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Operative treatment of cystic prolactinomas: ==
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Abstract

Background The optimal therapeutic approach for cystic prolactinomas remains unclear. This study aimed
to evaluate the remission rates of prolactinoma patients after surgical treatment and the risk factors affecting
postoperative remission in cystic prolactinoma patients.

Methods The clinical data were retrospectively compiled from 141 patients with prolactinomas (including 41

cases of cystic prolactinomas, 21 cases of solid microprolactinomas and 79 cases of solid macroprolactinomas) who
underwent transsphenoidal surgery (TSS) between April 2013 and October 2021 at the First Affiliated Hospital of Sun
Yat-sen University.

Results Early postoperative remission was achieved in 65.83% (n=27/41) of cystic prolactinomas, 80.95% (n=17/21)
of solid microprolactinomas and 40.51% (n=32/79) of solid macroprolactinomas. The mean length of follow up

in all patients was 43.95 +2.33 months (range: 6-105 months). The follow-up remission rates were 58.54%, 71.43%
and 44.30% in cystic, solid micro- and solid macroprolactinomas, respectively. For cystic prolactinomas, the early
postoperative remission rates in the patients with preoperative dopamine agonists (DA) treatment were significantly
higher than those without preoperative DA treatment (p=0.033), but the difference in the follow-up remission

rates between these two groups was not significant (p =0.209). Multivariate stepwise logistic regression analysis
indicated that tumor size and preoperative prolactin (PRL) levels < 200 ng/ml were independent predictors for early
postoperative remission in cystic prolactinomas.

Conclusion For cystic prolactinomas, tumor size and preoperative PRL levels were independent predictors of early
postoperative remission. Preoperative DA therapy combined with TSS may be more beneficial to cystic prolactinoma
patients.
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Background

Prolactinomas represent the most common functional
pituitary adenomas (PAs), accounting for approximately
40% of all PAs [1]. Clinical presentations in prolactino-
mas patients correlate with either hormonal dysfunc-
tion along the hypothalamic-pituitary axis (HPA; e.g.,
menstrual cycle irregularities galactorrhea and infertil-
ity in women, decreased libido and impotence in men)
or mass effects (e.g., headache or dizziness, visual flied
defects and hypopituitarism) [2]. To normalize hyperpro-
lactinemia and reduce tumor volume, Dopamine agonists
(DA) serve typically first-line treatment for prolactino-
mas patients. With DA, 72% of macroprolactinomas and
78% of microprolactinomas patients are successfully
treated [3]. Indication for transsphenoidal surgery (TSS)
include patient preference, DA resistance or intolerance,
progressive visual impairment and pituitary apoplexy
during DA therapy. Cystic prolactinomas are consid-
ered when 50% of the sellar lesion volume comprised of
cyst. However, cystic prolactinomas show poor response
to DA due to the absence of dopamine receptors in the
cystic component, which was suggested to be treated
with surgical resection according to the Pituitary Society
Guidelines (2006) [4]. A retrospective study, consisted of
30 cystic prolactinomas, indicated that over 80% of these
patients occurred significant cyst reduction after being
treated with DA, but half the patients ultimately under-
went surgical resection [5]. In a series of 56 consecutive
prolactinomas, remission was achieved in 76% of sur-
gically treated cystic prolactinomas [6]. Thus, optimal
therapeutic approach for cystic prolactinomas remains
controversial.

The purpose of this study was to assess remission rates
in a series of consecutive prolactinomas patients who
underwent TSS in our centre and further investigate the
risk factors related to postoperative remission in cystic
prolactinomas patients.

