tumors completely 
removed, the remission rate increased to 84.5%. Hormone re-
mission was never achieved when the tumors were not com-
pletely removed.

In the analysis of the 171 patients in whom direct compari-
son between preoperative and postoperative CPFT was avail-
able, the outcome of anterior pituitary function showed that 
postoperative hormone function was normal in 81.1% of the 
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Fig. 2. Overall surgical outcomes. (A) Total resection was achieved in 194 patients (92.4%), while overall the remission was reached in 164 patients 
(78.1%). When tumors were completely removed, remission rate reached up to 84.5%. (B) Postoperative anterior pituitary function was normal or im-
proved in 94.6% of patients.

Table 1. Clinical Characteristics of Patients with Prolactinomas

Remission 
(n=164)

Non-remission 
(n=46)

p value

Sex <0.001*
Female 156 (95.1) 31 (67.4)
Male   8 (4.9) 15 (32.6)

Age (yr) 31.1 (15–63) 31.3 (16–64) 0.849
Extent of resection <0.001*

Total 164 (100) 30 (65.2)
Subtotal 0 (0) 16 (34.8)

Size <0.001*
Microadenoma 109 (66.5) 13 (28.3)
Macroadenoma   55 (33.5) 33 (71.7)

Presence of cavernous sinus invasion <0.001*
Yes 13 (7.9) 16 (34.8)
No 151 (92.1) 30 (65.2)

Data are presented as mean (range) or n (%).
*p<0.05.
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patients. Compared with preoperative status, overall hormone 
function improved in 38.4%, worsened in 4.1%, and did not 
change in 2.3% (Fig. 2B). The incidence of gonadotropin defi-
ciency, the most common anterior pituitary dysfunction in 
prolactinoma patients, was only 13.5% (23/171) before surgery 
and improved to 7.6% (13/171) after surgery. No deaths oc-
curred due to surgery, and only two cases (1.0%) of postopera-
tive CSF leakage occurred in those who eventually underwent 
additional surgery for reconstruction. 

Surgical outcomes according to tumor extent
Hardy type 1 was the majority (58.1%) of our patients, which 
was followed by type 2 and 4 (Fig. 3A). Total resection was 
achieved in 100% (122/122) of Hardy type 1, 95.7% (45/47) of 
Hardy type 2, 83.3% (10/12) of Hardy type 3, and 58.6% (17/29) 
of Hardy type 4 tumors (Fig. 3B). When the tumor was com-
pletely removed, hormonal remission was achieved in 89.3% 
(109/122), 82.2% (37/45), 50.0% (5/10), and 76.5% (13/17) of 
Hardy type 1, 2, 3, and 4 tumors, respectively. 

Surgical outcomes according to sex
In our cohort, 89.0% of our patients were female. Most of the 
female patients (63.1%) had Hardy type 1 tumors, whereas 
only 17.4% were microadenomas in male patients. In contrast, 
cavernous invasion confirmed either preoperatively or intra-
operatively only occurred in 11.2% of female patients; howev-
er, cavernous sinus invasion was evident in 34.8% of male pa-
tients (Fig. 4A). Consequently, the surgical outcomes were 
very different between female and male patients. Total resec-
tion was achieved in 180 of 187 (96.3%) female patients, but 
only in 14 of 23 (60.9%) male patients (p<0.001) (Fig. 4B). Re-
garding endocrinological remission, 156 of 187 female patients 
(83.4%) attained remission after surgery; however, only 8 of 23 
male patients (34.8%) achieved biochemical cure (p<0.001). 

Influence of preoperative DAS on surgical outcomes
Before surgery, DA medication was attempted in most of our 
patients (78.1%) (Fig. 5A). Of the 164 patients, 87 were medi-

cated with cabergoline alone, 39 with bromocriptine alone, 
and 38 with both. These patients required surgical removal of 
their prolactinomas for many reasons, including sustained 
hyperprolactinemia, an insufficient decrease in tumor size, 
and DA intolerance (Fig. 1). Their surgical outcomes were 
compared with those in others who were never treated with a 
DA (Fig. 5B). Overall, 123 of the 164 patients (75.0%) who re-
ceived preoperative DA treatment achieved endocrinological 
remission after surgery. Regarding the 46 patients who did not 
receive DA treatment, their remission rate was 89.1%, and the 
difference in the remission rate between the two patient groups 
was statistically significant (p=0.041). Additionally, in subgroup 
analysis of the 191 patients whose tumors were completely re-
moved, the difference in remission rate was more prominent: 
82.6% of the patients treated with a DA preoperatively versus 
97.6% of the patients who were not medicated before surgery 
(p=0.013).