Materials and methods

Patient population

A consecutive series of 141 consecutive prolactinoma
patients who underwent TSS at the First Affiliated Hos-
pital of Sun Yat-sen University between April 2013 and
October 2021 were retrospectively analysed. The diag-
nosis of prolactinomas was based on the overproduction
of PRL, clinical symptoms and post-surgery immuno-
histochemistry. The consecutive series included 57
male and 84 female patients (aged 15-68 years, mean
34.52+1.03 years). Based on the tumor texture and maxi-
mum tumor diameter, prolactinomas were divided into
cystic prolactinomas (>50% cystic tumor component),
solid microprolactinomas (<1 cm) and solid macropro-
lactinomas (=1 cm). Forty-one patients (29.08%) har-
bored cystic prolactinomas, 21 patients (14.89%) had
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solid microprolactinomas, and 79 patients (56.03%) had
solid macroprolactinomas. The indications for surgery
in these patients were classified as follows: (1) personal
preference; (2) intolerance to DA therapy; (3) persistent
hyperprolactinemia (PRL level>20 ng/ml after 6 months
of DA therapy [15 mg bromocriptine daily or 2 mg cab-
ergoline weekly] [7]); and (4) inadequate tumor shrink-
age (tumor volume shank less than 50%). Due to the high
price of cabergoline, which is not included in the local
health insurance policy, most prolactinoma patients were
initially treated with bromocriptine and few were treated
with cabergoline after bromocriptine. Plurihormonal
prolactinomas and patients who did not receive surgi-
cal resection were excluded from the study. Patients with
Rathke’s cyst or craniopharyngioma were also excluded.
Tumor invasiveness was determined by magnetic reso-
nance imaging (MRI) according to the Knosp classifica-
tion [8].

Follow-up and remission criteria
Follow-up was performed at one week, three months
after surgery, and yearly thereafter at the outpatient
department. MRI was routinely performed 3 months
after surgery to evaluate the extent of surgical resection
and then annually to evaluate tumor recurrence.
Preoperative PRL levels were defined as PRL levels
after DA treatment and one week prior to the surgery.
Early postoperative remission was defined at 1 week after
TSS, as a lack of hyperprolactinemia symptoms and PRL
levels <20 ng/ml. Long-term remission was defined as the
absence of hyperprolactinemia or DA medication at the
latest follow-up before November 2022. The mean length
of follow up in all patients was 43.95+2.33 months, rang-
ing from 6 to 105 months.

Statistical analysis

Data collection and analyses were performed using Sta-
tistical Product and Service Solutions (SPSS) 25.0 (IBM,
Armonk, NY, USA). The meanztstandard deviation
(SD) represents the date in the study. Student’s t-test,
chi-square test/Fisher’s exact test and one way ANOVA
were used depending on the scaling and distribution of
the variables. The Kaplan-Meier method was applied to
construct the follow-up remission curve. Predictors of
early postoperative remission after cystic prolactinoma
resection were analysed by univariate and multivariate
stepwise logistic regression. Statistical significance was
considered as a value of p<0.05.

Results

Clinical characteristics

Clinical features of 141 prolactinomas patients are listed
in Table 1. The patients with cystic prolactinomas and
solid microprolactinomas were significantly younger than
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Table 1 Clinical features of prolactinomas patients