Further treatments for non-remission patients
Overall, 46 patients (21.9%) did not attain remission status 
with surgery alone. In 30 of them, remnant tumors were not 
evident during intraoperative inspection and on postopera-
tive MRIs. In the other 16 patients, the remnant tumors exhib-
ited cavernous sinus or suprasellar invasion or extensive dural 
infiltration. Among them, 40 patients were regularly checked 
in the outpatient clinic with continuous DA medication alone. 
Six patients received additional non-medical treatment due to 
recurrence or regrowth even with the use of DA: four patients 
underwent gamma-knife radiosurgery, one received a second 
TSA surgery, and one received a second TSA surgery and che-
motherapy with temozolomide because the patient was diag-
nosed with pituitary carcinoma with distant metastasis at the 
second surgery. No patient discontinued DA treatment.

DISCUSSION

Prolactinoma is the most common type of pituitary adenoma 

A B

140

120

100

80

60

40

20

0

Pa
tie

nt
 n

um
be

r

Hardy 1 Hardy 2 Hardy 3 Hardy 4

Total resection
Subtotal resection
Remission
No remission

Hardy 3 
(5.7%)

Hardy 2 
(22.4%)

Hardy 4 
(13.9%)

Hardy 1 
(58.1%)

122
13

45
8

22 2
10

17 12
122

109

37
135

5
4

Fig. 3. Surgical outcomes according to tumor extent. (A) The majority of tumors were microprolactinomas (58.1%). (B) The surgical outcomes of mi-
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and accounts for more than 50% of all medically treated pitu-
itary adenomas.24,25 When tumors are less than 1 cm in size 
(microprolactinomas), patients generally present with galac-
torrhea, hypogonadism, and infertility because of excessive 
PRL secretion. In contrast, macroprolactinomas often result in 
compressive neuropathy, hypopituitarism, and even hydro-
cephalus due to the effects of the tumor mass. Although treat-
ment goals include the normalization of PRL, alleviation of hy-
perprolactinemia symptoms, relief of tumor mass effects, and 

prevention of tumor growth, these should be individualized 
according to sex, age, and tumor nature.26

Unlike most other types of pituitary adenomas, surgical re-
section can be reserved as a second-line treatment option in 
prolactinoma management because medical therapy is highly 
effective not only to normalize PRL levels but also to rapidly re-
duce the tumor size.12,27 Thus, for decades, the consensus was 
that DA therapy was the first-line treatment option for prolacti-
noma patients.11,12 At our institution, we have adhered to this 
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guideline, and DA therapy was always recommended to our pa-
tients as the initial treatment option. 28 Among 210 patients with 
surgically removed prolactinomas, DA medication was initiated 
in more than 70% of our study population, who later underwent 
surgery because of drug resistance and intolerance (Fig. 1). Al-
though the definition of drug resistance may vary substantially 
based on the stringency of the treatment goal, at our institution, 
it was defined as either the failure of PRL normalization (a PRL 
level higher than 15 ng/mL in male and 25 ng/mL in female) or 
insufficient volume shrinkage (less than 50% of volume reduc-
tion) after 3 months of DA medication. The overall surgical 
outcomes in our cohort comprised total resection in 92.4% and 
endocrinological remission in 78.1%, which are comparable 
with other groups in the literature.27,29 Only five cases (3.0%) of 
recurrence were identified among 164 patients who had ini-
tially achieved endocrinological remission after surgery. Be-
cause most cases were microprolactinomas, complications, 
such as postoperative CSF leakage and the deterioration of pi-
tuitary function, were rarely encountered. The anterior pituitary 
function of our patients, which was evaluated pre- and post-
operatively and followed up on a long-term basis, revealed that 
it was normalized or improved in 94.6% of patients, whereas 
only 4.1% of patients showed worsening of hormones in at least 
one axis. Considering that the indications for surgical treat-
ment are not uniform in our patient group, the efficacy of sur-
gical treatment for prolactinomas could be much higher than 
that reported in the present study. Our subgroup analysis sup-
ports this idea. Seventeen patients (8.1%) refused long-term 
medication and chose surgery as their treatment preference 
(Fig. 1). In these patients, radical surgical resection was thought 
to be possible and thus was performed as a first-line treatment 
option. Total resection was achieved in all patients, and endo-
crinological remission was achieved in 16 (94.1%).

Apart from the effectiveness of DA treatment, concerns for 
recurrence after the discontinuation of DA treatment and its 
long-term safety have been increasing.29-31 Additionally, many 
advances have been made in surgical techniques and materi-
als, markedly enhancing surgical radicality and lowering sur-
gical morbidities. Considering the excellent surgical outcomes 
demonstrated by recent studies in the literature,27 we believe 
that the role and indications for surgical treatment should be 
re-established in prolactinoma management. In the same con-
text, many have proposed that surgical options should be at 
least discussed as a standard treatment option when the follow-
ing two conditions are met: 1) tumors can be removed radically 
and safely, and thus remission is highly likely to be achieved, 
and 2) patients are managed by experienced pituitary sur-
geons.27,29 

Under current guidelines, surgical candidates are chosen 
based on DA responsiveness, and thus, it is critical to identify 
risk factors, such as male sex, tumor invasiveness, larger tumor 
size, high PRL levels, and MRI signal characteristics.32,33 How-
ever, in order to clarify the role of surgery as a first-line treat-

ment option for prolactinomas, surgical indications should be 
re-established. Not all patients are suitable candidates for sur-
gery; thus, the selection of good candidates must be a critical 
step to refine guidelines for prolactinoma management. Most 
clinicians agree that large macroprolactinomas are not likely 
to be cured by surgery alone because radical removal is not 
feasible in most cases. However, regarding microprolactino-
mas, the surgical outcomes are excellent and comparable to 
those of DA medical treatment. A recent review on the surgical 
outcomes of microprolactinomas demonstrated remission was 
achieved in 71%–100% of patients.27,31 This difference was also 
noted in our study (Fig. 3). In 41 patients with suprasellar- and 
parasellar-invading tumors, the total resection rates and endo-
crinological remission rates were 83.3% and 41.6% in Hardy 
type 3 and 58.6% and 44.8% in Hardy type 4, respectively. In 
contrast, the surgical outcomes for microadenomas were ex-
cellent: 122 Hardy type 1 tumors were completely removed in 
100% of patients, with 89.3% achieving endocrinological re-
mission. Sex is another strong predictor of a less favorable sur-
gical outcome. The tumors in male patients were larger and 
more invasive, as more than 50% of tumors belonged to Hardy 
type 3 and 4. Consequently, their surgical outcomes were much 
worse than those in female patients (Fig. 4). Focusing on mi-
croprolactinomas, although total resection was achieved in all 
four male microadenomas, only two achieved endocrinologi-
cal remission after surgery. 

Several studies have reported that preoperative DA treat-
ment induces tumor fibrosis, which may result in a less favor-
able surgical outcome.34,35 Our data showed that the surgical 
outcomes of patients who had undergone first-line surgical 
treatment without DA medication were better than those of 
patients who were treated with DAs. Considering most of our 
patients with preoperative DA treatment were medicated for 
only 3 months, we can postulate that long-term DA treatment 
may decrease the chance of surgical remission. Additionally, if 
we provide a surgical option to good candidates as a first-line 
treatment, the overall surgical outcomes are likely to be more 
favorable than our current practice of using DA as a first-line 
treatment before surgery.

In summary, while medical treatment with DAs remains the 
first-line standard treatment for prolactinomas, surgery may 
also play a primary role in the management of prolactinomas. 
When patients are predicted to achieve a good surgical out-
come, surgery can be an excellent option and should be con-
sidered as an alternative primary treatment modality. A small-
er tumor size (<1 cm), no invasion into the cavernous sinus, 
and female sex are predictors of a good surgical outcome. A 
higher chance of endocrinological remission is expected when 
surgery is performed without prior DA treatment.  

ACKNOWLEDGEMENTS

The authors thank Juyoon Park, RN, MPH, OCN, Min Kyeong 



495

Eui Hyun Kim, et al.

https://doi.org/10.3349/ymj.2022.0406

Jang, PhD, RN, KOAPN, Sung Ja Kang, RN, Sujin Ryu, RN for 
their tremendous effort in performing the endocrinological 
tests and data acquisition for such a long follow-up duration. 