Page 3 of 8

Clinical features Cystic prolacti- Solid microprolac- Solid macroprolac- P values cystic vs. micro, cystic vs.
noma (n=41) tinoma (n=21) tinoma (n=79) macro, micro vs. macro
Age (years) 29.39+1.56 3048+1.79 3825+147 0.728" <0001" 0.007"
Sex (%)
Female 27 (65.85%) 19(90.48%) 38 (48.10%) 0.063" 0.0643% <0001"
Male 14 (34.15%) 2 (9.52%) 41 (51.90%)
Tumor size (cm) 1.86+0.10 0.77+003 255+0.14 <0.001" <0.001" <0001
Knosp grades
| 7 (17.07%) 20 (95.24%) 2(15.19%) <0.0017 <0.001" <0.0017
Il 26 (63.41%) 1 (4.76%) 22 (27.85%)
1l 8(19.51%) 0 (0%) 23 (29.11%)
[\ 0 (0%) 0 (0%) 22 (27.85%)
Clinical symptoms
Visual defects (%) 5 (36.59%) 2 (9.52%) 26 (32.91%) 0.034 0.723% 0.032"
Headache (%) 2(29.27%) 6 (28.57%) 28 (36.71%) 0.954 % 0.173% 0.555%
Amenorrhea or decreased libido (%) 25 (60.98%) 17 (80.95%) 46 (58.23%) 0.1113% 0.7713% 0.0553%
Preoperative PRL level (ng/ml) 350.66+54.24 209.38+£27.16 900.36+196.18 0692 0.033" 0.035"
Total resection (%) 36 (87.80%) 21 (100%) 59 (74.68%) 0.157¢ 0.0933% 0.006"
Indication for surgery
Patients' preference 12 (29.27%) 4(19.05%) 21 (26.58%) 0.7663% 0.977% 0.8643%
DA-intolerance 5(12.20%) 3 (14.29%) 11 (13.92%)
Persistent hyperprolactinemia 13 (31.71%) 9 (42.86%) 27 (34.18%)
Inadequate tumor shrinkage 11 (26.83%) 5(23.81%) 20 (25.32%)
Early postop remission (%) 27 (65.83%) 17 (80.95%) 32 (40.51%) 0.215% 0.0083% 0.0013%
Follow-up remission (%) 24 (58.54%) 15 (71.43%) 35 (44.30%) 0.3203% 0.139% 0.0273%

“One way Anova;  Fisher’s exact; %Chi-square test; DA=Dopamine agonists

those with solid macroprolactinomas (p <0.001, p=0.007,
respectively). The difference of mean age between the
patients with cystic prolactinomas and the patients with
solid macroprolactinomas was not significant (p=0.728).
The proportion of females who had solid microprolac-
tinomas was significantly higher than those who had
solid macroprolactinomas (90.48% vs. 48.10%, p<0.001).
The maximum tumor diameter in cystic, micro- and
macroprolactinomas werel.86+0.10 ¢cm, 0.7710.03 cm
and 2.55%0.14 cm, respectively. The tumor size in the
patients with solid macroprolactinomas were signifi-
cantly larger than in the patients with cystic prolactino-
mas and solid microprolactinomas (p<0.001, p<0.001,
respectively). The difference of tumor size between cys-
tic prolactinomas and solid microprolactinomas was sig-
nificant (p<0.001). Invasive prolactinomas were defined
as knosp grade IIII or IV prolactinomas according to the
knosp classification. In total, 8 of 41 (19.51%) patients
with cystic prolactinomas and 47 of 79 (56.96%) patients
with solid macroprolactinomas had invasive tumors. All
the patients with solid microprolactinomas had non-
invasive tumors. The invasive rate was found to be sig-
nificantly higher in solid macroprolactinomas compared
with cystic prolactinomas and solid microprolactinomas
(p<0.001, p<0.001, respectively). The patients with cys-
tic prolactinomas had a higher risk of invasiveness com-
pared with the patients with solid microprolactinomas

(p<0.001). Visual defects were presented in 15 (36.59%),
2 (9.52%) and 26 (32.91%) patients with cystic, solid
micro- and macroprolactinomas, respectively. The pro-
portion of visual defects in the patients with cystic
prolactinomas and solid macroprolactinomas were sig-
nificantly higher than those with solid microprolactino-
mas (p=0.034, p=0.032, respectively). The differences of
proportion of headache, amenorrhea or decreased libido
among these three groups were not significant. The pre-
operative PRL levels were found to be significantly higher
in the patients with solid macroprolactinomas compared
with those with cystic prolactinomas and solid microp-
rolactinomas (p=0.033, p=0.035, respectively). The dif-
ference of the preoperative PRL levels between cystic
prolactinomas and solid microprolactinomas was not
statistically significant (p=0.692). The total resection rate
in the patients with cystic, solid micro- and macropro-
lactinomas were, respectively 87.80%, 100% and 74.68%
(p=0.157 (cystic vs. micro), p=0.093 (cystic vs. macro)
and p=0.006 (micro- vs. macro)). Persistent hyperprolac-
tinemia served as the most common reasons for surgical
resection among the three groups (13/41 (31.71%) of the
cystic prolactinomas, 9/21 (42.86%) of the solid microp-
rolactinomas and 27/79 (34.18%) of the solid macropro-
lactinomas). The differences in indications for surgery
among these three groups was not statistically significant.
Of 41 patients with cystic prolactinomas, 27 (65.83%)
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achieved early remission at 1 week after surgery. 17/21
(80.95%) and 32/79 (40.51%) patients with solid micro-
and macroprolactinomas had early hyperprolactinemia
remission, respectively. The early postoperative remission
rates in the patients with solid macroprolactinomas were
significantly lower than that in the patients with cystic
prolactinomas and solid microprolactinomas (p=0.008,
p=0.001, respectively). The difference of the postopera-
tive remission rates between cystic prolactinomas and
solid microprolactinomas was not significant (p=0.215).
At the latest follow-up, the remission rate in the patients
with cystic, solid micro- and macroprolactinomas were,
respectively 58.54% (24/41), 71.43% (15/21) and 44.30%
(35/79). The follow up remission rate in the patients with
solid microprolactinomas was significantly higher than
that in those with solid macroprolactinomas (p=0.027).
The follow up remission rate in the patients with cystic
prolactinomas was not significantly different from those
with solid microprolactinomas (p=0.320), neither with
solid macroprolactinomas (p=0.139).

Analysis of cystic prolactinomas

The mean preoperative PRL levels in the patients with
cystic prolactinomas were 350.66+54.24 ng/ml. On
the first postoperative day, mean PRL levels declined
to 41.76%£8.97 ng/ml, which was significantly lower
than preoperative PRL levels (p<0.001; Fig. 1A). The
mean PRL levels at 3 months and 6 months after surgi-
cal resection were 43.93+10.09 ng/ml and 54.68+£11.91
ng/ml, respectively. There was no significant difference
between these two groups (p=0.074; Fig. 1A). The dif-
ference between the mean PRL levels on the 1st day and
3 months after surgery was not statistically significant
(p=0.690; Fig. 1A). Among 41 patients with cystic prolac-
tinomas, 13 patients (31.71%), presented with persistent
hyperprolactinemia under DA therapy and underwent
surgical resection. In total, 12 (29.27%) patients expe-
rienced TSS for their own preferences, 11 (26.83%) for
inadequate tumor shrinkage and 5 (12.20%) for DA-
intolerance, respectively. The mean tumor size in the
cystic prolactinomas patients who underwent TSS due
to persistent hyperprolactinemia was 1.44+0.13 cm, and
in those for their own preferences was 1.94+0.15 cm.
In the cystic prolactinomas patients with inadequate
tumor shrinkage and DA-intolerance, the mean tumor
sizes were respectively 2.06+0.19 cm and 2.32+0.42 cm.
Among these four groups, the mean tumor size in the
patients with persistent hyperprolactinemia under DA
therapy was significantly lower than the other groups
(p=0.043 vs. patients’ preferences, p=0.008 vs. DA-intol-
erance, p=0.015 vs. inadequate tumor shrinkage, respec-
tively; Fig. 1B). The preoperative PRL levels in the cystic
prolactinomas patients who underwent surgical removal
for inadequate tumor shrinkage were 64.50%+18.41 ng/
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ml, which was significantly lower than the other groups
(p=0.001 vs. patients’ preferences (509.96+105.09
ng/ml), p=0.017 vs. DA-intolerance (479.70+263.22
ng/ml), p=0.012 vs. persistent hyperprolactinemia
(396.11£63.44 ng/ml); Fig. 1C).