This work was supported by the Basic Science Research Pro-
gram through the National Research Foundation (NRF) of Ko-
rea (NRF-2021R1F1A1051996, 2021) funded by the Korean 
Ministry of Science, ICT and Future Planning and a faculty re-
search grant of Yonsei University College of Medicine (6-2020-
0224, 2020).

AUTHOR CONTRIBUTIONS

Conceptualization: Sun Ho Kim. Data curation: Eui Hyun Kim, Choel 
Ryong Ku, and Eun Jig Lee. Formal analysis: Eui Hyun Kim and Jun-
hyung Kim. Funding acquisition: Eui Hyun Kim. Methodology: Eui 
Hyun Kim. Software: Eui Hyun Kim. Supervision: Sun Ho Kim. Vali-
dation: Eui Hyun Kim and Sun Ho Kim. Visualization: Eui Hyun Kim. 
Writing—original draft: Eui Hyun Kim and Junhyung Kim. Writing—
review & editing: Eui Hyun Kim and Sun Ho Kim. Approval of final 
manuscript: all authors.

ORCID iDs

Eui Hyun Kim https://orcid.org/0000-0002-2523-7122
Junhyung Kim https://orcid.org/0000-0002-8908-978X
Cheol Ryong Ku https://orcid.org/0000-0001-8693-9630
Eun Jig Lee https://orcid.org/0000-0002-9876-8370
Sun Ho Kim https://orcid.org/0000-0003-0970-3848

REFERENCES

1. Gillam MP, Molitch ME, Lombardi G, Colao A. Advances in the 
treatment of prolactinomas. Endocr Rev 2006;27:485-534. 

2. Barber TM, Kenkre J, Garnett C, Scott RV, Byrne JV, Wass JA. Re-
currence of hyperprolactinaemia following discontinuation of 
dopamine agonist therapy in patients with prolactinoma occurs 
commonly especially in macroprolactinoma. Clin Endocrinol 
(Oxf) 2011;75:819-24.

3. Bevan JS, Webster J, Burke CW, Scanlon MF. Dopamine agonists 
and pituitary tumor shrinkage. Endocr Rev 1992;13:220-40.

4. Molitch ME, Elton RL, Blackwell RE, Caldwell B, Chang RJ, Jaffe R, 
et al. Bromocriptine as primary therapy for prolactin-secreting 
macroadenomas: results of a prospective multicenter study. J Clin 
Endocrinol Metab 1985;60:698-705.

5. Webster J, Piscitelli G, Polli A, Ferrari CI, Ismail I, Scanlon MF. A 
comparison of cabergoline and bromocriptine in the treatment of 
hyperprolactinemic amenorrhea. N Engl J Med 1994;331:904-9.

6. Kars M, Dekkers OM, Pereira AM, Romijn JA. Update in prolacti-
nomas. Neth J Med 2010;68:104-12.

7. Herzog A, Minne H, Ziegler R. Retroperitoneal fibrosis in a pa-
tient with macroprolactinoma treated with bromocriptine. BMJ 
1989;298:1315.

8. Serratrice J, Disdier P, Habib G, Viallet F, Weiller PJ. Fibrotic valvu-
lar heart disease subsequent to bromocriptine treatment. Cardiol 
Rev 2002;10:334-6.

9. Pinero A, Marcos-Alberca P, Fortes J. Cabergoline-related severe 
restrictive mitral regurgitation. N Engl J Med 2005;353:1976-7.

10. Teixeira M, Souteiro P, Carvalho D. Prolactinoma management: 
predictors of remission and recurrence after dopamine agonists 

withdrawal. Pituitary 2017;20:464-70.
11. Casanueva FF, Molitch ME, Schlechte JA, Abs R, Bonert V, Bron-

stein MD, et al. Guidelines of the Pituitary Society for the diagno-
sis and management of prolactinomas. Clin Endocrinol (Oxf) 
2006;65:265-73.

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

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

14. Xia MY, Lou XH, Lin SJ, Wu ZB. Optimal timing of dopamine ago-
nist withdrawal in patients with hyperprolactinemia: a systematic 
review and meta-analysis. Endocrine 2018;59:50-61.

15. Buchfelder M, Schlaffer S. Surgical treatment of pituitary tumours. 
Best Pract Res Clin Endocrinol Metab 2009;23:677-92.

16. Buchfelder M, Schlaffer SM. The surgical treatment of acromegaly. 
Pituitary 2017;20:76-83.

17. Sinha S, Sharma BS, Mahapatra AK. Microsurgical management of 
prolactinomas - clinical and hormonal outcome in a series of 172 
cases. Neurol India 2011;59:532-6.