In the patients’ preferences group, 5 of 12 (41.67%)
patients had early remission after surgery; 3 of 5 patients
(60%) with DA-intolerance achieved early postopera-
tive remission. Early remission was achieved in 10 of 13
(76.92%) patients with persistent hyperprolactinemia
and 9 of 11 (81.82%) patients with inadequate tumor
shrinkage. The early postoperative remission rates in the
patients with preoperative DA treatment were signifi-
cantly higher than those without preoperative DA treat-
ment (p=0.033; Table 2). The follow-up remission rates
in the patients’ preferences and DA-intolerance groups
were the same as early remission rates. The follow-up
remission rates in the patients with persistent hyper-
prolactinemia and with inadequate tumor shrinkage
were 61.54% (n=8/13) and 72.73% (n=8/11), respec-
tively. However, the difference of follow-up remission
rates between patients without and with preoperative
DA treatment were not statistically significant (p=0.209;
Table 2). In addition, the difference in the total resection
rates between these two groups were also without statis-
tical significance (p=1.000; Table 2).

Factors related to postoperative remission after cystic
prolactinomas resection

After operation, 27 of 41 (65.83%) patients with cystic
prolactinomas achieved early remission. At the latest
follow-up, 24 (58.54%) patients with cystic prolactinomas
remained remission with a mean follow-up of 32.68+4.19
months (range: 6-96 months). Also, 3 of 27 (11.11%)
patients who achieved postoperative early remission had
a relapse of hyperprolactinemia. To further investigate
clinical factors related to postoperative remission after
cystic prolactinomas resection, logistic regression and
Kaplan-Meier analysis were performed. Univariate logis-
tic regression showed that females had higher remission
rate (Odds ratio (OR): 0.214, 95% confidence interval
(CI): 0.053-0.864, p=0.03; Table 3). Moreover, patients
with tumor size>1.86 cm (mean maximum tumor diam-
eter of cystic prolactinomas patients) had a higher remis-
sion rate (OR: 0.136, 95%CI: 0.03-0.615, p=0.01; Table 3).
Of the 41 patients with cystic prolactinomas, 20 (48.78%)
patients were with a PRL<200ng/ml preoperatively.
Patients with preoperative PRL<200 ng/ml achieved
higher remission rate (OR: 0.160, 95%CI: 0.036—0.717,
p=0.017; Table 3). Through multivariate stepwise logistic
regression, the present study found that tumor size and
preoperative PRL>200 ng/ml were independent factors
affecting postoperative remission (p=0.016, p=0.017,
respectively; Table 3). Age, invasiveness, resection degree
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Fig. 1 (A) Changes in prolactin (PRL) levels in patients with cystic prolactinomas (***p <0.001). (B) Tumor size in cystic prolactinoma patients with differ-
ent surgical indications (*p < 0.05 vs. patients’ preference; %p<0.01 vs. DA-intolerance; ¥p < 0.05 vs. inadequate tumor shrinkage). Preoperative PRL levels
in cystic prolactinoma patients with different surgical indications (**p <0.01 vs. patients’ preference; *p <0.01 vs. DA-intolerance; *p < 0.05 vs. persistent
hyperprolactinemia)

Table 2 Clinical Characteristics of cystic prolactinomas patients

Features Without preop- DA treatment With preop- DA treatment P
Patients’ preference DA-intolerance Persistent hyperprolac-  Inadequate tumor val-
(n=12) (n=5) tinemia (n=13) shrinkage (n=11) ues

Early postop remission (%) 5(41.67%) 3 (60%) 10 (76.92%) 9(81.82%) 0.033

Follow-up remission (%) 5 (41.67%) 3 (60%) 8 (61.54%) 8 (72.73%) 0.209
Total resection (%) 10(83.33%) 5(100%) 11 (84.62%) 10 (90.91%) 1.000
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Table 3 Predictors of early postoperative remission after cystic
prolactinomas resection

Predictor Univariate logisticregres-  Multivariate
sion stepwise logistic
regression
OR (95% Cl) P OR(95%Cl) P
Age=29years 2.000(0.500-7.997) 0327 - -
Sex 0.214(0.053-0.864) 0.030 0.955(0.137- 0.963
6.656)
Tumor 0.136(0.030-0.615) 0010 0.072(0.008- 0.016
size>1.86cm 0.616)
Invasiveness 0.435(0.090-2.095) 0299 - -
Resection 0.442(0.045-4.387) 0486 - -
degree
DA-resistant 2.667(0.707-10.052) 0.147 - -
Preop PRL=200 0.160(0.036-0.717) 0.017 0.081(0.010- 0.017
ng/ml 0.636)

DA =Dopamine agonists; OR=0dds ratio; Cl=Confidence interval

and resistance to DA therapy were not significant factors
related to early remission. Kaplan-Meier analysis was
applied to construct the follow-up remission curve and
compare the follow-up periods between two groups. The
Kaplan-Meier analysis indicated that tumor size and pre-
operative PRL>200 ng/ml were significant predictors of
followed-up remission (p=0.025, p=0.018, respectively;
Fig. 2).
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Discussion

Prolactinomas are the most common functional PAs and
have been recognized to be effectively treated with DA
(e.g., bromocriptine and cabergoline) since the 1970s [9].
Binding to the dopamine subtype 2 receptor (D2R) on
lactotroph cells, DA can suppress PRL secretion, shrink
tumor size and restore gonadal function effectively [10].
For patients with medically resistant prolactinoma, medi-
cation intolerance, apoplexy or cerebrospinal fluid fis-
tula, TSS is an option for prolactinomas treatment [11].
Recent studies indicated that TSS may be an alternative
first-line treatment to DA in well-selected microprolac-
tinomas patients. In a cohort of 114 microprolactinomas
patients, 100 patients (88%) achieved long-term remis-
sion through TSS [12]. Another retrospective analysis of
105 microprolactinomas patients who underwent TSS
showed that early postoperative remission and long-term
remission were 85.7% and 74.3%, respectively [13]. Cys-
tic prolactinomas are a unique type of functional PA, in
which the cystic component accounts for more than 50%
of the tumor volume. It was reported that the occur-
rence of cystic prolactinomas is associated with necro-
sis of the adenoma, spontaneous haemorrhage into the
tumor, or combination of the trauma, radiation therapy
and use of anticoagulants [14, 15]. Therefore, they are
potentially more resistant to DA and surgical treatment
was suggested to be the first-line therapeutic approach
for patients with large cystic prolactinomas [7, 16, 17].
A previous study enrolled 212 prolactinoma patients
reported that after being treated with surgical resection,

B (%)
100+

=— Preop PRL =200ng/ml
Preop PRL < 200ng/ml

80~

60~

40+

Follow-up remission

20+
p=0.018

0 1 1 1 1 1

1 1
0 20 40 60 80 100 120 140
Time (months)

Fig. 2 Kaplan-Meier analysis of follow-up remission in 41 patients with cystic prolactinomas according to: (A) tumor size and (B) preoperative prolactin

(PRL) levels
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the overall remission rate at the latest follow-up was
80% in cystic prolactinomas, and 84.8% in micropro-
lactinomas [16]. Another retrospective study indicated
that the long-term remission rate in cystic macroprolac-
tinomas patients treated with surgery alone was signifi-
cantly higher than that in those treated with medication
plus surgery (69.2% vs. 33.3%) [17]. In addition, surgical
treatment can decrease the pressure on the optic chiasm
rapidly due to lesion enlargement while the patient is
on medical treatment [18]. However, some studies have
demonstrated that DA remains the first-line therapy
for cystic prolactinomas without indications for early
surgical treatment. In a consecutive series of six cys-
tic prolactinomas treated with DA primarily, half of the
patients had remission, and tumor volume shrinkage
was achieved in 50% of the patients [19]. Another retro-
spective study reported that after being treated with DA
primarily, over 80% of cystic prolactinoma patients had
tumor size reduction (median time to cyst reduction was
24.6 weeks), and 83% of the patients showed biochemi-
cal remission [5]. Therefore, the therapeutic approach for
cystic prolactinomas remains unclear.