18. Kreutzer J, Buslei R, Wallaschofski H, Hofmann B, Nimsky C, 
Fahlbusch R, et al. Operative treatment of prolactinomas: indica-
tions and results in a current consecutive series of 212 patients. 
Eur J Endocrinol 2008;158:11-8.

19. Babey M, Sahli R, Vajtai I, Andres RH, Seiler RW. Pituitary surgery 
for small prolactinomas as an alternative to treatment with dopa-
mine agonists. Pituitary 2011;14:222-30.

20. Lee EJ, Ahn JY, Noh T, Kim SH, Kim TS, Kim SH. Tumor tissue 
identification in the pseudocapsule of pituitary adenoma: should 
the pseudocapsule be removed for total resection of pituitary ad-
enoma? Neurosurgery 2009;64(3 Suppl):ONS62-70.

21. Kim EH, Oh MC, Kim SH. Application of low-field intraoperative 
magnetic resonance imaging in transsphenoidal surgery for pitu-
itary adenomas: technical points to improve the visibility of the 
tumor resection margin. Acta Neurochir (Wien) 2013;155:485-93.

22. Kim J, Yoon SJ, Moon JH, Ku CR, Kim SH, Lee EJ, et al. Clinical sig-
nificance of radical surgery in the treatment of silent corticotroph 
adenoma. J Korean Neurosurg Soc 2019;62:114-22.

23. Oh MC, Kim EH, Kim SH. Coexistence of intracranial aneurysm 
in 800 patients with surgically confirmed pituitary adenoma. J 
Neurosurg 2012;116:942-7.

24. Daly AF, Tichomirowa MA, Beckers A. The epidemiology and ge-
netics of pituitary adenomas. Best Pract Res Clin Endocrinol Metab 
2009;23:543-54.

25. Molitch ME. Pituitary tumours: pituitary incidentalomas. Best 
Pract Res Clin Endocrinol Metab 2009;23:667-75.

26. Maiter D. Management of dopamine agonist-resistant prolacti-
noma. Neuroendocrinology 2019;109:42-50.

27. Tampourlou M, Trifanescu R, Paluzzi A, Ahmed SK, Karavitaki N. 
Surgery in microprolactinomas: effectiveness and risks based on 
contemporary literature. Eur J Endocrinol 2016;175:R89-96.

28. Kim D, Ku CR, Kim K, Jung H, Lee EJ. Prolactin ≤1 ng/mL predicts 
macroprolactinoma reduction after cabergoline therapy. Eur J En-
docrinol 2020;182:177-83.

29. Salvatori R. Surgical treatment of microprolactinomas: pros. En-
docrine 2014;47:725-9.

30. Dekkers OM, Lagro J, Burman P, Jørgensen JO, Romijn JA, Pereira 
AM. Recurrence of hyperprolactinemia after withdrawal of dopa-
mine agonists: systematic review and meta-analysis. J Clin Endo-
crinol Metab 2010;95:43-51.

31. Honegger J, Nasi-Kordhishti I, Aboutaha N, Giese S. Surgery for 



496

Surgical Treatment for Prolactinomas

https://doi.org/10.3349/ymj.2022.0406

prolactinomas: a better choice? Pituitary 2020;23:45-51.
32. Park YW, Eom J, Kim S, Kim H, Ahn SS, Ku CR, et al. Radiomics 

with ensemble machine learning predicts dopamine agonist re-
sponse in patients with prolactinoma. J Clin Endocrinol Metab 
2021;106:e3069-77.

33. Vroonen L, Jaffrain-Rea ML, Petrossians P, Tamagno G, Chanson P, 
Vilar L, et al. Prolactinomas resistant to standard doses of cabergo-
line: a multicenter study of 92 patients. Eur J Endocrinol 2012;167: 

651-62.
34. Menucci M, Quiñones-Hinojosa A, Burger P, Salvatori R. Effect of 

dopaminergic drug treatment on surgical findings in prolactino-
mas. Pituitary 2011;14:68-74. 

35. Primeau V, Raftopoulos C, Maiter D. Outcomes of transsphenoidal 
surgery in prolactinomas: improvement of hormonal control in 
dopamine agonist-resistant patients. Eur J Endocrinol 2012;166: 
779-86.

 
 