In the present study, the clinical data of 141 patients
with surgically treated prolactinomas (including 41
cystic prolactinomas) were retrospectively reviewed.
The early remission rates in patients with solid macro-
prolactinomas were significantly lower than those in
patients with cystic prolactinomas and solid micropro-
lactinomas (40.51% vs. 65.83% and 40.51% vs. 80.95%,
respectively). The follow-up remission rate in patients
with solid macroprolactinomas was significantly lower
than that in patients with solid microprolactinomas
(44.30% vs. 71.43%) but not significantly different from
that in patients with cystic prolactinomas (44.30% vs.
58.54%). For cystic prolactinomas, the mean tumor size
in patients who underwent TSS for persistent hyperpro-
lactinemia was significantly lower than that in patients
with their own preferences, DA-intolerance and inad-
equate tumor shrinkage. In addition, the preoperative
PRL levels in patients who underwent surgical removal
for inadequate tumor shrinkage were significantly lower
than those in the other groups. These results indicated
that DA is able to reduce tumor size or preoperative PRL
levels to a certain extent in cystic prolactinoma patients
who are resistant to DA. It has been reported that long-
term bromocriptine treatment in prolactionoma patients
may cause tumor fibrosis, leading to increased difficulty
of gross total resection [7]. A previous study showed
that the total resection rate was lower in cystic prolac-
tinoma patients who were treated with DA plus surgery
than in those treated with surgery alone [17]. However,
our study found that total resection rates in cystic pro-
lactinoma patients with and without preoperative DA
treatment were not significantly different. Furthermore,
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our study also indicated that tumor size and preopera-
tive PRL levels <200 ng/ml were independent predictors
for postoperative remission in cystic prolactinomas using
multivariate logistic regression analysis. The early post-
operative remission rates in cystic prolactinoma patients
with preoperative DA treatment were significantly higher
than those without preoperative DA treatment, but the
difference in follow-up remission rates between these
two groups was not statistically significant. Sughrue et
al. demonstrated that preoperative DA treatment was
able to improve the resection degree of the tumor and
led to better control of the PRL levels [20]. Therefore,
our results emphasize the value of preoperative DA treat-
ment in cystic prolactinoma patients for reducing tumor
size or preoperative PRL levels to a certain extent. When
these lesions are resistant to DA treatment, TSS should
be adopted. For those patients without remission after
TSS, DA treatment should be performed postoperatively,
but its long-term effectiveness warrants further investi-
gation. For patients with progressive visual impairment
and pituitary apoplexy, TSS should be the first choice.

This study has inherent limitations; for example, the
cohort of cystic prolactinoma patients was not large
enough due to the low incidence of cystic prolactinomas.
In addition, the study did not analyse cystic prolactino-
mas who treated with DA primarily due to the in-com-
pleted data of these patients. Because cabergoline is not
included in the local health insurance policy on the Chi-
nese mainland, most of the enrolled patients were treated
with bromocriptine initially in the study and few were
treated with cabergoline after bromocriptine. Cystic pro-
lactinomas are commonly large in size [18], and the mean
tumor size of cystic prolactinomas in the present study
was 1.86+0.10 cm. The analysis of the effect of tumor
size on postoperative remission was based on the mean
tumor size, which may cause bias.

Conclusion

In summary, our data indicated that early remission rates
after TSS of prolactinomas remained excellent in solid
microadenomas and cystic prolactinomas. Tumor size
and preoperative PRL levels were independent factors
related to remission after cystic prolactinomas resection.
For cystic prolactinoma, preoperative DA therapy com-
bined with TSS may be more beneficial to patients.
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